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PROJECT SUMMARY
Forge Pond and its watershed were the subject of a Phase I
Diagnostic/Feasibility Study, conducted under the M.G.L. Chapter
628 Clean Lakes Program. This study was performed by the firm of
Baystate Environmental Consultants, Inc. for the Town of Granby.
The Diagnostic/Feasibility study's primary goals were to
determine the historic and present water quality conditions in
the lake, identify the major sources of nutrient loadings in the
watershed and provide appropriate recommendations for improvement
of the water resource. The major problems of concern were poor
water quality consisting of massive summer algal blooms and
recreational impairment caused by an over abundance of aquatic
macrophytes. The period of sampling and data collection was from
January to December 1986. Additional sampling requested by the
Massachusetts DWPC was done in May through August 1987.
The results of the Diagnostic portion of the study indicated
that Forge Pond is undergoing advanced cultural eutrophication.
Phosphorus was the most important limiting nutrient for primary
production in Forge Pond-.-^ While substantial amounts of
phosphorus were found to be entering from all major tributaries,
the contribution of Weston Brook constituted the largest portion
(64%) of the nutrient budget. The single greatest source along
this stream is the Belchertown State Sewage Treatment Plant. A
model was constructed to estimate the amount of phosphorus
leaving the plant and entering Forge Pond. Aside from the
watershed, significant phosphorus was generated in the lake by
anaerobic remineralization and macrophytes drawing upon the high
levels in the sediments. The biological community which exists
under these conditions contains many undesirable plant and animal
species, in terms of water quality and recreation.
The Feasibility portion of the study considered and
eliminated lake management options not appropriate or feasible
for Forge Pond. The recommended options were winter drawdown,
benthic plant barriers, watershed education and management,
biological sewage effluent treatment, removal of sediments from
Forge Pond by conventional dredging, and enhancement of the
recreational facilities. It is recommended that this restoration
be pursued in two major steps. The most important of the initial
restoration tasks is the development of a pilot program for
testing the feasibility of large scale application of sewage
effluent to forested areas. Testing and evaluation of this
system is critical to design of an effective phosphorus reduction
program for the sewage outfall. Further lake restoration
measures will depend on the success of this program, and should
be initiated only after significant reduction of the loadings is
realized. Implementation of all the management options would
reduce the phosphorus budget by 54 to 73%. A detailed
description and cost estimate for each recommended alternative is
provided.

Costs of the initial management options total $145,000 with
local support (Granby and Belchertown) of $36,250 required. An
intermunicipal agreement will be needed to determine the level of
cost-sharing between' these two towns. Further lake restoration
options, following a successful phosphorus reduction program,
total $1,480,000 with the majority of the funds being sought from
the Clean Lakes Program.
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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 their lakes. As an environmentally aware and
concerned community/ the Town of Granby applied for a grant for a
Phase I Diagnostic/Feasibility study of Forge Pond. After being
awarded the grant, the Town contracted with Baystate
Environmental Consultants, Inc. for performance of the study.
Concern over the present and future status of Forge Pond has
prompted the request for a study. The water quality impacts of
development in the Forge Pond watershed were widely suspected but
not quantified. The recreational status of Forge Pond has
deteriorated over the past decades due to the joint effects of
nutrient enrichment and sedimentation. Mitigation of present
negative influences on the lake and planning to restore
recreational value to this heavily impacted water resource were
desired.

DATA COLLECTION METHODS
Previous studies of Forge Pond and water bodies in the
watershed were reviewed, as were historical records of lake water
quality. Maps prepared by the United States Geological Survey
(USGS) and the Soil Conservation Service (SCS) were used to
initially assess watershed characteristics and establish
hydrologic connections. Of particular use was the USGS (1964,
1969) Belchertown and Ludlow Quadrangle Sheets from the 7.5
minute series, the Public Works Bedrock Geologic Map (Zen, 1983),
and the soil survey reports prepared by SCS. Land use and
vegetation cover maps (University of Massacusetts, 1975) were
obtained from the Massachusetts Map Down program. Contemporary
land use information was provided by infrared (1985 survey)
aerial photography obtained from the National Cartographic
Information Center (NCIC). Additional information came from maps
provided by the Granby Town Hall Conservation Commission. Areal
measurements were made with a Planix Electronic Planimeter.
Determinations made from maps were verified by field inspection
by staff engineers and biologists.
Historical lake and land use were investigated through
conversations with watershed residents, newspaper and technical
articles and field inspection. Coordination of efforts with the
Granby Conservation Commission was made possible through the work
of Mr. Kevin Brooks and Mr. Ed Trompke. Mr. Clifford Dwinnell
provided historical information and a Town history. Mr. Thornton
Clark provided an historical map and other information. Ms.
Muriel Norris was particularly helpful with articles regarding
the ownership of the pond. Father Schmidt of St. Hyacinth's
College and Seminary reviewed that institutions' involvement with
the pond and walked the school's property with BEC personnel.
Mr. Lester Bellerose was generous in allowing the use of his boat
launch. Ms. Judy Gillian of the New England Small Farms
Institute, was extremely helpful in obtaining information for
feasibility options. Mr. Jerry Puddester and Mr. Bill Trombley
of the Belchertown State School were also very cooperative.
The Forge Pond bathymetric map prepared by the Massachusetts
Division of Water Pollution Control (MDWPC, 1984) was verified by
plumb-lining along cross-lake transects; modifications were made
as appropriate. Soft sediment depth was assessed by driving a
probe to first refusal; these measurements were performed 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 two vertical levels
(surface and bottom) since seasonal stratification was not in
evidence. 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 (0.5m intervals). The pH was measured 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 or Gurley Standard flow meter 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
an Eckman dredge. 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), and oil and grease.
Macrophyte species composition and areal extent of cover were
assessed by visual inspection from a boat. 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.
Determination and mapping of macrophyte characteristics were made
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Figure 1. Regular Sampling Stations at Forge Pond, Granby, MA.

in August, 1985 and were checked and remapped in August, 1986.
A shoreline conductivity survey was made in August, 1985 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.
A questionnaire -survey was performed to assess the
preferences and practices of watershed residents. Questionnaires
were prepared and distributed by BEG personnel. Emphasis was
placed on properties near the lake, but residences up to 300 m
from Forge Pond were surveyed. Responses were tallied and
interpreted by EEC personnel.

LAKE AND WATERSHED DESCRIPTION AND HISTORY

Forge Pond Description
Forge Pond is located in the Town of Granby, Hampshire
County, Massachusetts. It lies in the Connecticut River Basin at
latitude 42 degrees 24 minutes and longitude 72 degrees 28
minutes. Forge Pond has an irregular shape with elongated arms
and several islands within the main body of the pond (Figure 2) .
The pond has an area of 30.3 hectares (75 acres). The pond is an
impoundment of the joint confluence of several streams-Bachelor
Brook, Weston Brook and Forge Pond Brook. The deepest area is in
the northern basin where a depth of 2.2 m (7.2 ft) is attained
(Figure 3) . The depth-volume relationship shown by the
hypsographic curve is relatively uniform from top to bottom.. The
mean depth of Forge Pond is 0.9 m or 3 feet. The average volume
of the pond is 333,000 cu m (or 270 acre-ft). The detention time
for water in Forge Pond ranges from 3 to 39 days on an annual
basis, with a mean of 7 days (Table 1) .
Forge Pond is maintained by three major tributaries and one
minor tributary, supplemented by the contributions of direct
precipitation and ground water. The major tributaries, in order
of decreasing flow, are Bachelor Brook, Forge Pond Brook (aka
Turkey Hill Brook) and Weston Brook. A small unnamed tributary
enters the pond on the Forge Pond Brook arm. The largest arm
extends to the east and combines the flow of both Bachelor and
Weston Brooks. The dam is a concrete structure with overflow
spillway at the northwest corner of the pond just downstream of
the spillway, three large (8.5 ft x 6 ft) metal pipe arch
culverts carry Bachelor Brook under School Street. A control
structure, including a valve that would potentially allow most of
the pond to be drained, is found to the south of the spillway.
Water from the outlet structure forms the resumption of Bachelor
Brook, which flows to the west through Aldrich Lake and Quinville
Pond.
The Town of Granby owns land surrounding the gate valve and
adjacent to the spillway. There is limited walk-in public access
to the pond, on School Street off of Route 202. However, there
is no public boat launch on the pond, although a private launch
exists on the pond in the southern arm. The public access
provides a pleasant vista of wooded and undeveloped land. This
undeveloped land, which comprises the majority of the abutting
property, is owned principally by St. Hyacinth's Seminary.

Figure 2. Locus Map of Forge Pond Watershed, Granby and Belchertown, MA.
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Figure 4. Hypsographic Profile of Forge Pond,
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TABLE 1
CHARACTERISTICS OF FORGE POND AND ITS WATERSHED
Location: Granby and Belchertown Tovmships, Hampshire County;
42° 16' latitude 72°26* longitude.
Area :
Depth

30.3 ha
0.9m
2.2m

Mean
Maximum

Volume :

Detention time :

Mean
Range

Longest Fetch
Greatest Width
Shoreline Length
Shoreline Development

3-33" I0 5 m 3 (270.4 acre-ft)
(7 days)
0.021 yr
0.009-0. l l y r
(3-39 days)
(0.43 mi)
0.69km
(0.26 mi)
0.45km
(3-7 mi)
5-94 km
3-06

Watershed Area (w/o pond) 3,773-6 ha
Watershed Area/Late Area 125 • l
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(74.9 acres)
(3-0 ft)
(7.2 ft)

(14.7sqmi)

Watershed Description
The watershed of Forge Pond is a large irregular area found
mostly to the north and east of the pond and shared between the
Towns of Granby and Belchertown (Figure 5). The basin is
bordered to the south by the Facing Hills, to the northwest by
the Holyoke Range, to the north by the Metacomet Lakes and to the
east by Belchertown. The total area of the watershed (3,773 ha
or 14.7 sq mi) is very large relative to the area of the pond;
such that the ratio of watershed to pond area approaches 125 : 1.
This indicates the importance of the contributions of the
watershed in determining water quality in Forge Pond (Ohle,
1965) . Most sources of pollution can be effectively managed when
the watershed is small in the absolute and relative senses. At
pond-to-watershed area ratios of 10 or more, management of water
quality becomes difficult by just in-pond measures. At ratios of
50 or more, it becomes almost impossible to economically control
water quality at all times, due to the large influence of the
watershed. However, geology, soils, flow patterns and land use
greatly affect the relationship between watershed pond area ratio
and water quality.
Land use in the Forge Pond watershed is predominately
forested, with woodlands comprising nearly 75% of the total land
area (Figure 6). Agricultural activities constitute the second
most important land use at 8.9% of the total area. Traditionally
this was the land use that provided livelihood for many of the
inhabitants of the watershed. More recently, some of this farm
land has been converted to residential use. Residential lands
presently occupy 7.2% of the lands in the watershed. This type
of land use is anticipated to increase, as Belchertown is one of
the fastest developing towns in Massachusetts (based on the large
number of housing permits sought the past two years). This
residential development has direct implications for Forge Pond,
as increasing amounts of the town's sewage are going to the
facility at the Belchertown State School (see below). Wetland
areas along the tributary streams of the Forge Pond watershed
account for about 2.4% of the land. Institutional use, including
the grounds of St. Hyacinth's Seminary and Belchertown State
School -(including the sewage treatment plant) is 2.1% of the
watershed. Open areas, including power transmission lines, road
corridors, sand and gravel pits, town landfills, and automobile
junkyards, make up 1.8% of the total. Abandoned fields,
typically agricultural lands undergoing secondary succession,
represent 0.8% of the watershed. Open waters other than Forge
Pond, such as small ponds or impoundments, are 0.8% of the land
use. Commercial activities, primarily in Belchertown Center,
account for 0.6% of the watershed usage. Figure 6 summarizes the
relative importance of each land use.
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Figure 5. General Features of the Forge Pond Watershed.
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Figure 6. Land Use in the Forge Pond Watershed.

LAND USE IN THE FORGE POND WATERSHED
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% of total
75-4

7.2
2.4
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0.6
0.6
0.6

In the Town of Granby there is neither public water supply
nor community treatment of sewage (Lower Pioneer Valley Regional
Planning Commission, 1978). Consequently/ potable water is
obtained from private wells and sewage processed by on-site
wastewater disposal systems. There is the potential for
connection of sewer lines to the South Hadley treatment plant as
well as capacity in the plant to handle this sewage (Ward
Engineering Associates, 1981) . Alternatively, community
subsurface disposal -of wastes from localized developments has
been proposed (Ward Engineering Associates, 1981) . . At this time,
neither option is being vigorously pursued.
Of more immediate concern in the watershed is the Belcher-town
State School sewage treatment plant. This plant discharges its
effluent directly into Lampson Brook, tributary to Weston Brook
and Forge Pond. The plant consists of a comminutor, aeration
tanks, trickling filter, sludge holding tanks, and sewage lagoons
(see Appendix). There is chlorination treatment to reduce
coliforms just prior to release of the effluent. This
chlorination is performed during the period of April 1 to October
15, with no treatment during winter months due to lowered growth
potential caused by the reduced temperatures in the receiving
stream.
There are 7 sewage lagoons at the Belchertown Sewage
Treatment Plant, although not all are active at the present time.
The dimensions of the larger active ones are 100' x 200' x 4',
with a total filled volume of 80,000 cubic feet. These lagoons
are used to increase the detention time of the effluent, thereby
increasing the biologically mediated reduction of BOD, and
decreasing suspended solids by physical sedimentation. To a
certain limited extent, this process also allows uptake of the
nutrients by rooted aquatic plants and phytoplankton in the
lagoons. This represents a temporal storage of nutrients until
the breakdown of the plants in the fall and winter months.
Sediments (sludge) accumulating in these lagoons are removed
periodically through a schedule of drawdown, dessication, and
concentration through a mechanical compactor. This sludge is
then disposed of in a landfill or is available for use in
agricultural applications.
Originally designed to handle sewage from the State School,
the plant has had an increasing amount of sewage derived from the
Town of Belchertown. The plant was designed to handle 500,000
gallons/day, but a more realistic figure is 350,000 gallons
(Jackson, 1986). The plant inflow is often above capacity in wet
weather, a problem that is probably linked to the poor condition
of the interceptor sewer line on George Hannum Road. This line
suffers from infiltration in wet weather and exfiltration during
dry weather. The total flow from the town system to the school
was 9,673,000 gallons in 1985, nearly double the total of
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4,712,000 gallons received in 1984 (Anon, 1986). The current
ratio of sewage received from the school and town is
approximately 1:3 (Jackson, 1986). Continued development and
sewage connections in Belchertown are likely to increase this
ratio.
The Belchertown State School sewage treatment plant is a
secondary type treatment plant, meaning that its primary function
is to reduce the levels of total suspended solids (TSS) and
biochemical oxygen demand (BOD) in the water to acceptable
limits. At the plant, the typical levels of TSS and BOD at the
plant's outfall on Lampson Brook are 4.5 mg/1 and 9 mg/1,
respectively (Bill Trombley, plant engineer, pers. comm.). This
is well within the limits allowed by the plant's National
Pollution Discharge Elimination System (NPDES) permit (EPA,
1984). However, secondary treatment does little to reduce the
effluent levels of critical chemical elements for plant growth nitrogen and phosphorus. Typical effluent values for nitratenitrogen and total phosphorus were reported as 2.6 rug/1 and 3.3
mg/1, respectively (MDWPC, 1983). These concentrations, while
acceptable for a well maintained secondary treatment operation,
have a dramatic effect on the receiving waters, Lampson Brook and
Forge Pond, and even further downstream, Aldrich Lake and
Quinville Pond.
The future s.tatus of the Belchertown State School plant is
uncertain. The transfer of ownership from the State to the Town
of Belchertown is anticipated but exactly when this will occur
depends on resolution of present differences between these two
parties. In the short run, an additional clarifier may be added
to the plant. This will reduce some of the risk of hydraulic
overload but will do little to improve nutrient loads to Lampson
Brook. For improvement of conditions in this tributary some sort
of tertiary treatment is required.
Watershed Soils and Geology
The Forge Pond basin lies within a topographic and structural
declivity along the eastern flank of the Holyoke Range. The pond
is located close to and immediately west of the so-called
"Triassic Border Fault" separating the Connecticut Basin
containing Mesozoic continental sedimentary and volcanic rocks,
and the much older Belchertown Complex. This region is an area
underlain by acid to intermediate igneous rocks at the southern
end of the Pelham Gneiss Dome.
The underlying bedrock geologic formations include the
Portland sandstone and intercalated Granby volcanics. The
Portland sandstone is ferruginous, containing principally
hematite as a cement. Textural ranges allow various outcrop
exposures to range from arkosic to shaly. The Granby volcanics
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include ash, tuff and basalt intruded as dikes and sills and
plugs, and as minor lava flows from generally pyroclastic cones.
The Portland sandstone generally supports low-lying ridges and
ridge slopes depending upon arkose content; whereas the Granby
volcanics generally hold up small, but prominent ridges and hills
a few tens of feet about surrounding landforms. The watershed
area to the east generally supports an array of intrusive igneous
rocks including tonalites, granodiorites, and diorites. These
rocks are relatively resistant to erosion and therefore hold up
broad ridges whose slopes have been emphasized by glacial erosion
in the form of plucking and quarrying. In general, the Central
Vermont Railroad along the east side of Arcadia and Metacomet
Lakes to about the Sewage Treatment Plant near State Route 202
and the Chicopee Street - Boardman Street route, trace the very
approximate location of the Triassic Border Fault. This area is
actually a zone of Mesozoic structural weakness several hundred
feet to perhaps a few thousand feet wide. One branch of the main
fault actually passes beneath Forge Pond, and may have localized
the original topographic valley containing the present pond.
The Forge Pond basin is now completely subdued by glacial
meltwater deposition associated with the retreat of late
Wisconsin glaciers from this area of the Connecticut Basin. The
entire "slot" area along the east end of the Holyoke Range now
housing the kettleholes of Metacomet Lake, Arcadia Lake, Lake
Holland, the Central Vermont Railroad and the modified kettle of
Forge Pond was a meltwater sluiceway. This area witnessed the
Belchertown highlands emerging earlier through waning and
stagnating ice sheets, dumping its meltwaters initially into
partially ice-clad lowlands in the form of various ice-contact
features including kames, kame terraces, eskers, and crevasse
fillings. These ice contact heads drained down valley to a system of meltwater streams graded to glacial Lake Hitchcock to
the south and west. The Chicopee Delta housing Westover Air
Force Base and Air Industrial Park was one prominent landform
created by these processes. In some areas near Forge Pond, the
outwash plain was built around protruding drumloidal till hills
which in effect were "islands" in this setting.
Today, the Forge Pond watershed has its eastern half
contributing drainage from the till veneered Belchertown Complex
where various sandy tills generally 0-15' thick mantle the
granitoid bedrock of these ancient Paleozoic uplands. The
western half of the Forge Pond watershed is dominated by granular
outwash soils related to the meltwater deposits earlier
described. These granular sand and gravel soils {Hinckley
Association) are generally 20-50' thick and may exceed 100 feet
in thickness in some areas; overlying till and bedrock at depth.
In many cases swamp deposits generally less than 10' in thickness
veneer the upper outwash. Within Forge Pond a relatively thin
layer of culturally induced organic soils overlies outwash and or
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swamp sediments. Drumloidal and morainal masses of till elevated
above the general outwash plain level give rise to Charlton soils
which occur in patchy fashion in and around Forge Pond. With the
exception of the Jurassic bedrock which exerts relatively little
influence on shallow ground water and surface flows, the
underlying parent soils tend to be acid, though not strongly so,
due to some basic components within the Belchertown Complex.
Deep ground waters may be circumneutral or even mildly alkaline
as a result of contact with Jurassic rocks. Elevated iron and
manganese as well as alkalinity and hardness should prevail in
these waters.
To summarize, Forge Pond is inset within a reasonably thick
mass of outwash and till overlying Jurassic sedimentary and
volcanic rocks immediately west of the Mesozoic Triassic Border
fault and the Paleozoic Belchertown Complex.
The soils of the Forge Pond watershed are shown in the
Appendix. Predominant soil associations include the CharltonPaxton-Woodbridge, Hinckley-Merrimac-Windsor, and Rock outcropNarragansett-Holyoke associations, the Charleton-PaxtonWoodbridge association consists of deep, nearly level to steep
well-drained and moderately well drained, loamy soils formed in
glacial till and located on uplands (SCS, 1983) . The HinckleyMerrima-Windsor complex is formed of deep, nearly level to steep,
excessively drained and somewhat excessively drained, sandy and
loamy soils formed in outwash deposits and found on outwash
plains. Rock outcrop-Narragansett-Holyoke associations are
formed of rock outcrop; deep, gently sloping to very steep, well
drained, loamy soils formed in glacial till; and shallow, gently
sloping to very steep, somewhat excessively drained, loamy soils
formed in glacial till. This soil association is found on
uplands (SCS, 1983).
For a more complete soils listing consult
map in the Appendix.
Historical Lake and Land Use
The Town of Granby was incorporated on June 11, 1768, named
after John Manners, the Marquis of Granby (Town of Granby, 19'68) .
The town did not grow as quickly as some of the neighboring towns
in the vicinity, possibly due to it's distance away from the
commercial activity along the Connecticut River. The major
activity in Granby was farming but there was some small-scale
manufacturing, powered by the many small streams and brooks in
the region. Along the waters of Bachelor Brook, where it crosses
the present School Street, one of these enterprises took root.
At that site, prior to and during the Revolutionary War, Elijah
Kent operated a large forge. Local tradition has it that some of
the links of the huge iron chain which barred British warships
from the upper Hudson River were forged here. Regardless of
whether this legend is true, the site is commemorated by the

20

naming of the pond formed there as Forge Pond. The outline of
the pond is clearly seen in a map that is dated 1800 (Dickinson,
1968). Water rights were sold in 1820 by Samuel Kent to Israel
Jotham and Israel Clark, Jr. The latter operated a sawmill
there. Later, a gristmill and a sawmill were operated at the
site for many years after by Samuel Smith (Everts, 1879) . The
sawmill at the School Street location was sold to B.F. Perkins
Co. around the turn of the century. A long-term resident recalls
that the pond was enlarged by an increase in the dam height by
Perkins in the 1930's (T. Clark, pers. comm.). This is
substantiated by the contours of the pond shown on the 1873 map
(Atlas of Hampshire County, MA) which generally agree with the
present outline but were less dendritic than today. The change
(i.e., the increase in the lower "arm") was probably associated
with this change in the height of the dam structure. Flooding of
these lands may have increased Forge Pond's productivity as
terrestrial soils and lands were inundated. This increase in
nutrients in the water column (analogous to the pattern observed
in newly created reservoirs) would have been transitory, but the
highly organic sediments would have remained. Locally, another
sawmill was operated in the southern part of the watershed along
Forge Pond Brook (a.k.a. Turkey Hill Brook).
The water rights to a man-made pond or pond are generally
deeded to the owner of the dam structure or the land abutting it.
Determination of these rights as they pertained to the ownership
of the dam, sluiceway and 1.2 adjacent acres on School Street
became the focus of a legal dispute during the late 1970's. The
controversy arose following the 1973 declaration by state
officials that the dam was unsafe and the consequent attempt by
the town to force the alleged owners to repair it. The principal
opponents were the Town of Granby and Ansco Realty of Holyoke.
The latter claimed the water rights on a deed dated August 11,
1966, and that their exclusive rights to the property for twenty
years should give them possession of it. The town claimed
ownership via the donation of the land in question to Granby by
Harold Falk. The historical roots of this dispute go back to the
early 1900's [the following information comes from a newspaper
account (Hamilton, 1979), and consulting the real estate agent
who conducted the title search (Morris, pers. comm.)]. In the
early part of the 20th century, the water rights to Forge Pond
were held by a B. F. Perkins Company of willimansett. Wishing to
guarantee a constant supply of water downstream, this firm owned
numerous small dams on various streams, including Bachelor Brook.
This firm eventually became associated with American Tissue
Mills, Inc. In 1954, American Tissue Mills, (ATM) sold two
parcels of land to Messers. Falk and Cooke. Frank Falk bought 8
acres on the pond, bordered on the north by Bachelor Brook.
Thomas R. Cooke purchased 0.4 acre bordered on the south by
Bachelor Brook. Based on a map prepared in 1954 for the deeds
for these sales, the Forge Pond Conservation Commission decided
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the sluiceway appeared to lie within Falk's property. Ansco
Realty, which had acquired easement rights from the now defunct
ATM in 1957, brought suit in a state land court. Their claims
were denied in a decision issued in July 1979, and since that
time the Town of Granby has had sole rights to the dam at School
Street. The sub-surface control structure to the south of the
dam was repaired in 1978. The cost of this repair was
$20,000.00. Money was appropriated at the annual town meeting
and through the Grariby Conservation Commission fund. St.
Hyacinth's College and Seminary made a $10,000.00 contribution
towards this project. Most of the labor required for the job was
volunteered by local residents.
Another important event in the history of Forge Pond was the
hurricane in August of 1955. This storm led to flooding over the
School Street bridge. As a consequence, three large culverts
were installed to prevent a reoccurrence (Randall, pers. comm.).
The other major impact of this storm was the huge amounts of
sediments transported into the ponds from the watershed. One
pond abutter estimated that the water depth adjacent to his
property went from about 6-8 feet to about 3-4 feet as a result
of this one storm event (Town of Granby, 1986) .
The pond has had many utilitarian and recreational uses in
its past. The principal use for the pond was hydropower,
although in the past it has also been used for ice cutting in the
winter. This ice-cutting was for private purposes and was not a
commercial venture. Forge Pond has had and continues to support
a warm-water fishery. This fishing is mostly confined to spring
and early summer due to the angling difficulties posed by the
development of the macrophyte beds by late June. Largemouth bass
is the preferred sport fish, with an unverified report of a
recent catch of 7 and 1/2 pound fish (Misaszek, pers. comm.). A
more detailed treatment of the historical and current fishery
will be presented later in this report. Boating is a long-term
recreational interest, and there is a current boat livery on the
pond. Another popular seasonal activity is duck hunting in the
more secluded areas.
Most of the land bordering Forge Pond belongs to St.
Hyacinth's College and Seminary. This institution was founded in
1927 on land donated by Reverend Father Crevier of HolyoJce.
Until about the 1960's, St. Hyacinth's had a popular swimming
beach (locally referred to as Friar's Beach) along the northwest
side of Forge Pond. The decline in popularity of this beach was
correlated with the decline in water clarity experienced at that
time (Misaszek, pers. comm.). Presently the abutting lands owned
by St. Hyacinth's are forested, scenic, and undeveloped. The
primary recreational uses are hiking, cross-country skiing and
birdwatching. There is a primitive campground used seasonally
and only occasionally by a boy scout troop from Holyoke.
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The pattern of land use in the watershed of Forge Pond is one
of agricultural lands becoming developed and urbanized at an
accelerating pace. The majority of the watershed falls within
the Town of Belchertown, an area of considerable growth. There
has been a population increase of 40% from 1970 to 1980, and the
housing units have increased from 1,583 to 3,005 over the same
time period (U.S. Department of Commerce, 1980). This pace has
increased markedly in the last five years, to the point where
increasing controls "on town development are being demanded, as
evidenced by the current building moratorium in the neighboring
Town of Amherst.

23

24

LIMNOLOGICAL DATA BASE

Limnological data were collected for one year in an effort to
assess lake conditions and evaluate temporal and spatial
variability in physical, chemical, and biological parameters.
Through this data collection Baystate Environmental Consultants,
Inc. (EEC, Inc.) seeks to understand how the lake/watershed
ecosystem functions -and to identify those factors which are
critical to its condition. Considerable information is
generated, not all of which are of equal importance. It is
necessary to distinguish between the critical items and those of
more general interest or minimal utility in the management of the
system. Therefore, in the interest of brevity, most raw data has
been incorporated into a technical appendix which serves as a
support document for this report. Included in this appendix are
calculation sheets which detail the derivation of useful values
and other information of secondary importance.
Water Chemistry
The waters of Forge Pond are a composite of the dilute
mixture of chemical substances introduced by the weathering of
rock in the watershed, from seasonal precipitation, and
especially from cultural use of the landscape (housing, farming,
etc.) including the infrastructure which supports this presence
(road runoff, sewage treatment plant discharge). The importance
of these various sources to Forge Pond is dependent on both their
concentration and the measured volume of water containing these
substances which flows into the lake. Flow characteristics are
thus of major potential importance in the system.
The mean flow of the major tributaries (Figure 1) were
determined (Table 2). The largest tributary was Bachelor Brook
(FP-1) and its flow was 13.3 cu m./min. (7.8 cfs) Forge Pond
Brook (FP-3) contributed 9.5 cu m./min. (5.6 cfs), while Weston
Brook (FP-2), which represents the confluence of Weston and
Lampson Brooks, had a mean flow of 7.6- cu m./min. (4.5 cfs). The
unnamed tributary (FP-4) entering the lake via the southwest arm
added another 0.2 cu m./min. (0,12 cfs). The summed total of
these metered sources is 30.6 cu m./min. (18.0 cfs) The measured
mean outflow (FP-6) was 32 cu m,/min. (18.8 cfs).
There are additional minor water inputs from other sources
including ephemeral streams, precipitation, and other diffuse
sources. The actual sampling sites for Bachelor and Weston Brook
are a little upstream of the true entry points into the lake, so
that a little additional flow may enter these tributaries between
these two points. However, two other common inputs are not
important in this system. Ground water does not appear to be of
any consequence due to the thick deposits of organic sediments on
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Table 2 : Values of Monitored Parameters in the Forge Pond System.
PARAMETER

UNITS

FLOU

CU.M/MIN MEAN
MAXIMUM
MINIMUM

TOTAL PHOSPHORUS

UG/L

VALUE TYPE

FP-i

FP-2

FF-3

FF~4

PP-5S

FP-5B

13.28
35.?
3.06

7.55
20,11
1.78

9.54
38.?
.85

,24

MEAN
mXIMLM
MINIMLM

15
50
10

210
400
92

31
56
10

23
50
10

180
23

98
250
2?

79
140
30

FP-6

31.64
79.93
.34

.85
.0?
7?

DRTHQPHDSPHORUS

UG/L

ME^
ffcXIMUM
MINIMUM

11
40
10

183
400
17

12
38
10

15
40
10

35
70
10

45
130
10

34
?0
10

ATtlCNIA NITROGEN

MG/L

MEW
MAXIMUM
MINIMA

.046
1.3
,01

.10?
.41
0.01

.0??
0.01

.063
.12
0.01

.04
.16
0.01

.05
.15
0.01

.05?
.17
0.01

.64

NITRATE NITROGEN

MG/L

MEAN
MAXIMUM
HINIHLM

.297
,8?
.06

.351
1.2
S,01

,063
.18
.02

.137
.31
,02

.09
,3?
0,0!

.09
.39
,02

.157
.76
0.01

TOTAL KJELDAHL NITROGEN

MG/L

MEAN
MAXIMUM
WNIMLM

-44S
3,5
.18

.672
.84
.37

.407
.8
.1

,245
.61
.11

.77
2.31
.14

.82
2.2
.13

.557
2.3
.21

RATIO NONE

MEAN
MAXIMUM
MINIMUM

13?
311
36

9
21
4

41
202
11

51
112
22

25
66
3

18
47
3

23
54
4

TEMPERATURE

CELSIUS MAXIMUM
M1NIMLM

19,4
-4

20.3
_'-i

22.9
-l.l

21.8
-.5

25
-1

19.4
0

24.8
-1

DISSOLVED OXYGEN

HG/L

MEAN
MAXIMUM
MINIMUM

10.7
13.6
6.6

10.7
13.6
6.8

f ?
12.4
i

8.3
11.6
5.?

11
16.1
6.3

4.?
11.8
?

10.3
14
5.5

D.O.

7.

ME&4
MAXIMUM
MINI HIM

92
108.2
71

94
11?
75

64
?0

5D5
193

8

79
107
5?

t^
GO

46
101
2

95
132
58

NITROGEN:PHOSPHORUS

SATURATION

'

TOTAL SUSPENDED SOLIDS

MG/L

MEAN
MAXIMUM
MIN1MLN

3.?
12
A

4.2
18
.4

2.4
10
0.4

2.1
13
.4

3,9
13
.4

5.4
15
0.4

2.9
14
0.4

TOTAL DISSOLVED SOLIDS

MG/L

MEAN
MAXIMUM
MINIMUM

76
147
56

108
204
77

104
155
43

48
107
37

84
175
56

83
151
56

72
166
51

CONDUCTIVITY

UMKOS/CM MEAN
MAXIMUM
MINIMLM

130
320
84

193
335
139

??
235
58

81
97

131
240

54

131
230
89

132
240
87

MEAN
MAXIMUM
MINIMUM

7
7.1
4,8

7.1
7.4

6.6
6.?

6.7
7

7.4
9,8

6.7

6

5.9

6.6

7.1
S
6.5

PH

S.U.

26

94

7.3

9.7
6.7

TOTAL ALKALINITY

CHLORIDE

FECAL CQLIFOFtt

MG/L

MEAN
MAXIMUM
MINIHLM

-'-ir,
.'
5L
IS

37
63
21

23
54
13
L>

' ''i
i ?

2S
11
7

14

14

^0

i, i-1

&

7

27
40
15

1!

26

'•A
-t

13

10

*•»

ff

40
5

o

1;
!-:•
?

M/10QML ME£N*
MAXIMUM
MINIMLM

3
68
0

12
103
0

5
300
0

4

1

o

1300

0

34
0

19
0

9
3600
0

49
5500
0

N/1QOML

MEW*
MAXIMIM
MINIMUM

51
10000
0

52
10000
0

25
7600
0

72
2500
0

FC:FS RATIO

NONE

MEAN
MAXIMUM
MINIMLM

0.3
1.7
0

.?

1.5
12
0

9.2

SEC-CHI DISK TRANSPARENCY

28
40
18

MEAN
^XIMLM
MINIMUM

NG/L

FECAL STREPTOCOCCI

CHLOROPHYLL A

26
42
18

UG/L

METERS

MEAN
MAXIMUM
MINIMLM

5.9
0

, f\3

2
0

108. 3

0
49.8
231.8

1.8

MEAN
MftXIMUM
MINIMUM

1.2
2.2
.3

* GEOMETRIC MEAN APPLIED INSTEAD OF ARITHMETIC MEAN.
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.2
2
0

the lake bottom. In addition, there are no storm drains entering
Forge Pond. Overall, the inputs and outputs are approximately
equal. For further details consult the Hydrologic Budget section
of this report.
The chemical constituents of water samples were assayed and
summarY statistics, including mean (average) value, minimum and
maximum value, were established (Table 2). To compensate for
differences in flow "volumes and sampling intervals; the annual
mean of the following chemical parameters were appropriately
flow- and time-weighted (FP-1, FP-2, FP-3, FP-5) or time-weighted
{all other stations) : total phosphorus, orthophosphorus, ammonia
nitrogen, nitrate nitrogen, kjeldahl nitrogen, total suspended
solids, conductivity, total alkalinity, chloride and turbidity.
These values were used in calculating nutrient or sediment
loadings to the lake (kg/yr). Other instantaneous measurements
such as dissolved oxygen, temperature, pH, chlorophyll a, and
secchi disk transparency are given as unweighted averages of
sampling dates, as were the derived values of percent saturation
and nitrogen to phosphorus ratios. Means values of fecal
coliform and fecal streptococci were reported as log geometric
means instead of arithmatic means. In discussing the chemical
composition of Forge Pond and its tributaries, we will first turn
to the elements that are considered the critical ones for lake
productivity, namely phosphorus and nitrogen.
Phosphorus is the element "limiting" primary productivity in
most temperate zone lakes, as it is most often the element in
shortest supply in relation to the needs of plants (phytoplankton
or rooted aquatic plants). It is also more easily controlled
than most other essential plant nutrients. The level of total
phosphorus in a lake is a good indicator of the degree of
fertilization or eutrophication that the lake is receiving
(Wetzel, 1983; Goldman and Home, 1983) .
Total phosphorus in the lake and tributaries exhibited both
spatial and temporal variations (Table 2). Total phosphorus
concentrations in the tributaries are very different between
streams. Bachelor Brook has an average phosphorus concentration
of 15 ug/1, and the majority of the samples were near the
analytical laboratory's level of detectability (10 ug/1). At the
other extreme, Weston Brook's waters consistently had a very
elevated phosphorus content. The average value in this stream
was 210 ug/1, nearly an order of magnitude higher than any other
input stream. Forge Pond Brook contributed 31 ug/1 and the
unnamed stream added 23 ug/1 on average. The highest single
value was 400 ug/1, observed in Weston Brook. For all the other
tributaries, the highest values were less than 56 ug/1. These
values were lower than any of the values from Weston Brook.
Typically, higher values were detected in the summer months,
suggesting association with lower basal diluting flows.
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In the lake, average total phosphorus concentrations
increased from the surface (77 ug/1) to the bottom (98 ug/1).
This would be consistent with phosphorus remineralisation
believed to be occurring under anoxic bottom conditions.
Orthophosphorus is the form of phosphorus most readily available
for biological uptake. All mean values for tributaries other
than Weston Brook were below 16 ug/1. Weston Brook transported,
on average, 188 ug/1 orthophosphorus to Forge Pond; again greater
than an order of ma'gnitude difference.
This represented nearly
90% of the total phosphorus loading vie FP-2. Temporal variation
was similar to that of total phosphorus. The lake stations had
high orthophosphorus at the surface (35 ug/1) and the bottom (45
ug/1). The levels of phosphorus entering Forge Pond would be
considered excessive for good lake quality and would be likely to
sponsor intense biological activity.
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 organic nitrogen is taken 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. Both forms can cause toxicity problems at high
concentrations. Ammonia nitrogen is toxic to most animals at
concentrations dependent on temperature, pH, and dissolved solids
levels. Nitrate can be toxic to humans at concentrations above
10 mg/1 (as N). 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 nitrogen
in the soil (Martin and Goff, 1972) .
Ammonia is rapidly converted to nitrite and then nitrate in
the presence of oxygen by naturally occurring bacteria, but the
decline of oxygen during the summer in the deeper depths or
wetlands areas may promote the buildup of ammonia through decay
processes. All tributaries had mean ammonia levels under 0.1
mg/1. Both Bachelor Brook and Forge Pond Brook had single high
values (1.3 and .64 mg/1, respectively), for unknown reasons.
Highest in-lake levels were associated with the presence of icecover or late summer decomposition of phytoplankton blooms.
Based on the levels of ammonia, in conjunction with pH and oxygen
values, ammonia toxicity was not a threat to vertebrates found
there.
Nitrate nitrogen was found at concentrations from 0.01 to 1.2
mg/1 in the tributaries and 0.01 to 0.40 mg/1 in Forge Pond.
Relatively high mean concentrations were detected in Bachelor and
Weston Brook; both streams were approximately at or greater than
0.30 mg/1. An unofficial "rule of thumb" is a concentration of
0.30 mg/1 when low algal density is desired (Sawyer, 1947).
These high values may well be related to agricultural pursuits in
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the former and sewage outfall in the latter tributaries.
The
other tributaries and the in-lake mean concentrations were under
0.10 mg/1. The outlet concentration was higher (0.16 mg/1) than
the in-lake station, though spatially close. Inspection of the
data indicates that this difference is ascribable to two
particularly high nitrate values on July 15 and September 20,
1986. No explanation can be offered for these observed
differences. Higher nitrate-nitrogen values in the fall and
early winter are probably correlated with the seasonal breakdown
of organic material and release of nutrients.
Annual values for total Kjeldahl nitrogen (TKN) exhibited
about the same range (0.35-0.53 mg/1) throughout the Forge Pond
tributaries. Bachelor Brook had a single discrete sample of 3.5
mg/1. Levels in the inflows did not exhibit much seasonality.
In the lake, the TKN levels were higher (0.77-0.82 mg/1) and were
maximal in the summer. This correlates with the intense summer
phytoplankton blooms and high chlorophyll values in Forge Pond.
This phytoplankton represented high amounts of particulate
nitrogen.
The nitrogen : phosphorus ratio, calculated as (TKN + nitrate
nitrogen) / total phosphorus x 2.21), indicated potential shifts
in the chemical resources important to photosynthesizers. In
relative terms, the amount of phosphorus compared to nitrogen was
low for Bachelor Brook (139 :1), Forge Pond Brook (41 :1) and the
unnamed tributary (51 :1). However, high phosphorus availability
in Weston Brook made for a low ratio (9 :1). Generally N:P
ratios were lowest in the summer months, but there was much
variability in the system.
The annual mean surface in-lake ratio was 25 :1, but dipped
below 17 :i many times in the growing season, particularly in the
late summer and early fall. The bottom N :P values were lower
due to greater amounts of phosphorus found there. These ratios
have important implications for the lake and its biological
community. In lakes where primary productivity is limited by
chemical factors, N:P ratios greater than 17 :1 are indicative of
phosphorous-deficient lakes while those lower are indicative of
nitrogen-deficient lakes (Smith, 1982).
In Forge Pond, the high fertility may have shifted control
of biological growth to other factors besides phosphorus
availability. Specifically, high levels of phosphorus in Forge
Pond are hypothesized to have shifted the spectrum of available
resources such that phytoplankton adapted for more efficient
nitrogen and/or light usage were most successful. This is
consistent with the large blooms of the nitrogen-fixing
cyanophyte Anabaena found there during the summer.
Further,
light in the Forge Pond water column would have been extremely
restricted in the summer due to high turbidity and the resulting
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light attenuation. Under such hypereutrophic growth conditions,
diel shifts in carbon availability (as indicated by temporal
shifts in pH) could have also temporarily limited
photosynthesizers.
In spite these complications, phosphorus still remains the
most appropriate target element for control in a lake management
program, since it is far easier to reduce or eliminate phosphorus
inputs than to attempt to control other possible influences. Due
to the present high loading of phosphorus, decline in the level
of primary productivity may not be initially commensurate with
phosphorus declines. However, any reduction in phosphorus
accomplished in the watershed will increasingly shift primary
control of productivity to phosphorus (i.e., the greater the
reduction, the more effective a control it becomes).
The temperature of water in Forge Pond demonstrated a typical
temperate zone seasonal pattern (Figure 7a-d). The surface of
the Forge Pond froze during the winter of 1985-86 with ice cover
up to mid-April. During ice cover there was weak inverse thermal
stratification (Figure 7a). The seasonal heating of solar
insolation increased water temperature, resulting in differences
between top and bottom during late spring and early summer.
However, this was not a well-developed or persistent thermocline,
and more often the lake was isothermal. Shallow depth of Forge
Pond and it's rapid flushing rate are probably important in the
failure to stratify. Ice cover had returned by late November
(Figure 7d), and the cycle was completed.
Water entering from the Bachelor Brook and Weston Brook was
generally well oxygenated due to the turbulence and aeration
caused by stream cascading. On the other hand, waters from Forge
Pond Brook and the unnamed tributary were often lower in oxygen
content, due to their sluggish passage through wetland swamps
just prior to entry in the lake.
Oxygen in the water column of Forge Pond displayed
considerable seasonal variation, largely as a result of water
temperature change and biotic activity. During periods of ice
cover, decomposition in the bottom waters and stillwater
conditions lead to an oxygen deficiency (Figure 7a and d). With
ice out and lake overturn, oxygen is well mixed throughout the
water column. This is seen in the early spring and late fall
(Figure 7b and d). During the growing season (May - September),
there was a progressive decrease in oxygen with increasing depth.
The amount of oxygen which 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 called the percent saturation and
reveals much about lake metabolism. In Forge Pond, the oxygen
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Figure 7a. Temperature and Dissolved Oxygen Depth Profiles; Jan-Mar. 1986.
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Figure 7b. Temperature and Dissolved Oxygen Depth Profiles; Apr-June 1986.
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Figure 7c. Temperature and Dissolved Oxygen Depth Profiles; July-Sept 1986.
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Figure 7d. Temperature and Dissolved Oxygen Depth Profiles; Oct-Dec 1986.
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percent saturation ranged between 2 and 193%. These extremes
represent oxygen at supersaturation in upper waters to near
anoxia (lack of oxygen) at the bottom. This difference was
caused principally by two mechanisms, the addition of oxygen by
photosynthesis in the well-lit, upper waters and its withdrawal
by bacterial decomposition of organic matter in the dark, lower
waters. At the lower values, oxygen levels would be too low to
support important fisheries and would cause remobilization of
phosphorus from the-sediments, which can be substantial under
anoxic conditions. Fortunately, these conditions would be
restricted only to the deeper sections of Forge Pond, and fish
would find sufficient oxygen in other parts of the lake.
Given the high amount of phytoplankton present, the water
column of Forge Pond in the summertime would be expected to
exhibit considerable shifts in oxygen content which followed a
diurnal cycle. This occurs because phytoplankton are net
producers of oxygen in the light and net consumers of oxygen for
respiration at night. Such lowered oxygen at night may be
stressful to some fish species and have led to fish kills
elsewhere. Lacking data from a 24-hour survey, such diurnal
cycles are still only speculation for Forge Pond, though such
cycles are common for eutrophic lakes.
Total suspended solids had means from 2.1 to 3.9 mg/1 in the
tributaries and 3.9 to 5.4 in the lake. The range of values was
from 0.4 to 18 mg/1. The higher levels in the lake were linked
with plankton production and decomposition. In the tributaries,
higher TSS values were associated with Bachelor and Weston
Brooks, which are higher energy (velocity) streams than either
Forge Pond Brook or the unnamed tributary and therefore have more
erosion potential. These levels of suspended material are
considered moderate.
Total dissolved solids and conductivity, both measures of
dissolved solids and chemical fertility, were monitored over the
study year. Low fertility is usually indicated by dissolved
solid values less than 70 mg/1 or conductivity values less than
100 umhos/cm (USEPA, 1976). Low values for both parameters were
seen only in the unnamed tributary, while highest mean values
were from Weston Brook. According to these indices, Forge Pond
would be considered fertile.
Most total alkalinity values in Forge Pond watershed were
around 20-30 mg/1. The amount of buffering capacity, the ability
of the lake to withstand acidic or basic additions without pH
change, would be considered moderate. The nature of soils in the
watershed makes it highly unlikely that "acidic rain" could ever
drive the pH down to unacceptable levels for biota (i.e., <4.5).
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The pH of Forge Pond and its tributaries ranged from 5.9 to
9.7. The lowest values (5.9-7.0) were found in Forge Pond Brook
and the unnamed tributary. This is not unexpected, as both drain
wetland areas and are characterized by colored waters indicative
of tannic and humic acids (tea-colored). Bachelor Brook and
Weston Brook were typically circumneutral (6.7-7.4). The surface
lake waters of Forge Pond were generally around neutrality, but
were slightly acidic during winter months and slightly to very
alkaline during the"summer months. The former condition may be
caused by the effects of snowmelt. The latter condition was
produced by intensive algal photosynthesis; the biotic uptake of
carbon dioxide in light causes- a diurnal cycling in the pH.
Supplemental Water Quality Sampling
To further investigate inputs from the watershed, several
surveys and samplings were conducted. A reconnaissance of three
of the tributaries (Bachelor Brook, Weston Brook, unnamed
tributary) was made in August, 1986. At these sites (Figure 8)
measurements of flow and conductivity (highly correlated with
total dissolved solids) were taken, where possible. An
inspection of the headwaters of Forge Pond Brook was made in
June, 1987. Descriptions of these sampling stations are given in
Table 3. Observations on land use and water quality were also
included. The reconnaissance showed high levels of dissolved
solids in Lampson Brook and particularly in the proximity of the
Belchertown sewage treatment plant. Other tributary systems were
of less significance with regard to dissolved solids. An anomaly
was noted on the northern branch of Lampson Brook. As specific
conductivity increased markedly between stations #7 and #8 with
no obvious change in land use. The most likely source of this
increased conductivity was the salt stored at the Town of
Belchertown garage. However, direct measurement of chloride
concentrations was needed for confirmation (see below).
Given the numerical importance of chemical inputs from the
Lampson/Weston Brook tributary system to the nutrient budget of
Forge Pond and the need to judge the effectiveness of proposed
phosphorus reduction options in improving lake conditions, a more
precise quantification of the nutrients derived in this tributary
system was required. On May 19, 1987 water samples were taken
from eight sites and selected nutrient fractions determined
(Figure B and Table 4). Three sites were sampled in the Forge
Pond Brook system on the same date. The survey was followed up
by additional trips to critical sites in June and August.
These samplings confirmed patterns of nutrient concentration
noted in the earlier reconnaissance and identified relative
inputs from the sub-tributary systems responsible.
Lampson
Brook, upstream of the Belchertown Sewage Treatment Plant
discharge/ (Station 19), contained between 80 to 130 ug/1 total
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TABLE 3
DESCRIPTIONS OF SAMPLING SITES USED FOR ADDITIONAL
WATER QUALITY SAMPLING IN THE FORGE POND SYSTEM
SITE

DATE CODE

DESCRIPTION/NOTES.

1

2

Bachelor Brook off Pinebrook Drive (recent development). An 18" CMP
(corrugated metal pipe) storm drain off road, storm drains in road for
Pinebrook and Clearbrook Drive, little trickle going into a small filled
drainage trough, about five feet from Bachelor Brook. Evidence of good flow
from storm drain during storm periods.

2

2

Feeder stream of Bachelor Brook at Stebbins Street, upstream close canopy,
downstream open agricultural activity.

3

2

Horse farm at end of Lamson Avenue, private property and non-accessible;
eutrophied pond in view.

4

2

Small impoundment off Old Bay Road, small control structure on pond
appeared hand-made. Pond was on farm land, but looked pretty good,
with no direct livestock utilization, no surface scum.

5

2

Small stream on Old Bay Road, draining swamp area to north. Gravel
bottom, grassy riparian vegetation.

6

2

Lake Metacomet outlet stream crossing under Old Bay Road. Prominent
benthic algal mats on upstream side, large bluegill observed, water fairly
clear, downstream goes into poorly maintained agricultural land, very
trampled and degraded shallow channel.

7

2

North branch of Lampson Brook, south off George Hannum Road, above
Central Vermont railroad tracks. Small stream in forested canopy, very
pleasant appearance, rocks and Broody debris dams, clear rocky botom . After
going under tracks, the stream goes into a small concrete impoundment north
of Jackson Road, adjacent to the Town of Belchertown garage and salt pile. A
prominent stand of Phragmites was nearby.

8

2

Further downstream from site 7 (about i500') on N. branch of Lampson Brook,
off the road from Bechertown State STP. The stream is enclosed in grassy
vegetation. The stream bottom is silty and partially covered, water was more
turbid, and less appealing.
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TABLE 3 (continued)

SITE

DATE COPE

OBSERVATIONS

9

2,3,4,5

Lampson'Br ook above outfall of the Belchertown S.T$.• stream bottom
is fairly clear above the outfall.

10

2,3,4,5

At the outfall of the Belchertown S.TP. on Lampson Brook. A definitely
more foamy and turbid water quality from outfall.

11

2,3,5

Lampson Brook below outfall of Belcbertown S .T P.

12

2

South branch of Lampson Brook, upstream of Belcherto wn S .T .P, off dirt road
from same. Grassy riparian vegetation, -water source is nearby agricultural
fields, above that marsh and pool (assumed from U.S.G.S. topo map).

13

2

The north branch of ¥eston Brook as it crosses Underwood Rd, neathe dead
end. There were two 3' CMP, but only one appeared active, seemed alot of
pipe for the flow.

H

2

The south, main branch of ¥eston Brook at it crosses the south end of
Undenrood Road via stone culvert, near Route 202; draining marshes
to south.

15

2

Veston Brook (below confluence with Lampson Brook) at the junction of
Boar<Jman and Eslceth (a.Jc.a. Mill) Street. Tiro large 4' culverts convey
stream, small pool at road junction. There is a small pond just upstream of
site.

16

2

Unnamed tributary at Chicopee Street, about 500' south of Route 202.
A stream (east side) and pond combination (west side of road), connected by
a 2.5' conduit. The upstream side was shrubby-grassy semi-closed canopy.
The property neighboring the pond had cattle. The amount of flow seemed
slightly incongruous -with the amounts usually encountered at the
downstream site (EP-4). The pond had abundant macrophyte (Hajassp.)
beds, with a large fish {-white sucker?) observed.

