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Dear Mr. Chesebrough:

We are pleased to submit the Final Report for the Feasibility Study of
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We look forward to working with yourself and the staff of DWPC in future
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1.0 INTRODUCTION

Cedar Lake is a valuable resource for the Town of Sturbridge,

providing diverse recreational opportunities, aesthetic quality, and posi-

tive economic impacts to the area. A general decline in the quality of

this resource has been noted during the past several years. In particular,

the presence of dense stands of aquatic nuisance weeds has degraded all

aspects of this lake. In addition, concurrent with the weed problem, there

has been a general decline in perceived water quality. This feasibility

report provides the Cedar Lake Association, the Town of Sturbridge, and

the Massachusetts Division of Water Pollution Control with an overall pro-

gram for restoration and management of Cedar Lake.

LYCOTT ENVIRONMENTAL RESEARCH, INC. in conjunction with Anderson-

Nichols Company, Inc. have identified the source and scope of problems as

outlined in the DWPC's Request for Proposal and Contract. The following

is a summary of the key aspects of the contract:

- an assessment of the qualitative and quantitative impacts of

drainage and erosion from the Massachusetts Turnpike, Route 20,

and the surrounding watershed

- development of hydrologic and nutrient budgets

- sediment mapping, with more intensive sampling of potential

dredging sites
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- analysis of sediment cores for chemical constituents in order

to satisfy requirements for DWPC certification for dredging

- monitoring of a storm event at three locations to determine

flows, nutrient and sediment input

- evaluation of in-lake alternatives for lake restoration

- evaluation of non-point controls of sediments and nutrients to

the lake

- public participation program and a detailed environmental

evaluation

1.1 Summary of Findings

The aquatic weed problem in Cedar Lake should be immediately

controlled by the use of mechanical harvesting or herbicide. During the

following year, residents with shallow wells should be identified and the

proposed drawdown weed control program explained with emphasis on deepen-

ing their shallow wells. The health benefits of deeper wells should also

be pointed out as an additional reason for deepening. If the water supply

problems are eliminated, the drawdown project would proceed on a fall/

spring two-drawdown basis. This type of program has been shown to be

effective in controlling Mypiophyllwn, the major pest in Cedar Lake.

In conjunction with drawdown, it is suggested that the beach area in the

southwest bay be dry dredged. Approximately two feet of sediment would be

removed and utilized by the town or offered to a local farmer. Sand from

a town borrow pit would be spread over the newly exposed sediment for the

lake refilling process. The benefit of this dredging project will be

increased circulation of currents in the bay, decreasing the possibility
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of high bacteria levels at the beach which would necessitate closing.

In addition, comprehensive alternatives have been provided for

reduction of sediment and nutrient loading in Cedar Lake. These include:

suggestions on increased utilization of existing laws and by-laws for con-

trol of watershed development and programs for reducing the sediment and

nutrient loading in Cedar Lake. Each of these alternatives is provided

with cost and effectiveness data, in order to provide the Town of

Sturbridge and the Lake Association with the information necessary for

deciding the appropriate course of action.
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1.2 EXECUTIVE SUMMARY

CEDAR LAKE FEASIBILITY STUDY
STURBRIDGE, MASSACHUSETTS

Cedar Lake is a valuable resource for the Town of Sturbridge,

providing diverse recreational opportunities, aesthetic quality, and posi-

tive economic impacts to the area. A general decline in the quality of

this resource has been noted during the past several years. In particular,

the presence of dense stands of aquatic nuisance weeds has degraded all

aspects of the lake. In addition, concurrent with the weed problem, there

has been a general decline in perceived water quality. Our feasibility

study provides the Cedar Lake Association, the Town of Sturbridge, and the

Massachusetts Division of Water Pollution Control with an overall program

for restoration and management of Cedar Lake.

A summary of the recommended management and restoration measures

is'presented below and listed in the attached table. The aquatic weed

problem in Cedar Lake should be immediately controlled by the use of

herbicide or mechanical harvesting. Herbicide has been used in Cedar

Lake over the past 10 years with success. The lake has developed recurring

problems with weeds, as this type of management technique is a short-term

alternative. The effectiveness has lasted for an average of two years

before the more dense weed beds return. Mechanical harvesting of weeds
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would be an annual expense, as the weeds will continue to grow through

the summer season." The decision between these two techniques must be made

not only on an economical basis, but also with consideration of the

political and social aspects.

These short-term management techniques will insure the continued

level of recreational activity currently enjoyed by the surrounding resi-

dents and visitors~to Sturbridge, while a long-term program can be imple-

mented.

A long-term weed management program for Cedar Lake will consist

of the use of drawdown of the lake level twice a year - spring and fall.

This technique has been shown to be effective in the control of Milfoil,

the dominant weed in Cedar Lake. During our analysis of this alternative,

it came to our attention that several residents around the shore draw

water from extremely shallow wells. These wells are susceptible to going

dry during drawdown. During the 1983 summer season and 1983-84 winter,

these residences should be identified. The proposed drawdown weed control

program should be explained with emphasis on deepening the shallow wells,

The health benefits of deeper wells should also be pointed out as- an

additional reason for deepening. As the water supply problems are elimi-

nated, the drawdown project would proceed on a fall/spring two-drawdown

basis.

In conjunction with drawdown, it is suggested that the beach area

in the southwest bay be dry dredged. Approximately two feet of sediment

would be removed and utilized by the town. Sand from a town borrow pit

would be spread over the newly exposed sediment for the lake refilling
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process. The benefits of this dredging project will be an increased

circulation of currents in the bay, decreasing the possibility of high

bacteria levels at the beach, necessitating closing, and increased

recreational value.

Funding for the in-lake management programs should be applied

for from the State of Massachusetts 628 Clean Lakes Program. A letter of

application should be sent in by July 1, 1983 for 1984 implementation of

initial weed control. Management alternatives such as herbicide and

harvesting are currently funded through 628. Due to the necessity of the

deepening of wells in order to implement drawdown, we feel that some fund̂ -

ing of the cost of increasing well depths may be borne by the 628 program.

In conjunction with the long-term in-lake alternative of draw-

down, we have provided a comprehensive discussion of the watershed manage-

ment alternatives for reduction of sediment and nutrient loading to Cedar

Lake. These include suggestions on increased utilization of existing

laws and by-laws for control of watershed development and programs for

reducing the sediment and nutrient loading in Cedar Lake. Each of these

alternatives is provided with cost, and effectiveness data, in order to

provide the Town of Sturbridge and the Lake Association with the informa^

tion necessary for deciding the appropriate course of action.

The cost of the watershed management alternatives may be partially

fundable through the Town of Sturbridge as part of its overall 201 program.

The proposed restoration alternatives for Cedar Lake are designed

to provide a comprehensive combination of long and short-term solutions to

the existing water quality problems and to provide the maximum continued

enjoyment of this resource.



The most important aspect of the implementation of watershed

management practices is to reduce the load of nutrients, particularly

phosphorus, entering the lake. There are two major paths of nutrient

flow to the lake - one is through the ground water; another includes all

surface flow. We have attempted to develop a program which has identified

the major contributing factors to the nutrient loading via these paths,

and developed management practices to be implemented for their remediation.

In addressing the ground-water sources of nutrients, we assessed

the septic system contribution as calculated in our nutrient budget. The

septic systems are contributing close to one-half of the total phosphorus

load to the lake. In addition, the systems within 100 feet of the lake

produce a majority of this loading. We therefore have provided a detailed

discussion of the alternatives for reducing this nutrient loading. Two

important no-cost alternatives for immediate implementation are: 1) imple-

mentation of a 100-foot septic system setback regulation, and 2) initiation

of improved maintenance and inspection programs for septic systems.

Surface loading of nutrients is derived from many sources. We

have attempted to identify the major sources within the watershed and have

proposed management alternatives for these. One source of nutrients and

sediment to the lake is erosion. We feel that it is important for the

Sturbridge Conservation Commission, with the watchful aid of the Cedar

Lake Association members, to enforce the 100-foot erosion controls mandated

by the Wetland Protection Act. In addition, the Association should monitor

the maintenance of the Turnpike slope erosion controls, particularly the

sedimentation basins on the north side.
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One source of sediment and nutrients which is partially controlled

is the Hamilton Road cut. We regard the sedimentation basins as a band-aid

approach and suggest a definitive plan for the stabilization of this area.

The recommended programs presented above are designed to reduce

the load of nutrients currently accelerating Cedar Lake's

eutrophication to a level which will maintain the lake and water quality

at conditions enjoyable for all recreational activities.

In addition, we have provided a comprehensive plan for management

of the serious weed problem which currently exists in Cedar Lake. The

combination of these two approaches provides the Lake Association and the

State with a comprehensive iTtplementable program for the maintenance and

management of this beautiful resource.
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In-Lake Measures Cost Bene fit Negative

Immediate Implementation

Herbicide $15, 000-.$22,500

or

Harvesting 25,000

Aquatic weed
control

Aquatic weed
control

Requires short suspension
of near-shore well usage

Short period of effect-
iveness; areas may require
multiple harvests

Deferred Implementation

Drawdown

Initial Drawdown
Including dug well 30,000
deepening for 30
houses

Good long-term Shurt-term aesthetic and
aquatic weed con- air quality impacts
trol; possible
dry dredge pro-
gram for beach,
cost @ $825

Watershed Nutrient Load Reduction

Immediate Implementation

Cedar Lake Association monitoring the -maintenance of the Massachusetts
Turnpike erosion control measures, particularly the maintaining of the
sedimentation basins.

Sturbridge Conservation Commission requiring and monitoring the imple-
mentation of erosion control methods during construction within 100 feet
of a wetl&rid as mandated by the Wetland Protection "Act.

Control of Route 20 impacts by: 1) more frequent street sweeping
2) altering road salting practices -

Passage of erosion, sediment, and runoff control ordinance.

Implement 100-foot setback for septic systems from lake shore. Wetland
Protection Act or Board of Health.

Initiate improved maintenance and inspection program for wastewater
disposal systems.

Deferred Implementation

Additional erosion control by: 1) Hamilton Road slope stabilization
2) Re-vegetation of gravel pit near beach



2 . 0 DRAINAGE, EROSION AND SEDIMENTS

2.1 Discussion of Problem

During the initial phases of the study, extensive field inspec-

tions were conducted in order to familiarize the team with the watershed

and to identify the potential areas of more intensive study. In Cedar

Lake, as is the case in most any pond or lake, the material which is

carried into the lake basin (allochthonous) is a source of trouble. This

material may contain high levels of nutrients which support over-production

of certain indigenous species of aquatic plants(i.e., Eurasian Milfoil and

Pondweed), creating various problems. Allochthonous inputs may also provide

substantial loads o-f particulates which are deposited in the lake basin, which

silt in areas, resulting in a shallower lake. There are problems of drainage and

erosion in the watershed and nutrient and sedimentation input to the lake'basin.

In preliminary studies several locations which presented special

erosional problems were identified. These included the north end of the

lake where the Massachusetts Turnpike transects the watershed, the Route 20

area in the south, and the swimming beach area. However, the entire water-

shed was studied for these problems.

Three parameters were investigated during the period of study;

first, an analysis of a storm event; second, calculations of runoff water

quality and quantity, and third, an analysis of the sediment depth and

chemical composition.
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2.2 Storm Event Analysis

On July 28, 1982, storm runoff data was collected during a

0.42 inch accumulation storm event. A total of 45 separate samples from

three major and two minor sample sites was gathered over a period of two hours

(Figure 2.1, map of sample sites, page 2-35). Site #1 was located on

the south slope of the Massachusetts Turnpike embankment, in a concrete storm-

water catchment gully to the west of the major tributary. Site #2 was located

at the north end of the culvert which runs under Route 20 and drains into

the small southeastern bay of the pond. Site #3 was located in the eastern

tributary, at a road culvert approximately 100 feet from the shore. In

addition, 27 flow volume measurements were gathered at the three major

sample sites and precipitation was measured at site #1. Table 2-1 indi-

cates the sample time, flow, and the accumulation of precipitation. As

indicated, each station was sampled 11 times throughout the storm. The

complete chemical data are given in Appendix A , and total phosphorus

and total solids data are found in Table 2-2.

The water samples were collected in clean marked bottles as de-

scribed in the APHA manual. Storm water flow volumes were calculated from

field measurements of the cross-sectional area of the water flowing and the

velocity of the flow. Precipitation was measured using a standard

volumetric rain gauge.

The sample sites were selected because of their potential infor-

mational quality. A measurement of the runoff which occurs at the slope

of the Massachusetts Turnpike embankment (Site #1) was of interest due to

the previous sedimentation problems this area has experienced. LYCOTT was

interested in characterizing the runoff of this area to better understand

the potential continuation of this problem. The results of the investigation

indicate that the south slope of the roadway does not provide an extra-

ordinary increase in the load of nutrients and total solids to the lake

basin during a storm event. A slight increase is consistent with the



CEDAR LAKE FEASIBILITY STUDY

TABLE 2-1

STORM EVENT 7/28/82

Time of
Day

6:45

6:50

6:55

7:00

7:15

7:30

7:45

8:00

8:15

8:30

8:45

Chrono-
logical
(Min.)

0

5

10

15

30

45

60

75

90

105

120

Accumulated Mass.
Sample Precipitation Pike
No. (In.) Embankment

1 0

2

3

4 0.09

5 0.14

6 0.16

7 0.22

3 0.29

9 0.32

10 0.36

11 0.38

(cfs)

0.45

0.45

0.27

0.27

0.45

0.45

0.27

0.27

0.20

Culvert
Under
Route 20

(cfs)

2.2

2.2

1.55

1.08

1.37

1.37

1.02

0.86

0.56

East
Shore

Tributary
(cfs)

2.1

2.3

2.6

2.3

1.9

1.9

2.0

1.86

1.86
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-2

STORM EVENT
TOTAL PHOSPHORUS/TOTAL SOLIDS (mg/1)

Site 1 Site 2 Site 3
Sample
No,

1

2

3

4

5

6

7

8

9

10

11

Mass. Pike
Total P Solids

0.17 70

0.14

0.05

0.02 56

0.01

0.03

0.10 ' 100

0.05

0.05 42

Route 20
Total P Solids

0.040 276

0.055

0,160

0.055 272

0.055

0.030

0.010 186

0.010

0.080

0.055

0.010 162

East
Total

0.02

0.03

0.08

0.02

0.02

0.03

0.03

0.01

0.01

0.03

0.01

Tributary
P Solids

52

192

44

74

Mean 0.069 67 0.046 224 0.026 91
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literature information. The variation between the year-round mean of

0.04 as measured at the north end of the lake and 0.069 mg/1 for this

short-term event is not significant. An interesting phenomenon which was

noted during the field study in the spring, a crystaline salt deposit,

was noted on the flow structure on the Massachusetts Turnpike south slope.

Later examination was negative for this. However, it appears that a

quantity of road de-icing agent is entering Cedar Lake during the winter

and spring. Samples #9 and #10 at Site #1 were lost during transport out

of the field due to breakage.

The results of sampling at Route 20 (Site #2) indicate elevated

values for total solids, 224 mg/1, mostly as dissolved solids. Concurrent

with this is the elevated mean sodium value of 51.1 mg/1 for this sample

site. The Route 20 roadway is apparently the source of this pollutant.

Fortunately the outflow from this area is dispersed through a wetland

prior to entering the lake. This may effectively trap a major portion of

the solids load. The eastern sample site (Site #3) was chosen with the

thought that this tributary would provide a more "natural" baseline result.

The results from this stream are in fact all within natural limits and pro-

vide information as to the expected concentrations of chemical constituents

in a semi-developed watershed. Two additional sites were sampled once

during the same storm event. These were the storm sewer pipe at the northern

end of the Sheraton peninsula and the overland flow at the public beach.

area. The results of these tests are all quite unnoteworthy and indicate

*hat no real problems exist in these areas for the constituents tested.

In addition, a single round of samples was collected on November 4, 1982

during a heavy rain. These results are also given in Appendix A . This

round was collected in order to substantiate the previous results, which
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in fact they do, with the exception of the sodium results. The sodium

levels are lower, as would be expected since the application of road

de-icing agents had not commenced and the previous years' accumulation had

been flushed from the drainage areas.

The data developed in this storm event study yield information

about a single storm. The complexity and variability of this type of event

and the small amount of data which was gathered due to fiscal constraints

have made extrapolation of these results to month or year-long conclusions

impossible. However, the results are valuable for subjective evaluation of

the importance of the storm event in overall loading budgets for the lake

and are applied in assessment of runoff quantity and quality (Section 2.3)

and in the nutrient budget analysis (Section 4.0), as discussed below.

2.3 Calculation of Runoff Quantity and Quality

Anderson-Nichols used three approaches to estimate frequency

and magnitude of surface stormwater" loadings. In Section 2.3 CO , basin-

wide total phosphorus loadings and frequency of occurrence are estimated

for the monitored storm event (July 28, 1982).

The second approach is presented in Section 2.3(.D). Anderson-

Nichols used the surface runoff volumes generated in Section 3.0 (Hydro-

logic Budget) and average concentrations from literature values to estimate

monthly and annual surface runoff loadings for total phosphorus, total

nitrogen, nitrate, and Kjeldahl nitrogen. A mass balance water budget

approach that relied upon rating curves developed from stream flow estimates

contained in the DEQE Cedar Lake Diagnostic study was used to calculate
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ground-water and surface water components of runoff for April 1980 through

March 1981. Applying representative values of average concentrations from

both on-site sampling and available literature, assessment techniques as

outlined by Lakatos and Johnson in a recent paper, Desk-Top Analysis of

Nonpoint Pollutant^ Loads (July 1979, International Symposium on Urban

Storm Runoff, Lexington, KY) were then used to project individual storm

event, monthly, and annual surface stormwater pollutant loadings.

Finally, in Section 4.3.1, annual total phosphorus loadings are

projected using the hydrology budget (.Section 3.0) and all monitored sample

data from both this study and the DEQE diagnostic study (.20 sample dates) .

This section includes a discussion of the dry weather flow and stormwater

components of surface runoff.

Of the three approaches, the range of projected loadings presented

in Tables 2-8 through 2-11 is our best estimate of annual surface runoff

nutrient loadings. Loadings based upon monitoring fall near the low end

of the range of phosphorus loadings, and may be less reliable, given the

uncertainty implicit in a limited runoff monitoring effort.
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A, Land Use Distribution in Cedar Lake Drainage Area

To apply an analytical runoff model requires accurate delineation

of drainage sub-basins and land use fractions within each sub-

basin. In consultation with DEQE, we sub-divided the watershed

into the three sub-basins defined during the Cedar Lake Diagnostic

Stud̂ . Anderson-Nichols updated the MacConnell series land use

estimates presented in the Diagnostic Study by using the revised

USGS quad sheets published in 1978. Table 2-3 shows a summary of

updated land use characteristics for the Cedar Lake basin includ-

ing the drainage divide changes resulting from field work during

the study (see Appendix B).

B, Development of Water Quality Loading Factors

1. On-Site Stormwater Monitoring. During the July 28, 1982 storm

event, LYCOTT staff members conducted stormwater monitoring

at four pre-selected sites in the Cedar Lake watershed.

Drainage areas for these sites included (1) the south side

of the Massachusetts Turnpike immediately to the northwest

of Cedar Lake, (2) Route 20 to the south of Cedar Lake, (.3) a

rural, primarily forested watershed (sub-catchment), monitored

for dry weather flow in the Cedar Lake Diagnostic Study, and

(4) a commercial area partially under construction at the

time of the monitoring - Sheraton Hotel area (Figure 2.1). For a

series of grab samples taken during the 0.38 inch storm event,

LYCOTT determined pollutant concentrations for nutrients



CEDAR LAKE FEASIBILITY STUDY

TABLE 2^3

LAND-USE DISTRIBUTION IN SUB-BASINS AS PERCENTAGE

Sub- Area Agri- Wetlands
Basin (ac) Forested Residential Commercial cultural Open Mining Water

1058 81.9 2.3 3.0 2.8 1.0 9.0

464 71.1 2.0 8.0 6.0 6.0 6.9

716 59.7 28.2 4.5 2.8

TOTAL 4448 72.6 10.5 1.4 3.1 3.5 1.7 7.1
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and suspended solids. Table 2-4 summarizes mean concentra-

tions recorded over the sampling period.

2. Literature Values of Representative Surface Stonnwater Load-

ings . With the exception of extensive stormwater monitoring

test results for the forested Hubbard Brook watershed in

central New Hampshire, we have not found suitable local runoff

sampling data for application to the Cedar Lake watershed.

Differences in duration, hydrometerologic conditions, air

quality, public works practices, monitoring, analytical tech-

niques, and study area homogeneity make it difficult to trans-

fer literature values from studies in other parts of the

country. However, several references describing intensive

studies of land use nonpoint pollution relationships can be

used to estimate a range of probable surface runoff concen-

trations for specific land uses. Table 2-5 shows a range of

literature mean concentrations for specific land uses and

also, as mentioned above, on-site recorded mean concentrations

in parentheses,

Estimation of Recurrence Frequency of Total Phosphorus Stormwater

Loadings

Analysis of daily precipitation records for the years 1981

and 1982 at East Brimfield, Massachusetts (located roughly six

miles west of Cedar Lake) revealed that a 0.5 inch storm event

occurs typically every nine days, and that a storm of equal or
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-4

MEAN POLLUTANT CONCENTRATIONS AT CEDAR LAKE
SAMPLING STATIONS FOR JULY 28, 1982 STORM (mg/1)

Pollutant

Total Solids

Suspended Solids

Dissolved Solids

Settleable Solids

Total Nitrogen

Nitrate (as NO3-N)

Kjeldahl Nitrogen

Total Phosphorus*

{N = 2)
(N = 4 ) (N = 4 ) (N = 4 ) Commercial
Rural Area Under

Watershed Route 20 Mass.Tpke. Construction

91

32

58

.75

2.43

2.1

.33

0.026

224 67

4.8 6

205 112

.1 .1

1.61 1.21

1.39 1.09

.22 .12

0.046 0.069

272

14

27

.1

1.25

1.2

.05

.025

* Total Phosphorus as P

N = Number of Samples
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-5

TYPICAL SURFACE STORMWATER MEAN CONCENTRATIONS (M3/L)
FOR RURAL-UREAN LAND USESA

NOTE: APPROXIMATE M3NITOREID CONCENTRATIONS IW

LAND USE

Forest

Agriculture

Open

Residential

Commercial

Construction
Site

TOTAL
SUSPENDED

SOLIDS

290

461-2800
(90)

290

203

118

(67-224)

700
(270)

TOTAL
NITROGEN

1.5
.5E

4-15
9B (2 .4 )

.82

2.4-3.5
4.5C

.96D

1.5-2.3
2.3F

(1.2-1.6)

3.2
(1.25)

NITRATE

.016

.45^

.9-4.4
(2.1)

.01

.43-. 63

.37-. 58

(1.0-1.4)

.7
(1.2)

KJELDAHL
NITROGEN

1.48
.05E

3.5-11
(.33)

.81

2.0-3.0

1.13-1.72

(.12-. 22)

2.5
( .05)

TOTAL
PHOSPHORUS

.17

.0024E

2-3.5
.02-1.7B ( .03)

.17

.3-. 4
.98C
.820

.2-. 35
0.5F

(.05-.07)

.18
(0.025)

All values in 1st line of each category are from: (1) "Cccoquan/Four Mile Run
Non-point Source Correlation Study", North Virginia Planning District Commission
(N^PDC) , July 1978, or (2) "Guidebook for Screening Urban Nonpoint Pollution
Management Strategies", WPDC, Novenber, 1979.
Without manure applications - literature review.
Madison, WI residential watershed.
Durham, NC; Third Fork Creek; mixed watershed, mostly residential, some commercial

(Note: B - D are referenced in footnote A( l ) , p. 62.)

"Biogeochemistry of a Forested Ecosystem", Likens, et al, Springer-Verlag, NY,
1377, pp. 18, 62, 66-67, 70-71.
"Desk Top Analysis of Nonpoint Source Pollutant Loads", Lakatos, D; summary of 20
•cities.
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greater magnitude accounts for 75 to 80 percent of total annual

precipitation. At the East Brimfield gage over the two-year

period, a 1.0-inch/l.5-inch storm event typically occurred every

19 days/7 weeks, and storms of equal or greater magnitude account

for 50-55 percent/25-30 percent of total annual precipitation.

Jerome Carr (1979) suggested a more frequent recurrence of

storm events in the 0.5 to 0.6 inch range. At Worcester Airport

(located approximately 25 miles northeast of Cedar Lake), 609

storm events over an 11-year period (1966-1976, February through

November inclusive) had an average of 0.56 inches of rainfall on

the first day of a storm, i.e., analysis of their data reveals

that a 0.56 inch evert can be expected on average every 5.5 days.

Since many events of lesser magnitude affect less frequent large

events, the recurrence interval expressed in terms of "volume

equal to or greater than" is probably closer to the nine days

estimated for the East Brimfield gage (.see Table 2-6") .

During the July 28, 1982 storm event at Cedar Lake, runoff

samples were collected over a two-hour period starting at 6:45

a.m. During the monitoring period there was .a rainfall accumula^

tion of 0.38 inches. The total volume for the storm, which had

started at about 4:00 a.m., was 1.0 inches, with 0.2 inches-

occurring after 8:00 a.m. From the rainfall frequency analysis

described above, the monitoring period volume is exceeded every

week, and the total storm volume is exceeded every three weeks.

The average intensity over"the monitoring period was 0.21

inches per hour, which is a moderate rate of precipitation and
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-6

SUMMARY RAINFALL STATISTICS
FROM THE WORCESTER AIRPORT

(Data taken from 1966 to 1976, February to November, inclusive)

Time in Days
Between Rain-
fall Large
Snough to Pro-
duce Runoff

Number of
Events

Average Amount
of Rainfall First
Day of storm
in Inches

Percent of
First Flush
Rain

144 0.4725 19.3

107 0.5022 15.3

90 0.5792 15.0

67 0.7215 14.0

5 or more 201

609

0.628 36.4

100 %

Weighted
Average = 0.56

(Sources Carr, 1979-)
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falls within the range of expected typical intensities. (Over

the two-hour period, intensities varied from greater than 0.2

inches/hour at 6;45, decreasing below 0.2 inches/hour by 7:30 a.m.

The antecedent dry period prior to the precipitation on

July 28 was seven days, extending back to July 21, when 0.85

inches of rain fell at East Brimfield. While this is a longer

antecedent dry period than most storm events over the course of

a year, it reflects antecedent dry periods in summer months when

the impact of nutrients on lakes is more severe.

Insofar as the monitored storm reflects typical intensities,

antecedent dry periods, and durations of storm events, then a

rainfall volume of at least 0.42 inches can be expected to occur

every week, and yield a total phosphorus loading from the Cedar

Lake watershed of 0.69 kg. This projection is based on land use

compositing of recorded concentrations of one storm event, the

monitored July 28, 1982 storm (Table 2-4). Total phosphorus

concentration of 0.026 mg/1 was applied for rural watersheds, a

concentration of 0.069 mg/1 was applied to the Route 20 commercial

area, and a total phosphorus concentration of 0.05 mg/1 was used

for residential land use areas in the watershed. For each sub-

basin, composite total phosphorus concentrations were multiplied

by the rainfall volumes and the runoff coefficients (.sub-basin 1,2,3

0.2; 0.2; Q.3) to yield the projected loads.

The longer than normal antecedent dry

period suggests that the monitored event over-predicted typical

phosphorus loadings. However, since the earlier portion of the
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runoff event starting at 4:00 a.m. was not monitored, recorded

concentration values may not include the "first flush" of runoff,

and therefore may under-predict -the phosphorus loading for

the entire storm.

Notwithstanding the uncertainty implicit in a very limited

stormwater monitoring effort, and since these two factors probably

offset each other, it is plausible to suggest that a total phos-

phorus loading of at least 0.69 kg occurs 52 times per year.

