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Maximum Length

Maximum Width

Maximum Depth

Mean Depth

Total Surface Area

Total Volume

Shoreline Depth

TABLE 2-4

METACOMET & ARCADIA

MORPHOMETRIC DATA

METACOMET

2 ,333 ft. (711 m)

1,333 ft. (406 m)

16 ft. (4.9 m)

10.5 ft. (3.2 m)

70 acres (28.3 ha)

ARCADIA

1,583 (482 m)

1,125 (343 m)

11.5 ft. (3.5 m)

8.25 ft. (2.5 m)

40 acres (16 ha)

21,811,221 ft3(617,606 m3) 9,183,672 ft3(260,044 m)

1.5 mi. (2,414 m) 1.1 mi (1,770 m)

Development of Shoreline 1.28 1.25
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LYCOTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. O155D

B17-765-Q1O1

ADDENDUM TO METACOMET AND ARCADIA
LAKES DIAGNOSTIC/FEASIBILITY STUDY

The following is an addendum to the Metacomet and
Arcadia Lakes Diagnostic/Feasibility Study, Final Report,
1985. This discussion is provided in order to clarify and
expand on several of the recommendations for management and
restoration of Metacomet and Arcadia Lakes.

Stormwater and Erosion Control

Three areas of erosion were identified along the Arcadia
shoreline. Each area exhibited erosion which was the result
of stormwater washing across its soil surface and carrying
material directly into its lake. Table 7-1 from the report
describes each site location and provides a recommended
action for control of erosion. Each area has been numbered:
#1, #2 and #3.

The shoreline slope in Area #1 is eroding into the lake.
Between 60 and 100 cubic yards have been lost from this slope
into Lake Arcadia. This erosion is a result of the water
from the 18" pipe discharging high on the bank from the Lake
Drive area and from the general steep slope along this area.
By installing a drop inlet catch basin at this site, the
washout area could be eliminated. Also, slope stabilization
with crushed stone will eliminate the soil loss along the
shoreline.

Public pedestrian traffic on the shore slope areas
located around the public beach and boat ramp area has
accelerated erosion losses. Approximately 80 to 120 cubic
yards of material has been washed into Lake Arcadia in this
area. Pedestrian traffic on the bank area in conjunction
with wave action is accelerating the erosion of the bank.
The proposed use of crushed stone and steps constructed of
railroad ties will control this erosion.

Erosion along Federal Street was observed as a
significant source of silt to the Lake Arcadia basin. In
excess of 150 cubic yards of material has been lost into the
lake from this area. This source of material will continue
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to erode as the street storm drain outfalls are releasing
water on the extreme slope to the lake.

Recommendations for this area would eliminate the storm
water source of erosional water by installing appropriate
collection and release structures, in addition, the slopes
are recommended to be further stabilized with crushed stone.

All of these storm water and erosion improvements are
designed to substantially reduce the amount of silt which
enters Lake Arcadia. The soils which are found in the
watershed are mostly sandy and contain low concentrations of
phosphorus. However, the continuing deposition of silt into
any lake will provide some additional phosphorus to the
system. Also, the silt accumulation decreases the depth of
the lake and therefore contributes to the general decline of
trophic conditions.

Outlet Structure

The discussion of renovation of the outlet at Lake
Arcadia indicates that the existing conditions are in a state
of degradation. The existing pipe is partially blocked with
timbers which have been jammed into place in order to keep
the pipe from collapsing. During the period of study (May
1984) the flow out of Arcadia was restricted due to material
becoming entangled with the improvised support timbers. The
eventual complete blockage or collapse of this outlet will
result in significant flooding, property damage and pollution
to Arcadia Lake and the upstream Lake Holland.

The potential pollution to the lakes from a single event
such as this is difficult to estimate. During the resultant
flood, as many as 60 septic systems, in the two lake area,
would be inundated for a prolonged period. Erosion,
siltation and a general degradation of water quality would
result from this type of event. Currently, the lake
fluctuates due to periodic blockage and the resultant partial
damming. A result of this is the destabilization and erosion
of the shore line. Erosion of this sort is clearly not
beneficial to the lake. It is, however, very difficult to
estimate total loading of sediment in kilograms to the lake
from such inconsistant periodic events.