17

3

Upper northern branch of Lampson Brook crossing at George Hannum Road.
Stream bed in wetland, bottom organic muck; filamentous algae; water clear
but slightly colored.

18

3,4,5

Lampson Brook, 100' above confluence with Veston Brook. Abundant
emergent growth, coverage by long filamentous grovth (either algae or
Sphaerotiius). High water level in stream caused by beaver dam near
downstream confluence. Flooding of adjacent low elevation fields

19

3,4,5

Veston Brook, 50' downstream of confluence with Lampson Brook. Bottom
more sand and gravelly than Site 18.

20

3,4,5

Veston Brook at crossing at Rural Street. Station EP-2 of regular sampling
regime.
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TABLE 3 (continued)

SITE

DATE COPE

OBSERVATIONS

21

Headwaters of Forge Pond Brook off Rockrimmon Road, above Hairviev
Sportsmen's Club pond. Clear -water, high gradient stream vith gravel bottom
and occasional organic debris dams.

22

Forge Pond Brook, at CMP culvert crossing at dirt road off of Bagg Hill Road.

23

Forge Pond Brook, stream belov large culvert crossing of Chicopee Street,
bottom clear in riffle sections, but siltation occuring in pool areas.

24

Feeder stream to Forge Pond Brook, at CMP culvert crossing at School Street.
Qutflov of small agricultural pond surrounded by livestock (horses) grazing
area. Lemnasp. present in outflov.

25

Forge Pond Brook, at cement culvert crossing of Route 202. Station FP-3 for
the regular sampling regime.

26

Bachelor Brook, at 36" culvert on dirt road off Stebbins Road. Hear
area of lov intensity agricultural and partial disturbance for development.

27

Bachelor Brook, midstream at point about 500 ft dovnstream of site *1.

Pate Codes:
1=
2=
3=
4=
5=

7/11/86
8/16/86
5/19/87
6/18/87
8/27/87
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TABLE 4
RECENT WATER QUALITY DATA FROM
THE FORGE POND SYSTEM (5-6/6?)
Sampling Sites (see Figure 8 for locations)
17

8

9

9

9

10

10

1

1

1

2

3

1

2

Flow (c.f.s.)

0.5

0.9

1.55

0.45

0.8

0.55

0.40

Conductivity (pmhos/cm)

\ 18

510

249

329

310

301

300

Turbidity (J.T.U.)

1.6

0.35

0.40

0.8

2.0

11.5

7.4

Chloride (mg/1)

15.6

167

-

70.3

56.7

-

-

NH3-N(mg/1)

-

0.19

0.31

0.25

1.35

0.85

N03-N (mg/1)

-

0.11

0.96

0.28

0.19

0.89

-

-

0.62

1.2'9

0.99

15.2

14.1

Ortho-phosphate ( u.g/1 )

80

50

30

-

80

1,940

-

Total phosphate (u.g/1)

100

50

80

HO

130

2,440

Site:
Date code:
Parameters

Kjeldahl- Nitrogen (mg/1)

42

2,250

Table 4 continued.

Site:

10

11

11

12

18

18

Date Code :

3

1

3

2

1

2

Flow (c.f.s.)

0.3

2.3

1.1

0.5

2.8

1.6

Conductivity (umhos/cm)

325

260

325

179

225

250

Turbidity (J.T.U.)

3.5

7.4

3.0

1.8

1.5

6.4

Chloride (mg/J)

43.3

-

48.9

22.0

60

40.7

NH 3 -N(mg/l)

0.39

0.46

-

-

-

N03-N(mg/l)

11.3

0.07

-

-

-

Kjeldahl-Nitrogen (mg/1)

1.02

2.99

-

-

-

Ortho- phosphate (ug/1)

1,880

850

1 ,380

500

-

Total phosphate (ug/1)

4,060

1,340

2,110

Parameters

43

100

650

1,340

Table 4 continued.

Site :

18

19

19

19

20

20

Date Code :

3

1

2

3

1

2

Parameters
Flow (c.f.s.)

<0.1

4.2

1.85

1.0

4.1

2.1

Conductivity (^mhos/cm)

299

200

240

280

1 76

202

Turbidity (J.T.U.)

3.0

1.25

7.3

1.8

2.05

3.2

Chloride Cmg/1)

42.2

41.8

36.7

33

NH 3 -N(mg/l)

0.15

0.46

0.15

N03-N Cmg/1)

0.12

0.28

0.44

Kjeldahl- Nitrogen Cmg/1)

0.44

0.38

1.99

950

380

-

400

910

Ortho- phosphate (|ag/l)

980

430

Total phosphate (ng/1)

1210

460

44

1 ,220

1 ,040

Table 4 continued.

Site:

20

23

24

25

26

27

3

1

1

1

2

2

Flow (c.f.s.)

t.O

3.2

0.2

5.4

2.5

3.0

Conductivity (^mhos/cm)

240

58

25

62

105

102

Turbidity (J.T.U.)

4.3

6. 1

0.4

1.8

4.8

5.0

Chloride (mg/1)

32.2

7.7

9.9

NH3-N(mg/l)

0.46

0.19

0.08

N03-N(mg/l)

0.28

0.31

0.40

Kjeldahl-Nitrogen (mg/1)

0.88

0.65

0.55

Ortho- phosphate (ug/1)

530

30

ISO

40

Total phosphate (|ig/l)

790

150

190

50

Date Code :
Parameters

60

10
ft).'

Date Code:

1 = 5/19/87
2 = 6/18/87
3= 8/27/87
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phosphorus. The samples from the southern arm of Lampson Brook
(Station #12) indicate that this portion of the stream carries
about the same concentration (100 ug/1) of total phosphorus. By
comparison, the sewage treatment plant effluent (Station #10)
contained massive amounts of total phosphorus (2,440-4,060 ug/1)
and total nitrogen (1.02-15.39 mg/1). Sampling just five hundred
ft. downstream of the effluent discharge (Station #11), Lampson
Brook exhibited a 16-fold increase in total phosphorus and a 17
to 29-fold increase"in the orthophosphate in comparison with
stream waters above the outfall.
Downstream concentrations on this stream are similarly
affected. Even after dilution by confluence with Weston Brook,
phosphorus levels are still very elevated (460-1,220 ug/1) at
station #19, and mostly (>90%) in the form of orthophosphate.
Back calculations indicate that the amount of phosphorus in
Weston Brook prior to its confluence with Lampson Brook was 80
ug/1 total phosphorus. Further downstream passage caused little
change in concentration in Weston Brook. At station #20, the
amount of total phosphorus was 400-910 ug/1; equal to or greater
than the highest value for the diagnostic study sampling station
(FP-2) maintained there during 1986. As was typical in the study
year, the majority of this phosphorus was orthophosphate.
Major differences in the chloride concentration were again
noted between two stations (#7 and #9) on the north branch of
Lampson Brook. The chloride content of the waters increased an
order of magnitude over a short stretch of stream (15.6 to 167
mg/1) . The Town of Belchertown garage and its salt pile is
between these stations, providing strong evidence that salt" is
leaching into the stream.
The Forge Pond Brook tributary system was also sampled on May
19, 1987. At Station #23, total phosphorus was relatively high
(150 ug/1), but most was inparticulate form, probably linked with
local construction activity. There was a similar amount with
more biologically available phosphorus from a small feeder stream
draining a nearby horse farm (Station #24). This is of more
immediate concern to Forge Pond, since it is closer to the lake.
It is somewhat mitigated by the small flow volume. The measured
nutrient inflow into Forge Pond from this watershed (station #25)
was typical for the values seen during the study year.
The Bachelor Brook mainstem tributary was sampled on June 16,
1987. At Station #26, total phosphorus was somewhat elevated (60
ug/1). This may have been due to some nearby construction.
Further downstream (Station #27) the phosphorus and nitrogen
loads declined, indicating that the intervening wetland and
stream corridor had removed some of the nutrient load. The well
maintained wetland corridor may serve to mitigate impact by
development on George Stebbins Rd.
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An effort was made to detect any dissolved substance input
"hot spots" along the shoreline of Forge Pond through a
conductivity survey. The pattern produced by this survey is
extremely variable (Figure 9) and reflects the inputs of the
tributaries. The deeper northern end of the lake was relatively
uniform and ranged from 137 to 144 umhos/cm. Proceeding in a
southerly direction, conductivity values increased to the ISO's
and 160's. The southwest arm, draining the Forge Pond Brook
watershed provides water with the lowest conductivity, at 110-114
umhos/cm. A very sharp increase was noted (114->142 umhos/cm) as
the confluence of this arm with the rest of the pond was reached.
Highest conductivity was measured in the eastern arm, which
contains water from Bachelor and Weston Brooks. Following this
water up the arms to the respective tributary inputs indicates
that Weston Brook is higher (220 umhos/cm} than the Bachelor
Brook side (135 umhos/cm) . Thus, the conductivity in Forge Pond
can be characterized as high dissolved chemical content entering
via Weston Brook, and then being decreased by subsequent
contributions of other more dilute tributaries. This pattern is
consistent with observations of other chemical inputs.
Bacteria
Fecal coliform (FC) and fecal streptococci (FS) were assessed
during this study (Table 2}. These bacteria come from the
digestive tract 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 potential health hazard if present
in substantial quantities. The FC values obtained during this
study were below the Massachusetts standards for contact
recreation, which are 200/100 ml for multiple sample geometric
means and 400/100 ml for single samples (or 10% of monthly
samples). Geometric means ranged between 1 and 12 fecal coliform
per 100 ml of sample. The highest geometric mean value was
Weston Brook (12/100 ml), but the individual samples with the
highest values were found in the unnamed tributary (1300, 650/100
ml) . The surface waters of Forge Pond had only trace amounts of
fecal coliform (1/100 ml) and the majority of the water samples
had no detectable FC.
Values for fecal streptococci were much higher than those
obtained for FC but there are no bathing standards for FS.
Geometric mean FS values ranged from 9 to 52 per 100 ml of
sample, and a strong seasonal pattern was established. Higher
values were associated with the summer months and warmer water
temperatures. The lowest mean value was for the surface waters
of Forge Pond.
FC:FS ratios may give some indication of the origin of
observed bacteria, as ratios associated with human-derived
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SHORELINE CONDUCTIVITY
(umhos/cm) IN FORGE POND,
GRANBYON AUGUST 22. 1985

Figure 9. Shoreline conductivity Survey in Forge Pond.

bacterial assemblages are considerably higher than those
associated with non-human sources. The FC:FS ratio for humans is
more than 4.0, whereas the ratio for domestic animals is less
than 1.0 (Tchobanoglous and Schroder, 1985). If ratios are
obtained in the ranges of 1 to 2, interpretation is less certain.
A table with representative FC:FS ratios is included in the
Appendix. The FC:FS ratios obtained were <1:1 for Stations FP-1,
FP-2, FP-5 and FP-6 and strongly suggest non-human origin. Three
values greater than"4:1 were measured in Forge Pond Brook and the
unnamed tributary, but they were seasonally isolated and do not
appear to represent chronic septage problems.
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 a., a pigment that is 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, Ogleby and Shaffner
1978, Hanson and Leggett 1982, Vollenweider 1982).
Measured chlorophyll levels in Forge Pond ranged from 1.8 to
231.8 ug/1; with a weighted mean of 42.5 ug/1. Based on
equations which relate chlorophyll a. concentration to total
phosphorus concentrations, an average chlorophyll a_ value of 18.1
ug/1 and a range of values from 5.7 to 41 ug/1 would be expected
(Jones and Bachman, 1976; Oglesby and Schaffner, 1978) . The
higher observed chlorophyll levels may be due to patchy
distribution of scum-forming cyanobacteria in the upper water
levels; biasing the depth-integrated sampling of phytoplankton.
The lake was highly turbid and colored from early May until the
draw down.
Chlorophyll a_ values are often considered indicators of the
trophic state of a lake. Fitting a waterbody into any
classification system is a subjective process with no one
parameter capable of fully "defining" the lake state. However,
chlorophyll a. levels are one of the more telling parameters. The
mean and range of chlorophyll a. values from Forge Pond fall i'nto
the eutrophic or most heavily fertilized condition (Wetzel,
1983). This finding should be compared with other parameters,
including total phosphorus levels.
Chlorophyll and non-living suspended solids are important
determinants of water clarity. Secchi disk transparency, a
measure of water clarity, ranged from 0.3 to 2.2 m in Forge Pond
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with a mean of 1.2 m (Table 2). This just makes the State
guideline for Secchi disk transparency (1.2 m) for waters used
for contact recreation. However, the summer conditions in Forge
Pond (heavy weed growth, anoxic bottom and surface scums)
preclude this use of the pond. Predicted values for
transparency, based on chlorophyll, were 0.6 to 6.9 m, with a
mean of 1.4 m (Oglesby and Schaffner, 1978; Vollenweider, 1982).
Actual values are limited to 2.2 m or less, as the bottom would
prevent the secchi disk from going further. The general
agreement between the predicted and observed suggests that
chlorophyll was the major determinant of clarity in Forge Pond.
The nature of the phytoplankton in Forge Pond varied
seasonally and included representatives from seven major algal
divisions (Figure 10). The seasonal pattern showed two peaks of
diatom abundance during spring and fall and a summer flora
dominated by green and blue-green algae (for individual sample
numbers and biomasses see Appendix D). Peak numbers were very
high, at times greater than 200,000 cells per ml (note log scale
on Figure 10) and reflected the eutrophic condition of Forge
Pond. Minimum cell numbers were also rather substantial; 100
cells per ml in January. Cell biomass underwent a similar
seasonal progression (Figure 11) , and emphasizes the large
biomass represented by the summer blue-green blooms.
The most numerous taxa were those of the diatoms
(Bacillariophyceae), golden-brown algae (Chrysophyta), green
algae (Chlorophyta), and blue-green algae (Cyanophyta) (Prescott,
1963; 1978). Cryptophytes, euglenoids and dinoflagellates were
present, but their numbers were not significant. The seasonal
progression of dominants was chrysophytes (late winter), diatoms
(spring to early summer), green algae (late spring to late
summer) and blue-green algae (summer to early fall), and then
diatoms again (fall to early winter). This pattern is one seen
in many temperate lakes, and reflects the response of the
phytoplankton community to changing physical, chemical and biotic
factors (Wetzel, 1983; Reynolds, 1980) .
Some of the more numerous algal genera were : diatoms,
Asterionella, Cyclotella, Fragilaria; chrysophyte, Dinobryon;
cryptophyte, Cryptomonas; chlorophytes, Eudorina, Scenedesmus,
Chlamydomonas; and cyanophyte, Anabaena. The late summer surface
algal blooms were completely dominated by Anabaena. This is a
late summer "specialist" that is well adapted to turbid low-light
conditions and relative nitrogen deficiency by means of its
buoyant gas vessicles and its nitrogen-fixing heterocysts
(Goldman and Horne, 1983). Its appearance and dominating role
with regard to both numbers and biomass was consistent with the
hypothesized nitrogen limitation indicated by the low N:P ratios
of the summer months (<14), as well as the poor water clarity
indicated by the very low secchi disk transparencies.
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Figure 10. Forge Pond Phytoplankton - Cell Numbers.
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Figure 11. Forge Pond Phytoplankton - Cell Volumes.
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Overall, the phytoplankton composition and numbers are
representative of a eutrophic system. The limiting factors are
likely to be light (ice-cover in winter and turbidity in summer) ,
and possibly nitrogen during dense summer blooms. Grazing by
zooplankton may also favor the larger colonial forms, but is
unlikely to be important given the small size of the zooplankton
community.
Macrophytes
The areal extent of benthic coverage by aquatic macrophytes
is shown in Figure 12. Vascular plants are widely distributed in
Forge Pond with particularly dense concentrations in the small
embayments and especially in the southern arm of the lake.
Comparison of the 1986 survey with the August, 1985
reconnaissance indicated that there were lesser amounts of plants
in the central portion of the northern basin in the latter year.
In 1986, the very low light transparency in the water column may
have limited submerged aquatic macrophyte growth in areas of
depth greater than 1.5m. In these areas successful macrophytes
were generally either emergent or floating forms growing on the
periphery of the pond.
The highest coverage of plants was found in the southern arm
where the highest concentrations of nutrients, (especially
phosphorus) entered from the tributary system. This nutrient
input was biotically translated into lush, abundant growth that
grew to almost impenetrable concentrations by late summer. Due
to the shallower depth of this portion of the lake submerged
macrophytes were very successful.
There were 21 species of vascular aquatic plants identified
at Forge Pond during this study. Identification was according to
Fassett (1957). The most abundant species were pickerelweed
(Pontederia cordata), large-leafed pond weed (Potamogeton
amplifolius), white water lily (Nymphaea odorata), yellow water
lily (Nuphar sp.) and coontail (Ceratophyllum demersum). Species
which were locally abundant include waterweed (Elodea canadensis)
and duckweed (Lemna sp.). The distribution of macrophyte taxa in
Forge Pond is presented in Figure 13.
Above the confluence with the lake, each of the major
tributaries has a wetland associated with the stream corridor.
The approximate size of these areas is as follows: Bachelor
Brook 7.1 ha (17.5 ac); Weston Brook 7.4 ha (18.4 ac) and Forge
Pond Brook 24.9 ha (61.5 ac). Plant composition of these areas
would include the emergent and submerged species noted on Figure
13. Other expected wetland species common to the Belchertown
area are included in a list in Appendix D.
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Density of Bottom Coverage by Aquatic Macropfcytes in
Forge Pond, Granby MA; August

Key to Bottom
Cover
= 0 - 25 %

= 25-50 %
= 50-75 8
= 75-100%

Figure 12. Benthic Cover by Aquatic Macrophytes in Forge Pond.
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Distribution of Aquatic Macrophyte
Taxa in Forge Pond, Granby MA.
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Species List
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EC = Eiodea canadensis
J = Juncus sp.
L = Lemna minor
Ly = Lythrumsp.
Ms = Myosetis sp.
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Figure 13. Distribution of Aquatic Macrophytes in Forge Pond.
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These wetlands provide a positive impact (removal of some
nutrients and suspended particulates) on incoming water quality,
but also negatively affect oxygen (declines) and ammonia
(increases) levels. Since these wetlands are closely associated
with Forge Pond, a water level drop would be expected to
influence these areas unless otherwise mitigated.
Zooplankton
The zooplankton community of Forge Pond includes primarily
small copepods and cladocerans at low densities (Figure 14 and
Appendix D). Zooplankton biomass is negligible during winter and
peaks at a low value in late spring, when small Daphnia are
present. Zooplankton density is also low in late summer, but
species composition shows a shift at that point; the copepod
Cyclops is the dominant zooplankter. Species richness is also
highest in late summer-early fall, but most species are present
at barely detectable levels. The short body length of most
individuals further minimizes the importance of zooplankton in
Forge Pond.
The low densities and small mean length of zooplankton in
Forge Pond are indicative of intense predation, undoubtedly by
planktivorous fish. The highly fertile nature of the pond should
foster a much more dense zooplankton assemblage. The great
abundance of planktivores, including small yellow perch, golden
shiners, and sunfishes, apparently crops the zooplankton to an
extremely low level. While many of the phytoplankton species in
the pond are considered less desirable as food resources for
zooplankton, ample food exists to support a much larger
zooplankton assemblage. The paucity of zooplankton results in
low grazing potential, which promotes large standing crops of
phytoplankton.
The low density and mean size of the Forge Pond zooplankton
affects the fish community that has promoted those
characteristics. Mean fish size is often reflected by the mean
zooplankton size (Mills and Schiavance 1982). A lack of large
zooplankton food tends to result in stunted populations of
planktivorous fish, much as observed for Forge Pond. A greater
abundance of larger zooplankton would therefore be beneficial in
terms of phytoplankton control and fish production.
Fish
Records of the Massachusetts Division of Fisheries and
Wildlife (MDFW) indicate that prior to 1955 the Forge Pond
fishery was comprised of chain pickerel, northern pike, yellow
perch, white perch, and bullheads. There was little management
effort in the first half of this century, although the MDFW
contacted shoreline property owners on several occasions
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Figure 14. Zooplankton Size Distribution in Forge Pond.
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regarding the possibility of stocking the pond. The only
detailed survey of the Forge Pond fishery was conducted in July
of 1980 by the MDFW. Using gill nets and a shock boat, 171 fish
were collected, representing 11 species with a total weight of 29
kg. Chain pickerel and largemouth bass, the two game fish
species reported, comprised 11.7% of the catch by number and 7.4%
by weight. Large golden shiners and white suckers made up 45% of
the catch by number and 61% by weight. Sunfish were also
abundant. Most growth rates were average or below average for
Massachusetts lakes, and condition factors (relating length to
weight) suggested food shortages and possibly abiotic stresses.
The 1980 MDFW report cites an unbalanced size distribution
and paucity of gamefish for Forge Pond, suggesting that the
fishery was in relatively poor condition at that time. There was
a large forage base, but most specimens of potential forage
species were too large to be consumed by most of the predators in
the pond. Growth rates for different age classes within a
species were therefore highly variable. Pond productivity was
calculated at a high 12.5 kg/ha. No management recommendations
were made in the report.
In October of 1986, EEC conducted another detailed survey of
the fish community of Forge Pond. This period was chosen because
the drawn down condition of the lake helped to concentrate the
fish. Due to the lowered water condition, standing water was
mostly confined to the northern section of the lake, and hence
sampling effort was concentrated there. Sampling was
accomplished with several shoreline seine hauls with a 100 ft
seine, and the setting of four 100-200 ft gill nets. The results
are summarized in tabular form in Table 5 and graphically in
Figures 15 and 16. A total of 550 fish were collected,
representing 11 species and weighing 154.5 kg. The results were
similar to those obtained in 1980 by the MDFW with regard to
species composition and relative abundance, with a slight decline
in gamefish abundance. Chain pickerel and largemouth bass
comprised only 2.9% of the catch by number and 4.5% by weight.
Large golden shiners and white suckers (considered "rough" fish)
made up 48% of the catch by number and 55% by weight. Small
yellow perch were numerically more abundant than in 1980,
increasing from 6.4 to 20.7% of the catch. However, yellow perch
biomass increased only slightly, rising from 4.5 to 9.3% of the
total catch biomass. Sunfish abundance decreased slightly from
the 1980 level.
The growth rate for chain pickerel was good (above average),
while that of all other species was fair (about average).
Recruitment appeared erratic for some species, but year classes
were typically continuous. Mean lengths and weights for most
species were somewhat higher in 1986 than in 1980, but
differences in sample sizes or sampling methods could be
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TABLE 5
RESULTS OF FISH SURVEY IN FORGE POND.

Species
Microt>terus salmoidej

Common Name

%of
catch

mean
vt.fe)

5
11

0.9
2.0

785

2.5

336

Fair

282

2.0

367

Good

114

20.7

126

207

Fair

9.8

96

9.3
3.4

168

Fair

6.2

98

2.1

162

Fair

1.5
36.2

231
144

12

234

Fair

18.5

229

65
42

11.8

859

36.2

416

7.6

642

17.4

238

15
3

2.7

636

6.2

262

0.6

582

1.2

262

550

100.0

caught

Lepomis sribbosus

Largemouth Bass
Chain pickerel
Yellow perch
Bluegill
Pumpkinseed

Pomoxis nigromaculatus

Black Crappie

8

Notemigonus crvsoleucus
Catastomus commersoni
Ictalurus nebulosa
Ictalurus natalis
Erimvzon succeta

Golden Shiner
^hite sucker

199

Esox niger

Perca flavescens
Lepomis macrochirus

Browi Bullhead
Yellow Bullhead
Lake Chubsucker

TOTAL

59

Growth
mean
%0f
tot. in. Igth(mm). rate

100.0

_

_
-

Figure 15. Forge Pond Fish - Numbers.
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Figure 16. Forge Pond Fish - Biomass.
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responsible. Captured fish generally appeared thin, and lesions
and parasites were commonly noted. Although Forge Pond is highly
productive, it is not producing a'high quality fishery.
The fish community of Forge Pond is in rather poor condition.
Although there is a large forage base and some large game fish
specimens are present, the fish community is dominated by rough
fish (59% by number, 80% by weight). Pan fish are also abundant
(38% by number, 16% by weight), but small mean sizes reduce their
value to anglers. Prior to rising awareness of the environmental
impacts of biocides in the 1960's, this pond would have probably
been immediately considered a candidate for chemical reclamation.
Physical reclamation (through a complete drawdown) is currently
the most feasible approach to restructuring the fishery, although
biological manipulation (stocking large predators) should also be
considered. A major reduction in the rough fish component of the
current fish community is necessary, if improvements in game fish
abundance and size structure are to be achieved.
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SEDIMENT ANALYSIS
The depth of the soft sediment was mapped (Figure 17) and the
composition of the underlying hard stratum was determined. The
substrate was soft sediment underlain by sand, except at the dam
where there was some gravel and cobble.
Sediment cores were taken from the lake at positions
indicated on Figure 17. Analyses of the sediment samples
revealed high amounts of iron and manganese consistent with the
local geologic formations (Table 6) . The USGS (1977) flag limits
for sediment contaminants were not exceeded by any parameter
value. The sediments would be classified as Category Two
sediments by the MDWPC criteria, based on their arsenic, cadmium,
and lead contents (MDWPC, 1979). High organic content would
place these sediments in the type C classification for physical
characteristics. These characteristics would allow disposal of
these sediments in upland areas without special restrictions,
however some restrictions may apply to effluent from these
disposal sites.
The most noticible difference between the sediments is
relates to total phosphorus. Sediments sample S-l from the
northern basin (5.6 mg/kg) and S-3 from Forge Pond Brook arm (5.8
mg/kg) are both low in phosphorus content. In contrast, sediment
sample S-4 from the eastern arm where Weston Brook enters is 100
times greater (696 mg/kg). The difference would be ascribed to
the high nutrient loading which occurs in the eastern arm, which
is the entry point for any waters passing by the Belchertown
State School sewage treatment plant.
An impromptu experiment occurred during the course of
sediment settling tests that demonstrated the potential of these
nutrients to support growth. A soil sample from S-4 was placed
in tap water and the tube shaken to produce the test slurry.
Following the settling test the water in column was covered, and
left undisturbed (outside) for one week. An extremely dense
algal bloom resulted, emphasizing the availability of phosphorus
from resuspended sediments to foster phytoplankton blooms.
Settlement column tests were run to estimate consolidation
due to self weight stresses. The bulking factor (ratio of a
given volume of solids in the containment area to the volume of
solids on the lake bottom) was 1:1.3. It can be expected that as
more solids are deposited, the self weight effective stresses
increase and this brings about a consolidation of the material
resulting in a lower bulking factor. The lower the bulking
factor the less containment volume is needed to initially hold
the material.

63

Soft sediment underlain by sand
except at dam, where there
is some gravel and cobble.

.SOFT SEDIMENT DEPTH AND
SEDIMENT SAMPLING LOCATIONS
IN FORGE POND, GRANBY

Figure 17. Soft Sediment Depth in Forge Pond,
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TABLE 6
CHEMICAL CHARACTERISTICS OF FORGE POND SEDIMENT
(Collected on 6/22/65)

Parameter

Value at : FP-Si

FP-S3

FP-S4

Arsenic (mg/kg)

7.6

4.6

12

Cadmium (mg/kg)

<9.7

<6.9

<6.6

Chromium (mg/kg)

24

17

30

Copper (mg/kg)

3$

14

39

Iron (mg/kg)

19,500

19,500

16,600

Lead (mg/kg)

170

69

106

Manganese (mg/kg)

267

445

250

Mercury (mg/kg)

<0.24

<o.i5

<0.37

Nickel (mg/kg)

34

21

30

Vanadium (mg/kg)

39

47

Zinc (mg/kg)

170

31
63

Nitrate-nitrogen (mg/kg)

34

24

41

TEN (mg/kg)

12,000

6,130

13,600

Phosphorus, Total (mg/kg)

5-6

5-6

696

Total Volatile Solids (»)

24.5

26.2

32.6

Oil and Grease (mg/kg)

1,620

21,900

20,100

65

129

The turbidity of the supernatant of a 1:4 (volume to volume}
sediment/water mixture was tested as a function of time in order
to evaluate potential effects on water clarity by resuspended
bottom materials. In a column settling test, the supernatant was
withdrawn periodically over a three day period and the turbidity
measured. In these tests, turbidity did not settle out
appreciably (MOO J.T.U.) over a 24-hour period. In fact, two of
the three sediments did not completely settle out after three
days, indicating that resuspension of the sediments will result
in poor water clarity unless either contained or treated.
Turbidity of less than 10 J.T.U. is generally required for
contact recreation.
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QUESTIONNAIRE SURVEY
Responses to a questionnaire sent to watershed residents were
helpful in evaluating the preferences and practices of potential
pond users. Responses were returned from 11 of the 24 abutting
residences (46%), as well as the St. Hyacinth's Seminary, the
major abutting landowner on the lake.
The majority of the responding households were permanent
year-round residencies within 100 ft of Forge Pond, whose
inhabitants used the pond on a daily to weekend basis (Table 7).
The average occupancy rate was 2.3 persons per household,
neglecting the 85 residents of St. Hyacinth's Seminary. The
range of household was from 1 to 4 persons per dwelling.
The clearly preferred recreational activity was fishing,
followed by boating, and then swimming. Other recreational
activities identified were skating and hunting.
As with all of Granby, all the residents' drinking and
washing water needs were met by on-site wells. These wells
tended to be shallow, rarely exceeding 50 ft in depth, and were
generally within 250 ft of the lake.
Similarly, since there are no sewer lines in Granby, all
residents relied on on-site wastewater disposal systems, the vast
majority of which are a tank and leachfield system. These septic
systems tended to be older, with a mean of 20 years and a range
of 1 to 32 years. Most were within 100 ft of the lake and two
were within 50 ft. The average time span since these systems
have been inspected or pumped was 2 years with a range of less
than one to greater than five years. Failure of septic tank
systems on School Street near Forge Pond was reported in an
inventory of pollution sources (LPVRPC, 1978).
Fertilization of private lawns was relatively rare (8%) among
the lake abutters. No garbage grinders were reported, but a
majority of the households did have washing machines (75%) . Of
those using washing machines on the premises, about 1/3 used a
phosphate-containing detergent. All dishwashing detergents
reported were non-phosphate types.
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TABLE 7
SUMMARY OF QUESTIONNAIRE RESPONSES FOR THE FORGE POND STUDY AREA

# responding
% responding

11
46%

Pond usage rate
Daily
Weekly

70%
30%

Preferred activities
First choice
Sailing/boatinq/skiing
Fishing
"

30%
70%

Second choice
Swimming
Sailing/boating/skiing
Fishing

20%
50%
30%

Third choice
Swimming
Sailing/boating/skiing
Skating
Hunting

33%
16%
16%
33%

Persons/household
Mean
Range

2.3
1-4

Residency (months/yr)
9-12
6-9

82%
9%

3-6

9%

Property distance from lake (ft)
50-100
<50

18%
82%

Drinking water source
On-site well

100%

Washing water source
On-site well

100%

Waste disposal system
Cesspool
.
Tank and leachfield

9%
91%
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TABLE 7 (Continued)
On-site disposal system
Age (yrs)
Mean
Range

20.1
1-32

Distance from lake (ft)
>1000
500-1000
250-500
100-250
50-100
<50

11%
0%
0%
11%
55%
22%

Years since last inspect ion/pump ing
>5
3-5
1-3
On-site wells
Depth (ft)
>100
50-100
20-50
<20
Distance from lake
>1000
500-1000
250-500
100-250
50-100
<50
Years since last testing
>5
3-5
1-3
<1
Well location relative to waste
disposal system
Upslope
Downslope
Equal elevation

13%
0%
37%
50%

10%
0%
70%
20%
10%
0%
10%
30%
40%
20%
20%
20%
20%
40%
56%
18%
26%
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TABLE 7 (Continued)
Distance from upsiope disposal
system from well
>100
50-100
25-50
<25

10%
60%
20%
10%

Phosphate fertilizer used on lawn
Washing machine used

9%
55%

Garbage disposal used

0%

Phosphate detergent used
Clothes
~
Dishes

33%
0%
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COMPARISON WITH OTHER STUDIES
Various studies of Forge Pond and its watershed have been
conducted over the years. Very little comprehensive sampling of
Forge Pond was performed prior to the 1970's due to the presumed
private ownership of the pond. Baseline data on Forge Pond was
collected by the Massachusetts Division of Water Pollution
Control in 1978 and 1981 (MDWPC, 1981; 1984) . Limited chemical
analyses were made by the MDFW fishery survey in 1980.
Measurements of pH and alkalinity were made by the Massachusetts
Acid Rain Monitoring (A.R.M.) project in 1983-84 (Godfrey, Ruby,
and Zajicek, 1985). The Belchertown Water Quality Survey was
conducted in 1980 and covered relevant sections of Lampson and
Weston Brook (MDWPC, 1981b). Sampling of Lampson Brook, just
above and below the outfall was done in 1986 for a very limited
number of parameters by the State School (J. Puddester,
pers.comm.).
The locations of these sampling sites are shown on
Figure 18 with descriptions of the locations given in Table 8. A
summary of the data from these samplings is given in Table 9.
Pond conditions in August, 1978 were described as mesoeutrophic (MDWPC, 1981) . Water clarity was diminished with a
secchi disc transparency (SDT) of 3 ft and a chlorophyll
concentration of 27.9 ug/1. The phytoplankton was dominated by
the blue-green alga Anabaena. The July 1980 survey documented a
higher chlorophyll content (44.0 ug/1) and a SDT of 2.5 ft
(MDWPC, 1981). The dominant phytoplankter was the green alga
Scendesmus.
The July 1981 survey found a chlorophyll content of
27.1 ug/1 and very mixed dominant phytoplankters including
euglenoids (Euglena, Trachelomonas), diatoms (Melosira) green
algae (Chlamydomonas) and blue-green algae (Gloeocystis).
Macrophyte density was considered very dense in all sections
of the pond in 1978. Dominant macrophytes included pickerelweed
(P. cordata), large leafed pondweed (P. amplifolius), waterweed
(E. canadensis)and big duckweed (Spirodela polyrhiza). In
addition to the macrophytes listed above, coontail (C. demersum),
duckweed (L. minor), and yellow water lily (N. variegatum) were
listed in the July 1980 survey. In July 1981, very dense
conditions existed in all of the southern half of the lake and
along the periphery of the northern basin. Plants which had not
been previously noted in earlier surveys included white water
lily (N. odorata) and bladderwort (Utricularia sp.).
Duckweed
was reported to cover parts of the pond like green paint (MDWPC,
1981). Comparison of these distribution maps with BEC data
(Figure 13) shows much taxanomic similarity, although the density
of certain species has shifted in the intervening five years.
Specifically, BEC found much less waterweed in portions of the
northern basin, more water lilies (both Nuphar and Nymphaea sp.)
in the southern portion, and less duckweed overall.

71

TABLE 6
SAMPLING SITES USED FOR OTHER WATER QUALITY
SAMPLING IN THE FORGE POND SYSTEM (1976-1956)
SITE

DAT£(S)

DESCRIPTION

SAMPLED BY

A

Bachelor Brook at Rural Street.

8/30/78,7/23/81

MDVPC1

B

Lampson Brook above discharge.

6/25/80*, 7/29/80*, 6/17/86

MD¥PC, BSS

C

Belcherto^ro. STP effluent discharge.

6/25/80*, 7/29/80*, 6/17/86

MD¥PC, BSS

D

Lampson Brook belo-y discharge.

6/25/80*, 7/29/80*, 6/17/86

MD¥PC, BSS

E

Lampson Broolc at George Hannum Rd.

6/25/30*, 7/29/80*

MDTOC

F

¥eston Broolc at Boardman St.

6/25/SO*, 7/29/80*

MD¥PC

G

¥estoti Brook at confluence vith Forge Pon<3. 6/25/80,7/29/80

MOTP

H

Unnamed tributary at Rt. 202.

7/29/80

MDVPC

I
J

Forge Pond Brook at Rt. 202.
Forge Pond, southern arm; confluence
of ¥eston and Bachelor Brooks.

7/29/80
8/30/78,7/23/81

MDTOC
MD¥PC

K

Forge Pond, southwest arm; near entry
of Forge Pond Brook.

8/30/78,7/23/81

MD¥PC

L-s Forge Pond, northern basin; surface.

8/30/78,7/29/80,7/23/81

MD¥PC

L-m Forge Pond, northern basin; mid-depth.

8/30/78,7/29/80

MDYPC

L-b Forge Pond, northern basin; bottom.

7/29/80

MD¥PC

6/30/78,7/29/80,7/23/81

MD¥PC

M Bachelor Brook at School St. b&iow outfall.

* = average of 24-hr study.
1 = Massachusetts Division of ¥ater Pollution Control.
2 = Belchertoim State School.
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Figure 18. Historic* Sampling Sites in Forge Pond Watershed.
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TABLE 9
WATER QUALITY DATA FROM OTHER SAMPLING IN
THE FORGE POND SYSTEM (1976-1966)
Sampling Sites and Dates: for locations see Figure 18.
Site:

Date:

A

7/29/80

A

7/23/81

B

B

6/25/80

7/29/80

Dissolved oxygen (mg/l)

9.5

6.0

flow (c.t'.s.)

0^

0.5

B

6/17/86

C

6/25/80

C

7/29/86

Parameters
Temperature (°C)

0.-4

f- a

pH (standard units)

7.0

Color (standard units)

35

Alkalinity (mg/0

31

1O

Total Hardness (mg/l)

48

44

-

110

-

Conductivity (umhos/cm)
Total Susp. Solids (mg/l)

2.0

2.0

Chloride (mg/l)

7

7

NH 3 -N(mg/l)

0.07

0.02

0.30

0.37

N03-N (mg/l)

0.6

0

0.5

0.3

0.43

1.3

0.77

Kjeldahl-NHrogen (mg/l) 0.46
Ortho-phosphate (ug/1)

50

fatal phosphate (pg/1)

90

-

-

-

<0.4

2.4

1.0

1.6

4.5

5.0

3.3

4,700

60

Fecal coliform (•*/ 100ml) 3,200
Total coliform(*/ 100ml) 35,000
Five-day B.O.D.

1.8

4 4
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3.3

8.

2.0

TABLE 9 (Continued)

Sampling Sites and Dates
Site:
Date:

C

D

0

0

E

6/17/86

6/25/80

7/29/30

6/17/36

Temperature (°C)

-

-

-

-

Dissolved oxygen (rng/0

-

-

7.4

Flow (c.f.s.)

-

0.6

0.7

_

_

E

6/25/80

7/29/80

-

2.0

i.S

-

0.5

0.5

F
6/25/80

Parameters

p

H (standard units)

_

Color (standard units')

-

Alkalinity (mg/1)

_

_

_

_

_

_

_

_

_

Total Hardness (mg/1)

_

_

_

_

_

_

Conductivity (pmhos/cm)

-

-

-

-

-

-

Total Susp. Solids (mg/1)

-

-

-

-

-

-

_

_

_

_

_

_

0.59

0.10 0.07

1.7

3.1

0.7

2.2

0.94

1.1

Chloride (mg/1)
NH 3 -N(mg/l)
NO-r-N
(ma/I)
•j
•*

<0.4

-

-

<0.4

Kjeidahl-Nitrogen (mg/1)
Ortho-phosphate (ug/J)
Total phosphate (ug/0

.
2,800

_

_

_

-

-

-

- 9 0 0 1 , 6 0 0

2,100

Fecalcoliformf^/IOOml)

-

-

-

-

-

-

Total coliform(*/100ml)

-

-

-

-

-

-

Five-day B.O.D.

-

. 5.9

8.5

-

6.6

2.1

75

680

TABLE 9 (Continued)

Sampling Sites and Dates
Site:
Date:

F

7/29/80

G

6/25/80

G

H

7/29/80

7/29/80

i
7/29/80

J

J

8/30/78

7/23/81

Parameters
Temperature (°C)

-

-

-

22.5

Dissolved oxygen {rng/T)

-

-

-

3.4

Plow (c.f.s.)

-

-

-

pH (standard units)

7.4

6.8

6.7

6.7

7.2

Color (standard units)

40

50

j>t>

60

45

Alkalinity (mg/0

47

42

17

35

35

3!

Total Hardness (mg/1)

64

67

22

52

52

49

Conductivity (umhos/cm)

-

-

-

120

125

Total Susp. Solids (mg/D

12

4.5

14

2.5

-

1.5

Chloride (mg/1)

3)

39

^

5

10

7

NH7-N(mg/l)

0.06

0.13

0.03

0.09

0.04

0.0

0.03

N03-N (mg/1)

0.4

0.10

0.0

0. 1 0

0.10

0.0

0.0

Kjeldahl-Nitrogen (mg/1)

0.72

2.2

0.59

G.63

0.44

-

0.51

Ortho-phosphate ([ig/D

1 ,030

260

90

30

Tola! phosphate (ug/D

1 ,080

290

i60

80

iOO

240

Fecal coliform (*/100ml) 4,000

30

9,000

!00

40

70

Total coliform (*/!OOmO 1 1 ,000

800

40,000

6,200

300

560

Five-dayB.O.D.

3.0

5.7

2.4

3.9

740

76

_

_
6.8

TABLE 9 (Continued)

Sampling Sites and Dates
Site :

K

K

L-s

L-s

L-s

L-m

7/23/81

8/30/73

7/29/80

7/23/81

8/30/78

Temperature C°C)

21.0

23.0

25.5

25.0

22.0

Dissolved oxygen (mg/0

7.2

6.1

9.6

6.5

Date:

8/30/78

Parameters

-

.

Fiow (c.f.s.)

-

pH (standard units)

7.1

6.1

7.9

Color (standard units)

40

-

80

-

'Alkalinity (mg/i)

35

13

50

50

Total Hardness (mg/1)

63

27

45

40

Conductivity (^mhos/cm)

125

68

125

1 10

2.0

-

6.0

14

]1

0.02

0.01

0.01

0.10

0.0

0.0

0.56

-

1.0

-

-

_

30

320

450

Fecal conform (•»/ 100ml) 10

100

10

10

Total coliform (*/ 100ml) 60

HO

20

40

Total Susp. Sol ids (mg/1)
Chloride (mg/1)

10

NHT-N (mg/1)

0.01

NOj-NCmg/l)

0,0

Kjeldahl-Nitrogen (mg/1)
Ortho- phosphate (ug/1)
Total phosphate (ug/1)

70

tr

77

7.5

6.7

TABLE 9 (Continued)

Sampling Sites and Dates
L-m

L-b

7/29/80

7/29/80

Temperature (°C)

25.5

Dissolved oxygen (mg/1)

Site:
Date :

M

3/30/78

n

M

7/29/80

7/23/31

24.2

-

27

6.1

4.3

-

1 1.4

-

-

-

-

Parameters

Flow (c.f'.s.)
pH (standard units)

7.4

7.2

['.•j

7,3

Color (standard units)

50

SO

45

-

Alkalinity (mg/1)

35

7O
<->*-

35

33

Total Haraness (rng/j'i

41

^ "~

4--i

40

Conductivity (umhos/cm)

-

Total Susp. Solids (mg/1)

10

Chloride (mg/1)

15

NH 3 -N(mg/l)

_

130

-

-

! iO

12

8.0

16

14

10

0.3

0.01

0.3

0.01

N03-N (mg/1)

0.0

0.0

0.0

0.0

Kjeldahl-Nitrogen (mg/1)

1.4

-

1.6

1.0

Ortho-phosphate (ug/1)

390

-

370

-

Total phosphate (Mg/1)

520

310

450

450

10

5

10

50

40

9.0

-

Fecal coliform (*/lOOml) 10
Total coliform 1*7 100ml) 100
Five-day B.O.D.

9.3

60
-
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Measurements made in the water column of Forge Pond in 1978
revealed a pronounced decrease in dissolved oxygen with depth,
yet the lake was not thermally stratified. Low bottom oxygen
values (4.3 mg/1) were noted in the survey of 1980. Again the
lake was not thermally stratified. These conditions were similar
to those encountered during the diagnostic study year.
In 1978 parameters measured included pH (7.9) and total
alkalinity (30-33 mg/1 range throughout the lake). Massachusetts
Fish and Wildlife personnel noted the brown color and poor
clarity (SDT = 2 ft.) of Forge Pond in July, 1980 (MDFW, 1980).
They estimated about 60 percent of the pond was covered by
emergent aquatic vegetation. They measured a pH of 7.0 and a
total alkalinity of 3.0 mg/1. Comparing this to a 1966 total
alkalinity value of 26 mg/1, they concluded that Forge Pond had
been negatively impacted by acid precipitation and fish stocking
was inappropriate. Subsequent remeasurement of total alkalinity
during 1980-81 as well as the present study has placed summer
values in the range from 28 to 35 mg/1. Reviewing this data, it
seems likely that error existed in the MDFW 1980 measurement
(misplaced decimal?) and that total alkalinity has not
appreciably declined over the last 20 years.
Monitoring Forge Pond on a monthly basis, the Massachusetts
Acid Rain Monitoring Project found a seasonal cycle of total
alkalinity ranging from 9.3 to 38.6 mg/1 during the period April
1983 to April 1984. Lowest values were connected with late fall
and winter conditions. High values were correlated to spring and
summer conditions. A similar cycle was seen in the EEC
limnological data base, with a range of 18 to 42 mg/1 total
alkalinity for the lake surface station.
Analogous to shifts in alkalinity, a seasonal cycle in pH was
noted in both the A.R.M. and EEC studies. Values below 7.0
occurred in the late fall and winter, while values above 7.0,
some reaching as far as 9.3 units, occurred during the summer
bloom conditions.
The high level of nutrients, especially phosphorus, in Forge
Pond has been well documented (MDWPC, 1981, 1982, 1984). Between
1978-81, in-lake total phosphorus concentration ranged between
320 and 510 ug/1 (Table 9). All these studies concur that Weston
Brook is the single greatest source of phosphorus of any of the
tributaries of Forge Pond. Values downstream of the Belchertown
Sewage Treatment Plant have ranged from 2,100 to 290 ug/1.
During the same period, other tributaries had values ranging from
60 to 160 ug/1. In contrast, nitrogen values were not especially
segregated according to stream source. Very low nitrogen values
were often found in Forge Pond in summer surveys. During July
1981, the N : P ratio was approximately 5 : 1 suggesting that
nitrogen-limited conditions were prevailing for phytoplankton at
that time.
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Studies tracking nutrient concentrations down the
Lampson/Weston Brook have shown the diminution of phosphorus with
distance traveled from the STP plant. Using data from those
studies and the supplemental water quality sampling (Table 4), it
has been possible to construct an empirical model for predicting
average phosphorus concentrations arriving at Forge Pond, based
on current operating conditions (see nutrient budget).
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HYDROLOGIC BUDGET
The hydrology of Forge Pond is determined by runoff from the
watershed, direct precipitation on the lake and contributions
from ground water seepage. One estimate of mean flow is
determined by using the area of the watershed and applying yield
coefficients, factors which relate the amount of flow to the unit
area. The yield coefficients of Sopper and Lull (1970) suggest a
mean flow ranging 28.1 to 35.5 cu.m/min. The Forge Pond
watershed contains areas of low to moderate topography so that an
intermediate value would be expected. Runoff production in New
England averages between 51-61 cm/yr (Sopper and Lull, 1970,
Higgins and Colonell, 1971), suggesting inflows of 36.9 to 44.9
cu.m/min. Detention in some small ponds in the watershed or
agricultural practices may lessen surface inflows somewhat.
Actual measurements of water inputs to Forge Pond included
assessment of the flow in all potential tributaries (Figure 1)
and calculation of ground water and direct precipitation inputs.
The average flow at Bachelor Brook (FP-1) was 13.28 cu.m/min
(Table 2). Two other significant tributaries were Weston Brook
(FP-2) and Forge Pond Brook (FP-3), contributing, respectively
9.54 and 7.55 cu. m/min. A minor flow, an unnamed tributary (FP4), added a total of 0.24 cu. m/min. The contribution of ground
water was considered minor due to the deep deposits of organic
sediments on the bottom of the pond (Figure 17), as organic
sediments dramatically decrease the magnitude of ground water
fluxes (Frape and Patterson, 1981). Further, there are no steep
ground water hydraulic gradients in the immediate lake area.
Groundwater inputs were assumed part of the diffuse source to
Forge Pond.
Precipitation data reported to the National Oceanic and
Atmospheric Administration (NOAA) is routinely tabulated and
provided to requesting parties. Using 1986 NOAA precipitation
data for nearby Amherst and Belchertown (Table 10) annual
precipitation of 1.11 m/yr was assumed. Since the pond area is
30.3 ha, the average contribution of direct precipitation is
estimated at 0.63 cu.m/min.
The measured outflow as surface water averaged 31.60 cu.
m/min., while evaporation was calculated at 0.40 cu. m/min.
(Higgens and Colonell, 1971). The total inputs and outputs of
Forge Pond were, respectively, 31.23 cu. m/min. to 32.04 cu.
m/min. The discrepancy between the two is 0.89 cu. m/min or less
than 3% and is attributable to diffuse sources such as
groundwater, direct overland runoff and/or sampling error (Table
11) •
Based on the average flow through the system in 1986, the
detention time for water in Forge Pond was 0.020 yr, or 7 days.
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TABLE 10

PRECIPITATION DATA FOR THE GRANBY, MA AREA,
(centimeters of precipitation as rain during 19661)
Month
]
F
M
A
M
]
]
A
S
0
N
D
Total

Amherst. MA
14.9
7.2
9.4
3-6
6.0
12.6
16.6
5.1

Belchertown. MA
12.6
6.0

2.7
6.2
9-2
14.0

3-6
7-3
12.5

109.7

112.0

9.42

3-62
6.02
19-5
14.6

4.5

10.4

Average of two sites = 110.9 cm
1 - Source, NQAA, 1986
2 = data missing; assumed to be equal to Amnerst monthly total.
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TABLE 11
HYDROLOGIC BUDGET FOR FORGE POND
Inputs

cu. m/min

% of Total

13.26

41

7.55
9.54
0.24

24
30
1

0.6
OjJ

2
2

32.04

100

31.64

93

Evaporation

0.4

2

Total Outflow

32.04

100

Bachelor Brook (FP-1)
Weston Brook (FP-2)
Forge Pond Brook (FP-3)
Unnamed tributary (FP-4)

Direct precipitation
Diffuse inputs
Total inflow
Outputs
Outlet (FP-6)

Detention Time
Mean
Annual Range

Response Time

•

Years

Day_s

0.021
0.009-0.11

7
3-39

0.035-0.059

83

13-21

Figure 19. Hydrologic Inputs to Forge Pond.