Assuming the same concentration in larger events, by similar

recording a loading of at least 1.65 kg total phosphorus can be

expected to occur 6^8 times a year. This projection is based

upon recorded concentrations for the July 28, 1982 storm, assumes

a concentration of 0.05 mg/1 total phosphorus for residential

areas (not monitored), and assumes the following runoff co-

efficients for sub-basins #1, #2, and #3 respectively: 0.2; 0.2;

and 0.3.

D. Estimation of Annual''Surf ace Runoff Loadings for Selected Pollutants

In the absence of extensive stormwater monitoring at Cedar

Lake, loading projections in this study rely heavily upon liter-

ature surface stormwater concentrations presented in Table 2-5.

Most of the concentrations reported from the Northern Virginia

Planning District Commission were based upon a field study of

stormwater runoff loadings from 21 small watersheds with homogeneous
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land use patterns that were monitored by flow-weighted composite

sampling over a one-year period. Simple linear regression tech-

niques were applied to scattergrams of unit area pollutant load-

ing rates vs. runoff volumes to emperically determine mean annual

concentrations of runoff from each land use.

Having reviewed the literature with respect to the relationship

of land use to monitored stonnwater concentrations (Table 2-5),

Anderson-Nichols selected representative "expected" mean liter-

ature concentrations of surface stortnwater as shown in Tabie 2-7.

Generally, the eselected values fall in the mid-range of literature

values with the NVPDC pollutant concentrations weighted more

than other literature values. While the low and high values of

the range shown in Table 2-7 are in most cases selected, from' the

extremes noted in the literature, recorded Cedar Lake study con-

centrations are shown where they fall outside the literature

range. In cases where the "expected" mean concentration coincides

with either the high or' low extreme, the selected values are

adjusted to be 20 per cent greater or lower respectively. Since

in the literature the constituent nitrate function of total

nitrogen varies significantly, the selected range of total nitrogen

reflects the literature range for total nitrogen, rather than the

sum of low and high concentrations respectively for nitrate and

Kjeldahl nitrogen. In other words, the "low" nitrate concentra-
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-7

SELECTED SURFACE STORMWATER MEAN POLLUTANT CONCENTRATIONS (mg/1)

LAND USE
POLLUTANT

Total
Nitrogen

Nitrate
(as N03-N)

Kjeldahl
Nitrogen

Total
Phosphorus

RANGE

Low
Expected
High

Low
Expected
High

Low
Expected
High

Low
Expected
High

FOREST

0.5

0̂.016

°'1A
2.1A

0.05
1.4
1.7

.0024

.17

.20

AGRICULTURE

2.4A

9.0
15.0

0.9fi

2.6
4.4

.33A

6.4
11.0

.03A

2.5
3.5

OPEN

.5

.82̂
2.4 A

.008

•01A
2.1 A

.33A

.81
1.0

.03A

.17

.20

RESIDENTIAL

.96
3.0
4.5

.43

.50
1.4

.22
2.5
3.0

.05

.60

.98

COMMERCIAL

1.2A

2.3
2.8

.37

.60̂
i.o A

.12A

1.7
2.0

0-07A

.4

.5

A = On-site stormwater monitoring
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tion is assumed not to occur concurrently with a "low" Kjeldahl

concentration.

The range of pollutant concentrations selected to represent

average conditions of runoff quality (Table 2-8) was then distributed

across land uses in the Cedar Lake sub-basins (Table 2-3) to generate

sub-basin mean surface stormwater concentrations. Table 2-8 shows

a range of mean pollutant concentrations for each sub-basin.

Monthly and annual pollutant loadings were then estimated using

a desk-top approach which applies representative concentrations

to stream flow hydrology (Lakatos, et al.) during a year of

average wetness. The hydrologic analysis in sub-task. 2 used the

precipitation record for April- 1980 - March 1981, a period less

than 10 per cent drier (41.29 inches at East Brimfield gage) than

the norm (45.24 inches at Worcester Airport). For each sub-basin,

monthly volumes of flow multiplied by a range of pollutant

concentrations yield surface stormwater loading projections as

follows:

Load Flow Volume Concentration 10 1 kg

W = (100° » ' ""9/1' 1000 m3 106 mg

Tables 2-8 through 2-11 present monthly surface runoff nutrient load-

ings for each sub-basin and aggregate loadings for the entire

Cedar Lake watershed.
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TABLE 2-8

REPRESENTATIVE SURFACE STORMWATER
MEAN POLLUTANT CONCENTRATIONS (MG/L) BY SUB-BASIN*

SUB-
BASIN RANGE

TOTAL
NITROGEN

POLLUTANT
NITRATE AS
(NO3-N)

KJELDAHL
NITROGEN

TOTAL
PHOSPHORUS

Low
Expected
High

Low
Expected
High

Low
Expected
High

.530
1.600
2.600

.610
1.910
3.27

.373
1.87
2.90

.055

.177
1.95

.099

.296
2.000

.150

.230
1.750

.070
1.420
1.820

.093
1.610
2.220

.109
1.640
1.980

.0054
,2330
.2970

,0074
343
454

,0243
.2930
,4240

* Note that distribution assumes negligible concentrations of pollutants for
mining, wetland, and open water land uses (TN = 0.1 mg/1, NO3-N and Kjeldahl N =
0.05 mg/1, TP - 0.001 mg/1), since no information is readily available for these
land uses.
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2.4 Prsgare Sediment Budget

Table 2-13 shows estimates which approximate sediment loads

generated by different land uses in the Cedar Lake watershed. As indi-

cated above, land use estimates were updated (Table 2-3) to reflect conditions

on the USGS quad sheets published in 1978. For forested-,- agricultural,

and mining land surfaces, the Universal Soil Loss Equation CUSLE) was used

to determine a range of possible loading factors (Table 2-3.4 • Separate soil erodi

bility and slope/length parameters were estimated for each sub-basin. The range

of surface cover factors reflects a range of surface covers for forested

and agricultural land uses, respectively. Sediment loading factors for

other land uses are shown in Table 2-14 and are based upon field studies

of runoff from heterogeneous land uses. Factors affecting actual

sediment delivery to Cedar Lake itself include (1) the extent of in-stream

channel bank erosion, and (2) the effective trap efficiencies of upstream

water bodies.

The Massachusetts Turnpike Authority has partially addressed a

severe erosion condition on the steep slopes of the north side of the
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TABLE 2-9

SURFACE RUNOFF LOADING (KG)
•FOR YEAR OF AVERAGE WETNESS: TOTAL NITROGEN

MONTH

April

May

June

July

August

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

March/

TOTAL

SUB -BASIN

LOW

186

62

76

61

29

-

-

-

47

144

82

148

835

1
Expected

562

187

230

184

88

-

-

-

140

434

248

446

2519

High

913

304

374

299

143

-

-

-

229

705

403

725

4095

Low

63

22

31

21

11

-

-

-

21

49

32

52

302

2
Expected

199

69

96

67

34

-

-

-

67

153

101

162

948

High

340

118

164

114

59

-

-

-

114

262

173

278

1622

Low

61

21

25

20

9.7

-

-

-

15

47

27

9.7

235.4

3
Expected

307

103

125

101

49

-

-

-

77

237

135

49

1183

High

476

160

194

157

75

-

-

-

119

368

209

75

1833

TOTAL

Low

310

105

132

102

49.7

-

-

-

83

240

141

209.7

1372.4

Expected

1068

359

451

352

171

-

-

-

284

824

484

657

4650

High

1729

582

732

570

277

-

-

-

462

1335

785

1078

7550
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TABLE 2-10

SURFACE RUNOFF LOADING (KG)
FOR YEAR OF AVERAGE WETNESS: NITRATE (as NO3-N)

MONTH

April

May

June

July

August

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

March '

TOTAL

SUB-BASIN

Low

19

6.4

7.9

6.3

3.0

-

-

-

4.8

15

8.5

15

85.2

1
Expected

62

21

25

20

9.7

-

-

-

16

48

27

49

277.7

High

684

228

281

224

107

-

-

-

172

528

302

544

3070

Low

10

3.6

4.9

3.5

1.8

'

-

-

3.5

7.9

5.2

8.4

48.8

2
Expected

31

11

15

10

5.3

-

-

-

10

24

16

25

147.3

High

208

72

100

70

36

-

-

-

70

160

106

170

992

Low

25

8.3

10

8.1

3.9

-

-

-

6.1

19

11

3.9

95.3

3
Expected

38

13

15

12

6.0

-

-

-

9.4

29

17

6.0 •

145.4

High

287

96

117

95

45

-

-

-

72

222

126

46

1106

TOTAL

Low

54

18.3

22.8

17.9

8.7|

-

-

-

14.4

41.9

24.7

27.2

230

Expected

131

45

55

42

21

-

-

-

35.4

101

60

80

570.4

High

1179

396

498

389

188

-

-

-

314

910

534

760

5168
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TABLE 2-11

SURFACE RUNOFF LOADING (KG)
•FOR YEAR OF AVERAGE WETNESS: KJELDAHL NITROGEN

MONTH

April

May

June

July

August

Sept.

Oct.

NOV.

Dec.

Jan.

Feb.

March •

TOTAL

SUB-BASIN

Low

25

8.2

.10

S.I

3.9

-

-

-

6.2

19

11

20

111.4

1
Expected

498

166

204

163

78

-

-

-

125

384

220

396

2234

High

639

213

262

209

100

-

-

-

160

493

282

508

2866

Low

9.7

3.3

4.6

3.3

1.7

-

-

-

3.3

7.4

4.9

7.9 :

46.1

2
Expected

167

58

81

56

29

-

-

•*

56

129

85

137

798

High

231

80

111

78

40

-

-

i-

78

178

118

189-

1103

Low

18

6.0

7.3

5.9

2.8

-

-

T.

4.5

14

7.8

2.8

69.1

3
Expected

269

90

110

89

43

-

-

_

67

208

118

43

1037

High

325

109

133

107

51

-

-

--

81

251

143

51

1251

TOTAL

Low

52.7

17.5

21.9

17.3

8.4

-

-

--

14

40.4

2-3.7

3Q.7

226.6

Expected

934

314

395

308

150

-

-

T

248

721

423

576

4069

High

1195

402

506

394

191

-

-

-

319

S22

543

748

5220
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TABLE 2-12

SURFACE RUNOFF LOADING (KG)
FOR YEAR OF AVERAGE WETNESS: TOTAL PHOSPHORUS

MONTH

April

May

June

July

August

Sept.

Oct.

Nov.

Dec.

Jan.

Feb.

March •

TOTAL

SUB-BASIN

LOW

1.9

.63

.78

.62

.30

-

-

-

.48

1.5

.84

1.5

8.55

1
Expected

82

27

33

27

13

-

-

-

21

63

36

65

367

High

104

35

43

34

16

-

-

-

26

80

46

83

467

Low

.77

.27

.37

.26

.13

-

-

-

.26

.59

.39

.63

3.67

2
Expected

36

12

17

12

6.2

-

-

-

12

27

18

29

169.2

High

47

16

23

16

8.2

-

-

-

16

36

24

39

225.2

Low

4.0

1.3

1.6

1.3

.63

-

-

-

1.0

3.1

1.7

.63

15.26

3
Expected

48

16

20

16

7.6

-

-

-

12

37

21

7.6 .

185.2

High

70

23

28

23

11

-

-

-

17

54

31

11

268

TOTAL

LOW

6.67

2.2

2.75

2.18

1.06

-

-

-

1.74

5.19

2.93

2.76

27.48

Expected

166

55

70

55

26.8

-

-

-

45

127

75

101.6

721.4

High

221

74

94

73

35

-

-

-

59

170

101

133

960

2-25



CEDAR LAKE FEASIBILITY STUDY

TABLE 2-13

ESTIMATE OF SEDIMENT LOADING FACTORS FOR OTHER LAND USES*

(1) Residential - assume average density of 2.0 dwelling units/ac
typically on sandy loam soils:

loading rate =0.1 tons/ac/yr

(2) 'Commercial - assume stabilized land use:

loading rate = 0.24 tons/ac/yr

(3) Open - loading rate =0.05 tons/ac/yr

(4) Mining - since no specific information is available on types of
mining operations, assume that sediment loads are significant and
at the same rate estimated for agricultural runoff (i.e., for sub-
basin 1, 0.41 tons/ac/yr (0.13 - 0.68 tons/ac/yr range); for sub-
basin 2, 0.96 tons/ac/yr (0.31 - 1.6 tons/ac/yr range). (See
Table 2-13).

* Ref. "Guidebook for Screening Urban Non-point Pollution Management
Strategies," Northern Virginia Planning District Commission, Final
report prepared for Metropolitan Washington Council of Governments,
Washington, D. C. , November 1979, p. 15.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-14

ESTIMATE OF SEDIMENT LOADING FACTORS FOR FORESTED LAND USES
(using the Soil Conservation Service's "Universal Soil Loss Equation"!

Sub-
Basin R K LS

LOADING FACTOR
(.tons/ac/yr)

vq. Range

Forested

1

2

3

(.130)

.28

.30

.27

2.1

3.7

1.8

(.001-.005) (1.0)

.23 .08 - .38

.43 .14 - .72

.19 .06 - .32

Agricultural

1

2
(130)

.26
A

.30
A

2.0
(.004-.01) 1.0

.41

.96

.13 - .68

.31 '- 1.6

A Factors are for conditions at specific agricultural sites.
B Assumes predominant use is grass and legume hay.
C Assumes no application of erosion control practices in croplands

A =-• RKLSCP, where A
R

K

LS

C

P

average annual soil loss in tons/ac
rainfall and runoff erosivity index
soil erodibility factor
topographic factor
cover and management factor
factor for supporting practices
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turnpike's embankment by constructing two downstream detention basins in

series. While the embankment itself is still eroding and remedial action

is desirable, the basins prevent most sediment from reaching the lake.

additional erosion on slopes not drained by the detention basins may become

a substantial source of sediments to Cedar Lake. Stormwater monitoring at

an uncontrolled discharge channel draining the south embankment of the Massa-

chusetts Turnpike revealed an average of 4.8 mg/1 of suspended solids for

four sampling times during the storm. This concentration reflects both

solids loadings on the highway itself and embankment erosion.

Brune's standard trap efficiency curves are applied' to each"

upstream pond to estimate annual sediment loads delivered to Cedar Lake

(Table 2-15 (see Figure 3.1). Excluding stream bank erosion, they are on the

order of an estimated mean value of 318,400 kg/yr (351 tons/yr) and within

a range of 40,900 to 515,400 kg/yr (148 to 562 tons/yr), as shown in

Table 2-16).
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CEDAR LAKE FEASIBILITY STUDY

TABLE 3'-iS

ANNUAL SEDIMENT LOADS DELIVERED TO CEDAR LAKE

Brune's standard trap efficiency curves relate storage capacity to inflow,
and suggest trap efficiencies as follows for upstream ponds labeled in
following figure

Pond Trap E_f_ficiency
(Percentage Sediment Removal)

A 75

B 90

C 95

D 50

E 95

Estimation of Delivered Sediment Loading to Cedar Lake

Sub-basin Sediment Loading
Average^ Range

1 38 14-62

2 205 79-340

3 108 55-160

351 148-562

2-29



CEDAR LAKE FEASIBILITY STUDY

TABLE 2-16

PROJECTED ANNUAL SEDIMENT LOADING TO PONDS AND RESERVOIRS
IN CEDAR LAKE WATERSHED (tons/yr)

Agri-
cultural wetlands

Sub- Area & & Open
Basin (ac) Forested Residential Commercial Mining Ogen Watej: _ Total

1 1058 199 2.7 - 17.4 1.5 - 221

2 464 141 1.0 - 62 1.4 - 205

3 716 89 22 7.7 - 1.0 112

TOTAL 4448 538

Range: 220 - 870 tons/yr

(199,600 - 789,200 kg/yr)
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2.5 Sediment Assessment

In conjunction with the development of the sediment budget

(Section 2.4), LYCOTT undertook to assess the physical accumulation and

chemical composition of the sediments present in Cedar Lake. These para-

meters are important in investigating the zones of sediment accumulation

where management techniques of load reduction or removal might be con-

sidered. This data may also be valuable for the future as a baseline of

information for calculation of rates of sedimentation (see Table 2-12).

2.5.1 Field Analysis of Sediment Depth andCharacteristics

Sediment depth data acquisition was conducted at 50 foot (.15 m) inter-

vals along seven transects, Tl - T7, in the lake basin (Figure 2.2>, page 2-36).

Depths were measured using a one-inch diameter probe to refusal, as de-

scribed by the U.S. Army Corps of Engineers (Dick Carlson, 1981, personal

communication). The results of these probes were extrapolated to draw a

map of the sediment depths present in Cedar Lake (Figure 2.2). As would be

expected, the central deep basin has accumulations of at least 10 feet

(3 m) of sediment. This material is of little consequence to the current

state of the lake but does reflect the progressive filling of the lake as

succession progresses.

Sediment depths along the eastern and western shores of the

central basin are on the order of two to six feet thick. This- is an ample

substrate for the substantial aquatic weed growth which is prevalent along

these shores. Where the probe penetrated the sediment or where there was
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0 feet accumulation, the underlying material was found to be coarse sand

and grave] (Fi'gure 2-.5). This appears to be the "basal material .throughout the

basin, with- the possible exception of.limited areas of bedrock outcropping.

Three areas of greater interest are the two southern bays and

the northern inlet area. These are shallower areas of substantial sedi-

mentary accumulations. The southeastern bay is an area which has con-

trasting zones of sediment deposition. At the southernmost end of the bay,

there are thicknesses of 10 feet (3m) or more and a water depth of two

to five feet (0.5 - 1.5 m). This condition is ideal for high production

of aquatic weeds, and in fact the area is completely choked with weeds

during the growing season. In the central portion of the east bay, the

sandy bottom is exposed. One possible reason for this is that the area

is cleared of sedimentary material by the water circulation in the lake.

The patterns of these internal circulations ace not known in Cedar Lake.

Sediment depths increase to 10 feet (.3 m) in the northern confines of the

bay. Overall, this bay is shallow, with areas of thick sedimentary accumu-

lation which support some of the most productive aquatic weed beds in the

lake.

The southwestern bay is a small area (approximately 0.06 acre,

258 sq m) which is substantially isolated from the main lake basin by a

narrow and shallow entrance. This bay is of particular interest due to

the location, at the north end, of the public beach. There are extreme

variations in the sediment thickness in this bay. Figure 2.3 illustrates

this graphically by plotting a cross-section of the bay along transect Tl.

The beach is located at Al. A thick (.9 feet, 2.7 m) deposit of sediment

was measured off the beach. This material has accumulated in a depression



in the sandy bottom of this area. Unfortunately, this makes an ideal area

for weed growth, a constant aggravation to swimmers. A discussion of the

potential management alternatives specific for this bay will be discussed

in Section 5.

The measured patterns of sediment distribution around the north

end of Cedar Lake are of particular interest due to the history of sedi-

mentation problems, primarily caused by the Massachusetts Turnpike road

embankment. As illustrated in Figure 2.2, the sediment depth within 1,000

feet (305 m) of the north end is a uniform 2 feet (.0.6 m). This is a

result of the dredging program which was completed in 1980 by the Massa-

chusetts Turnpike Authority. This operation was conducted using a drag

line from the north shore and extended to about 1,300 feet south in the

lake. The figure indicates a dramatic increase in sediment thickness

past this point, a major portion of which was probably deposited during

the Massachusetts Turnpike construction. Again, the sediment accumulation,

in conjunction with the shallow nature of the area, provides an ideal

habitat for aquatic weeds.

A field inspection of the dredge spoil disposal area near the

junction of New Boston and Hamilton Roads was conducted in order to assess

this aspect of the north end project. The material was disposed of in an

unfortunate location. Nutrient-rich sediments should be removed from the

watershed in order to eliminate the possibility of re-entering the lake

system. In this particular case, the sediment was not only retained in

the watershed but in close proximity to one of the major tributary brooks
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to the Lake, It is inevitable that some of these sediments and nutrients

will re-snter Cedar Lake. information from Mr- Stan Kaitbenski, the con-

tractor for this job, indicated a total volume of 1250 yards of sediment

was removed from this area.

2.5.2 Chemical Analysis of Sediments

Limited chemical analysis was performed on sediment core samples

from the north end, west bay and east bay in order to supplement the diag-

nostic data provided by the DWPC. Laboratory analyses were provided by

LYCOTT's state-approved water chemistry laboratory. Tests for PCBs and

cadmium were added in order to provide complete coverage of the requirements

of the Division of Water Pollution Control's certification for dredging

(3l4 CMR) . In addition, the'samples were tested for sodium concentrations

at two depths in the sediment. Sodium has accumulated in the lower layers

of the sediment in the north end of Cedar Lake (Table 2-1?). In this sample

the level of 1070 mg/kg, compared to the balance of the samples from around

the lake with a mean of 412 mg/kg, is significantly elevated. The suspected

source of this sodium is the de-icing agent which is used on the Mass Pike.

The values measured in the sediment for the other parameters are within

the normal expected ranges.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 2-17

SEDIMENT CHEMICAL DATA 1982
(ing/kg)

Mass. Clean Waters Act

North End

Percent Volatile Solids

Percent Moisture

Oil and Grease

Total Kjeldahl Nitrogen

Total Phosphorus

Iron

Manganese

Arsenic

Chromium

Copper

Lead

Mercury

Nickel

Zinc

Vanadium
Upper
Sed.

Sodium* 410

Cadmium* <• . 01

Vnl al-.T 1 P OT-rrani r*a * — — — —

5

0

950

850

1800

250

0.4

4

25

60

0.0008

10

100

Lower
Sed.

1070

< .01

?

^Southwest
Bay

31

89

0

9000

1075

19100

64

2.7

25

43

151

0.12

23

213

Upper Lower

470 420

0.98 <'.01

Jnn a flo-H a /M- a H .

Southeast Dredge Spoil Regulations
Bay Category I

49

90

0

11600

1050

25400

87

3.7 < 10

21 < 100

37 < 200

231 < 100

0.23 < 0.5

44 < 50

270 < 200

39 < 75

Upper Lower

210 550

<.01 ^.01 < 5

< .05 <.05 .05 < 0.5

* Supplementary analysis by LYCOTT

^ Less than
2-35



2.5.3 Bathymetry

During the process of probing the sediment depths found in Cedar

Lake, the water depths at points along six transects were measured. These

have been used in order to identify deviations from the DWPC's published

bathymetric map. The field data does verify the basic contours of the

basin. However, there are some areas which deserve discussion. First,

the northern end of the lake is significantly shallower than the depths

indicated in the bathymetric map. The depth at the 5-foot contour along

the north-south transect was measured to be 3 feet. Further south along

this line at the previous 10-foot contour, the measured depth is 3.5 feet,

a change of 6*5 feet or 65 per cent of the total depth.

A second area of decreased depth is the southwest bay. Previously

identified as a shallow bay, the old 5-foot contour has a measured depth

of 3.5 feet. The east-west transect in the south of the lake measured

slightly shallower depths, but not terribly inconsistent with the old map,

as are the measurements across the central area of the basin. One location

for which there are no previous data is the public beach, bay. The water

depths measured in this bay are quite shallow throughout*
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2.5.4 Discussion

The accumulation of sediment in the Cedar Lake basin ranges

from zero in certain areas where the sandy lake bottom material is exposed

^to areas where over 10 feet of sediment was measured. Three areas of the

lake were more extensively studied, including samples of upper and lower

sediment for chemical analysis. The north end was studied in such a

manner. In the wake of the 1980 Turnpike Authority dredging program, the

remaining deposition of sediment, as indicated in profile (Figure 2-4),

shows the extent of the dredging operation to a little over 1,000 feet

(305 m) out into the lake. Sediment thickness data were not gathered by

the Turnpike Authority after dredging, so accumulation rates for this area

were impossible to calculate. The chemical quality of the sedimentary

material which was collected from this northern area indicated no unusual

levels of contamination, with the exception of sodium. The elevated

levels of sodium were not really unexpected due to the turnpike's "dry

roads" policy of de-icing the road surface. However, there are no

immediate health or environmental implications from the levels which were

measured.

The southwestern and southeastern bays of the lake were also

more intensively studied. These bays were observed to be shallow with.

substantial sediment accumulation. The eastern bay did exhibit elevated

levels of sodium, again not unexpected due to the Route 20 runoff which

enters the bay to the south. The western bay has- deep deposition of

sediments just off the public swimming beach which, is- retained in the bay

by several factors - a sandy bottom configuration which includes- a deep

sediment-filled depression, low rates of flushing due to minimal hydrologic
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input to the bay basin, and restricted water circulation with the main

lake basin limited by the narrow and shallow inlet (Figure 2.3).

2.6 Conclusions

In this chapter we have presented information regarding the

sources, quantity, chemical composition and in-lake deposition of

allochthonous material. A distinction clearly exists between the loading

of this material on average throughout the year and that which is trans*-

ported during a storm event. Estimates of the importance of storm-water

transport range as high as 80 percent of the total load (McElroy, 1976 and

Lager, 1977). Loading which occurred during the July 28, 1982 storm event

in the eastern tributary is approximately 11 gm for a two-hour period.

Similarly, extrapolations of a two-hour loading calculated from the DWPC's

July 1980 data is 1.6 g, about 15 percent of the storm value. The problem

in using this information arises in trying to define the measured storm

with respect to the storm occurrences throughout a whole year. Therefore,

these data have been used to develop a qualified understanding of the

trends in storm-water input to Cedar Lake, rather than quantifying them.

An attempt has been made to quantify the storm-abased surface water component

in Section 2.3. Literature values for the loading from ŝ tormwater are

applied to calculated surface water flows yielding potential low, expected,

and high loading for various pollutants. These literature values- must be

subjectively correlated with the data from the Cedar Lake storm sampling.

It appears that the low range loading value of 27.5 kg provides- a best fit

for Cedar Lake and is utilized in the mass balance nutrient budget.
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Sediment loading to the lake, as calculated in Section 2.4, and

storm analysis. Section 2.2, provide some insight as to the "filling" of

various areas of the lake. The range of total loading to Cedar Lake is

148-562 tons/year, with a mean of 351 tons/year. Assuming a trap

efficiency of 95 percent, the lake retains 333 tons of sediment per year,

an average load, of greater interest, however, are the loads for each

sub-basin (Table 2-14). Due to the presence of upstream ponds, the load

from the north tributary is 38 tons/year. The effectiveness of the

sedimentation ponds trapping the Mass Pike embankment silt, combined with

the low loading from upstream, indicates little problem at the north end

at this time. However, the sedimentation basins and south slope of the

pike must be regularly maintained. Otherwise a significant sedimentation

problem will reoccur. The load calculated for the east tributary of

205 tons/year may reflect the construction which has been going on within

the watershed. This points to the need for requiring siltation controls

at the construction sites within these watersheds.

Existing sediment depths in Cedar Lake reflect the load of

allochthonous (load from the surrounding watershed) plus the organic

deposition which accumulates from the living things in the lake. This

material is high in nutrients and provides the substrate for aquatic weed

growth. Shallow areas become shallower faster as each year's growth of

weeds dies and accumulates upon the last. Examples of both forms of

mentation were especially evident in the southeastern bay of the lake

during 1982. Construction along the western shore of this bay had dis^-

rupted the soil, and rills were noted as clouds of sediment entered the

bay at this site. Dense aquatic vegetation was also noted in this bay
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during field investigations. Management of these conditions is imperative

in order to protect the lake. Management practices will be discussed

more completely in Sections 5.0 and 6.0.
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Figure 2.2
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3.0 HYDROLOGIC BUDGET

3.1 Methodology

In order to estimate the components of the total hydrologic

input to each lake, the following steps were taken:

1. Precipitation data were obtained from NOAA in Worcester.

'2. The drainage area was delineated for the entire watershed and

three sub-basins. "Stratified drift" (glacially deposited sand

and gravel) was delineated on the basis of soils maps and topo-

graphy. Areas were determined by planimeter for drainage area,

lake surface area, and stratified drift area.