In an effort to identify not only the current sources
of pollution but the potential future sources of pollution,
we have studied the outlet structure of Arcadia Lake.
Therefore, the recommendations for complete rebuilding of the
outlet structure was proposed as a responsible and necessary
aspect of a wholistic restoration and management program for
the Lake Arcadia system.

It is suggested that the whole outlet structure be
replaced. However, replacement of the head wall area of the

_ o _
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December 19, 1985

Mr. William G. Whitlock
Executive Secretary
Lawrence Memorial Hall
Belchertown, MA 01007

Dear Gary:

Enclosed please find responses to the final items outlined in
Alice Rojko's letter of November 1, 1985. The information is
presented in two forms. Several of the items were minor and
have been corrected in the appropriate places within each
text page. These are included as complete, corrected pages
and may be inserted appropriately within your copies of the
Final Report. We have responded to the request for
clarification of whether a harvester should be purchased or
services contracted. Also included is a new section on
permits entitled Permits for Stormwater Management
Recommendations. Additionally, we have sent the State
Historical Commission a summary of the Final Report.

These responses should fulfill all of the requests by the
Division of Water Pollution Control and complete the
Metacomet and Arcadia Diagnostic/Feasibility Study. If you
have any questions, please do not. hesitate~~~eTG( call me.

Paul F. Sommer
Project Manager

PFS/bp
Enclosures
CC: Alice Rojko

Lee Lyman, LYCOTT

ENVIRONMENTAL STUDIES — WATER ANALYSIS — LAKE AND POND MANAGEMENT



2.9 Bathymetry and Lake Horphometry

2.9.1 Bathymetry

Figure 2~4 shows the bathymetric contours for Metacomet Lake.
There is one major depression in the lake, with a maximum
depth of 15.5 ft. (4.5 m) . The lake is relatively deep, with
a mean depth of 9 ft. (2.7 m) .

Figure 2-5 shows the bathymetric map for Arcadia Lake. This
lake has a flat central basin with a fairly uniform maximum
depth of 11.5 ft. (3.5 m) . The mean depth of Arcadia is
calculated at 8.25 ft. (2.5 m) .

2.9.2 Morphometric Data

Morphometric data is summarized in Table 2-4. These data
were generated from the 1970 D.S.G.S. Belchertown Quadrangle
and therefore may be considered as average values.
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4.4 Physical. Chemical and Depth Assessment of Sediment

The sediments in Metacomet and Arcadia were probed and
sampled during the study. As a result of probing along nine
transects in Metacomet and seven in Arcadia, maps of the
sediment depths were drawn (Figures 4-7 and 4-8). The
sediments in Metacomet are in excess of 15 feet deep
throughout a major portion of the basin. A further
assessment of the volume and quality of the sediment is
presented in the feasibility analysis for dredging.

The sediments in Arc,adia are also deep and distributed
throughout the basin.

Table 4-27 presents selected chemical results for the
sediments in both lakes. The sediment samples were collected
from four sites, two in each lake. These are shown in
Figures 4-1 and 4-2. The balance of the results are
presented in Appendix B. Two results are of particular
interest. First, the phosphorus levels in these sediments
are not very high compared to the DWPC average. The
sediments are not necessarily a large sink for available
phosphorus, particularly since the concentrations of iron are
sufficient to complex the phosphorus in the water/sediment
interface. Second, the oil and grease level sampled off the
beach area is twice the level found in the center of the lake
at station $1. Runoff from the parking area and the railroad
bed may be the source for this contaminant.

The sample sites in Metacomet were as follows: site #1 is
located at the in-lake station site (center of the lake);
site #2 was located at the north end of the lake off of the
wetland area.

The sample sites for Arcadia were as follows: site #1 was
the center of the lake; site 12 was off of the swimming area
located at the public beach.