HYDROLOGIC INPUTS TO FORGE POND

B Bachelor Bk.(FP-l)
M Weston Bk. (FP-2J

30S

M Forge PondBk. (FP-33
EH Unnamed tributary (FP—4)
D Direct precipitation
§ Diffuse inputs
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At times of lowest flow in October, the detention time increased
to 0.11 yr or 39 days. In contrast, the time of residence for
water in Forge Pond during high flow was relatively rapid at
0.008 yr or 3 days. For calculations of retention times see
Appendix.
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
realized. For Forge Pond, the response time ranges from 0.033 to
0.055 yr, or 12 to 20 days. These values are in the middle range
for the detention times for Forge Pond. This suggests that
during times of moderate to low flow most of the impact of a
pollutant will be felt by the system before it passes out.
During most of the year and especially during summer months
pollutants will have sufficient time to evoke a biological
response. There is some variation associated with the pollutant
response time, and it should not be strictly applied in a
management content. However, it is clear that nutrients and
other substances entering Forge Pond in the summer experience
sufficient residence time to have maximal impact on the system.
Thus, deterioration of water quality is greatest during the
summer recreational period when retention of the lake water is at
its maximum.
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NUTRIENT BUDGET
Phosphorus
Export coefficients for phosphorus can be used in conjunction
with land use data to estimate the load generation 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.
Chosen export coefficients and corresponding justification
are presented in Table 12. The coefficients, corresponding land
areas and the results of their multiplication are given in Table
13. Based on this analysis 2,394 kg of phosphorus are generated
in the watershed each year. Not all of this phosphorus reaches
Forge Pond, as some of the load passes through the soil with its
adsorptive properties, and detention of water in upper ponds and
wetlands will diminish phosphorus export (via biological uptake).
Another model approach to quantifying inputs involves use of
empirical equations which rely on in-lake concentrations and
hydrological parameters of the system to estimate the load to the
lake. A set of five equations was applied to the Forge Pond
system (Table 14). Appropriate values for corresponding
variables and the calculated phosphorus loads are presented in
Table 15. Loads ranged from 611 to 912 kg P/yr, with three of
the five equations predicting greater than 800 kg/yr. It should
be recognized that these models are applicable to a large number
of lakes, and do not presume to describe the behavior in any one
lake (Wetzel, 1983). One assumption of the models rarely
approached in real lakes is that of complete and instantaneous
mixing of the nutrient load throughout the lake. The unidirectional flow of the Forge Pond also violates these models'
assumptions.
Vollenweider (1968) established loading criteria based on
system morphology and hydrology; a phosphorus load of less than
197 kg/yr would be considered permissible under this scheme,
while a load in excess of 392 kg/yr would be deemed critical.
The mean predicted load (611-912 kg/yr) is higher than the
critical load, which indicates that eutrophic conditions prevail
in Forge Pond.
The most reliable approach involves direct measurement,
although not all inputs are amenable to this approach. A
combination of empirical data and export coefficients was
therefore applied.
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TABLE 12
NUTRIENT EXPORT COEFFICIENTS FOR LPND USES AND OTHER SOURCES IN THE WATERSHED OF FORGE POND
EXPORT COEFFICIENT (KG/WYR)
NUTRIENT SOURCE
LAND USE:
Residential
Commercial

Institutional
Agricultural
Open
Forest

Wetland
Water
OTHER SOURCES:
Atmospheric Deposi t ion
Aquatic Birds
Internal Losdinq

NITROGEN
9.9?
9.97
9.97

PHOSPHORUS
1.91
1.91

0

i.?l
2.1
1.5
.24
.24
0

20.98

.45

9.88
8.65
2. 86
2.86

1

9

*

*

SELECTION CRITERIA
Moderate density, some m u l t i - d w e l l i n g units
S t r i p roadside and in-town services!
High volume use: Beichertown State School,
Combination of T i l l e d and pasturage
Sand and gravel pits-, transmission lines.
Mixed deciduous and softwoodsjlcw slopes
R e f l e c t s nutrient-poor status of wetlands.
Assume no generation of load in ponds.
Conn. Val ley airshed
Mid-ranae yalue; assumes 1 bird/ha water
See nutrient budget for c a l c u l a t i o n s .

TABLE 13
NUTRIENT LOAD GENERATICN BY SOURCES IN THE WATERSHED OF FORGE POND
EXPORT COEFFICIENT CKG/HA/YR)
NUTRIENT SOURCE
LAND USE:
Residential
Commercial
Institutional
Agricultural
Open
Forest
Wetland
Water
OTHER SOURCES:
Atmospheric D e p o s i t i o n
A q u a t i c Birds
Internal Loading

ASSOCIATED AREA
(HECTARES)
287,6
19.7
70,2
301.4
89
2502.9
79.9
27.1
30.3
30 . 3

6.1

NITROGEN

PHOSPHORUS
1.9!
1.91
1,91
2,10
1.50

9.97
O Q"i*

0 O7

Q RR

e!65

.24
.24

2.86
2.86
0.00
0.00
20. 9S
1,00
O.GO

o.oo
o.oo

.45
.20

o.so

LCftD GENERATED (KG/YR)
-

NITROGEN
2867

196
700
2978
770
7158

229
0
0
636
30
0

15564.159

TOTAL
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PHOSPHORUS
549
38
134
633
134

601
19
0
0
14
t'

0

2127.032

TABLE 14
EQUATIONS AND VARIABLES FOR DERIVING PHOSPHORUS
LOAD ESTIMATES FROM IN-LAKE CONCENTRATIONS.

Kirchner and Dillion 1975
TP-L(I-R)/Z(F)
L = TP(Z)(F)/(l-Rp)

TP = Total P as ug/1 in spring

Vollenweider, 1975
TP = LAZHS+F)
L = TPtt)(S+F)

Z = mean depth in meters

Chapra 1975

S = effluent TP/infiuent TP

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

F = flushing /yr

L = TP(£)(F)/(1'R)

qs = areal water water = Z(F) as m/yr

Larsea and Mercier, 1975
TP = L(1-RLM)/Z(F)

Vs = settling velocity = Z(S) m
R = retention coefficient for phosphorus
= (P in - P out)/ P in

Jones and Bachmann, 1976
TP = 0.84 L/(Z) (0.65 + F)
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Rp = retention coefficient (water load)
= Vs/(Vs+ qs) (where Vs = 13-2)

TABLE 15
PHOSPHORUS LOAD TO FORGE POND BASED ON MODELS
EMPLOYING UN-LAKE CONCENTRATIONS.
Variable
TP(ug/i)
Z(m)
Ftyr 1 )

Parameter Value
50.5
0.91
51

S = Pout/Pin
qs = Z(F)(m/yr)

1.162
46.41

R= (P in - P out)/P in
Rp= 13.2/13.2 *qs

-0.162
0.221
°- 122

Predicted Load By Each Model («/tn 2 /vr)
Kirchner and Dillon
Vollenweider
Chapra
Larsen and Mercier
Jones and Bachmann

3-0 1
2.40
2.02
2.67
2.82

Predicted Load Bv Each Model (kg/yr)
Kirchner and Dillon
Voilenweider
Chapra

912
. 726
61 1

Larsen and Mercier

810

Jones and Bachmann

856

Vollenweider criteria

Permissible Load
g/m z /yr
kg/yr

0.65
197

Critical Load
g/m 2 /yr
kg/yr

1.30
394
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The mass flow of total phosphorus past monitored stations was
calculated based on flow volumes and sample concentrations (Table
16). These were appropriately time and flow-weighted to adjust
for differences in volume and different sampling intervals.
Bachelor Brook contributed 102 kg/yr. Total phosphorus from
Weston Brook was 835 kg/yr and accounted for greater than 63% of
the total phosphorus entering Forge Pond. It should be noted
that most of this phosphorus, nearly 90%, entered in the form of
orthophosphate and, as such, is immediately available for
biological uptake. Forge Pond Brook provided 154 kg/yr of total
phosphorus, while the unnamed tributary added another 3 kg/yr.
The total phosphorus loading from all monitored tributaries to
the lake was 1,094 kg/yr.
In addition to the surface water inputs, ground water,
atmospheric deposition and wildlife, principally waterfowl, must
be considered. Using a value for phosphorus (0.45 kg P/ha)
representative of a mixed land use area (for range consult
Reckhow et al, 1980), a direct precipitation-induced load of 13.6
kg/yr is calculated. Wildlife inputs are hard to quantify, but a
density of 1 bird equivalent per hectare of lake (a bird
equivalent equals a year long residence by a waterfowl) is
assumed since this lake is not a major nesting or feeding ground.
Given an average figure of 0.14 kg P/bird/yr; this density adds
another 4.1 kg phosphorus altogether (Reckhow et al., 1980). For
calculations of deposition and wildlife inputs see Appendix D.
The amount of phosphorus entering via ground water was not
directly monitored, but can be estimated from available
information. The likely area for ground water phosphorus
contribution is the southern shore of the lower arm of Forge
Pond, particularly that portion of the shoreline which is
occupied by residences with on-site subsurface disposal systems.
The amount of phosphorus generated from this portion of the
watershed can be estimated using residential unit density,
average unit population, average span of residency and per capita
phosphorus loading values. Most of these factors can be finetuned to the Forge Pond situation by adjusting the factors
according to the survey responses from the lake abutters. The
predicted estimate of phosphorus entering the lakes is 25.3
kg/yr. The assumptions and calculations are explicitly stated in
the Appendix. If a figure of 25.3 kg P/yr is used, this
constitutes about 1.9% of the total P loading to the lake.
The amount of phosphorus entering the water column via
remineralization in the bottom sediments was calculated. Oxygen
levels in the bottom waters were sufficiently low enough to
produce the reducing conditions required for phosphorus release
to the water column. In addition, there was a trend of
increasing phosphorus with depth such as would be expected with
phosphorus release from sediments. The amount of phosphorus
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TABLE 16
NITROGEN AND PHOSPHORUS MASS FLOW IN THE FORGE POND SYSTEM

Mass Flow Past Sampling Station (kg/yr)
Parameter

FP-1

FP-2

FP-3

FP-4

FP-6

101.6
74.4

634.6
746-2

153-3
60.3

2.9
1.9

1,310.6
571-6

•

464.2
2,075-7

434-5
1,396.3

499-5
314.6

S.O
17.3

961.4
2,607.6

Total Kjeldahl nitrogen

3,129-5

2,672.5

2,042.9

33-5

9,271.5

Total nitrogen

5-205.1

4,069.1

2,35~-5

50.5 11,579.4

Total Phosphorus
Orthophosphorus

Ammonia nitrogen
Nitrate nitrogen
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realized from this benthic remineralization was estimated to be
44 kg/yr. For all calculations see Appendix D.
A summary of the phosphorus inputs is shown in Table 17. The
inputs contributed from all the various sources considered above
account for a loading of 1,185 kg/yr. This value can be compared
with phosphorus leaving the system, measured at 1,311 kg/yr. The
greater amount leaving (+126 kg/yr) indicates that Forge Pond is
a source of phosphorus. This "trade surplus" balance may have
been maintained by transfer of phosphorus into the water column
("pumping") by the rooted aquatic macrophytes. Recent work has
shown that dense stands of Myriophyllum spicatum release an
annual amount of 2.0 g P/m 2/yr (Smith -and Adams, 1986). Given
the dense stands of macrophytes and the phosphorus-rich nature of
the sediments, this seems quite probable in Forge Pond. Exact
quantification of this source is not easy due to the speciesspecific differences in phosphorus accumulation and release.
However, assuming dense plant accumulations at depths shallower
than 0.75 m (2.5 ft), since if it were deeper light becomes
limiting (see Figures 3 and 12), and a conservative P "pumping"
rate of 1.25 g P/sq m/yr, an estimate of 125 kg P/yr. is
obtained. This contribution by macrophytes would increase the
total inputs to 1,3010 or virtually 100% of outgoing phosphorus.
These factors combine to cycle a great deal of phosphorus through
the Forge Pond system, with eventual export downstream. Note
that there is little or no retention by Forge Pond of incoming
phosphorus.
The extremely high levels of phosphorus found in Forge Pond
are important for the overall trophic level of the lake. Forge
Pond is generally a highly colored lake with a massive
phytoplankton bloom during the summer. It would clearly be
classified as a eutrophic lake based on its nutrient and
biological characteristics. This effect is exacerbated in the
summer time as high nutrient inputs have greater time to effect
the biota, due to the increased detention time exhibited during
those months. Reduction of phosphorus inputs is clearly a key to
the rehabilitation of Forge Pond. At this time, the numbers
indicate that the sub-drainage basin of Weston Brook is of
greatest concern. However, other tributaries in the watershed
are contributors as well. The salient feature within the Weston
Brook basin is the Belchertown State School (BSS) sewage
treatment plant.
Quantification of the absolute importance of this nutrient
source is perhaps the single most critical consideration of
future feasibility options in the Forge Pond system. Any
projection of future improvement in the lake is based on the
reduction in the total nutrient flow, specifically phosphorus, to
the lake. To accurately predict effects of various reduction
options requires information on the following:

TABLE 17
NUTRIENT LOADS TO FORGE POND BASED ON EMPIRICAL
DATA AND SELECTED EXPORT COEFFICIENTS

Total Phosphorus

Total Nitrogen

Source

kg/yr

% of total

kg&!

Bachelor Brook (FP- 1)

101.6

7.6

5,205.1

42.2

Weston Brook (FP-2)

63^.6

63.6

4,069.1

33-0

Forge Pond Brook (FP-3)

153-9

11.6

2357-5

19.1

2.9

0.2

50.6

0.4

125-0

9-5

-

-

Benthic remineraiization

44.4

3-4

-

-

Abutting Septic Systems

25-3

1.9

-

-

Atmospheric deposition

13-6

1.0

636.0

5.1

&3.
1309-6

0.6

30.0

0.2

100

12346-5

100

Unnamed tributary (FP-4)
Aquatic macrophytes

Aquatic wildlife
TOTAL

95

% of total

Figure 20. Phosphorus and Nitrogen Budgets for Forge Pond.
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1.

Average flow in upper Lampson Brook, above the STP
outfall.

2.

Phosphorus concentrations in upper Lampson Brook.

3.

Average flow of the BSS effluent outfall.

4.

Phosphorus concentration in the effluent outfall.

5.

Determination of the reduction of phosphorus
concentration in stream passage between BSS and Forge
Pond.

6.

Comparison of this loading with other sources in the
phosphorus budget of Forge Pond.

This information can be obtained from prior water quality
samplings. Unfortunately, all the information required above was
rarely taken on the same date. Of the available information,
only data from the June, 1980 Belchertown Water Quality Survey
(MDWPC, 1983) and 1987 BEC tributary sampling provided sufficient
information to model the dynamics of the system. Fortunately,
these samplings were mainly in the summer months when the impact
of the BSS plant on Forge Pond is the greatest. The assumptions
and derivations for the factors needed to model the system are
considered in detail below.
1. The amount of flow in the upper Lampson Brook above the
Belchertown State School STP outfall has not been monitored on an
annual basis. This sub-basin watershed has an area of 325 ha in
sizs. Using the yield coefficients, a range of 1.26 to 2.2 cfs
would be expected on an annual basis (Sopper and Lull, 1970;
Higgens and Colonell, 1971). Lacking further criteria, the
median value of 1.74 cfs was assumed as an annual mean. Actual
measurements of flows ranged between 0.3 cfs and 1.6 cfs for
summer months.
Flow data in the BEC study (1986) from the Weston-Lampson
Brook watershed (Appendix) show that the mean flow during the
period mid-April through September was 94% of the annual mean
flow (Table 2). Using this factor on the upper Lampson (1.74 cfs
x 0,94), a flow of 1.64 cfs was expected. This value was used to
represent the average flow above the Belchertown STP during the
warmer months.
To represent conditions under high and low daily regimes, the
peak flow during a two year storm event and the seven day minimum
flow with a two year recurrence interval were used. The
selection of the two year recurrence interval provides extremes
in flow events that can be expected about every other year. As
the upper Lampson watershed is ungaged, flow estimates were made
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using the empirical formulae developed by Weiss (1983). These
equations predict a peak flow of 86.8 cfs and a low flow of 0.06
cfs. Calculations for these values are shown in the Appendix D.
2. Concentration of total phosphorus has been measured in the
upper Lampson Brook. A range of 0.08 - 0.16 mg/1 with an average
of 0.13 mg/1 has been recorded (MDWPC, 1981; this study).
This
is probably high for an annual mean due to the season (summer)
and year of sampling (1980). Agricultural fertilization inputs
are likely to have diminished between 1980 and 1987 as some of
the farm fields near the stream have been taken over by the New
England Small Farms Institute (NESFI). NESFI supports low
fertilizer applications and low disturbance (no-till) management
practices (pers.comm. J.Gillian). Development in Belchertown has
also increased, but conversion of agricultural lands to
residential would not necessarily increase the level of nutrient
loadings. Given these factors, a slightly lower mean of 0.10
mg/1 was assumed for an annual mean with 0.16 and 0.08 mg/1 taken
as concentrations in dry and wet weather regimes.
3. The effluent discharge of BSS STP is well documented
(Jackson, 1986) based on the operational flow through the system.
An annual average of 0.35 mgd or 0.54 cfs is the reported figure,
although a top hydraulic capacity of 0.5 mgd or Q.75 cfs is
possible (pers. comm., J. Gerimia)..
4. The plant output {effluent discharge) of total phosphorus has
been measured on six occasions. These values have a range of
2.25 to 4.7 mg/1 with an average of 3.3 mg/1. However, the more
recent dry weather samples are in the range of 2.25 to 2.8 mg/1.
Ordinarily, this would be considered low for a conventional
secondary treatment plant; values from 7 to 10 mg/1 have been
reported for such plants. However, the extended detention in the
oxidation (maturation) ponds at BSS provides additional
phosphorus removal via sedimentation and biological uptake.
Inputs into a sewage treatment plant are roughly constant over a
year. A summer average of 2.8 mg/1 would not seem unreasonable,
though higher values in the winter seem quite possible. However,
these higher winter concentrations are of less immediate concern
for Forge Pond.
5. The phosphorus concentration of waters traveling downstream
between the mixing zone of Lampson Brook and the BSS outfall, and
Forge Pond is subject to reduction. This reduction is due to
three factors: physical adsorption to surfaces, especially soil
particles; dilution of the phosphorus content by confluence with
waters of lesser concentration, e.g. Weston Brook; and biolo.gical
uptake by bacteria, phytoplankton and aquatic plants.
As it is impractical to consider separately the relative
influence of each of these components, a simple empirical model
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has been constructed from the 1980 and 1987 data. The total
phosphorus concentration of Lampson Brook just below the sewage
outfall is calculated from knowledge of flows and concentrations
of stream and effluent. A mixing equation is used to predict the
resulting total phosphorus concentration (MDWPC, 1983) . This
equation assumes 100% efficiency in mixing and no immediate
uptake. The resulting value is considered the initial
concentration. As this slug of water moves downstream its
phosphorus levels decrease. Figure 21 plots the percent original
phosphorus concentration as a function of downstream distance
from the initial mixing zone. Fitting a straight line to the
data produces an equation describing phosphorus reduction per
stream mile traveled. The fit of the model to the data (r =
0.66) indicates a reasonable predictor. Using curvilinear
equations did not result in a better fit to the data. The
standard error of the estimate is ±25%.
Scatter in the plot
represents differences in the removal efficiency between 1980 and
1987 and may reflect, changes in the intervening land (e.g. beaver
dams), as well as different flow amounts. The datum points
showing greater than 100% total P represent a sampling station
about 100' downstream of the effluent outfall; in a riffle area.
The high phosphorus values may be due to incomplete mixing of the
effluent plume with the stream flow. In addition, there was some
seepage from the nearby sewage lagoon observed, and this could
have lead to additional phosphorus be introduced into the stream.
The coefficient of reduction (percent total phosphorus
removed/stream mile) was 0.424. Confluence of the Weston/Lainpson
Brook into Forge Pond is at approximately the 2.25 mile mark.
The percentage of reduction is calculated as (1-X) ; where X is
the reduction coefficient and m is the number of stream miles.
This model predicts that about 29% of the total phosphorus in
Lampson Brook immediately below the sewage outfall goes into
Forge Pond. Further, extensive sampling has shown that most of
the phosphorus at this point would be orthophosphate (Table 4,
9) .
Given the assumptions for flow and phosphorus concentration
developed above (points 1-4), a total phosphorus value of 0.769
mg/1 is predicted for Lampson Brook just below the sewage
treatment plant outfall. Applying the empirically-derived
coefficient of phosphorus reduction to this figure, an estimate
can be made for summer phosphorus concentrations at sampling site
FP-2, 1.85 miles downstream. The amount of phosphorus predicted
at this site is equal to (1-0.424) 1-o:5; Or 0.36 x 0.769 mg/1 =
0.277 mg/1. The flow-weighted mean at FP-2 for the period April
through September 1986 was 0.262 mg/1. Thus, the prediction is
within 6% of the actual value and the model fits the data well.
However, a good correlation with data used to construct the model
was expected. Fully validating the model would involve testing
with an independent data set, and is clearly beyond the scope of
this study.
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Figure 21. Reduction in Total Phosphorus as a function of Streamlength.
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This empirical equation was used to calculate total
phosphorus concentrations at the confluence of Weston Brook with
Forge Pond (2.25 miles downstream from the STP) during average
annual flow (1.74 cfs), a wet year (2.2 cfs), and a dry year
(1.26 cfs). The amount of total phosphorus entering Forge Pond
would average 0.228, 0.195 and 0.281 mg/1, respectively. This
translates into a mass flow of phosphorus of 904.8, 773.8 and
1,115.1 kg P/yr., respectively. This compares well with the
monitored flow-weighted mean of 0.211 mg/1 and 834.8 kg measured
for Weston Brook in 1986. The range represented by the wet and
dry years (+17-23%) forms a reasonable range for annual
phosphorus inputs into Forge Pond from Weston Brook, and is
comparable to the standard error (+_25%) associated with the
predictive equation (Figure 21) .
For predicting individual high and low phosphorus values in
Weston Brook, the two year storm peak (86.6 cfs) and two year
minimum flows (0.06 cfs) of the upper Lampson Brook were used.
(The model assumes average conditions in the rest of the
watershed). Phosphorus concentration of the plant effluent was
assumed to be high (7.5 mg/1) at peak flow, due to short
circuiting of the aeration tank and polishing lagoons during
flows greatly exceeding the plant's hydraulic capacity of 0.75
cfs (Bill Trombley, personal communication). For minimum flows,
phosphorus values of 0.160 mg/1 for upper Lampson Brook and 2.8
mg/1 for the plant effluent were assumed (see points 2, 4 above).
Using these assumptions to estimate the amount of phosphorus
below the sewage treatment plant and using the empirical
reduction factors, values for water entering Forge Pond were
predicted for peak and drought conditions.
The model predicts phosphorus concentrations of 0.041 mg/1
and 0.735 mg/1 under peak and drought conditions in Weston Brook
(for calculations see Appendix D) . Available phosphorus data for
Weston Brook indicate a range of 0.092 (4/1/86) to 0.740 mg/1
(6/25/80). The fact that the predicted minimum was not seen may
be related to the sampling regularity and the relative short
period that peak flows would last in a small watershed (hours);
while drought conditions persist for days to weeks.
With this empirical model, a reduction of phosphorus in the
BSS outfall can be translated into a reduction in the overall
phosphor/us budget. A total of 29% of the phosphorus in the
combined effluent-stream waters below the BSS outfall arrive at
Forge Pond. This reduction factor is likely to be affected by
the size of the load, flow volume and seasonality and therefore
may change over time following shifts in watershed loadings.
If
the amount of phosphorus loading decreases (e.g., following
chemical tertiary treatment) , an increase in the reduction factor
seems likely as the result of increased competition for this
nutrient. In other words, the lower the level of the resource,
the less "leaky" the ecosystem and biological community will be
with respect to that resource.
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The data base for the empirical model is small, so its
utility should not be overemphasized. However, it does allow
prediction, with reasonable confidence, of changes in water
quality following various lake and watershed management options.
These options, including chemical tertiary treatment and the use
of effluent for land application on nearby woodlots, are
considered in full in the Feasibility section of this report.
Nitrogen
Derivation of the nitrogen budget was approached in the same
manner as was the phosphorus budget. Lack of analogous equations
for calculating nitrogen loads from in-lake concentrations
precluded the use of that method. Export coefficients and
resulting loads are given in Table 13 and 14. Mass flow of three
nitrogen forms and total nitrogen past monitored stations is
presented in Table 16. A breakdown of the total nitrogen
loadings by the source is shown in Figure 17.
From export coefficients it is estimated that 15,826 kg of
nitrogen are generated in the Forge Pond watershed each year.
The fraction of this load reaching the pond is largely dependent
on the form of nitrogen generated; nitrates move rapidly through
sandy soils, while organic nitrogen (TKN - ammonia nitrogen) is
relatively immobile where surface runoff is slight.
With the addition of atmospheric deposition, wildlife inputs
and ground water contributions, the total nitrogen load to Forge
Pond was estimated at 12,349 kg/yr. This range is comparable for
the amount of predicted nitrogen generated by the watershed. The
amount of nitrogen retained by the watershed is approximately
22%. The measured output of total nitrogen was slightly lower at
11,879 kg/yr. Thus the lake apparently retains a small portion
of nitrogen going through the system (4%). In reality, this
percent will be higher, as the sources do not account for
fixation of atmospheric nitrogen by heterocystous blue-green
algae, such as the Anabaena sp. that dominated the summer bloom
in 1986.
Comparison of the phosphorus and nitrogen budgets for Forge
Pond (Figure 20) indicate quite different proportions of
tributary sources for these two nutrients. Comparison of the
nutrient budgets (Table 17) with the hydrologic budget (Table 11)
indicates the influence of the Belchertown Sewage Treatment
Plant. Note that nitrogen is much closer to hydrologic
contributions than phosphorus. In either case, Weston Brook
exports a disproprionate amount of nutrients relative to its
watershed size.

102

Phosphorus would be the logical target of lake management
actions. This does not mean that nitrogen should be ignored.
The tendency of nitrogen sources to be linked to other pollutants
suggests that overall management should address nitrogen inputs.
It is unlikely, however, that control of nitrogen alone (if
possible) would yield any detectable benefits in Forge Pond.
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DIAGNOSTIC SUMMARY
Forge Pond is sited in a large watershed with deep soils,
low-relief topographic differences, and land uses which reflect
both the traditional agricultural and rapidly developing
residential nature of the area. The watershed is still mostly
forested, but residential development in the Town of Belchertown
is progressing at a rapid rate.
Bachelor Brook is the major tributary, contributing 41% of
the total hydrologic inputs. Forge Pond and Weston Brooks
provide 30% and 24%, respectively. All other sources account for
the remaining 5%. Flow through the system results in a short
mean hydraulic retention time of 7 days, with considerable
seasonal variation.
On an annual basis, phosphorus is in relatively shorter
supply than nitrogen in Forge Pond, although this situation may
be reversed in some summer months. The high levels of both
suggest that control of primary production may revert to physical
factors, primarily light and flushing rate, during the growing
season.
Phosphorus enters primarily and disproportionately by Weston
Brook (64% of all inputs), followed by Forge Pond Brook (12%) and
Bachelor Brook (8%). Benthic remineralization and macrophyte
pumping account for 13% of the phosphorus budget. Input from
other sources include : septic systems (2%), atmospheric
deposition (1%), wildlife (0.6%), and the unnamed tributary
(0.2%). Nitrogen loadings are high, consistent with the
eutrophic condition of this lake, but phosphorus still remains
the preferred element of control for water quality.
Growths of aquatic macrophytes are extensive, with the
highest densities occurring peripherally and especially in the
southern arms. While overall plant cover is not excessive in the
middle of the lake, the distribution of macrophytes severely
interferes with shoreline fishing and any non-passive
recreational pursuits in the southern end.
Summer phytoplankton blooms are a problem for lake appearance
and water quality. Bottom dissolved oxygen is at levels that may
present stress to many aquatic vertebrates and large diurnal
oxygen changes are indicated. Water transparency is quite
limited in summer months.
Presently, the fishery at Forge Pond provides substantial
recreational opportunities, but its productivity is largely
channeled into non-game fish species. Angling is hindered by the
dense macrophyte infestation. Other recreational activities such
as canoeing or boating also are restricted by these water weeds.
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Forge Pond provides an accessible, but mediocre quality water
resource for Granby. The phosphorus load entering the lake is at
an unacceptable level. The need for watershed management, in
particular the need to deal effectively with the nutrients
emanating from the Belchertown Sewage Treatment Plant, is
essential for any management plan that hopes to reduce the
eutrophication of Forge Pond.
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PART II
FEASIBILITY ASSESSMENT
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EVALUATION OF MANAGEMENT OPTIONS
Available Techniques
The number of techniques available for lake and watershed
management is not limitless (Table 18) . However, the potential
combination of these techniques and level of their application do
result in a great number of possible management approaches. Each
lake must be considered a unique system, thus an effective
restoration and management program must be tailored to a specific
waterbody (Wagner and Oglesby, 1984) .
Improvement of conditions in Forge Pond will be linked to
control of nutrient inputs to the lake. Since this can be done
in many ways, there exists many potential lake management options
that need to be evaluated. The lake and watershed
characteristics of Forge Pond and nature of problems there
immediately eliminate some alternatives from further
consideration, however. These easily rejected alternatives are
considered below.
Biocidal chemicals and dyes are inappropriate here. Biocides
are considered by EEC to be an ecologically unsound management
tool in all but a very restricted class of applications. Recent
literature on lake management does not even consider biocides as
management tools (e.g., Cooke et al., 1986). The rapid flushing
rate of Forge Pond, as well as the potential for downstream
effects, eliminate it as a potential candidate.
Dilution and flushing are also not viable solutions for Forge
Pond. The pond's eutrophication problems would be somewhat
lessened from quicker movement of its waters, particularly in the
summer. However, other sources of good quality water are not
obtainable for such a scheme, and in most times of the year the
flushing rate is already rapid. This solution is simply not
practical in the case of Forge Pond.
Biomanipulation is an attempt to influence lake conditions
through the removal or introduction of more favorable species.
It is a new and still largely experimental technique, and not
without risk to the ecosystem (Wagner, 1985) . The nature of
conditions at Forge Pond do not appear likely to respond
favorably to biotic manipulations without extensive alteration of
the present nutrient regime. The organisms which are present in
Forge Pond are those well adapted to eutrophic conditions
including high turbidity, low oxygen, an abundance of macrophytes
and less desirable phytoplankton. forms. Given the very large
amount of primary production in Forge Pond it is unlikely that
manipulations in upper trophic levels would have much of an
impact. The impact of biological replacement on macrophytes in
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TABLE 10
LAKE RESTORATION AND MANAGEMENT OPTIONS
Technique
A. In-Lake

Level

Descriptive Notes
Actions performed within a water body.

1. Dredging

Removal of sediments under wet or dry
conditions.

2. Macrophyte Harvesting

Removal of plants by mechanical means.

3. Biocidal Chemical Treatment
And Dyes

Addition of inhibitory substances
intended to eliminate target species.

4. Water Level Control

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

5 . Hypolimnetic Aeration
Or Destratification

Mechanical maintenance of oxygen levels
and prevention of stagnation.

6. Hypolimnetic Withdrawal

Removal of oxygen poor, nutrient rich
bottom waters.

7. Bottom Sealing/Sediment
Treatment

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

8. Nutrient Inactivation

Chemical comlexing and precipitation,
of undesirable dissolved substances.

9. Dilution And Flushing

Increased flow to minimize retention o£
undesirable materials.

10. Biomariipulation/Habitat
Management

Facilitation of.biological interact ions
to alter ecosystem processes.

B. Watershed Level

Approaches-applied to the drainage area
of a water : body.

1. Zoning/Land Use Planning

Management of land to minimize
deleterious impacts on water.

2. Stormwater/Wastewater
Diversion

Routing of.pollutant flows away from a
target water body.

3. Detention Basin Use
And Maintenance

Lengthening of time of travel for
pollutant flows and facilitation of
natural purification processes.
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TABLE 18 (continued)
4. Provision Of Sanitary
Sewers

Community level collection and treatment
of wastewater to remove pollutants.

5. Maintenance And Upgrade
Of On-Site Disposal Systems

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

6. Agricultural Best
Management Practices

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

7. Bank And Slope Stabilization

Erosion control to reduce inputs
of sed iment and related substances. •

8. Increased Street Sweeping

Frequent removal of potential runoff
pollutants from roads.

9. Behavioral Modifications
a. Use Of Non-Phosphate
Detergents.

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

b. Eliminate Garbage Grinders

Reduce load to treatment system.

c. Minimize Lawn Fertilization

Reduce potential for nutrient loading
to a water body.

d. Restrict Motorboat Activity

Reduce wave action, vertical mixing, and
sediment resuspension.

e. Eliminate Illegal Dumping

Reduce organic pollution, sediment loads
and potentially toxic inputs to.a water
body.
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Forge Pond is doubtful. Replacement of the nuisance macrophytes
with more desirable types is unlikely, and a loss in species
diversity may result. While long range improvement in Forge Pond
might be aimed at improving the recreational fishery, the basic
conditions under which Forge Pond exists would need to be changed
first. Biomanipulation attempts are therefore not recommended at
this stage.
Often the most effective lake management options are those
which are applicable to a lake's watershed and not directly to
the lake. This is also the case in Forge Pond, particularly in
light of the very large watershed area and the on-going
development within that watershed. Of course, not all watershed
options make sense for the Forge Pond system. Considering these
watershed options (Table 18), it is apparent that several of
these management techniques would be inappropriate or ineffectual
for Forge Pond.
For example, storm water re-routing is not an issue for this
lake. At this time no storm water is routed directly into the
lake from storm drainage. Further, with no storm drains and the
accompanying catch basins, street sweeping becomes a moot point.
Likewise, development of a sewer system in the Town of Granby
is probably many years in the future. At this time, there seems
little consensus for this capital improvement among the
community, so the solutions proposed in this report will not
consider this a viable option.
Bank and erosion stabilization is an important consideration
for a lake with a steep sloped watershed. The topography of the
Forge Pond watershed is a mixture of level ground interspersed
with drumlins, framed by the Facing Hills and Holyoke Range. At
Forge Pond, the relatively gentle slopes and banks are not
especially degraded by overuse. Other than erosion controls
advised under the auspices of agricultural best management
practices, special attention to erosion is not currently a high
priority in the watershed.
Thus, at a first cut, the following techniques are eliminated
from further consideration: biocides, dilution and flushing,
biomanipulation, storm water re-routing, sanitary sewer hook-up,
bank/slope stabilization, and street sweeping. A critical
examination of the remaining techniques will further reduce the
number of viable options. The techniques rejected at this stage
are ones that are somewhat appropriate for improving conditions
in Forge Pond, but are either not as effective as other
alternatives or prohibitive in cost for the final results. In
most instances, it is much preferable to spend dollars to reduce
or remove factors leading to lake degradation rather than merely
treat lake conditions in isolation.
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There is no permanent summer thermal stratification in Forge
Pond but there is a distinct oxygen deficit observed in the
bottom waters. Thus, "hypolimnetic" aerators could be used to
introduce oxygen back into the bottom waters of the northern
basin of Forge Pond. This would offer the advantages of
providing oxygen for fish habitat and prevent the release of
phosphorus which occurs under anerobic conditions. This type of
operation is not justified in Forge Pond for several reasons.
The deoxygenated water is not isolated by thermal stratification,
so oxygen would not be retained in lower waters. The level of
phytoplankton blooms causes great diel cycles of oxygen, carbon
dioxide and pH, which are likely to overwhelm any aeration
scheme. The rapid flushing of water during storms would wash
away any positive gains by the system. Further, the operation is
costly to install and operate and has little utility in a system
where thermal considerations preclude development of a cold water
fishery. It also does nothing to change the conditions that are
causing the problems in the lake. Thus, this type of lake
management option is an unwise choice for Forge Pond.
Much of this argument would also hold true for a hypolimnetic
withdrawal scheme. At present the gate valve installed in Forge
Pond is at a level which would not selectively drain bottom
waters. Installation of an elaborate pipe and siphon system to
selectively remove bottom waters is unlikely to make an
appreciable change in the basic conditions of Forge Pond, for the
reasons outlined above. The benefits are not worth the cost
involved.
Nutrient inactivation could be used to help prevent
remobilization of phosphorus from the bottom sediments. This is
a real consideration in a system in which phosphorus release from
the sediments is appreciable (Table 17). The technique relies on
the use of aluminum salts to induce phosphorus precipitation from
the water column or binding (inactivation) in the sediments.
This technique may require repetitive applications to be
effective. This treatment is most successful for lakes in which
the tributary nutrient inputs have been much reduced and the
recycling of nutrients from phosphorus-rich sediments continues
to supply large amounts of the growth-limiting factor (Cooke et
al., 1986). In the case of Forge Pond, the initial diversion or
pretreatment of the major source of phosphorus would be a
necessary prerequisite to any nutrient inactivation program. The
rapid flushing rate would also quickly remove the aluminum salts
from the water column. Flocculation of phosphorus in the water
column leads to a subsequent reduction in phytoplankton, thus
improving water clarity and macrophyte growth conditions.
Further, in a shallow lake such as Forge Pond, more phosphorus
enters the pond via macrophyte pumping than through anaerobic
release. Removal of the sediments and the macrophyte seed beds
together would seem to be a more cost effective and permanent
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solution than nutrient inactivation. Finally, the treatment is
likely to be expensive given the high concentration of phosphorus
in the bottom sediments, especially in the southern arm.
The use of a detention basin in the Forge Pond system was
carefully considered. In many instances the use of a detention
basin is well warranted; poor quality water is temporarily stored
to allow natural processes to reduce the level of toxic or
growth-promoting substances. The effluent from the secondary
treatment at the Belchertown Sewage Treatment Plant is routed
through at least two oxidation lagoons for precisely this
purpose. It could be envisioned that an increase in the
detention time for the waters of Lampson Brook would have a
similarly beneficial effect on reducing nutrient concentrations.
The detention basin in this case would be an enlargement of a
natural wetland area to the north of George Hannum Road. In this
area, the construction of beaver dams had backflooded
considerable areas of a red maple swamp. A low, 150-200 ft.
gabion weir at a nearby topographical lowpoint would produce a
similar effect. Alternative topographic checkpoints would
require a much longer structure (625-650 ft.). A large area
would be needed for significant detention of Lampson Brook. If
15 acres were utilized to a depth of two feet, this would provide
storage enough for a detention period of 4 to 6 days under nonstorm conditions.
Field inspection of the site turned up several disadvantages
to this plan. Prime among these were the close proximity to
private agricultural lands and George Hannum Road. The fairly
high probability of flooding and accompanying destruction under
storm conditions is a negative impact that would have to be
significantly counterbalanced by a demonstrable reduction in
nutrients in Forge Pond. The amount of this reduction is not
easily predictable. It also may be accomplished just as well by
processes elsewhere in the watershed. At this time, the channel
of the Lampson/Weston Brook is acting as a natural tertiary
treatment, with lush growth of aquatic plants reducing nutrient
loads in the stream, especially particulates. The land required
for the detention basin is large due to the necessity to treat
both the combined STP effluent and Lampson Brook. It is more
effective to reduce amounts in the STP effluent directly without
the need to detain the relatively clean stream as well. Given
the unknown benefits for Forge Pond connected with this plan and
the potential flooding problems, this option is probably not a
good choice as a lake improvement option.
Macrophyte harvesting refers to the direct mechanical removal
of nuisance aquatic vegetation to permit the desired use of the
water or littoral area. Basic types of harvesting include
mowing, tillage, and suction and diver-operated dredging and
hydraulic washing equipment (Cook et al., 1986). The
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conventional (and least costly) method used is the cutting and
harvesting of the summer growth of macrophytes. More recently a
more selective method referred to as hydroraking has been
utilized.
Briefly, harvesting has the advantages of immediate removal
of the nuisance plants and the nutrients they contain, which are
subject to release upon plant senescence, as well as direct
targetting of problem areas with little hazard to other biota.
The harvesting activities do not preclude concurrent lake use in
other areas and are usually acceptable under local lake
ordinances. Further, the operating costs are less expensive than
many other forms of physical control, and there is the potential
benefit that the harvested vegetation can be used by local
farmers and gardeners.
The disadvantages of harvesting need to be considered as
well. These include the labor and energy to remove the cut
vegetation from the lake. Effective harvesting is usually
delayed until the nuisance plant biomass is maximal and
carbohydrate storage in the roots has already peaked (producing
the following year's growth). A high cost can be associated with
mobilization (just getting machines to and from the lake), and
there are operational costs and delays connected with machinery
breakdown. Obstacles in the water (e.g. submerged tree stumps)
may prevent harvesting in those areas, and only a relatively
small area can be treated by an individual machine.
Harvesting
is effective at removing present vegetation but does little to
affect the roots and seed beds which are the source of future
problems. Further, harvesting may cause vegetative
fragmentation, inadvertently leading to spreading or changes in
the plant community by opportunistic species.
Harvesting in Forge Pond provides several obstacles. The
harvesting effort would be severely constrained by the narrow
width and sinuous nature of the southern arm, which is the area
of greatest concentration (Figure 12) . Most conventional
harvesting equipment would be limited from maneuvering
successfully in this area, and the shallow depth could easily
ground the craft. Alternatively, a hydrorake might be employed,
which is capable of working in more restricted waters. This type
of equipment is successful in mucking out macrophytes with
extensive root systems, such as water lilies. Observation has
shown that with other species much more bottom material is
displaced than plant material. Disruption of the bottom
sediments by such efforts would lead to major turbidity problems.
While the hydrorake would be successful in removing some of the
sediments and plants built up in the southern arm, better success
could be achieved through excavation with conventional equipment
and at considerably less cost per cubic yard. As such,
hydroraking to remove the sediments and plants in the southern
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arm is not the method of choice given the magnitude of the
problem.
Harvesting would be more effective in the northern basin,
where there is more open water and deeper depths. The cost of
such an operation would be dependent on the number of acres
harvested, a cost factor per acre and a mobilization charge.
Even in this area, most problem areas are in the periphery and in
areas not actively visited by most lake users. Considering the
morphometry of Forge Pond and the scale of the eutrophication
problem, it seems that this type of maintenance program would not
improve recreational quality. There is good reason to believe
that harvesting would provide greater nutrients for phytoplankton
growth. Finally, there is little long-term benefit to weed
harvesting. A good analogy is that of mowing the lawn; even a
superior job does not prevent repetition. Money which might be
spent to better effect on other management techniques would be
expended.
Prior to the initiation of major lake renovation projects
(i.e., reduction of phosphorus loading, dredging) some sort of
macrophyte control may be recommended in the areas of greatest
population. in this case, the use of a bottom barrier may be
useful to control localized macrophyte populations, provide
physical entrance from the shoreline, and make a central channel
for access to the main part of the lake. This should only be
considered as a short-term solution, a way of coping until
significant changes occur in the lake.
Thus, after reviewing available techniques and in light of
the characteristics of the system, in-lake management techniques
remaining for consideration include dredging, macrophyte
barriers, and water level control. At the watershed level viable
options include: land use regulation, wastewater treatment or
diversion, maintenance/upgrade of septic systems, agricultural
best management practices, and behavorial modifications of
watershed occupants.
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SELECTION AND ASSESSMENT OF MANAGEMENT PROGRAMS

In many lakes, management consists of employing several
options within the lake and watershed which together lead to
improvement of lake conditions. In Forge Pond, such an approach
is of limited utility because of the important influence of the
Belchertown State School sewage treatment plant (STP) to the
eutrophication problems in the lake. Any lake management program
that realistically hopes to improve water clarity and reduce
plant growth in Forge Pond, must first sharply reduce or even
eliminate the nutrient load entering Lampson Brook. This
requirement has been recognized by previous studies (MDWPC,
1983) . Without addressing this measure, other lake management
options are unlikely to produce significant improvement in
overall lake quality.
If significant reduction in the nutrient loading from this
STP is accomplished, then specific problem areas within Forge
Pond, namely the macrophytes and sedimentation, can be addressed.
Additional watershed measures need to be considered as well/there is a real potential for reducing other nutrient loadings in
the watershed. However, it cannot be overstressed that very
little real gains can be expected from any lake management option
if the current status quo in Belchertown is not altered. In
light of this situation, techniques to reduce nutrient inputs
from the Belchertown State STP into Lampson Brook are considered
first.
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ALTERNATIVE TREATMENT OF EFFLUENT DISCHARGE FROM BELCHERTOWN
STATE SCHOOL
Nutrients contained in the discharge from the Belchertown
State sewage treatment plant could be reduced in a number of
ways. This includes addition of chemical or biological tertiary
treatment to the existing system, subsurface disposal, land
application, regionalization or diversion (MDWPC, 1983) .
Diversion would necessitate construction of connecting sewer
lines to either below Forge Pond or to the South Hadley treatment
plant. Either option is economically unfeasible. Similarly,
regionalization of Belchertown's sewage would potentially
decrease the load to Lampson Brook (probably to the detriment of
other receiving streams), but the current trend in the town is to
increased centralization. The costs (both economically and
ecologically) connected with regionalization make it a doubtful
proposition. Subsurface disposal of effluent involves the
pumping and release of the effluent into the soil via wells. Due
to potential deleterious effects on ground water such operations
are being increasingly discouraged (Pye, Patrick and Quarles,
1983) . BEC does not find any particular merit in this
alternative as a disposal means.
Chemical Tertiary Treatment
Adding advanced (tertiary) treatment to the plant would be
effective in reducing total phosphorus concentrations in the
effluent. This is most effectively accomplished by addition of a
chemical flocculant (typically aluminum or iron salts) into the
secondary discharge with subsequent flocculation and
sedimentation of the complexed phosphorus. The phosphorus is
then removed with the sludge for further treatment or disposal.
Problems with pH control and lime recovery are best controlled by
use of a two stage process (Metcalf and Eddy, 1979). At
Belchertown new tanks would need to be built or some of the
present oxidation lagoons converted for this purpose. it is
possible to add the chemical flocculant before secondary
treatment, at the clarifier stage, but this is often disruptive
of the further biological activity in the system. The final
product is also not as low in phosphorus concentration as the
tertiary process. For the best effect on Forge Pond, a tertiary
treatment is preferred. This is a costly process and estimates
of adding chemical treatment to the present system approach
$500,000.00 (H. Bacon, pers. comm.) due to construction costs.
The operating costs would include system maintenance and expenses
for flocculant supplies.
More important to Forge Pond is the resultant improvement in
Lampson Brook's nutrient load after chemical tertiary treatment.
The typical residual concentration of phosphorus after chemical
flocculation is 1 mg/1 in the final effluent. Projecting this
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level of phosphorus removal on Lampson Brook produces a
subsequent reduction of an estimated 36% of the phosphorus
budget, or 474 kg P as opposed to 835 kg without the treatment
(for calculations see Appendix). This would reduce the amount of
phosphorus entering Forge Pond from all sources to about 840 kg.
This reduction alone is not sufficient to bring the total
phosphorus budget below Vollenweider's critical loading range.
However, this treatment in conjunction with other options may
reduce the phosphorus budget enough to minimize the effects on
Forge Pond.
Biological Treatment
Biological treatment is an alternative form of tertiary
treatment which could help to reduce phosphorus levels. A study
commissioned by the New England Small Farm Institute investigated
the use of a wetland treatment system to reduce levels of
phosphorus in the stream (Bonsall, 1986). The proposed system
consisted of a bed of common reed grass (Phragmites communis)
planted in an unused sludge holding tank. Removal of phosphorus
would be accomplished by two mechanisms: the uptake of nutrients
from the effluent into microbial or plant biomass and
sedimentation of particulates into the substrate. Subsequently
phosphorus removal is accomplished by harvesting the plants and
excavation of soil. The amount of phosphorus removed by this
method is approximately 113 kg P/acre of reeds. With the present
holding tank (0.45 ac), a removal of 52 kg total phosphorus could
be expected from the Belchertown effluent. The estimated cost
for planting the reeds, installation of filter bed, placing of
necessary pipes and pumping is roughly $100,000.00 (Bonsall,
1986) . Obviously this type of treatment has other benefits
besides phosphorus removal. However, judged on the amount of
phosphorus removed from the Forge Pond budget (about 15 kg) and
effect this reduction would have on the system (negligible), this
method is not recommended.
Land Application
Land application of sewage effluent has been utilized in many
areas. Basically, there are three kinds of land application:
agricultural, rapid infiltration and overland flow. The first
refers to the use of effluent as a fertilizer solution
distributed by an irrigation system on row crop plants. The
second applies the effluent solution over permeable soils.
Percolation of the solution through the soil leads to a
significant reduction in nutrients by bacterial uptake and
physical adsorption to the soil particles. The last method is
employed in areas of relatively impermeable soil or where a
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shallow hardpan predominates. Here the effluent is applied on an
incline, as the solution flows over the surface of the land,
reduction of nutrients occurs by biological uptake by plants and
soil adsorption.
Certain drawbacks exist with each of these methods. Use of
effluent for agricultural crops is usually restricted to the
growing period. Further, the final use of the crops produced may
be limited by the uptake of toxic substances, {e.g., heavy
metals). The need to keep such pollutants out of the human food
chain usually precludes food or hay crops from being used in this
manner. Rapid infiltration may not be possible in areas of
poorly drained soils. Percolation of effluent through the soil
is limited by the physical characteristics of the soil type.
Heavy clay content will prevent adequate percolation while high
sand content may make percolation rates too rapid for efficient
removal.
The time of application is limited to periods in which the
ground is not frozen. Overland flow is limited to certain
threshold flows. If an effluent flow is too great, erosional
channeling and transportation will result, creating additional
problems. The level of permissible overland flow would be a
function of the area available and the amount of vegetative
cover.
Land application for some of the sludges produced by the
Belchertown State sewage treatment have been considered in the
past; usually after a thorough composting period. Application of
sewage effluent directly to agricultural crops has not been
proposed, due to some of the problems outlined above.
One type of land application that is possible at the
Belchertown site incorporates some of the best features of each
of the three methods described above. This type of application
would be direct application to a forest with effluent from the
sewage treatment. This application provides a means to sharply
reduce the main phosphorus source to Forge Pond.
The site selected for such an application would be the
forested hill directly to the south of the sewage treatment plant
and on the southern side of Lampson Brook (Figure 22). At the
present time, these lands are owned by New England Small Farms
Institute who are not opposed to potential use of this site for
land application. The majority of the sewage effluent would be
pumped up to a small holding pond on the top of the hill. This
would be connected to a distribution system of irrigation pipes,
laid in a grid over a large area. Effluent would be pumped to
the pond and then distributed over the wooded hillside by a
combination of spraying and gravity feed irrigation. This
treatment would provide woodlot fertilization, percolation
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through a very deep soil layer, and have aspects of overland flow
for surface uptake.
There are several concerns that need to be addressed in
examining the feasibility of utilizing the wastewater effluent on
forest region. These include:
1.
2.
3.
4.
5.
1.

Levels of phosphorus reduction with land application
Site requirements
System design
Cost estimate
Pilot program

Levels of Phosphorus Reduction with Land Application

The primary purpose of an irrigation program with the
Belchertown STP effluent is to remove the main phosphorus source
from Forge Pond so that the water quality conditions can improve.
Previous studies at the Penn State Wastewater Renovation and
conservation Project have shown good results (Sopper and Kerr,
1979) . Over a 13 year period, wastewater effluent was applied to
forested systems at a rate of 2.0 to 7.5 cm/wk (0.8 to 2.0
in/wk). Annual average concentrations of phosphorus in the
effluent were typically 5.6 mg/1. Concentrations of chemicals in
the soil water on-site were measured at 120 cm (47 inch) depths.
The results of their study indicate that all the forest systems
were highly efficient in removing phosphorus. At 47 inches there
was an average of 98% phosphorus removal.
At 98% removal of phosphorus, the area in Belchertown can
reduce the phosphorus concentrations from the 3.0 mg/1 in the
effluent to 0.06 mg/1 in 4 feet of soil. Further reduction would
occur as lateral movement occurs downslope which would decrease
the phosphorus concentration even further. This level of
attenuation suggests that great reductions are possible in the
phosphorus loading to Forge Pond. Assuming a return flow
concentration is 0.025 mg/1 and a treatment period of 39 weeks
per year, this reduces the amount of phosphorus from Belchertown
State School entering Lampson Brook by an estimated 1090 kg P/yr.
If this method is coupled with additional treatment, a reduction
of 475-590 kg of the total phosphorus entering Forge Pond is
possible. Tlils level of phosphorus reduction would lead to a
decrease of 36^to 45% in the overall phosphorus budget of Forge
Pond. The contribution of Weston Brook would be lowered to 240360 kg P/yr. If combined with either removal or inactivation of
phosphorus in the sediment this approach would produce an
improvement in reversing the effects of eutrophication.
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Obviously, each land application system is unique, and
further examination of the proposed site must be done before
values can be predicted with any certainty.
2.