3. Runoff (surface water) was estimated by constructing rating

curves for basins #1 and #2 (Figures 3.2 and 3.3). Measurements of

inlet discharge vs. outlet discharge were plotted on semi-

logarithmic paper and a "best fit" line was drawn. The best fit

line was then used to determine runoff values for the period of

study. For basin number 3, the runoff was prorated from basin

number 1 (more similar to it than busin number 2) and adjusted

for the difference in percentage of stratified drift between

basin number 1 and basin number 3 (see explanation under #4,

below).

4. Ground-water runoff was estimated with the aid of the "% strati-

fied drift data" for each sub-basin. The governing equation* is

*Mazzaferro, D. L., Hardman, E. H., and Thomas, M. P., 1979, Water Resources
of Connecticut, part 8. U.S. Geologic Survey, Connecticut Water Resources
Bulletin No. 27.
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Y = 35% + 0.6 x

where Y = ground-water runoff as a percent of total runoff

X = % of area which is underlain by stratified drift

Runoff at Kettle Brook at Worcester (USGS Gage) is 23 in/yr

(50 year record), and precipitation (normal) at Worcester is

45 in/yr. Thus, runoff is 51% of precipitation. Ground-water

runoff as a percentage of total runoff is determined from the

above equation. Thus, for 23% stratified drift, grounds-water

runoff is: 35% + 23 x 0.6 = 48.8% (of total runoff). Total

runoff is 51% of precipitation; therefore, ground-water runoff

is 48.8% x 51% = 25% of precipitation. For area 1, for example,

ground-water runoff was determined by taking 25% of total pre-

cipitation. Monthly distribution of ground-water runoff by

estimating the ground-water flow component in several years of

record for Kettle Brook at Worcester (USGS Gage).

5. Lake evaporation was based on a figure of 27 in/yr and adjusted

by month according to estimated monthly evaporation figures.*

This evaporation rate was applied to the lake surface area for

basin number 3. For the other basins the lake surface area was

too small to justify deviating from the general evapotrans-

piration rate.

1 Plate 12 in: Geraghty, Miller, Van der Leeden, Troise, 1973, Water Atlas
of the United States. Water Information Center, Port Washington, NY 11050.

* Carter, Douglas B., Basic Data and Water Budget Computation. Earth
Science Curriculum Project, Boulder, CO, 34 p.
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3.2 Discussion

The hydrologic budget for each drainage area was calculated for the

whole period of record (April 1980 - April 1981}. Total input to each

basin is given for the period April 1980 - March 1981, in order to provide

analysis for one 12-month period (Tables 3-1 through 3-3). Basins #1 and

#2 provide their total water input through tributary outlets into the lake.

The breakdown of surface water + ground water = total input is academic as

virtually all of the input flows through the tributary mouth. This more

complex breakdown provided for basin #3 (.Table 3-^3) gives the data necessary

for a more detailed study of the aqueous nutrient transport system of the

area surrounding Cedar Lake (Section. 4.3). A summary of the water budget

is given in Table 3-4. The lake has a retention of 5.7; this means that

the volume of water which passes through the lake is in one year equal to

5.7 times the total volume of water which the lake holds.
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AREA #1
Drainage Area 4,395,170

CEDAR LAKE FEASIBILITY STUDY

TABLE 3-1
PRECIPITATION, RUNOFF and GROUND-WATER RUNOFF 1980-81

1 9 8 0 1 9 8 1

Precipitation (m x 1000)

Surface Water Runoff
(m x 1000}

Ground Water Runoff
(m x 1000)

Apr.

532

351

200

May

250

117

175

June

510

144

150

July

400

115

90

Aug.

220

55

65

Sept.

202

0

40

Oct.

686

0

32

Nov.

510

0

40

Dec.

119

88

65

Jan.

105

271

39

Feb.

936

155

100

Mar.

84

279

152

Apr.

440

295

100

TOTAL 4/80 -r 3/81

Surface Water 1575

Ground Water 1148

Total 2.73 x 106 m3



AREA #2
Drainage Area 1,846,778 m'

CEDAR LAKE FEASIBILITY STUDY

TABLE 3-2
PRECIPITATION, RUNOFF and GROUND-WATER RUNOFF 1980-81

3
Precipitation (m x 1000)

Surface Water Runoff
(m x 1000)

Ground Water Runoff
(m x 1000)

Apr.

223

104

75

May

105

36

68

June

214

50

58

July

168

35

35

1 9 8 C

Aug.

92

18

26

)

Sept.

85

0

16

Oct.

288

0

12

Nov.

214

0

"16

Dec.

50

35

25

Jan.

44

80

15

1 9 £

Feb.

393

53

38

1

Mar.

35

85

60

Apr.

185

89

38

UJ
I

TOTAL 4/80 r- 3/81

Surface Water 496

Ground Water 444

/- •%

Total 0.94 x 10 ro



Total ha.
Land
Lake

AREA #3
= 2,899,193 m*
= 2,294,359 m'

604,840 m"

CEDAR LAKE FEASIBILITY STUDY

TABLE 3-3
PRECIPITATION, RUNOFF, LAKE EVAPORATION and GROUND-WATER RUNOFF 1980-81

3
Precipitation (m x 1000)

Land Precipitation
(m x 1000)

Surface Water Runoff
(m x 1000)

U)

cri Ground Water Runoff
{m x 1000)

Lake Surface Precipitation
(m x 1000)

Evaporation from Lake
(m x 1000)

Net Precipitation less
Evaporation on Lake

(m x 1000)

Apr.

351

278

164

129

73

25

48

May

165

131

55

113

34

53

-19

June

336

266

67

97

70

76

-6

July

264

209

54

59

55

90

-35

1 9 8 C

Aug.

145

115

26

42

30

79

-49

j)

Sept.

133

106

0

26

27

52

-25

Oct.

452

358

0

21

94

31

63

Nov.

336

266

0

26

70

10

60

Dec.

78

62

41

42

16

0

16

Jan.

70

55

127

25

15

0

15

1 9

Feb.

618

489

72

63

129

0

129

8 1

Mar.

55

44

26

102

11

0

11

Apr.

290

229

136

63

61

25

36

TOTAL 4/80 - 3/81

Surface Water 632

Ground Water 745

Total



CEDAR LAKE FEASIBILITY STUDY

TABLE 3-4

WATER BUDGET FOR 4/80 - 3/81

Inflow:

Drainage Area #1 2.73 x 10 m

Drainage Area #2 0.94 x 10 m

Drainage Area #3 1.38 x 10 m

Lake Surface Precipitation 0.62 x 10 m

/" *j

Total Inflow 5.67 x 10 m

Outflow:

Lake Surface Evaporation 0.42 x 10 m

Outflow at Dam = Inflow Total - Lake

Evaporation = 5.25 x 10 m

Water Inflow
RETENTION = Lake Volume - = 5.7

FLUSHING RATE = Lake Volume
Water Inflow

- 0.18
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4.0 NUTRIENT BUDGET AMP TROPHIC STATUS

4.1 Limiting Nutrient Analysis^

The limitation of a specific nutrient indicates the chemical con-

stituent which controls the productivity in a lake. Utilizing the in-lake

nutrient data available from the DWPC, an analysis has been conducted in

order to identify the balance which exists between Total Nitrogen and Total

Phosphorus as an indicator of nutrient limitation in Cedar Lake. Ranges

of this ratio have been published to provide for this analysis:

N:P Limiting Nutrient

> 17 Phosphorus

10-17 Phosphorus and/or Nitrogen

< 10 Nitrogen (Dillon and Rigler, 1975)

There are conflicting reports in the literature as to when the

ratio of nitrogen to phosphorus (N:P) is best measured for assessing nutrient

limitation. Two periods during the year are proposed most often. First,

N:P analysis at the time of spring turnover provides information as to the

maximum availability of these nutrients in the lake basin and therefore an

accurate measure of the basin-wide limitation (Wetzel, R.G., 1975). The

EPA, however, indicates that measurement should be made during the summer

months when maximum uptake has occurred. This provides a measure of the

N:P of remaining nutrients available for uptake. However, this method can

be radically affected by highly localized uptake and may not reflect the

real whole lake conditions.
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The calculated results of both mixis and summer N:P values are:

Mixis N:P = 17.5

Summer N:p = 14.5

In addition to N:P ratios, a range of Chlorophyll-a concentra-

tions is valuable in assessing nutrient limitation:

•; 20 mg/m2 Phosphorus is limiting

20-70 N and/or P

>70 mg/m2 Nitrogen

The total range of measured in-lake values for Chlorophyll-a in

Cedar Lake is 0.68 mg/m2 - 5.81 mg/m2, well within the phosphorus limita-

tion range. The data indicate that Cedar Lake is phosphorus limited with

a tendency toward a mixture of N or P limitation. This conclusion is

further supported by the low or immeasurable levels of nitrate, the more

stable form of nitrogen, and the measurable values of more rapidly cycled

ammonia-N and TK-N, indicating a small but not limiting reserve of nitrogen,

even during the summer.

The chlorophyll-a data provide another insight into the nutrient

cycling which occurs in Cedar Lake. Using the equation published by Dillon

and Rigler (1974) and used by Jones and Bachman (1976) , we calculated the

expected level of total phosphorus from measured chlorophyll-a values and

expected chlorophyll-a values from measured in-lake phosphorus levels.

Expected Measured

Total Phosphorus 0.016 mg/1 Chl-a 4.6 mg/m

Chlorophyll-a 23 mg/m Total Phosphorus 0.038 rag/1

These calculations indicate that without com.petit.ion for the available

phosphorus by the macrophytes in the lake, the density of phytoplankton

would be approximately five times greater than actually measured. The
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plants in Cedar Lake are competitively superior to the phytoplankton and

therefore limit the standing crop of algae.

4.2 Model of Phosphorus Budget

4.2*1 Phosphorus Model Methodology

The methodology for the model used in calculating the phosphorus

loading and concentration in Cedar Lake was published in condensed form as

"A procedure Using Modeling and Error Analysis for the Prediction of Lake

Phosphorus Concentration from Land Use Information," by K. H. Rekhow and

J. T. Simpson, in the Canadian Journal of Fisheries and Aquatic Sciences,

Vol. 37, 1980. A complete manual was published as "Modeling Phosphorus

Loading and Lake Response Under Uncertainty: A Manual and Compilation of

Export Coefficients," by K. H. Rekhow, M. N. Beaulac and J. T. Simpson.

in EPA 440/5-80-011, 1980.

The following is a condensed version of the model as cited

above. This type of model functions as a "black box" empirical model as

schematized below:

CLIMATE

WATERSHED .
CHARACTERISTICS

HUMAN
ACTIVITIES

LAKE
MORPHOMETRY

PHOSPHORUS
INPUT

PHOSPHORUS
-> CONCENTRATION

IN LAKE

HYDROLOGY
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The model was developed from 47 north temperate lakes included in

the EPA' s National Eutrophication Survey. Cedar Lake falls well within

the range of requirements for applicability. The model is presented in

three major steps:

Step 1; Estimation of Areal Water Loading (qs)

Q - (Ad * r) + (Ao * Pr)

o
/- 0

where A, = Waterhsed Area (10 m )d

r = Total Annual Unit Runoff (m/yr)

2
A = Lake Surface Area (m )
o

Pr - Mean Annual Net Precipitation (m/yr)

Step 2 ; Estimation of Areal Phosphorus Loading

Sub- water sheds were identified, and in the case of the

northern watershed of Cedar Lake , the watershed was subdivided

again into the area draining directly into the lake and the

area which first drains to upstream ponds. This was important

in order to calculate the reduction of loading from upstream

ponds due to phosphorus retention in upstream ponds. To do this,

a simple retention coefficient is calculated from the areal water

load to the pond (Dillon and Kirchner, 1975, The Effects of

Geology and Land Use on the Export of Phosphorus from Watersheds ,

Water Research 9:135-148).
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The land use patterns within a watershed determine the

sources and concentrations of phosphorus which are transported

by surface and ground-water to the lake basin. This step requires

area measurements of all land use types within each sub-watershed.

The user then identifies an appropriate range of loading co-

efficients for these use types from the literature. Multiplica-

tion of area * coefficient yields a yearly load to the lake

(ha kg/ha = kg). A range of low, most likely, and high is used

in order to provide a check of the error inherent in this type

of calculation.

One of the aspects of this model which makes it superior

to others of this type is the inclusion of an estimation of the

loading which is derived from septic systems. A further refine-

ment which we have added to this model is an adjustment for the

decrease in loading to the lake from systems- further away from

the lake. To provide this, we have chosen the 100 ft. distance

as the imaginary line of decrease. Those systems within 100 feet

were given a lower soil retention number (higher percent loading)
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than those outside of the 100 ft. line. Another distinction

was made as to the seasonal or year-round nature of the residences

inside and outside of the 100 ft. line. These procedures re-

quired the identification of the four classes of systems and were

accomplished using the available questionnaires, assessors' maps,

and field work. Next, the total number of capita-years for the

systems in each class was calculated:

Capita-years = Average Number of Number of Days Number of
Persons per x Spent at Unit x Units
Living Unit per Year

365

Calculation of the septic system loading for each class

involved the following equation:

Load (kg) = Capita-Years x Loading Coefficient x 1- Soil Retention
Coefficient

Calculated for each: >100 < 100

Year-round
and 30 91

Seasonal

The loading factor of 0.8 kg/capita-year was chosen based

on LYCOTT's extensive experience in the Big Alum Lake water-

shed. This value is well within the range of 0.3 - 1.0 kg/capita-

year used by Rekhow in his description of this model. Ranges of

soil retention rates were also chosen by drawing on the Big Alum

experience. These were:

Within 100 feet

Low Most Likely High

0.7 0.25 0.05
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Greater than 100 feet

Low Mos t Like ly High

1.0 0.9 0.35

After the yearly loads were calculated for all land use

and septic system categories, they were totaled, yielding the

total loading in kg for the lake basin.

Next, the load was calculated for annual areal loading (L):

Total Load___(kg/yr)
L g/m2-yr = , ,. T , ,2 , «6,
*' * Area of Lake (m x 10 )

Step 3: Calculation of Lake Phosphorus Concentration (P)

This calculation provides estimated in-lake phosphorus

concentrations. The mathematical equation below represents an analy-

sis of the National Eutrophication Surbey data base by Reckhow, et al.

The calculation of low, most likely, and high estimates is carried

through in process, and so there are three final estimates. The equation

is:
P (mg/1) =

11.6 + (1.2 qs)

Due to the availability of in-lake phosphorus concentra-

tion measurements and a mass balance type phosphorus budget for

verification, we felt it unnecessary to calculate an internally

dependent Prediction of Uncertainty as suggested by the author.

4.2.2 Cedar Lake Phosphorus Model

The following summarizes the calculation of the total phosphorus

nutrient budget using the Rekhow and Simpson model:

Step 1: Estimation of Areal Water Load

Areal Water Load = 4.27 m/yr
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Step 2: Estimation of Areal Phosphorus Load

This step involves two distinct parts - first, a cal-

culation of the loading from land use within the watershed or

drainage basins; second, a calculation of the septic system load-

ing to the lake. Table 4-1 gives a summary of the land use load-

ing. The watershed was separated into two divisions for this

calculation. One includes the majority of basins 1, 2, and 3.

The other provides a loading calculation for upper basin 1 which

is reduced by 50 percent due to the retention of phosphorus by

upstream ponds.

It is generally established that wetlands and lakes act

as nutrient sinks. The extent to which nutrients are retained in

a lake, termed its "retention coefficient" (.R) , can be measured

directly if detailed accounts of nutrient inflow and outflow are

available. Dillon and Kirchner (.1975) have found a good correla-

tion between R and an estimate (R ) based on the areal water load
P

(q ) where
s

R = 13.2/(13.2 + q)
P ^

3 -1 -2
and q (m yr m ) = lake discharge/lake surface area.

*3*

Wetlands, because of the limited outflow and their small percentage

of land area in the Cedar Lake watershed, can be assumed to pro-

duce no loading on the lake.

Nutrients not retained in an upstream lake become loadings

to the next lake downstream. This loading can be estimated by

multiplying the upstream lake loading by U. - R ).. In other
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words, nutrients not retained in the upstream lake become a load-

ing of the next lake downstream. The total nutrient supply to

a lake is the sum of all the particular land use areas times

their loading factors and the loading passed on by upstream lakes.

Also included in Table 4-1 are the loading

efficients and their cited source. Most of these were drawn

from the compendium included in the Rekhow, Beaulac and Simpson

paper cited above. Total land use loading ranges from a low of

88.4 kg/year to 257.2 kg/year. Table 4-2 gives a summary of the

septic system loading for Cedar Lake. These range from 37 kg/year

to 319 kg/year. The totals for both of these loads are in Table 4-3,

Step 3: Calculation of Lake Phosphorus Concentration

Utilizing the Rekhow model equation, estimates of the

low, most likely, and high in-lake phosphorus concentrations are

given in Table 4-4. included in this table is the measured mean

summer concentration for comparison.

4.3 Mass Balance Phosphorus and Nitrogen Budgets

In this type of budget the loading to the lake was calculated

from the data provided in the DWPC Diagnostic Study and supplemented by

literature values where none were measured. The results of a budget are
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CEDAR LAKE FEASIBILITY STUDY x > *

TABLE 4-1

CEDAR LAKE TOTAL PHOSPHORUS LOADING FROM LAND USE

Basins 1, 2,

Loading Factors (kg/ha)

Most
Low Likely High

1 2 3
Forest 0.019 0.035 0.090

4
Residential 0.19 0.56 1.0

5 4 6
Commercial 0 . 88 1.7 4 . 08

Open Area 0.11 0.25 0.50

1 ft Q ft
M Agriculture 0.47 1.0 1.53

Mining 0.50 0.75 1.0

Lake Surface 0.50

Load, Basins 1,

x (ha) =

Area (ha)

321

61

12

27

23

15

62

2, 3

3

Loading (kg/yr)

Low

6.1

11.6

10.6

3.0

11.3

7.5

31.0

81.1

Most
Likely

11.2

34.2

20.4

6.8

23.0

11.3

31.0

137.9

High

28.9

61.0

49.0

13.5

35.2

15.0

31.0

233.6
(kg/yr)

BalŜ f11
Load from

Factor x (ha) = Upstream
Basin 1'

Most
(ha) Low Likely Hig

306 5.8 10.7 27

3 0.6 1.7 3

6 0.7 1.5 3

6 2.9 6.0 9

9 4.5 4.5 4

(l-Rp)=0.5 xl4.5 24.4 47

Corrected Loading

kg

.5

.0

.0

.2

.5

.2

Land Use Total Phosphorus Load (kg/yr)

Most
Low Likelŷ  High

Using Retention
Coefficient for
Upstream Lakes

7.3 12.2

1 Likens, 1977
2 Taylor, 1971

88.4

6 Betson, 1978
7 Harms et al., 1974

150.1 257.2

3 Schindler & Nighswander, 1970 8 Coote et al., 1978
4 Landon, 1977 9 Rekhow, 1980
5 Much & Kemp, 1978 10 Uttermark, 1974

23.6 (kg/yr)



CEDAR LAKE FEASIBILITY STUDY

TABLE 4-2

SEPTIC SYSTEM LOADING

Seasonal & Year-round
Tot a1 Capita-Years x

Soil Total
Load (1- Retention Phosphorus

Coefficient x Coefficient) = Load

Loading from Systems

Low

Most Likely

High

Loading from Systems

Low

Most Likely

High

Loading from Upstream

Low

Most Likely

High

Total Phosphorus Load

Low

Most Likely

High

> 100 feet from Shore

375 0.8

375 0.8

375 0.8

< 100 feet from Shore

152 0.8

152 0.8

152 0.8

Systems

31.6 0.8

31.6 0.8

31.6 0.8

from Septic Systems

0 = 0

0.1 = 30

0.65 = 195

0.3 = 37

0.75 = 91

0.95 = 116

(Lake
Retention)

0 x 0.5 = 0

0.1 x 0.5 = 1.3

0 .65 x 0 . 5 = 8.2

37

122

319

kg/yr

kg/yr

kg/yr

kg/yr

"f More than

< Less than
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4-3

TOTAL PHOSPHORUS LOADING - TOTAL LOAD

Low

Loading from
Land Use (kg)

Loading from
Septic Systems

- (kg)
37

Most Likely

122 319

Total Load
,. . ,
(kg/yr)

125 272 576
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4-4

PROJECTED IN^LAKE PHOSPHORUS CONCENTRATION
FROM REKHOW MODEL

Low 0.012 mg/1

Most Likely 0.026 mg/1

High 0.056 mg/1

MEASURED IN-LAKE TOTAL PHOSPHORUS CONCENTRATION

0.038 mg/1 n=37
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useful in two ways. They provide a data-oriented calculation of loading

and yield a value for the amount of nutrient retained by the basin. Un-

fortunately, the measurement of 20 sample points along a 365-day continuum

introduces a wide margin of error into the budget.

4.3.1 Phosphorus Budget

A summary of the phosphorus budget is given in Table 4-5(a). The

following is a brief discussion of the methods involved in calculation of

the subheadings in this table.

Categories A and B show an estimate of total annual surface

water input of total phosphorus into Cedar Lake from sub-basins #1, #2, and

#3 respectively. The total loading includes loadings associated with both

stormwater flow and also base flow. The loadings are based on monitored

concentrations during the July 28, 1982 storm and upon all samples (some

stormwater, some base flow) collected during the DEQE Cedar Lake Diagnostic

Stury sampling program.

Total annual loadings- were, generated using the surface water

hydrology (.Tables 3-1, 3-2, and 3T3X as- calculated in Section 2.3. The

total annual surface water loading of phosphorus- for all three sub̂ basins

is 114 kg.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4-5 (a)

MASS BALANCE BUDGET - TOTAL PHOSPHORUS
1980-81

jiurf,acê  Water^ Input (stormwater plus base flow)

Area

Sub-Basin #1 (North Tributary)

Sub-Basin #2 (East Tributary)

Sub-Basin #3

Grpund_Wate r JLngut

Sub-Basin #3

P re c ip itation

Load

Category

A

B

C

Load (kg/yr)

69.5

20.4

24.1

48.5

31.0

Septic

Load

Outflow

Retention H

122.0

315.5

132.1

183.4
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A comparison of stormwater vs. dry weather flow contribution

of total phosphorus loading can be made from the DEQE study where concen-

trations were recorded at "different times throughout the year." Table

4-5 (b) presents a listing of the diagnostic study monitoring dates; based

upon a review of antecedent precipitation conditions, Anderson-Nichols

designated each sample as either a dry weather flow (DWF) sample or a

"storm" sample based upon the precipitation record at the East Brimfield

gage for the period up to and including the monitoring date. Fourteen of

the 20 samples taken over the one-year monitoring program were during dry

flow conditions; six of the samples were during or shortly after storm

events in the watershed.

Table 4-5(c) shows a comparison of stormwater vs. dry weather

flow loadings of total phosphorus. Dry weather flow loadings were esti-

mated on a seasonal basis using DEQE field study concentration data for

the 14 sample times designated above as "DWF" and measured at outflow-

points of sub-basins #1 and #2. For sub-basin #3, a composite total

phosphorus concentration was developed based upon dry weather flow con-

centrations recorded at inlet #1 and #2 (see above, representing forest,

agricultural, and open land uses) and station #4 which drains Route 20

(assumed to represent a commercial and residential area). For all three

sub-basins, 70 percent of the surface water flow (Tables 3-1, 3-2, and

3-3) was assumed to have been measured sufficiently after a storm event

to be counted as dry weather flow (Carr, 1979).

Anderson-Nichols has developed an estimate of annual stormwater

loading of total phosphorus to Cedar Lake based primarily on on-site
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4 - 5 (b)

ANTECEDENT DRY PERIOD AND CLASSIFICATION OF "CEDAR

LAKE DIAGNOSTIC STUDY" SAMPLING EVENTS

Sampling Antecedent
date Precipitation Record

Recorded Flow
Sub-basin #1
inlet #1

co
(B) Sub-basin

inlet #2 Designation (D

1980

4/3
4/17
5/13
5/29
6/10
6/24
7/9
7/24
8/6
8/20
9/4
9/22
10/8
11/19
12/17

1981

1/19
2/18
3/10
3/23
4/8

A

.06 -

.9; .5 - 3DD

.07 - 4DD
0 - 6DD
.10; .32; .13, 0
0 - 8DD
.35 - 3DD
.69; .18; 5DD
0 - 3DD
.03; .18 - 10DD
0; .45.0; .19
0 - 3DD
0 - 4DD
.25; 1.0 - 8DD
.04; .20 - 13DD

0;. .15 - 12DD
0; .15 - 6DD
0; 0; .08; .15 - 10DD
0 - 15DD
0 - 2DD

5.08
5.08
2.78
0.99
1.80
0.99
0.99
0.99
0.99
0.99
0.35
1.80
0.00
0.35
0.99

0.99
1.91
3.86
1.60
2.94

1.55
1.44
0.88
0.25
0.32
0.12
0.13
0.25
0.15
0.03
0.03
0.00
•0.00
0.18
0.35

0.00
0.81
1.20
0.60
0.88

DWF
Storm
DWF
DWF
Storm
DWF
Storm
Storm
DWF
DWF
Storm
DWF
DWF
Storm
DWF

DWF
DWF
DWF
DWF
DWF

First value = precipitation (inches) on monitoring day; second value (unless preceded
by a dash) = precipitation on previous day, etc.; Last value (following a dash) =
number of antecedent by days prior to previous value precipitation.

B f*->
Drainage Area = 1,058 acres; time of concentration = 4-8 hours

cDrainage Area = 464 acrea; time of concentration ~Z 4-8 hours

"Storm" designation is assigned to samples where significant precipitation (? 0.3 inches)
fell on the sample date or the preceding date.

F"
"DD" designates a dry day

DWF designation is dry weather flow
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4 - 5 (c)

COMPARISON OF PROJECTED STORMWATER vs. DRY

WEATHER FLOW LOADINGS OF TOTAL PHOSPHORUS (kg/yr)

Sub-basin Total
1 2 3

Stormwater 17.2 5-2 8.0 30.4

DWF 52.3 15.2 16.1 83.6

Total 69.5 20-4 24.1 114.0
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monitoring data using total phosphorus concentrations.from this study

and from the six "storms" monitored in the DEQE Cedar Lake Diagnostic Study.

Weighing all seven storm events equally, representative total phosphorus

concentrations (mg/1) for specific land uses are as follows:

(1) Forest 0.04

C2) Agriculture -0.04

(3) Open 0.04

(4) Wetlands . .001

(5) Open Water .001

(6) Mining .001

(7) Residential .05

(8) Commercial .07

A composite stormwater total phosphorus concentration was developed for

each sub-basin and then multiplied by 30 percent of surface water flow to

yield annual stormwater loadings.

The distribution of total phosphorus loadings between dry weather

and stormwater loadings is roughly proportional to the fraction of flow-

measured, for dry weather and storm flow respectively.
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Categories C and E were estimated from loading coefficients and

land use area (see Table 4-5 (.a) >.

Category D was derived by multiplying the ground-water flow for

basin #3 (from Section 3.2) by the mean concentration of total P measured

in the ground water by the DWPC (see Table 4-5(a)}.

Category F was calculated in Section 4.2.1, Step 2, of the

nutrient model analysis (see Table 4-5(a)).

This budget suggests that Cedar Lakfe is receiving a total

phosphorus load of 315.5 kg/year, with 132.1 kg/year going out over the

dam (Category G).
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A net retention of 183.4;kg/year indicates substantial utilization and

sedimentation within the lake. From this load we find a value of 0.035

mg/1 using Rekhow's modeling calculation for deriving in-lake P concentra-

tion from loading. The measured mean summer concentration is 0.033 mg/1,

indicating a good approximation of the load.

-1 • 3 •2 Nitrogen Budget

The calculation of the nitrogen budget follows the same method-

ology as described above for the phosphorus budget (Section 4.3.1). A

summary of the budget is found in Table 4-6.