4-40



existing and projected values derived largely from the
Belchertown wastewater facilities plan and Title 5 criteria.
Table 6-3 shows septic system flows Nf P and TSS loadings to
the receiving treatment facility and subsequently what would
be reduced from N and P budgets of the lakes. The following
numbers of single-family residences would be anticipated to
ultimately be connected to a sewer service option:

9
Arcadia Lake No. Residences

Lake Drive area 16
Oliver Street area 10
Federal street 22.

48

Holland Pond/Federal Street 22.
80

Metacomet Lake

Bay Road/southwesterly cove area 14
Poole Road area 42

56

Rita Lane/Bay Road - additional future 12
68

Figure 6-1 depicts the aforedescribed sewer routing proposal
(Alternate "A") as well as an Alternate "B" which would
involve force main construction to the Hamilton Street
culvert of the Bachelor Brook tributary followed by gravity
interceptor construction along Hamilton Street to the BSS
treatment facility. This option could also conceivably
accommodate pretreated leachate generated and collected at •.
the Belchertown sanitary landfill off Hamilton Street and
serve increasing residential development along Hamilton
Street.

The figure also shows the routing of gravity sewer, pumping
station and force main facilities to accommodate a pressure
sewer system around Arcadia Lake. Flows generated would be
conveyed to the terminus of the existing Federal Street
gravity sewer.

Tables 6-4 and 6-5 summarize the key facilities and
associated preliminary construction costs (1985 Means Site
Construction Cost Data) for key Metacomet/Arcadia area sewer
extension routing. The cost figures do not include any
individual residence connections or grinder/effluent pump
installations. In addition, given costs do not include
rehabilitation or reconstruction of components of the
existing Belchertown sewer system.

Considering the previously reported cost of rehabilitating
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8.1 Milestone Work and Payment Schedule

Table 8-1 displays a milestone work and payment schedule for
the proposed program. The schedule provides an assessment of
the time frame through which the proposed alternatives may be
completed. Implementation of the neighborhood sewering
alternative will require extensive research and support by an
interested group such as a newly formed lakes association.
The sources of funding as presented here are from those
agencies whiere it has been assessed that funding will
eventually be feasible.

8.2 Sources of Funding

The primary source of funding for the proposed in-lake
management alternatives will be through the Massachusetts
Clean Lakes Program, Chapter 628. This program is
administered by the Lakes Section of the Division of Water
Pollution Control in the Massachusetts Department of
Environmental Quality Engineering. Funds for implementation
of accepted recommended restoration alternatives are awarded
on a 75/25 percent basis between the state and town.

The weed harvesting alternative may be implemented either as
a maintenance or restoration measure. This would mean that
as maintenance a year-by-year application for contracted
harvesting maintenance would be necessary for the contract of
a harvester. Under a harvester buying program, the town
would be responsible for operation and maintenance of the
equipment.

8.3 Implementation Monitoring Program

During implementation of the recommended aquatic weed
management programs, it is suggested that a program of
monitoring be followed. As hydro-raking, harvesting, or
herbicides are used in the lakes, a before-during-and-after
series of samples should be collected. All in-lake stations
should be sampled for: Total Kjeldahl-Nitrogen, Nitrate-
Nitrogen, Ammonia-Nitrogen, Total Phosphorus, and
Phytoplankton. Also, an annual pre and post biological
survey should be made on a yearly basis. The total cost of
this program would be $235 per lake per year. These analyses
would identify any species changes, phytoplankton blooms, or
shifts in nutrient concentrations brought about by the
implementation program.

8.4 Public Education Information

The information presented in the Appendix provides a basis
for developing ah educated public. The first and most
important aspect is to organize a Belchertown Lakes
Association. The pamphlet presented by COLAP on this subject
gives the information and contacts necessary to do this.
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c) filling, dredging, constructing, rip-rapping or
otherwise directly altering more than 500 feet of
waterway.

Preparation of an Environmental Impact Report (EIR) is
automatically required for any project requiring
alteration of 10 or more acres of land subject to Ch.
131r S. 40.