Site Requirements

The area proposed for irrigation is forested with
predominately deciduous cover and is currently being selectively
cut. The region is a hill running from an elevation of about 35Q
to 536 feet (see Figure 22}. The corresponding soil types
(Figure 23) for the area show Paxton with slopes from 3-25% (B to
D). These soils are stony with fine sandy loam (Soil
Conservation Service, 1986). Permeability of the soils is
moderate with slow infiltration rates when thoroughly wet.
Soil type is one limiting element, but ground cover and
slopes are as important. Successful reduction of phosphorus have
been achieved using ultisols with moderate to moderately rapid
permeability and hardwoods (Sopper & Kerr, 1979). The
Belchertown site is very similar in soil and forest type. The
slopes are fairly severe in the proposed site, although the most
extreme slopes (15-25%) are avoided (an area of about 10 acres at
the bottom of the hill on the north side). The more gradual
slopes will be utilized (3-15%). The area containing the 3-15%
slopes is approximately 40 acres. A pilot study in the
Appalachian foothills used spray irrigation of wastewater on very
steep (20-30% slopes (Nutter, et. al, 1979) . The researchers
concluded that the forest and soils allowed all the wastewater to
infiltrate, that the phosphorus reduction was high and the
natural stream at the base of the slope was not being impacted.
They also recorded high levels of precipitation and saw no
detrimental effects on infiltration and reduction.
While there is 40 acres available at this site, existing and
proposed recreational uses dictate that not all of this area is
available for the application area. An area of lesser used land,
more secluded from exisiting or proposed recreation was
identified (Figure 22). Assuming that 25.6 acres is available
and using a maximum flow of 0.5 MGD, the resulting application
rate would be 5.0 in/wk. Using the average STP flow of 0.35 MGD,
the resulting application rate would be 3.5 in/wk. The
irrigation area should be sited with a buffer zone from the
stream. Also, the area on the southwest side of the hill was not
designated for use in order to reduce flow/infiltration effects
on that region. This is area is sensitive to such effects due to
the presence of several residences which are served by private
wells.
Several studies recommend application rates between 2 to 4
in/wk, so the anticipated rates at the proposed site are high
during periods of maximum flow. Within the scope of this study,
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IRRIGATION SITE

Figure 23
SOILS MAP OF
PROPOSED IRRIGATION SITE
SCALE r = 1000
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the size of the proposed treatment area is the restricting factor
and application rates may have to be adjusted. If resulting
tests indicate that the application rates are too excessive such
that there is a decrease in efficiency at higher application
rates (due to soil saturation) , then it is anticipated that a
combination of this method and another alternative treatment will
be employed (see Section 5) . Further on-site study will give a
more accurate indication of the quality of renovation that can be
expected due to the type of ground cover, soil characteristics,
geologic conditions and ground water conditions. An infiltration
test of a representative area of the site will be necessary to
get a more accurate indication of the infiltration capacity of
soils and forest cover.
Good operational procedures include the discontinuation of
land application during the freezing months to avoid associated
maintenance and application problems. This would put the number
of weeks available for land application at between 36 to 40 weeks
per year. This 3 to 4 month layoff period also allows for soil
recovery. The literature indicates that with careful management,
continuous year round application can be accomplished with
minimal impact to the soils. Given the potential commitment of
personnel for additional maintenance during winter months, it
seems impractical to propose year round operation.
Discontinuation of land application would result in direct
discharge to the stream during those months. Fortunately those
months coincide with the period of Forge Pond's most rapid
flushing rates and least recreational use, other than ice fishing
and snowmobiling which do not require outstanding water quality
to be rewarding. Thus it is the season of least impact to the
pond's ecosystem by poor water quality. The reasoning is
consistent with the current practices of discontinuing
chlorination of the effluent at the Belchertown Sewage Treatment
Plant during the winter months.
3.

System Design

The design aspects are an important element in the success of
land application effluent renovation. In this proposed
application a sprinkling, fixed (solid-set) system has the most
advantages. A moving sprinkler is difficult to maneuver in the
forested area. Surface application has a high rate of
maintenance/ which may not be recommended for this system. The
fixed sprinkler system might require some type of surface control
to prevent potential runoff. The need for surface control
depends on slope, the ability of the ground cover to hold any
runoff, along with the rate of infiltration of the soils.
The application rate of effluent will be affected by storm
events that yield large amounts of rainfall. The amount of water
infiltrating will decrease and the potential for runoff will
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increase because of the combined increase in effluent and
precipitation. Average annual precipitation for Western
Massachusetts is estimated at 40 inches/year (NOAA, 1986).
Precipitation on the average will contribute an additional 0.8
inches/week to the irrigation site. This would increase the
application rate to 4.3 to 5.8 inches/week. To avoid this
increase in the application rate, a detention basin will be used
on-site to hold the effluent for short periods of time during the
peak effects of a storm event, so that the application rate will
remain relatively constant.
In addition, the implementation of a storm runoff collection
system could be recommended. A trench down slope from the
irrigation area will collect possible storm runoff. The runoff
that is collected would be re-routed to the irrigation main
transmission line to be re-applied to the irrigation site. At
very high flows the excess runoff will likely be routed directly
to Lampson Brook.
The seasonal effects to the soils from unpredicted levels of
precipitation will also be minimized because application of
effluent is not proposed during the winter months. This time
period will allow for ecosystem recovery necessitated by possible
chronic application levels.
Common maintenance problems that are associated with the use
of a sprinkling system are clogged nozzles, ruptured laterals and
over-application due to human error. These problems can be
reduced by discontinuing irrigation during the winter months, and
by proper management of the system. Some factors that must be
addressed during the design of the system are the uniform
distribution of irrigation, maintaining uniform pressure and
volume between sprinklers and finally minimizing friction losses
in the main transmission lines.
Typical sections of laterals recommended for wooded areas
have been 18 x 24 meters (59 x 79 feet). Spacing between
sprinklers is 59 feet along a lateral line and 79 feet is the
distance between laterals. Assuming 6 sprinkler heads per
lateral line, results in a total length of one lateral as being
325 ft. This length is not fixed and may be adjusted by the
pressures required.
Total length of lateral pipe required for a 25.6 acre area
then would be 15,000 LF with a resulting 280 sprinkler heads.
The length of the main transmission line would be approximately
1,500 - 2,000 feet. These numbers are approximate and are used
only to show relative amounts that will be encountered in the
design of a sprinkler system. Further examination of this system
will have to include estimates on pressure losses so that pumping
requirements, sprinkler spacing and nozzle design can be
approximated.
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A groundwater discharge permit issued from the Division of
Water Pollution Control will be needed to operate this system. A
monitoring program is expected to be initiated with the
implementation of the system. This monitoring program should
include sampling of soil water on-site and sampling in the brook
down slope from the site (see Section 5).
4.

Cost Estimates

Estimating the capital costs associated with implementing a
forest application system requires examining three major
elements: irrigation equipment, site preparation and personnel.
Irrigation equipment includes everything needed to set up the
system. Falling under this category are: lateral and main
transmission pipe, pumps (on-line and backup) and pumphouse,
power units and electricity hook-up, pipe support structures and
connections, nozzles/sprinklers, and finally replacement parts.
Site preparation refers to all efforts done at the site to
ready it for irrigation. These operations include clearing,
possible construction of runoff detention system, set up and
construction of the irrigation system, final adjustments to the
system, and construction of a storage basin.
Personnel and rental includes all the equipment and people
needed to aid in the construction of the system. In this
category are equipment operators, general labor, system
operator/technician (to be trained), engineering staff and
finally machinery and equipment rental.
All these elements have associated costs. At this level of
analysis, it is difficult to assign costs to each item so general
categories of costs were estimated on Table 19. Assuming all
pipes cost $2.00 per linear foot, total costs of pipe at 18,000
LF can be estimated to be $36,000. Assigning a cost of $100 per
sprinkler/nozzle, a total cost of $30,000 can be arrived at,
assuming 300 sprinklers. It is estimated that the remaining
equipment costs $30,000. The total equipment cost is therefore
estimated at $95,000.
Site preparation is estimated at 40% of the equipment costs
or $40,000. A category for miscellaneous construction was
estimated to be 20% of the equipment cost for $20,000. The total
capital costs from Table 19 is then approximately $175,000
(rounded).
Design costs cover preliminary site surveys, percolation
tests, preliminary design, and final specifications. Major
design elements are the pumping facility and transmission line,
holding pond, pipe distribution system and return flow ditching.
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TABLE 19
PROPOSED COSTS
FULL SCALE FOREST APPLICATION
TASK
A.

COST ($)
Engineering and Design Expenses
(Consultant Services)

B.

C.

D.

$ 45,000.00

Capital Costs
Pipes (Main & Laterals 18,000 LF) &
Sprinklers (300)
Additional Equipment (Pumps, etc.)
Site Preparation (40% Equipment Costs)
Personnel, etc. (20% Equipment Costs)
Miscellaneous (20% Equipment Costs)

$ 65,000.00
30,000 . 00
40,000.00
20,000.00
20,000.00

Environmental Assessment and Permits

$ 30,OOP. 00

TOTAL CONSTRUCTION COSTS

$250,000.00

Operating and Maintenance Costs
Operator Technician Part-time
Operator 1/4 Time
Maintenance
Monitoring

$

TOTAL OPERATING AND MAINTENANCE COSTS

$ 46,000.00 Per
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7,500.00
7,500.00
20,000.00
11,000.00

Design of these elements can be expected to cost approximately
$45,000.
Permits required for this operation include a permit for
discharge to ground and an environmental notification form. An
environmental impact review may be required after review by MEPA.
Costs for this phase could vary depending on the permit(s)
required. The assumption of an EIR requirement places the cost
at up to $30,000.
Operating and maintenance costs on a per year basis from
Table 19 are estimated to be $35,000. Monitoring of the
operation by sampling wells on-site and down slope on a monthly
basis will add another $9,000 to the system.
These cost estimates for the implementation of the forest
irrigation system over the 25.6 ac lot are very preliminary, and
any further development of this alternative requires a more
comprehensive analysis.
5.

Pilot Program

The first major step towards making forest application
operational is to answer critical site requirements. Therefore,
a pilot program is recommended to study site limitations. As
indicated on the flow chart (Figure 24), it is anticipated that a
pilot program would be operational in the fall of 1990.
Preliminarily, it is expected that +5 acres of the total 25.6
acre site area would be used to run a pilot program as a
representable segment. Location of this five acres is shown on
Figure 22.
It is recommended that the pilot program be operational for a
full year (Fall, 1990 - Fall, 1991) . This would allow the system
to be tested over the full range of seasonal conditions.
There
are four design components that will be evaluated on the pilot
site.
1.

Maximum Application Rate

A portion of the pilot plot will be treated with a maximum
application of effluent. With 25.6 acres available total and
a maximum effluent flow from the Belchertown State STP of 0.5
mgd, the application rate would have to be 5 in/week to apply
this amount to the total forest area. The literature
indicates this as a high application rate. The pilot program
is the proper vehicle to test the ecological consequences of
this rate to the site.
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Figure 24. Actions and Decisions Relating to Forest Application.

Design of Pilot Program

WINTER 1989/90

SPRING-SUMMER 1990

FALL 1990-FALL 1991

Construction of Pilot Program

Year-Long Testing of System

Evaluation of
Pilot Program

WINTER 1991/92

If Pilot Program of
Forest Application
is UNSUCCESSFUL

If Pilot Program of
Forest Application
is SUCCESSFUL

SPRING 1992

EXPAND FOREST
APPLICATIONSYSTEM

DISCONTINUE FOREST
APPLICATION SYSTEM

SPRING 1992

DETERMINE LEVEL OF
CHEMICAL TREATMENT

EXPLORE OTHER OPTIONS
FOR PHOSP. REMOVAL

SPRING 1992

INTIATE PLANS FOR
DREDGING OF SEDIMENTS

CONSIDER LIMITED
DREDGING OF S. COVE
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2.

Average Application Rates

A portion of the pilot plot will be treated with an average
application of effluent (3.5 in/wk). It is important to have
a comparison to maximum application rates. By applying at
rates of 1-2 in/wk on another portion of the pilot plot,
effects to the local site can be observed at a range of
application rates.
3.

Application Techniques

The pilot plot will be used to examine alternative ways of
applying effluent (i.e., spray or trickle irrigation
methods). This will allow determination of the most
appropriate technique with respect to uniform application,
site ecology response, maintenance elements and costeffectiveness .
4.

Seasonal Effects

Forest application in the pilot program will be done
throughout an entire year to investigate the limitations of
running the system in freezing temperatures. The following
problems can be anticipated and the magnitude of these needs
to be quantified : soil saturation due to declining
percolation, site erosion, maintenance problems, and general
site ecological responses.
Prior to the operation of the pilot program, it is necessary
to have the monitoring program on-line for measurement of preand post-treatment water quality levels.
At a minimum, the following should be monitored:
1.

Lampson Brook above and below the pilot site and
Belchertown STP

2.

Ground water at several depths on the pilot site.

3.

Ground water wells downslope from the site.

4.

Pre-existing wells in the immediate area.

A more comprehensive plan as to the location, scheduling, and
nature of sampling will be established as this project
progresses.
In addition to the monitoring of ground water, general
ecological responses of the site should be followed. It is
suggested that test quadrats be established to monitor responses
of the photosynthetic (tree, shrub, herb) and decompositional
(soil bacteria, fungi) components of the ecosystem.
It is expected that the cost associated with making the pilot
program operational will be a portion of the overall cost of the
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project (Table 19). The approximate costs of the pilot program
are shown in Table 20. Total construction costs (including
design and permits) are estimated at $55,000 and the yearly
operating and maintenance costs are approximately $28,000.
In summary, it should be noted that the site area may not
allow for the total amount of effluent from the Belchertown State
STP to be applied to the designated forest area because of high
application rates potentially being unfeasible. In this event,
as indicated in the flow sheet (Figure 24), forest application
may be used in conjunction with chemical treatment at the plant.
A typical scenario might be that 60% of the effluent from the STP
will go to forest application (0.55 cu m/min), while 40% of the
effluent will be chemically treated (0.32 cu m/min). It is
assumed that chemical treatment will result in phosphorus
concentrations of 1 mg/1, while forest application will result in
0.025 mg/1.
If forest application is discontinued during winter months
and no additional treatment is made, the annual phosphorus
loading of Weston Brook would be 360 kg. This is similar to the
results produced by chemical treatment alone. However, note that
much of this phosphorus will be delivered to the lake during the
winter months when rapid flow-through and low temperatures would
combine to minimize biological responses. If forest application
during the summer is followed up with chemical treatment of the
effluent through the winter months, an annual phosphorus load of
243 kg is projected for Weston Brook.
A review of the phosphorus reduction achieved by various
combinations of chemical treatment and/or forest application of
sewage effluent is'given in Table 21. The anticipated phosphorus
reduction of a combined forest (60% of effluent) and chemical
treatment (40%) with winter treatment would be 592 kg or 45% of
the Forge Pond budget. The full forest application with no
seasonal chemical treatment would yield a reduction of 555 kg or
42% of the budget.
The selection of the most appropriate treatment is dependent
on whether total phosphorus reduction, capital construction
costs, or operational ease is desired. Usually the final choice
is a compromise between all three factors. Among the available
options listed in Table 21 the combination of chemical treatment
with forest application during the summer months has much to
recommended it.
Forest application is the best practice for total phosphorus
reduction. Unfortunately year-round forest application is
probably not an. option with the Belchertown climate.
Additionally, it is a relatively new procedure and prone to
unforeseen operational problems.
Chemical treatment is limited
by the final effluent phosphorus concentration. It has a large
capital cost for installation, but is conventional in operation
and predictability. A combination of both system has the
disadvantage of requiring construction costs for both systems.
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TABLE 20
PROPOSED COSTS
PILOT PROGRAM FOREST APPLICATION
TASK
A.

COST ($)
Engineering and Design Expenses
{Consultant Services)

B.

C.

D.

$

9,000.00

Main Line Pipes*
Lateral Line Pipes - 3,000 LF*
Pump*
Site Preparation*
Personnel & Rental*
Miscellaneous

$

4,000.00
6,000.00
10,000.00
8,000.00
4,000.00
4,000.00

Permits

$ 10,000.00

TOTAL CONSTRUCTION COSTS

$ 55,000.00

Operating and Maintenance Costs

$ 30,000.00

TOTAL CONSTRUCTION, OPERATING &
MAINTENANCE COSTS

$ 85,000.00

Capital Costs

*These costs are to be subtracted from the main project costs
because they are not expected to be repeated for the main project
preparation. Therefore, an additional $211,000.00 is required to
modify and expand the pilot program to a full scale forest
application.
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TABLE 21
PHOSPHORUS REDUCTION OF STP EFFLUENT ACHIEVED BY
CHEMICAL TREATMENT AND FOREST APPLICATION

Phosphorus Load Reduction in :

Treatment

Lampson Bk.

Weston Bk.

Forge Pond

kg/yr %red'n

kg/yr %red'n

kg/yr %red'n

Chem. Trtmt.
(100% effluent;
all year)

964

60

474

57

474

36

Forest Appl.
(100% effluent;
all year)

1446

90

740

89

740

57

(100% effluent;
39 weeks; no
winter trtmt.)

1077

67

555

66

555

42

Combined
(60% forest, 40%
chem.; 39 weeks;
no winter trt.)

932

58

475

57

475

36

(60% forest, 40%
chem., 39 weeks;
winter trtmt is
100% chem. trt.) 1173

73

592

71

592

45
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The advantage is the versatility of the system. Chemical
treatment could be employed in colder months or during wet
weather. Forest application would be used during the summer
months with as much flow as feasible shunted into that system.
The greater the flow treated through forest application, the
greater the phosphorus reduction to Weston Brook. If the forest
system is temporarily out of commission, then chemical treatment
is available to mitigate the effects.
If some of the capital
construction costs of chemical tertiary treatment are to be
assumed through system improvements, (i.e., addition of a second
clarifier) then this option becomes more economically attractive,
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WATERSHED MEASURES FOR LAKE MANAGEMENT
Several lake management options for Forge Pond involve some
sort of change in the watershed, often concerning modification of
existing land uses or practices. These include septic system
maintenance, agricultural best management practices, land use
controls, and changes in watershed resident practices. These are
by no means independent entities, as all interact with each
other. They are addressed below on an individual basis, but the
means to promote all are more easily achieved by packaging this
information in a single source.
On-site Wastewater Disposal System Maintenance
In considering all the sources of nutrients to Forge Pond,
attention must also be paid to the minor inputs, including the
wastewater disposal systems in use within 200 feet of the lake.
The amount of phosphorus entering Forge Pond via this route is
estimated to be 25.3 kg P/yr (see Nutrient Budget). This
constitutes a small contribution to the overall phosphorus
budget, but an addition which nevertheless can be minimized. Two
ways in which this could be accomplished are use of nonphosphorus detergents and proper maintenance and inspection of
septic systems (Lee and Jones, 1986) .
The Massachusetts Coalition of Lake and Pond Associations is
currently promoting legislation on the state level which will ban
the sale of phosphorus-laden detergents in Massachusetts.
Unfortunately, similar legislation has failed to pass in the
past. However, this does not preclude lake abutters from
actively promoting this idea among their neighbors.
Educational
information is available from several sources; for example,
several booklets are available on the relationship of detergents
and fertilizers to lake quality (Lake Cochituate Watershed
Association 1984 a, b, c). The relatively high percentage of
non-phosphorus detergents among lake abutters at Forge Pond
already suggests that little improvement is possible in this
regard, however.
Another reduction is possible from improved efficiency in
existing on-site wastewater units. Improving the operation of
on-site wastewater disposal systems has been the subject of
considerable recent literature (e.g., Veneman 1986). The two
most critical site variables related to the performance of inground disposal systems are the depth to ground water and the
type of soil below the system (Veneman 1986). The greatest
possible vertical distance to ground water and an intermediate
percolation rate are desirable. While dilution by ground water
may be substantial, conversion of pollutants to harmless or
immobile forms is often minimal once a substance enters the
saturation zone. Slow movement of effluent through a large
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aerated zone of soil with high adsorptive capacity is the optimal
situation, but these conditions are not often achieved in
practice.
One major stumbling block is the need for the disposal system
to handle the volume of waste delivered to it without causing a
back-up of flow. The slower percolation rates associated with
some soils preclude their use for on-site systems, and most
states have laws which set the minimum acceptable percolation
rate. Not many states set standards for the maximum percolation
rate, however, and this causes many systems to be underdesigned.
The actual percolation rate will be determined by the
permeability of the biofilm layer which forms in the aerated soil
below the leaching area (Lavigne 1986), not just the soil
permeability. When sized according to the percolation rate of
highly permeable soils, leaching areas may be insufficient to
pass the design flow. Further, effluent passing into the highly
permeable soil may move into the ground water too quickly for
effective removal of contaminants through soil adsorption
processes.
Other important operational considerations are the detention
time in the settling tank (preferably >1 day), waste delivery
rate (preferably continuous enough to maintain the microbial
community but with breaks to regenerate soil capacities), and
available leaching area (preferably as great as possible). Both
system design and maintenance affect these parameters. The
movement of liquid through the pipes, chambers, and soils of the
system is critical to operation; clogging or flow restriction
must be avoided. This involves not only proper design and
maintenance, but control over what is placed in the system as
well. Solids such as disposable diapers and liquids such as
greases should not be routed into on-site wastewater disposal
systems (DiLibero 1986).
If ground water quality is to be improved and preserved, it
is imperative that all disposal systems be properly maintained
and upgrades be encouraged. While regulatory procedures are
typically inadequate to deal with enforcing maintenance codes
(Janaros 1986), it is possible to mandate maintenance and enforce
the statute. Mandating system upgrades is usually more difficult
as a consequence of grandfather clauses and a lack of appropriate
data on the impact of inadequate systems.
Currently, the average maintenance interval for the units at
Forge Pond is about two years. DiLibero (1986) has recommended
an inspection interval of six months to two years, with cleaning
and maintenance as warranted by inspection.
Stricter inspection
and maintenance of septic systems might improve efficiency
(Veneman and Wright, 1986). These inspections would probably
fall under the duties of the Town of Granby Health Department.
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One approach to implementing an effective disposal system
maintenance program involves taxing all residences for the cost
of an annual inspection and pumping, and having the Town arrange
for the service (much as with trash collection or sanitary sewer
operation) . The cost of an annual inspection and cleaning ranges
from $50 to $150 in the northeastern United States (DiLibero
1986), depending on geographic area and the distance over which
septage must be transported for ultimate disposal. Maintenance
visits might have to be more frequent for intensively used
systems, such as those associated with motels and restaurants.
Since the numbers of units is not great (24) and the average
maintenance interval is already reasonable, seeking revenue for
additional inspections is not currently recommended.
The likely
return in decreased nutrients to the lake may not merit an
additional burden being placed on the Health Department. This is
not to imply that some improvement is not possible, simply that
it is likely to be more cost-effectively accomplished by
educational means than by attempting revision of existing town
by-laws. Any attempt to do so would probably be met with a great
deal of opposition, as this effort might be perceived as going
after the ants while the elephant is still loose. What is more
important is that the relationship between septic systems and
lake quality be made exceedingly clear to the lake abutters, so
that they understand how their actions affect the lake resource.
Again, this is best addressed by the use of educational materials
and the efforts of a group to actively promote such knowledge
(e.g. the proposed Bachelor Brook Watershed Association).
Reducing phosphorus leakage by septic systems from 30% to 15%
through increased abutter maintenance seems like a reasonable
goal for educational programs. The close proximity to the water
table would prevent greatly improved system efficiency (i.e.,
>90% reduction). Using the 85% efficiency estimate, a reduction
of 13.6 kg of phosphorus is projected. As this is a very small
portion of the Forge Pond phosphorus budget (1%), this option, by
itself, will not change water quality in Forge Pond.
Agricultural Best Management Practices
An agricultural best management practice (BMP) is defined as
"a practice or combination of practices that has been determined
by the Massachusetts DEQE to be the most effective and
practicable means of preventing or reducing the amount of
pollution generated by non-point sources to a level compatible
with water quality goals" (Massachusetts River Basin Planning
Program, 1984) . A description and listing of the more relevant
BMP's are included in Appendix A.
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The application of agricultural best management practices
(BMP's) is highly desirable but can provide an economic burden to
the farmer that is not easily borne and may, in fact, lead to a
less desirable state of affairs for the watershed
(overdevelopment) . Currently, there is very little money
available for such programs, and the economic status of many
farms preclude intensive individual action. Further, the
economic pressure and monetary incentives to sell farmland for
residential developments that exist in Granby and Belchertown do
not encourage imposition of additional costs on the area's
remaining farmers.
At this time, a less stringent approach is suggested; that of
gradual education and adoption of BMP's. Of particular advantage
in this regard is the local presence of the New England Small
Farms Institute (NESFI). This is a non-profit organization
devoted to the advance and promotion of sustainable agriculture.
This features innovative farming techniques that are less energy
and technologically dependent, and at the same time are
economically and ecologically sound for the environment and longterm viability of the small farmer. The NESFI acts as a
clearinghouse for information on farming using reduced pesticides
and herbicides, reduced fertilizer loadings, and tillage
practices which minimize disturbance of the soil. On their
grounds, the NESFI staff runs a number of test and demonstration
plots which illustrate these practices. They represent an
excellent and accessible source of information on alternative
farming methods which are both economically beneficial to the
small farmer and represent good stewardship of the land. These
practices are also beneficial in reducing the effects of cultural
eutrophication and sedimentation in Forge Pond. Additional
information on watershed erosion protection is available from the
United States Soil Conservation Service (SCS), whose nearest
field office is in Hadley, MA., or the Cooperative Extension
Service, University of Massachusetts, Amherst (Soil Conservation
Service, 1975).
Watershed Management
Protection of lake water quality through zoning ordinances
involves possible changes of local regulation intended to provide
for more comprehensive protection of Forge Pond. Granby and
Belchertown should undertake to designate sensitive areas for
either re-zoning, protection from development, or accompanying
strict orders of conditions for development. Recognition and
management of the watershed and sub-drainage basins is necessary
to improve or protect tributary water quality. Each sub-drainage
basin should be evaluated to see whether potential threats to the
well being of Forge Pond water quality exist. Existing threats
should be eliminated or mitigated. The rationale behind the
restrictions is that where water is of good quality, it is more
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effective to extend regulatory protection now than pay for a
costly clean-up program later.
There are six zoning classifications in the Forge Pond
watershed. in the Town of Belchertown there are five zones:
general residential, multi-family residential, industrial,
agricultural, and limited business. These are distributed in a
mosaic pattern, but general residential and agricultural are the
two major zones in the watershed. In Granby, all the watershed
is zoned as single family residential (obviously some sort of
variance exists for St. Hyacinth's). In general, these types of
zones are compatible with maintenance of good water quality,
although agricultural lands need to be carefully managed (see
previous section). No immediate zoning conflicts are evident.
However, attention needs to be paid to future changes,
particularly those lands shifting from agricultural to
residential, both in Granby and Belchertown. This would have two
potential effects on Forge Pond; the increased direct inputs from
the land change, as well as the addition of more sanitary sewage
routed to the Belchertown STP plant. What is needed at this time
is that the agents of future change, i.e., the planning boards,
take into consideration the implications and effect that zoning •
changes have on water quality, both in Belchertown and Granby.
Reconnaissance and field observations by BEC personnel have
denoted some areas that seem particularly susceptible to
degradation. This does not imply that these are active sources
of water pollution, simply that their nature or geographic
position relative to a tributary presents a potential threat to
the water quality of Forge Pond. Further, this list is not all
inclusive; other problem areas undoubtedly do exist but must -be
addressed on a site-by-site basis by the Conservation Commission
as they become apparent. This section covers potential watershed
problems other than the BSS sewage treatment plant which is
treated extensively elsewhere. The sites referred to are
identified according to Figure 8.
In the upper Bachelor Brook watershed, water quality is
influenced by conditions in Lake Metacomet (Site #6). The
outfall of this lake forms a major source of Bachelor Brook.
Improvement or degradation of water quality in the Metacomet
Lakes (Metacomet, Arcadia, Holland) will also affect the nutrient
load to Bachelor Brook. On the western branch of Bachelor Brook,
animal inputs (Site #3) have degraded a farm pond which empties
into the stream under high flow conditions. On the positive
side, the extensive wetlands between Bay Road and George Hannum
Street (Sites #1, 26, 27) provide a significant source of natural
nutrient abatement. This natural function should be retained
through the legal umbrella of the Massachusetts Wetland
Protection Act.
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Upstream of BSS sewage treatment plant, Lampson Brook is
divided into north and south branches. The northern branch is
impacted by infiltration and/or exfiltration problems from the
interceptor sewer line on George Hannum Road. High chloride
loadings occur between Sites #7 and 17, most likely from the Town
of Belchertown Highway Department Garage. The southern branch of
Lampson Brook passes to the east of the Belchertown State power
plant (above Site #14) . Here, overflow from the boiler is routed
into a small pool immediately adjacent to the stream. Visual
inspection of the pool indicated that low quality materials (oils
and greases) were being shunted there. Passage of materials from
this pool into Lampson Brook would occur through ground seepage
or overflow during high runoff events. If not already present, a
clay liner for the bottom and an earthern berm should be
installed to prevent accidental discharge to the stream. Better
still would be the elimination of this boiler overflow.
Further downstream on Weston Brook wetland areas running
parallel to George Hannum Road (Sites # 18, 19) act to reduce the
nutrient loading significantly and should be afforded every
protection under the law. The presence of beaver dams in this
stretch also provides a small amount of useful detention.
However, long-term existence of these dams is doubtful, given
wildlife relocation efforts and the eventual exhaustion of
available birches and aspens in the area.
The Forge Pond watershed has very pristine water at the head
of the watershed along Rockrimmon Road (Site 121}. This water
gradually accumulates materials in its passage to Forge Pond.
Recent development in the Baggs Hill Road area has led to some
sedimentation in-stream (Site #22, 23) . This type of soil
disturbance has a high potential for fluvial transport, given the
high gradients involved. Erosion controls should be carefully
applied to areas adjacent to the stream. Further downstream, a
small tributary stream from the west (Site #24) arises from a
pond which has a high amount of animal inputs (horse farm). As
with the other tributaries, a wetland area intervenes between
these sites and the lake, affording the lake some degree of
protection.
The unnamed tributary (Site #16) has a small watershed, much
of which is wetland. In 1986, problems with ground water
contamination occurred along Forge Pond Road (west). Further
investigation by the Department of Environmental Management
identified the source of the problem, derelict gasoline tanks,
and supervised their removal in early 1987. Residual impacts of
this problem on Forge Pond can be expected to be negligible.'
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Watershed Residents' Practices
This refers to watershed resident practices that are
potentially detrimental to water quality in Forge Pond. These
include those considered in the section on septic systems, since
what applies for lake abutters also applies to tributary stream
abutters as well. Such practices include: lawn fertilization;
pouring of waste oils, paints, solvents, etc. into local storm
drains; use of phosphorus-laden detergents; and failure to keep
septic systems in good working order. Information regarding good
practices that minimize pollution of the ground water is included
in the Appendix.
Summary of Watershed Management
All the programs identified above are interrelated, though
obviously targetted for different land owners (household vs.
farm), it is probably most cost-effective to address these
concerns with information packages available from one or two
central sources. The real desire, however intangible, is to
instill a sense of responsibility for the water leaving one's
property, be it in a stream, a curb gutter or a septic waste.
Equally important is the notion that the events in any part of a
watershed, however distant, will affect the water downstream
(Dunne and Leopold, 1978). This message would be more
successfully received if coupled with a highly visible capital
investment (e.g. BSS sewage treatment plant upgrade) and
improvements downstream.
The amount of phosphorus reduction that can be expected from
this option is difficult to precisely predict. Watersheds such
as Weston Brook and Forge Pond Brook would benefit from watershed
management and agricultural BMP's. Better septic system
performance would reduce some of the direct and diffuse loadings
to Forge Pond. Overall, an estimated range of between 5 and 15%
of the phosphorus load would be eliminated
For this purpose, some monies might be designated for lake
awareness programs in Granby and Belchertown and printing costs
connected with the distribution of informational materials. The
amount needed for this purpose is not easily determined, but is
unlikely to exceed $12,000.00. A likely sponsoring organization
is the Conservation Commission of each town. Promotion of a
Bachelor Brook Watershed Association, as suggested at the second
public meeting, is highly desirable, as this would encompass
both Granby and Belchertown. This district would include the
Metacomet Lakes, Forge Pond, Aldrich Lake and Quinville Pond.
However, enthusiastic participation in this organization would
probably demand good recreational facilities in these lakes, at
least within the foreseeable future.
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WATER LEVEL DRAWDOWN

The dam and outlet structure at Forge Pond allows the winter
drawdown of Forge Pond for control of macrophytes. The drop in
water level will expose the sediments containing areas of high
macrophyte density, making them vulnerable to the combined
effects of freezing and dessication. Not all macrophytes are
negatively affected by a winter drawdown. However, the major
nuisance species in Forge Pond (Potomogeton, Nymphaea, Nuphar,
Lemna, Certophyllum) have been shown to usually decrease in
abundance following a winter drawdown (Cooke et. al., 1986).
Thus, it seems worthwhile to explore this possibility with an
experimental drawdown and evaluate the results before
implementing other control measures.
There are several potential problems associated with
conducting a drawdown of Forge Pond. These are the
sustainability of the drawdown, the impact on abutting wells, the
impact on the fish, the impact on the neighboring wetlands,
impacts on downsteram resources, and the refilling of the pond in
the spring. The drawdown would require a discharge of 47 cu.
m/min on average during the winter. The outlet structure at
School Street consists of a 36" pipe that is capable of passing
greater than 200 cu. m/min. Thus, there is little doubt that the
discharge pipe can outlet all the combined inflows during this
period. The lake was partially drained during October, 1986 to
make minor repairs on the dam. The water level was also dropped
in 1978 when the present outlet structure was installed. The
vertical limit of drawdown is reported to be about 1.5 m, so a
drawdown of 1.0 m is easily achievable. A vertical drawdown of
1 . 0 m would expose about 44% of the pond bottom and the
peripheral macrophyte beds. With a 1.5 m drawdown about 78% of
the bottom would be exposed, including all of the southern arm,
save a middle channel where the combined streamflow of Bachelor
and Weston Brooks would tend. This would become important if dry
excavation was considered.
The second potential problem involves the impact of the
drawdown on shallow wells in homes abutting the pond. About 20%
of these wells are less than 20 ft in depth, while 70% are
between 20 and 50 ft. If the water level is dropped by 1.0 m,
there is the potential for 20% of the households to experience
some loss in well production capacity. Some pond abutters
reported changes in their well water appearance and levels during
the October 1986 drawdown. One well was reported to have gone
"dry" . It is unlikely that many wells would go dry, and
improbable that demand would exceed production. October is the
driest month of the year, and winter drawdown could easily be
postponed to late November or early December, which are wetter
periods. Yet the potential for supply impairment exists. In
discussion of this drawdown at the public meeting, this problem
was recognized, but no strong objections were raised.
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The third problem is impact to the fishery of Forge Pond.
The decreased area and depth of the remaining standing water make
the possibility of oxygen depletion under the ice a strong
possibility. This could lead to a winter fishkill and reduced
numbers in the spring. Currently, the fish community at Forge
Pond is not a particularly desirable one, as it is dominated by
forage fish. Improvement of the fishery through the reduction of
macrophytes is likely to outweigh the adverse effects of the
drawdown. However, determination of the frequency of using a
winter drawdown as a lake management technique should take this
factor into account.
The effect of the drawdown on the wetlands needs to be
considered. The area affected by the drawdown would include
wetlands marking the entry points of the major tributaries into
the lake including Batchelor Brook, 7.1 ha; Weston Brook, 7.4 ha;
and Forge Pond Brook, 24.9 ha. Most of these wetlands should be
kept well supplied with water by streamflow, although some
dessication of marginal wetlands can be expected. During an
experimental drawdown, the effects on these areas can be
ascertained.
If an experimental drawdown reveals potential significant
impacts, then more water depth will be required. There are two
places where gabion weirs could be installed to increase depth in
the wetland areas (Figure 25). The two proposed locations are at
the narrowest constriction of the eastern arm of Forge Pond (to
protect the Bachelor and Weston Brook wetlands) and on the south
side of the Route 202 culvert (protecting the Forge Pond Brook
wetlands). A preliminary design for the gabion weirs is shown in
Figure 26. Based on cost estimates for similar structures (BEG,
1988), the estimated construction costs are roughly $12,000 for
installation of the gabion weir check dam in the eastern arm and
$6,000 for a gabion weir south of Route 202.
The impacts on downstream resources need to be considered.
Below Forge Pond, Bachelor Brook flows into Aldrich Lake, Pearl
City Pond and eventually the Connecticut River. The passage of
additional water down Bachelor Brook during the draining in the
fall does not appear to be a problem. The flood hazard would
appear very low due to the adjacent wetlands, which can act as
natural flood storage and the land use, which is mostly nonresidential (agricultural or institutional). The fall is also a
period of low groundwater and wetland plants are in a state of
dormancy or senescence.
In the spring the downstream feeder
streams entering Bachelor Brook, will insure sufficient water
during the spring filling of Forge Pond.
With regard to
potential impacts of downstream water quality, Aldrich Lake is
already considered eutrophic and thus little biological response
will be detectable.
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Figure 25, Location of Proposed Gabion Weirs.
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Figure 26. Typical Design for Proposed Gabion Weirs.
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The last problem connected with a winter drawdown is the
required assurance that once drained, the lake can be refilled.
As Forge Pond is an impoundment, refilling simply becomes a
matter of closing the gate and allowing tributary inputs to
accumulate. The very rapid flushing time of Forge Pond (e.g., 3
days) during high flow events, such as those found during the
spring, indicate that a refilling period of less than one week
can be expected if all inflows are retained. However, both the
drawdown and the refilling are recommended to be stretched out
over a one to two week period, so that downstream flows are
moderated.
An experimental drawdown of Forge Pond appears worthwhile, as
the potential benefits are great and risks can be minimized. If
successful in controlling macrophyte growth 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. An experimental drawdown would be recommended for
the additional benefit of supplying needed information that would
be required if dry dredging were to be implemented.
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MACROPHYTE BOTTOM BARRIERS
One relatively inexpensive technique to allow some measure of
relief from the nuisance aquatic plants would be the deployment
of bottom barriers. A bottom barrier consists of a layer of
synthetic material that is laid directly over the bottom and
weeds. It effectively compresses and shades aquatic macrophytes
so as to suppress their growth. In doing so, it opens up areas
of relatively open water for recreational purposes.
There are several commercial products (e.g., Aquascreen,
Dartek, Texel) that form a sheet to cover the developing
macrophytes and stunt or kill them by shading. These products
were recently reviewed (Cooke et al., 1986). Other slightly less
expensive but possible effective barriers may also be locally
available.
The screen is dense enough to reduce light to low levels, yet
permeable to gases underneath (which prevents gas buildup and
"ballooning" of the cover to the surface). Usually, the screen
is placed over the macrophyte beds in early spring and taken up
again in mid-summer before the major swimming season. The timing
of this application deprives the macrophytes of light during
their most crucial growth period. The plants may continue to
grow after the screen is taken up but usually they are stunted
and fewer in number. In some test situations this retardation of
growth has been effective in controlling plant levels for a
second season or more after the initial application.
The screen is positioned in shallow water by hand, but a
diver may be necessary for application in deeper waters. It must
be weighted (e.g., cinder blocks) or staked down (Figure 27). A
major advantage of these screens is that they are reusable. They
can be retrieved from the water, washed, dried and stored for use
in succeeding years. With proper care, five seasons of use can
be expected.
Use of a screening technique is not without its
disadvantages. Decomposition of plant material underneath may
decrease available oxygen and add nutrients to the lake. Habitat
for reproduction by certain fish species is reduced. If not
properly weighted or staked, the screen may come loose and shift
from the desired area. For Forge Pond the effects of
decomposition would be negligible and ample fish nesting areas
are found in the areas not subject to screening.
In considering using this technique for macrophyte control,
there is a tradeoff between labor cost, effectiveness of plant
suppression, and screen longevity. For best conservation of the
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Figure 27. Application of a bottom cover.
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material, the screen should be applied in spring, e.g., late
April and taken up in mid-June. A second scheme would be to
place the screen in April and keep it in until fall (Labor Day).
This would subject the screen to damage by swimmers or boats and
is not likely to last as long. The last option is simply to
place the barrier in and leave it there permanently. This means
the screen will be exposed to recreational damage, winter
conditions, and eventual sedimentation providing new substrate
for macrophytes. This will likely lessen the effective lifetime
of the screen. Given the organic muck and low water quality,
retrieval of the screen in the summer will be unpopular. Better
access to the screen would be possible during a winter drawdown.
Realistically, however, retrieval of the screens from the organic
muck of the treated area will be unfeasible. Therefore the
screens can be expected to be left in permanently.
Typical costs for a bottom barrier (e.g. Aquascreen) are
approximately $14,000 per acre (1988 prices) and the rods to pin
barrier to bottom add $3,000 plus installation costs. The
screens come in 100 foot rolls of either 1 or 14 foot width (the
larger roll is more expensive). The amount of screening
necessary to suppress growth in weed-choked areas and accessible
public shoreline would be approximately 1.9 ac (0.77 ha). Thus,
to cover this area would cost approximately $30,000. The areas
to be treated with benthic barriers are shown in Figure 28. If a
four year life expectancy is used, the price per year is about
$7,500. Weights and installations cost would have to be figured
in. Four foot rolls are available instead of the 7 foot swaths,
meaning more underpinning and installation is involved. It is
possible that even cheaper prices could be obtained at a housing
supply wholesaler. Installation costs could be saved if the lake
abutters cooperated in .putting down the screen themselves.
This option will not significantly alter the phosphorus
budget or trophic status of Forge Pond. Some reduction of
sediment phosphorus release mediated by macrophytes may be
realized but is unlikely to register as a detectable change in
water quality. An Abbreviated or Full Notice of Intent will be
required from the Granby Conservation Commission.
The bottom barriers should be viewed as a short-term lake
management option, to provide some measure of macrophyte control
until more lasting solutions are achieved. Given the complex and
political nature of decisions regarding improvement at the
Belchertown State School sewage treatment plant, some delays in
implementation may be anticipated. Use of the macrophyte bottom
barriers would ameliorate lake water quality until these issues
are resolved.
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Figure 28. Forge Pond showing location of proposed benthic barriers

Jyacinths o l/Q
College

154

TABLE 22.
COSTS ASSOCIATED WITH MACROPHYTE CONTROL BY A BOTTOM BARRIER

Item or Task

Estimated
Cost ($)

Maximum Percent
Reimbursable Under
Clean Lakes Program

120 Rolls of Aquascreen
@$l75/Roll

$21,000

75

1,440 Stakes or Weights
@$2.5/Each

$3,600

75

Installation and Removal
(2 Man Crew @$500/Day
for 6 Days)

$ 3,000/yr

Ten percent contingency

$ 2,700

Total Capital Outlay

$30,300
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DREDGING
Introduction
Dredging in Forge Pond would involve the removal of
significant amounts of organic hydrosoil in the southern arm and
other areas. Dredging is an effective means to reduce macrophyte
infestation by removal of existing plants and organic sediment
layers and help limit future growth by increasing depth. The
importance of the additional depth is in the reduction of light
penetrance to the bottom dwelling plants; limiting or severely
reducing their growth. Reduction in the amount of surface cover
is also seen, as the plants have to grow taller to reach the
surface. Often species replacement also occurs such that
successful plants are shorter and of a non-nuisance type {e.g.
Nitella, Elodea).
By fundamentally changing the lake's morphometry, dredging
provides a restoration that is relatively long lasting. The
increased storage capacity affects hydraulic and physical
relationships such as flooding and thermal stratification. This
alters nutrient loading, budgets and recycling within the
waterbody, with accompanying changes in the trophic levels of the
biota. As many of these changes tend to reduce the effects of
eutrophication, an overall improvement in the lake's water
quality is predictable. In the case of Forge Pond, removal of
sediment will also eliminate a significant source of the
nutrients available for use by the lake's biota, as well as store
a greater water volume in the lake.
Dredging is often the most cost-intensive lake restoration
method, but can be less expensive if done with conventional
excavating equipment under drawdown conditions (dry dredging).
Alternatively, dredging can be conducted with water present
(hydraulic dredging). Since Forge Pond is an impoundment,
dredging can be done either way. The cost effectiveness of each
of these methods depends upon the physical and chemical
characteristics of the organic bottom materials to be removed and
the availability of disposal areas for dredged materials. Thus,
design and siting of the basin should also be figured in the
cost. Hydraulic dredging requires temporary storage and disposal
of the dredged materials in a basin adjacent to the lake.
Treatment of the water removed during the dredging process is
also often required prior to its re-entry into the lake. Such a
discharge may require an NPDES permit for operation. Dry
dredging or excavation can present less difficulties with regard
to dewatering, but still requires a temporary site for drying of
the dredged material before its final disposal.
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Bottom sediment core sampling in Forge Pond has shown the
benthic materials to consist primarily of organic muck with some
fibrous materials overlaying sand. As shown in Figure 17, the
depth of soft sediments in the lake range from approximately 0.3
to 1.5 meters. When cores of sufficient depth have been
obtained, the soft hydrosoils are shown to be underlain by
granular materials. The location of the sediment sampling
stations are also shown on Figure 17 (pg 64).
It is estimated that the removal of an average depth of 0.4 m
of bottom material over an area of 30 ha in the pond will be
necessary to bring about the desired deepening and removal of
sediment and existing macrophyte root systems throughout most of
the photic zone. The average depth of Forge Pond will increase
from 0.9 m to 1.3 m. Thus, the principal control of macrophytes
will be achieved by substrate limitation, although light will
also be less available. To complete control the macrophytes, the
entire lake bottom will be dredged down to the underlying sand
(Figure 29). The total material to be removed in this manner
will be approximately 125,000 cu. m (165,000 CY) .
If hydraulic dredging is utilized, the bottom sediments would
be removed by pumping a slurry of bottom sediments and water to a
containment area, allowing the solids to settle, decanting the
supernatant, and treating it prior to discharge. There are two
available sites near Forge Pond that could be utilized for the
construction of containment areas. Both sites are north of Forge
Pond in two sand and gravel pits located on land owned by Mr.
Michael Lecca of South Hadley, Massachusetts. The location of
these two sites is shown on Figure 29.
If conventional equipment were to be used, the lake would be
drained to the necessary level and the bottom material would be
removed and stockpiled utilizing low ground pressure excavation
equipment. This material would then be loaded onto trucks using
front end loaders and brought to a suitable site for drying and
stockpiling. The two potential containment area sites previously
mentioned could be utilized for the stockpiling of conventionally
dredged material. This dredged material would ultimately be
removed and disposed of elsewhere. A local contractor (Mr. Dan
LeFleur, Belchertown, Mass.) has expressed interest in obtaining
this material.
Bottom Material Characteristics
As discussed in the section on sediment analysis, a coring
and probing program was carried out in Forge Pond. Soft
sediments, assessed by means of probing to first refusal, reached
a maximum depth of 1.5 meters. The chemical characteristics of
the sampled sediments are presented in Table 6. The sediments in
the three locations are classified at Category II, Type C
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Figure 29

Areas to be Dredged in Forge Pond and Adjacent Dredge Disposal Sites.
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materials, according to MDWPC (1979) criteria. Accordingly,
these sediments can be dredged and disposed of in upland areas,
but effluent limitations may be placed on return water from the
spoil areas.
In addition to the chemical testing carried out on the
sediments as summarized in Table 6, the settling characteristics
of the sediments from all locations were evaluated. This
information is necessary in order to evaluate methods of dredging
and to optimize the containment area design and operation.
Column settling tests were carried out in order to simulate
the containment area operation portion of an hydraulic dredging
program. Samples of the Forge Pond organic bottom material from
three locations were mixed with water to a solid content of
approximately 20% by volume. This is estimated to be in the
order of magnitude of the solids content pumped by an hydraulic
dredge. This material was allowed to settle and the rate of
settlement of the solid/liquid interface was observed (Figure
30) . Based upon the results of these tests, a containment area
detention time of 3 hours is considered sufficient for the design
of a bulk solids removal facility.
Based upon the results of the settlement column tests,
estimates were made of the dredged material bulking factor. The
bulking factor (ratio of a given volume of solids in the
containment area to the volume of that same amount of solids on
the lake bottom) ranged from 2.6 to 2.2. As more solids are
deposited in the containment area, the self weight effective
stresses increase and this brings about a consolidation of the
material resulting in a lower bulking factor.
Seepage stresses can significantly increase the effective
stresses on the dredged material, thereby increasing its
consolidation. Column testing of similar organic lake bottom
sediments through a sand filter resulted in a decrease in volume
of approximately 20%. This experimental measurement agrees quite
closely with the predicted reduction in volume calculated
utilizing the theoretical seepage pressure distribution as shown
in Figure 31.
The water quality of the dredged material supernatant was
assessed as a function of time in order to evaluate potential
environmental effects of the return flow from the containment
areas. In each of the column settling tests the supernatant was
withdrawn periodically and the turbidity and specific conductance
was measured. The results of these tests are given in Table 23,
Two hour turbidity values were uniformly greater than 100 JTU
(Jackson Turbidity Units); whereas 10 J.T.U. is often desirable.
Specific conductance ranged from 92 to 103 umhos/cm. Quiescent
settling in excess of 24 hours yielded no appreciable change in
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TABLE 23
SUPERNATANT CHARACTERISTICS
FORGE POND BOTTOM MATERIAL COLUMN TESTS
Station - FPS-3

Parameter
Turbidity

>100 JTU
>100 JTU
>100 JTU

1 Hour
2 Hours
24 Hours
Specific Conductance

92 umhos/cm
103 umhos/cm

2 Hours
24 Hours
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the supernatant turbidity or specific conductance. Letting one
of these columns remain undisturbed outdoors for one week
produced an extremely dense algal bloom inside, thus indicating
the potential of water in contact with resuspended sediments to
sponsor phytoplankton growth.
Measured suspended solids concentrations for water samples
from Forge Pond were typically below 3.9 mg/1. Therefore, if
hydraulic dredging is utilized and containment area overflow is
returned to the pond, chemical treatment of the supernatant will
be necessary in order to achieve a return water suspended solids
concentration similar to that of the existing Forge Pond water.
Typically for organic lake bottom sediments cationic polymers at
dosage rates of approximately 25 ppm or anionic emulsions applied
as approximately 1% solutions would achieve the desired results.
Containment Area Considerations
Regardless of which dredging method is ultimately utilized
(i.e., hydraulic versus conventional excavating equipment)
suitable areas in proximity to the dredge sites must be available
for dredged material containment. Containment area size
requirements for hydraulic dredging are typically much greater
than for conventional excavation. The design and construction
aspects of a containment area for hydraulic dredging are also
more complex than for a conventional excavation stockpiling area.
Sites in general proximity to the lake (within one mile of
various areas to be dredged) having suitable topographic
characteristics were delineated and subsequently investigated in
the field. Of the various sites investigated, those in
significant wetlands or with other environmental constraints were
eliminated from consideration. Based upon the proximity to the
area to be dredged, the general environmental characteristics and
considerations of ownership, two potential containment areas were
selected.
One potential containment site is located off "A" road (the
Granby extension of George Hannum Road) in a semi-active sand and
gravel pit to the north of Forge Pond. Preliminary discussions
with the owner, Mr. Michael Lecca of South Hadley, Mass.,
indicate that this land could be made available for project
usage. This potential containment area site is shown in Figure
32. " This site could accommodate the construction of a
containment area approximately 3.5 m (11.5 ft) deep over an area
of 1.05 ha (2.6 ac) yielding a total storage volume of about
36,800 m
(48,000 CY). Access to this site is via a dirt road
that is capable of passing heavy equipment.
Another potential containment site is in the same area, also
on land owned by Mr. Lecca. This site is smaller and less
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desirable because it would require more site preparation and its
proximity to wetland areas (although the wetland border does not
appear to be as close as indicated in Figure 32). The storage
volume here is about 25,000 CY. Access to this site is from the
same dirt road off of Road "A" and is a slightly shorter distance
by road from Forge Pond. Of the two sites, the first and larger
site is clearly preferred. Both sites would probably be required
for hydraulic or wet dredging. However, it may be possible to
use only the larger site if conventional excavation is used.
Hydraulic Dredging
Hydraulic dredges have been used with success in dredging
operations for many years. In hydraulic dredging operations, the
withdrawal and pumping equipment are mounted on a barge. The
primary equipment component is a large centrifugal pump. Bottom
materials are brought up to the pump through a large suction pipe
and are pumped from the dredge to the containment area through a
pipe line. Commonly the discharge slurry is approximately 5%
solids by weight (20% solids by volume, including pore water) .
The suction pipe is lowered to the bottom on a large boom that
extends forward from the front of the barge. The dredging depth
is controlled by cables or hydraulic mechanisms that can raise or
lower the cutting boom. The bottom of the suction pipe may be
fitted with a cutterhead which breaks up the bottom materials so
that they can be drawn into the suction pipe.
Some of the prominent manufacturers of the small hydraulic
cutterhead dredges are:
Manufacturer

Series

Type Manufactured

Ellicott
Baltimore, MD

Dragon
Mud Cat

Kenner Marine
LaPlace, LA

Billy Goat
Billy Goat

Cutterhead (Conventional)
Cutterhead (Horizontal
Auger Type)
Cutterhead (Conventional)
Cutterhead (Conventional
Swinging Ladder)

Although these dredges are similar in overall design, the
horizontal auger type cutterhead design such as the hydraulic
type dredge is quite different from the conventional rotary
cutterhead (basket type) used by others.
An important feature of the auger type cutterhead dredge, in
addition to the horizontal spiral auger cutterhead, is the mud
shield which shrouds the cutterhead, trapping suspended material
during the dredging operation in order to minimize in-lake
turbidity. This type of dredge has been used successfully on
several recent lake dredging operations in Massachusetts and
Connecticut. The manufacturer's specifications for a dredge of
this type (Mud Cat Model SP915) are listed in Table 24.
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Table 24. Representative Cutterhead Dredge Specifications.