4,4 Conclusions

Nutrient limitation in Cedar Lake appears to be a complex

function involving the rapid cycling of the nitrogen nutrient component

during the summer months. The mixis N:P value of 17.5 is in the range

indicating exclusive phosphorus limitation, and chlorophyll-a values are

well within the phosphorus limitation indicator range. The summer N:P

value, however, is in the "grey" range where P and/or N may be limiting.

The conclusion drawn from this information is that phosphorus is in fact

the limiting nutrient in Cedar Lake. Yet, the lake is close to the

point where nitrogen might become an important factor in productivity.

During periods of high productivity, transient localized chemical micro-?-

environments may exist where nitrogen becomes limiting. This type of

phenomenon has been reported in the literature and can elicit a micro-

habitat for short-lived blooms of nitrogen-fixing bluegreen nuisance
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CEDAR LAKE FEASIBILITY STUDY

TABLE 4-6

MASS BALANCE BUDGET - TOTAL NITROGEN INPUT
1980-81

Surface Water Input

Area

Sub-Basin #1 (North Tributary)

Sub-Basin #2 (East Tributary)

Sub-Basin #3

Ground Water Input

Sub-Basin #3

PIT e c ip i t a t ion

Load

Stormwater

Load

Septic

Load

Category

A

B

C

Load (kg/yr)

865.7

276.4

550.7

646.4

111.6

456.6

876.8

3,784.2 kg/yr
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algae. Reductions in phosphorus loading would help retain a more

strongly p-limited lake basin, reducing this possibility.

In a phosphorus-limited lake such as Cedar Lake, a complete

analysis of the P loading is important for developing a management pro-

gram. The ultimate aim of the proposed program will include reduction of

the limiting nutrient. The data which are available for Cedar Lake provide

an unusual opportunity of providing two types of P loading calculations.

An analysis of the mass balance type and land use type provides this

duplicity. A "most likely" value of 272 kg/yr for the Rekhow model

appears to be slightly low, as compared to 324 kg/yr derived from inflow

data. However, there are inaccuracies inherent in both methods which may

account for variations of this magnitude. In-lake concentrations derived

from the data base are: 0.026 mg/1 land use, 0.035 mg/1 mass balance,

0.038 mg/1, all well within the 0.02 - 0.05 mg/1 range published for

eutrophic characterization. This is consistent with the diminished water

quality experienced in Cedar Lake. Using the model and working backward,

we calculate that a total loading of 160 kg/yr would be necessary to pro-

vide a reduction of in-lake P concentration to 0.015, a mesotrophic level

(range 0.01 - 0.02 mg/1).. A reduction of the total load of this magnitude

would require large reductions in loading throughout the watershed. How-

ever, the benefits of reduction can be analyzed on a continuum from small

to large depending on the amount of load reduction. For example, a small

reduction in P load will help retain the P-limiting character of the lake.

One area of phosphorus cycling which becomes important is the retention

of phosphorus by the basin. This has long-term management implications

centering around the lake sediments as a sink or source for phosphorus.
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In a study of the literature, K. Rekhow (1978) cites an observation by

Kamp-Nielson (1974) that an in-lake P concentration of 0.03 mg/1 is the

equilibrium point for exchange between sediments and the water column.

In Cedar Lake the values of total P during the year indicate the potential

for P sedimentation. With a reduction in in-lake concentrations,

this cycling will swing toward the sediments as a source of P to the

lake, thus muting gains in watershed loading reductions for a period

until the concentration in its upper millimeters of sediment is reduced.

Load reduction can be effective in Cedar Lake. However, as with any

complex biological and geological system, the benefits will take time to

realize.

The physics and chemistry of sediment accumulation is currently

under investigation throughout the limnological community. The sediments

have been recognized as extremely important in nutrient cycling. However,

until recent isotope studies began, little was known. Thus far, a majority

of the information is restricted to accumulation rate aspects of this cycle.

Armstrong (1979) indicates that the available data on sediment release is

laboratory measured and extremely hard to extrapolate to the field. He

suggests that at this time field measurement of transport from the sediment

must be made in order to calculate a rate. The chemical composition other

than phosphorus also greatly affects the transport, rendering the measure-

ments from many lakes dissimilar to Cedar unusable. We conclude that esti-

mation of the rate of phosphorus transport from Cedar Lake sediments cannot

be calculated without field measurements of sediment phosphorus release.
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5.0 IN-LAKE RESTORATION

The in-lake problems which exist in Cedar Lake were itemized

in the DWPC Diagnostic Report of 1982. "The main problem in the lake is

the aquatic weed growth which has impaired the recreational use of the

lake," During our field work, we identified Eurasian Milfoil (Myriophyllwn

spp.) as the primary nuisance macrophyte in Cedar Lake. Subsequently the

specie was identified as Myrivphyllwr: sp-ioatwn (Fassett 1950) . This identi-

fication was supported during discussions with Dr. C. Barre Helquist of

Boston State.

In addition, there have been episodes of elevated bacteria counts in

the swimming beach area, an occasionally noted decrease in overall lake water

quality, and decreases in lake water depth due to siltation. Following is a

list of the wide range of possible alternatives for managing or reducing the

lake's problems that were considered (Section 5.1), followed by an in-depth

presentation of the most feasible alternatives (Section 5.2) for Cedar Lake.

5.1 Alternatives

In the recent EPA Lake Restoration Evaluation Program report,

an average of 2.3 restoration techniques was used per lake studied. This

high rate is indicative of the complexity facing lake managers. Several

in-lake restoration alternatives will be considered for use in Cedar Lake,

either individually or in concert. In-lake alternatives which have been

considered for use in Cedar Lake included:

- dredging - dry and wet

- sediment exposure by drawdown

- lake bottom sealing

- nutrient inactivation

- aquatic macrophyte harvesting

- chemical treatment of macrophytes

- in-lake construction of dams for suspended solids control
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A comprehensive lake restoration program will be developed

which addresses the lake's major problems outlined above. Each technique

will be assessed for its technical feasibility and cost effectiveness.

5 .2 Recommended^ In-Lake Alternatives

5.2.1 Drawdown

Drawdown of Cedar Lake is a feasible lake restoration alternative

because of the existence of an operating, controllable outlet structure,

favorable hydrologic impact and timing, low cost, and the potential of

this alternative for effective weed control. Lake level drawdown has been

shown to be effective in controlling Mypiopkyllum sp'teatum and Potamogeton

natans. Beard (1973) indicates a reduction of 92 percent in these species

in Murphy Floage, Wisconsin.

One specie present in Cedar Lake which has been shown to be

resistant to drawdown is /Ifayas flexi-lis. There is some concern that a

resistant specie such as this might become established in areas presently

infested by other plants. Najas were noted in only one location on the

western shore during the DWPC diagnostic study. This plant reproduces by

seed and may spread slowly from this area. Another resistant specie is

Potamogeton natans. This plant was identified on the western shore and in

the north cove area.

These species should be monitored during the years following the

initiation of drawdown and treated with herbicide if necessary to prevent

their spread. It is important to reiterate that these plants are found

at extremely low densities in the lake at present. The overwhelmingly

dominant specie in the current weed infestation is My Trophy lliffn.
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The cycling of nutrients by macrophytes is very important, as

discussed in Section 4.1, in relation to the potential and realized

densities of phytoplankton in the lake. The potential for algal blooms

during the recommended harvesting program has to be recognized. Similarly,

the death and release of nutrients during a drawdown project is of concern.

However, the proposed fall/spring drawdown is designed to reduce this

potential.

The literature indicates that over 80 percent of the nutrients

incorporated in Myri-ophyllum are released within days of the plant's death

as the cells lyse. The remainder is decomposed by bacteria and released

over a longer period. This is a potentially large pulse of nutrients to

the system. However, it will .occur in late September and through October,

a time when the populations of all phytoplankton are diminishing. Simul-

taneously, the lake is releasing an increased volume of water, flushing a

proportion of this pulse of nutrients out of the lake basin.

The spring drawdown then flushes an increased load of nutrients

as they are resuspended during the spring overturn. This spring drawdown

then is used to reduce the impact of the pulse release of nutrients

anticipated from the death of the macrophytes due to drawdown.

5.2.1.1 £n̂ j- n c c r in q - c- as i b i 1 i t y

Good documentation exists on the current condition and operating

procedures of the Cedar Lake dam and outlet structures as part of a

Phase I Inspection Report published in April 1979 as part of the National

Dam Inspection Program (Department of the Army, New England Division,

Corps of Engineers, April 1979). The study contains 1) general information
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on the dam and watershed, 2) engineering data (including pre-construction

drawings), 3) a visual inspection of the physical condition of the dam

and outlet structures, 4} discussion of operating procedures, 5) a

hydraulic/hydrologic analysis of the ability of the dam to discharge flood

waters, 6} an evaluation of structural stability, and 7). an overall assess-

ment, recommendations, and suggested remedial measures. While the study

did not extensively address drawdown of the lake below its typical

elevation, it contains hydraulic and hydrologic data that was used to

calculate the hydrologic impact and timing of drawdown.

The dam at Cedar Lake is an earthfill dam 340 feet long, includ-

ing a main spillway, and an auxiliary spillway (see Figures 5.1 and 5.2,

pages 5-29 and 5-30). The dam has a maximum height of nine feet. The outlet

structure is a four-foot-wide sluiceway located adjacent to the west side of

the main spillway. Flow through the sluiceway is controlled by a timber

slide gate seven feet high.

The two spillways separate the dam into two sections. The main

embankment is located west of the main spillway, and a secondary embank-

ment is between the main and auxiliary Colder) spillway. A flat,

somewhat swampy area downstream of the top of the dam extends along the

main embankment and main spillway.

The dam was originally built in 1876, as a storage pool for

downstream textile mills located in Southbridge. The dam was improved

in 1910. Following extensive damage during the August 1955 storm , when

the dam embankment breached in two places-, the Town of Sturbridge acquired

the dam from its last owners, the Ames Textile Corporation. Plans were

prepared in 1957 for extensive construction to repair the dam, including

rebuilding the outlet gate, embankment, and the new main spillway (.at
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elevation 574.5 feet). The existing spillway was used as an auxiliary

spillway at slightly higher elevation (574.53 feet). The reconstruction

was completed by November 1958. While as-built drawings are not avail-

able, the 1979 dam inspection report confirms that reconstruction was

done generally in accordance with the pre-construction engineering

drawings.

According to the 1979 dam inspection report, the outlet for

Cedar Lake is a four-foot-wide concrete rectangular sluiceway with an

inside height varying from 8 feet 10 inches to 10 feet 8 inches. There

is a four-foot-deep concrete cutoff at each end of the slab. According

to the available 1957 drawings, this 24.5-foot-long sluiceway structure

was added onto two existing vertical walls downstream, constructed in

1913. The invert elevation of the outlet structure at the timber slide

gate is elevation 568.0 feet. A trash rack consisting of 3 x 3/8 inch

steel bars spaced three inches on center is located at the inlet. Flow

through the outlet is controlled by a vertical timber slide gate seven

feet high, located immediately downstream of the trash rack. A valve

stem extends upward to a locked operating mechanism mounted on a steel

frame on top of the sluiceway. At the time of the inspection, water was

leaking along both sides of the gate guides and through the adjacent

timber joint. Water from the sluiceway flows through a discharge channel

which meanders through a relatively flat floodplain downstream of the dam.

Since 1957, the dam has been in generally good condition,

according to the 1979 dam inspector report. In 1976, the timbers at the

outlet gate were replaced. The 1979 dam inspector report recommended a

variety of repairs to the dam and related structures, and rated its

overall condition as "fair." Most of these repairs, including removal

of trees and brush from the spillways and outlet channel, and repair of
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concrete and riprap on the base of the spillways and the dam, were com-

pleted in 1980 by the Sturbridge Highway Department, which controls

access to the dam and outlet structures (personal communication,

Mr. Samuel PucKette, Sturbridge Highway Department, 1983). The 1979

inspection report noted that the floor of the sluiceway was cluttered

with stones and. debris. Some of this material was removed in 1980,

but some of the larger stones remain. This reduces the outflow discharge

capacity of the sluiceway.

Currently, Cedar Lake is kept full for most of the year by

keeping the outlet sluiceway gate at the dam closed. The normal lake

elevation is thus self-regulating at close to the elevation of the main

spillway, 574.5 feet. While the lake elevation drops somewhat during

periods of little precipitation, flow over both the main and auxiliary

spillways occurs frequently during the year, according to the Sturbridge

Highway Department.

Normally, the outlet sluice gate is opened one month each fall

to allow property owners around the lake to repair docks and work on their

waterfront areas. According to personnel of the Sturbridge Highway

Department, who conduct the drawdown,'the lake is normally lowered about

27 inches below the main spillway elevation, beginning mid-September and

continuing to mid-October. The drawdown level is therefore estimated to

be at about 572 - 572.5 feet. The lake requires about one week for draw-

down to this level.* A plate is put into place in the outlet sluiceway

to hold the lake elevation constant at the drawdown level. After the

sluice gate is again closed in October, approximately one month

* The range is three to 10 days, depending on the initial level (which
may be 4 - 5 inches above the spillway level) and the amount of inflow.
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(depending on precipitation) is typically required to fill up the lake

to the normal level.

Since the bottom sluice outlet is at 568.0 elevation, the

potential exists for drawdown of Cedar Lake of up to 6.5 feet (.78 inches).

However, the maximum amount that the Sturbridge Highway Department has

reportedly drawn down Cedar Lake is 31 inches below .the main spillway

elevation (done by accident two years ago). At that level, a number of

shallow dug wells serving individual private residences close to the

lake shore reportedly ran dry. The current 27-inch drawdown is apparently

shallow enough to avoid problems with those shallow wells.

According to the 19-79 dam inspection report, Sturbridge Highway

Department personnel, and the Sturbridge Town Engineer, there is no

physical limitation (in terms of the design of the dam or its current

condition) that would interfere with a more complete drawdown of the

lake. Hence, drawdown is feasible from an engineering point of view.

However, the presence of some stones and debris in the sluice channel

may reduce the outflow rate, and the existing problems with shallow wells

require solution before this technique can be fully realized.

There is also a potentially significant limitation to drawdown

due to a downstream flow obstruction. Immediately downstream of Cedar

Lake, the outlet stream, Cedar Meadow Brook, flows through a large box

culvert under Route 20 and another large box culvert under the access

road to the commercial area near the Old Sturbridge Village entrance.

Both these culverts have substantial flow capacity (.they are approximately
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8x8 feet in size) and would not limit drawdown. However, about

1,200 - 1,500 feet south of Route 20, Cedar Meadow Brook crosses Village

Road through two culverts reportedly 36 inches in diameter. Village Road

and these culverts were installed by Old Sturbridge Village (the owner

of the property) in about 1970.

According to Sturbridge Highway Department personnel, these

twin culverts on Village Road have limited capacity to pass the substan-

tial flows that a full drawdown would cause. When observed in the field

in March 1983, these culverts had only a few inches of excess flow

capacity. More extensive hydraulic analysis would be required to determine

the extent to which this flow obstruction would be a problem. However,

backup of water into the upstream wetland areas bordering the stream would

cause flooding of this area. A production well of the Sturbridge Water

Department is located nearby, but it is above the probable flood elevation.

While temporary flooding of the area would probably not be a problem, it would

be more desirable to limit the outflow rate to a level the culverts can pass

with only a limited amount of head above the top of the pipe. This potential

problem could also be largely eliminated by installation of a new larger

culvert under Village Road in this area, with capacity sufficient to pass

the maximum flows associated with drawdown. Below we will discuss these

hydraulic factors as they relate to the timing of the drawdown.

5.2.1.2 Hydrologic Impact and Timing

The time to empty or fill Cedar Lake at its outlet is a

function of 1) the outlet design and potential discharge rate (.which

varies at differing elevations due to changes in head), 2) the amount

of inflow into the lake during the drawdown period, and 3) the storage
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volume of water in the lake. The time periods can be roughly estimated

using "desk-top" hydraulic formulas and compared to the time periods

actually required to fill and empty the lake during the current fall

drawdown.

The main concern with the hydraulics of drawdown is whether

the lake has an outlet capable of draining the lake faster than it can

be filled by inflow. Some lakes have only a small outlet pipe or other

structure that cannot empty the lake fast enough. The situation can be

compared to trying to drain a bathtub with a clogged drain while the

faucet is still running. This problem is not likely to occur at Cedar

Lake because the outlet sluiceway is of reasonable size (4x4 feet).

The calculated maximum outflow discharge rate of the sluiceway at 574.5 feet

elevation (the spillway elevation when the lake is full) is 177 cubic

feet per second (cfs), based on the following equation:

Qs = 69.3 V~Hs~

where

Qs = discharge at sluiceway outlet, cfs

Hs = head in sluice above invert (feet)

This is a substantial outflow rate that is likely to be greater than

total inflow even as the outflow rate diminishes as the pond drains and

the head is reduced.

The inflow rate into the pond is a combination of 1) surface

water runoff from precipitation, 2) ground-water runoff from precipita-

tion, 3) the net of precipitation minus evaporation (gain or loss) on

the lake surface, and 4) release from ground-water storage around the
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lake as it empties. The first three terms can be estimated from the

monthly hydrologic budget presented in Tables 3-1 through 3-3. Based on this

hydrologic budget, the total of surface runoff, ground-water runoff, and

net precipitation minus evaporation on the lake surface is estimated to

range from 1 to 16 cfs for the Cedar Lake watershed as a whole (sub-

drainage basins 1, 2, and 3). The low end of the range (.1 cfs) generally

corresponds to a dry period, such as that experienced in September 1980.

The high end of the range (16 cfs) generally corresponds to a wet period

(April 1980 in the hydrologic budget). The final element of inflow -

release of ground water from the area around Cedar Lake - is difficult

to quantify, but may be high, based on the relatively long period (one

week) presently required to lower Cedar Lake 27 inches. However, even if

this term is initially as high as the assumed total of other

elements of inflow under wet conditions (16 cfs), the total initial in-

flow would only total 32 cfs. As the initial sluiceway outflow rate is

175 cfs, the net outflow rate would still be positive.

The actual time required to draw down Cedar Lake would depend

on actual precipitation during the drawdown period. However, as a very

rough approximation, if one week is required to draw down 27 inches, two

to three weeks might be required to draw down 78 inches, assuming the

drawdown rate is linear. The drawdown rate may become slower as the lake

empties if the reduced discharge rate at the outlet (due to head loss)

is not compensated for by 1) the reduced storage volume to be emptied and

2} a lower inflow rate from runoff and ground water in storage. However,

if the drawdown rate is slower, allowing a period of four to six weeks
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would probably be enough safety margin to provide for this contingency, and

for reducing the outflow rate to avoid problems with the downstream culverts.

Based on hydraulic formulas, the two culverts could together pass a flow of

80 cfs with one foot of head above the pipe, and 70 cfs with no head above

the pipe. The outflow rate can thus be reduced to 70 - 80 cfs to prevent

problems with the culverts.

A mathematical estimate of the time required for each foot of

drawdown can be made according to the following formula from the 1979

Corps of Engineers dam inspection report:

(43,560 ft2/acre)
0 (3,600 seconds/hour).

where

T = time required for one foot of drawdown (hours!

S = lake water storage volume in each foot of drawdown (acre-feet)

Q = net discharge rate at outlet, cfs (,Qs - net inflow).

The formula was applied to Cedar Lake using the above discussed

calculation procedure to determine Q and estimates of storage volume in

Cedar Lake from the 1982 DWPC Diagnostic Study (Table 3, Morphometric

Data). An estimated storage volume of 480 acre-feet (.20.9 million cubic

feet) in the 6.5 feet of drawdown volume was estimated (64% of the total

lake volume).*

The formula yielded lower estimates of the time required for

drawdown than the practical experience of the Sturbridge Highway Department.

The discrepancy is probably due to two factors. The formula does not

directly take into account either ground water in storage or the effect

of obstructions in the outlet channel on the outlet discharge rate.

* Variations in water depth found during this study would have only a
minor impact on lake volume.
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The formula could be adjusted to take these two factors into

account, but they would be difficult to estimate accurately since the

sandy Merrimac soils found around Cedar Lake have substantial ground-

water storage capacity.

As a practical matter, the rough estimate of two to six weeks

for drawdown time, depending on precipitation during the drawdown period,

should be sufficiently accurate for present purposes. Hence, if drawdown

began in mid-September, it would be complete by the beginning to end of

October, and most likely by mid-October.

Allowing two months for the time of drawdown itself should pro-r-

vide enough time for exposure, freezing, and frost-heave of the aquatic

plants. Therefore, by mid-December it should be possible to end the

drawdown and begin filling the lake again.

Fill Time

The time required to refill Cedar Lake following drawdown is a

function of the amount of precipitation during the fill period and the

amount of water required to replenish ground-water storage around the

lake. While, as previously noted, the latter value is hard to qualify,

an estimate of fill time using net inflow from the hydrologic budget and

the total volume to be filled (20.9 million cubic feet) can be made.

This estimate is based on the sum of the three inflow components (surface

runoff, ground-water runoff, and net precipitation-evaporation on the lake

surface). The sum of these three inflow components for a December of

average wetness is estimated at 389,800 cubic meters per day, and for a
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January of average wetness is 710,000 cubic meters per day (.see Tables

3-1 - 3-3) . These estimates are based on increasing the hydrologic

budget figures by 9.5 percent (the amount April 1980 - March 1981

deviated from average wetness) .

Beginning on December 15, about 37 days would be required to

supply 20.9 million cubic feet of water to refill Cedar Lake. Even if

an additional 100 percent increase in fill time is allowed to replenish

ground-water storage, the lake could be refilled in 74 days, or roughly

two to three months. This corresponds reasonably well with the one

month the pond takes to fill 27 inches at a time of substantially lower

average precipitation (October - November). Hence, no problems in

emptying or filling the lake back up again should occur with a fall draw-

down.

The use of two drawdown periods has been suggested for optimal

weed control in Cedar Lake. The initial drawdown will provide the dis-

ruptive water fluctuations which have been documented in the literature as

effectively controlling aquatic macrophytes.

The spring drawdown will provide a period of increased flushing,

timed during the spring period when the highest concentrations of nutrients

have been cycled into the water column. This is important, as we do not

suggest a full drawdown during the spring, but rather a well-monitored

partial drawdown with the aim of exposing the shallowest weed beds plus

flushing nutrients from the water column. The timing of the spring drawdown

is extremely critical.
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Under ordinary circumstances, high runoff in April would allow

refilling the lake before the summer. However, there is a marked

difference between average April and May runoff. If high March and April

runoff during the drawdown period were followed by low runoff in May,

there might not be enough time to fill up the lake prior to the summer

use period beginning around Memorial Day.

For this reason, any spring drawdown should begin early (the

beginning of March) to. allow more time for refilling. Similarly, the

fall drawdown should also begin relatively early (by mid-September).

5.2.1.3 Economic Assessment - Direct Cost of Drawdown

The direct economic cost of drawdown would be very low because

the outlet structure is presently available and functioning. Since a

partial drawdown is already conducted in the fall, little additional

labor would be required. The only structural measures required would be

to clear more of the existing boulders from the sluice outlet and outlet

channel which may impede its flow capacity. It is also possible that some

form of energy dissipator (such as additional stones or riprap), might

be required in the discharge channel below the sluiceway to protect
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against erosion due to the increased outflow. This work could probably

be performed at no cost as' volunteer labor by the Sturbridge Highway

'Department.

The indirect economic impact of providing alternative water

supplies to residences with shallow wells and eliminating downstream flow

obstructions if necessary (which will be larger than the direct cost of

drawdown) are discussed in the next section.

5.2.1.4 Environmental and Economic Impacts

There are three major environmental and economic impacts of the

proposed drawdown of Cedar Lake:

. The inconvenience and cost of providing alternative water

supplies

. The visual and aesthetic impacts of the proposed drawdown

(particularly on the commercial area at the south end of the

lake)

The proposed drawdown would have the major impact on residents

with shallow wells near the lakeshore. Reportedly about 30 residences

(mostly on the western shore of Cedar Lake about halfway up the shore-

line, with a few located on the eastern shore near the inlet stream),

experienced a problem with wells drying up when the lake was drawn down

31 inches two years ago. At least this many (and probably a larger

number) of residences will experience problems if the lake is drawn down

the full 78 inches allowed by the outlet structure. Therefore, it is

recognized that drawdown cannot be conducted unless this problem is

solved. However, since the solution to the problem is clear - provision
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of alternative temporary or permanent water supplies - we suggest that the

provision of such supplies be considered as part of the recommended

restoration program.

E c on omi c Imp ac t s^

There are significant indirect costs associated with providing

alternative water supplies to lake shore residents with shallow wells.

Four possibilities exist for solving this problem:

. provision of temporary water supplies during the drawdown

period (tank trucks or temporary above-ground water lines,

or injecting water directly into shallow dug wells)

. deepening of the individual dug wells at their current location

with a back-hoe, followed by back-filling

. installation of deeper driven or auger wells on individual

lots (preferably further from the shoreline)

. provision of permanent water lines.

The first possibility - temporary water supplies -• is impractical

because of the extended period (several months) contemplated for drawdown

and the presence of year-round homes. The second possibility - deepening

of the existing dug wells - is the least cos-t-practical solution, where

individual wells are reasonably distant from the shoreline, only a few

feet of deepening would be required. The cost per household might be

$300 to $1,000 per household with an average of six feet additional depth.

One problem is that existing wells are too close to the shoreline

and septic systems. . A dug well is also

not as desirable as a driven or augered well Cthe third possibility)..
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However, drilled or augered wells are more expensive - probably $1,500

to 54,000 per household. The use of driven or augered individual wells,

while more costly than dug wells, would be a technically feasible solution.

However, on some individual lots it still might be difficult to properly

locate wells sufficiently far from septic systems and the lakeshore for

optimal safety. Furthermore, the cost would be higher than some individual

homeowners could easily afford. A total cost for the second and third

alternative is difficult to develop without better information on how

many h.om£S would need new wells.

The best engineering solution - providing a new water line to

serve residences around the western shore of Cedar Lake ^ could be most

expensive, depending on the number of homes that would need individual

wells. However, this solution would also have the benefit of being

partially or totally fundable through the general tax of the Town of Stur-

bridge, thus spreading the cost more evenly. It could be coupled with

installation of new driven or augered wells for the few residences on

the eastern shore with shallow wells. An arrangement might be developed

in which residences to be served by town water could pay part of the

capital cost. If this local contribution was then counted as part of the

50 per cent share of local implementation costs for the state Chapter 628

Clean Lakes Program, the drawdown alternative could be financially viable.

An additional environmental benefit of installing a new water line to

serve the shallow dug wells would be to reduce the potential public health-

hazard associated with use of these wells. This conclusion is supported

by the fact that three of the nine ground-water wells sampled during the
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DWPC diagnostic study had elevated Levels of nitrate-nitrogen and ammonia-

nitrogen (see Table 20 of the diagnostic study).

While the recommended drawdown is completely feasible as pre-

sented, we have noted in our field studies that the double pipe culvert

at Village Road may necessitate a less than potential maximum rate of

drawdown. This reduction will not influence the feasibility of drawdown,

as we have included this reduction in the range of possible times required

for the. proposed lake level lowering.

Environmental Impacts - Visual and Aesthetic Changes

Cedar Lake provides an aesthetic attraction to permanent and

seasonal homes around its shoreline and to the commercial area, including

the Sturbridge Sheraton and anoth-er motel on its southern shore. A pro-

longed drawdown would have an adverse visual impact by baring large areas

of the lake. Some of this area would be sandy, but other parts (particu-

larly the shallow coves and public beach area) would be mudflats. This

would probably be considered as unattractive by lakeshore residents and

visitors to the Sheraton and other motels.

The impact is considered to be only low to moderate rather than

severe for several reasons. First, residents are already accustomed to

a partial drawdown. The weeds which the drawdown is designed to reduce

are a much bigger eyesore and aesthetic problem than a drawdown when the

lake is not in use. Finally, the lake is also probably only a marginal
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attraction to visitors to the commercial area during the off-season.