9.2.3 Permits for Stormwater Management Recommendations

The recommended options for reducing the impact of stormwater
drainage around the Arcadia Lake shoreline slope areas will
require filing of a Notice of Intent under the wetlands
Protection Act.
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TABLE 6r4
ft

METACOMET AND ARCADIA LAKES BELCHERTOWN, MASSACHUSETTS

METACOMET LAKE AREA SEWER EXTENSION;

ALTERNATE "A" - HAMILTON STREET ALIGNMENT

Anticipated Facilities p_reiiminary Construetion Cj3s t s

3700 If pressure sewer (4") $ 70,000

80 gpm pump stations- • $ 120,000
Bay Road and George Hannum Road

2800 If force main {4") $ 50,000

7400 If gravity interceptor (8") $ 780,000

Subtotal $1,020,000

Engineering and contingencies (30% allowance) 300,000

$1,320,000
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TABLE 6-5

METACOMET AND ARCADIA LAKES. BELCHERTOWN.

METACOMET LAKE AREA SEWER EXTENSION;

ALTERNATE "B" - BAY ROAD ALIGNMENT

Anticipated Facilities Preliminary Construction Costs

3700 If Pressure Sewer (4") $ 70,000

80 gpro pump stations -
Bay Road $ 65,000

3700 If force main (4") $ 65,000

Sub Total $ 200,000

Engineering and Contingencies
(30% Allowance) $ 60,000

Total $ 260,000
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ADDENDUM T£ SECTION 7.1.1

The recommendation of weed harvesting in Metacomet Lake will
provide a method of managing the weed problem while the area
septic systems are improved and maintained to reduce nutrient
loading. Therefore/ harvesting will be required on a yearly
basis for many years to come. Many factors must be
considered as the Board of Selectmen in Belchertown review
the relative costs and benefits of purchase versus
contracting for harvesting. Based on the exclusive use of a
harvester in Metacomet Lake, it is suggested that the
recommendations be provided for through a contractor. The
reported cost would be a total of $15,000 to $20,000. Under1
the Massachusetts Clean Lakes Program this type of management
program would be funded 75% state and 25% local, with a
breakdown of $11,250-$15,000 state and $3,750-$5,000 local.

Purchase of a midsized harvester would require a local 30%
share of the $80,000 and yearly $28,000 operation and
management. The purchased harvester would be utilized for
only a portion of the season for the area recommended in
Metacomet. Purchase would not be cost effective for this
lake.
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TABLE 3-7

BELCHERTOWN LAKE STUDY

Figures Used in Calculations of
Retention and Flushing Times

Metacomet

2,423,469 ft2

0.0869 mi2

Avg.
Depth 9'

Approx.
Volume 21,811,221 ft

Drainage Area

M-l 7,318,082 ft2

0.2625 mi2

M-2 4,399,560 ft2

0.1579 mi2

M-3 17,346,720 ft2

0.6222 mi2

42.52 inches/yr = 3.54 ft/yr

Arcadia

1,147,959 ft2

0.0412 mi2

8'

9,183,672 ft3

A-l

A-2

A-3

Holland

552,721 ft2

0.0198 mi2

19'

10,501,699 ft3

13,939,200 ft
0.50 mi2

3,179,880 ft2

0.1141 mi2

22,564,080 ft2

0.8094 mi2

3.54 ft/yr 526

mi 2
= 97,943,304 ft/

— r^rmi*

Amount of Precipitation Amount of Evaporation Available Water

M-l 25,710,117 ft3 13,322,199 ft3

M-2 15,465,248 ft3

M-3 60,940,324 ft3

48,971,652 ft3

11,175,331 ft3

A-l

A-2

A-3 79,275,310 ft

7,735,977 ft3

32m743,116 ft3

24,778,574 ft3

5,532,141 ft3

37,685,290 ft3

12,387,918 ft^

7,729,271 ft3

28,197,208 ft3

24,193,078 ft3

5,643,190 ft3

41,590,020 ft3
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TABLE 3-7 (Cont'd.)