Model SP-915
General:

Length
Width

Height
Weight
Draft
Floating Clearance

Flotation:

Cutter
Assembly:

Mud Shield:
Working
Capacity:

Engine:
Pump:

Hydraulic
System:

Propulsion:

Electrical
System:

-9XT
-O.A. 8'8"
-23.000 ibs. dry
-21"

-6'9"
-360 gallons
Fuel Capacity
Pontoons—Two 36" x 32" x 33'0"
10 gauge H.R. steel with internal bulkheads and stiffeners;
formed for rigidity; polyuretfiane foam filled
Auger
Diameter
-13H"
Pitch
-11"
Flighting
-K"
-Up to 100 RPM
Speed
Cutter Knives
-Detachable Heat-Treated Blades
Auger Torque
-16.500 in. Ibs.
19" x 9' Hydraulicatly Adjustable
Cut 9' wide x 18" maximum depth
Operating Depth 15' maximum
Detroit Diesel &-71 RC
175BHP6 1800RPM
Centrifugal Recessed Impeller
Impeller Diameter 18"
Suction Diameter 8"
Discharge Diameter 6"
Capacity-2000 GPM & 1180 RPM against 124' Head (water)
Auger and Accessory Drive
Dual Pumps
Capacity Total-30.5 GPM® 1800 RPM
Reservoir—47 Gallons
Circuit One—Auger Drive
Circuit Two—Boom, Mud Shield and Winch
Relief Valve Setting: Auger—3OOO PSI
Others-1500 PSI
Main Pump Drive
Single Pump
Variable Displacement Hydraulic Pump
Fixed Displacement Hydraulic Motor
Capacity-78GPM 6 18OO RPM (Engine Speed)
Reservoir—30 Gallon
Relief Varve Setting; 5OOO PSI
Capstan Type Hydraulic Winch
Traverse Speed—50 FPM Maximum Forward & Reverse
Average Cutting Speed 8 to 12 FPM
Voltage-12V
Alt. Output—65 Ampere
Batteries— 12V, 2O5 Ampere Hour, Parallel Wired
Circuits—2 Wire System Full Ground

Finish:

Potyurethane finish coat on corrosion inhibitive epoxy primer

Colors:

Standard Colors—Green and White
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Figure 33, Typical Cutterhead Dredge Operations.
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Typically, a dredge traverses a lake by winching itself along
a fixed, taut cable (Figure 33). Cable guides on the front and
rear of the dredge prevent the machine from swiveling off course,
while a variable speed (reversible and hydraulically operated)
winch provides the speed and hogging power, forcing the
horizontal auger into a wall of silt and sediment. A calibrated
depth gauge gives the operator control of the auger position
(relative to lake surface levels) and, knowing the depth of the
bottom materials to be removed, permits him to cut out a swath of
sediment approximately 0.3m deep. Traversing the taut cable,
the dredge essentially removes material in a full width, straight
line, flatbottom cut the entire length of the traverse cable.
During this operation, the variable pitched mudshield extends
beyond the auger and entraps the material while the auger is
delivering it to the suction intake (located directly behind the
auger). Upon reaching the end of the cut, the operator lowers
the boom and cuts while traversing in a reverse direction. By
repeating this progressively deeper, lapping pattern, a channel
is created. Upon completion of the cut, both ends of the
traversing cable are laterally and equidistantly repositioned,
often by employing pull-over cables and tensioning devices (comealongs) . By creating an overlap cut (typically 0.3_+ m) , the
secondary traversing path of the dredge results in parallel,
overlapped trenches.
An auger type cutterhead dredge in particular has several
advantageous features that enhance its performance regarding
production, solids ratio and turbidity. The depth of the cut and
the auger's variable rotational speed affect the volume of
material being fed into the fixed flow-rate suction stream. The
variable speed winch gives the auger the ability to continuously
"hog" into the material. Because of these two features, the
suction side of the pump is continuously fed material which
results in control of solids ratio and production. This is
especially important in maximizing the available containment area
size.
The patented auger/mudshield combination entraps and contains
material during both forward and reverse cuts, thus minimizing
re-suspension of the sediments during the dredging process. In
the Nutting Lake project, dredge related turbidity was not above
background lake concentrations (10 NTU+_) (BEC, 1987) . Dredged
material pumping distances and elevation heads were evaluated to
determine the need for use of a booster pump. If the gravel pit
site north of the pond is utilized, approximately 80% of the
project can be completed without a booster pump.
The booster pump should be located and operated in a manner
which will minimize impacts to surrounding residences. Figure 34
shows the noise levels as a function of distance for an auger
type cutterhead dredge (and booster pump). Typical suburban
residential background noise levels are in the order of 50 to 55
dBA. A fenced security area for on-site storage of equipment,
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Figure 34.

Noise Levels vs. Distance for Cutterhead Dredge and Booster Pump.
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tools, and supplies should be provided
and/or booster pump site. The optimal
pump would be on the north shore cove,
area, and the extreme southerly arm of

near the containment area
location for the booster
in line with the detention
the pond to be dredged.

Various discharge pipeline routes were evaluated for the
dredge. The most efficient route is to utilize floating pipe
over as much of the distance as possible, only utilizing overland
pipe directly from the lake to the selected containment area
(150-250 m). If hydraulic dredging is utilized in the southern
arm of Forge Pond the discharge pipe routing becomes somewhat
more extensive, needing more overland pipe (600-900 m). This
potential cost was figured in for the calculation of price per
cubic meter of material.
As previously discussed, the principal disadvantage of
hydraulic lake dredging is the relatively large amount of water
which is discharged along with the dredged lake bottom material.
The most effective way to handle this discharge is to pump the
slurry (water and lake bottom materials) to a large containment
area where the majority of the solids are allowed to settle out
for some predetermined length of time. Subsequent to this period
of quiescent settling, the relatively clear water (supernatant)
is withdrawn, and in the case of Forge Pond, would be treated
with polymer and allowed to settle for an additional period -in a
flocculation basin prior to discharge. Three discharge options
are available: directly to the pond, infiltration to the ground
water through a supernatant filter bed, or discharge to the
wetland associated with Bachelor Brook to the east.
The containment area would be designed as an earthen
embankment settling basin. The containment area is sized in."
order to have enough volume to provide a sufficient detention
time to allow settlement to occur, in addition to providing
enough volume for ultimate storage of the dredged material. For
the Forge Pond project, the minimum detention time is
approximately 3 hours. However, because the containment areas
are often operated in a non-continuous mode, the volume necessary
for settlement is often established as approximately 7,000 m
(9,000 CY) which is the total volume of slurry pumped by an
hydraulic type dredge for a two day period. The flocculation
basin should have a total storage volume of approximately 5,000
m
(7,000 CY) which represents the volume discharged from the
containment area for two days of pumping by an hydraulic type
dredge with 6-8" pipe.
In addition to providing the volume necessary for settling to
take place, the containment area must be sized to provide storage
for the dredged material. At a minimum, the storage volume must
be equivalent to the volume of solids that settle in the basin
for a period of one dredging year.
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The annual dredging season in Massachusetts is essentially
April through November or approximately 170 working days per
year. Based upon our review of existing conditions, as well as
experience with the hydraulic type dredge in similar projects
(BEG, 1987), it is estimated that an average production rate of
approximately 275 m (360 CY) for an 8 hour day can be achieved
when operating with the dredge alone, and an average production
rate of approximately 230 m (300 CY) per 8 hour day can be
achieved when operating with both the dredge and the booster
pump.
Assuming that approximately 80% of the project can be carried
out without the use of the booster pump, the average yearly
production would be approximately 45,000 m (59,000 CY) per year.
When adjusted for the bulking factor a yearly storage volume of
approximately 58,500 m (76,700 CY) would be required.
Therefore, under ideal operations, there would be a requirement
for the storage capacity in both containment areas.
Combining these volume (settling zone, floe basin, and
storage area) it can be seen that a minimum containment area
storage volume of approximately 70,000 to 75,000 m (90,000 to
100,000 CY) is necessary for a hydraulic dredging operation at
maximum pace. Since the readily available storage capacity in
the sites on Hannum Rd are somewhat less than 56,000 m , it is
assumed that some of the dredged lake material will be removed
from the containment area over the winter period before the start
of the next dredging season to make room for the total 125,000 m
volume. Again, this is a maximum figure and may not be realized
due to equipment breakdown or similar delays.
Conventional Excavation
Because Forge Pond is an impoundment, it can be drawn down
and excavated by conventional means. Forge Pond has been drawn
down twice in the last 10 years for construction projects.
Because the proposed dredging is primarily in the upper reaches
of the pond, the water level can easily be lowered below the
proposed excavation elevations.
Consolidation tests done on similar organic lake bottom
sediments (BEC, 1986) indicate that seepage stresses which will
be induced during the draining of the lake should bring about a
consolidation in volume of approximately 25% for the upper 2
meters of loose organic material* These seepage stresses are of
about the same order of magnitude (0.1 kg/cm2) as the working
pressure applied by the various low ground pressure excavating
equipment. This indicates that low ground pressure, track
mounted, 2 cubic yard bucketloaders should be able to work in the
Forge Pond sediments without encountering too much difficulty.
It must be emphasized however, that there are several types
of construction equipment available for excavating this material
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(i.e., bulldozers, bucketloaders, scrapers). The exact equipment
utilized will be dependent upon what works best for the selected
contractor in actual field operation. Should conventional
dredging be employed, extensive field testing, including perhaps
a drawdown and pilot excavation program may be warranted.
In order to dredge Forge Pond by conventional means, the pond
would first be drawn down and the sediments in the upstream arms
would be given a chance to consolidate. The length of the
drawdown would be approximately 2 weeks and the period for drying
and consolidation would be between 2 to 4 weeks. There is some
overlap between the two periods, as sediment would be exposed
during the drawdown period. The best period for drawdown and
consolidation would be late summer, when evaporation greatly
exceeds precipitation. This would allow for the start of
construction in the fall, the driest season in Massachusetts.
Excavation equipment would then be utilized to remove the
bottom materials to the desired elevations. Typically this
operation is done by a backhoe or front end loader. The
hydrosoil removed in this fashion is then loaded into trucks.
The trucks would exit from the pond from various locations,
depending on what area was being dredged. The trucks would exit
from the pond in the southern arm via a ramp from the boat
landing onto Forge Pond Road. From there the material would be
deposited in the gravel pit to the north of the pond, accessing
from "A" Road (travel distance 2,000 m+). A minimal amount of
site preparation would be required in the gravel pit in order to
utilize this area as a temporary disposal site. These
improvements would primarily include safety fencing and the
construction of a small embankment along the eastern portion of
the sand and gravel pit.
Subsequent to draining the lake, removing the bottom material
by conventional excavation methods, and allowing this material to
dewater in the disposal area for a period of a few months, a
reduction in volume of the in situ bottom material of up to 40%
(99,000 CY) can be expected. The gravel pit site under those
circumstances could then hold at least 1/2 of the total material
to be removed from the lake. Even greater storage is possible,
as there is no deterent to piling the material higher than the
berm walls»
The Forge Pond dam consists of a concrete and stone structure
with a full width overflow spillway and a separate gated outlet
conduit that discharges in a channel to the south of the dam.
The dam structure is 10.5 m (34 ft) wide and approximately 2.3 m
(7.5 ft) high. An inspection of the dam in 1973 by the Dam
Safety Unit of the Massachusetts Department of Environmental
Management listed several deficiencies. The dam was listed as
unsafe in a letter dated March 1, 1977 from Frances J. Hoey,
P.E., District Highway Engineer. The dam and outlet structure
was acquired by the Town of Granby Conservation Commission in
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1978 and was repaired at a cost of $20,000.00. A 1985 inspection
by the Dam Safety Unit (MA DEM) found that the dam and outlet
control structure were in good condition.
There is a 36 inch (0.92 m) pipe outletting from a gated
valve with an invert elevation estimated to be approximately
266.0 ft. The top of the dam is at elevation 271.0 ft; thus, the
Forge Pond water surface would be lowered by approximately 5 feet
(1.5 m) if this gate were operated.
Hydraulic Dredging Project Duration

3
Assuming an annual dredge production rate of 45,000 m of in
situ material per year it would take one dredge approximately
three years to remove the projected 125,000 m of material from
Forge Pond.
The three year hydraulic dredging project could, of course,
be shortened by utilizing more than one dredge along with
multiple containment areas. Construction of additional
containment areas would probably greatly increase project costs.
The use of a single larger capacity dredge is not deemed feasible
because of the limited sizes of the two potential containment
area sites.
Conventional Excavation Project Duration
The total time required to dredge Forge Pond by conventional
means is much shorter than if hydraulic dredging is utilized. A
backhoe or front end loader of 2.7 m (3.5 CY) capacity along
with enough trucks to keep the excavation equipment working
continually (probably four or five 12 CY dump trucks), could
maintain a production rate of approximately 900 m (1,200 CY) per
day. Approximately 140 working days would be required to dredge
the pond.
The project could easily be shortened by increasing the
number or size of equipment utilized. Unlike the hydraulic
dredging alternative, there is no cost penalty for doing this
with conventional dredging. In fact, it may represent a cost
savings for the selected contractor. While a contractor may be
in a position to bid a shorter excavation schedule, a project
duration of two years has been assumed for purposes of cost
estimation a
Just as importantly, there is less dependence on the
elevation of the berms of the containment areas for storage
capacity. As noted earlier, it is possible to put in a greater
amount of conventionally excavated material in these containment
areas due to the ability to pile this semi-dried material higher
than the berm wall. The possibility to find additional small
sites for temporary stockpiling of this material is also greater
since it is not necessary to provide watertight containment.
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Flexibility and cost considerations therefore dictate that
conventional dredging is the method of choice for Forge Pond.
Hydraulic Dredging Costs
There are two principal elements of the cost for hydraulic
dredging. Initial costs are incurred for the construction of the
containment areas and possibly for the purchase of a dredge and
booster pump. Throughout the life of the project, operation and
maintenance costs accrue for the labor, fuel, chemicals, and
associated expenses associated with operation of the dredge,
booster pump and containment area.
The containment area construction is let out to bid prior to
starting the project, thus this portion of the cost is a "known
quantity" before work actually begins. There are, however, two
basic approaches to carrying out the actual dredging:
1.

A contractor can perform the work with their own crew and
equipment.

2.

The Town of Granby can perform the work with their crew
and their own equipment.

Experience has shown that although option 1 may initially
appear to cost 20%-30% higher than option 2, when production ;.
rates, fringe benefits, and major maintenance are taken into
account, the costs are usually comparable. The advantage of
option 1 is that the work can be bid on a lump sum or unit cost
basis so that the actual project costs can be fixed at the start
of the project.
Projected costs can be determined on a unit cost basis using
published construction cost data (e.g., Robert S. Means Co.,
Inc., Construction Cost Guide) or by factoring actual cost
figures from previous projects. In any event, care should be
exercised in utilizing "per cubic yard" dredging costs, as these
figures are greatly dependent upon the volume of material to be
dredged and site-specific conditions.
The cost estimate for hydraulic dredging is based upon the
unit cost method, modified by actual costs for five recent
hydraulic lake dredging projects (BEC, 1987). A cost summary is
given in Table 25 where appropriate costs have been inflated at a
rate of 7% per year to account for the 3 year duration of the
project. The total project cost is $1,575,000.00. No salvage
value for the dredge, booster or pipe has been included because
of the duration of the project. The cost estimate also assumes
that the removal of dredged material from the containment areas
will be carried out at no cost to the project, probably by a
local contractor.
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TABLE 25
HYDRAULIC DREDGING COST SUMMARY

Cost ($)

Task
A.
B.

Engineering and Design Expenses
(Consultant Services)
Containment Area Construction;
Northern Gravel Pit Sites
1. Embankment Construction
9,000 CY @$6.00/CY
2. Outflow Devices
3. Underdrains
4. Polymer Pump and Generator
5. Return Piping
1000 LF @$6.00/LF
6. Safety Protection
7. Erosion Control
20% Contingency

135,000

75

54,000
17,000
9,000
3,000

75
75
75
75

6,000
15,000
5,000
110,000
22,000

75
75
75
75

132,000

Subtotal
C.

Maximum Percent
Reimbursable
Under Clean
Lakes Program

Dredging Costs
1. Dredging Performed by Contractor
165,000 CY @$6.00 CY
(Includes Dredge Operation,
Labor, Mobilization)

990,000

20% Contingency (Including
3 Years Inflation @ 7%/Year)

198,000

75

75

1,188,000

Subtotal
D.

Restoration of Containment Area
(Includes Grading, Loam
and Seeding)

50,000

75

E.

Monitoring of Dredging Project

40,000

75

F.

Environmental Assessment and
Permits
1. Environmental Impact Report
2. Other Permit Related Tasks
and Fees

25,000

75

5,000

0

30,000

Subtotal
PROJECT TOTAL

1,575,000
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Conventional Excavation Costs
The cost projection for the conventional excavation of
125,000 ra (165,000 CY) of material from Forge Pond is based upon
utilizing the northern gravel pit as a temporary
disposal/dewatering area. Embankment construction will be
required, although not of the size or degree of compaction
required for a hydraulic dredging containment area.
It is estimated that it will take approximately seven months
to dredge the entire Pond by conventional means. With
conventional excavation the project could be shortened without
increasing the costs. Table 26 summarizes the cost estimate for
conventional dredging; past experience with similar situations
allows BEG to estimate the magnitude of the expense.
In calculating the excavation costs, a conservative estimate
was made of 20% shrinkage upon dewatering the lakes. The total
cost of dredging Forge Pond by conventional means is projected to
be $1,102,000. This is approximately $473,000 less than the
hydraulic dredging option.
Overview
Dredging would alter the nutrient budget of Forge Pond. This
would be through the removal of phosphorus-laden sediments and
reduction of the macrophyte "pumping" of phosphorus from the
sediments. It is estimated that 13% of the phosphorus budget
could be eliminated. This option can be considered to yield a
tangible improvement in water quality if coupled with other
efforts. In addition and more importantly from a utilitarian
viewpoint, it has significant benefit for recreational use due to
the removal of nuisance macrophyte beds.
Dredging is a complicated process and, as such, will require
several permits. The entire process would require review and
action by the Executive Office of Environmental Affairs (MEPA
unit), which may require an Environmental Impact Report. Due to
the actions in water resource areas, a Notice of Intent would be
required to be filed with the Granby Conservation Commission. A
Section 404 permit from the U. S. Army Corps of Engineers is
likely to be required. Discharge from a detention basin for
dredged material is likely to require a National Pollution
Discharge Elimination Systems (NPDES) permit and a Water Quality
Certificate issued by the Massachusetts Department of
Environmental Quality Engineering.
A monitoring program will be required for the dredging
process. The cost of monitoring during dry dredging is estimated
at $20,000. Post-project monitoring would cost approximately
$7,000. This program is fully described in a later section.
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TABLE 26
CONVENTIONAL EXCAVATION COST SUMMARY

Cost ($)

Task
A.
B.

Engineering and Design Expenses
(Consultant Services)

55,000

75

Containment Area Construction;
Northern Gravel Pit Site
1. Embankment Construction
5,000 CY @$5.00/CY
2. Safety Protection
3. Erosion Control

25,000
8,000
3,000

75
75
75

7,200

75

20% Contingency

43,200

Subtotal
C.

Excavation Costs
1. Bulk Excavation
3.0 CY Front-end Loader or
Track Mounted Backhoe
132,000 CY (80%) @$3.00/CY
2. Hauling
12 CY Dump 2.5 mi. avg.
Round Trip @$2.75/CY
20% Contingency

396,000

75

363,000

75

151,800

75

910,800

Subtotal
D.

Restoration of Containment Area
{Includes Grading, Loam and
seeding)

E.

Monitoring
1. Construction Monitoring
2. Post-dredging Monitoring
Subtotal

F.

Maximum Percent
Reimbursable
Under Clean
Lakes Program

36,000

75

20,000
7,000

75
75

27,000

Environmental Assessment and
Permits
1. Environmental Impact Report
2. Other Permit Related Tasks
and Fees
Subtotal

25,000

75

5,000

0

30,000

PROJECT TOTAL
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1,102,000

FISHERY MANAGEMENT
Contingent with the rehabilitation of the water quality of
Forge Pond, an opportunity exists to greatly improve the fishery.
If recommended lake and watershed management options are
implemented, Forge Pond will revert to a mesotrophic lake,
commensurate with the watershed size and land use. The wetlands,
coves and islands offer good fish cover and habitat. The pond is
close to major metropolitan areas and easily accessible by
highway. Good numbers of fishermen already frequent the pond in
the early spring before weed growth makes angling difficult.
Access points to the pond exist, though they need improvement.
These factors can be combined to produce an excellent warmwater
fishery which would bring some economic benefit to Granby and
would restore a positive attitude toward Forge Pond by local
residents. This latter factor is very important in increasing
citizen involvement in promoting intelligent lake and watershed
practices; people need to perceive Forge Pond as a recreational
resource before they will actively protect it. It is also
particularly important in getting non-abutters to feel some sense
of civic pride, as maintenance and upkeep is likely to be an item
on the annual Town budget.
The present fishery is clearly a function of the eutrophic
conditions. True, there are a few "lunker" bass, but the fish
community is dominated by panfish (pumpkinseed, yellow perch and
bluegill), and rough fish (white sucker and golden shiner).
There are undoubtedly large diurnal swings in oxygen that may
reach dangerously low levels at times. The very poor water
clarity caused by algal blooms and resuspended sediment puts the
visual predators at a disadvantage. The heavy density of
macrophytes also make foraging by piscivores (bass and pickerel)
very inefficient and allows panfish to proliferate. These
panfish often reduce the spawning efficiency of the game fish by
eating their: eggs. Further, the density and extent of the
macrophytes make angling from the shoreline very difficult by
late June.
Reduction of the eutrophication will lead to improvement in
the water clarity. The reduction of macrophyte cover would aid
piscivores in detecting prey fish. The optimal amount of
macrophyte cover is usually assumed to be between 20 and 40%, so
large reduction is necessary. Some amount of cover should be
retained to provide fish habitat, spawning and nursery areas.
The abundant coves in the northern area and the entry wetlands
should provide these necessary conditions.
The fish community is likely to be negatively impacted by an
annual winter drawdown and may be largely eliminated by a
complete drawdown for the purposes of dry dredging. The second
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possibility is clearly the more serious and needs to be
addressed. Possible solutions include careful removal of the
fish and relocation to other nearby ponds; with eventual return
to Forge Pond. Alternatively, the more desirable fish could be
given to the Massachusetts Fish and Wildlife for stocking
elsewhere, with the provision that they would stock the pond
after refilling. The latter seems more promising. The drawdown
would actually provide the opportunity to more quickly alter the
fish community structure. Very few drawdowns ever completely
eliminate the entire fish population, but the original numbers
are sharply reduced. This gives a restocking effort more
influence. EEC suggests that the pond be stocked with yellow
perch, largemouth bass, chain pickerel, and northern pike (or
hybrid tiger musky). The game fish would do well in controlling
the numbers of sunfish and forage fish. The yellow perch can act
as forage fish when small, or desirable pan fish when larger.
Black crappie might be included to enhance ice fishing. Even
after the recommended lake improvements, Forge Pond will be
productive enough to maintain good numbers of top predators, if
not overfished.
To complement the improvement in water quality and fish
community, efforts should be made to increase the access to the
pond for anglers. Present public access is through the area just
adjacent to the dam. Parking is on the shoulder of the road and
there is no developed boat launch facility. This area should be
opened to the public and a limited parking lot developed. A
derelict stable could be razed to make room for the parking lot.
A primitive boat launch could be installed to the south of the
main dam. There is an access road to this area that can be
controlled with a gate. There is another private boat launch on
the southern arm of the lake. As the lake improves, there may be
some incentive for the owner to improve this facility as well.
The cost that would be associated with the improvements at
the public access (public parking lot and boat launch) would not
be expected to exceed $20,000.00. This money would not be
fundable under the Clean Lakes program, but the Town of Granby
could apply to other sources, such as the M.G.L. Chap. 132A, Sec.
11. Massachusetts Self Help Program. Once installed, this area
would also require some degree of maintenance and upkeep that
Granby would be expected to provide.
Overall, the improvement of the fish community and lake
facilities should increase public usage of Forge Pond. A certain
loss of privacy would result for the lake abutters. This issue
was recognized and discussed at the second public meeting. The
consensus arrived at was that this would be a small price to pay
for the potential benefits afforded by a complete restoration of
Forge Pond.
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RECOMMENDED MANAGEMENT APPROACH
After consideration of the 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.

Conduct an experimental winter drawdown to help control
aquatic macrophytes and evaluate possibility for dry
dredging.

2.

Install bottom cover barrier (e.g., Aquascreen) to
mitigate nuisance macrophyte growth and permit
recreational access around weed-choked areas near public
access and in channels in the pond.

3.

Conduct an education program to inform watershed
residents of the need to maintain on-site wastewater
disposal facilities, eliminate the use of phosphorus
detergents and use best agricultural management
practices.

4.

Identify and protect critical areas or buffer zones in
the Forge Pond watershed. Encourage the adoption of
either new zoning designations or outright acquisition of
these critical areas by the Towns if required.

5.

Develop a pilot program for the forest application
treatment for the sewage effluent from the Belchertown
State School treatment plant, with appropriate monitoring
scheme.

6.

After evaluation of forest application system, develop a
treatment program incorporating forest application and
chemical treatment for effluent.

7.

if the phosphorus reduction program for Weston Brook is
successful, proceed with removal of 125,000 cu. m of
sediment to deepen Forge Pond and remove nuisance
macrophyte beds. Removal of sediment through
conventional excavation following drawdown is
recommended. If the phosphorus reduction program is
reduced in scope, consider a limited dredging or
hydroraking of southern cove.

8.

Improve public access and boat launch areas to facilitate
fishing access to and overall recreational utility of
Forge Pond.
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Discussion of Recommended Options
It is recommended that funding for management options No. 1 5 be sought together. The critical option is the successful
development of a pilot program for forest application. As shown
in the flow chart (Figure 24), success with this option leads to
further pond restoration with sediment dredging and facilities
improvement as the final steps. If the pilot program is
successful, expansion of the system is recommended.
Complementation of this program with chemical tertiary treatment
at the sewage treatment plant is the best option, but depends on
funding availablity to accomplish both tasks. If the pilot
program determines that forest application is not feasible, then
funding for full seasonal chemical treatment should be sought. A
limited sediment removal program restricted to the southern arm
is suggested. The details of the options are more fully
explained below.
The advantages of Option #1 are the relative ease and virtual
non-expense connected with a winter drawdown. A one meter
drawdown, from late November to early March, might help control
macrophytes along the periphery of the pond. It would also yield
important information on the pond sediments dewatering
capabilities and their ability to support construction equipment
for a conventional excavation. It would identify those wells
likely to experience problems during a prolonged water level
drop, as well as wetland impacts and the potential need for
gabion weirs to protect these areas.
Option #2 is recommended in consideration of the lengthy
delays that may be incurred before options of greater magnitude
are initiated. At a relatively low cost, it provides access and
helps provide limited control of macrophytes in the pond area
most severely impacted. Installation should proceed as soon as
possible.
Options #3 and 4 involve education of the general public to
the potential problems caused by unwise watershed practices.
Rectification of existing problems and prevention of future
problems should be encouraged and supervised by the Granby and
Belchertown Conservation Commissions,
Option #5 and 6 represents the recommended alternative to
treat the Belchertown State School sewage effluent. Combined
forest application/chemical treatment has several advantages over
chemical treatment alone. The advantages include a more complete
reduction of total phosphorus and a seasonally variable input
that is most efficient during the pond's active period. Note
that during the period of system operation, average phosphorus
concentrations in Weston are nearly twice as low with combined
forest application than with year-round chemical treatment.
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Further, this technique represents an environmentally correct
response by utilizing the effluent as a potential resource to be
exploited rather than a waste to be treated and discarded.
Forest application offers the opportunity to use an innovative
technology in an appropriate and cost-effective way.
Option #7 selected conventional dredging as the method of
choice to remove sediment from Forge Pond. Conventional
excavation presents a much faster and less costly approach which
requires less containment area capacity and no post-disposal
treatment of the water. Potential impacts to the pond's
bordering wetlands can be mitigated through the use of gabion
weirs, if necessary. The present fishery would be heavily
impacted, but would recover over the following year (refer to
comments from the Massachusetts Division of Fisheries and
Wildlife) . If modifications in the Belchertown plants are not
made and Forge Pond water quality is not improved then overall
conventional dredging is not recommended. In this case, a
limited dredging program in the southeasterly cove might be
considered.
However, as the resulting improvements will be more
recreational and less in water quality, it is doubtful that the
present Clean Lakes Program would easily fund that particular
project.
Option #8 represents the final stage of the restoration of
Forge Pond; i.e., utilization of a valuable recreational resource
by the people of Granby. The size of the Forge Pond watershed
will make water quality improvement beyond the mesotrophic state
somewhat problematic. However, the final water quality should
support a productive warmwater fishery. Swimming will be
improved due to the lack of weeds, but will be probably be ;
restricted to early summer. In late summer this is still a '
possibility of algal blooms and high bacteria counts, so a
swimming beach may be subject to periodic closures.
Anticipated Impacts of Proposed Management Actions
The expected changes in the phosphorus budget of Forge Pond
following various management options is shown in Table 27. By
far the largest reduction is due to the diverting of the
Belchertown State School sewage treatment plant effluent to a
forest application. This reduces phosphorus inputs by somewhere
between 36 and 45%. The elimination of internal loading by
anoxia and macrophytes by their removal would further reduce the
budget by 13%. Other watershed measures, including increased
maintenance of abutting septic systems, promulgation of best
agricultural management practices, and increased protection of
critical watershed areas should yield a 5 to 15% reduction,
depending on the intensity with which these educational and
monitoring programs are pursued.
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TABLE 27

ANTICIPATED IMPACTS OF PROPOSED MANAGEMENT ACTIONS ON THE
PHOSPHORUS BUDGET OF FORGE POND
Total phosphorus load (kg/yr)
Calculated critical load (kg/yr)1, 2
Calculated permissable load (kg/yr)1, 3
Reduction necessary to reach critical load {%)
Reduction necessary to reach permissable load (%)

1310
424
212
68
84

Anticipated reduction (%) resulting from:
Forest application of sewage treatment
Elimination of internal loading
(sediments and macrophytes)
Land use regulation and management of abutting
on-site waste water disposal systems
Total anticipated phosphorus load reduction

1 - Vollenweider criteria based on lake morphometry after
dredging.
2 - Load above which excessive productivity is expected on a
frequent basis.
3 - Load below which excessive productivity is expected only
very rarely.
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36-45
13
5-15
54-73

These impacts provide a reduction of between 54 and 73% of
the present phosphorus budget. This would place the pond below
or near the Vollenweider critical value for phosphorus loading.
Note that the Vollenweider criteria used are those based on the
pond's morphometry after dredging, and may still be overestimates
due to the short detention time. The permissible and critical
values are 197 and 394 kg P/yr (pre-dredging) and 212 and 424 kg
P/yr (post dredging). Following dredging the mean annual
detention time for Forge Pond increases to 9 days, and the
response time range increases from 12 to 20 days to 15 to 25
days.
Based on the Vollenweider analysis, Forge Pond would be
classified near the borderline between mesotrophic and eutrophic
states. However, Forge Pond is likely to be more mesotrophic in
nature after restoration than this analysis suggests. Two
factors which mitigate the projected loading are the rapid
flushing rate of Forge Pond and the seasonality of the inputs.
The Vollenweider analysis is less valid when the pond does not
act like a completely mixed reactor (Dillon, 1975). The quick
flushing of the pond will help to lessen the impact of the
chemicals, even after the morphometric changes by the proposed
dredging are achieved. Secondly, the period when the forest
application is not being used is during the winter months.
Therefore, the phosphorus is more likely to move completely
through the system rather than be retained as the pond will be
biologically inactive and have less adsorption due to the removal
of the organic sediments.
Overall, these two factors will act to drive the system to a
more mesotrophic state, one which will be more compatible with
aesthetic needs yet still provide the basis of a good qualityrecreational fishery.
Monitoring Program
A monitoring program will be necessary to assess the success
of remedial actions and aid in the formulations of appropriate
management policies. Specific objectives of the monitoring
program for Forge Pond and associated cost estimates are
presented in Table 28.
Proposed monitoring in the first year include macrophyte
surveys, ground water assessment (pilot program) and a predredging water quality sampling. The second year covers ground
water assessment for the full forest application and monitoring
of the dry dredging, with an optional macrophyte survey. The
third year will be similar to the second year, with water quality
assessment in Forge Pond connected with monitoring of the
excavation project. Post-dredging monitoring in the fourth and
fifth years would include both a re-check of macrophyte
populations and quarterly sampling for water quality.
Macrophyte monitoring is important to establish the effects
of the experimental drawdown and application of bottom barriers.
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TABLE 28
COSTS OF MONITORING PROGRAMS
ASSOCIATED WITH DIFFERENT MANAGEMENT OPTIONS

Estimated
Cost ($)

Item or Task
First Year
1. Macrqphyte Manitoring
(considered part of cost of bottom barriers)
a. Field evaluation of plant density in treated
and control areas in April, June and AugustSeptember by a 2-man crew.

$ 3,000

2. Ground Water Assessment of Pilot Plant
(considered part of 0/M costs)
a. Well installation.
Crew and rig for 2 days @$1,000/day
2,000
Materials for 5 single wells @$300/well
1,500
b. Well sampling - 7 Sites (5 wells and 2 locations
in Latnpson Brook) checked 12 times (monthly)
by STP personnel as part of their normal duties.
00
c. Lab analysis for 84 samples for NO,,,NHo,TFP,
T.alk,Cl,Fe,FC @$ 125/sample; pH,conductivity measured by STP staff.
10,500
Sub-total
$ 14,000
3.

In-lake Water Quality Manitoring (pre-dredging)
a. Sampling of two sites in Forge Pond (at surface
and bottom in northern basin near outlet), 4 times
per year (Jan,April,July,Oct) @ $3007 visit.
1,200
b. Analysis for N03,NH3,TKN,TP,TFP,T.alk,
DO,Temp,SDT,chl a.,pnytoplankton, TSS,cond,
pH, and FC @ $175/sample.
2,100
Sub-total
3,900
TOTAL FIRST YEAR

$20,300
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TABLE 28 (continued)
Estimated
Cost ($)

Item or Task
Second Year
1.

Macroptiyte Monitoring
(may not be possible due to dry dredging)
a. Field evaluation of plant density in treated
and control areas in May and August @400/visit

2. Ground Water Assessment of Forest Application
(considered part of 0/M costs of full application)
a. Well sampling - 7 Sites (5 wells and 2 locations
in Lampson Brook) checked 12 times (monthly)
by STP personnel as part of their normal duties.
b. Lab analysis for 88 samples for N03/NH3/TFP,
T.alk,Cl,Fe,FC @$125/sample; pH,conductivity measured by STP staff, (add 4 "spot" samples)
Subtotal
3. Monitoring of Dry Dredging
(considered part of overall dry dredging costs)
a. Personnel environmental monitor; 4 days/month
5 month construction period, @$450/day
b. Analysis of 20 water samples for turb,TSS,
cond, D.O.,TP, @$50/sample
Sub-total
TOTAL SECCND YEAR

$

800

00
11,000
11,000

9,000
1,000
$10,000
$21,800

Third Year
1. Ground Water Assessment of Forest Application
(same as second year program)
2. Monitoring of Dry Dredging
(same as second year program)
TOTAL THIRD YEAR

$11,000
$10,000
$21,000

Fourth and Fifth Years
1. Macropiiyte Monitoring - 2 years
(elements and costs of each year are the
same as second year program)
2. In-lake Water Quality Monitoring - 2 years
(same as first year program)
TOTAL FOORTH AND FOFTH YEARS
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$!/ 600
$5,400
$7,000

The first survey will establish the starting conditions and base
maps for comparison later, and so should be the most extensive
field investigation.
Macrophyte density should be expressed as
both percent cover and biomass per unit area for covered and
uncovered locations. The costs for this visit are assumed as
part of the overall cost of bottom barriers. Subsequent visits
for checking changes will be less time-consuming and therefore
less costly. During drying dredging the macrophyte survey may
not be feasible, but it should be included as part of the posttreatment monitoring.
Assessment of the quality of the ground water returning to
Lampson Brook from the forest application area requires the
establishment of monitoring wells, as well as in-stream sampling.
Monitoring wells would provide standard locations at which the
water level and quality could be assessed at any desired
frequency. These wells should be distributed to determine the
amount of nutrients that are being retained by the forest
application system. It is proposed that one well be located at
the top of the hill, one mid-slope, two at the base of the hill
(between the hill and Lampson Brook), and one on the eastern side
of the hill to serve as a control. The precise location of these
wells can best be determined later during the site study.
Installation and material costs for establishment of the
monitoring wells is assumed as part of the pilot program
expenses. In order to reduce costs, sampling of these wells is
considered part of the normal duties of the additional
operational staff whose salaries are covered in the
operation/maintenance costs for the pilot program. Subsequent
sampling during the full forest application will also be done by
this staff person.
Monitoring of the dredging operation will include surface
water quality sampling during operations, as well as posttreatment monitoring of the pond. The number of water samples
and stations used will depend on the state of the dredging
operation at Forge Pond. The timing should coincide with the
dredging operations to insure that excess suspended solids and
turbidity are prevented from passing downstream. Experience has
shown that the on-site presence of an environmental monitor is
more valuable than a set number of water samples. Prevention of
downstream problems is best accomplished by the cooperative
planning of the project between the contractor and the
environmental monitor.
Water quality in Forge Pond will be monitoring through a
series of pre- and post-dredging surveys. At the northern basin,
two in-pond stations (surface and bottom) will be sampled
quarterly basis for water quality. Parameters of interest are
shown on Table 28. Temperature-dissolved oxygen profiles should
be constructed to evaluate impact on the fishery.
Following the first year of dry dredging a three year
monitoring program is to be established. The following year
(schedule year 3) would continue monitoring the water quality
parameters to ascertain the performance of the dry dredging.
Following the excavation phase, sampling would continue through
years four and five following the program outlined in the first
year.
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FUNDING ALTERNATIVES

Several sources of funding may be available for management
activities in the Forge Pond watershed (Tables 29,30), but the
Clean Lakes Program represents the single most important and
versatile source of support. The initial funding needs of the
proposed project could best be met through the Massachusetts
Clean Lakes Program. Other potential funding sources include the
Federal Land and Water Conservation Fund or the Massachusetts
Self Help Program. These might be used for improvement of
recreational facilities. Farm land conversion to residential
land may be guided through purchase of development rights by the
Agricultural Preservation Restriction Program. Notes on
potential funding sources are given in Table 29.
Up to 75% of the costs associated with capital investments in
the management of the lake are reimbursable under the Clean Lakes
Program. Dry dredging would clearly fall under this category.
For alteration of Belchertown State School sewage treatment
plant, several conditions would have to be met (see below).
Maintenance and operation expenses are not reimbursable; a real
consideration in the choice of management alternatives. 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. The proposed
education program is eligible for Clean Lakes funding, and should
aid the formulation and passage of needed ordinance changes.
In a letter dated May 13, 1987 from Elaine Hartman, DEQEDWPC, to Kevin Brooks, Granby Conservation Commission, the
question of the applicability of modification to the Belchertown
State School sewage treatment plant via Clean Lakes restoration
grant was discussed (for full text see Technical Appendix).
Though not usually considered as a fundable item, it may be
eligible as an exceptional case. However, this eligibility would
require that the recommended phosphorus reduction at the
treatment plant would significantly improve water quality at
Forge Pond, that Belchertown apply and be denied conventional
funding through the construction grants program, and that
Belchertown assume ownership of the treatment plant.
Funding for the pilot program of forest application is
potentially possible under research and development funds of the
Massachusetts DWPC. This funding would also obligate the Town of
Belchertown to acquire the sewage treatment plant.
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TABLE 29
POTENTIAL FUNDING SOURCES FOR THE PROPOSED
RESTORATION OF FORGE POND

Source

Funding
Level

Notes

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

75%

Sound Program; July 1,
request deadline;
Nov. 15, application
deadline. Sound program

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

50%

Financially restricted;
few new projects accepted.

Rivers and Harbors Program
(Division of Waterways, DEM}

75%

Recently reorganized, Jan.
15 deadline. If renewed in
subsequent FY appropriations
it could supply 75% funding
for a dredging program.

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

50%

Acquisition of lands for
outdoor recreation. Need to
have up-to-date open space
plans. Funds available.

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

Agricultural Preservation
Restriction Program (APR)
Ch. 780, Acts of 1977
(Food/Agriculture)

(up to)
80%

100% of
purchase
of development
rights
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Grants to Conservation
Commissions for Land
Acquisition; need an approve
open space plan. Funds
available.
$45 M committed to date.
Appropriate to Belchertown
and Granby.

TABLE 30

LOCAL COSTS OF RECOMMENDED MANAGEMENT OPTIONS FOR FORGE POND

Local Share

Manaaement Ootions

Available Fundina

Winter Drawdown
(if gabion weirs not required)
(if gabion weirs required)

none required
Chap. 628

$0.00
$18,000.00

$0.00
$4,500.00

Bottom Barriers

Chap. 628.

$30,000.00

$7,500.00*

Watershed Protection

Chap. 628

$12,000.00

$3,000.00"

Pilot Program of
Forest Application of
Sewage Plant Effluent

Chap. 628.

S85.0QO.QQ

S21.250.001

$145,000.00

$36,250.00

and Education

INITIAL RESTORATION COSTS

Cost

Full-Scale Implementation of
Forest Application of
Sewage Plant Effluent

Chap. 628.

$213,000.00

$53,250.00'

Conventional Excavation
of Lake Sediments

Chap. 628

$1,102,000.00

$275,500.00*

Facility Improvement

town-financed

$20.000.00

$20.000.00'

$1,335,000.00

$348,750.00

$1,480,000.00

$385,000.00

FINAL RESTORATION COSTS
TOTAL PROJECT COSTS

* Costs expected to be financed solely by the Town of Granby
11

Costs expected to be shared between the Towns of Granby and Belchertown
under an agreed cost-sharing plan that has yet to be determined. A draft version of
an inter municipal agreement will likely be required for the application for Phase II
funds, with a final agreement in place before state funds are released.
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Given the joint nature of some of the proposed restoration
options (watershed management, pilot program), costs are expected
to be shared between the Towns of Granby and Belchertown. This
arrangement will have to be worked out between the Selectmen of
these towns. A draft version of this intermunicipal agreement
should be prepared before application of the towns for Phase II
funding. A final and binding agreement will be required before
the appropriate Town meetings so that matching funds will be
available.
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CONTACT AGENCIES
Funding by the Massachusetts Clean Lakes Program requires the
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 Granby) must provide evidence of public
access and a certificate of title to the project site. Zoning or
land use actions resulting from consideration of the information
in this report may be subject to approval under Executive Order
215 (Fair Housing). Most activities would be coordinated by the
Granby Conservation Commission.
Concerns over Forge Pond should be made clear to the
Selectmen, Planning and Zoning Board and Conservation Commission
of Belchertown to expedite decision-making and provide policy
consistency throughout the watershed. The formation of a
watershed management committee under the aegis of the Granby
Conservation Commission is suggested.
Permit requirements necessitate review and action by the
Executive Office of Environmental Affairs (MEPA Unit) and the
Granby and Belchertown Conservation Commissions (regarding
actions in water resource areas). If dredging is involved
permits may be required from the Division of Waterways, Wetlands
Regulations, the Division of Water Pollution Control (water
quality certification) and the U.S. Army Corps of Engineers
(regarding fill materials in waterways) .
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PERMITS AND APPROVALS REQUIRED IN CONNECTION WITH
THE PROPOSED IMPROVEMENTS TO FORGE POND
Permit /Review/Approval

Contact Office/Telephone No.

Mass. Commission Against
Discrimination

Commission Against Discrimination
1 Ashburton Place
Boston, MA 02108
(617) 727-7309

Approval

Executive Order 215
(Fair Housing Order)
Approval

Executive Office of Communities & Devel.
100 Cambridge Street, Room 1404
Boston, MA 02202
(617) 727-7130

Certification of Title to
Project Site

DEQE, DWPC
Westview Building
Lyman School Grounds
Westborough, MA 01581
(617) 366-9181

Division of Fisheries and
Wildlife
Notification

Connecticut Valley Wildlife District
Division of Fisheries & Wildlife
East Street
P. 0. Box 256
Belchertown, MA 01007
(413) 323-7632

Historical Commission
Approval

Historical Commission
80 Boylston Street
Boston, MA 02108
(617) 727-8470

Natural Heritage Program
Review

Natural Heritage Program
100 Cambridge Street
Boston, MA 02202
(617) 727-3151

Mass. Environmental
Policy Act
Review

Executive Office of Environmental Affairs
MEPA Unit
100 Cambridge Street, 20th Floor
Boston, MA 02202
(617) 727-5830

Wetlands Protection Act
Permit

Granby Conservation Commission
Kellogg Hall
Granby, MA 01033
(413) 467-7178
Belchertown Conservation Commission
Town Hall
2 Jabish Street
Belchertown, MA 01007
(413) 323-7159
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Permit /Review/Approval

Contact Office/Telephone No.

Army Corps of Engineers
Sec. 404 Permit

ACOE
Regulatory Branch
424 Trapelo Road
Waltham, MA 02254
1-800-362-4367

Chapter 91 Waterways License

Division of Waterways/Wetlands Regulation
DEQE
1 Winter Street
Boston, MA 02108
(617) 292-5517

Water Quality Certificate

Permits Section
DWPC
1 Winter Street
Boston, MA 02108
(617) 292-5673
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ENVIRONMENTAL EVALUATION

Environmental Notification Form
Appendix B 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. An impact
statement may or may not be required for the proposed project(s).
Comments by Interested Parties
Two public meetings were held by BEC, Inc. during the study
period to inform interested parties of progress and solicit
comments. A summary of the comments and questions raised at the
second public meeting is given in the Appendix. Informal
meetings with representatives of New England Small Farm Institute
and Belchertown State School were also held. Comments made by
meeting participants have been incorporated into this report
wherever possible. Strong and enthusiastic support has been
shown by the lake abutters for the reduction of effluent loadings
from the Belchertown State School STP and restoration of Forge
Pond to a greater depth.
Copies of the draft report were sent to the Selectmen and
Conservation Commission of Granby, the Conservation Commission of
Belchertown, the Massachusetts Department of Environmental
Quality Engineering, and the Massachusetts Division of Fisheries
and Wildlife. Notification of project location and a summary
were forwarded to the Massachusetts Historical Commission and
Natural Heritage Program. Comments received verbally or in
written responses will be incorporated into the final version of
this report whenever possible. General comments and points not
addressed in this report are included in the Appendix.
Relation to Existing Plans and projects
The proposed management plan is consistent with all stated
objectives and community-sponsored activities in the watershed.
Proposed watershed management will decrease nutrient loading in
Forge Pond, as well as in other waterbodies downstream.
Improvement in the performance of the Belchertown State STP will
benefit both Granby and Belchertown. Projected addition of a
secondary clarifier will be beneficial to the development of
phosphorus reduction through chemical means. Proposed in-lake
actions will improve pond conditions without detriment to
downstream water quality or flows.

197

198

FEASIBILITY SUMMARY
An evaluation of possible management options at Forge Pond
was conducted and those alternatives which were not appropriate
or feasible were eliminated. The remaining and recommended
options include: a winter drawdown, deployment of macrophyte
bottom barriers, institution of a watershed education and
protection program, modification of the Belchertown State
wastewater treatment plant effluent, excavation of sediments by
conventional dredging, and improvement of fishery and
recreational facilities. The tentative implementation schedule
and associated costs are presented in Table 31.
The recommended options constitute a long-term lake and
watershed management program that would be implemented in three
steps. The first step includes the lake management options for
the immediate future; the winter drawdown and the bottom
barriers. The second and most critical step is the reduction in
the Belchertown effluent flow through a combined treatment of
forest application and chemical treatment. A pilot program would
be used to test and evaluate forest application before full
implementation of the system. The more conventional chemical
treatment would be used to reduce phosphorus loads, particularly
during winter months when forest application is not feasible.
This action would be coupled with a watershed education and
protection program. The third and final stages are the removal
of bottom sediments via dry excavation, and the enhancement of
public access and recreational facilities, A monitoring program
is included for the larger scale options. Potential funding
sources have been discussed, with the Massachusetts Clean Lake
Program targeted as the likely primary source for the lake
restoration options. Other funding sources are available for
improving access facilities.
The recommended options will improve lake water and
recreational quality, but the overall costs may prove prohibitive
for the resources Granby can initially commit to Forge Pond's
rehabilitation. However, it should be noted that Granby can
apply for Phase II funding for one, two or all of the options at
its discretion and not disqualify itself for future funding
applications. Given that the timeframe of restoration depends on
what actions the Town of Belchertown takes in regard to upgrading
and taking ownership of the Belchertown State School sewage
treatment plant, it may, in fact, be advisable for the Town of
Granby to consider short-term and long-term strategies to improve
water quality in Forge Pond. Results from the pilot program will
help to determine future restoration options.
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Table 31. Summary of Management Actions, Implementation Schedule and Associated Costs.

Actions

Fall/
Winter
1989-90

Spring/
Summer
1990

Water Level
Drawdown

Drawdown
($0)

Evaluate
Impact

Installation
of Gabion Weirs
Bottom Plant
Barriers

Watershed
Education
and
Protection
Design,
Forest
Application
Permits
of Sewage
($14,000)
Plant Effluent
(Pilot Program)

Fall/
Winter
1990-91

If required;
Design/Permits
($6,000)

Fall
1991

Installation
($12,000)
Macrophyte
Monitoring

Purchase,
Application,
Monitoring
($27,000)

(3,000)

Information
Phase/
Designation of
Critical Areas
($4,000)

Distribution/
Discussion at
Town Meeting

Site
Construction
& Preparation
($36,000)

System
Operational,
Monitoring
($30,000)

($8,000)

End of
Testing,
Evaluation
($5,000)

Full
Implementation

Chemical Trtmt
Added as part
of STP

Costs dependent on the upgrading of the
Belchertown STP. Estimated capital costs
of $500,000. Operational costs estimated at
$30,000/yr in addition to routine STP operation

Conventional
Excavation of
Lake Sediment

Improvement of
Facilities
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Table 31 (continued).
Year
1992

Year
1993

1995-96

1994

Drawdown
($0)

Totals
$0

$18,000

$30,000

$12,000

$85,000

Begin Full
Implementation
($106,500)

Finish Full
Implementation
($106,500)

$213,000

$500,000

Design, Permits
Construction of
Containment
Areas
($115,000)

Conventional
Excavation
w/ project
monitoring
($480,000)

Conventional
Excavation
w/ project
monitoring
($480,000)

Post-trtmb
Monitoring
($7,000)

Parking
$20,000

$1,102,000

$20,000

TOTKL (w/o STP construction)

$1,480,000

TOTM. (W/ STP construction)

$1,980,000
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APPENDIX A
Educational Information About Land and Wastewater
Management for Minimization of Groundwater Pollution.
Agricultural Best Management Practises.
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Educational information-
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AN ANNOTATED BIBLIOGRAPHY OF USEFUL

PUBLICATIONS

Bolger, R.C. 1965, Ground Water. Educational Series #3. Commonwealth of
Pennsylvania, Dept. of Internal Affairs, Harrisburq, 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 d e t e r m i n i n g
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 U n i t ,
Hartford, CT.
The process of eutrophication is described and the importance of
control ing phosphorus is emphasized.
Sources of informat ion for evaluating
lake condition are presented. Sources of pollution are discussed and
recommendations for control ing inputs are given, including tips on
minimizing 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
aging and
and costs
discussed,

booklet describes lakes and lake processes, including natural
accelerated eutrophication. Management techniques, l i m i t a t i o n s ,
are given. The formation of lake management d i s t r i c t s is
and additional sources of information are listed.