Provided the lake is full during the suinmer, the aesthetic impact of

drawdown is not big enough to influence the choice of alternative.

Potential impacts (flooding) on the wells of the Sturbridge

Water Company would be addressed during subsequent hydraulic analysis

during further studies.

5.2.1.5 Conclusions on_Effectiveness and Feasibility

Based on the fact that drawdown is feasible in terms of engin-

eering, hydraulic impacts, low direct cost, and potential effectiveness

in weed control, its use is recommended in Cedar Lake. Use of this tech-

nique will also combine well with the limited dredging that is also

recommended as part of the restoration program. A single fall drawdown

is recommended in the initial project year, followed by a spring drawdown

if the lake fills and empties rapidly enough. Clearing the sluiceway

outlet channel of obstructions and (.if necessary) energy dissipators in

the outlet channel and eliminating downstream flow obstructions should

also be included as part of the long-range drawdown program. If necessary,

the outflow rate can be limited in the initial year of drawdown to avoid

problems with the culverts, followed by later elimination of this- obstruc-

tion.

It is also recommended that the drawdown program include pro-

vision of alternative water supplies to residences around Cedar Lake with

shallow wells. Additional data should be collected as part of a Phase 2

implementation study on the number of wells involved and whether a new
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water line or new individual wells would be a more cost-effective solu-

tion, The provision of additional water supplies to these residences

(through local individual or town expenditures) should be allowed as

part of the 50 percent local match for implementation projects under the

Chapter 628 Massachusetts Clean Lakes Program.

5.2.2 Dredging -̂ et and Dry

Wet and dry dredging is an environmentally disruptive technique

which was originally used for weed control by removal of the rooting

substrait. Subsequent published information and LYCOTT's experience have

shown that while this management technique is rarely a cost-effective or desir-

able technique for weed control, it is useful in improving recreational, usage.

The area immediately off the swimming beach in the western bay of the lake is a

candidate for deepening by dredging. This bay poses several problems: the swimming

area is extremely shallow with an accumulation of over nine feet of sediment, and

the area supports a dense stand of aquatic weeds, dominated by UyY-io-

phyllum sp. When asked about the weed problem, one of the lifeguards on

duty at the beach stated that they "would wade out and pull them out by

hand." These weeds can also act as an obstruction to the, albeit limited,

natural currents which aid in exchanging the bay water with the lake

proper. The reduction of this exchange may exacerbate the problem of

increased bacteria levels and precipitate the closing of this public

beach, as occurred in July 1980. The beach area would become a more appeal-

ing recreational area with a limited dredging program. The sediment to be re-

moved is shown in profile in Figure 5. -3 (page 5-31). An estimation of the

material to be removed is 165 cubic yards. Two methods of dredging are
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proposed. First, if the primary in-lake management alternative of drawdown is not

pursued, then wet dredging will be necessitated. In this case the type of dredge

used would be a shore-based dragline. This project is quite small com-

pared to some of the EPA-supported programs under 314 at S5.00 - $7.00 per

cubic yard. This means that a higher mobilization cost is included in

the cost of the project. For the total 165 cubic yards, a cost of S15.00

per cubic yard for a total of $2,475.00 would be incurred. Several poten-

tial impacts occur from wet dredging: 1) the shore where the line is

operated from becomes a quagmire of water-filled sediments, 2) the suspended

sediments in the water column may adversely affect the species which feed

on the weeds, such as snails and small fish, and 3) sediment suspended during

the project may decrease the water depth at the mouth of the bay, thereby

reducing the circulatory flow from the bay.

The second method of dredging to be considered would occur in

conjunction with drawdown. During the period of lower lake water level,

the sediments in the bay will become exposed and consolidate as mnch as 50%

(G. Cooke, 1980) as the interstitial water is lost. After a couple of weeks, the

sediment could be removed by bulldozing to a collection point and removed by truck,

This method of dredging reduces the suspension of sediment into the water column,

provides a more dewatered material for disposal, and is reported to be a

rapid method of removing this type of sediment. There are some negative impacts

with implementation of this plan. The water depth at the mouth of this

bay provides gravity drainage of about four feet. The proposed profile

requires a drawdown of the total five feet of depth in the basin. In

order to provide drainage for this additonal foot of water, a small,

l^-foot-deep drainage channel could be hand-excavated to the mouth of the
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bay. Estimates of cost for this type of dredging are $3.00 to $5.00

per cubic yard, for a total of $495 - $825.

Chemical analyses were performed on the surface and at a depth

of two feet in the bay sediments. The results in conjunction with the

DWPC data provide the necessary analyses for the Certification for Dredging,

Dredged Material Disposal and Filling Waters 314 CMR 9.00 (Table 2-12).

The sediment fulfills the requirements for classification in Category One,

approvable for dredging with no restrictions. Disposal of the dredged

material can be accomplished by several means. The volume of material is

small and consists of organic-rich sediment. The Town of Sturbridge Highway

Department has agreed to use the material for organic compost along roadsides

and possibly on the school baseball fields at the south end of the lake.

The material will be stored on the 14-acre Highway Department site. Once

the area is dredged, the town might consider spreading a layer of sand

throughout the beach area to provide a cover for the mud and help control

suspension of the surface layers during refilling of the lake.

The impacts of dredging can be severe, particularly in the case

of wet dredging. There is a large-scale disruption and resuspension of sedi-

ment during this type of operation. This can dramatically increase1 the

levels of nutrients in the water column, fostering algal blooms. The subse-

quent redeposition of the sediment may also eliminate much of the benthic

organisms through covering "and suffocation. We feel that the negative

aspects of wet dredging far outweigh the potential recreational benefits

at the swimming beach. Therefore, this alternative is not recommended.

Dry dredging is disruptive to the sediment, but the amount of

sediment resuspended through runoff is greatly reduced. Resuspension will
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also occur during refilling of the lake. However, the spreading of sand

over the site for the beach will help eliminate this problem. As the lake

refills, there will be an increase in nutrients in the bay water due to

the flooding of the re-exposed sediment. This will be diluted as the lake

fills and eventually the bay concentrations will equilibrate with the lake

as a whole. The overall impacts to the lake water quality as a whole will

be minimal, and the beach area will be a more recreationally appealing area,

In addition, two other areas were considered for dredging. The

north end of the lake has previously experienced increas-ed rates of sedi-

ment accumulation. This has been discussed in Section 2. The sediment

load for this area has been reduced by the ejrosion̂ control riprap installed

on the south slope of the Massachusetts Turnpike embankment and installa-

tion of sedimentation basins on the north side. The northeast side of

the Mass Pike slope does continue to erode, and recommendations are made

in Section 6 for control measures. Continued management of this fragile

area must be pursued by the Cedar Lake Association. A program of yearly

sediment depth probes is suggested as a useful tool in order to assess

the yearly accumulation.
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The southeast bay is an area which is used for limited recreation-

al purposes, and the aquatic weed growth may help in purifying the runoff

from Route 20. Shallows such as this are highly productive areas for the

overall food chain of the lake.

5.2.3 Herbicide Management

Of all the in-lake aquatic macrophyte management options avail-

able , herbicides have been the most widely used throughout the United

States. There are approximately 40 various chemicals certified by the

U.S. Environmental Protection Agency and the State of Massachusetts for

aquatic use. It is important to note that any application of chemicals

to a body of water in Massachusetts which has an outlet must receive a

permit from the state and local conservation commission, in addition to

which the individual applying the chemicals must be licensed by the

Commonwe alth.

There are certain distinct advantages with regard to the manage-

ment of aquatic macrophytes with herbicides. These include the fact that

most of the chemicals are quite selective in the various- species that they

will affect. In general, aquatic herbicide treatment of aquatic macro-

phytes is usually much less expensive than any other methodology for in-

lake management. An individual who is well experienced in managing lakes

with chemical herbicides can selectively treat certain areas- of a lake

and certain species without adversely affecting other areas or species in
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the lake. Additionally, when aquatic herbicides are used responsibly and

by experienced and licensed individuals, there have been only isolated

instances of adverse side effects, such as fish kills or private drinking

water well contamination. It is estimated that over 100 bodies of water

are treated with chemical herbicides each year within Massachusetts, and

many of these bodies of water have been continually managed with this

method for the past 10 to 15 years.

LYCOTT recently has documented several instances where long-term

management of nuisance aquatic vegetative growth by-aquatic herbicides has been

successful in several lakes and ponds. Milfoil (Myviophylliffn heterophyllum)

and Water Lilies (Nymphaea) have been successfully managed in ponds in

Connecticut over a 10-year period after only one or two years of treat-

ment. This is not the norm, however, and chemical herbicide management of

aquatic macrophytes should be looked upon as an annual or infrequent

management technique. The treatment of a lake with herbicides allows the

weeds to become exposed to a toxic chemical in a short period of time,

and the weeds will die and settle to the bottom, where they will decompose.

This process usually requires only two to three weeks and normally it

does not cause any adverse side effects such as discoloration of the water,

fish kills, or noxious odors. This process can in certain instances and

under certain conditions encourage algae growth.

LYCOTT has experienced success in controlling the weed problem

in Cedar Lake. However, the limitation of funds has resulted in applica-

tion on an infrequent basis. A management program which includes limited

application of herbicides to problem areas might provide the desired

results without disruption of the nutrient cycling within the lake and

5-25



possible algal blooms. However, recent discussions with residents indi-

cate a more severe infestation is now occurring in 19-83.

Analysis of 1981 weed densities and the 1983 comments by residents

surrounding the lake indicate the necessity for an extensive weed control

program in 1984. Extrapolation of earlier field data indicates that

approximately 75 acres of the lake will have to be treated with herbicide

or harvested. These areas include the whole southeastern bay, the swimming

beach cove, and the littoral zone along the shorelines- northward to include

the north end of the lake. An assessment of the precise sites of application

or harvest will be made by the contractor prior to the project.

Assuming that approximately 75 acres must be treated to control

a nuisance species of aquatic vegetation, it would require approximately

7,500 pounds of 2,4-D to control the Milfoil, which is the major nuisance

species in Cedar Lake. At an average cost: of $200.00 per acre, it would

cost $15,000.00 to $22,500.00 to treat 75 acres in Cedar Lake. Normally,

herbicide treatment is only required once a year and in following years a

much reduced management treatment is necessary. This may not be the case

in Cedar Lake.

In addition, notification of all of the residents surrounding the

lake should be made prior to herbicide application. During review of the

questionnaire data provided by the DWPC, we have found one family which, draws

their water directly from the lake and several who have shallow wells (dis-

cussed in Section 5.2.1) which may draw their water almost directly from the

lake through induced flow. Treatment in the vicinity of these wells should

be curtailed and the use of the wells temporarily suspended for the period

of treatment.

The use of herbicides is an issue which has been under intensive

scientific investigation. The environmental impacts, particularly the

toxicity of 2,4-D (the recommended herbicide) are issues which have not

been satisfactorily resolved. The toxicity issue rages on. Recent reports

indicate little or no short or long-term effects to the benthic zooplankton

CHeinrichs, 1982), and little uptake by bluegills (.Stalling and Huckins-,

1978). Stalling and Huckins also indicated rapid degradation of 2,4-O.
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However, another study.indicated "significant concentrations of 2,4-D were

noted in isolated sediment samples up to 10 months after treatment" (Smith

and Isom, 1967). We do feel that application of 2,4-D by a licensed company,

in areas of heavy Milfoil infestation, is an acceptable management alternative

Due to the importance of the macrophyte community in nutrient

cycling, a substantial reduction in the standing crop coincident with a

pulse nutrient release, due to weeds dying after herbicide treatment, would

result in an increase of available nutrients. This can result in algal bloom

conditions. However, several treatments have been made to Cedar Lake during

the past 10 years with no resultant blooms.

5.2.4 Harvesting Management

Harvesting aquatic macrophytes provides users with- a cleared

waterway more conducive to all types of recreation. Two types of harvest-

ing will be discussed below - first, the use of a mechanical harvester

which cuts a swath of weeds to a maximum depth of five feet; and second,

the use of a hydro-rake which scoops plants and bottom material from the

shoreline and shallows.

The state-of-the-art harvester is one which cuts the plants and

gathers the cuttings for temporary disposal on shore and eventual disposal
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outside of the watershed. The harvester is able to cut and hold several

hundred cubic feet of cut material and then it is necessary to travel to

the shoreline to offload. The distance to the shoreline disposal site

greatly affects the efficiency of the operation. A suggested distance of

no more than a half mile maintains the operating efficiency. The plant

matter whicti is deposited on the shore is allowed to dewater. Typically

harvesting proceeds Monday through Thursday and on Friday the week's

accumulation is removed to a permanent disposal site. The harvesting

program would initially consist of an early harvest (June) and a late

harvest (September). As standing crops diminished, this could be reduced

to once a year.

Assuming approximately 75 acres to be harvested, a mid-sized

harvester cutting a six-foot-wide path could cut and remove 0,28 acres

per hour. One harvest would require 267 hours (,34 eight-hour days).

Utilizing a 1982 cost breakdown developed by Gerry Smith of Aquatic

Control Technology, the costs of harvesting twice a year are as follows:

Capital Investment:

Equipment (Harvester, mobilizer) $32 ,500

(Conveyor, truck) 24,000

Capital Total $56,500

Annual Cost:

Yearly Depreciation (10 years), Yearly
Capital Cost 5,650

Crew 14,400

Gas, Oil, Parts, Repair 6,000

Non-operating Costs (Insurance, storage, etc.) 4,000
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Program Administration 5,000

TOTAL ANNUAL COST 535,050

This price may be compared with the cost of hiring a contractor

to provide this same service at approximately $325.00 per acre, or

$25,000 per year.

The second type of macrophyte removal is the use of a hydro-rake

to remove plant material and muck from shoreline areas. The hydro-rake

is a floating backhoe with a rakelike bucket. This rake is effective

in excavating the plant, including the roots and small amounts of sedi-

ment, and is therefore effective in maintaining beach areas and shorelines.

The hydro-rake is not commercially available and therefore spare parts

and maintenance are difficult. This type of work is best contracted to

an appropriate firm. The cost of this operation is approximately $110.00

per hour, plus a mobilization fee of $300.00. Typically, a 50-foot

frontage requires about an hour to clear. This figure depends on the

density of plants, species, and the amount of muck to be removed.

Therefore, 50 feet would cost $100.00 to $200.00.

There are several environmental impacts from harvesting.

Mechanical harvesting of the central basins will produce a large amount of

plant matter which will be stored in several areas for up to a week. During

this dewatering period, much of the water and nutrients are released in

order to reduce the weight of the material for transport to the landfill.

The piled vegetation may also produce an odor of decay. Hydro-rake harvest-

ing produces smaller piles, but with similar aesthetic problems. The

runoff from this material contains much of the nutrients which were locked
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up in the plants. This release could produce a phytoplankton bloom. How-

ever, the concentrations would be less than those released with herbicide.

Over the past 10 years, no blooms have occurred after herbicide treat-

ments. The effect of harvesting is to remove the weeds from view and from

interfering with surface recreation. The weeds do grow back toward the

surface, necessitating yearly or twice-yearly harvesting.

5.2.5 Conclusions

The effectiveness of drawdown has been widely documented in the

literature. However, the problems of water supply and downstream flow re-

strictions require additional investigation and commitment prior to imple-

mentation. We have therefore provided economic and feasibility information

on interim control methods for the aquatic weed problem in Cedar Lake. A

cost comparison of in-lake alternatives is given in Table 5-1.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 5-1

COST OF RECOMMENDED
IN-LAKE

RESTORATION ALTERNATIVES

A. Draw Down

1. Well Deepening

Project Cost

30 houses

$3,000

Annual Cost

a. Dug (per house)
$300-$!,000

b. Drilled (per house) $120,000
$1,500-$4,000

2. Water Line Instalation $190,000-$220,000

Pollution
Control

Effectiveness

Effective
Control of
Nussiance
Aquatic Weeds,
Allow Dry
Dredge at
Beach

B. Dredging

1. Wet

2. Dry

C. Chemical Treatment
Contract @ $200-$300
per acre

D. Harvesting
Contract @ $325
per acre

Harvesting
Contract @ $325
per acre

2,475

$495-$825

$15,000-$22,500

$25,000

$8,125

Increase
Recreational
Value of
Beach
Area

Control 75
acres of dense
aquatic weeds

Control 75
•acres of dense
aquatic weeds

Control 25 acres
of dense aquatic
weeds
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5. 3 Non-Recommended In-Lake Alternatives

In addition to the alternatives recommended above, we have in-

vestigated and discarded many accepted and exotic alternatives. These in-

cluded the use of materials for lake bottom sealing, chemicals for nutrient

inactivation, use of grass carp for weed control, and the possibility of

constructing a dam at the north end of the lake for sediment control.

These all have been rejected as feasible alternatives through one or more

deficiencies.

5.3.1 Lake Bottom Sealing

In our discussion of nutrient cycling in the lake, we pointed

out the importance of the sediments as a source of phosphorus.. Materials

such as fly ash or plastic sheeting have been used to block the transfer

of nutrients from the sediments. There are general and specific problems

with bottom sealing in Cedar Lake. The materials are difficult to work

with, plastic sheeting tends to trap gases released from the sediment and

floats out of position, and fly ash and clays may contain chemical

materials undesirable or harmful to an aquatic system, such as acids or

nutrients. Beneficial benthic organisms may be eliminated or reduced by

the use of these materials. The materials would also be susceptible to

disruption by the motorboat traffic which is present on Cedar Lake. Con-

sequently, we do not believe that this technique is appropriate for

Cedar Lake.

5.3.2 Nutrient Inactivation

This technique is designed to reduce the concentration of

nutrients in the water column. It is particularly useful in helping to
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control phytoplankton bloobs in lakes. To date. Cedar Lake has not

exhibited levels of algae which are sufficient to require this technique.

Alum (aluminum sulfate) is the most common chemical used for

nutrient inactivation in lakes. This chemical forms a flocculant with

the phosphorus in the water column, thus precipitating the nutrient out of

the water to the bottom. The alum is applied from a power boat, using

onboard storage tanks and a pumping system. The action of the boat and

motor aidsin mixing the chemical into the water column. Application of

any chemical to a water body in the State of Massachusetts must be done

by a licensed applicator.

5.3.3 Weed Control with sterile Grass Carp

Recently a sterile breed of weed-eating carp has been successfully

used in southern states. However, the Massachusetts Fish and Wildlife

Service has been unwilling to test and license the introduction of this

fish to the state. Indications are that a trial of this fish, is still a

few years away. The state is watching a test in Walton Lake, Monroe,

New York. Eventually this fish may become available and be implemented in

the overall management plan of Cedar Lake, but for now this is impossible.

5.3.4 Construction of Sediment Control Dam

During our original analysis of the possible alternatives, we

suggested that, if continuing high rates of sedimentation occurred at the

north end of the lake, a berm dam might be deployed at the north end of

the lake to encourage controlled siltation within a defined area. After
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analyzing the effectiveness of the sedimentation ponds along the north

slope of the Turnpike and the controls which are in place along the south

slope, we concluded that this alternative was not necessary.
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Figure 5.1

CEDAR POND DAM

Plan of Dam
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CEDAR LAKE
Sturbridge, Massachusetts

March 1983

Source:
Department of the Army
New England Division, Corps of Engineers
Phase I Inspection Report
National Dam Inspection
Program: Cedar Pond Dam
April 1979

Notes:
1. Elevations shown are references to spillway crest elev. 574.5 (MSL) as shown on Worcester County Com-

missioners Plans of proposed reconstruction of dam. Cedar Pond, Sturbridge, Mass., Jan. 2,1958, by
Hayden, Harding, and Buchanan, Inc., Boston.

2. Information shown based on field survey of November 21,1976, and aforementioned plan.

3. denotes seepage.

4. /* #2 Indicates location and direction of view for photographs.

5. See Figure B-2 for sections through dam.
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Figure 5.2
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6.0 NON-POINT SOURCE POLLUTION CONTROL AND WATERSHED MANAGEMENT
PLAN

This section of the report evaluates a range of possible alterna-

tives for control of non-point source pollutants in the Cedar Lake water-

shed and presents a recommended watershed management plan. The alternatives

have been grouped into two broad classes: .alternatives for erosion,

sediment, and runoff control, and alternatives for control of nutrient

(nitrogen and phosphorus) inputs in wastewater disposal and various land

uses. The alternatives selected as most feasible are then presented to-

gether as part of the recommended watershed management plan, where

sufficient data are available, estimates of cost and effectiveness in

pollution removal are given.

6.1 Alternatives for Erosion, Sediment, and Runoff Control

The sediment budget (Section 2.3), the field analysis of sedi-

ment depth (Section 2.4), stormwater runoff sampling (.Section 2.5),

engineering field inspections of the watershed (Section 2.1), and the

overall nutrient budget (Chapter 4) prepared during this study all support

the overall conclusion that the water quality of Cedar Lake has been

damaged by excessive sediment deposition. The lake has been the ultimate

depository for sediment eroded by every type of land-disturbing activity

in this rapidly urbanizing watershed. Furthermore, stormwater runoff

from developed areas such as the commercial area near Route 20 continues

to provide loadings of assorted pollutants as oil, grease, metals, road

salts, and nutrients.
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Because erosion, sedimentation, and runoff are closely inter-

related as part of the hydrologic cycle, there are similarities between

the alternatives available for their control. We have grouped these

measures together in this section and tried to proceed from the general

to the specific (alternatives affecting a wide variety of activities to

site-specific situations).

6.1.1 Additions to Sturbridge Ordinances to Control Erosion,
Sediment, an_d_ Runoff

The Town of Sturbridge currently can control erosion, sediment,

and runoff impacts only as part of regulation of wetlands. Under the

state wetlands protection program, the Sturbridge Conservation Commission

may issue orders of conditions for work near wetlands {.within 100 feet

of water bodies or wetlands) . while the usual focus of such conditions

is on dredging and fill proposals, they provide a mechanism for requiring

specific procedures to control increases in erosion, sediment, and runoff

that could be applied more vigorously than it has been in the past. The

problem has been that, lacking specific standards to apply to such impacts,

orders of conditions have been too general to provide meaningful restric-

tions. However, for areas outside those controlled under the wetlands

protection program, no Sturbridge or state regulations presently control

erosion and sediment impacts.

The desirability of passing a revised local wetlands by-law

providing more specific standards will be discussed below in the next

sub-section. However, there is a strong need for broader controls to

regulate erosion, runoff, and sediment impacts in areas not considered
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as wetlands. This sub-section will discuss how such areas can be regu-

lated more broadly in the Cedar Lake watershed and the Town of Sturbridge

as a whole. Erosion, sediment, and runoff impacts have not been as

extensively regulated by Massachusetts communities and the state as wet-

lands and aquifer areas. However, there is extensive experience in

several other states (notably New Jersey and Virginia) that can serve as

a guide for municipal regulations in Massachusetts. Both these states

have adopted comprehensive state-wide legislation that establishes state

minimum standards and provides for local ordinances covering erosion,

sediment, and runoff. Both states also provide extensive technical and

cost data to be used by local communities and developers as a guide in

preparing erosion, sediment, and runoff control plans for individual

proposed developments (Virginia Erosion and^Sediment Control Handbook,

Virginia Soil and Water Conservation Commission, 1980; Model Municipal

Land Disturbance Ordinance to Control Soil Erosion and Sedimentation, by

New Jersey State Soil Conservation Committee, in Performance Controls for

Sensitive Lands, American Society of Planning Officials, 1975 - see Appendix C)

Key features of local regulations to control erosion and sedi-

ment used in both states include: 1} requirements for a sedimentation-

erosion control plan prior to approval of construction, 2) data require-

ments for the plan, 3) review and approval procedures, and 4) evaluative

principles or performance standards specifying acceptable levels of

impact. As applied in Massachusetts, the approval agency or individual

may be a planning board, building inspector, town engineer, soil and

water conservation district, highway or public works department, con-
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servation commission, board of health, or selectmen. The regulations

could be adopted for either the Town of Sturbridge as a whole, or for the

Cedar Lake watershed only. The regulations could either be established

as a separate ordinance, or by amending the basic zoning and subdivision

ordinance.

The variety of problems that are related to erosion, sediment,

and runoff control in the Cedar Lake watershed, and the remaining develop-

ment potential in the watershed noted in the DWPC diagnostic study, have

convinced us that an ordinance regulating these impacts in new development

is needed. Because there are other lakes in the Town of Sturbridge (.for

example, Big Alum Lake) for which erosion and sediment may be a problem

in the future, we recommend that the proposed regulations be town-wide.

If the regulations are town-wide, and do not impose zoning requirements,

they can be adopted as a town-wide general by-law by a majority vote at

town meeting. This is a more appropriate approach than a zoning by-law

(which also requires a two-thirds vote at town meeting and is thus harder

to implement).

Appendix D includes the specific provisions of the recommended

general by-law. The by-law is generally based on the model municipal land

disturbance ordinance applied in New Jersey, with appropriate revisions

to Massachusetts conditions. It establishes a requirement for a plan

for soil erosion and sediment control prior to approval of construction.

It specifies general design principles that should be adhered to in all

land-disturbing activities (including retention of sediment on site and

use of temporary stabilization measures during construction). For more
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specific measures to be followed in erosion control plans, the proposed

ordinance refers to the most comprehensive such guide available for

Massachusetts - Thê  Guidelines for Soil and Water Conservation in Urban-

iging Areas of Massachusetts of the U.S. Soil Conservation Service

(April 1975).

Appendix D also includes more specific standards for controlling

erosion and sediment control impacts used in Virginia state-wide regula-

tions. These provisions are also generally applicable to Massachusetts.

While not included in the ordinance, they can be used by town representa-

tives as a guide in reviewing the adequacy of erosion and sediment control

plans (along with the SCS Guidelines specifically for Massachusetts).

Both sets of requirements can also be incorporated into orders of condi^-

tions issued for wetland areas by the Sturbridge Conservation Commission

under the Wetlands Protection Act (.G.L. , C. 131, S.40) . The standards

focus most heavily on erosipn and sediment control, but also include

related requirements relative to urban runoff.

The ordinance should be carefully reviewed by the Town of Stur-

bridge and its legal counsel prior to adoption. It may wish to consider

revising the recommended permitting agency (the Sturbridge Conservation

Commission, with technical assistance given by the Highway Department or

Town Engineer) if it considers another town board or official would be

more appropriate.

The only cost of the ordinance would be the additional time

required to adopt the requirements and to review plans from developers.

While this may involve additional time, since development applications
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must in any case be reviewed and approved, the additional effort should

be managable.

6.1.2 Control of Massachusetts Turnpike Road Fill and Nearby Area
Erosion and Sediment Inputs

The water quality data collected during this study and the

prior DWPC diagnostic study did not indicate major inputs of sediment and

pollutants in runoff from the Massachusetts Turnpike road fill area at

the north end of the lake. The primary reason for the moderate levels

encountered is the recent work conducted by the Massachusetts Turnpike

Authority in this area during fall 1980 - spring 1981. Improvements

carried out at that time (based on engineering design drawings by Howard,

Needles, Tammen, and Bergendoff, Contract No. 51-318, Massachusetts

Turnpike Authority) include the following:

. installation of a siltation control structure (.set of two
sediment basins in series, about 90 x 50 feet in size) on the
north side of the road fill adjacent to Hamilton (Snell) Road
and the inlet stream to Cedar Lake

. slope stabilization repairs (installation of crushed stone fill
and hand-placed riprap) on an area about 900 feet in length by
100 feet in width on the south fill slope of the Mass Pike facing
Cedar Lake

. dredging the inlet channel, existing culvert, and 50 feet into
Cedar Lake to remove accumulated sediment

. placement of a new access road on the south side of the Mass
Pike east of Cedar Lake allowing access to the dredged area

. learning and seeding incidental to channel excavation

These improvements have been fairly effective in reducing the

overall rate of slope erosion in the area and in preventing eroded sedi-

ment from reaching Cedar Lake.
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The major action that needs to be taken is to ensure that

adequate ongoing maintenance occurs. Such maintenance includes regularly

removing accumulated sediment from the sediment basins, monitoring the

depth of sediment accumulation at the north end of Cedar Lake, and remov-

ing accumulated debris in drainage^ channels. The Sturbridge Conservation

Commission and Department of Public Works should coordinate with the Massa-

chusetts Turnpike Authority to ensure that this is being done on a regular

basis.