Amount of Precipitation Amount of Evaporation Available Water

Metacomet 8,576,121 ft3 3,181,741 ft3 5,394,380 ft3

Arcadia 4,066,009 ft3 1,508,489 ft3 2,557,520 ft3

Holland 1,954,053 ft3 724,954 ft3 1,229,099 ft3

i-v

Long-Term Evaporation 53% for Low Elevations, 49% for Steep Terrain,
37.1% for Lake

Total Input
PPT EVAP

A-l (48,571,652 ft3 + 4,066,009) - (24,778,574 + 1,508,489) =
26,750,594 ft3

A-2 (11,175,331 ft3 + 1,954,053) - (5,532,141 + 724,954)
6,872,289 ft3

A-3 (79,275,310) - (37,685,290) = 41,590,020 ft3

(13,849,476 ft3)

M-l (25,710,117 + 8,576,121) - (13,322,199 + 3,181,741)
17,782,298 ft3

M-2 (15,465,248 ft3) - (7,735,977) « 7,729,271 ft3

M-3 (60,940,324 ft3) - (32,743,116) = 28,197,208 ft3

Lake Holland

' ' = 1.50 Retention 0.67 Strong groundwater component
Flushing 6,987,041 necessary to keep water at

constant level

Contribution to Arcadia un-
known

Arcadia Lake

Holland Glenn Stream diverted - only 1/3 goes tO Arcadia

Flushing 9,183,672 = .194 Retention 5.2
47,472,359

Metacomet Lake

Flushing 21,811,221 = .406 Retention 2.5
53,708,777

Approximate outflow to
Bachelor Brook
38,259,774 ft3/yr
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outlet with a structure which would eliminate debris from
entering the pipe, would at least stabilize the current lake
level fluctuations.

Considering the potential pollution impact and property
destruction which would occur from a flooding event, ot is
felt that the reconstruction of both the pipe and outlet
structure would be a cost-effective alternative.

Implementation and Post-Implementation Monitoring Program
Stormwater and Erosion Control

in order to minimize the impact of the proposed erosion
controls, the following monitoring program is recommended:

1) Testing of the crushed stone to be used for slope
stabilization for total phosphorus and total nitrogen, by
elutriate test.

2) Before, during and post construction water samples
are to be collected 10 ft. off shore from the work site.
Analyses shall include:

a) Total Phosphorus
b) Total Solids
c) Suspended Solids

3) A site shall be chosen, approximately 10-20 ft. from
shore, and located, by transit, for sediment depth
measurement. The sediment depth shall be measured at the
time of construction and once a year for the following three
years.

The cost of this program is as follows:

1) During Construction

a) 3-elutriate tests (3 work sites)
b) 3-pre, during, post quality samples
c) Location and measure sediment depth

Total Cost $480.00

2) Three Year Post Implementation

Total Cost = 3x$180.00/Yr $540.00

Outlet Reconstruction

All materials which are used in construction of the
outlet should be low in phosphorus. If gravel is to be used
as a footing in the lake then it should be tested for
phosphorus by elutriate analysis.



Before, during and post construction samples for
suspended solids must be collected 10 ft. off of the
construction site in order to monitor saltation from
construction.
Total Cost $80.00

A measuring stick for water storage measurement should
be built into the outlet, in order to develope a consistant
reading of water level at the structure. Once a month for
three years after reconstruction, a measurement of the lake1
water level should be recorded. This could be done by a
local resident, student or DPW worker. The measurements
would provide a record of lake fluctuations useful in
determining erosional impacts.

Harvesting and Herbicide Management

The aquatic plant communities in Metacomet and Arcadia should
be mapped for density and distribution. This will provide
information as to the effectiveness of weed management in
both lakes. Comparison on a year-to-year basis will yield
information trends in populations and identify anticipated
long-term reductions in density of plants. The cost of this
analysis for both lakes per year is $500.00.

Arcadia Herbicide Weed Management

It is recommended that an amount of $1,500 be added to the
total cost of treatment for Lake Arcadia in order to provide
for copper sulfate application to control algae. Due to the
amount of weeds to be treated, there is a potential for algae
blooms after treatment. Copper Sulfate (CuS04) is effective
in controlling algae.

_ 4 _
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