Lake Cochituate Watershed Association.
1984a.
Detergents and
Your Lake. MDWPC Publ. # 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 reduc ing
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 clean ing products and
their phosphorus content.
Lake Cochituate Watershed Association.
I984b. Fertilizers and
Your Lake. MDWPC Publ. I 13,808-11-200-10-84-C.R.
The use of fertilizers, their composition, and natural processes
affecting them are described in layman's terms. Interactions w i t h 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. A1leva (editors).1986, Water: Life Depends On It.
Reprints from the Citizens' 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.
Strahler, A.N. 1972. The Environmental Impact of Ground Water Use on
Cape Cod. Assoc. for the Preservation of Cape Cod, Orleans, HA.
This detailed treatise on the geology and hydrology of Cape Cod is
written largely in layman 1 s terms or with explanation of terms. Many
useful diagrams aid understanding of the processes that determine the
quantity and quality of ground water on Cape Cod. Detailed appendices
describe phenomena and models of interest to laymen and professional alike,
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 collect ion of papers from a recent symposium covers the range of
techn ical, 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.
Lieu id 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 cf sol ids 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
satisfy a questionable perception of beauty or order.
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to

4. The use of many species of natural vegetation maintains
potentially valuable diversity and requires less noney 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 environmentally tolerable performance of a systen.
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 leachfielc systens,
treatment will be insufficient to control nitrogen release
into the ground water. More than 90% of the nitre-gen 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 a p p r o p r i a t e l y ,
systems that recirculate effluent for further treatment, and
systems which have no effluent (holding tanks). '•-'hile -ore
expensive to install or m a i n t a i n , these systems have less
environmental impact than conventional systems. Their use
should be encouraged in environmentally sensitive cr densely
populated areas not served by a community sewerage syster.
7. An on-site wastewater treatment system functions in the sane
capacity as a municipal wastewater treatment plant, only at an
individual site level. As with laroe 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.
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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 tines 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 source of replenishment. Contaminants on
the surface of the land or in the soil may he carried with
percolating water into the ground water supply,
2. 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.
3. 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.
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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 quality 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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Agricultural Best Management Practices
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BEST MANAGEMENT PRACTISES.
(Taken from : Massachusetts Agricultural Water Quality Study. USDA, 1984)

Introduction
The Best Management Practices listed in this appendix are presented for approval by Massachusetts Department of Environmental Quality Engineering (DEQE),
the designated statewide water quality management agency. Once approved by
DEQE the practices on the list shall be considered appropriate for reducing
water quality problems stemming frotn agricultural sources.
At this point it is useful to define a Best Management Practice, therefore:
A Best Management Practice is a practice or combination of practices
that is determined by the Massachusetts Department of Environmental
Quality Engineering to be the most effective and practicable means of
preventing or reducing the amount of pollution'generated by non-point
sources to a level compatible with water quality goals.
Best Management Practices
The following Best Management Practices (BWs) have been selected to reduce
water quality problems steming from agricultural sources.
There are 16 BMP's listed and each BM3 can be further broken down into one or
more components. There are a total of 57 separate components many of which
are used in more than one Bf-P. Fifty-five of these components are selected frcr*
the SCS National Handbook of Conservation Practices. The name and number listed
for component is the practice name and code number from this national handbook.
The two exceptions are practices, 384, Fertilizer Management, and 514, Pesticide Management, which originate with the Extension Service. Technical assistance for these two practices w i l l be furnished by the Extension Service.
This listing of BMP's closely follows the BMP's selected for the Westport River
Rural Clean Water Program (RCWP) in Bristol County, Massachusetts. Additional
BMP's have been added to the Westport River RCWP listing to produce this statewide listing. These additional BMP's are needed for situations which are either
not present or not very important to water quality in the Westport River.
BMP-1

PERMANENT VEGETATIVE COVER
A-

Purpose To protect the soil and prevent the pollution of water
from agricultural or silvicultural non-point sources.

8. Applicability To farm land subject to water erosion to be estab" lished in permanent vegetative cover to prevent water pollution.
C. Description The practice consists of the application of minerals
and seeds, seedbed preparation, seeding and fencing. Items not considered part of this practice include:
1.

Clearing of rocks or other obstructions.

2, Vegetative cover which includes only legumes.
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The acreage seeded must be protected from grazing by domestic livestock until the stand is well established. Also, the vegetative
cover should be maintained for some minimum lifespan.
D.

Components
1.

Fencing - 382

2.

Pasture and hayland management - 510

. 3.
BMP-2

Pasture and hayland planting - 512

ANIMAL WASTE CONTROL SYSTEM

A.

Purpose To prevent the pollution of water by animal w a s t e s .

B.

A p p l i c a b i l i t y To areas on farmland where animal w a s t e s from the
farm c o n s t i t u t e s a s i g n i f i c a n t water pollution hazard.

C.

D e s c r i p t i o n T h i s p r a c t i c e provides f a c i l i t i e s for the storage and
handling of l i v e s t o c k and poultry w a s t e and for the control of surf a c e runoff w a t e r to permit the recycling of animal waste onto the
land in Such a manner as to abate pollution which would otherwise
result from l i v e s t o c k or poultry operations.
Animal w a s t e s t o r a g e
f a c i l i t i e s include aerobic and anaerobic lagoons, liquid manure
t a n k s , holding ponds, collection basins, and settling basins. Surface runoff components can include diversions, channels, w a t e r w a y s ,
outlet structures, piping, land shaping, and similar measures.
Other permanently installed equipment, needed as an integral part
of the system are roof gutters, fencing and vegetative cover and
for l e v e l i n g and f i l l i n g to permit the i n s t a l l a t i o n of an e f f e c t i v e
system.

D.

Components
1.
2.
3.
4.

Waste management system - 312
Waste storage structure - 313
Critical area planting - 342
Dike - 356

5.
6.
7.

W a s t e treatment lagoon - 359
D i v e r s i o n - 362
Fencing - 382

8.
9.
10.
11.
12.
13.
14.
15.
16.

Grassed waterway or outlet - 412
Waste storage pond - 425
Irrigation system, sprinkler - 442
Roof runoff management - 558
Roofing for runoff control - 559 (limited use)
Subsurface drain - 606
Surface Drain, field ditch - 607
Surface drain, main or lateral - 608
Waste utilization - 633
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BMP-3

STRIPCROPPING SYSTEMS
A.

Purpose To establish a contour, f i e l d stripcropping, or s i m i l a r
system to protect soil from wind and water erosion and to prevent
the pollution of water from agricultural non-point sources.

B.

Applicabil1ty To cropland subject to erosion or soil movement
which constitutes a water pollution hazard.

C.

Description The practice consists of the establishment of stripcropping and, if necessary, the removal of such obstacles as stone
walls or hedgerows where applicable. Typical considerations on row
crops include keeping crop stubble or residue on the land during
winter, establishment of a winter cover crop, and use of adequate
protective t i l l a g e operations. For contour stripcroppirg systems,
cultural operations must be performed as nearly as practicable on
the contour.

D.

Components
1.
2.
3.
4.

BMP-4

TERRACE SYSTEMS
A.

Purpose To provide control of erosion on cropland and prevent
po11ution of water from non-point sources.

8.

AppT fcabf1Tty To cropland subject to erosion from water runoff
which constitutes a water pollution problem.

C.

Description The practice consists of the installation of terraces,
the necessary leveling and f i l l i n g to permit installation of an effective system, and if necessary, the removal of stone w a l l s or
hedgerows in order to permit installation of an effective system.
Also included in these systems are underground pipe outlets, other
mechanical outlets, vegetative protective outlets and waterways.
These systems are usually installed for long periods of time - 10
years or so.

D.

Components
1.
2.
3.
4.

BMP-5

Obstruction removal - 500
Stripcropping, contour - 585
Stripcropping, field - 586
Stripcropping, wind - 589

Obstruction removal - 500
Terrace - 600
Subsurface drain - 606
Underground outlet - 620

DIVERSION SYSTEM
A.

Purpose To control erosion, and prevent pollution of water from
non-point sources.
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B. AppUcabll 1ty To farmland subject to erosion from excess surface
or subsurface water where the problem creates a water pollution
hazard.
C. Description Diversion systems include ditches, diversions, dues
or subsurface drains. Can be used for erosion control on areas on
sloping farmland where the internal water seeps to the surface arxj
causes the land or conservation cover to lose its stability. Often
involves the installation of structures such as pipes, chutes, underground outlets or other outlets, if needed, for proper functioning to a ditch or dike, for more even flow or to protect outlets
from erosion. Leveling and filling may be necessary to permit i>rstallation of an effective system. Also removing portions of stone
walls or hedgerows may be necessary to permit establishment of tne
practice.
D.

Components
1.
2.
3.
4.
5.

Dike - 356
Diversion - 362
Obstruction removal - 500
Subsurface drain - 606
Underground outlet - 620

BMP-6 GRAZING LAND PROTECTION SYSTEM
A.

Purpose To protect vegetative cover or make practicable tne use
of the land for vegetative cover so as to control soil erosicn
and to prevent the pollution of water from agricultural or s i l v l cultural non-point sources.

B.

Appl i c a b i l i ty To installations that improve water quality D/
providing water at locations which w i l l prevent water pollution.

C.

Description These systems can include:
1. Construction or deepening of wells
2. Development of springs or seeps including fencing of tne arec,
if needed, to protect the development from pollution by ";ivestock
3. Dugouts
4.

I n s t a l l a t i o n of p i p e l i n e s , water storage f a c i l i t i e s , c i s t e r n s
and a r t i f i c i a l watersheds

5. Fencing
D.

Components
1.
2.
3.
4.
5.
6.
7.

Pond - 378
Fencing - 382
Pipeline - 516
Pond sealing or l i n i n g - 521
Spring development - 574
Trough or tank - 614
Well - 642
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BMP-7

WATERWAY SYSTEM
A-

Purpose To prevent erosion and the p o l l u t i o n of water on land
from agricultural non-point sources.

B.

Applicabf1fty To farmland needing permanent sod waterways to
safely convey excess surface runoff water in a manner that w i l l
prevent water pollution.

C-

Description This practice includes site preparation, grading,
shaping, f i l l i n g , and establishing permanent vegetation for waterways. Often subsurface drains may be necessary for proper functioning of a waterway. These are long term, usually 10 years or
more, installations.

0.

Components
1.
2.
3.
4.

BMP-8

CROPLAND PROTECTIVE SYSTEM

A-

Purpose To establish vegetative cover for protection from erosion
and to prevent pollution of water from agricultural non-point
sources.

B.

Applicabllity To cropland subject to severe erosion between crops
where erosion constitutes a s i g n i f i c a n t water pollution problem.

C.

Description This practice includes the establishment of cover
crops and field windbreaks, where necessary.

D.

Components
1.
2.
3.

BMP-9

Fencing - 332
Grassed waterway or outlet - 412
Lined waterway or outlet - 463
Subsurface drain - 606

Conservation Cropping System - 328
Cover and green manure crop - 340
Field windbreaks - 392

CONSERVATION TILLAGE

SYSTEMS

A-

Purpose To reduce pollution from sediment and chemically contaminated runoff, protect soil from wind and water erosion, and
improve soil permeability. To reduce water pollution from
agricultural non-point sources.

B.

Applicabillty To cropland needing erosion or sediment control
that constitutes a significant water pollution problem.
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C-

Description The conservation tillage practice Includes protecting
the land involved by crop residue, temporary cover, or other permitted management methods from harvest until the next planting.
Ullage operations may consist of:
.1.
2.

Chisel plowing with other limited operations, or
Plow-plant, or

3.

Light tillage without plowing, or

4.
5.
6.

Approved slot and strip tillage operations ahead of planter, or
Planting on chemically killed sods, or
Other similar methods.

Chemicals used in performing this practice must be federally and
state registered and must be applied strictly in accordance with
authorized registered uses, directions on the label and other
federal, state, or local policies and requirements.
0.

Components
1.
2.
3.

Conservation cropping system - 328
Conservation t i l l a g e system - 329
Contour fanning - 330

BMP-10 STREAM PROTECTION SYSTEM
A.

Purpose To control erosion and prevent the pollution of the
water from agricultural non-point sources.

B.

Appl icabil 1 ty To specific problem areas on small streams or laJces
located on or adjacent to farmland where the bank runoff containing sediment, pesticides, or fertilizer constitutes a significant
water pollution hazard.

C.

Description This practice includes the following:
1.
2.
3.
.4.

0.

Installation of permanent fencing to protect banks from
damage by domestic livestock.
Planting trees, shrubs and perennial grass cover as filter
strips or buffer zones along banks.
Providing access to water for livestock.
Installation of livestock crossings that w i l l retard sedimentation and pollution.

Components
1.
2.
3.
4.
5.

Channel vegetation - 322
Fencing - 382
Filter strip - 393
Streambank protection - 580
Tree planting - 612
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BMP-11

PERMANENT VEGETATIVE COVER ON CRITICAL AREAS

A.

Purpose "To control erosion and prevent pollution of water frcw sediment of agricultural or sil vicul tural origin.

B.

ApplIcabi1 ity To critical areas (such as g u l l i e s , banks, privately
owned roadsides, field borders, and s i m i l a r problem areas) on fams
which are susceptible to erosion and where runoff carrying substarvtial amount of sediment which constitutes a significant water pollution hazard.

C.

Description This practice includes the installation of measures
needed to stabilize a source of sediment such as grading, shaping,
and filling, the establishment, including minerals, or grasses,
trees, or shrubs, and similar measures. These measures are designed to significantly reduce erosion and maintain, or Inprove
the quality of water in a stream, lake, pond, or other water resource

0.

Components
1.
Critical area planting - 342
2. Fencing - 382
3. Field borders - 386
4.
Filter strip - 393
5.
Livestock exclusion - 472
6. Mulching - 484
7. Spoilbank spreading - 572
8. Tree planting - 612

8MP-12 SEDIMENT RETENTION, EROSION, OR WATER CONTROL STRUCTURES
^'

Purpose To control erosion and prevent the pollution of water
from agricultural or silvicultural non-point sources.

B.

A p p l i c a b i l I t y To specific problem areas on farms where runoff
of substantial amounts of sediment or runoff containing pesticides
or fertilizers constitutes a significant water pollution hazard.

C.

Description This practice includes the i n s t a l l a t i o n of sediment
detention or retention structures such as erosion control dams
(excluding water storage dams), d e s i l t l n g reservoirs, sediment
basins, debris basins, or similar structures. Channel linings,
chutes, drop spillways, and pipe drops that dispose of excess
water would also be included as would fencing a vegetative cover,
including mulching needed to protect the structure, and leveling
and filling to permit the installation of the structure.

D.

Components

1.
Z.
3.
4.
5.
6.

Sediment basin - 350
Dike - 356
Fencing - 382
Grade stabilization structure - 410
Structure for water control - 587
Water and sediment control basin - 638
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BMP-13 IMPROVING AN IRRIGATION SYSTEM AND/OR WATER MANAGEMENT SYSTEM
A.

Purpose To improve water quality by preventing or reducing the
pollution of water or land from agricultural non-point sources.

B.

Applicability To farmland that is currently under irrigation for
which an adequate supply of suitable water is available, on which
irrigation w i l l be continued and on farmland with a critical area
or source that significantly contributes to the water quality
problem.

C.

Description This practice includes the following measures if
included in a plan or portion of a plan for reorganizing an irrigation system:
1.
2.
3.

Permanently installed irrigation systems.
Lining irrigation ditches.
Tailwater recovery systems or other i n s t a l l a t i o n s for the
conservation of soil or water where needed as an integral
•'- part of the irrigation system being reorganized.

Some of the items expected to be i n s t a l l e d in these systems include i n s t a l l i n g subsurface drains, open d r a i n s , protective outlet structures or similar structures; spreading and sodding or
seeding spoil banks resulting from an i n s t a l l a t i o n ; and necessary
site preparation.
There are situations where this BW*t installed for water quality
purposes would not be authorized, such as:
1.
2.
3.
D.

If the result would be
on the farm.
To drain Wetland Types
U.S. Department of the
Circular 39 (1956).
If the sole purpose is
water table.

to increase the acreage of cropland
3 through 20, as described in the
Interior, F i s h and W i l d l i f e Service
for draining of land with a high

Components
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Irrigation water conveyance - 423
P i p e l i n e - 430
Irrigation system, drip - 441
Irrigation system, sprinkler - 442
Irrigation system, tailwater recovery - 447
Irrigation water management - 449
Structure for water control - 537
Subsurface drain - 606
Surface drain, field ditch - 607
Surface drain, main or lateral - 60S
Underground drain - 620
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BMP-14 TREE PLANTING
A.

Purpose To improve water quality by planting trees or shrubs to
treat critical areas or sources contributing to water pollution.

B.

A p p l i c a b i l i t y To farmland subject to water erosion to be established
in trees or shrubs to prevent water pollution.

C.

Description
1.
2.
3.

Included in this practice are:

The establishment of a plantation that w i l l provide both
forest products and improved protection from wind or water
erosion.
Clearing land occupied largely by scrubby brush of no economic
value where necessary to permit planting desirable tree species.
Installing permanent fences, excluding boundary and road fences,
needed to protect the plantings from grazing.

Planting orchard trees, and plantings for ornamental purposes, or
for Christmas tree production are not included in this practice.
Other considerations include:
1.
2.

D.

Planting must be protected from destructive fire and destructive grazing.
Chemicals used in performing this practice must be federally
and state registered and must be strictly applied in accordance
with authorized uses, directions on the label, and other federal,
state or local policies and requirements.

Components
1.
2.
3.
4.
5.
6.

Fencing - 382
Cover and green manure crop - 340
Tree planting - 612
Woodland direct seeding - 652
Woodland site preparation - 490
Critical area planting - 342

BMP-15 ' F E R T I L I Z E R MANAGEMENT

A.

Purpose To improve water quality through needed changes in the
f e r t i l i z e r rate, time, or method of a p p l i c a t i o n to achieve the
• desired degree of control of nutrient movement in c r i t i c a l
areas contributing to water pollution.

8.

Applicability To farmland where nutrient movement constitutes
a significant water pollution problem.

C.

Description
1.
2.
3.

Factors to be considered in this practice include:

Fertilizer application should be based on a current soil test,
which is one taken the last 12 months.
F a l l application of nitrogen on sandy soil should be avoided.
A winter cover crop should be established where needed.
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0.

Components
1. Fertilizer management - 384
2. Waste utilization - 633

BW-16

PESTICIDE MANAGEMENT
A.

Purpose To improve water quality by reducing pesticide use to
a minimum and manage pests in critical areas to achieve the
desired level of chemicals contributing to water pollution.

8.

Applicability To cropland where pesticide use constitutes a
significant water pollution problem.

C.

Description Chemicals used in performing this practice must be
federally, state and locally registered and must be applied
strictly in accordance with authorized registered uses, direction on the label and other federal or state policies and requirements. Much information is needed in order to apply
these substances in a safe manner in suitable locations.

D.

Components
1.

P e s t i c i d e management - 514
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APPENDIX B

Environmental Notification Form
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ENVIRONMENTAL NOTIFICATION FORM

I.

SUMMARY
A. Project Identification
I. Project Name
Address/Location

Forge Pond Management P r o j e c t

City/Town Granby, MA; Belchertown, MA
2 Project Proponent Granby Conservation Commission
Box 40, Granby, MA 01033
Address P.O.
3. Est. Commencement Fall/Winter 1Q89 . Est. Completion
Fall 1995
Approx. Cost S 1.400.000
. Status of Project Design
% Complete.
4. Amount (if any) of bordering vegetated wetlands, salt marsh, or tidelands 10 t>e ere d e e d ,
filled, removed, or altered (other than by receipt of runoff) as a result of the project.
acres
square feet.
5. This project is categorically included and therefore requires preparation of a--. EiR.
Yes
£
No
?
B. Narrative Project Description
Describe project and site.

:

A 1.0 meter drawdown will be conducted on Forge Pond during winter
1989-90. A bottom macrophyte barrier will be applied to macrophyteinfested areas of Forge Pond in Spring/Summer 1990. Both measures are
designed to reduce macrophyte abundance. A watershed education and
protection program is slated for 1990-91 with emphasis on septic
maintenance, agricultural best management practices, and designation of critical areas of watershed. These educational programs
are expected to reduce inadvertent loadings to Forge Pond.
Implementation of a pilot program of a forest application system for
treatment of the secondary effluent of Belchertown State School is
scheduled for the period 1990-91. This will involve re-routing of the
present effluent, pumping it up and distributing it over an approximate
5 acre site on a neighboring hill via spray irrigation. Reduction of
phosphorus through passace in the soil will significantly reduce inputs
to Forge Pond. Evaluation o f - t h i s pilot program will determine the scope and
nature of further phosphorus elimination treatments. Following a successful
phosphorus reduction program, a lake-deepening will begin. Removal of
approximately 165,000 cy will be accomplished over a 2-3 year period with
conventional excavating equipment with the pond in a drawdown state. Disposal
of dredged materials is in an inactive sand and gravel pit to the north of
lake. Monitoring of water quality will accompany macrophyte prevention,
forest application, and*dredging operations. Final stage of project is
improvement of access to lake.

Copies of the complete ENF may be obtained from (proponent or agent);
N anie: Granby Conservation CommissiQnf:; rm /AQ«>ncy:
Address: p -°' Box 40 * Granby, MA Q1033phnnp No.
413-467-7178
1986

THIS IS AN IMPORTANT NOTICE. COMMENT PERIOD IS LIMITED.
For Information, call (617) 727-5830
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P.2

C. List the State or Federal agencies from which permits or other actions have been/will be sought:
Agency Name
Permit
Date filed; file no.
Mass. Div. Water Pollution Control
Mass. Div. Waterways/ Wetlands Reg.
U . S . Army Corp of Engineers

Water Quality Certificate
Ch. 91 Waterways License
Sec. 404 Permit

D. List any government agencies or programs from which the proponent will seek financial assistance
for this project:
Agency Name
Funding Amount
Mass. Div. Water Pollution Control
Clean Lakes Program

75% of Funding for major project
components

Mass. Div. Water Pollution Control
Construction Grants

Funding for Belchertown State School
improvements

,

E. Areas of potential impact (complete Sections II and III first, before completing this section).
1. Check all areas in which, in the proponent's judgment, an impact of this project may occur. Positive
impacts, as well as adverse impacts, may be indicated.
Construction
Impacts
Inland Wetlands
Coastal Wetlands/Beaches
Tidelands
Traffic
Open Space/Recreation
Historical/Archaeological
Fisheries/Wildlife
Vegetation/Trees
Agricultural Lands
Water Pollution
,
Water Supply/Use
Solid Waste
,
Hazardous Materials
Air Pollution
Noise
?
Wind/Shadow
Aesthetics
Growth Impacts
Community/Housing and the
Built Environment
Other (Specify)
.

Long Term
Impacts
*

x

_
*
2
S
£

5
—
—,

S

£
_

'...

£
—
_
—,

:

X
x
'...

x

'.

X

.—

•

-.

2. List the alternatives which have been considered.
Nutrient loading from watershed- chemical, biological are land application treatment*
watershed education and protection programs, septic system maintenance, agricultural
best management practices.
Macrophyte controls- winter drawdown, plant harvesting, plant bottom barriers,dredging,
biocides.
i
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F. Has this project been filed with EOEA before? No _J

Yes

EOEA No,

G. WETLANDS AND WATERWAYS
1. Will an Order of Conditions under the Wetlands Protection Act (c.131s.40) or a License under
the Waterways Act (c.91) be required?
X
Yes
No
2. Has a local Order of Conditions been:

a. issued? Date of issuance
b. appealed? Yes
; No
3.

; DEQE File No
.

Will a variance from the Wetlands or Waterways Regulations be required? Yes

No

;

X

II. PROJECT DESCRIPTION
A. Map; siie plan. Include an original 8l/2 * 11 inch or larger section of the most recent U.S.G.5.
7,5 minute series scale topographic map with the project area location and boundaries clearly
shown. If available, attach a site plan of the proposed project.

B. State total area of project:
101.2
acres.
Estimate the number of acres (to the nearest 1/10 acre) directly affected that are currently:
1. Developed
acres
6. Tldelands
acres
2. Open Space/
"• Productive Resources
Woodlands/Recreation
0*2 acres
Agriculture
acres
3. Wetlands
II
acres (Forge Pond)Forestry
25.6 acres
4. Floodplain
acres
8. Other Sand/Gravel .Pit_QJL acres
5. Coastal Area
acres

C. Provide the following dimensions, if applicable:
Existing
Length in mites
Number of Housing Units
Number of Stories
Gross Floor Area in square feet
Number of parking spaces
Total of Daily vehicle trips to and from site
(Total Trip Ends)
Estimated Average Daily Traffic on road(s)
serving sire
1

2. __
3

Increase

Total

2

-

D. TRAFFIC PLAN. If the proposed project will require any permit for access to local roads or
state highways, attach a sketch showing the location and layout of the proposed driveways).
None required at this time.
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III.

ASSESSMENT OF POTENTIAL ADVERSE ENVIRONMENTAL IMPACTS

/nsfrucrfons: Explain direct and indirect adverse impacts, including those arising from general
construction and operations. For every answer explain why significant adverse impact is
considered likely or unlikely to result. Positive impact may also be listed and explained.
Also, state the source of information or other basis for the answers supplied. Such
environmental information should be acquired at least in part by field inspection.

Unless otherwise stated, source is: EEC, 1988.
for the Management of Forge Pond.

Diagnostic/Feasibility Study

A. Open Space and Recreation
1. Might the project affect the condition, use, or access to any open space and/or recreation
area? Yes
Public access to Forge Pond may be temporarily blocked
Explanation and Source: durin § constuction of parking area. Construction should
be scheduled in off season. Improved recreational
conditions are expected as a result.
2. Is the project site within 500 feet of any public open space, recreation, or conservation land?
Explanation and Source:

Yes<

Public

500 ft.

access area on School Street is within
of dredging area (Forge P o n d ) .

B. Historic and Archaeological Resources
1. Might any site or structure of historic significance be a f f e c t e d by the project? (Prior
consultation with Massachusetts Historical Commission is advised.)
\
Exp/anafion and Source: None known (see

letter from M . H . C . )

2. Might any archaeological site be affected by the project? (Prior consultation with
Massachusetts Historical Commission is advised.)
Exp/anafion and Source: None known (see

letter f r o m M . H . C . )

Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered
species? (Prior consultation with the Massachusetts Natural Heritage Program is advised).
Ejcp/onorion and Source: Yes.
No rare or endangered species are expected to be reported for Forge Pond
by the Mass. Natural Heritage Program. Drawdown, bottom barriers, and
effluent treatment will improve the oxygen regime and reduce macrophyte

abundance.
Both results are likely to be considered desirable by the
Mass. Div. of Fisheries and Wildlife. An improved fishery is expected
as a result of the p r o j e c t .
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2. Might the project significantly affect vegetation, especially any rare or endangered species
of plant? (Prior consultation with the Massachusetts Natural Heritage Program is advised.)
(Estimate approximate number of mature trees to be removed:
— .)
Explanation and Source:
Proposed construction work will require some brush cutting P°«^
removal of 5-10 trees for placement of transmission pipe (irrigation pipes
wUl be routed around t r e e s ) . Drawdown and barriers will result "reduced
Iquatic macrophyte abundance. No rare or endangered specks are reported
in Forge Pond.
3. Agricultural Land. Has any portion of the site been in agricultural use within the last 15 years?
If yes, specify use and acreage.
Explanation and Source:

No

D. Water Quality and Quantity
1. Might the project result in significant changes in drainage patterns?
Explanation and Source:

No
No additional water is routed into or out of
Forge Pond. E f f l u e n t flow is routed to same receiving

stream.

2. Might the project result in the introduction of any pollutants, including sediments, into marine
waters, surface fresh waters or ground water?
Explanation and Source:

,.
.
.,, introduce
. *.MJ,,,,Q a
f f l u e n t riom
from
Yes. Forest application
will
ettiuenc
secondary treatment plant into groundwater on adjacent
hill, with some return flow to Lampson Brook. During
dredging in Forge Pond some turbidity increase may
be expected during construction.
K

3. Does the project involve any dredging? No
Yes __s__Volume _132-165rf 10,000
cy or more, attach completed Standard Application Form for Water Quality Certification,
Part I (314 CMR 9.02(3), 9.90, DEQE Division of Water Pollution Control).
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4. Will any part of the project be located in flowed or filled tidelands. Great Ponds, or other
waterways? (Prior consultation with the DEQE and CZM is advised.)
Explanation and Source:

Y e s . Project will involve dredging of 132-165,000 CY of
sediment in Forge Pond.

5. Will the project generate or convey sanitary sewage? No __
If Yes, Quantity: 350-500K gai|ons pcr day
Disposal by:
(a) Onsire septic systems
(b) Public sewerage systems (location; average
treatment works)
Exp/anarion and Source:
Pr
, ,,
.
°J e c t wil1 e n t a i l conveying
f
of neighboring hill. No extra flow will be

Yes —X
Yes
No
and peak daily flows to
Yes —£
[So
secondary e f f l u e n t to top
generated.

6. Might the project result in an increase in paved or impervious surface o v e r a sole source
aquifer or.an aquifer recognized as an important present or f u t u r e source of w a t e r supply?
Explanation and Source:

No

7. Is the project in the watershed of any surface water body used as a drinking w a t e r s u p p i v . '
Expfanafion ancf Source;

No

8. Are there any public or private drinking water wells within a 1/2-mile radius of the proposed
project?
Exp/anarion ana1 Source: Yes
Any residence in Granby which is within 1/2 mile radius of proposed
project is e f f e c t e d ; all use private drinking wells. There is some
risk at well production to Forge Pond abutters during drawdown. Residences
with wells on western side of hill on which f o r e s t application is to be
done and within 1/2 mile of p r o j e c t . Projected ground water flows and
monitoring wells are designed Co avoid a conflict with this water usage.
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9, Does the operation of the project result in any increased consumption of water?
Approximate consumption
gallons per day. Likely water sources) _
Explanation and Source:
No

E. Solid Waste and Hazardous Materials
1. Estimate types and approximate amounts of waste materials generated, e.g., industrial,
domestic, hospital, sewage sludge, construction debris from demolished structures. How/
where will such waste be disposed of?
Explanation and Source:
,
- . , „ „ , , , , ,
Approximately 132-165,000 CY of dredged material will
be placed in containment area, immediate to north of Forge
Pond, Dewatered material will either be removed by contractor or graded and left in place.

2. Might the project involve the generation, use, transportation, storage, release, or disposal
of potentially hazardous materials?
Explanation and Source:
j No

3, Has the site previously been used for the use, generation, transportation, storage, release,
or disposal of potentially hazardous materials?
Explanation and Source:
No

F. Energy Use and Air Quality
;
1. Will space heating be provided for the project? If so, describe the type, energy source, and
approximate energy consumption.
Explanation and Source:

No
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2. Will the project require process heat or steam? If so, describe the proposed system, the fuel
type, and approximate fuel usage.
Explanation and Source:
No

3. Does the project include industrial processes that will release air contaminants to the
atmosphere? If so, describe the process (type, material released, and quantity released).
Exp/anafion ana" Source:
No

4. Are there any other sources of air contamination associated with the project (e.g. automobile
traffic, aircraft traffic, volatile organic compound storage, construction dust)?
Exp/anorion and Source:
Yes. Possible localized smells may be associated
with forest application operation. Some construction dust
may be associated with excavation as would exhaust fumes
from construction equipment involved.

5. Are there any sensitive receptors (e.g. hospitals, schools, residential areas) which would be
affected by air contamination caused by the project?
Exp/anarion and Source:
No

G. Noise
1. Might the project result in the generation of noise?
Yes
(Include any source of noise during construction or operation, e.g., engine exhaust, pile
driving, traffic.)
Exp/anarion ana* Source:
Increase in noise expected due to construction
equipment (200 days) in Forge Pond project area. Trucks transporting dredged material would increase t r a f f i c noise.
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2. Arc there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any noise caused by the project?
Exp/anafion and Source:
Yes.
Residences along Forge Pond Road would be subject to greater
noise on a temporary, intermittant basis.

3. Is the project a sensitive receptor, sited in an area of significant ambient noise?
Exp/anafion and Source:

No

H. Wind and Shadow
1. Might the project cause wind and shadow impacts on adjacent properties?
Explanation ana* Source:
No

Aesthetics
1. Are there any proposed structures which might be considered incompatible with existing
adjacent structures in the vicinity in terms of size, physical proportion and scale, or
significant differences in land use?
Explanation and Source:
No

2. Might the project impair visual access to waterfront or other scenic areas?
Explanation ana" Source:
Yes, construction project will result
in unsightly aspect of Forge Pond during duration
of excavation. No permanent impairment of visual
access will result .to waterfront.
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iv.

CONSISTENCY WITH PRESENT PLANNING
Discuss consistency with current federal, state and local land use, transportation, open space,
recreation and environmental plans and policies. Consult with tocal or regional planning
authorities where appropriate.
The proposed project is consistent with water
quality and recreation goals. Relevant agencies requested to
review the BEG report are not expected to diagree with its
findings and recommendations.

V.

FINDINGS AND CERTIFICATION

A. The public notice of environmental review has been/will! be published in the following
newspaper(s):

-(NAME)

(Date)

B. This form has been circulated to ail agencies and persons as required by 301CMR 11.24.

Date

Signature of Responsible Officer

Date

Signature of person preparing

or Project Proponent

ENF (if different from above)

Name (print or type)

Name (print or type)

Address

Address

Telephone Number

Telephone Number
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APPENDIX C

Comments by Interested Parties and Sample Survey Questionnaire.
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S. RUSSELL SYLVA
Commissioner

May 14, 1987

Kevin Brooks
220 West State Street
Granby, MA 01033
Dear Mr. Brooks:
Re: Forge Pond, Granby - Diagnostic/Feasibility Study
Enclosed for your reference are four reports which may answer some of the
questions that arose at the public meeting on March 25, at the town hall. The
three reports prepared by the Lake Cochituate Watershed Association deal with
the impacts to lake systems of fertilizers, septic systems and detergents. The
fourth report was produced by the North American Lake Management Society and
will assist town residents in starting and building an effective lake management society. Your office may wish to circulate these to the residents who have
property adjacent to the pond, or in its watershed.
Subsequent-to the meeting, David Mitchell of BEG, Inc. and I discussed additional sampling which should be performed this year along the tributaries in
the Forge Pond watershed. This sampling will be aimed at identifying problem
areas, in order to establish at what level these areas are contributing to the
nutrient and pollutant load. This information will assist BEG, Inc., in developing a more detailed watershed management program for your pond.
I have also been in contact with Andrew Juskalian of the regional DEQE office to
discuss the status of the Belchertown State School - Sewerage Treatment Plant, and
the possibility of modifying the plant to reduce the phosphorus output to
Lampson Brook. At present, the plant is considered at hydraulic capacity,
thereby restricting to some extent approval of requests for additional hook-up
in Belchertown.
Modifying the plant, with an additional secondary clarifier, would not only
increase capacity of the plant, but also make it feasible to chemically treat
the effluent and reduce phosphorus output. David Mitchell and I have discussed
the need for further investigation of the effectiveness and feasibility of this
alternative. These investigations will be included as part of the analyses in
the Forge Pond report.
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Kevin Brooks

-2-

May 14, 1987

Modifications to treatment plants are not usually considered as fundable items
under a Clean Lakes restoration grant, since funding would be available for this
service through another program administered by the Division. However, in
exceptional cases this avenue can be pursued if certain eligibility criteria are
met. At a minimum these would include:
1. the diagnostic/feasibility study recommended phosphorus reduction at the
treatment plant as a highly effective solution to improving water quality
at Forge Pond;
2. the town must have applied and been turned down for funding through the
construction grants program; and
3. Belchertown must assume ownership of the treatment plant.
For a fuller discussion of the issue of eligibility please refer to the Policy
Memorandum enclosed.
Should you have any questions on these issues please give me a call.

Sincerely,

Elaine M. Hartman
Chief Aquatic Biologist
EMH:djra
Enclosure
cc:

A.
R.
D.
R.

Cooperman
McVoy
Mitchell, BEC, Inc.-'''
Progulske, Chairman-Board

of Selectmen
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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
Slate Historic Preservation Officer

January 26, 1938
Mr. David F. Mitchell
Senior Environmental Scientist
Baystate Environmental Consultants, Inc.
296 North Main Street
East Long meadow, MA 01028
HE: Diagnostic Feasibility Study, Forge Pond, Granby and Belchertown
Dear Mr. Mitchell:
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 archaeological
resources. No further review is required in compliance with Massachusetts General
Laws, Chapter 9, Sections 26C and 27C, as amended by Chapter 152 of the Acts of
1982 (950 CMR 71).
If you have any questions, please feel free to contact Mandy Shear at this office.
Sincerely,
fO'l

Brona Simon
State Archaeologist
Director, Technical Services Division
Massachusetts Historical Commission
BS/MS/dr

80 Boylston Street, Boston, Massachusetts 02II6 (617) 727-8470
9A7

Massachusetts
Natural Heritage
Proeram

" April 1988
Mr. David F. Mitchell
Baystate Environmental Consultants
296 North Main Street
East Longmeadow, MA 01028
Re:

Forge Pond
Granby, Belchertown

Dear Mr. Mitchell:
Thank you for contacting the Massachusetts Natural Heritage
Program regarding rare species and ecologically significant natural
communities in the vicinity of the Diagnostic/Feasibility study of
Forge Pond. I apologize for the delay in responding to your request.
At this time, we are aware the occurrence of an acid bog, which is
an ecologically significant natural community, near Arcadia and
Metacomet Lakes north of Bay Road just north of your project
area. We have no records of rare species or communities in the
project area shown on the map you sent us. However, if you
encounter any undocumented acid bogs (Kalrnia poJifoJia cover type)
south of Bay Road, you should avoid spraying effluent near such
areas.
If your project plans change, or if additional fieldwork and research
results in an update of our database, this evaluation may require
additional consideration.
Do not hesitate to contact me if you have any further questions.
Sincerely,

Jay Copeland
Environmental Reviewer
JC/jc:ER/Granby,Belchertown/Mitchell

Division of Fisheries and W i l d l i f e

100 Cambridge Street, Boston, Mass. 02202 (617) 727-9194,-3151
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February 1, 1988
David F. Mitchell, Ph.D.
Senior Environmental Scientist
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028
RE: "Diagnostic/Feasibility Study for the
Management of Forge Pond, Granby
Massachusetts"
Dear Dr. Mitchell:
We have completed our review of the draft report of the
"Diagnostic/Feasibility Study far the Management of Forge Pond,
Granby, Massachusetts" as per your request. With respect to the
recommended management approach, the Division of Fisheries and
Wildlife offers the following comments:
(1) experimental winter drawdown - it is possible, although
no certainty, that a winter fishkill could occur as a
lowered water level crowds
fishes into the remaining
available aquatic habitat. It has been our experience
that a heavy snow cover over the winter ice (coupled
with days of overcast weather and/or slow water volume
exchange rate) tends to increase the potential for a.
wintertime fishkill. Regardless, we concur with your
statement on page 163 that very few drawdowns ever
completely eliminate the entire fish population. We
agree with the conclusions of the study that a
reduction in the biomass of aquatic plants w i l l
ultimately benefit the fishery.
A plan to monitor the
effectiveness af the drawdown as a control on aquatic
plants is strongly encouraged by MDFW.
(2) instal1 bottom cover barriers - we have no objections to
this action but suggest that it be confined to heavy
recreational use areas. To the greatest extent
possible, existing structure, such as large rocks and
submerged stumps or fallen trees should remain
undisturbed, as they are valuable natural components of
fish habitat.
(3) education
program - MDFW supports this effort which
should further reduce nutrient inputs to Forge Pond.
(4) identify and protect critical areas or buffer zones in
the Forge Pond watershed
- MDFW encourages this
recommendation.
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(5) develop a pilot program for forest application,, treatment
for the seweraqe__e._f f.luen_t. _from the Belchertown State
Schoo1 - We assume this area is not presently utilized
for passive or active outdoor w i l d l i f e related
recreation.
Might there be adverse impacts to wildlife,
either resident species or species passing throught the
area?
6&) after evaluation of forest application system^ irnpj.emen t
full program_and/or supplement with chemical treatment MDFW encourages efforts to further reduce nutrient
inputs to the pond.
(7) dredging program - the importance of reducing phosphorus
for Weston Brook cannot be understated. MDFW does not
oppose limited dredging to create more open water and
consequently, habitat conditions more favorable for the
development of a more balanced fish population. While
some disruption to the fish population w i l l occur, this
condition w i l l be of a temporary nature.
If an extreme
or total draining program is implemented, the majority
of the fish w i l l pass downstream.
This agency would not
conduct a fish salvage, relocation or temporary holding
of the' fish population, as such an effort is extremely
labor intensive and cost prohibitive. While fishing
w i l l be rather poor for three to five years after a
complete draining, it is most likely that fish from
tributaries or resident fish that do not escape during
the drawdown w i l l be sufficient to serve as "seed
stock" to replenish the fish population.
(3) improvement _of publ ic access and bpat__Lg,unch areas MDFW encourages improving the access for the general
pub 1 ic .
Thank you for submitting this draft report to the Division
of Fisheries and W i l d l i f e for our review and comments.
If you
have any questions or require additional comments from this
agency please don't hesitate to contact me.

Sincerely ,

- -P
Robert P. Madore
Aquatic Biologist II
cc . Clean Lakes Program, MDWPC
Phil Brenner, MDFW
EOEA, Mepa Unit
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Maria \'an Dusen, C.uord'uhiror

100 Cambridge Street • Room 1902
Boston, Massachusetts G22Q2

(617) 727-6278

June 30, 1988

Dr. David Mitchell
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028
Dear Dr. Mitchell:
I have reviewed the draft report of the Diagnostic/Feasibility
Study for the Management of Forge Pond Granby, Massachusetts. Our
interest in the study stems from our commitment to river
protection in the Commonwealth. The aim of the RIVERWAYS\ADOPT-ASTREAM Programs is to
1) Assist local residents in efforts to improve water
quality;
2) Protect lands along rivers and streams; and
3) Improve habitat for wildlife and fish in river corridors.
I have responded to requests for information about river
protection by residents living and working adjacent to Lampson
Brook and encouraged them in their "adoption" of Lampson Brook.
We ask that you give strong consideration to their comments on
the Diagnostic/Feasibility Study. I am most interested in the
Lampson Brook area although it is obviously that what happens in
and about Lampson Brook is closely related to the conditions in
Forge Pond.
In the RIVERWAYS\ADOPT-A-STREAM programs we are concerned that
steps be taken to address the impact of the rapid pace of
development on land and water in the watershed. We encourage
land use, zoning, and land acquisitions to protect water quality
with a no build buffer areas along waterways. We lend strong
support to decision making at the local level that addresses
issues of wastewater treatment in ways that improve the present
condition of Lampson Brook and addresses the eutrophication of
Forge Pond. We also support planning for wastewater treatment in
the next 5 and 25 years that will protect the quality of the
waterbodies as habitat for fisheries and wildlife and provides
conditions conducive to recreational use.

J

Commonwealth of Massachusetts

Department of Fisheries, Wildlife & Environmental Law Enforcement
\\aiter E. Bickford, Commissioner
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In reviewing the study the following questions arise.
Since the study states the population of Belchertown has
increased 40% in the decade between 1970 to 1980, what are the
projected population figures for the area and the needs for
increased sewage disposal?
According to the study the sewage
flow from Belchertown to the WWTP at the state school doubled
from 1984 to 1985. What is the capacity of the WWTP in relation
to its current use and projected use? Why is possibility of the
Belchertown hook up with the South Hadley treatment plant not
being given serious consideration?
On the more immediate level, I presume the suggestions made on
WWTP ownership, addition of a clarifier, containment or removal
of salt and contaminating materials form the Town Garage, and
installation of a new sewer interceptor line are already being
addressed. I question why all lagoons are not active at
present, whether the sediment is removed in a timely manner, and
whether lagoon use could be changed to a closed system of aquatic
treatment. I wonder whether further flushing of Lampson Brook
could be accomplished if more water were released from the pond
upstream near the State School?
On the Recommended Management Approach I heartily endorse the
following:
Recommendation #3 - Watershed education and management.
A watershed survey should be sent to all abutters of streams
in the watershed. All residents of the area need to be
involved in reducing their contribution to the possible
contamination of the watershed.
Recommendation #4 - Protection of buffer zones along streams and
wetlands.
As described in the study this watershed has a large area
relative to the small area of the Forge Pond where the
watershed ultimately drains. As on Bachelor Brook where the
"intervening wetland and steam corridor has removed some of
the nutrient load [and] the well maintained wetland corridor
may serve to mitigate some of the cultural eutrophication
resulting from increased housing on George Stebbins Road."
(p. 42) The same process must be strictly protected on other
streams.
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Recommendation #5 - Pilot program of forest application.
The preliminary investigations to the land application
should include analysis of the effluent coming from the
plant and an assessment of its impact on vegetative growth
and on wildlife habitat and foraging in the area. What will
the beaver and deer and birds in the area be ingesting?
What is not good for growing food crops is not likely to be
beneficial to wildlife.
How much clearing will be done to accommodate the process?
Will another storage lagoon be created on other side of the
stream? Will the steepness of slope lead to erosion? It is
important not to substitute one problem for another. Town
residents could make a sits visit in both winter and summer
to places where this system is in effect.
Recommendation #6 - Tertiary chemical treatment at the
Belchertown WWTP.
This part of the process should be initiated even if forest
treatment does prove feasible. It appears both will be
needed to make significant changes in present phosphorous
overload and to address future wastewater needs.
Thank you for letting us review this draft. Let us know if you
have questions or would like additional comments.
Sincerely,
ilL^<,.uC^J^L
Maria Van Dusen

cc: Elaine Hartman
Lampson Brook Watershed Association
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CONSERVATION COMMISSION
BELCHEKTOWN, MASS. 01007

Mr. David Mitchell
Baystate Environmental Consultants Inc.
296 N. Main Street
East Longmeadow, Ma. 01028
May 27,

1988

Dear Mr. Mitchell,
Please consider the following as comments and questions on the Diagnostic and
Feasibility Study for Forge Pond submitted by the Belchertown Conservation
Commission.
We find the report to be well prepared and thorough, especially the diagnostic sections. We focus our comments on those sections of the management alternatives which originate in and/or impact Belchertown.
1. With respect to the effluent land application:
a. We are concerned about impacts on groundwater and on the watershed, if any
b.What impact is there, if any, on flow of Lampson Brook, especially low
flow, with redirected effluent? What impacts might be anticipated on
brook vegetation, fisheries and other wildlife?
c.What are anticipated impacts on existing open space and recreational
uses of the 26 acre site and surroundings if land application of
effluent were to occur?
d.Are there odor problems associated with land application of effluent?
2.Pages 123-125 are unclear in their summary presentation of alternatives.
A clarification of alternative approaches, with amounts, percentages,
effectiveness, costs over time and potential impacts on the environment,
including on existing and proposed neighboring land uses would be helpful.
3.With 42% of the Nitrogen into Forge Pond coming from Bachelor Brook, are
there specific actions recommended to reduce this figure?
4. A Lakes Association for the "Metacoraet Lakes" has recently formed in
Belchertown. (see p. 132) A Clean Lakes Program also exists for Lakes
Metacomet and Arcadia. Possible actions under this program include
chemical treatment and modifications of existing septic systems around the
lakes. What impacts, if any, might these activities have on the situ ation
at Forge Pond?
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5. If tertiary (chemical) treatment is a chosen alternative, what are siting
requirements and constraints? What, if any, are the environmental impacts?
6.A final comment is that any option or set of options pursued to reduce the
phosphorus coming from Lampson Brook will require much more thorough
evaluation than is covered in this study. The situation with the sewage
treatment plant, its control, upgrading, surrounding land uses, funding and
related issues make planning and decision making complex. We would hope
that Belchertown, in its efforts to solve its waste management problems will
address these concerns seriously, and will continue to receive support
and guidance from the State.

Kathryn Zl Ruhf, chafrr
for the Belchertown'Conservation Commission

CC: Granby Conservation Commission
Elaine Hartman, Clean Lakes Program, D.E.Q.E,
j
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THE NEW E N G L A N D
SMALL FARM INSTITUTE
May 31, 1988

David Mitchell
Baystate Environmental Consultants
296 North Main Street
East Longmeadow, MA 01028
Dear Mr. Mitchell:
The following are comments on the Forge Pond Diagnostic/Feasibility
Study prepared for the Town of Granby by your office. The first
set of concerns focuses on the proposed effluent land application
alternative. The second section deals with general issues and
questions about the study. The final section expresses specific
concerns of the Hew England Small Farm Institute.
We have made an effort to understand and evaluate the document to the
best of our ability. While we are not technicians, we hope that these
comments will further the progress of this most timely and worthwhile
project.
Sincerely,

y
KathryiTZ. Ruhf
Co-Director
KZR/b
CC:

Granby Conservation Commission
Elaine Hartman, DEQE Clean Lakes Program
Susanne Gray, Belchertown State School

J E P S O N HOUSE, J A C K S O N STREET
PO BOX 937, B E L C H E R T O W N , MA 010070937
(413) 323-4551
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- 1I.

1.

More data are requested as to impacts on groundwater and water table from
the proposed effluent land application.

2.

Location of effluent holding pond:

top of proposed site is predominantly

ledge.
3.

There is no mention of fencing around land application area - is this
required and at what cost?

4.

Is public access use eliminated?

Impacts on wildlife if any, of land application model on 26 acres, both
seasonally and year round?

5.

Request further data on soil suitability for land application at proposed
site
- amount of take-up of phosphorus by soil
- is there data documenting ability of soil type to bind phosphorus
- data on saturation point of soil's ability to adsorb phosphorus. How
to estimate at what point system ceases to function.

What happens then?

6.

Request further data on site vegetation, e.g., amount of take-up of...N & P.

7.

Does efficiency of uptake decrease over time?

Upon what other conditions

is uptake dependent?
8.

Document in greater detail design variable of different application rates.

9.

Is effluent applied with or without chlorine treatment?

Is there data on

build-up of chlorides in soil?
10.

There is considerable concern with clogging of nozzles. What is a realistic
appraisal of this problem and a realistic management design and cost addressing this problem.

11.

Describe in greater detail the "combination of spraying and gravity fed
irrigation"(p. 112), itemizing maintenance and replacement requirements for
each of these two components.

12.

Why both?

Please address more fully particular site constraints due to
- soil type
- slope
- proximity to agricultural and residential use
- odor, from holding pond, spray, runoff or detention
- runoff
- erosion
- location of ponds and detention basins
- impact on upper Lampson Brook
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- 213.

Have alternative land application sites been considered, e.g., wooded
area behind (downstream of) lagoons (also owned by the State).

14.

Can exact boundaries of proposed site be determined and delineated on a map?

15.

There are definite indications that site constraints will require restricted
application rates.

Can figures be presented for phosphorus reduction in

Forge Pond based on reduced application, and, on non-year round "application?
16.

Is the detention basin model a sufficient design to accommodate impacts of
storm events on site used for spray application?

17.

How big a basin is required?

Please reference sites where land application of effluent of this type,
at this scale has been successful, "similar site conditions if possible.
A

18.

Figure 24 (p. 122) indicated an "all or nothing" evaluation of pilot program.
(Contrary to summary, bottom of page 123) what will constitute an "unsuccessful" pilot program?

19.

What might be anticipated impacts including "ecological consequences"
(p. 121) including worst case, of pilot study itself, given full rate, year
round application, as designed?

20.

Can data be provided for proposed drainage and runoff patterns and calculations at forest site?