One significant sediment pollution source remains in the area.

There is an area of exposed, very steep, severely eroding slope on the

south side of Hamilton Road (shown as Snell Road on the USGS topo map base)

midway between the Hamilton Rod and Gun Club and Cedar Street. The

eroded slope is due to the steep cut necessary to create this access road.

The north slope is also eroding, but has some vegetation and is not as

bad a problem. The two slope areas each take up an area of about 500 by

100 feet. The south slope is presently devoid of vegetation and gullying

severely. Runoff from both north and south slopes enters drainage ditches

parallel to Hamilton Road which lead? into the recently installed sedi-

ment basins near the inlet stream to Cedar Lake. These areas of eroded

steep slope are located on land belonging to the Town of Sturbridge, but

the original road cut for Hamilton Road was made by the Massachusetts

Turnpike Authority.

While the sediment basins capture much of the sediment from

this area, it should be stabilized to prevent the basins from filling up

rapidly and requiring constant maintenance. Several alternatives exist for
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slope stabilization in this area:

. surface roughening of the slope or installation of netting or
soil reinforcement matting, followed by establishment of
permanent vegetation

. Intensive slope stabilization measures, including such options
as cutting back the slope to a less steep angle, followed by
installation of materials such as crushed stone or establishment
of permanent vegetation

The first alternative is preferable, but more difficult to

achieve due to the very steep slope (approaching 1:1} in this area. Sur-

face roughening involves grading practices such as stair-stepping or

grooving slopes to provide horizontal depressions on the slope. It can

be conducted by operating tilling machinery or using tracked vehicles.

The purposes of roughening are to reduce runoff velocity, provide sediment

trapping, and increase infiltration - all of which facilitate establishment

of vegetation on exposed slopes. However, because of the difficulty of

using machinery on this slope, a better option is to simply groom the

surface of the slope and then use a soil reinforcement matting or netting

to hold the soil in place. Permanent vegetation is then planted and grows

through the mat, which remains in place. Several possibilities exist for

netting and matting which vary widely in cost. Several possibilities also .

exist for the most appropriate choice of vegetation - trees such as white

pine (whose root systems could help stabilize the soil), shrubs or grass,

which would form a shallow but dense root system. Further assessment would

be required to choose the most appropriate matting or netting and plant

materials. This type of control can provide as much as an 80-90 percent re-

duction in the existing erosional conditions.

A conservative cost estimate of $76,000 has been developed

assuming use of the soil reinforcement matting that it appears at present

would be the best choice in terms of insuring re-vegetation. If a less
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expensive netting could be used, the cost could be essentially reduced to

$25,000. A similar cost range might be encountered if this approach was

also used on the south side of the Massachusetts Turnpike road fill.

If it is determined that the existing slope in the Hamilton Road

area is too steep or that the soils are unsuitable, another alternative

would be extensive slope stabilization measures such as intensive excava-

tion to cut the slope back to a more stable angle, followed by either

installing materials such as crushed stone or establishing permanent vege-

tation. However, extensive excavation would be required in this area due

to the steepness of the slope. A cost estimate was developed for slope

stabilization in which the slope would be cut back to a 2:1 grade. The

estimated cost for this alternative was $200,000. Because of this very

high cost, the former alternative of using a soil reinforcement matting

or netting and permanent re-vegetation is considered a much better choice.
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6.1.3 Control of Erosion from Other Watershed Problem Areas

While steep slopes in the Cedar Lake watershed provide generally high

erosion loads/ these can be controlled by passage of an erosion/ sediments,

and runoff control ordinance presented previously. Two areas, however,

should be considered individually:

o the gravel pit near the town beach area

o the commercial area near the Sheraton Sturbridge

The gravel pit was formerly operated by the Sturbridge Highway

Department and intermittently, material was removed from it. The former

intention of the town was to put a ballfield at this location. This plan

was dropped because of potential eutrophication problems, and the area has

been inactive for the past five or six years. .In the meantime, the area is

eroding and providing some additional sediment to the beach area. Based on

visual inspection during the study/ the sandy soils in the area and partial

revegetation on the gravel pit have limited the extent of the erosion that

has occurred.

Because of the intended improved use of the beach, regrading and establish-

ment of permanent vegetation would be a desirable long-tenr. goal. The cost

for filling, regrading, loaming, and reveaetation of the area is conserva-

tively estimated at approximately $30,000. to $50,000, depending on the amount

of filling conducted. The cost assumes placement of tree species (white pine) .*

The commercial area near the Sheraton Sturbridge has been experiencing

recent growth, including expansion of the Sheraton Sturbridge and construction

of apartments on the west side of the small cove in the area. Field in-

spection during the study indicated significant erosion from the latter

activity within 100 feet of the shoreline of Cedar Lake.. While there

* Another option that could be considered is cutting back the slope through
excavation of sand/ followed by topsoiling and establishment of permanent
vegetation. While this could be cheaper because the excavated material
would have value, it might involve disturbing a large area.
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was evidence that some erosion control measures had been taken during

both construction activities, it was evident that there was room for im-

provement. In particular, removal of mulch from the apartment area

following final grading caused sheet erosion into Cedar Lake. Apparently

there are plans for final seeding of the area in early 1983, but in the

interval the exposed soil has contributed sediment loadings to the lake.

The Sturbridge Conservation Commission possibly with the assistance

of the Highway Department and/or Town Engineer should contact the project

owners and perform a field inspection of these two projects to ascertain

plans for establishment of permanent vegetation, protection of exposed

areas in the interim, and whether permanent vegetation is successfully

established. If appropriate, the owners should be asked to submit ad-

ditional information on their construction plans, following the require-

ments of the proposed erosion and sediment control ordinance.

6.1.4 Control of Runoff from Route 20 Area

Field inspection during the restoration study by Lycott and Anderson-

Nichols indicated that urban runoff from the Route 20 area is reaching a

cove of Cedar Lake from three separate culverts (see Figure 6.1, page 6̂ 37).. A

variety of pollutants from year-round runoff and sodium from winter road

salting affects this area of Cedar Lake. The runoff enters a wooded wet-

land area which serves to partially filter the runoff and trap the suspended

solids before they enter Cedar Lake. Little space not occupied by the

wetland is available.

One option for managing this area would be to install a sediment

basin. However, the existing wetland, which is already serving this
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function, would have to be extensively excavated and disturbed in order

to install a sediment basin here. This option does not therefore appear

desirable.

A better approach for this area would be to conduct frequent

street sweeping of Route 20 in this area. The 208 regional water quality

management plan for the Central Massachusetts region indicated that weekly

street sweeping can be an effective means of reducing pollutants (oils,

grease, nutrients, metals, and suspended solids) contained in urban run-

off (Central Massachusetts Regional Planning Commission, 2_(38 _?rogram:

Draft Report, 1978, Worcester, Massachusetts) ,*

Since Route 20 is a state road, the Massachusetts Department of Public

Works is responsible for its maintenance. The Town of Sturbridge Conserva-

tion Commission and Highway Department should negotiate with the DPW

and request that they conduct more frequent street sweeping in this area.

These negotiations could also include better management of road salting

in the area. While it is not generally feasible to completely eliminate

salting on a heavily-used road like Route 20, there are a variety of

management techniques that can be employed to limit road salting quan-

tities and reduce its impacts. These measures include the following

(I/ycott Environmental Research, Inc., Acton Groundwater Protection Program,

1982):

o Pre-wetting, using a salt solution, methyl alcohol, or prophylene
glycol, accelerates the action and reduces the total quantity
of salt required. The North Dakota Highway Department has
successfully pre-wetted salt with water alone sprayed on top of
the loaded truck at a rate of 18-20 gallons per cubic yard of
salt.

o An operator education program to inform operators of the Cedar
Lake area as a sensitive area should t>e conducted. Clear
guidelines should be set out to inform operators of optimum
salt application rates.

* Vacuuum street sweepers, if available, should be used by the state rather
than conventional brush sweepers because of their higher pollution removal
effectiveness.
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o spreading equipment and salt should be maintained in first-
class condition to ensure even spreading, and calibrated for
effectiveness of operation. The State of Connecticut recommends
that a 7:2 sand to premix mixture be used on sensitive areas
(the premix is 3 parts sodium chloride to 1 part calcium chloride
by weight).

o The mixture can also be applied in a fairly concentrated strip
1-3 feet wide on the middle third of the pavement during storms.
Alternatively, it can be applied evenly over the whole pavement
before a storm. Other new techniques/ such as prestorm applica-
tion of a brine solution, followed by the use of high-speed
snow blowers, should be investigated. More frequent plowing
operations in the area could also be tried. If feasible, modifica-
tions to spreading equipment to improve the effectiveness of
application could be explored. Use of ground-speed controllers on
trucks is desirable.

The best procedure would be for the Town of Sturbridge to request that

the state DPW designate the Cedar Lake area as an experimental area in

which more frequent street sweeping and special salt application procedures

would be applied and tested for effectiveness. This should be coordinated

as part of implementation of the overall lake restoration program. *

These measures would probably not involve direct costs that could be

attributed to the project, but would involve some additional labor by the

state DPW.

6.2 Alternatives for Control of Nutrient Inputs in Wastewater Disposal

and Various Land Uses

The Cedar Lake nutrient budget indicated that wastewater disposal by

individual septic systems is a major source of nitrogen and phosphorus

compounds that contribute to excessive eutrophication in Cedar Lake.

Runoff from the various land uses in the watershed (primarily forest,

residential, and commercial, with a small amount of agriculture),

is the other major source of nutrients. The improved regulations,

controls,and engineering measures to control erosion, sediment, and

* The Town of Sturbridge should also sweep the parking area serving the
Sheraton Sturbridge more frequently (preferably weekly) using its
existing sweeper.
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runoff impacts discussed earlier should also reduce nutrient inputs from

these land uses. However/ special measures will be required to address

wastewater disposal. We will discuss a range of possible alternatives

aimed at reducing nutrient inputs from this source from both existing

residences and new development in the watershed.

6.2.1 Sewering of Cedar Lake Watershed

Sewering of residences in the watershed with conveyance of collected

sewage and ultimate wastewater disposal outside the watershed is always

an option that must be considered. The option presents itself for the

Cedar Lake watershed because the Town of Sturbridge is partially served

by a sewer system.

In 1970, the Town of Sturbridge constructed a secondary treatment

facility utilizing two (2) self-contained complete treatment units designed

to process an average wastewater flow of 0.31 million gallons per day

(MGD) by the extended aeration process to service the Fiskdale section

of the Town. This type of plant provides facilities for removal, treat-

ment, and disposal of settleable and floating solids, and for the

reduction of suspended solids and dissolved organic material. The plant

effluent is disinfected by chlorination prior to discharge to the

Quinebaug River to reduce the possible spread of water-borne diseases.

In 1976, the Town of Sturbridge completed a Step 1 201 Wastewater facilities

plan to consider expansion of its sewer service to other areas of the

Town. By that date the treatment facility had nearly reached its design

flow and organic loading. As any substantial additional connections would

have extended the plant over its design limits, it was clear that the

expansion of the basic sewer system would require expansion of the

treatment plant.
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These 1976 costs can be updated by use of the Engineering News

Record (E.N.R. ) index which has been developed to take into account the

effects of inflation on construction cost estimates. The ENR index for

mid-1976 was 2357; the March 1983 ENR index was 4011. The ratio between

these two indices (1.702) represents the cost increase due to inflation.

Hence, the 1983 total construction cost for the Cedar Street area is

5231,000T for the Country Hill Road area east to Cedar Street the 1983 '

cost is $30,000. The 1983 estimated cost for the New Boston ROad

Sewer Program is 5421,000, and for side streets to New Boston Road

$143,000. Hence, the total estimated 1983 construction cost for sewering

;n the Cedar Lake watershed is $825,000.

The program proposed in the 201 plan involved a Phase II program

including sewer system rehabilitation, wastewater treatment plant im-

provements and sewering the Sturbridge Proper area. Preliminary layouts

and cost estimates were also developed to provide future sewer service

to the Fiske Hill area and expanded service in the Fiskdale, Sturbridge

Proper, and Fiske Hill areas of town. These projects were broken down

into foiir subsequent phases (Phase III, IV, V, and VI) for implementation

as needs required and financial capability allows. (Tighe and Bond,

Sewer Study Report, Sturbridge, Massachusetts, June 1976, Easthampton,

Massachusetts).

The Tighe and Bond 201 Study indicated that part of the Cedar Lake

watershed could be served in Phase VI of the sewering program. On the

west side of the lake, extension of gravity sewers along Cedar Street
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as far as Westwood Drive, and to the immediate west on Cricket Drive and

Stoney Brook Drive was suggested. On the east side of the lake, extension

of gravity sewers along New Boston Road for about one mile (two-thirds

of the way to Hamilton Road) was indicated. However, as Phase VI was

the last phase of the proposed program, this would have been a long-range

solution at best.

The 1976 total construction cost for sewers in the Cedar Street area

was 5136,000; for the Country Hill Road east to Cedar Street, the estimated

cost was $17,500. The estimated cost for the New Boston Road Sewer Program

was $247,500, and for sides street to New Boston Road $84,000. Hence,

the total estimated 1976 construction cost for sewering in the Cedar Lake

watershed was ?485,000.

The recommended Phase II improvements have only been partially im-

plemented. Sewer system rehabilitation has been partially completed

(a leak detection study was completed by Tighe and Bond) . In summer 1983,

construction is planned to increase the capacity of the Sturbridge

wastewater treatment plant to 505,000 gallons per day. This is an

increased capacity of just over 50%, taking into account uncurable in-

filtration. However, this expansion is intended to serve the needs of

the area that is already sewered. Extension of sewer lines to serve

the Sturbridge Proper area has not been carried out, and may not be

conducted for several years. It is unlikely that Phase III-VI improve-

ments as outlined in the Tighe & Bond study would be conducted at town

expense in the short and middle term. The town,however, is willing to

consider extension of sewer lines that would be paid for by developers.
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Because of the high cost of sewering the Cedar Lake watershed and the

low priority accorded it by the Town of Sturbridge, this alternative does

not appear viable at present. The only new or middle term possibility

for sewering part of the area would be in connection with a new develop-

ment proposal. In this regard, a recent major development proposal

planned for the Westwood Drive area is of interest. According to

personnel of the Sturbridge Sewer Department , the developer of this

project, Richard May, has considered extending sewer lines to serve

his development. It is possible that this extension could also serve

some of the existing residences in the area. However, it presently

appears that it is unlikely that this developer would pay for sewer

extension because of the high cost of the project.

Because sewering and consequent nutrient input limitation is a

desirable long-range solution, it is recommended that the Town of

Sturbridge continue to explore with developers the possibility of sewering

any new development in the watershed, and negotiate to see if existing

residences can be connected in at the same time. However, because of

its high cost, sewering is not recommended as part of the lake restoration

program proposed for town and local funding as part of this study.

6.2.2 Qn-5ite Rehabilitation of Existing Septic Systems

While total removal of nutrient loadings by sewering is a better long-

range solution, the rehabilitation of existing on-site wastewater disposal

facilities in the Cedar Lake watershed is also considered to be a viable

method of dealing with existing on-site disposal problems. By combining rehabili-
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tation with proper use and good system maintenance, nutrient loadings

to the lake can be reduced below present levels and the desired end of

lake protection achieved.

This alternative proposes the rehabilitation (which may involve

repair, replacement, relocation, or modification) of existing septic

systems on individual lots (as needed) around the lake. The goal is to

assure that leachate 'treatment is maximized and a desired set-back distance

from the lake shore (100 feet) is achieved (see Section 6.2.4).

Septic system rehabilitation would seek to bring individual lots into

compliance with Title 5 of the State Environmental Code.

Given the conditions which exist at various locations and on specific

lots around the lake, it is apparent that strict compliance with all

Title 5 regulations will be difficult in some areas. High ground water

and slowly permeable soil conditions will clearly present problems on

some lots. Small and oddly shaped lots will create problems with locating

facilities with adequate well, lake, and side-lot set-back requirements.

In this regard, the lake association and lake residents will have to work

closely and cooperatively with the Sturbridge Board of Health to develop

plans for individual lots which will be an acceptable and effective means

of providing for wastewater disposal.

In some cases, the relaxation of some evaluation criteria and

variances on- some requirements will be necessary to allow for continued

on-site sewage disposal at Cedar Lake. However, wherever possible an

effort should be made to achieve a minimum leaching field set-back distance

of 100 feet from Cedar Lake in order to allow enough distance for effective
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removal cf phosphorus, the limiting nutrient. The nutrient budget indicated

that 34% (122 kg) of the total annual phosphorus inputs to the lake of 272 kg

were due to septic systems within 100 feet of Cedar Lake. As existing

systems are replaced or modified over time, substantial nutrient input

reductions can be achieved by increasing the set-back distance from the

lake (see Section 6.2.4).• Hence, a program to gradually rehabilitate

these systems over time is recommended.

The scope and level of effort provided for in the study was not suf-

ficient to develop specific criteria for the design and installation of

septic systems on individual lots. The detailed evaluation of needs and

conditions on each lot is a function of the Step 2 201 or final facilities

planning and design project phase. At this point viable, effective alterna-

tives can be outlined and evaluated for use to maximize the utility of

the rehabilitation effort under the ultimate circumstances found to exist

on individual target lots.

Cost Analysis

On lots where the complete replacement of the septic system is required

and where the leaching system can be located in a manner acceptable to

Title 5 requirements without the need to pump the sewage, a septic system

of standard design can be installed, located at least 100 feet from the

lakeshore. The estimated cost of such a system is ?3,000. An annual

0 & M cost of 550 (for year-round occupancy) is assumed to cover the cost

of inspection and periodic (once per 2-3 years) pumping (clean-out) of

the septic tank.
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A rough estimate of the approximate cost of rehabilitation program

employing conventional septic systems can be developed using data on the

number of homes that might require rehabilitation and the average cost

per system. It should be understood that this estimate is primarily for

comparative purposes as it is understood that many individual lots -may

not have space available for installation of conventional septic systems.

The nutrient budget indicates that a total of 48 septic systems

serving permanent residences and 20 septic systems serving seasonal

residences are located in sub-basin 3 less than 100 feet from Cedar Lake.

If all 68 septic systems were replaced, the total capital cost would be

5204,000 in 1983 dollars.

Another means of determining the total numbers of septic systems

requiring rehabilitation can be derived from the Resident Survey conducted

in the Summer of 1980. Based on 91 responses to the survey, 19% of the

respondents (17 respondents) indicated that their septic systems were more

than 20 years in age. A common estimate for the useful life of a septic

system is 20 years. There is a total of 227 septic systems (189 permanent

and 38 seasonal) in the Cedar Lake watershed and 182 septic systems (144

permanent and 38 seasonal) in sub-basin 3. Assuming 17% (31) of the 182

systems in sub-base 3 require rehabilitation, the corresponding capital

cost would be 593,000.

In future facilities planning and design under the 201 program in

Sturbridge, the possibility should be explored that a septic system

rehabilitation program around Cedar Lake be included. The area is pre-
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domira-ntly made up of permanent homes. This eliminates a major problem

that was experienced with this possible approach at Big Alum Lake in

Sturbridge {which is predominently seasonal), as federal regulations

specify that seasonal homes cannot receive federal funding for rehabilita-

tion. If federal and state funding could be obtained under the 201

program, a substantial portion (55-90%) could be paid for by the state

and federal government. Under current priorities of the Town of Sturbridge

(as expressed in the 201 plan ), state and federal policy, the area would

have a low priority for funding. Also, issues of the private ownership

of the systems would have to be resolved.

Pollution Control Effectiveness

Rehabilitation of the 48 permanent and 20 seasonal residences in sub-

area 3 within 100 feet of the Cedar Lake shoreline could eliminate 76 kg

of total phosphorus annually/ or 27.9% of the total phosphorus input.

This estimate is based on the larger phosphorus soil retention that would

result from moving the systems farther back from the shoreline.

6.2.3 Use of Alternative Wastewater Disposal Systems

Where site conditions will not allow the installation of a new standard

septic system in compliance with Title V and the goals of this project,

the following mitigating approaches can be considered, depending on the

severity of the limitation, the demands of the lake association, and the

requirements of the Board of Health:

Installation of special on-site disposal systems such as
pump-up or mound systems.

Use of composting or incinerating toilets to eliminate blackwater
discharges. -

6-21



Securing legal access to land in the vicinity of the lot owned
by others for the purpose of constructing a sewage disposal
facility.

Installation of a holding tank to retain wastes for removal via
pumper-truck.

Installation of water conserving facilities.

In all cases, residents should take care to use and maintain their disposal

systems properly to assure a long effective life.

Through the use of one or more of these alternatives, residents of lots

severely limited for on-site wastewater disposal can continue to utilize

and enjoy their lake property without causing excessive damage to water

quality.

The Section 314 Clean Lakes Program restoration study of Big Alum

Lake in Sturbridge conducted by Lycott in 1980 extensively evaluated and

ranked these alternatives in terms of their desirability when used in

close proximity to a lake shore. Data and costs contained in this study

are generally applicable to conditions around Cedar Lake.

The Big Alum Lake 314 study included an overall ranking of alternative

wastewater disposal systems for use on individual lots (in order of overall

desirability in terms of phosphorus removal efficiency and lake water

quality, from most to least desirable). Following the same ranking would

result in the following range of most to least desirable alternatives

for Cedar Lake:

A. Installation of a composting toilet with graywater disposal

facility relocated at least 100 feet and preferably further

from the lake (gravity or pump-up system as required).
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B. The rehabilitation/relocation of the septic system to a satis-

factory location at least 100 feet and preferably further from

the lake (gravity or pump-up system as required).

C. Installation of a composting toilet, retaining the existing

septic system, or a renewed system in a similar location, for

graywater disposal.

D. installation of a composting toilet with a holding tank provided

for graywater disposal.

Table 6-1, derived from the Big Alum Lake report, presents cost

information on these alternatives. It is recognized that most residents

of Cedar Lake would probably not wish to use composting toilets because

of the inconvenience, additional expense (due to the need for both a

leaching field for graywater disposal and the composting toilet), and

potential odors. For such residents, use of one of the other alternatives

presented in Table 6-2(such as a pump-up or mound system) should be

acceptable provided sufficient distance from the shoreline can be achieved.

It may be necessary for residents to secure legal access to land in the

vicinity of the lot owned by others for the purpose of constructing an

acceptable system.

Of the other alternatives presented in Table 6~2, it should be noted

that use of alum treatment is frankly experimental and is not recommended.

Alum treatment of household waste waters at an individual residence would

be accomplished as follows: a flow sensor or toilet flush would trigger

release of a dose of an alum solution into the waste water. Vigorous

mixing of the alum with the waste stream would be provided prior to release
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CEDAR LAKE FEASIBILITY STUDY
TABLE 6-1

COSTS FOR ALTERNATIVE METHODS
FOR SEWAGE DISPOSAL ON INDIVIDUAL

LOTS IN CEDAR LAKE WATERSHED

Alternative

1. Rehabilitation of
Septic Systems
(conventional)

Full Service:
Graywater Only:

2. Rehabilitation of
Septic Systems
(pump-up)

Full Service:
Graywater Only:

3. Rehabilitation of
Septic Systems
(mound)

4. Holding Tank
(full seasonaL 4 residents)

Full Service:
Graywater Only:

5. Composting Toilets

Year-Round Residence:
1-Level System
2-Level System

Seasonal Residence:
1-Level System
2-Level System

Cost
per Lo|
Servedv '

Total
Annual Capital
Cost per Lot (2)

$3,000
2,500

$4,500
4,100

$5,000

$1,200
1,200

$1,100
1,700

$1,100
1,400

$300
250

$450
410

$500

$120
120

$110
170

$110
140

Annual
0 & M<3>

$ 50
10

$120
60

$120

$600
350

$ 70
70

$ 25
0

Annual Cost per
Lot Served

$350
260

$570
470

$620

$720
470

$180
240

$135
140

Possible
Additional

Projects Needed

None

None

None

None
Composting Toilet

Improvement of graywater
disposal system

Improvement of graywater
disposal system or in-
stallation of holding
tank.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 6-2

COSTS FOR ALTERNATIVE METHODS
FOR SEWAGE DISPOSAL ON INDIVIDUAL

LOTS IN CEDAR LAKE WATERSHED

Alternative

Cost

per Lot
ServedU)

Total

Annual Capital Annual Annual Cost per
Cost per Lot(2) Q & Mt3> Lot Served

Possible
Additional

Projects Needed

6. Incineration Toilets $1,900 $190 $375 $565 Improvement of graywater
disposal or installation
of holding tank

7. Alum Treatment for
Phosphorus Removal $ 450 $ 45 $ 95 $150 None

NOTES:

(1) Total developed residences in the watershed = 227 (no surcharge for lots with more than one dwelling has been
provided).

(2) Equivalent annual capital cost calculated based on 20 year terra @ 8% (no allowance made for state or federal
grant assistance).

(3) Annual 0 & M cost for facilities assumes year-round residency @ 4 persons per lot (1460 person-days per year) -
except as noted for holding tanks and composting toilets.



of the waste water to the septic tank. In-the septic tank, aluminum

phosphate settles out of solution and the tank supernatant flows on to

the leaching system. The alum mixture is very high in pH and is potentially

harmful if mishandled. While it could potentially be handled by a home-

owner, training would be required and periodic maintenance would be

necessary. For these reasons, and because it is not yet commercially

available for individual purchases, this approach is not presently desir-

able despite its potential advantages.

While holding tanks are not considered desirable by the State of

Massachusetts, in certain isolated cases (where no other alternative is

available), their use may be acceptable for seasonal residents. Incinera-

tion (electric heat or gas), toilets have somewhat similar advantages and

disadvantages to composting toilets. They can also be- a source of un-

pleasant odors but are somewhat easier to clean.
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Cost Analysis

Using the range of numbers of systems requiring rehabilitation (31-68)

discussed previously, a very rough estimate can be developed for use of

alternative systems at Cedar Lake. if an average estimate of $5,000 per

residence is used (reflective of some mix of pump-up septic systems,

mound systems, and composting toilets with leaching fields for graywater

disposal), the total 1983 capital cost is $155,000-$340,000. However,

at least the permanent residences might be eligible for up to 94% state

and federal funding as innovative and alternative treatment systems.

Even this relatively high cost is lower than the cost of sewering the

watershed.

Pollution,. Control Effectiveness

Rehabilitation of septic systems using alternatives other than the

conventional leach field and septic tank might achieve a higher nutrient

removal efficiency than use of conventional systems. This would occur

if composting toilets, which can remove up to 42% of the phosphorus con-

tained in toilet wastes, were widely used. However, it is assumed that

this option would not be widely used in the Cedar Lake watershed because

it has primarily year-round residences. Moreover, use of further set-back

distances from the lake shore (the same under either conventional or

alternative systems) would be responsible for most of the reduction. For

this reason, the nutrient reduction efficiency of alternatives has been

assumed to be identical to that of the rehabilitation program with con-

ventional systems (27.9% or 76 kg total phosphorus annually).
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6_!_2_.4__ Regulations for Future Installation and Improved_Maintenance of

Individual Wastewater Disposal Systems

The potential for future growth in the Cedar Lake watershed makes it

very desirable to ensure that proper controls are in place to prevent

significant increases in nutrient inputs from wastewater disposal. A

major element of such controls would be increasing the set-back distance

from the lakeshore allowed by the Sturbridge Board of Health for septic

system leaching fields from 50 to 100 feet. The rationale for this

standard is based on the results of the nutrient budget indicating that

systems closer than 100 feet are contributing a disproportionate share

of the total nutrient loading to Cedar Lake.

Historically there has been little concern about the distances of

septic disposal systems to the shore of a lake (set-back). Many parcels

of property are limited in size and thereby create their own limitations

as to this distance. During the recent past it has become evident

through scientific study that the stratified drift soils which are

commonly found surrounding New England lakes are poor in retaining

phosphorus. This means that a relatively high percent of the phosphorus

released by a system into the soils surrounding a lake eventually ends

up in the lake.

Lycott's studies in the watershed and similar studies by T.J.

Tofflemire and c^en (1977), and K. Rekhow (1978) indicate that in soils

similar and identical to those in the Cedar Lake watershed ample protec-

tion is provided at a setback of 100 feet. Utilizing this information

we suggest that all future development be required to adhere to this

set-back and any relocations also provide for this distance.
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One law which currently provides this type of capability is the

Massachusetts Wetland Protection Act, G.L. c. 131 as administered

locally by the Sturbridge Conservation Commission. The Regulations

{310 CMR 10.00) require that any development within 100 feet of a wet-

land file for and receive approval and a notice of conditions by the

conservation commission. The Sturbridge Board of Health would also

have jurisdiction over septic system placement. These two town boards

should work closely in order to provide realistic and just administration

of these powers while protecting Cedar Lake from unnecessary increases

in phosphorus loading. Therefore, the Sturbridge Board of Health and

Conservation Commission should not permit installation of septic systems

for new residences at a distance of less than 100 feet from Cedar Lake,

and should act to encourage the maximum distance possible from the

shoreline through negotiation with developers.

In 1981, the Sturbridge Board of Health, based partly on the recom-

mendations of the Big Alum Lake study, adopted regulations restricting

the conversion of summer residences to year-round residences without

adequate sewage disposal. However, additional recommendations of this

study with regard to septic system insepction and maintenance have not

yet been implemented. The Big Alum Lake study recommended against a

town-wide maintenance program (which would be difficult and costly to

institute and administer, and would create an unjustified burden on the

Board of Health). However, adoption of such a program on a "district"

basis in the lake watershed was considered desirable, both on its own

merits and to allow the possibility of eventually receiving EPA funding

for rehabilitation program for individual septic systems (for which a

maintenance program is a requirement).
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This recommendation is equally valid for the Cedar Lake watershed.

It is also possible that the Cedar Lake Association could serve as an

agent of the Board of Health in carrying out the inspection program,

thus reducing the administrative burden. We recommend the following

guidelines suggested for the Big Alum Lake watershed maintenance pro-

gram also be applied for a similar program around Cedar Lake (Lycott,

Big jyium L ak e Re storation and P r e s e rv at i on ̂ Project, 1980) :

1. Require that all tanks in the watershed be pumped once every

three years.

2. Assure that all homeowners in the watershed are educated

as to the proper use of such facilities.

3. Require that the leaching area be protected and maintained

to prevent damage to the field.

4. Suggest water conservation practices and disposal limitations

to help prolong the life and integrity of the system.

5. Provide for the regular inspection of facilities by Town

and/or lake association personnel including ground water

sampling where applicable.

6. Provide for program enforcement through "carrot and stick"

considerations relative to maintenance, costs, taxes, fees,

etc.

7. Provide for the institutional and administrative functions

necessary to carry out the program on an on-going basis.

8. Define responsibilities relative to problems with disposal

facilities which arise despite the existence and proper ful-

fillment of the management program.
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In short, such a program seeks to augment present Board of Health

powers under Title V to bring about a comprehensive, active program

of prevention of problems.

These guidelines also meet EPA requirements for a maintenance program

leaving open the possibility of receiving federal funding for a rehabili-

tation program under the "201" program.

Cost Analysis

For the total 227 residences in the watershed and an average annual

maintenance cost of $50 per year, the total annual cost of the maintenance

program to residents would be $11,350. Much of this amount is probably

already being expended, so the incremental cost would be low (currently,

56% of sewage systems on Cedar Lake have been pumped out within the

last two years).

The program would involve some additional administrative costs for

the Board of Health. However, these could be reduced substantially if

the Cedar Lake Association is able to actively participate in the inspec-

tion and maintenance program.

Potential Pollution Control Effectiyeness

No separate quantitative estimate can be made for direct reduction

of phosphorus inputs due to a maintenance program. The Cedar Lake

resident survey notes that 56% of 91 respondents have had their septic

systems pumped in the last two years. However, this may reflect more

the extent of the problem than a particularly good existing maintenance

practices. The real effectiveness of the program will come in identifying

systems requiring rehabilitation through inspections.
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6.2_. 5 Voluntary Alteration of Life Style Practices and^ Improved Main-

tenance of Wastewater Disposal Systems by^ Watershed Residents

Regardless of other events related to the reduction of nutrient

inputs from on-site sewage disposal in the Cedar Lake watershed, it is

recommended that the Cedar Lake Association take action to encourage

the proper life style practices that will keep nutrient inputs to a

minimum, and to encourage the proper use and maintenance of sewage

disposal facilities. Without statutory authority, such a program

would depend largely on the cooperation of the residents of the lake

neighborhood and voluntary compliance with recommended maintenance

practices. This should, however, be supplemented by an aggressive

education program to inform all watershed residents (not just association

members) of proper "lakeside living" practices.

As a minimum the Association should seek to assure that:

1. All septic systems on the lake are inspected frequently to

assure the security and satisfactory operation of all

facilities.

2. Septic tanks are pumped on a regular basis (at least once in

three years) and as needed.

3. Water conservation in the home is encouraged to reduce load-

ings to septic systems.

4. Residents take care to avoid the use of detergents and paper

products which are not amenable to septic system disposal and

the release of large amounts of solids or grease into the

system.
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5. Residents should be strongly urged to use no-phosphate

detergents and soaps.

6. Residents should be urged to eliminate or sharply reduce

lawn fertilization in the watershed, particularly of

residences near the shoreline.

7. Chemical treatment (decreasing solvents) of leaching fields should

• ke avoided. Where the need exists to treat a clogged field,

an oxidizing agent should be used (hydrogen peroxide is

recommended).

8. All lake residents should be educated as to the purpose, func-

tion, and operation of their septic systems, the sensitivity

of those systems, and the importance of proper use and main-

tenance of the system to the individual resident and to the

lake.

In conjunction with such a program, the Association should utilize mail-

ings to all residents of the watershed suggesting appropriate lakeside

living practices. A two-to-three page summary of appropriate practices

should be prepared for use in the mailing. Over the summer season when

lake residence is at its highest, one or more meetings should be held

specifically to disseminate this information and discuss the overall water-

shed and in-lake management program.

Cost Analysis

A limited amount ($2,500) has been estimated for the initial year of

the publicity program to pay for mailings, newspaper advertisements, and

consultant assistance with preparation of the mailing summary
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and attendance at meetings. An amount of $1,000 has been allocated on a

long-term basis to maintain an active publicity and education program.

Potential Pollution Control Effectiveness

The resident survey for the Cedar Lake watershed indicated that 56%

of watershed residents had clotheswashers- Only, . 17.5% of survey

respondents were using no-phosphate detergent, 26% using low-phosphate

detergent, and 56% were using an "other" type of detergent. About 24%

of survey respondents were using commercial fertilizer on their lawns.

These figures indicate substantially more use of phosphate detergent

than on Big Alum Lake (where 65% used no-phosphate detergent and 23%

low phosphate detergent). The use of commercial lawn fertilizer is

also somewliat higher (24% as compared to 16% at Big Alum Lake). These

figures suggest substantial room for improvement.

Data from a recent Swedish study on the composition of household

wastewater suggested that 34% of per-capita phosphorus loadings were

due to use of phosphate detergents (National Swedish Institute for

Building Research, Household Wastewater, 1976). As a very rough estimate

of the maximum potential effectiveness of this alternative, if 56% of

227 residences have clotheswashers, a reduction of 10-17% in total

phosphorus inputs to Cedar Lake could be achieved by completely eliminat-

ing use of phosphorus detergents. While a voluntary program to eliminate

phosphorus detergents would be less than fully effective, even assuming

only 50% effectiveness there could still be a 5-8.5% reduction for very

low cost.
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The pollution phosphorus control effectiveness of eliminating

lawn fertilization is more difficult to estimate, but could be somewhat

less than that for use of phosphate detergents. This alternative would

probably have a larger effect on reducing inputs of nitrates which are

not retained nearly as readily in the soil as phosphates.

6.2.6 Residential and Commercial Growth Potential

The Cedar Lake watershed has substantial remaining development

potential. The majority of the land in the watershed is forested and

significant areas are in private ownership and could be developed. The

major factors limiting development potential are soil and slope conditions,

the availability of utilities (water supply and sewage disposal), and•

current zoning.

Soil and slope conditions in the watershed area are variable.

The areas around the lake are primarily sandy Merrimac soils which, while

having little filtration capacity, "perk" well and thus meet local require-

ments for septic systems. Thus, they do not serve as a constraint to

development. The areas around the lake are also of moderate slopes which

are acceptable for residential development. Other areas to the west have

Paxton soil on glacial till, which has lesser percolation capacity. The

area north of Route 20 bisected by Cedar Street was identified in the 1976

201 facilities plan of Sturbridge as one of the town's primary potential

future growth areas. This has been borne out by a recent development

proposal in the area (Westwood Drive). This development potential is

accepted in the Future Land Use Plan prepared by the Central Massachusetts

Regional Planning Commission in coordination with the 208 program, which
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shows the area around Cedar Lake as committed to urban uses at low to

medium density (Central Massachusetts Regional Planning Commission,

Future Land̂  Use Plan - 1995, October 1978, Worcester, Massachusetts).

The lack.of availability of sewer services to the Cedar Lake

watershed (except for a small area around Route 20) presently restricts

growth potential. Water line extensions have occurred recently part-way

up Cedar Street from Route 20, but not as far as Hamilton Road. Future

water line extensions in the watershed are more likely than sewer lines

because of this fact. However, some residents tend to dislike the high

iron content of Sturbridge's public water supply. This fact and the

general ability to obtain domestic supplies in the sandy surficial

deposits of the area may limit water line extension.

Current zoning in the Cedar Lake watershed includes: commercial

at the south end, suburban residential surrounding the lake north to the

Massachusetts Turnpike, and rural residential north of the Turnpike.

Suburban residential zoning permits single-family detached development at

one-half acre. Rural residential zoning permits single-family detached

development at one acre per dwelling unit (Sturbridge, Massachusetts By-Laws

and Regulations, Part c. Zoning By-Law; 1982). Multi-family dwellings are

permitted by special permit, provided 1) 10,000 square feet are provided

per dwelling unit, 2) no more than eight dwelling units per multi-family

structure, and 3) an environmental suitability study shows that the site

is capable of sustaining this type of construction except when the site

will be served by both municipal water and sewer systems. Furthermore,

"multiple dwelling projects" can also be permitted by special permit7 pro-

vided the following requirements are met:



o at least 15 acres minimum lot size

o at least one-quarter acre per dwelling unit

o no more than eight units per multiple dwelling or 240 dwelling

units per project

o each dwelling unit must be connected to a public water and

sewer system

Commercial developments are permitted only in the commercial

district, which includes only a small area along Route 20; industrial

development is confined to the general industrial and industrial park

districts (out of the watershed). Most of the commercial district along

Route 20 drains below the Cedar Lake outlet. This area is sewered and

would not present future nutrient loadings. A recommended erosion and

sediment control ordinance would prevent additional sedimentation. There-

fore, the biggest concern in future development is residential development

contributing additional nutrient inputs.

The one-half acre requirement in the suburban residential district

is of concern with respect to future phosphorus loadings to Cedar Lake, and

the potential for contamination of on-site wells with high nitrate levels.

The biggest factor with regard to phosphorus loadings is the distance that

is maintained of the septic system from the shoreline of Cedar Lake or

one of its inlet streams. If at least 100 feet and preferably more (.up

to 300 feet) is maintained, there will probably be sufficient removal of

phosphorus in the soil to prevent problems. We have recommended that this

distance be maintained in future construction (see Section 6.2.4). However,

increased nitrate loadings will result. Modeling of ground-water nitrate
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concentrations on an industrial lot has shown that at least 40,000 and

preferably 60,000 square feet may be required for sufficient dilution to

meet the federal drinking water standard of 10 mg/1 of nitrate (LYCOTT,

Acton Ground-Water Protection Program, 1983). A similar criterion can be

used to prevent excessive nitrogen contributions to Cedar Lake which at

certain seasons has some tendency toward nitrogen limitation. A minimum

lot size of 40,000 square feet is just adequate to meet this criterion.

Therefore, we strongly recommend that current zoning of the Cedar Lake

watershed immediately surrounding the lake at one-half acre be increased

to one acre or rural residential, in order to protect the lake, while

some increase in future nutrient loadings will inevitably occur even at

this level, these can be kept within acceptable limits.

Future multiple-family dwellings in the Cedar Lake watershed

should not be permitted at any greater density. As previously noted, any

multiple-family dwelling requires an environmental suitability analysis.

In such analyses, the Sturbridge Zoning Board of Appeals should require at

least 40,000 square feet per multiple dwelling unit unless public water

supply and sewage disposal, with sewage disposaloutside the Cedar Lake

watershed, will take place. Similarly, for multiple dwelling projects

the current requirement for municipal water supply and sewage disposal

should also provide for sewage disposal outside the Cedar Lake watershed.

Furthermore, any septic systems for multiple dwelling projects should be

located as far from Cedar Lake or its tributaries as possible. Establishing

these requirements is intended to prevent future increases in nitrogen and

phosphorus nutrients from causing accelerated eutrophication in Cedar Lake.
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6. 3_^Recommended watershed Management Program

Table 6-3 and Figure 7-1 summarize the recommended actions included

in the overall watershed management program, their 1983 capital cost and

annual maintenance cost (where applicable and determinable based on"exist-

ing information), and the pollution control effectiveness of the recommended

alternatives.

The most costly elements of the program involve the rehabilitation

of individual wastewater disposal systems. Those can, however, be

expended over a period of years by either individual homeowners or the

Town of Sturbridge as part of its overall 201 program. Differences

in the fundable percentages under the 201 program which would require

further design study to determine precisely could substantially affect

the local share of costs.

It is generally easier to estimate the pollution control effectiveness

of the measures related to nutrient inputs than those having to do with

sedimentation and erosion. Some of the latter measures involve prospec-

tive pollution sources,(i.e., the proposed erosion, sedimentation, and

runoff control ordinances).

The overall watershed management program controls a wide range

of land uses at a reasonable cost. It can reduce annual total phosphorus

loadings up to 38%. When applied in combination with the recommended

in-lake measures, it can help restore Cedar Lake to a condition that

will greatly enhance its capacity to support recreation and greatly

reduce its current eutrophication problems.
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CEDAR LAKE FEASIBILITY STUDY

TABLE 6-3

COST OF RECOMMENDED
WATERSHED MANAGEMENT

RESTORATION ALTERNATIVES

A. Erosion, Sediment/
and Runoff Control
Alternatives

1. Passage of erosion, sediment,
and runoff control ordinance

2. Slope Stabilization of
Hamilton Road cut slopes

3. Improved maintenance of
Massachusetts Turnpike
roadfill sediment control
measures

4. Re-grading and re-vegeta-
tion of town gravel pit
near beach area

5. Control erosion from
commercial area

6. More frequent street sweep-
ing of Route 20 area by
state DPW

7. Altered road salting prac-
tices on Route 20 by state
DPW

Capital Cost
(1983 $)

$2,000

76,000

50,000

(Owner1s
Expense)

Annual
Maintenance Cost

(1983 $)

Additional town &
employee labor

Not Available

(Owner's Expense)

Not Available

Pollution
Control

Ef f e c_ti vene s s

Affects future
development

Erosion reduc-
tion
80% - 90%

Reduction of
phosphorus
12% - 14%

Reduction of 5-
20% of road salt
use

B. Nutrient Input Control
Alternative^

8. Rehabilitation of indivi-
dual wastewater disposal
systems close to lake
shore ( 100 feet)

9. Revise Sturbridge Board
of Health practices to
prevent new septic
systems 100 ft. from lake
shore

10. Initiate improved main-
tenance and inspection
program for individual
wastewater disposal
systems

$93,000-$340,0004" Included in
below

$11,350

-76 kg P/yr
(28%)

Affects prospective
development

Not available
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CEDAR LAKE FEASIBILITY STUDY

TABLE 6-3 (continued)

COST OF RECOMMENDED
WATERSHED MANAGEMENT

RESTORATION ALTERNATIVES

Alternatives
Capital Cost

(1983$)

Annual
Maintenance Cost

(1983 $)

Pollution
Control

Effectiveness

11. Watershed education program
to eliminate use of phosphate
detergents and lawn ferti-
lization, encourage improved
septic system maintenance

$2,500 $1,000 14-27 kg P/yr
(5-10%)

+ See text (range of number of systems and cost per system for rehabilitation).
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

Cedar Lake is a eutrophic (productive) lake with pervasive weed

problems. The lake is phosphorus limited and receives a total phosphorus

load in the established eutrophic range. In addition, the lake receives

sediment loading from several sources which are controllable. The reclama-

tion and management programs which are proposed provide a spectrum of

available methodologies tailored to Cedar Lake. We have attempted to

provide a range of technically and economically feasible alternatives

which provide a variety of effective control.

7.2 Re comnien dat i on s

7.2.1 Compendium

The following is a summary of the programs proposed for Cedar

Lake. There are two areas developed in this plan: first, a plan for the

control of the aquatic weed problem in Cedar Lake; second, a program for

the reduction of nutrient load entering the lake in an effort to reduce

the productivity of Cedar Lake.

Aquatic Weed Control

Immediate Implementation

Weed Harvesting or Herbicide: These alternatives are presented

together as possible interim management techniques. They both incur sub-

stantial annual costs while providing the desired control.
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In-Lake Measures Cost Bene fit Negative

Immediate Implementation

Herbicide $15,000-$22,50.0

or

Harvesting

Deferred Implementation

Drawdown

£5,000

Aquatic weed
control

Aquatic weed
control

Requires short suspension
of near-shore well usage

Short period of effect-
iveness; areas may require
multiple harvests

Initial Drawdown
Including dug well
deepening for 30
houses

30,000 Good long-term Short-term aesthetic and
aquatic weed con- air quality impacts
trol; possible
dry dredge pro-
gram for beach,
cost @ $825

Watershed Nutrient Load__Red_uction_

Immediate Implementation

Cedar Lake Association monitoring the maintenance of the Massachusetts
Turnpike erosion control measures, particularly the maintaining of the
sedimentation basins.

Sturbridge Conservation Commission requiring and monitoring the imple-
mentation of erosion control methods during construction within 100 feet
of a wetland as mandated by the Wetland Protection Act.

Control of Route 20 impacts by: 1) more frequent street sweeping
2} altering road salting practices

Passage of erosion, sediment, and runoff control ordinance.

Implement 100-foot setback for septic systems from lake shore. Wetland
Protection Act or Board of Health.

Initiate improved maintenance and inspection program for wastewater
disposal systems.

Deferred Implementation

Additional erosion control by: 1) Hamilton Road slope stabilization
2) Re-vegetation of gravel pit near beach
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Rehabilitate systems within 100 feet of shore.

Watershed education program for reduction of phosphorus use.

7.2.2 Summary

There are four major components for management of Cedar Lake and

its surrounding watershed. They are identified in Figure 7.1. First,

drawdown for weed control with the necessary improvement of water supplies

and outlet restoration. Second, dredging of the public beach cove.

Third, erosion control at the Massachusetts Turnpike embankment and

Route 20. Fourth, reduction of phosphorus loading for septic systems

through a comprehensive management and relocation plan.
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Figure 7.1
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In-Lake Alternatives0 MILEST°NE WORK SCHEDULE - CEDAR LAKE FEASIBILITY STUDY
1983 1984 1985 1986

A. Harvesting
or

Herbicide

a. 628 Grant Application
Local - 50% of $22,500

b. Grant Notification
DWPC - $11,250

c. Town and/or Lake Association
Matching - $11,250

d. Contract Project
Town - $22,500

B. Drawdown

a. Study Water Supply
Problems

b. Deepen Wells

1.628 Grant Application
local - 50% of $30,000

2.Grant Notification
DWPC - $15,000

3.Local Matching
$15,000

4.Contract Project
Town - $30,000
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8.0 MILESTONE WORK SCHEDULE - CEDAR LAKE FEASIBILITY STUDY

In-Lake Alternatives

C. Dredging

a. Dry Dredge
Town - $825

b. Wet Dredging
Town - $2,475

Watershed Alternatives

A. Erosion, Sediment,
and Runoff Control

1. Passage of Erosion, Sediment
and runoff Control Ordinance
Town - $2,000

B. Slope. Stabilization Of
Hamilton Road Cut
Town - $76,000

C. Improved Maintenance of
Massachusetts Turnpike
Roadfill Sediment Control

Mass. Pike Athority -

D. Re-grading and Re-vegitation
of Town Gravel Pit Near Beach

Town - $50,000

E. Control of Erosion
From Commercial Area
Owner -
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8.0 MILESTONE WORK SCHEDULE - CEDAR LAKE FEASIBILITY STUDY

Watershed Alternatives

F. More Frequent Street Sweeping
of Route 20 Area by State DPW
State -

G. Altered Road Salting
Practices
Town -

2. Nutrient Control Alternatives

H. Rehabilitation of Individual
Wastewater Disposal Systems
Close to the Lake Shore (100 Feet)
State, Town, Individual -
$93,000

I. Revise Board of Health Septic
System Set-back to Greater
Than 100 Feet From Shore
Town - OS

J. Initiate Improved Maintenance
Program for Individual Wastewater
Disposal Systems
Town and/or individual -
$11,350 total, $50 / resedence

K. Watershed Education Program
Lake Association - $2,500
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9.0 SOURCES OF FUNDING

The primary source for funding the implementation of the pro-

posed program of management alternatives will be through Chapter 628,

the Massachusetts Clean Lakes Program. This program is administered by

the Lakes Section of the Division of Water Pollution Control in the Massa-

chusetts Department of Environmental Quality Engineering. Funds for

implementation of approved programs are awarded on a 50/50 percent

basis shared between the state and town. The clean lakes program has

superseded the Department of Aquatic Weed Control which had previously

granted Sturbridge monies for herbicide treatment.

The applicability of the proposed watershed management programs

to 201 plans for Sturbridge are discussed in full in Section 6. All

proposed alternatives comply with the guidelines of 208 and 201.

9.1 Step 1 201 Funding for Wastewater Facilities

The Section 201 wastewater facilities program is the primary

means of paying for planning, design, and construction of wastewater faci-

lities such as sewers and treatment plants. The program, originally

authorized under the 1972 Federal Water Pollution Control Act amendments

and subsequently amended in 1977 and 1981, provides for a federal-state-

municipality sharing of costs. The program has three steps: step 1

(planning), step 2 (design,) and step 3 (construction). For eligible

facilities, the federal government has historically paid 75 percent, the



state 15 percent, and the community 10 percent of steps 1-3. Those per-

centages have been changed by subsequent amendments. In 1977, the Clean

Water- Act authorized up to 85 percent federal funding for innovative and

alternative treatment systems (the combined federal-state total is 94

percent). Eligibility for innovative and alternative funding is determined

by a complex evaluation and cost-effectiveness analysis. Except for

innovative and alternative collection systems, the 201 program generally

pays only for design and construction of interceptors and treatment plants

and not individual collector sewers. Hence, a collection system to serve

homes around Cedar Lake would probably not be fundable under the 201 pro-

gram, but new interceptors to serve the area would be. However, it should

be emphasized that eligibility determinations are complex and specific

information would be needed for a final judgment.

Only community governments (not individual or private groups)

can apply for funding under the 201 program, and they cannot receive fund-

ing unless they receive priority under the state priority list. Sturbridge

has already conducted a step 1 201 plan under this program, as well as

a step 2 201 design for expansion of its treatment plant. To provide waste-

water facilities in some or all of the Cedar LaJcfe watershed under the 201

program, the Town of Sturbridge would have to either re-apply for a step 2

201 design or' a step 3 construction assistance. Such funding could

presently only be received in accordance with its ranking on the state

priority list and the priorities established in the 1976 facilities plan

(unless these priorities are revised by additional facilities planning).

At present, the state of Massachusetts and EPA are not funding additional

step 1 201 studies. The town would have to reverse its step 1 priorities
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and re-apply for assistance under the 201 program to provide interceptors

to the Cedar Lake area. This is also rendered less likely, given the

limited capacity of the treatment plant.

Funding for septic system rehabilitation is authorized under the

Clean Water Act of 1977 which for the first time indicated that individually-

owned and operated systems can be funded under the 201 construction grants

program. A 75 percent federal share and a 15 percent state share may be

available for step 3 construction under this program until October 1, 1984.

After that date, the-federal funding share will be reduced to 55 percent;

the state share after that date has not yet been determined. Rehabilita-

tion or replacement of individually-owned systems can be funded only if

this alternative proves to be the most cost-effective. Similar application

procedures would apply with regard to rehabilitating individual systems, as

for new interceptor sewers. While application can occur at any time, doing

so prior to October 1, 1984 when the lower federal percentages go into

effect would be desirable.

The innovative and alternative funding program also authorized

under the 1977 act also provides a possibility for future 201 funding. Non-

conventional collection systems such as pressure sewers or on-site rehabi-

litation with composting toilets or other innovative technology might be

funded at up to 94 percent federal and state share under this program.

The proposed alternative must meet specific decision methodology for

classification as innovative or alternative, and also meet cost criteria

(not more than 15 percent more expensive than the most feasible conventional

alternative). This program could possibly fund such on-site systems as

mounds or pump-up systems at Cedar Lake,
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9.2 Massachusetts Lateral Sewer Funding Program

The Massachusetts legislature has established the Lateral

Sewer Funding Program, administered by DEQE, which provides 50 percent

state funding for construction of lateral sewers. This program could be

used to fund collector sewers to reach the gravity interceptor sewer lines

on Cedar Street and New Boston Road considered in the Sturbridge 201 plan

(see Section 6.2..1). It could also be applied to smaller-scale projects

serving part of the residential areas around Cedar Lake, such as cluster

systems serving several dwellings. However, in the latter case another

funding source would be required for the actual treatment facility.

9.3 Chapter 628 Clean Lakes Program

The Massachusetts Clean Lakes Program (Chapter 628) can apparently

also provide funding for certain projects related to reducing wastewater

discharges to lakes. While the program has in the past not done so,

apparently there are no fixed requirements of this program that would pre-

vent it partially funding a wastewater treatment plant or sewer system on

a 50 percent state/50 percent local matching basis. However, as currently

interpreted, the program could not match other state funding such as the

laterals program. Also, the program would not fund rehabilitation of

individual wastewater disposal systems because this is considered as bring-

ing economic benefits to a single owner. The program could, however, fund

a cluster system serving several homes (personal communication, Alice Rojko,

DWPC, 1983). Any 628-funded projects would have to be recommended as part
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of a feasibility study, and would subsequently be funded as implementa-

tion projects on a 50 percent state/50 percent local matching basis.

9.4 Massachusetts Water Quality Management Program

This program is involved in inventorying water resources under

the 208 program. .The implementation of our recommended program does not

affect the classification of Cedar Lake under this program.

9.5 Massachusetts Outdoor Recreation Plan

This program functions under the acronym SCORPE and is managed

by the Department of Environmental Management. As a result of discussions

with the DEM, we were informed that this program is currently undergoing

a complete re-evaluation and alteration of function. Therefore, at this

time it is impossible to 'evaluate the relationship between our recommenda-

tions and this program.
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10.0 PUBLIC PARTICIPATION PROGRAM

'During this study, LYCOTT has established contact with the general

public, the Cedar Lake Association, the Sturbridge Conservation Commission,

and the Division of Water Pollution Control through several public meet-

ings. The object of this was to collect all available information on the

lake and to involve the public with this project.

10.1 Initial Public Meeting

On June 7, 1982 at 8:00 p.m. a public meeting was held with the

Sturbridge Conservation Commission. On this date the scope of services

for the project was presented by representatives of LYCOTT and by repre-

sentatives of Anderson-Nichols to the assembled Conservation Commission and

Lake Association members and a representative of DWPC.