21.

Has effluent to be land applied been tested for presence of other chemicals,
e.g., heavy metals?

Will salt present in brook (p. 37) impact proposed

site?
22.

Re p. 112.

Proposed site is not "owned" by The New England Small Farm Insti-

tute; it is leased under the provisions of Chapter 664, mandating the development of a small farm demonstration and training center.
23.

To install the gritj of pipes, what extent of disturbance to wooded site might
be anticipated?

II.

1.

With George Hannum Road interceptor replaced, volume of intake will be reduced.
What is impact of this on concentration of nutrients, proposed treatment design,
overall nutrient budget?

2.

Would the addition of a second larger clarifier at the WWTP impact phosphorus
(and nitrogen) levels in the effluent at all?

3.

Inadequate data are provided on chemical (tertiary) treatment, including
various designs and capacities, costs, efficiencies, maintenance and replacement costs, associated problems, etc.

It seems that phosphorus reduction by

tertiary treatment, 36% (as stated), the typical alternative for treatment
plants, is not significantly

less than for land application.
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4.

- 3 Further documentation of costs of various options over time.

If tertiary

treatment, by 1 estimate = $500,000 plus maintenance and chemicals, how
does this compare, after 5, 10, 20 years to $250,000 for land application
designs plus at least, very conservatively $44,000 per year operational
costs?
5.

If the pilot land application study proves that this alternative .is unfeasible
here, what combination of alternatives would be considered and at what cost
and resulting phosphorus reduction?

6.

It is likely that raacrophyte removal by harvesting in Forge Pond will release
significant additional nutrients and remove duck weed which holds nutrients.
Can this concern be more adequately

7.

addressed?

The final proposed alternatives section is weak.

The Institute would like

to see a clearer summary and chart of all combinations of alternatives with
associated projected costs over time.

Included also should be clear figures

of relative reduction of phosphorus in Forge Pond.
8.

What are opportunities and constraints regarding treatment plant expansion
with each alternative?

Specific Concerns of the New England Small Farm
III.

1.

Institute

When the New England Small Farm Institute initially indicated interest in the
land application alternative, the scope and scale of the total project were
not clear.

Given the proposed acreage and location for this project, the

Institute has serious concerns about the potential impacts of the proposed
land application alternative, as follows:
a.

the impact on existing passive recreational use by Belchertown
State School and Institute.

b.

impact on proposed recreational uses; impact on proposed woodlot
demonstration project, at this site.

c.

Proposed site is under Institute leasehold with State mandate to
provide organic management of the land.
management.

d.

Site is under forest

How will project impact these existing mandated uses?

Proposed site is near organically managed farm fields and sites
for proposed housing as well as existing housing (including wells).
What are potential impacts from land application in terms of runoff,
nutrient loading, other chemicals, and odor.

2.

Existing examples of land application, with scale, results and constraints
are not adequately presented. Many land application sites are at recreational
facilities, e.g., ski areas, which typically handle small amounts of limited
types of waste, not including municipal or industrial type waste.
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3.

Because the success of this type of alternative is so dependent on site
suitability, utmost attention must be paid to this concern before a decision
on alternatives is reached and before a pilot program is attempted.

The

Institute supports innovative alternatives to waste management, but must feel
assured that any alternative chosen would not compromise the Institute's
programs, the existing natural resources, or surrounding uses.
4.

Perhaps additional research on this model would be appropriate before a
decision is made.

References to land application in the bibliography cite

only 3 sources (Veneman & Wright, Sopper & Kerr and Metcalf & Eddy).

Could

these references be made available for review?
5.

In evaluating proposed alternatives, an economic analysis should be done,
including an examination of hidden, long range and externalized costs of
various options, including, but not limited to lost opportunity costs, neighboring land values, diminishraent of natural resurce base, future expansion
requirements.

6.

As the proposed site is land currently under leasehold to the New England
Small Farm Institute, control, jurisdiction and use decisions are not clear
and availability of the site ought not to be assumed.

260

October 21, 19S6
Dear Lake Abutter,
We at Baystate Environmental Consultants (BEC) are currently involved in a
Diagnostic/Feasibility Study of Forge Pond. As part of this study we are conducting a
survey of all those households that are within 1,000 ft of the lake. We know that many
of you are concerned with the status and future of Forge Pond, as evidenced by the good
attendance at our initial public meeting. Here is a way to get directly involved with the
study of Forge Pond and also input into future choices for the lake. All you need do is
fill out and mail in this questionnaire.
With this questionnaire we hope to establish the current and potential uses of the
lake by people of Granby, as well as other useful information. Please note that this
survey is entirely voluntary and confidential. What we will generate from this data is
simply the percentages of a particular response to each question on the survey. We also
find that the "comments" space at the end of the form makes us aware of other relevant
issues not specifically addressed in the questionnaire.
So please fill out this form and return it to :
Baystate Environmental Consultants, Inc
2 96 North Main Street
East Longmeadow, MA 01026
alternatively, completed forms can be mailed or turned in to :
Granby Conservation Commission
Attn : Mr. Kevin Brooks
P.O. Box 40
Kellogg Hall
Granby, MA 01033
Thank you in advance for your cooperation.
Sincerely yours^
Dr. David Mitchell
for BEC
261

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.

Distance of property from lake?

4.

Do you make use of Forge Pond?
At Least Daily?

5.

At Least Weekly?

Monthly or Less?

Preferred activities on Forge Pond?

1.
2.

3.
6.

Where do you get your drinking water?

7.

Where do you get your washing water?

8.

Do you have an in-ground waste disposal system?
(If not, where are wastes disposed?)

9.

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 upslope, 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?

10. Do you use a washing machine on the premises?
11. Do you use a garbage disposal on the premises?
12. What kind of detergent do you use?
a. For clothes?
b.

For dishes?

13. Do you fertilize your lawn?
a. What brand of fertilizer do you use?
b.

How often do you fertilize?

14. Do you have any questions or comments? Please feel free to use
space on this page or an additional sheet to respond.

263

Town of Granby
Conservation
Commission
Granby, Massachusetts 01033
16 March 1987

D. E. Q. E.
Division of Water Pollution Control
Westview Bldg.
Lyman School
Weatboro, MA 01581
Genllemen:
RF:

Subatate Agreement: 628-84-42
Forge Pond, Granby, MA

It is requested that Elaine Hartman, the State Project
Officer, be in attendence ab the Public Hearing for the
above noted. This hearing will take place upstairs in
Kellogg Hall, Granby, MA at 7:30 PM on 25 March 1987.
This will give her an excellent opportunity to preview the
findings of Baystate Environmental Consultants, Inc. end to
view the general public's reaction to them.* .
Yours truly,

Kevin B. 3rooks
Treasure

c/c

Elaine Kartrnan
•BEG
file
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COMMENTS OF SECOND PUBLIC MEETING

The second public meeting connected with the Forge Pond
Diagnostic/Feasibility Study was held from 7:30 to 10:00 p.m. on
March 25, 1987 at Kellogg Hall, Town of Granby. In attendance
were representatives from BEC, Inc., Drs. Mitchell and Wagner;
from Massachusetts DWPC, Ms. Elaine Hartman; from the Town of
Granby, Mr. Kevin Brooks, and representatives from the Selectmen;
from the Town of Belchertown, Conservation Commission
representative, Ms. Pam Harvey; Ms. Judy Gillian of the New
England Small Farm Institute; as well as 28 local residents. At
this meeting the major findings and recommendations of the BEC,
Inc. study were presented. The following is a listing of the
comments and questions raised at this meeting.
Is the Belchertown State Sewage Treatment Plant (STP)
discharge "legal" and what can be done about it? (Present
status of Relchertown STP and ownership discussions
between State and Town was reviewed.)
What methods or restoration techniques are available to
eliminate the phosphorus input from the STP?
(Discussion
about changes in the STP and the method of forest
application was reviewed).
Whether the dredgeable material can be removed or sold for
little or no cost. (Unlikely that sale of dredged
material could finance more than a small portion of total
costs.)
What other phosphorus sources (other than STP) are there
in the watershed? (A review of the non-point sources and
their causes including septic systems, agricultural
practices , etc.)
Belchertown Conservation Commission's representative
affirmed that body's interest in and responsiveness to
Forge Pond problems.
Impact on private water wells by drawdown was questioned.
One abutter mentioned that their well went "dry" during
1986 drawdown.
Getting rid of the weeds was emphasized as being very
important by a number of lake abutters.
One abutter expressed the hope that the lake would be made
swimmable again. (It would be extremely difficult and
expensive to restore Forge Pond to this condition: given
the developed nature of the watershed.)
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The expected changes in lake depth and bottom substrate
provided by dredging Forge Pond were reviewed, as were the
expected results.
The representative from NESFI indicated that institute's
willingness to explore the use of its wooded lands for
effluent application.
The need for a politically-effective watershed association
was discussed, in light of the financial requirements on
the Town of Granby that a major lake restoration would
entail. One abutter suggested that forming a Bachelor
Brook Watershed Association, to include Forge Pond as well
as Aldrich Lake and Quinville Pond, would have a broaderbased appeal.
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'June 29, 1987

Mr. Kenneth Wagner
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028
Dear Ken:
Just a short note to let you know that we were able to read your PALIS
diskette. A sampling of the various files indicates that the submittal is
acceptable and I have advised Elaine that your PALIS requirement has been
met.
As I mentioned on the phone, we will be going to a dBase III Plus
version PALIS very shortly. In fact, the database structure has been
completed and is undergoing in-house review. Some decisions still have to
be made as to how much we are going to depend on coded fields, which the
mainframe database manager handles quite adroitly, as opposed to
actual-content fields which are more easily used by dBase in Plus. If you
are interested, I will send you a copy of the d r a f t structures and
supporting documentation for your review and comments.
ThanJcs for the submittal and I hope the next round goes a lot smoother.

Sincerely yours,
'

Brian Friedmann
Environmental Engineer IV

*most other microcomputer-based database programs should be able to
exchange structure and data with dBase so you are not locked into dBase.
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APPENDIX D
Data and Calculations.
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1. Soils Information
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Soil Associations in the Forge Pond Watershed {SCS, 1983).

SYMBOL

A«A

NAME

Am 8
Au

Agawam fine sandy toam, 0 to 3 percent slopes
Agawam fine sandy loam, 3 to 8 percent slopes
Agawam fine sandy loam. 8 to 15 percent stapes
Amostown fine sandy loam. 0 to 3 percent slopes
Amostown fine sandy loam. 3 to 8 percent slopes
Amostown-Windsor silty substratum-Urban land complex

BaA
BaB
BoA
BoB
BoC

Belgrade silt loam, 0 to 3 percent slopes
Belgrade silt loam. 3 to 8 percent slopes
Boxford silt team, 0 to 3 percent slopes
Boxford silt team, 3 to 8 percent slopes
Boxford silt team. 8 to 15 percent slopes

CkB
CkC
CmB
CmC
CnB
CnC
CnD
CoE
CoC
CpO
CcC
CrE

Charlton fine sandy loam, 3 to 8 percent slopes
Charlton fine sandy loam, 8 to 15 percent slopes
Charlton stony fine sandy loam. 3 to 8 percent slopes
Charlton stony line sandy loam, 8 to IS percent slopes
Charlton very stony fine sandy loam. 3 to 8 percent slopes
Charlton very stony fine sandy loam. 8 to 15 percent slopes
Charlton very stony fine sandy toam, 15 to 25 percent slopes
Charlton and Gloucester very stony fine sandy loams, steep
Chartton-Hohis line sandy loams, rocky. 3 to IS percent slopes
Charlton-Hollis line sandy loams, rocky, 15 to 25 percent slopes
Charlton-Rock outcrop-Hoi I is complex, sloping
Charlton-Rock outcroo-Hollis complex, steep

AgB
AgC
AmA

OeA
Du

Deerfield loamy line sand, 0 to 5 percent slopes
Dumps

EsA
EiB

Enosburg fine sandy loam, 0 to 3 percent slopes
'Enosburg fine sandy loam, 3 to 8 percent slopes

Fm

Freetown muck

GIB
GfC
GhB
GhC
GiB
G*C
GxO

Gloucester
Gloucester
Gloucester
Gloucester
Gloucester
Gloucester
Gloucester

Ha
Ha
HfB
.HtC

HgA
HgB
•HgC
HgO
HgE
Hu
HvC

:LK
•Ma
MeA
MeB
MeC
MeD
MoB
MoC
MsC
MxB
MiC
MiD

SYMBOL

NaC
NaO
HgA
NgB

Narragansen-Horyofce-Rodi ouVroo complex 8 to 15 percent staoes
Narragansen-Hotyoke-Rock ouKroo complex. 15 to 25 percent
Ninigret fine sandy loam. 0 to 3 percent stapes
Ninigret line sandy team. 3 B 8 percent Hoots

PaB
PaC
PaD
PbB
PbC
PoD

Parton line sandy loam. 3 to 8 percent slopes
Paxton tine sandy loam. 8 to 15 percent stapes
PaxBo line sandy loam. 15 B 25 percent staoes
Paxton stony fine sandy tarn. 3 ID 8 percent slooes
Paxton. stony fine sandy toam. 8 O 15 percent slopes
Parton stony line sandy loam. IS to 25 percent stapes
Psxton very stony line sandy team. 3 lo 8 percent stapes
Paxton very rtony fine S»nCy bam. 8 *J 15 p*re«nt stapes
Patfon very stony fine sarxly k»m. 15 lo 25 oercent skx>es
Paiton very stony line sandy k»m. ne«o
Paxton-Chartton-Uroan land complex
Pits, gravel
Pollux fine sandy team. 0 B 3 percstrt slooes
Pollux fine sandy loam. 3 to 8 percwil stapes
Pollux fine sandy loam. 8 to 15 percent stood

PcS
PcC
PcD
PcE
Pd

PB
PuA
PuB
PuC
Pv

Pootatuch fine sandy loam

Qu

Ri
RdA
RdB
ReA
ReB
Rm
Ro
RoC
RoE

fine sandy loam, 3 to 8 percent slopes
fine sandy loam, 8 to 15 percent slopes
stony fine sandy loam. 3 to S percent Wooes
stony line sandy loam. 8 to 15 percent slooes
very stony line sandy toam, 3 to B percent slopes
very stony line sandy loam, 8 to 15 percent slopes
very stony line sandy loam. IS to 25 percent slopes

Sc
SgB
ShB
ShC
SrA
SrB
Su
S*

Saco silt loam
Searboro muck
Scitico silt team
Scituate line sandy team. 3 to 8 percent
Scituate very stony line »rxJy toem. 3 a
Scituate very stony fine MfxTy loam. 8 »
Sudbury fine sandy loam. 0 to 3 percent
Sudbury line sandy kum. 3 to 8 percent
Suncook teamy line sand
Swansea muck

Ud

Udorthents, smootti

Wa
WeB
WeC

Walpole fine sandy team
Wetnersfield fine sandy Warn. 3 B 8 percent slopes
WethersfieW fine sandy loam. 8 » 15 percent stapes •
WethersfielO" Stony fine sandy loam. 3 10 8 percent staoes
Wethersfield stony fine sandy te»m, 3 to IS percent staoes
Wethersfield very stony line sandy toam. 3 » 8 percent
Wethersfield very stony fine sanoy team. 8 to 15 percem
Whitman very stony fine sandy ta»m
Windsor loamy sand. 0 B 3 percent staoes
Windsor loamy sand. 3 » 8 percent staoes
"
Windsor loamy sand. 8 B 15 percent Stooes
Windsor loamy sand. 15 B 25 percent Stapes
Windsor loamy sand, sifty substratum. 0 to 3 percent S>OC*S
Windsor loamy sand, sirty substratum. 3 B 8 percent itec*s
Windsor loamy sand, sirty substratum, 8 B 15 percent Stapes

Sb

Hadley silt loam
"Hadley-Winooski-Uroan land complei
Haven very fine sandy loam. 3 to 8 percent slopes
Haven very line sandy loam. 8 to 20 percent slopes
Hinckley loamy sand. 0 to 3 percent slopes
Hinckley loamy sand. 3 to 8 percent slopes
.Hinckley loamy sand, B to 15 percent slopes
Hinckley loamy sand, 15 to 25 percent slopes
Hinckley loamy sand, 25 to 35 percent slopes
HincHley-Merrimac-Urban land complex
Holyoke stony very fine sandy loam, 3 to 15 percent slopes

wta

WtC
WgB
WgC
WhA
WnA
WnB
WnC
WnO
WoA

Limerick silt loam
.Maybid silt toam
Merrimac fine sandy loam, 0 to 3 percent slopes
Merrimac fine sandy toam. 3 to 8 percent slopes
• Merrimac fine sandy team. 8 to 15 percent slopes
Merrimac fin« sandy toam. 15 to 25 percent slopes
• Montonauk fine sandy loam, 3 to 8 percent slopes
• Montauk fin* sandy loam, B to 15 percent slopes
Montauk stony fine sandy loam, 3 to 15 percent stepes
. Montauk very stony fine sandy loam. 3 to 8 percent slopes
Montauk very stony fine sandy loam. 8 to 15 percent slopes
Montauk very stony fine sandy loam. 15 to 25 percent slopes

WoB
WoC
Wp
Ws

WtA
WtB
WtC
WvB
WvC
WrB
WxC
WiO

w
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Raynnam silt loam
R'dgebury line sandy taam. 0 to 3 percent sJooes
R.dgebury fine sandy team. 3 to 8 percent slopes
Ridge bury very stony tine sandy team. 0 to 3 percent Vcoes
Ridgebury very stony line sandy ta»m. 3 B 8 percent
Rippowam line sandy team
Rock outcrop
Rock outcroo-NarraEans«t1-Hotyc*e complex. Sloping
Rocfc outcrop-Njrraa

Dooes
8 percent Uooei
15 p*re*n! siooes
SJOQ*S
stopei

:

Windsor-ScitTO-AmoslOwfl complex
Winooski silt team
Woodbridje fine sandy ksam. 0 B 3 percent stapes
Woodbridge fine sandy team. 3 B 8 percent stapes
Woodbridge fine sandy k»m. 8 B 15 percent slopes
Woodbridge stony line sandy toam. 3 to 8 percent slooes
Woodbridge stony line sandy team. 8 to 15 percent wooes
Woodbridge very stony line sandy team. 3 to 8 percen; uoow
Woodbridge very stony line sandy Warn. 8 B 15 percen: staoes
Woodbridge very stony fine sandy Warn. 15 to 25 percent stapes
Water

Soils in the Forge Pond Watershed.
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2. Water Quality Data
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FLOW (CU.M/MIN) IN THE FORGE POND SYSTEM
STATION
DATE

FP-1

FP-;

FP-3

1-15-86
2-11-Si
3-12-86
4-01-86
4-15-86
4-29-86
5-13-36
5-27-86
6-17-66
7-01-56
7-15-66
7-29-86

13.60
23. £0
23.30
19.21
12.58
22.61
15.8?
13.0?
35.90
7.67
9.16
10.03

6.80
13.26
10.20
13.77
10.37
11.56

7.65
15.31
23.12
38.93
26.18
14.11
6.SO
e 70
j.f o
14.36
3.67
5.46
2.77
'. T"i

= •c

7.48

5.95
20.11
4.50
10.30
4.25
"• '•'
^.M

-•}

-I<J

.85
.15
.20
.20
.10
.10
.85

i i t.'C-

01

1.78
? ?1
KS7
4.42

9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

3.06
7,65
12.58

8.33

.65
4,59
6.63

MEAN
MAXIMUM

13.13
35.90

7.56
20.11

38.93

5.10

FP-4

UQ2
1.19

.17
..' i•?
,17
.31
.09
.17
.42

FP-6

29.07
52.70
68.00
7?. 73
55.08
45.90
31.45
27.20
70.38
15.64
33.37
19.62
n -17
<_•.

c*J

7.4&
7.57
10.54
.34
18.27
23.29
31.79
7?,73

9.58

FLCW (CFS) IN THE FORGE POND SYSTEM
STATION
DATE

FP-4

FP-6

FP-1

FP-2

FP-3

8.0Q
14.00
14.00

4.00

4.50
9.30
13,60
22. 9f)
15.40
8.30
4.0G
3.40
8.45
2.16
3.21
1.63
.90
.90
.60
,70
.50
2.70
3.90

.50
.09
.12
.12
.06
.06
.50
.21
.16
.10
.10
.10
.18
.05
.10
.25

4.40
4.45
6.20
.20
10.75
13.70

5.63
22. 90
.50

.17
.50
.05

18.70
46.90
.20

i-15-86
2-11-86
3-12-86
4-01-66
4-15-86
<i-2?-S6
5-13-86
5-27-S6
6-17-86
7-01-86
7-15-86
7-29-66
6-13-96
8"t!6-b£'
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

7.40
13.30
P. 3D
7.70
21.12
4.51
5.39
5,90
3,05
2. 85
2.16
3.00
1.80
4.50
7.40

7.30
6.00
8.10
6.10
6. SO
4,<J{J
3.50
11.83
2.65
6.06
2.50
1.45
1.30
1.05
2.30
1.10
2.60
4.90

MEAN
MAXIMUM
MINI HIM

7.72
21.12
1.80

4.44
11.83
1.05

i i . jo
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17.10
31.00
40.00
46.90
32.40
27.00
13. 50
16.00
41.40
9.20
19.63
11.54
4.90

TEMPERATURE (C) IN THE FORGE PCND SYSTEM

STATION
DATE

FP-1

FP-2

FP-3

1-15-84
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
3-26-86
?-?-S6
9-3Q-86
10-21-86
11-19-86
12-17-86

-1.0
-. j
2.8
10.0

-1.0
-1.0

-1.1

MEAN
MAXIMUM
MINIMUM

2.0

.5
9.5

13.5
-4.0

-2.0

0.0

S.O
1.0
0.0

9.5

10.4
20.3
-2.0

li.3
22.?
-i.l

6.2
6.5
.5

19.4
-4.0

6.0

FP-5S

FP-58

FP-6

-1.0
-i.O

1.5
0.0
1.5

-.5
-.5
1.0

13.0
18.0
15.5
21.5
20.0
24.5
17.8
25.0
21.3
18.2
15. &
16. 0
8.5
.5
-.5

S.5
12.5
13.8
18.2
13.5
18.0
16.2
17.5
19.4
17.5
15.4
1.0

-1.0

1,2.9
25. G
-1.0

11.7
19.4

0.0

12.9
24.8
-1.0

FP-4

FP-5S

FP-5B

FP-6

11.6

9.4
10.8
11.8

<-. i
6.5

12.0
13.2
14.0
11.2
11.8
10.4
10.8

4.2

10. 2
13.0
13.5
15.5
18.2
18.2
18.0
13.5
20.3
16.7
12.7
£ ?
14.2

12.0
12.0
13.2
15.3
19.4
15.0
12.2
18.5
14.3
12.0

FP-4

11.0
19.8
13.7
18.0
19.1
15.0
14.8
22.9
18.7
15.0
11.8
13.0

-.5

14.4
15.0
21.8
19.0
19.6
18.0
18.4
14,5
21.5
17.0
13.1
10.0
15.1

8.5
0.0

14.1
21.3

-.5

—> w

15. S
S.O

12.2
12.0
18.0
15.3
22.3
19.4
23.0
17.7
24. S
23.2
17.8
15.3
i&.O

8.0
1.0

DISSOLVED OXYGEN (MG/L) IN THE FORGE POND SYSTEM

STATION
DATE
1 -i ^-s^
1

1 -J

Ul_'

2-11-56.
3-12-86
4-01-86
4-15-86
4-29-56
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
3-13-86
8-26-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

MEAN
MAXIMUM
MINIMLM

FP-1

FP-2

FP-3

11.8
13.6
13.6

12.2
13.6
13.3
12.4
12.5
11. S
11.6

10.2
11.2
12,4
10.0

\"> 9

1K6
11.2

11.3

9.3
9.6
9.6

10.0

6.6
8.9
8.9

9.5
8.3
9.0
9.3
6.8
8.0
8.7

10.4

10.1

10.5
13.2
12.9

11.6
14.3
13.0

10.7
13.6

10.7
13.6

7.5

6.6

7.7

6.8

9.0
7.1
9.3
3.2
8.1
B.7
4.1
2.8
3.5
3.7
4.6
.8
6.4
7.5
9.7

8.6

10.2

9.4
8.4
6.9
6.1
7.0
7.6
6.0
7.0
8.2
9.6
5.9
7.6

12.2

8.3

7.2

12.4

11.6

5.9

.8
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12.4
10.8
10.9
11.1

10.0
16.1
10.4
11.8
10.3
6.2
9.6
8.3
11.8
14.1
12.0
11.0
16.1
6.2

£.,3

11.0

11.8

9.5

10.2

7.5
.4
2.1
.2
.3
•5

5i2
.2
.4

11.6

S.5
8.8

11.3

9.7
8.4
7.7
5.5
8.6
8.6
9.9

4.8

12.4
12.4

5.0

10.3
14.0

11.8

.2

5.5

PERCENT OXYGEN SATURATION IN THE FORGE PCND SYSTEM
STATION
FP-1
FP-2
FP-3
FP-4

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-B6
8-26-86
?-0?-86
9-30-S6
10-21-86
11-19-86
12-17-86
MBW
toXIMLM
MINIMUM

78
92
101
108
108
104

108
93
104
95
93
70
88
83
88

81
90
P6
110
11?
113
116
101
88
95
89
75
82
82
88

78
74
86
88
32
78
90
87
88
86
41
33
nr,
«o

37

i'il

?D

43
8

85
80
90

93
92
89

54
53
66

91.6
108.1
70.5

93.5
118.7
75.1

63.5
89.7
7.6

78
84
101
107
91
75

Fp_5S

63
72
80

16
44
78

US

101
89
99
80
4
22
2
q

114

83

109
126
110
193
10?
143
122
66
97
84
101
98
81

78.8
107.1
58.7

104.7
193.1
62.5

64

75
75
68
72
78
85
5?
65

Fp _ 5B

27-8

55
2
4
98

81
B9
99
104
110

no

108
98
96

132
102
101

34

58
37
3?
84
87
82

45.7
100.9
2.0

95.3
131.8
57.9

TOTAL PHOSPHORUS (U6/L) IN THE FORGE POND SYSTEM
STATION
FP-3
FP-4
FP-1
FP-2
FP-5S
DATE
1-15-86
2-11-66
3-12-86
4-01-66
4-15-86
4-2?- 86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

10
10
30
10
10
20
10
20
10
13
10
2?
10
14
10
10
50
10
10

190
160
150
92
150
190
270
380
280
300
270
400
340
280
160
260
220
240
170

20
10
30
25
11
20
20
50
29
15
30
56
40
43
20
50
40
40
17

MEAN
MAXIMUM
MINIMUM

16
50
10

237
400
92

30
56
10

FP-5B

FP-6

40
30
60

40
47
80
2?
40
70
100
90
130
160
250
170
150
80
110
40

18

23
40
60
90
78
93
100
180
140
160
50
100
30
80
29

77

50
40
60
160
30
50
60
100
92
43
140
150
160
150
50
110
30
70
57

23
50
10

77
180
23

98
250
29

84
160
30

FP-5S

FP-5B

FP-6

40
22
30

40
17
30
10
20
10
70
65
50
130
76
80
46
20
40
10

10

15
10
50
50
60
17
70
13
60
58
30
40
10
30
25

56

40
20
20
18
10
10
10
60
70
U
90
18
60
50
30
20
10
40
50

16
40
10

35
70
10

45
130
10

34
90
10

30
25
10
20
10
50
26
24
10
36
30
13
10
30

ORTHOPHOSPHORUS (UG/L) IN THE FORGE POND SYSTEM
STATION
DATE

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-20-86
12-17-86

10
10
10
10
10
10
10
10
10
13
10
10
10
10
10
10
40
10
10

190
140
40
83
140
17
270
370
240
200
230
400
340
270
120
240
100
240
168

10
10
10
10
10
10
10
30
13
15
10
32
30
38
10
30
10
20
12

MEAN
MAXIMUM
MINIMUM

12
40
10

200
400
17

17
38
10
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FP-4

20
10
10
10
10
40
17
21
10
28
20
16
10
10

AMMONIA NITROGEN (M6/L AS N) IN THE FORGE POND SYSTEM

STATICN
DATE

FP-1

FP-2

FP-3

1-15-86
2-11-B6
3-12-86
4-01-66
4-15-86
4-29-86
5-13-B6
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
?-30-86
10-21-86
11-20-66
12-17-86

.02
.04
.09
.01
.01
.02
.01
.02
.01
.01
.01
1.30
.01
.01
.01
.01
.01
.01
.10

.01
.32
.41
.01
.01
.01
.01
.06
.04
.02
.03
.06
.02
.01
.02
.01
.01
.03
.17

.03
.64
.12
.01
.01
.03
.01
.03
.02
.01
.02
.01
.01
.01
.02
.01
.11
.01
.10

MEAN
MAXIMUM
MINIMLM

.09
1.30
.01

,07
.41
.01

.06
.64
.01

FP-5S

FP-5B

FP-6

.04
.16
.12

.04
.15
.14
.01
.01
.01
.01
.01
.01
.08
.01
.03
.14
.01
.01
.01

.10

.01
.01
.02
.01
.01
.01
.01
.01
.01
.10
.01
.01
.01
.01
.10

.10

.04
.13
.17
.01
.01
.01
.01
.01
.01
.01
.01
.10
.10
.12
.01
.01
.01
.01
.10

.04
.12
.01

.04
.16
.01

.05
.15
,01

.05
.17
.01

FP-5S

FP-5B

FP-6

.39
.22
.06

.23
.16
.26
.08
.02
.03
.02
.02
.02
.03
.07
.03
.04
.02
.02
.02

.24

.07
.02
.02
.02
.01
.02
.03
.08
.03
.03
.02
.1?
.02
.03
.40

.39

.42
.22
.18
.10
.08
.02
.02
.02
.02
.01
.20
.07
.04
.57
.04
,76
.03
.04
.42

.09
.31
.02

.09
.40
.01

.09
.39
.02

,15
.76
.01

FP-4

.12
.02
.01
.02
.01
.06
.06

.05
.04
.04
.04
.02
.02
.01

NITRATE NITROGEN (MG/L AS N) IN THE FORGE POND SYSTEM

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
6-27-86
9-9-86
9-30-86
10-21-86
11-20-86
12-17-86

.51
.23
.30
.23
.06
.06
.18
.20
.15
.12
.17
.45
.58
.79
.89
.65
.55
.57
.42

.48
.39
.20
.13
.07
.07
.05
.19
.01
.08
.10
.38
.28
.31
.20
1.00
.45
1.20
1.20

.16
.09
.06
.07
.02
.02
.02
.02
.02
.03
.03
.06
.03
.02
.03
.18
.08
.10
.09

MEAN
fttXIMlJM
MINIMLM

.37
.89
.06

.36
1.20
.01

.06
.18
.02

STATICN
DATE
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FP-4

.31
.07
.11
.05
.03
.02
.05
.02
.04
.09
.08
.09
.09
.02

KJELDAHL NITROGEN (MG/L AS N) IN THE FORGE POND SYSTEM

STAT1CN
DATE
1-15-66
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-2?-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-20-86
12-17-86
MEAN
httXIMUM
MINIMUM

FP-1

FP-2

FP-3

.25
.89
.33
.24
.44
.26
.34
.26
.32
.18
.32

.55
.42
.84
.43
.38
.41
.77
.71
.55
.52
.56
.52
.59
.37
.56
.58
.64
.18
.40

.27
.80
.29
.59
.29
.32
.41
.25
.26
.38
.37
.34
.32
.29
.32
.21
.48
.28
.10

.53
.84
.18

.35
.80
.10

3.50

.23
.18
.1?
.25
.28
.18
.22
.47

3.50

.18

FP-4

.26
M
.20
.36
.44
.46
.22
.22
.45
.48
.25
.57
.22
.41
.11
.35
.61
.11

FP-5S

FP-5B

FP-6

.55
.65
.41

.13
.81
.37

.33
.26
.48
.36
.52
.73

.30
.31
.53
.56
.23

.22
.66
.41
.32
.29
.38
.31

2.00
2.31
1.20

1.20
1.20
2.10
1.40

1.30
1.20

2.20
1.20

.60

.34
.43
.14
.77

.73

.43
.17
.82

1.20

.37

1.00
1.50
2.30
1.30
1.04
1.30
1.20

.22
.35
.21
.77

2.20

2.30

FP-5S

FP-5B

FP-6

53.6
66.1
17.9

20.5
47.1
18.0
29.9
18.8
18.2
13.2
6.4
21.4
17.5
19.8
19.2
3.4
6.0
5-.<S
25.7

44.3

39.7
16.0
1?.0
9.6
15.6
18.4
46.3
30.2
20.0
3.0
9.6
10.0
27.4
13.1
42.5

16.6

29.2
50.2
22.4
6,0
28.1
18.2
12.5
27.8
9.6
53.6
27.7
36.0
19.1
3.9
10.5
20,9
19.0
12.7
25.2

50.6
111.7
21.9

25.4
66.1
3.0

18.1
47.1
3.4

22.8
53.6
3.9

2.31

.14

.13

.21

NITROGEN TO PHOSPHORUS RATIOS IN THE FORGE PCND SYSTEM

STATION
DATE

FP-1

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

173.3
255.4
47.9
107.2
114.0
36.5
118.6
52.4
107.2
52.6
111.7
310.6
184.7
158.1
246.2
205.2
37.8
171.0
145.9

12.4
11.5
15.8
13.9
6.8
5.8
6.9
5.4
4.6
4.6
5.6
5.1
5.8
4.0
5.6
11.0
11.3
13.1
21.5

49.0
202.5
26.6
59.8
64.3
38.8
49.0
12.3
21.9
62.2
30.4
16.1
19.9
10.8
25.1
19.6
31.9
21.7
24.8

MEAN
MAXIMUM
MINIMUM

138.7
310.6
36.5

9.0
21.5
4.0

41.4
202.5
10.8

FP-2

FP-3
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FP-4
43.3
61.7
70.7
46.7
107.2
21.9
23.3
23.0
111.7
36.0
25.1
47.9
63.8
32.7

PH (S.U.) IN THE FORGE POND SYSTEM

STATICN
DATE

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-86
1-01-86
4-15-86
4-2?-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-26-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

6.8
6.8
6.9
6.9
7.0
7.1
7.0
7.1
7.0
7.0
6.9
7.0
7.1
7.1
7.0
7.0
7.0
6.9
6.9

6.7
6.8
6.9
7.0
7.4
7.2
7.2
7.1
7.0
7.0
7.0
7.1
7.2
7.1
7.3
7.1
7.2
7.0
7.0

6.5
6.6
6.5
6.6
6.6
6.9
6.8
6.8
6.8
6.8
6.6
6.7
6.7
6.6
6.7
6.7
6.7
6.6
6.0

MEAN
MAXIMUM
MINIMUM

7.0
7.1
6.8

7.1
7.4
6.7

6.6
6.9
6.0

FP-5S

FP-5B

FP-6

6.6
6.6
6.6

6.6
6.5
6.7
7.0
7.2
7.2
7,2
6.8
7.5
6.8
8.0
7.7
7.1
7.5
7.0
7.2

5.9

7.1
7.1
7.2
7.5
7.2
7.6
8.8
9.8
7.7
7.2
7.5
7.0
7.2
6.9
6.8

6.8

6.8
6.7
6.8
6.9
7.2
7.3
7.3
7.5
6.9
7.5
8.7
9.7
7.7
7.1
7.3
7.0
7.1
6.9
6.9

6.7
7.0
5.9

7.4
9.8
6.6

7.1
8.0
6.5

7.3
9.7
6.7

FP-5S

FP-5B

FP-6

25
18
19

23
18
22
1?
22
26
29
21
26
33
34
31
34
36
40
40

10

20
21
26
29
22
27
30
33
31
35
36
42
40
30
18

18

23
20
23
15
19
23
24
30
21
26
30
33
30
34
35
40
3?
28
20

19
28
10

28
42
18

28
40
18

27
40
15

FP-4

6.5
6.6
6.8
6.8
6.8
6.8
6.8
6.8
6.8
6.8
6.9
7.0
6.8

TOTAL ALKALINITY (MG/L AS CAC03) IN THE FORGE POND SYSTEM

STATION
DATE

FP-1

FP-2

FP-4

FP-3

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-66
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-B6
8-27-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

27
18
21
18
20
23
24
28
23
31
29
32
35
37
36
51
35
26
21

34
24
24
21
22
29
29
34
2?
39
39
49
63
52
53
54
51
37
27

17
14
14
13
16
16
18
16
16
24
22
30
31
32
32
54
34
18
14

MEAN
MAXIMUM
MINIMUM

28
51
18

37
63
21

23
54
13

12
11
12
17
15
21
16
24
21
25
27
28
28
24
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CONDUCTIVITY (UMHOS/CM) IN THE FORGE POND SYSTEM

STATION
DATE

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-66
8-26-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

320
103
120
105
105
115
141
148
112
137
84
166
98
111
113
114
165
110
105

335
159
169
165
162
159
210
235
185
210
139
172
171
199
201
210
235
195
160

235
81
80
82
76
82
95
104
85
110
58
71
86
96
98
137
150
79
74

MEAN
M4XIMLM
MINIMUM

130
320
84

193
335
139

99
235
58

FP-5S

FP-5B

FP-6

230
122
112

240
113
135
114
119
145
159
117
133
94
103
102
116
114
127
178

69

116
122
145
160
122
148
89
114
104
116
113
124
178
140
111

113

240
109
143
110
115
120
146
158
125
147
87
111
i04
117
114
128
177
135
119

81
97
54

131
230
89

131
240
94

132
240
87

FP-5S

FP-5B

FP-6

87
60
60

63
60
72
68
100
56
75
56
61
83
75
104
107
56
117
151

69

77
92
72
79
61
56
65
77
127
101
61
88
175
84
99

99

81
60
67
65
65
101
67
63
65
63
71
89
101
100
68
51
168
85
95

59
107
37

84
175
56

83
151
56

80
168
51

FP-4

93
95
86
82
92
97
92
97
54
63
64
71
69
92

TOTAL DISSOLVED SOLIDS <MG/L) IN THE FORGE POND SYSTEM

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

92
57
79
61
59
100
67
92
56
67
95
147
125
105
71
133
117
68
77

77
89
88
99
81
131
104
112
95
97
128
139
177
172
129
155
204
120
136

133
44
55
56
51
84
56
64
45
61
60
49
116
101
55
128
155
43
68

MEAN
MAXIMUM
MINIMLM

88
147
56

123
204
77

75
155
43

STATION
DATE

FP-4

56
53
40
67
45
48
56
37
59
51
84
71
45

107

283

TOTAL SUSPENDED SOLIDS (MG/L) IN THE FORGE POND SYSTEM

STATICN
DATE

FP-1

FP-2

1-15-86
2-11-66
3-12-86
4-01-B6
4-15-86
4-29-86
5-13-86
5-27-86
6-17-B6
7-01-86
7-15-86
7-29-B6
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-19-86
12-17-86

12.0

4.4
1.6
6.4
1.6

MBW
f-ttXIMUM
MINIMLM

1.6
7.2
2.0
5.6
4.8
2.0
2.0
.4
2.4
4.8
4.3
6.B
.8
.4
7.2
4.0
2.4
3.2
3.9

12.0

.4

10.0

9.2
4.4
9.2
.4
3.2
4.4
1.2

12.0
18.0

.4
6.4
3.6
1.6
3.2
5.3

18.0

.4

FP-3

4.0
.8
2.0
2.0
4.4
6.0
3.6
4.8
.4
4.8
.8
8.8
4.4

10.0

.8
8.B
6.4
2.0
.8
4.0

10.0

.4

FP-4

2.0
.8
4.0
6.4
4.4

13.0

.4
3.6
.4
.4

10.0

1.6
.4

6.0
.4
3.6

FP-5S

FP-5B

FP-6

4.8
.8
.4

2.8
.8
.4

11.0
.4

2.0
4.4
4.0
2.8
.4
4.8
5.2
.8
3.6
9.2
2.5
7.0

3.2
4.8
2.8
2.0
.4
5.8
6.0
2.4

13.0

1.6
2.8
3.9

10.0
13.0
10.8
11.0
15.0

,8
5.4

.8
1.2
4.8
4.8
4.0
4.8
.4
2.0
4.0
1.6
3.2

14.0

5.3
8.4
9.2
1.2
2.4
4.4

13.0

13.0

.4

14.0

.4

15.0

FP-4

FP-5S

FP-5B

FP-4

10
10
13

26
10
11
9
8
12
14
9
12
9
12
14
16
15
20
20

8

9
13
11
12
7
12
7
15
14
15
14
18
20
16
13

13

25
10
12
11
12
9
12
12
7
11
9
13
14
16
15
22
21
16
16

7
10
2

13
18
7

14
26
8

14
25
7

.4

.4

CHLORIDE (MR/L) IN THE FORGE POND SYSTEM

FP-1

FP-2

FP-3

1-15-86
2-11-86
3-12-Bd
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-3Q-86
10-21-86
11-20-86
12-17-86

10
9
ID
11
24
7
8
10
6
9
7
16
7
12
10
13
15
12
10

26
18
20
20
21
5
25
27
18
26
25
32
28
39
40
38
38
29
25

5
5
6
6
3
5
4
5
2
6
4
4
12
7
9
13
10
5
5

MEW
httXIMLM
MINIMUM

11
24
6

26
40
5

6
13
2

STATICN
DATE
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10
9
6
5
6
6
6
6
2
4
8
9
4
11

BERKSHIRE ENVTRO-LABS, INC.
CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238

(413)243-1416

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

L-1642
Page 1 of 3

SAMPLE NUMBER

14761

14762

14763

14764

DATE COLLECTED

5/19/87

5/19/87

5/19/87

5/19/87

COLLECTED BY

client

client

cl ient

client

DATE ANALYZED

5/19/87

5/19/87

5/19/87

5/19/87

ANALYZED BY

W.E.-R.F. W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

TIME COLLECTED

UNITS

ANALYSIS

Bacteriological
Fecal Coliform (MF)

/100m Is

Fecal Streptococcus (MF)

/100m Is

1

Physical-Chemical
Total Phosphorus (as P)

mg/1

0.10

0.05

0.08

1.34

Ortho-Phosphorus (as P)

mg/1

0.08

0.05

0.03

0.85

Ammonia (as N)

mg/1

0.19

0.46

Nitrate (as N)

mg/1

0.07

Total Kjeldahl (as N)

mg/1

0.11
0.62

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

Sample #14761:
14762:
14763:
14764:

Site
Site
Site
Site

FP-1 FP-2
FP-3 FP-5 -

.

15.6

2.99

167

Upper North Branch, Lampson Brook
- Lower North Branch, Lampson Brook
Mainstem, Lampson Brook above STP
Mainstem, Lampson Brook below STP

285

William S. Enser, Jr,
Director

BERKSHIRE ENVIRO-LABS, INC.
CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
(413)243-1416

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

L-1642
Page 2 of 3

SAMPLE NUMBER

14765

14766

14767

14768

DATE COLLECTED

5/19/87

5/19/87

5/19/87

5/19/87

COLLECTED BY

client

cl ient

cl ient

client

DATE ANALYZED

5/19/87

5/19/87

5/19/87

5/19/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

TIME COLLECTED

-

UNITS

ANALYSIS
Bacteriological
Fecal Coliform (MF)

/lOOmls

Fecal Streptococcus (MF)

/lOOmls

Physical -Chemical
Total Phosphorus (as P)

mg/1

0.65

Ortho-Phosphorus (as P)

mg/1

0.50

Ammonia (as N)

mg/1

Nitrate (as N)

mg/1

0.46
0.43
0.15
0.12

mg/1

0.44

Total Kjeldahl

(as N)

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

0.40

2.44

0.33

1.94
1.35
0.19
15.2

60

•

Sample #14765:
14766:
14767*
14768:

Site
Site
Site
Site

FP-6 - Lampson Brook above confluence with Weston
FP-9 - Vfeston Brook .below confluence with Lampson
FP-10 - Weston Brook at Boardman Street
FP-11 - STP Effluent
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William S. Enser, Jr,
Director

BEKKSHIRE ENVTRO-LABS, INC.
CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
(413)243-1416

Baystate Environmental Consultants, Inc.

L-1642

296 North M a i n Street
East Longmeadow, MA.

01028

Page 3 of 3

SAMPLE NUMBER

14769

14770

14771

DATE COLLECTED

5/19/87

5/19/87

5/19/87

COLLECTED BY

client

client

client

DATE ANALYZED

5/19/87

5/19/87

5/19/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

TIME COLLECTED

ANALYSIS

UNITS

Bacteriological
Fecal Coliform (MF)

/lOOnls

Fecal Streptococcus (MF)

/100m Is

Physical-Chemical
Total Phosphorus (as P)

mg/1

0.19

0.15

0.05

Ortho-Phosphorus (as P)

mg/1

0.15

0.03

0.04

Ammonia (as N)

mg/1

Nitrate (as N)

mg/1

Total Kjeldahl (as N)

mg/1

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

•

Sample #14769:
14770:
14771:

Site FP-12 - Forge Pond Brook
Site FP-13 - Forge Pond Brook
Site FP-14 - Forge Pond Brook at State Street
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William S. Enser, Jr
Director

BERKSHIRE ENVIRO-LABS, INC.
CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
(413)243-1416

Baystate Environmental C o n s u l t a n t s , I n c .
296 North M a i n Street
East Longmeadow, MA. 01028

L-1642

RE:

Page 1 of 2

Forge Pond

SAMPLE NUMBER

15190

15191

15192

15193

DATE COLLECTED

6/18/87

6/18/87

6/18/87

6/18/87

TIME COLLECTED

l:10pm

l:20pm

l:55pm

12-:45pm

COLLECTED BY

client

client

client

cl ient

DATE ANALYZED

6/18/87

6/18/87

6/18/87

6/18/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

UNITS

ANALYSIS

Bacteriological
Fecal Coliform (MF)

/100m Is

Fecal Streptococcus (MF)

/100m Is

Physical -Chemical
(as P)

mg/1

Ortho-Phosphorus (as P)

mg/1

Ammonia (as N)

Total Phosphorus

0,14

2.25

mg/1

0.31

0.85

Nitrate (as -N)

mg/T

0.96

Total Kjeldahl (as N)

mg/1

1.29

0.89
14.1

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

Sample #15190:
15191:
15192:
15193:

FP-9
FP-10
FP-12
FP-18

0.10

70.3

22.0

1.34

40.7

- Mainstenv Lampson Brook above STP
- STP Effluent
- Upper. Lampson .Brook, South
- Lampson Brook above confluence with Weston

288

William S. Enser, Jr
Director
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CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
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Baystate Environmental Consultants, Inc.
296 North Main Street
East Longneadow, MA. 01028

L-1642

RE:

Page 2 of 2

Forge Pond

SAMPLE NUMBER

15194

15195

15196

15197

DATE COLLECTED

6/18/87

6/18/87

6/18/87

6/18/87

TIME COLLECTED

12: 50pm

10: 00 am

ll:15am

ll:20am

COLLECTED BY

client

cl ient

client

client

DATE ANALYZED

6/18/87

6/18/87

6/18/87

6/18/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

ANALYSIS

UNITS

Bacteriological
Fecal Coliform (MF)

/lOOrals

Fecal Streptococcus (MF)

/lOOmls

Physical -Chemica-1
Total Phosphorus (as P)

mg/1

Ortho-Phosphorus (as P)

mg/1

Ammonia (as N)

mg/1

Nitrate fas N)

mg/1

Total Kjeldahl

(as N)

mg/1

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

Sample #15194: FP-19
15195: FP-20
15196: FP-26
15197: FP-27

1.22

41.8

0.91

0.06

0,01

(K15
0.44
1,99

0.19
0.65

0.08
0.40
0.55

7.7

9.9

0.31

33.0

.

Weston Brook below confluence with Lampson
Weston Brook @ Rural Street
Bachelor Brook above Development
Bachelor Brook below .Development

289

William S. Enser, Jr,
Director

BERKSHIRE ENVIRO-LABS, INC.
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CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
(413)243-1416

•

Baystate Environmental Consultants, Inc.
296 North Main Street

L-1642

East Longmeadow, MA.

Page 1 of 2

RE:

01028

Forge Pond

SAMPLE NUMBER

16309

16310

16311

16312

DATE COLLECTED

8/27/87

8/27/87

8/27/87

8/27/87

COLLECTED BY

client

client

client

client

DATE ANALYZED

8/28/87

8/28/87

8/28/87

8/28/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

W.E.-R.F.

TIME COLLECTED

UNITS

ANALYSIS
Bacteriological
Fecal Coliform (MF)

/lOOmls

Fecal Streptococcus (MF)

/lOOmls

Physical -Chemical
mg/1

0.13

4.06

2.11

1,21

mg/1

0.08

1,88

1.38

0.98

Ammonia (as N)

mg/1

0.25

0.39

Nitrate_(as N)

mg/1

0.28

11. 37

Total Kjeldahl (as N)

mg/1

0.99

1.02

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

Total Phosphorus (as P)
Ortho-Phosphorus (as P)

Sample #16309:
16310:
16311:
16312:

•

56.7

Lampson Brook - Upstream
STP Effluent
Lampson Brook - Downstream
Lampson Brook Above Confluence
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43.3

Site
Site
Site
Site

48.9

42.2

FP 9
FP 10
FP 11
FP 18

William S. Enser, Or,
Director

BERKSHIRE ENVffiO-LABS, INC.
CORNER OF MAIN & CENTER STREETS
P.O. BOX 113, LEE, MASS. 01238
(413)243-1416

./\/\
*

L-1642

Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA.
01028
RE: Forge Pond
SAMPLE NUMBER

Page 2 of 2

16313
8/27/87

16314
8/27/87

COLLECTED BY

client

client

DATE ANALYZED

8/28/87

8/28/87

ANALYZED BY

W.E.-R.F.

W.E.-R.F.

DATE COLLECTED
TIME COLLECTED

UNITS

ANALYSIS
Bacteriological
Fecal Coliform (MF)

/lOQnls

Fecal Streptococcus (MF)

/lOOmls

Physical -Chemical
Total Phosphorus (as P)
Ortho-Phosphorus (as P)

.

rag/1

1.04

0.79

mg/1

0.95

0.53

Ammonia (as N)

mg/1

0.46

Nitrate (as N)

mg/1

0.28

mg/1

0.88

Total Kjeldahl

(as N)

Total Alkalinity

mg/1

Total Suspended Solids

mg/1

Chloride

mg/1

36,7

,

32.2

Sample #16313: Weston Brook Below Confluence - Site FP 19
16314: Weston Brook (? Rural Street - Site FP 20
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William S. Enser, Or,
Director

Phuio w.

GHE CONSiflT/NG ENGINEERS

D*vtdG.

John W. Powers
Dtnflta H. Bianctii
Thomas C. Couturt
William 6. Alton
BonaMA. Micnaisxi
Micn»^ a Panons
Janwi S. O*R<Hlty

EtVyi/tQMME.VTAL SPECIALISTS

Tighe & Bond
Environmental Laboratory
. . .... .,
., .Eastharapton, Massachusetts 01027
Mass Certificate No. C 8212/Conn. Certificate No. PH-0494

Job No.:
Report No.:
Date;

Belchertown State School
Belchertown, MA 01007

EdwaniJ. Bayon
G*org< H

40086-4-50
09139.

June 17, 1986

Sample Description

C55376 - Effluent Discharge
C5S377 - Upstream
C55378 - Downstream
Lab Number
Collector
Date Received
Date Analyzed
Parameter

Units

Nitrate
Phosphorus

mg/L
mg/L

292

C55376
PB-T&B
5-15-86
6-2*86

C55377
PB-T&B
5-15-86
6-2-86

C55378
PB-T&B
5-15-86
6-2-66

<0.4
2.8

<0.4
<0.4

<0.4
0.9

50 Payson Avenue
Easthampton, Mass. 01027
TEL. 413-527-5600
413-533-3991

3. Biological Data

293
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FECAL COLIFORM (N/100 ML) IN THE FORGE POND SYSTEM

STATION
DATE

FP-1

FP-2

FP-3

FP-4

FP-5S

FP-6

34
20
0
0
0
0
7
D
0
0

19
6
0
1
0
2
1
6
2
2
2
2
0
0
0
0
100
0
19
0

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-2?-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-86
10-21-86
11-20-86
12-17-86

0
14
0
1
0
30
0
41
0
12
0

4
47
35
0
0
40
17
60
0
103
8

12
4
0
0
0
6
22
46
6
0
10

2
0
68
22
Q
6
0

17
41
34
14
20
14

2
0
300
0
0
26
4

0
31
1300
650

0
0
2
0
2
5
2

MAXIMUM
MINI Mm

68
0

103
0

300
0

1300
0

34
0

0
0
0
0
21
18
0
0
0

0

FECAL STREPTOCOCCI (N/100 ML) IN THE FORGE POND SYSTEM

STATION
DATE

FP-1

FP-2

FP-3

FP-4

1-15-86
2-11-86
3-12-36
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-86
9-30-B6
10-21-86
11-20-86
12-17-86

0
14
230
4
1

21
8
260
0
2

1
0
6
1
7

17
80
410
400
700
10000
95
800
40
5SO
0
13
6

10
117
500
2600
300
10000

100
56
300
0
26
5

3
71
341
58
300
7600
48
10
100
200
0
71
10

35
301
1400
1100
1200
64
45
52
2500

MAXIMUM
MINIMUM

10000
0

10000
0

7600
0

2500
0-

295

234
0
9

0
6

FP-5S

0
0
5

FP-6

0

0
3
49
0
0

0
4
60
6
18
3600
39
50
10
40
0
47
1

2
512
96
900
1900
62
5500
2500
1500
14
0
200
0

3600
0

5500
0

FECAL CQLIFORM TO FECAL STREPTOCOCCI"RATIO IN THE P.P. SYSTEM.
STATION
DATE
1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-86
7-29-86
8-13-86
8-27-86
9-9-B6
9-30-86
10-21-86
11-20-86
12-17-86
MBW
ttWIMUM
MINIMUM

FP-1

1.0
0.0
.2
0.0

FP-2

FP-4

FP-3

.2
5.9
.1
0.0

FP-5S

FP-6

12.0
0.0

2.0
0.0

1.8
0,0
0.0
0.0
0.0
0.0
^0.0
.2
0.0

.5
.0
.0
.0
.0
0.0
.0
0.0
0.0
0.0

.1
2.0

.5

108.3
9.2
108.3
0.0

.3
2.0
0.0

.2
2.0
0.0

0.0
0.0
0.0

0.0

.6
.1
0.0
0.0
0.0
0.0
0.0
.6
,5

0.0
.5
0.0
.0
0.0
0.0
.0
0.0
1.7
.0

1.7
.5
0.0
.0
.0
0.0

.2
.7
.1

7.3
.6
.0
0.0
.0
0.0
.0
0.0
3.0
0.0

.5
0.0

.8
2.B

.4
.4

.3
1.7
0.0

.9
5.9
0.0

1.5
12.0
0.0

296

0.0

CHLOROPHYLL (UG/L) IN THE FORGE PCND SYSTEM
STATION

DATE

CHLOROPHYLL (UG/L)

FP-53
FP-5S
FP-53
FP-5S
FP-5S
FP-5S
FP-5S
FP-5S
FP-5B
FP-5S
FP-5S
FP-5S
FP-5S
FP-5S
FP-5S
FP-5S
FP-5S

1-15-86
2-11-86
3-12-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-15-86
7-29-86
8-13-86
8-26-86
9-9-86
9-30-86
10-22-86
11 -19-86
12-3-86

MEAN
MINIMUM
WtXIMlM

1.8
2.0
1.9

MEAN

1.2
2.2
.3

MINIMLH

6.7
8.4
22.7
22.8
107.7
231.8
102.4
67.9
69.4
63.5
28.8
13.5

1.8

(M) IN THE FORGE POND SYSTEM

FP-5S

1-15-86
2-11-86
3-12-86
4-01-86
4-15-86
4-29-86
5-13-86
5-27-86
6-17-86
7-01-86
7-15-B6
7-29-86
8-13-86
B-26-86
9-9-86
9-30-86
10-21-66
11-19-86
12-17-86
ttWIMUM

45.4
13,5

49.8
1.8
231.8

SECCHI TRANSPARENCY

STATION
DATE

20
20

2.2
1.9
1.6
1.6
1.0
.6
.5
.3
.5
.5
.6

.9
.8
.9
1.6

297

011686 '

TAX ON

TAXON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA

Melosira
Pinnular i a
Rhoi cospheni a
Staurone i s
Synedra

Melosira
P i n n u l a r ia
Rhoicosphen ia
Staurone i s
Synedra

CHRYSOPHYTA

CHRYSOPHYTA

Dinobryon

Dinobryon

CRYPTOPHYTA

CRYPTOPHYTA

Cryp tomonas

Cryptomonas

62

.6
10
2,4
7,6
3.2

12

12.4

ELJGLENOPHYTA

EUGLENOPHYTA
Lepoci nc1 is

UG/L

Lepoc i n c l i s

\

1

TOTAL

80

TOTAL

49.2

BACILLARIOPHYTA

13

BACILLARIOPHYTA

23.8

CHRYSOPHYTA

4

CHRYSOPHYTA

12

CRYPTOPHYTA

62

CRYPTOPHYTA

12.4

1

EUGLENOPHYTA

EUGLENOPHYTA

298

1

021186
TAX ON

TAX ON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA

6
6
6
6

Fragi 1 ar i a
Meridion
Nauicul a
Sxnedra

13

TOTAL

.6
1
8.8

39

Di nobryon
CRYPTOPHYTA

60
22

Cryp tocnonas
Other c r y p t o p h y t e s

CYANOPHYTA
Mi crocyst is

3

CHRYSOPHYTA

CRYPTOPHYTA
Crxp tomonas
Other cryptophytes

Fragi lar i a

Mer i di on
Nav i c u l a
Synedra

CHRYSOPHYTA
Dinobryon

UG/L

12.4
4

CYANOPHYTA

25

.25

Mi crocyst i s

144

TOTAL

69.05

BACILLARIOPHYTA

24

BACILLARIOPHYTA

13.4

CHRYSOPHYTA

13

CHRYSOPHYTA

39

CRYPTOPHYTA

82

CRYPTOPHYTA

16.4

CYANOPHYTA

25

CYANOPHYTA

.25

031286
TAX ON

CELLS/ML

TAX ON

.UG/L

CHRYSOPHYTA

CHRYSOPHYTA
Oi nobryon
Synura
Other golden algae

315
12
1860

Dinobryon
Synura
Other go! den a) gae

TOTAL

2187

TOTAL

CHRYSOPHYTA

2187

CHRYSOPHYTA

299

66\ .5
6.72
990.5

2369.6
:

2369.6

041584
TAX ON

.TAXON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA
Asterionel 1 a
Cyclotel la
Fragi lar i a
Melosira
Nay icula
Synedra
Tabel 1 ar i a

Aster i onel 1 a
Cyclotella
Fragi 1 ar ia
Mel osira
Navtcul a
Sxnedra
Tabel 1 ar ia

350

210
66
16
12
32
12

Pedi astrum
Sp i rogyra

28
57

Dinobryon
S/nura

90
48

Cryptomonas

63

CYANOPHYTA
Anabaena
Chroococcus
Coel osphaer i um

TOTAL
BACILLARIGPHYTA

3.48
672

162

23.04

37.8

CYANOPHYTA

Anabaena
Chroococcus
Coel osphaer ium

10
8
60

2.88
.048
.348

EUGLENOPHYTA

EUGLENOPHYTA
Euglena

2.4
24
162

CRYPTOPHYTA

CRYPTOPHYTA
Cryptontonas

56.4
4.86
3.64

CHRYSOPHYTA

CHRYSOPHYTA
Oinobryon
Synura

149.52

CHLOROPHYTA

CHLOROPHYTA
Pedi astrum
Sp irogyra

UG/L

EUQ! ena

4

TOTAL

1066
698

60

1369.416

BAC1LLARIOPHYTA

•107.82

CHLOROPHYTA

85

CHLOROPHYTA

675.48

CHRYSOPHYTA

138

CHRYSOPHYTA

185.04

CRYPTOPHYTA

63

CRYPTOPHYTA

37.8

CYANOPHYTA

78

CYANOPHYTA

EUGLENOPHYTA

EUGLENOPHYTA

4

300

3.276

fn

042984
TAXON
BACILLARIOPHYTA

Asterionella
Cyclotella

TAXON

CELLS/ML
:

BACILLARIOPHYTA

:

43.7
14.7

Fragilaria

9.8

Melosira

4.9

Navicula
Synedra

9.8
25.2

Eudor ina
Pediastrum

Aster i o n e l l a

'44.59

Cyclotella
Fragi1ar i a

- 5.88
19,4

Melosira
Navicula

Synedra

CHLOROPHYTA
Chlamydomonas

Chlaroydoroonas

124.4

274.4
124.4

Scenedesmus
Ulothrix

24.5
102.2

Other green algae

22.4

Other green algae

CHRYSOPHYTA
Chrysosphaerella

Chroococcus
Microcystis
Other bluegreen algae

201.4

12.44
109.74
24.92
2.45
1022

224

CHRYSOPHYTA
32.2

Chrysosphaerella

2,8
14.7

Mailomonas
Other golden algae

CYANOPHYTA
Anabaena

11.74
49

CHLOROPHYTA

Eudor ina
Pedi astrum
Scenedesmus
Ulothrix

Mallomonas
Other golden algae

UG/L

12.88
. 11.2
7.35

CYANOPHYTA
49.7

Anabaena
Chroococcus

112.7
519.4
137.2

Microcyst is
Other bluegreen algae

EUGLENOPKYTA

154.07
1.127
5.194
4.84

EUGLENOPHYTA

Euglena
Other euglenoids

12.4
9.8

Euglena
Other euglenoids

TOTAL

1491.9

TOTAL

315
49

2290.701

BACILLARIOPHYTA

128.1

BACILLARIOPHYTA

CHLOROPHYTA

472.7

CHLOROPHYTA

1395,59

CHRYSOPHYTA

49.7

CHRYSOPHYTA

31 .43

CYANOPHYTA
EUGLENOPHYTA

819

22.4

301

332.43

CYANOPHYTA

147.251

EUGLENOPHYTA

344

051386
TAXQN

TAXON

CELLS/ML

4.8
231.6
43,2
25.2

TOTAL

86.4
25.2

17.52
6

Pedi astrum
Scenedesmus

14.64
4.32

Ulothrix

228

Other green algae

90

CHRYSOPHYTA
Dinobryon
Other golden algae

471
43.2

7065
21.6

CYANOPHYTA
Anabaena

26.4
51.6
60
184.8

81.84

Aphanocapsa
Chroococcus

.516
.6

Other b l u e g r e e n a l g a e

9,24

EUGLENOPHYTA

EUGLENOPHYTA
Euglena
Trachel omonas
Other e u g l e n o i d s

Fragilaria
Navicula

Chlorella

CYANOPHYTA
Anabaena
Aphanocapsa
Chroococcus
O t h e r blue green algae

.96
92.64

Ch 1 arnydoroonas

175.2
60
73.2
43.2
22.8
90

CHRYSOPHYTA

Dinobryon
Other golden algae

Asterionella
Cyclotella

CHLOROPHYTA

CHLOROPHYTA

Chlamydomonas
Chlorella
Pediastrum
Scenedesmus
Ulothrix
Other green algae

UG/L

BACILLARIOPHYTA

BACILLARIQPHYTA
A s t e r ionel la
Cycl o t e l 1 a
Fragi 1 ar ia
Nay i cul a

'

Euglena
Trachelomonas
Other e u g l e n o i d s

33.6
4.8
16.8

1661.4

TOTAL

5376
25.44
84

13229.916

BACILLARIOPHYTA

304.8

BACILLARIOPHYTA

205.2

CHLOROPHYTA

464.4

CHLOROPHYTA

360.48

CHRYSOPHYTA

514.2

CHRYSOPHYTA

CYANOPHYTA

322.8

CYANOPHYTA

EUGLENOPHYTA

EUGLENOPHYTA

55.2

302

7086.6
92.196
5485.44

052786
TAXON

TAXON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA
Asterionel1 a
Cyctotel la
Fragi Jaria
Melosira
Stephanodiscus
Synedra

20
3.2
40.8
3.2
3.2
6.4

Other green algae

3.2

203.2
116.8
10.4
93.6
40
21813.6
9.6

26.4
46.4
93.6

6.4
3.2
93.6
43.2

TOTAL
BACILLAR10PHYTA

Chlorococcum
C l o s t e r iopsi s
D i c t y o s p h a e r fum
Elakatothrix
Eudor i n a
K i r c h n e r i el 1 a
Pandorina
Pediastrum

Scenedesmus
Schroder i a
Staurastrum
Ulothrix
Other green algae

.32
20.32
11 .68
5.2
9.36
8
10213.68
.96
10.56
41.76
140.4
16
2.56
936
43.2

1 .28

CYANOPHYTA
Anabaena
Chroococcus
Microcyst i s

1756.8
20
686.4

5446.08
.2

6.864

EUGLENOPHYTA

EUGLENOPHYTA
:
Euglena
Tracheloraonas

Ank istrodesnius
Chi amydcxnonas

Cryptomonas

6.4

CYANOPHYTA
Anabaena
Chroococcus
Mi c r o c y s t i s

14
8
32.24
.96
22.4
5.12

CRYPTOPHYTA

CRYPTOPHYTA
Cryptomonas

AsterionelI*
Cyclotel la
Fragrlaria
Melosira
Stephanodi scus
Synedra
CHLOROPKYTA

CHLOROPHYTA
Ank istrodesmus
Chlaroydonionas
Chlorococcum
Closteriopsis
Dictyosphaerium
Elakatothrix
Eudor ina
Kirchner i e l 1 a
Pandor ina
Pedi astruro
Scenedesmus
Schroder i a
Staurastruro
Ulothrix

UG/L

Euglena
Trachel otnonas

40
6.4

TOTAL

25196

BACILLARIOPHYTA

76.8

CHLOROPHYTA

1000
33.92

18011.064
62.72
11460

CHLOROPHYTA

22603.2

CRYPTOPHYTA

6.4

CRYPTOPHYTA

2463.2

CYANOPHYTA

5453.144

EUGLENOPHYTA

1033.92

CYANOPHYTA
EUGLENOPHYTA

46.4
303

1.28

041786
TAX ON

CELLS/ML

BACILLARIOPHYTA
Asterionel la
Cyclotel la
FraQi lar ia
Melosira
Sxnedra

BACILLARIOPHYTA

21.5
24.5
7
7
7

119
1704.5
917
28
3.5
59.5
1344

752.5

TOTAL
BACILLARIOPHYTA

352 . 1

Cryptomonas
CYANOPHYTA

28
21
56

11 .2
.21
.56

Anabaena
Chroococcus
Microcyst i s
EUGLENOPHYTA

1050
1020.25"

Euglena
Trachel ornonas

42
192.5

PYRRHOPHYTA

PYRRHOPHYTA
Gymnodi n i urn

11.9
170.45
91 .7
2.8
8.75
238
1344

CRYPTOPHYTA

EUGLENOPHYTA
Eugl ena
Trachelomonas

5.6

Anki strodesmus
Chi amydomonas
Chlorococcum
Scenedesmus
Schroder i a
Ulothrix
Other green algae

CYANOPHYTA
Anabaena
Chroococcus
Microcyst is

2.1

CHLOROPHYTA

CRYPTOPHYTA
Cryptomonas

4.9
9.8
2.1

Aster ionel 1 a
Cyclotel 1 a
Fragi lar i a
Melosira
Synedra

CHLOROPHYTA
Ank i strodesrous
Chi amydomonas
Chlorococcum
Scenedesmus
Schroderia
Ulothrix
Other green algae

UG/L

TAXQN

3.5

87.5

Gymnodin ium

5341

;

4413.92

BACILLARIOPHYTA

24.5 .

TOTAL

70

4175.5

CHLOROPHYTA

1867.6

CRYPTOPHYTA

752.5

CRYPTOPHYTA

352.1

CYANOPHYTA

105

CYANOPHYTA

EUGLENOPHYTA

234.5

EUGLENOPHYTA

CHLOROPHYTA

PYRRHOPHYTA

3.5

PYRRHOPHYTA

304

if. 97

2070.25

87.5

070186

TAX ON

CELLS/ML

TAX ON

BACILLARIOPHYTA

Asterionel1 A
Fragilaria
Synedra

BACILLARIOPHYTA

37.8
5.6
9.1

Aster i o n e l l a
Fragi1ar t a
Synedra

CHLOROPHYTA
Ank istrodesrnus
Chiamydomonas
Chlorococcum
Eudorina
Kirchner i e l l a
Pediastrum
Scenedesmus
Other green algae

2.8
49
37.8
140
11.9
23.1
93.1
70

Ank istrodesmus
Chiamydomonas
Chlorococcum
Eudorina
Kirchner i e l l a
Pedi astrum
Scenedesrnus
Other green algae

17.5

Cryptomonas

38526.6
140

139.65
70

17.5

Anabaena
Chroococcus

963165
56

EUGLENOPHYTA

.7

Euglena

BACILLARIOPHYTA

.28
18.76
3.78
56
1 .19
4.62

CYANOPHYTA

EUGLENOPHYTA

TOTAL

1.68
7.28

CRYPTOPHYTA

CYANOPHYTA
Anabaena
Chroococcus

26.46

CHLOROPHYTA

CRYPTOPHYTA
Cryptomonas

UG/L

Euglena

39164.3

TOTAL

52.5

BACILLARIOPHYTA

17.5
963568.2
35.42

CHLOROPHYTA

427.7

CHLOROPHYTA

294.28

CRYPTOPHYTA

17.5

CRYPTOPHYTA

17.5

CYANOPHYTA
EUGLENOPHYTA

38666.6

CYANOPHYTA

,7

EUGLENOPHYTA

305

963221
17.5

071586
TAXON

CELLS/ML

TAXON

CHLOROPHYTA:: 1

Chlamydoraonas
Chlorococcum
Oocyst is
Pediastrum
Scenedesmus
Ulothrix
Volvox

CHLOROPHYTA

85.5
121.5
9
108
164.5
27
288

CRYPTOPHYTA

Cryptomonas

Chlamydomonas
Chlorococcum.
Oocyst is
Pediastrum
Scenedesmus
Ulothrix
Yolvox

4.5

Cryptoroonas

80797.5
18

Anabaena
Chroococcus
PYRRHOPHYTA

Other dinoftagellates

Other dtno-f lageM ates

CHLOROPHYTA
CRYPTOPHYTA
CYANOPHYTA
PYRRHOPHYTA

.9

CYANOPHYTA

PYRRHOPHYTA

TOTAL

8.55
12.15
3.6
21.6
249.75
108
28.8

CRYPTOPHYTA

CYANOPHYTA
Anabaena
Chroococcus

UG/L

81634.5
80 5". 5

4.5

80815.5

9

306

TOTAL
CHLOROPHYTA

2019937.5
.18

27

2020398.03
432.45

CRYPTOPHYTA

.9

CYANOPHYTA

2019937.68

PYRRHOPHYTA

27

072984
TAXON

TAXON

CELLS/ML

BACILLARIOPHYTA1

BACILLARIOPHYTA

Synedra

Synedra

12

Schroder i a

Chlamydomonas
Chlorococcum
Closter iopsis
Scenedesmus
Schroder ia

192
132
102
144

12

Cryptomonas

3408

CYANOPHYTA

CYANOPHYTA

125742
Anabaena
252
Aphanocapsa
60
Chroococcus
72
Other bluegreen algai?

Aphanocapsa
Chroococcus

EUGLENOPHYTA

EUGLENOPHYTA

Euglena

TOTAL
BACILLARIOPHYTA

Anabaena

Other bluegreen algai?

Euglena

72

130248

TOTAL
BACILLARIOPHYTA

12

CHLOROPHYTA

630

CHLOROPHYTA

CRYPTOPHYTA

3408

CRYPTOPHYTA

CYANOPHYTA
EUGLENOPHYTA

76.8
79.2
51
1094.4

180

CRYPTOPHYTA

CRYPTOPHYTA

Cryptomonas

96

CHLOROPHYTA

CHLOROPHYTA

Chlamydomonas
Chlorococcum
Closter iopsis
Scenedesmus

UG/L

CYANOPHYTA

126126

EUGLENOPHYTA

72

307

14538

3143550
7.54
24
14.4

1800

3141554.56
94

1524.6
14538
3143595.94
.3800

081386
TAX ON

CELLS/ML

TAX ON

BACILLARIOPHYTA

BACILLARIOPHYTA

Synedra

Synedra

CHLOROPHYTA

CHLOROPHYTA

Act inastrum
Ankistrodesmus
Chlamydomonas
Chlorococcum
Eudorina
Kirchner i e l l a
Pediastrum
Scenedesmus
Selenastrum
Sorastrum

Act inastrurn
Ank i strodesmus
Chi amydomonas
Chlorococcum
Eudor ina
Kirchner iel 1 a
Pediastrum
Scenedesmus
Selenastrurn
Sorastrum

344
534
28
48
64
64
544
304
16
32

Cryptomonas

136

TOTAL
BACILLARIOPHYTA

6.4

108.8
456
1 .6
6.4

136

1350000
Anabaena
Aphanocapsa
3.36
Chroococcus
2.08
4.2
Mi crocyst i s
Other bluegreen algae
.8

54000
336
208
420
16

EUGLENOPHYTA
Euglena

34.4
268
2.8
4.8
25.6

CYANOPHYTA

CYANOPHYTA
Anabaena
Aphanocapsa
Chroococcus
Microcysti s
Other bluegreen algae

32

CRYPTOPHYTA

CRYPTOPHYTA
Cryptonionas

UG/L

EUGLENOPHYTA
20

Euglena

57120

TOTAL

4

BACILLARIOPHYTA

500

1351593.24
32

CHLOROPHYTA

1980

CHLOROPHYTA

914.8

CRYPTOPHYTA

136

CRYPTOPHYTA

136

CYANOPHYTA
EUGLENOPHYTA

CYANOPHYTA

54980

EUGLENOPHYTA

20

308

1350010.44
500

082684
TAXON

TAXON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA
Melosira
Nayicula
Synedra
Tabel1ar i a

Melosira
Nauicula
Synedra
Tabellaria

I
5
20

Actinastrum
AnKistrodesmus
Chiamydomonas
Chiorella
Chlorococcum
Closteriopsis
KirchnerieMa
Micract iniurn
Pediastrum
Scenedesmus
Schroderia
Selenastrum
Tetra&dron
Other green algae

15
530
30
30
30
140
15
40
420
2600
30
40
210
730

Other golden algae

80

Cryptomonas

520

Anabaena
Chroococcus
Mer ismopedi a
Microcyst is

11800
5700
80
3550

Euglena

40.

TOTAL
BACILLARIOPHYTA

1000

PYRRHOPHYTA

PYRRHOPHYTA
Cerat i urn
Glenodin Jum

440000
7.8
1
26.5

EUGLENOPHYTA

EUGLENQPHYTA
Euglena

520

CYANOPHYTA

CYANOPHYTA
Anabaena
Chroococcus
Mer i smopedi a
Microcysti s

40

CRYPTOPHYTA

CRYPTOPHYTA
Cryptomonas

-

12
425
24
25
27
110
12
30
369
2190
25
35
175
650

CHRYSOPHYTA

CHRYSQPHYTA
Other golden algae

3
10
48
180

CHLOROPHYTA

CHLOROPHYTA
Act inastrum
Ankistrodesmus
Chlamydotnonas
Chlorella
Chlorococcum
Closter iopsis
Kirchner f e l l a
M i c r a c t i n iurn
Pediastrum
Scenedesmus
Schroderia
Selenastrum
Te traedron
Other green algae

UG/L

Ceratium
Glenodinium

10
60

TOTAL

26790

BACILLARIOPHYTA

90

309

2400
636
448981 .3
241

CHLOROPHYTA

4860

CHLOROPHYTA

4109

CHRYSQPHYTA

80

CHRYSOPHYTA

40

CRYPTOPHYTA

520

CRYPTOPHYTA

520

CYANOPHYTA

CYANOPHYTA

21130

440035.3

EUGLENOPHYTA

40

EUGLENOPHYTA

1000

PYRRHOPHYTA

70

PYRRHOPHYTA

3036

090986
TAXON

TAXON

CELLS/ML

BACILLARIOPHYTA

BACILLARIOPHYTA
Oi atoma
Fragi 1 ari a
Mel osira
Sxnedra

Diatom*
Fragi 1 ar i a
M&l osira
Synedra

2.6
57.2
62.4
6.5

Anki strodesmus
Pediastrum
Scenedesmus
Sphaerocyst i s

72.8
156
353.6
83.2

Anabaena
Chroococcus
Mer i smopedi a
Microcystis

1247
45.5
62.4
306.8

TOTAL

1093.8
.455
.624
3.068

PYRRHOPHYTA

PYRRHOPHYTA
Cerat iurn

36.4
31 .2
35.36
8.32

CYANOPHYTA

CYANOPHYTA
Anabaena
Chroococcus
Mer ismopedia
Microcyst i s

3.64
17.16
18.72
52

CHLOROPHYTA

CHLOROPHYTA
Ank i strodesmus
Pedi astrum
Scenedesrous
Sphaerocyst i s

UG/L

C e r a t ium

5.2

2461 .2

TOTAL

203

1513.747

9] .52

BACILLARIOPHYTA

128.7

BACILLARIOPHYTA

CHLOROPHYTA

665.6

CHLOROPHYTA

II1 .28

CYANOPHYTA

1102.947

-CYANOPHYTA
PYRRHOPHYTA

1661.7

PYRRHOPHYTA

5.2
310

208

073086
TAXON

CELLS/ML

TAX ON

BACILLARIOPHYTA

BACILLARIOPHYTA
Aster ionel la
Cyclotel la
Melosira
Nay i c u l a
Ni tzsch ia
Sxnedra
label 1 aria

UG/L

Asterionel 1 a
Cyclotel la
Melosira
Nay j cul a
Ni tzsch ia
Synedra
Tabel lar ia

26.4
17.6
88
4.4
4.4
8.8
35.2

5.28
7.04
26.4
4.4
15.4
70.4
105.6

CHLOROPHYTA

CHLOROPHYTA

AnK i strodesmus
Scenedesmus
Tetraedron

Ank i strodesinus
Scenedesmus
Te traedron

50.6
149.6
8.8

25.3
14.96
22

CHRYSOPHYTA

CHRYSOPHYTA

Dinobryon

Dinobryon

96.8

290.4

CRYPTOPHYTA

CRYPTOPHYTA

Cryptomonas

Cryptomonas

26.4

26.4

CYANOPHYTA

CYANOPHYTA

Anabaena
Microcyst is .

158.4
8250

Anabaena
Microcyst i s

TOTAL

8925.4

TOTAL

759.44
234.52

BACILLARIOPHYTA

184.8

BACILLARIOPHYTA

CHLOROPHYTA .
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CHLOROPHYTA

63.36
82.5

62.26

CHRYSOPHYTA

96.8

CHRYSOPHYTA

290.4

CRYPTOPHYTA

26.4

CRYPTOPHYTA

26.4

CYANOPHYTA

.

CYANOPHYTA

8408.4

311

145.86

102186
TAX ON

CELLS/ML

TAX ON

BACILLARIOPHYTA
Aster ionel la
Fragi 1 ar i a

Me 1 os i r a
Synedra
Tabel l a r i a

BACILLARIOPHYTA

47.4
74.8
584.5
285.4
57.8

Aster ionel 1 a
Fragi lari a
Melosira
Synedra
Tabel 1 ar ra

CHRYSOPHYTA
Di nobryon
Synura

40.8
81 .6

Di nobryon
Synura

122.4
65.2800001

CRYPTOPHYTA

30.6

Cryptomonas

CYANOPHYTA
Microcyst is

.9.52
149.6
175.95
228.48
173.4

CHRYSOPHYTA

CRYPTOPHYTA
Cryptocnonas

UG/L

6.12

CYANOPHYTA
346.8

Microcyst i s

3.468

TOTAL

1552.1

TOTAL

934.218

BACILLARIOPHYTA

1052.3

BACILLARIOPHYTA

736,95

CHRYSOPHYTA .

187.68

CHRYSOPHYTA

122.4

CRYPTOPHYTA

30.6

CYANOPHYTA

346.8

312

CRYPTOPHYTA

4.12

CYANOPHYTA

3.448

111986
TAXON
TAX ON

UG/L

CELLS/ML
BACILLARIOPHYTA

BACILLARIOPHYTA
Tabellar Ja
Tabel1ari a

194.4

64.8
CHLORQPHYTA

CHLQROPHYTA

Ank istrodesmus
Coelastrum

AnKistrodesrous
Coelastrum

10.8
216

5-4
43.2

CHRYSOPHYTA
CHRYSOPHYTA

Other golden algae
Other golden algae

810

1620
CRYPTQPHYTA

CRYPTOPHYTA

Cryptomonas
Cryptomonas
TOTAL
BACILLARIOPHYTA

CHLOROPHYTA
CHRYSOPHYTA
CRYPTOPHYTA

6.48

32.4

TOTAL

1944

BACILLARIOPHYTA

64.8

CHLOROPHYTA

226.8

CHRYSOPHYTA

1620
32.4

CRYPTOPHYTA

313

1059.48

194.4
48.6
810

6.48

121784 '
TAXON

CELLS/ML

TAXON

BACILLARIOPHYTA

BACILLARIOPHYTA

Ni tzsch i a

Ni tzschia

CHRYSOPHYTA

CHRYSOPHYTA

Other golden algae

Other golden algae

51

CRYPTOPHYTA

Cryptomonas

TOTAL

14.4

25.5

CRYPTOPHYTA

67.5

Cryptononas

13.5

PYRRHOPHYTA

PYRRHOPHYTA

Per i din turn

UG/L ;

42

178.5

Per idiniurn

126

TOTAL

179.4

BACILLARIOPHYTA

18

BACILLARIOPHYTA

14.4

CHRYSOPHYTA

51

CHRYSOPHYTA

25.5

CRYPTOPHYTA

67.5

CRYPTOPHYTA

13.5

PYRRHOPHYTA

42

PYRRHOPHYTA

314
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FORGE POND ZODPLANKTON

093086

OH 586

TAXON

«/L

UG/L

B/L

UG/L

ROTIFERA

ROTIFERA
Asplanchna

TAXON

052786

0.2

.24

Asplanchna

Chydorus

0.6

.62

TOTAL

0.8

.86

ROTIFERA

0.2

.24

CLADOCERA

0.6

.62

MEAN LENGTH (MM)

0.2

Cyclops

0.1

.10

E

UG/L

Asplanchna

3.1

6.2

COPEPODA
3.1

7.53

CLADQCERA
Bosmi na
Cer i odaphn ia
Chydorus
Daphnia ambigua
Si da

B/L

ROTIFERA

COPEPODA

CLADOCERA

TAXON

Cyclops

0.1

.34

Cer i odaphn i a
Chydorus
Daphnia ambigua

0.1
0.1
1.0

.10
.05
5.55

TOTAL

4.4

12.26
6.2

CLADOCERA
0.1
0.1
0.1
O.I
0.1

.02
.01
.03
.09
.13

TOTAL

3.7

7.95

ROTIFERA

3.1

ROTIFERA

0.1

.10

COPEPODA

0.1

.34

COPEPODA

3.1

7.53

CLAOOCERA

1 .2

5.72

CLADOCERA

0.5

.31

MEAN LENGTH <MM)

0.7

MEAN LENGTH (MM)

0.4

Common Wetland Species in Belchertown Area.
Common Name

Scientific Name

TREES

*Red Maple
*Hemlock
White Oak
*American Elm
Black Oak
Willow
(T) Cottonwood
Cherry
Gray Birch
Ash

Acer rubrum
Tsuga canadensis
Ouercus alba
Ulmus americana
Quercus velutina
Salix spp
Populus deltoides
Prunus spp.
Betula populifolia
Fraxinus spp.

SHRUBS
Northern Arrowwood
*Pussy Willow
*High Bush Blueberry
*Speckled Alder
*Silky Dogwood

Viburnum recognitum
Salix gracilis
Vacciniurc corymbosum
Alnus rugosa
Cornus amomum

GROUND COVER
*Cinnamon Fern
*Jewelweed
*Sensitive Fern
*Tussock Sedge
*Sphagnum MOSS
*Skunk Cabbage
*Common Cattail
Meadowsweet
.Poison Ivy
*Soft Rush
*Sedges
Purple Loosestrife
*Duckweed
Arrowhead

* Wetland

Osmunda cinnamomea
Impatiens capensis
Onoclea sensibilis
Carex stricta
Sphagnum spp.
Symplocarpus foetidus
Typha latifolia
Spirea latifolia
Rhus radicans
Juncus effusus
Scirpus spp.
Lythrum salicaria
Lernna spp.
Saqittaria spp.

Indicators
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4. Calculation Sheets and Useful Conversions.
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Forge Pond Detention Time

Assume that outflow equals flow through the system = 32.04 cu.m/min (Table 11)
Assume lake volume equals 3.33 .10 5

cu m

-

(Table 1)

1.) mean annual output = 16,840,224 cu.m/yr
333,000 cu.m = 0.0196 yr x 365 day/yr = 7 days
16,840,224 cu.m/yr
2.) low flow, 1986 (8-26-86) = 5.95 cu.m/min = 3,127,320 cu.m/yr
333,000 = 0.11 yr = _39 days
3,127,370
3.) high flow 1986 (4-1-86) = 79.73 cu.m/min = 41,906,088 cu.m/yr
333,000 = 0.008 yr = 3^ days
41,906,088
Forge Pond Response Time
In 2
Half Life Response Time = t n1/2
/0 = A. .10
T
z
+

Where: t 1/2 = half life concentration time (yr) for Forge Pond
T = lake residence time (yr)
0.6931
Z = average lake depth (m) t 1/2 =
l_ 10 = 0.0112 yr
.0196 + 0.9

The lake's response time is estimated at 3x-5x the concentration half life of
Forge Pond or (0.0112 x 3 = 0.034) 12 days to 20 days (0.0112 x 5 = 0.056).
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Calculations of Flow for Upper Lampson Brook (above Belchertown STP).
1.) Unit Watershed Area Method.
a.)

Vatershed areas: North Lampson Brook = 324 ac
South Lampson Brook = 482 ac
ac= 1.26 sq. miles

b.)

Use Yield Coefficients from Sopper and Lull (1970) vith watershed area.
lov yield estimate =ll)cfs/sq. mi *i 26 sq. mi. = 126cfs
high yieW estimate = 15 cfs/sq. mi * 126 sq. mi. = 1.89 cfs

2.) Runoff Estimate Method.
a.)

Assume that certain portion of the precipitation (annual average = 44Vyr) is runoff
that flovs into surface streams. Use runoff estimates suggested by Higgins and
Coloneil(1971).
LOT runoff range = 20"/yr 1.67 ft/yr * 806 ac * 41560 sq. fl/ac = 1.86 cfs
High runoff range = 24"/yr 2D ft/yr * ate ac * 43,560 sq. ft/ac = 222 cfs

V) Watershed Characteristics.
The folio-sing characteristics may influence flov yields;
Mo<terate Topography - channel Slopes : H. Lampson Bk. = 3.1 %; S. Lampson Bk = 1.7%
Land use - mixture of uses; mainly forested, agricultural and urban.
Detention upstream - possible in -wetland area in headwaters of S. Lampson Bk.
Conclusion is that the watershed vill not fall near the extremes (either high or lav) of the
given ranges, for a representative flov the midpoint of the range of the estimated values
is taken.
Estimated value from range of 126-222 cfs is midpoint or 1.74 cfs.

4.) Measured Summer flow values (date indicated).
0.3 cfs (6/25/60)
O.J cfs (7/29/60)
1.6 cfs (5/19/6?)
0.5 cfs (6/16/67)
0.6 cfs 96/27/67)
Range = 0.3-1.6 cfs
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Hydrologic Calculations for Peak Flows in Upper Lampson Bk for 2-yr Storm.
Empirical formulae used are taken from Weiss (1963).
Qpk,2yr = 6M(A)°-8» * (D2'14/{L/(

I) 0 -2

where : A =
I=
L=
Sra=
&Asd =

drainage area (sq. mi)
rainfall (inches) from SCS maps
channel length (mi)
channel slope (ft/mi)
percent portion of watershed which is underlain
by stratified drift; estimated from Soils Map
Note : the standard error of estimate (S Ji.) is ± 45*
For S. Branch of Lampson Brook
A = 0.752 sq. mi
I = 2.9"
L- 1.17 mi
Sm= 94.2 ft/mi
XAsd = 3-5 ^

For N. Branch of Lampson Brook
A = 0.505 sq, mi
1= 2.9"
L= 1.17 mi
Sm= 162.7 ft/mi
*Asd = 3-5 *

162.7

(X3-5

Estimate for N. Branch of Lampson Brook : Qpk,2yr = 36.2 cfs (t 45*)
2. Qpt,2yi - 5.K0.752)0-8** (2.9)2J4/{l-17/( 94.2 )-«-5}o.05 * (513.5 + D0'2
Estimate for S. Branch of Lampson Brook : Qpk,2yr = 50.6 cfs (±
3- Estimate for 2 -year peak flow in Lampson Brook upstream of Belchertown STP
Qpk,2yr = 36.2 CfS + 50.6 CfS CfS = 56.fi CfS ( ±
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Calculations for 7-day, 2-year minimum flow in Upper Lampson o
Formula used is taken from Weiss ( 196*3).
Q 72 = A* 0.0104 (SA^ + D- 0.001

where :

A = drainage area (sq. mi)
%A^ = percent portion of watershed is underlain
by stratified drift; estimated from Soils Map

Note : the standard error of estimate (S £.) is - 35%
For Upper Lampson Brook :
Q7 2 = (1.26) * 0.0104 (3-5 + D - 0.001 - 0.058 cfs ( ± 35$)
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Calculation of Phosphorus Loading by Atmospheric Deposition and Wildlife
Atmospheric Deposition
An atmospheric deposition factor of 0.45 kg P/ha/yr was used, due to the mixed
forest-urban-agricultural land use in the watershed and the presence of adjacent
urban-industrial sources to the west (Reckhow et. al. 1980). The area of the
lake is equal to 30.3 hectares. Thus, direct atmospheric deposition = 0.45 kg
P/ha/yr x 30.3 ha = 13.63 kg P or 13.6 kq P/yr.

Wildlife Deposition
The prevailing wildlife in the lake is likely to be waterfowl. Observations
during the study year noted few resident wild duck flocks, but may have missed
periods when ducks were more actively feeding (dawn, dusk). There is a flock of
domesticated waterfowl on the Forge Pond Brook arm. Vte assume a density of two
ducks per hectare over the year, or 61 ducks. Using a mean value of 0.135 kg
P/duck/yr (mean of range from Brezonik, 1973), the wildlife input = 61 ducks x
0.135 kg P/duck/yr = 8.23 kg P/yr or 8.3 kg P/yr.

Calculations of Phosphorus Loading by Septic Systems in Forge Pond
a)

Assumptions

1) 24 residences involved (1985 aerial photograph) mostly on Forge Pond Road
2) average unit residency = 2.3 persons/unit (based on average abutter
residency, Table 7 this report)
3) residency span factor = 0.93 yr (mostly full time residences)
4) average phosphorus loading coefficient = 1.8 kg P/resident/yr Selection of .
coefficient from range of 0.75 to 8.4 kg P/resident/yr (Brown and Associates,
1980) with "typical" value of 2.2 kg P/yr. Forge Pond residents lower than
typical value because of low percentage of phosphate-containing detergents
(33%), dish cleaners (0%)
5) septic system efficiency of phosphorus retention = 75%
Range of phosphorus retention = 60-95% (Brown and Associates, 1980).
Considerations include: distance to ground water-most residences are 5-10'
above lake surface; soils are mostly Hinckley (loamy sand); avg. distance to
lake between 50-100'; septic systems of moderate age but fairly well
maintained.
b) Calculation
24 units x 2.3 persons/unit x 0.93 yr x 1.8 kg P/person/yr x (0.25)
= 25.3 kg P/yr
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Calculation of Internal Phosphorus Load from Bottom Sediments
1. From information from dissolved oxygen profiles (Figure 7);
anoxia persists below 1.5 m of depth between June and September
(122 days). Assume anoxia at depths at or below 1.75 m for this
period.
2. From hypsographic chart (Figure 4), estimate the area of
Forge Pond affected (1.75 m) as 20% of surface area:
0.20 x 30.3 ha x 10,000 sq. m ha = 60,600 sq. m
June through September Load 103.5 kg/yr
3. Range of measured benthic release rates for phosphorus are
6.0 to 28.0 mg P/sq. m/day
An empirical determination of phosphorus release from anoxic
sediments in Forge Pond was made using a period (June 17 - July
29, 1986) when water column is very stable. Assumptions are that
no diffusion, mixing or uptake is occurring. Total phosphorus
increased in epilimnion from 78 to 180 ugP/1; while values in
hypolimnion increased from 90 to 250 ugP/1. Over a square meter
of deep water you have 1750 1 of epilimnion and 450 1 of
hypolimnion. Totaling increases in phosphorus gives you 250.5 mg
P/sq. m/43 days or 5.83 mg P/sq. m/day. Compare to literature
values and assume 6.0 mg P/sq. m/day.
4.

Total phosphorus load from bottom sediments is:

60,600 sq. m x 6.0 mg P/sq. m/day x 1 kg/1,000,000 mg x 122
days = 44.35 = 44.4 kg/yr
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Forge Pond Determination of Permissible and Critical Loading
Phosphorus Vollenweider Loading Analysis
z

/
td

=

0-90 = 45 where: Z = mean depth (m)
0.02
td = detention time (yr)

Area of Forge Pond = 30.3 ha = 303,000 sq.m
for permissible (oligotrophic) loading:
0.650 g P/sq.m/yr x 303,000 sq.m = 197 kg P/yr
for critical (eutrophic) loading:
1.300 g P/sq.m/yr x 303,000 sq.m = 394 kg P/yr
Forge Pond Phosphorus/Chlorophyll/Secchi disk transparency
Prediction of chlorophyll (chl) from average in-lake total phosphorus (P)
concentration (Vollenweider, 1982}
[chl] = .28 [P] - 0.96

in-lake at FP-5 TP = 77 ug/1 (range = 23-180)

for TP = 77; chl a = 18.1 ug/1
TP = 23; chl a - 5.7 ug/1
TP = 180 chl a = 41.0 ug/1

Compare with actual Forge Pond mean chlorophyll value of 42.5 ug/1 and a range of
1.8-231.8 ug/1
Prediction of Secchi disk transparency from chlorophyll a. values
[from Vollenweider (1982)]
-0.51
[Secchi] = 9.33

[chl]

in-lake [chl

a] = 42.5

range = 1.8 - 231.8
with chl a = 42.5; SDT = 1.4M
chl a = 1.8; SDT = 6.9M
chl a = 231.8; SDT = 0.6M
Compare with actual Forge Pond mean Secchi disk transparency of 1.2 m and a range
of 0.3-2.2 m.

325

Calculations of Total Phosphorus \n Lampson Broot below BSS discharge.

Mixing Equation :
Vhere:

**

=

(Xi* 0») + (Xt> « OP)
(Qx + Qp)

Xffl = concentration of stream below discharge point (mg/1)
Xs = concentration of stream above discharge point (mg/1)
Qs = flow of stream (cfs)

Xp = concentration of discharge (mg/1)
Qp = flow of discharge (cfs).
For data of 6/2 5/60 :
Xm= (0.150 * 0.26)+ (3.40*0.3.1). Xm = 1.650 mg/1
0.57 cfs

For data of 7/29/80 :
Xm= (0.160* 0.26)+(4.70* 0.40) Xm = 2.912 mg/1
0.66

For data of V 19/6*7 :
Xm= (0.060* 1.55)+(2.44* 0.55) Xm = 0.696 mg/1
2.1

For data of 6/16/87 :
Im = (0.140*.45)+ (2.250* 0.55) Xm = 1.300 mg/1
1.0

For data of 6/27/67 :
= (0.130*0.a) + (4.06*OA4)
1.14
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Xm = 1.305 mg/1

Predicted Loads Under Various Hvdrologic Regimes :
1. Use mixing equation with various flows and phosphorus concentrations (for
justifications see Nutrient Budget Section). Values are predicted for TP concentrations in
Lampson Brook downstream of the Belchertown STP.
2. The watershed phosphorus reduction factor of 0.29 *TP (see Nutrient Budget
Section) is used to predict TP levels in Weston Brook as it enters Forge Pond.
3. This concentration is multiplied by the annual flow to get total kilograms of TP/yr.
Load in brook = expected stream [TP] (mg/0 * stream How (cu m./min.) * [60 min/hr *
24 hr/day * 365 day /year * 1000 1/cu m. * 1 kg/ 106 mgj.
Average Annual Flow
1. Predicted [TP]
of Lampson Bk
2.

Predicted ETP 3
of Veston Brook

3-

=

(0.10 mg/1 * 1 .74 cfs) + (3.0 mg/i * O.M cfs) = 0.787 mg/1
228 cfs

=

0.767 mg/1 * 0.29 = 0.226 mg/1

=

0.226 mg/1 * 7.55 cu. m/min * 525.0 = 905 kg TP/yr

Annual Load

of Veston Brook

Annual Flow under Dry Conditions in Lampson Watershed
1.

Predicted fTP]
of Lampson Bk

2.

Predicted IIP]
of Veston Brook

3.

=

fO.10 mg/1 * 1 26 cfs _1* (3.0 mg/L* Q.5i^fe) = 0.970 mg/1
1.80 cfs

=

0.970 mg/1 * 0.29 = 0.261 mg/1

=

0.26 1 mg/1 * 7.55 cu. m/min * 525-0 =1, 1 15 kg TP/yr

Annual Load

of Veston Brook
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Annual Flow under Wet Conditions in Lampson Watershed
1.

Predicted [TP]
of Lampson Bk

(0.10 mg/1 * 220 cfs ) + (3.0 me/1 * 0.54 cfs) = 0.672 mg/1
2.74 eft

2.

Predicted IIP]
of Veston Brook

0.672 mg/1 * 0.29 = 0.

3. Annual Load
of Veston Brook

0.195 mg/1 * 7.55 cu. m/min * 525-6 = 773 kg TP/yr

Extreme [TP] Concentrations Expected with a 2-year return time
1. Predicted ETP]
in Lampson Bk
=
under drought* flov

2. Predicted IIP]
in VestonBk

=

(0.16 mg/1 * 0.06 cfs) + (2.8 mg/1 * 0.54 cfs) = 25% mg/1
0.60 eft

2.536 mg/1 * 0.29 = 0.7J5 mg/1

under drought fiov

1.

Predicted [TP]
in Lampson Bk
under storm2 flo v

2.

Predicted IIP]
in Veston Bk
under storm flov

(0.08 mg/1 *86.8cft)+(75mg/l * 0.75 cfs)
87.35cft

mg/1

0.144 mg/1 * 0.2 9 = 0.042 mg/1

1

minimum flow expected over a seven day interval with a two-year return time
2 peak maximum flow expected from a storm with a two-year return time.
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Present and Potential STP contributions to Forge Pond :
Load of STP =

effluent [TP] (mg/1) * effluent flow (cu m./min.) * [60
min/hr * 24 hr/day * 365 day/year * 10001/cu. m *
1 kg/106 mg].

Present load of STP
entering Lampson :

3.0 mg/1 * 0.92 cu. m/min * 525.6 = 1,451 kg/yr

Brook on yearly t>asis
Potential* load of STP
entering Lampson :

3.0 mg/1 * 1.29 cu. m/min * 525.6 = 2,010 kg/yr

Brook on yearly basis
* based on planned expansion of Belchertown STP and hook-up o!
additional units to reach design now of 0.50 mgd.
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Projected Loads following feasibility options :
1. Assume that TP concentration of return flow to Lampson Brook Irom forest
appliation treatment is 0.025 mg/1; for chemical treatment TP = 1.0 mg/1. Values are
predicted for TP concentrations in Lampson Brook downstream of the Belchertown STP.
2. The watershed phosphorus reduction factor of 0.29 3> TP (see Nutrient Budget
Section) is used to predict TP levels in Weston Brook as it enters Forge Pond.
3. This concentration is multiplied by the annual flow to get total kilograms of TP/yr.
Load in brook = expected stream [TP] (mg/1) * stream flow (cu m./min.) * [60 min/hr *
24 hr/day * 365 day /year * 10001/cu m. * 1 kg/106 nag).
4. Annual load is corrected by the number of weeks per year that treatment is
employed.
a.) Chemical Treatment of Effluent Flow (100X)
1. [TP]of
= (0.10mg/1 * 2.96cu.m/min )+ (1.0mg/1 *0.92cu.m/min) = 0.313mg/1
Lampson Bk.
3.88 cu. m/min
2. ITPlof

Veston Bk

* 0.313 mg/1 * 0.29 = 0.091 mg/1

3. Annual load

ofVestonBk

= 0.091 mg/1 * 7.55 cu. m/min * 525-6 =36lkg/yr

b.) Forest Application of Effluent Flow (100%)
1. [TPjof
=
Lampson Bk.

fp.10 mg/1 * 2.96 eu m/min ) + (Q.Q25 me/1 * 0.92 cu. m/min) = 0.082 mg/1
3.88 cu. m/min

2. HP] of

Veston Bk

= 0.062 mg/1 * 0.29 = 0.024 mg/1

3. Annual load

of Veston Bk

= 0.024 mg/1 * 7.55 cu. m/min * 525-6 = 95kg/yr
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4. Corrected Load
of Veston Brook = (95 kg * 39ro;ks/52reeks) + (835 kg * 13*eeks/52 -reeks) = 280kg/7r
v/out chem. trtmt

c.) Combined Forest Application (602) and Chemical Treatment (40% flow)
1. [TP)of
- (0296) + [(0.025mg/1 * 0.55cu.m/min) +(i.0mg/1 *0.37ciun/min)l - O.i?5mg/l
Lampson 6k.
3.88 cu. m/min
2. [TP]of

VestonBk
3. Annual load
of VestonBk

- 0.175 mg/1 * 0.29 - 0.051 mg/1

= 0.051 mg/1 * 7.55 cu, m/min * 525-^ = 202 kg/yr

4a. Corrected Load
of Veston Brook = (202 kg * 39rceks/52veeks) + (835 kg * 13veeks/52-reeks) = 360kg/yr
v/out chem. trtmt

41>. Corrected Load
of Veston Brook = (202 kg * 39T?eeks/52r?eeks) + (360 kg * 13rreeks/52 -reeks) = 243kg/yr
vith chem. trtmt
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Forqe Pond Calculations
Soft Sediment Depth of Forge Pond, Underlain by Sand
Area ( ha )

12.8

Depth Range (m )

0-0.3

2
m

Z

3
m

0.15

128,000

19,200

13.7

0.3-0.7

0.5

137,001

68,501

2.9

0.7-1.1

0.9

29,388

26,449

0.63

1.1-1.5

1.3

6,267

8,147

1.5

2,161

3,241

0.22

>1.5

125,538 m 3 _

.41

30.25

1 6 4 , 4 5 5 CY
1 6 4 , 4 5 5 to 1 6 5 , 0 0 0 CY
Sediment Types
Sediment type is very organic m u c k , r i c h in n u t r i e n t s .
Very poor s e t t l i n g c h a r a c t e r i s t i c s ,
24 hours in settling test.
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s t i l l extremely t u r b i d a f t e r

USEFUL CONVERSIONS

to obtain...

Multiply . . .

Acre (ac)
Acre ( ac)
Acre (ac )
Acre (ac)
Acre 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)

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
1.057
1.094
1.0
1.0
0.3861
0.0001

333

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 feu .m/nin)
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) ;

334

APPENDIX E
General Aquatic Glossary

335

336

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 bottomdwelling 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) life.
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 pigment
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.

340

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 (CaCO~).
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 aphotic zone,
and has a lower average temperature than the epilimnion.
Impervious - Not permitting penetration or percolation of water.
Intermittent - 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.
lakes and impoundments.

Refers to

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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Lotic - 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 NH4+)
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.
- A hydrogen concentration scale from 0 (acidic) to 14 (basic)
used to characterize water solutions. Pure 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 .
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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 substances 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
biomass) 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.

347

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.
gone 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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