Following the presentation, the public was invited to raise any

issues which they considered important to the project. A call for volun-

teers for assistance in collecting storm analysis data was issued. The

question raised most frequently was the problem of the aquatic weeds present

in the lake, other comments included statements of how the general water

quality had been reduced and a discussion of the Massachusetts Turnpike

dredging operation at the north end of the lake. This meeting provided

general information as to how the public perceived theNlake and its problems,

10.2 Lake Association Annual Meeting

On August 20, 1982, LYCOTT presented a general discussion of the

scope of services for the project and a summary of the work completed to date
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kefore the annual meeting of the Lake Association. This meeting provided

an additional opportunity to gain an insight into how the residents per-

ceived their lake.

10. 3 Sturbridge Conservation Commission

On April 19, 1983, a representative of LYCOTT presented a summary

of the findings of the feasibility study to the Conservation Commission.

This was presented after the draft copy of the report was submitted to the

commission in order to provide an opportunity to ask questions about the

findings on an informal basis.

On June 10, 1983, at 7:30 p.m. a public meeting was held in the

Sturbridge Town Hall to present a discussion of the recommendations of the

feasibility report. Over 35 interested people participated in the meeting.

Information discussed included in-lake and watershed restoration and manage-

ment alternatives recommended for the lake. These were presented in a

summary which was distributed at the meeting.

After presentation of the recommendations and their costs,

comments were invited from the public. These comments are presented below:

Mr. Al Jacques wanted to know if there have ever been any
successful lake drawdowns to retard weed growth. Mr. Lyman
answered by saying that LYCOTT indeed had considerable experience
and success in this regard. A good example of this is Shaker
Pines Lake in Enfield, Connecticut, where LYCOTT recommended
drawdown twice a year seven years agoT He also mentioned Lake
Lashaway, where the dam was not designed originally to allow
drawdown, so the town subsequently received federal and state
funds to renovate the dam.

Mr. John^St. Clair wanted to know how long it would take to re-
fill Cedar Lake after a six-foot drawdown. The answer given was
that typically it would take two months or possibly as little as
three weeks, depending on weather conditions.
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It was brought out that the State is ready to fund any of the
recommendations in the report, but a request for assistance must
be filed with the State by July 1, 1983. Then the State will
have a pre-application conference to discuss what the plans are
and what is available for funding. At the present time there
are funds available on a 50/50 basis. This may be increased to
75 State/25 Town.

Mr. Al Hapgood stated that it should be recommended to the Town
Highway Department to conduct more frequent street sweeping and
the use of less salting of the roads, in accordance with the
recommendations made in the report. He also suggested that a
list of do's and dont's for property owners around Cedar Lake
be distributed to every property owner.

A question was asked as to whether or not there are any immediate
plans for weed treatments in the southeast cove of the lake.
The answer was given that property owners still have time to get
together and have LYCOTT apply for permits to do such a treatment
this summer.

Mrs. Verna Ferraro stated that she recently had brought a sand
sample in to LYCOTT to have it analyzed for phosphorus and nitrate
before using it on the lake bottom. It was found to have too
many nutrients in it, and it had been recommended that she obtain
washed sand for the project. Anything containing over .05
phosphorus would be considered too high. Paul Sommer stated that
any increase in phosphorus in the lake would be detrimental.

It was also brought out that the Conservation Commission has
jurisdiction for anything done within 100 feet of the lake shore-
line. Everyone should be made aware of the Conservation Commission
rules and regulations.

It was asked whether anyone knew if the sand that had been used
to construct the public beach had ever been tested for phosphorus
and nitrate content, because the weed problem in that area became
much worse after that sand was put into the lake. No one at the
meeting knew whether the sand had been tested prior to its use.

Mr. John Grodzinski asked if the use of motorboats contributes
significantly to lake pollution in Cedar Lake. Mr. Lyman answered
that this could cause some erosion in shallow parts of the lake.
One of the negative impacts of boats could be fragmentation of
the weeds, which would cause them to propagate more rapidly.
On the whole, however, there are no detrimental effects to Cedar
Lake caused by motorboats.

Mr. Pete Girouard asked if, in the case of drawdown some property
owners lose their water, do they have any recourse legally against
the Conservation Commission or the Lake Association for recommending
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such drawdown. It was stated that anyone can sue anyone else
at any time, but the case would have little validity if it were
pointed out that the drawdown was voted on by a majority of
the members of the Lake Association and the Conservation
Commission. People might be persuaded to have their wells
deepened if they were made aware that funds might be made avail-
able from the State for such deepening of wells.

A question was brought up regarding dredging once the lake has
been drawn down. It was pointed out that it would be very bene-
ficial and less expensive" to dredge at that time. However, it was
pointed out that permission must be received from the Conservation
Commission before any sediment can be removed from the lake. How-
ever, the sediments have been analyzed and they do comply with the
State dredging requirements, so that would not pose a problem.

Another question was asked about septic systems which empty into
the lake and whether anything could be done about such gross
violations of the sanitary code. It was urged that the Board of
Health be contacted in all such instances.

In caSes where a communal septic system might be installed to
service several houses. State funds might become available for
such a project. Roy Crystal mentioned that the Lake Association
might want to look into 201 funding for individual septic systems
which may have to be rebuilt.

In addition to the meetings mentioned above, LYCOTT has collected

information and met with representatives of various State, local, and federal

agencies, including: "Ehe Massachusetts Division of Water Pollution Control,

the Massachusetts Division of Waterways, the Central Massachusetts Regional

Planning Commission, the Massachusetts Turnpike Authority, the State High-

way Department, the Sturbridge Highway Department, the Regional Office of

EPA, and others.
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11.0 ENVIRONMENTAL EVALUATION

11.1 Overall Iiapacts

The overall environmental impacts of the recommended alternatives

for Cedar Lake will be positive. We have attempted to develop a watershed

management program which would reduce nutrient loading to the lake in order

to reduce the rate of eutrophication currently supported by the surrounding

watershed. Also, through the proposed drawdown we are attempting to impact

the retention of nutrient loading by increasing the flushing during a time

of increased water column concentration.

We have recommended a program of weed control which combines

short-term (herbicide treatments or harvesting) with the long-term alterna-

tive of drawdown. These alternatives have diverse impacts which have been

discussed in the text.•

11.2 Responses_ _tp_ j40_CFR Part̂  35 , Subpart 4, Appendix A, Section C

The following are responses to the questions raised in 40 CFR

as published in the Federal Register:

1) During the implementation of the recommended alternatives, there

will be no displacement of any people.

2) During implementation of the recommended in-lake alternatives,

there will be no defacing of property. If septic system manage-

ment alternatives are followed, there may be temporary disruption

to properties as renovation construction progresses.
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3) The watershed surrounding Cedar Lake will experience less dense

development if the increase in zoned lot size is implemented

from one-half acre to greater than one acre.

4) If the proposed alternatives are implemented, there will be no

change in the present agricultural land use.

5) The proposed alternatives will not adversely affect park land or

other public land. During the period of drawdown, the scenic

view of the lake from the surrounding areas will be negatively

impacted.

6} We have consulted the Town of Sturbridge, and no historic sites

will be affected by the proposed plans.

7) No increased energy requirements will evolve from the proposed

alternatives. The continued development in the watershed will

increase the area's energy needs.

8} No long-term air quality impacts will occur from the recommended

alternatives. There will be a short-term decline in air quality

during the period of drawdown when the sediments are exposed.

Also, if harvesting is implemented, the piles of weed material

will affect the air quality.

9) A complete discussion of the potential impacts of herbicides is

given in Section 5. There will be small amounts of 2,4-̂ D measur-

able in the sediments during the months following the application

of the herbicide. However, the quantity is low and will eventually

break down in the natural environment. Toxicological studies

are inconclusive.



10) No construction or reduction of flood plain will occur as a

result of the implementation of the recommended alternatives.

11) The modification of the beach area bottom by dredging will pro-

duce approximately 165 cubic yards of material. Disposal may

occur in one of several ways: - the town may use the material

for composting playing fields, sale of the material to a farmer,

or disposal appropriately at the town landfill.

12} The proposed project will decrease the volume of the lake for a

month-and-a-half period in the fall and a shorter time in the

spring. During these periods, the central basin will retain a

volume sufficient to support the population of fish in the lake.

The temporary habitat changes do not significantly reduce the

availability of aquatic habitats within the Town of Sturbridge.

13) Many alternatives were investigated and ruled as infeasible,

and examples of these are presented in Section 5.3.

14) An attempt has been made to provide the maximum results with a

minimum of negative impacts. It is a program which addresses the

immediate weed problems of the lake while providing a long-term

stabilization of the trophic progress of Cedar Lake.
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APPENDIX A

STORM WATER ANALYSIS

DATA



A-l

LYCOTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIOGE, (VIA. O15SO

B17-7S5-O1O1

Client: MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake Sample A: #1 Sample D: #4
Site #1 B: #2

C: #3

LABORATORY ANALYSIS

Sample A B C

Analysis Number 1026 1027 102S

Sodium 12.5 10. 0 8.5

Nitrate Nitrogen 1.3 1.95 1.5

K.^eldahl Nitrogen 0.21 0.05 0.30

Total Phosphorus .170 .140 .050

Total Suspended Solids / 2

Dissolved Solids 90

Settleable Solids <.l — ' —

Total Solids 70

Turbidity 4.1

D

1029

12.0

1.8

0.05

.020

8

62

< -I

56

4.4

Results are expressed in mg/1.
<Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC.

BY

STATE CERTIFIED LABORATORY

CTI tniPC _ VA/ATPd flWAI Y^iq _ t AKF Awn POND MANAGEMENT
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Client:

UYCOTT EIMVIRONMENTAL.

RESEARCH, INCORPORATED

SOLJTHBRJDGE. MA. O1 55O

6T7-7S5-Q1Cn

MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake
Site #1

Sample

Analysis Number

Sodium

Nitrate Nitrogen

Kjjeldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

Sample E: #5 Sample H: #8
F: #6 I: #11
G: #7

LABORATORY ANALYSIS

E F G H I

1030 1031 1032 1033 1034

18.5 26.5 42.5 14.0 13.0

-80 .40 1.20 .40 .50

<0.05 0.10 0.05 0.20 0.10

.010 .030 .100 .050 .050

<2 12

144 154

Settleable Solids <.l < .1

Total Solids

Turbidity

100 42

5.5 — 5.8

Results are expressed in mg/1,
<Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC.

BY

STATE CERTIFIED LABORATORY

fiTl iniFfi — IA/ATFR flWAi YSIS — LAKE AND POND MANAGEMENT
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Client:

LYCQTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SQUTHBRIDGE. MA. O1S5D

617-765-Q1O1

MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar LaJce
Site #2

Sample

Analysis Number

Sodium

Nitrate Nitrogen

Kj.eldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

Sample A: #1 Sample C: #3
B: #2 D: #4

LABORATORY ANALYSIS

A B C D

1056 1057 1058 1059

46.3 48.0 47.5 48.0

1.5 1.9 1.8 1.4

0.30 0.20 0.20 0.29

.040 .055 .160 .055

2 4

246 — — 270

Settleable Solids . ' <-l <.l

Total Solids

Turbidity

276 272

2-3 2.6

Results are expressed in mg/1
<Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC.

,̂sy- S7SS

STATE CERTIFIED LABORATORY

F NX/IRON MENTAL STUDIES — WATER ANALYSIS — LAKE AND POND MANAGEMENT
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UYCQTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE, JVTA. D155O

617-7S5-O1O1

Client; MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Cedar Lake
Site #2

Sample E: #5
F: #6

Date of Collection: 7/28/82

Sample G: #7
H: £8

LABORATORY ANALYSIS

Sample

Analysis Number

Sodium

Nitrate Nitrogen

Krjeldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

E F G H

1060 1061 1062 1063

52 54 51.0 50

1.2 1.3 1.6 1.1

0.10 0.20 0.20 0.25

.055 -030 .010 .010

2

182

Settleable Solids ' < *1 - - —

Total Solids

Turbidity

186

2.4

Results are expressed in mg/1,
< Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC,

;/BY /7 S ,̂̂

STATE CERTIFIED LABORATORY

CMWIDHMMEMTAI QTl JHlFQ _ waTFCJ AWAJ YSIS — LAKF AND POND MANAGEMENT
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Client:

UYCOTT ENVIRONMENTAU

RESEARCH, INCORPORATED

SOUTHBRIQGE. MA. O155D

617-765-O1O1

MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake
Site #2

Sample I: #9 Sample J: #10 Sample K: #11

LABORATORY ANALYSIS

Sample

Analysis Number

Sodium

Nitrate Nitrogen

K:jeldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

I J K

1064 1065 1066

55.0 55.0 55.0

1.5 1.2 .80

0.20 0.25 0.25

.080 .055 .010

10

— 124

Settleable Solids ' "̂.1

Total Solids

Turbidity

— 162

— __ o oZ . O

Results are expressed in mg/1.
•<. Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC.

BY

STATE CERTIFIED LABORATORY

FNVIRDNMFWTAI STI IDlFQ _ WflTPD flMfll YSIC; _ | flk-p flwn DHMn
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LYCQTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. O155O

617-7B5-O1Q1 ;

Client: MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake Sample A: «i Sample C: ^
SltS *3 .. B: #2 D; #4

LABORATORY ANALYSIS

Sample A B C

Analysis Number 1039 1040 1041

Sodium H.6 12.8 23.6

Nitrate Nitrogen 1.4 3.5 2.3

K-jeldahl Nitrogen 0.24 0.44 0.34

Total Phosphorus .020 .030 .080

D

1042

23.0

2.0

0.44

.020

Total Suspended Solids 24 70

Dissolved Solids 26 88

Settleable Solids . 90 1 50

Total Solids 52 192

Turbidity 7.2 7 . 0

Results are expressed in mg/1.

LYCOTT ENVIRONMENTAL RESEARCH, INC.

'I/'

STATE CERTIFIED LABORATORY

AMP* onhin



A-7

Client:

LYCOTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. O155O

B17-7BS-O1D1

MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Cedar Lake Sample E: #5
P= #6

Date of Collection: 7/28/82

sample G: #7
H: *8

.LABORATORY ANALYSIS

Sample E F G

Analysis Number 1043 1044 1045

Sodium 22.0 20.0 16.8

Nitrate Nitrogen 1-6 2.2 2.1

K-jeldahl Nitrogen 0.70 0.39 0.44

Total Phosphorus .020 .030 .030

H

1046

13-5

2.4

0.44

.010

Total Suspended Solids 30

Dissolved Solids 44

Settleable Solids .4

Total Solids 44

6.8
Turbidity

Results are expressed in mg/1.

LYCOTT ENVIRONMENTAL RESEARCH, INC.

BY

STATE CERTIFIED LABORATORY

ENVIRONMENTAL STUDIES - WATER ANALYSIS - LAKE AND POND MANAGEMENT
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UYCOTT ENVIROnjJVJENTAU

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. O155O

617.765-0101

Client: MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake
Site #3

Sample I: #9 Sample J: #10 Sample K:

LABORATORY ANALYSIS

Sample

Analysis Number

Sodium

Nitrate Nitrogen

K-^eldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

Settleable Solids

Total Solids

Turbidity

I J K

1047 1048 1049

13.5 16.6 19.4

2-4 1.8 1.3

<0.05 <0-05 0.10

-010 .030 .010

4

— - 74

'
74

2,9

Results are expressed in mg/1,
<Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC.

STATE CERTIFIED LABORATORY

n AIUAIVCIC _ I AL-C AMCI ODKin
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Client:

LYCOTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. Q155O

617-765-01Q1

MA Div. of Water Pollution Control
Lyman School
Westview Building
Westborough, MA 01581

Date of Collection: 7/28/82

Cedar Lake Sample A: Beach
B : Sheraton

LABORATORY ANALYSIS

Sample

Analysis Number

Sodium

Nitrate Nitrogen

Krjeldahl Nitrogen

Total Phosphorus

Total Suspended Solids

Dissolved Solids

A B

1035 1036

.05 .16

.55 1.9

•*:0.05 -e 0.05

.040 .010

8 20

26 28

Settleable Solids ' <.l <^.l

Total Solids

Turbidity

34 56

4.2 11.0

Results are expressed in mg/1,
-<Less than

LYCOTT ENVIRONMENTAL RESEARCH, INC,

BY

V
STATE CERTIFIED LABORATORY

FWV/IPDWMFNTAL STUOIFS _ WATFR ANALYSIS — LAKE AND POND MANAGEMENT
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LYCOTT ENVIRONMENTAL

RESEARCH, INCORPORATED

SOUTHBRIDGE. MA. O155O

S17-765-O1O1

Client; Cedar Lake Association
P. O. Box 155
Sturbridge, MA 01566

Date of Collection: 11/4/82

Sample A: #1 Mass. Pike Sample D:
B: "2 Bridge off New Boston Road E:
C: S3 Under Route 20 F:

Storm Drain Runoff
LABORATORY ANALYSIS

Sample A B C D

Analysis Number 2181 2182 2183 2184

Sodium 5.9 20,0 35.0 1.9

Ni t ra te Nitrogen 1.1 .4 .3 1.0

Kjeldahl Nitrogen 44.69 56.17 56.17 21.7

Total Phosphorus .053 .051 .06 . .015

Suspended Solids S < 1 < 1 < 1

Dissolved Solids 175 275 285 143

Settleable Solids .1 .2 <* . 1 < .1

Total Solids 180 276 "286 144

Turbidity 2.0 .95 2.2 5.6

Results expressed in mg/1 , except for Settleable Solids which is

^ Less than

LYCOTT ENVIRONMENTAL

#4 Sheraton
#5 Yankee Spirits
86 Town Beach

E F

2185 2186

0.8 13.7

1.0 < -1

45.3 46.60

.15 -072

10 9

142 223

.1 -6

152 ' 232

12.0 4.0

expressed, in ml/1.

RESEARCH, INC.

STATE CERTIFIED LABORATO

CTi mice . \A/ATCD AMAI vcic — i AI^C Amn ni->Mr> nn



APPENDIX B

ALTERATION IN WATERSHED BOUNDRY, FIELD ANALYSIS

In evaluating the drainage area shown on Figure 2., p. 10

of the "Cedar Pond Diagnostic Study," staff noted several

modifications that should be made to the drainage divide

as shown in Attachment B. Approximately 14 acres of addi-

tional highway (Route 20), open space, and residential area

drain via several storm"sewers into the southeast corner

of the pond. At two other sites, however, Figure 2 should

be adjusted to reflect less drainage area. Runoff from

approximately 8 ac^res of school land use (Burgess School)

and 2 acres of shopping center area drain below the Cedar

Pond dam.
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APPENDIX C

VIRGINIA STATE MINIMUM CRITERIA, STANDARDS

AND SPECIFICATIONS FOR LAND DISTURBING ACTIVITIES

- VIRGINIA EROSION AND SEDIMENT CONTROL HANDBOOK -



1980

GENERAL CRITERIA FOR CONTROLLING
EROSION AND SEDIMENT FROM
LAND DISTURBING ACTIVITIES "'"'

Application of General Criteria

The General Criteria are minimum State requirements for controlling ero-
sion and sedimentation from "land disturbing activities". These General
Criteria do not replace the requirement for individually developed erosion
and sediment control plans; however, they do establish minimum standards
of soil conservation practice which apply to all land disturbing projects.

Applicable General Criteria should be satisfied in each approved erosion
and sediment control plan; however, if a plan is found to be inadequate
(with respect to the General Criteria) in the field, they apply in addi-
tion to the provisions of the approved plan, unless a variance has been
granted. Local inspectors and persons responsible for carrying out approved
plans must therefore be aware of the General Criteria as well as the
provisions of the approved plans themselves.

Nothing in the General Criteria shall limit the right of the Plan Approv-
ing Authority to impose additional or mpre stringent standards for con-
trolling erosion and sedimentation during the plan approval process.

Variances

The Plan Approving Authority may waive or modify any of the General Cri-
teria which are deemed inappropriate or too restrictive for site condi-
tions, by granting a variance. Variances may be granted under the follow-
ing conditions:

1. At the time of plan submission, an applicant may request variances
to become part of the approved erosion and sediment control plan.
The applicant must explain the reasons for requesting variances
in writing. Specific variances which are allowed by the Plan
Approving Authority must be documented on the approved plan.

2. During construction, the person responsible for implementing
the approved plan may request variances in writing to the Plan
Approving Authority. The Plan Approving Authority must respond
in writing approving or disapproving such request. Without a
written approval, no variances shall be considered valid. The
Plan Approving Authority should respond to variance requests
within 10 days.

The variance procedure is an important element of the plan review and
enforcement programs. It is intended to maintain a necessary flexible
working relationship between local officials and applicants. Plan Approv-
ing Authorities should consider variance requests judiciously, keeping
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in mind both the need of the applicant to maximize cost-effectiveness
and the need to protect off-site properties and resources from damage.

Conservation Practices . - .

The General Criteria relate to the application of erosion and sediment
control practices specified in this chapter; however, other innovative
practices or modifications to State-specified practices may be used if
approved by the Plan Approving Authority prior to installation. Such
practices must be thoroughly described and detailed to the satisfactio/i
of the Plan Approving Authority.

GENERAL CRITERIA

GC-1 STABILIZATION OF DENUDED AREAS AND SOIL STOCKPILES

A. Permanent or temporary soil stabilization must be applied to denuded
areas within 15 days after final grade is reached on any portion
of the site. Soil stabilization must also be applied within 15 days
to denuded areas which may not be at final grade but will remain
dormant (undisturbed) for longer than 60 days.

Soil stabilization refers to measures which protect- soil from the
erosive forces of raindrop impact and flowing water. Applicable
practices include vegetative establishment, mulching, and the early
application of gravel base on areas to be paved. Soil stabilization
measures should be selected to be appropriate for the time of year,
site conditions and estimated duration of use.

B, Soil stockpiles must be stabilized or protected with sediment trap-
ping measures to prevent soil loss.

GC-2 ESTABLISHMENT OF PERMANENT VEGETATION

A permanent vegetative cover shall be established on denuded areas not
otherwise permanently stabilized. Permanent vegetation shall not be
considered established until a ground cover is achieved which, in the
opinion of the Local Program Administrator or his designated agent, is
mature enough to control soil erosion satisfactorily and to survive severe
weather conditions. . - •

GC-3 PROTECTION OF ADJACENT PROPERTIES

Properties adjacent to the site of a land disturbance shall be protected
from sediment deposition. This may be accomplished by preserving a well-
vegetated buffer strip around the lower perimeter of the land disturbance,
by installing perimeter controls such as sediment barriers, filters or
dikes, or sediment basins, or by a combination of such measures.

Vegetated buffer strips may be used alone only where runoff in sheet
flow is expected. Buffer strips should be at least 20 feet in width.
If at any time it is found that a vegetated buffer strip alone is ineffec-

02



1980

tive in stopping sediment movement onto adjacent property, additional
perimeter controls must be provided. .

GC-4 TIMING AND STABILIZATION OF SEDIMENT TRAPPING MEASURES

Sediment basins and traps, perimeter dikes, sediment barriers and other
measures intended to trap sediment on-site must be constructed as a first
step in grading and be made functional before upslope land disturbance
takes place. Earthen structures such as dams, dikes, and diversions
must be seeded and mulched within 15 days of installation.

GC-5 SEDIMENT BASINS

Stormwater runoff from drainage areas with five acres or greater disturbed
area must pass through a SEDIMENT BASIN (Std. & Spec. 1.26) or other
suitable sediment trapping facility with equivalent or greater storage
capacity. The Plan Approving Authority may require sediment basins or
traps for smaller disturbed areas where deemed necessary. The sediment
basin requirement may also be waived, by variance, if the Plan Approving
Authority agrees that site conditions do not warrant its construction.

GC-6 CUT AND FILL SLOPES :

Cut and fill slopes must be designed and constructed in a manner which
will minimize erosion. Consideration must be given to the length and
steepness of the slope, the soil type, upslope drainage area, groundwater
conditions and other applicable factors. Slopes which are found to be
eroding excessively within one year of construction must be provided
with additional slope stabilizing measures until the problem is corrected.
The following guidelines are provided to aid. site planners and plan re-
viewers in developing an adequate design.

A. Roughened soil surfaces are generally preferred to smooth surfaces
on slopes. (See SURFACE ROUGHENING, Std. & Spec. 1.60)

8. DIVERSIONS (Std. & Spec. 1.18) should be constructed at the top of
• long steep slopes which have significant drainage areas above the
slope. Diversions or terraces may also be used to reduce slope length,

C. Concentrated Stormwater should not be allowed to flow down cut or
fill slopes unless contained within an adequate temporary or perma-
nent channel, flume or slope drain structure (see Std. & Spec. 1.30,
1.31 and 1.35).

D. Wherever a slope face crosses a water seepage plane which endangers
the stability of the slope, adequate drainage or other protection
should be provided. (See Std. & Spec. 1.37 and 1.50).

GC-7 STQRMHATER MANAGEMENT CRITERIA FOR CONTROLLING OFF-SITE EROSION

Properties and waterways downstream from development sites shall be pro-
tected from erosion due to increases in the volume, velocity and peak
flow rate of Stormwater runoff.
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To satisfy this requirement, each locality or conservation district which
has adopted an approved local erosion and sediment control ordinance
or program may establish its own local stormwater management criteria.
However, such criteria must first be approved by the Virginia Soil and
Water Conservation Commission to assure that they adequately address
the problem of off-site erosion. In the absence of local stormwater
management criteria which have been approved by the Commission, the fol-
lowing criteria shall apply:

A. Concentrated stormwater runoff leaving a development site must be
discharged directly into a well-defined, natural or man-made off-
site receiving channel or pipe. If there is no well-defined off-
site receiving channel or pipe, one must be constructed to convey
stormwater to the nearest adequate channel. Newly constructed channels
shall be designed as adequate cahnnels.

An adequate channel shall be defined as a natural or man-made channel
or pipe which is capable of conveying the runoff from a 2-year storm
without overtopping its banks or eroding after development of the
site in question. A receiving channel may also be considered adequate
at any point where the total contributing drainage area is at l e a s t "
100 times greater than the drainage area of the development site
in question; or, if it can be shown that the peak rate of runoff
from the site for a 2-year storm will not be increased after develop-
ment.

Runoff rate and channel adequacy must be verified with engineering
calculations in accordance with the procedures outlined in Chapter
5 of the 1980 Virginia Erosion and Sediment Control Handbook or other
methods acceptable to the Plan Approving Authority.

B. If an existing off-site receiving channel is not an adequate channel,
the applicant must choose one of the following options:

1. Obtain permission from downstream property owners to improve
the receiving channel to an adequate condition. Such improvements
shall extend downstream until an adequate channel section is .
reached. (See Chapter 5 of the 1980 Virginia Erosion and Sediment
Control Handbook)

or
2. Develop a site design that will not cause the "pre-development

peak runoff rate from a 2-year storm to increase. Such a design
may be accomplished by enhancing the infiltration capability
of the site or by providing on-site stormwater detention measures.
The pre-development and post-development peak runoff rates must
be verified by engineering calculations. (See Chapter 5 of the
1980 Virginia Erosion and Sediment Control Handbook)

or
3. Provide a combination of channel improvement, storrawater detention,

or other measures which is satisfactory to the Plan Approving
Authority to prevent downstream channel erosion.
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C. All channel improvements or modifications must comply with all appli-
cable laws and regulations. Modifications to flowing streams should
be made in accordance with Best Management Practices for Hydroloqic
Modifications (80).-

D. If the applicant chooses an option which includes stormwater detention,
he must provide the locality with a plan for maintenance of the deten-
tion facilities. The plan shall set forth the maintenance requirements
of the facility and the party responsible for performing the mainte-
nance. The responsible party may be an individual, organization
or the local government—whichever has consented to carry out the
maintenance. If the designated maintenance responsibility is with
an individual or organization other than a local government, a mainte-
nance agreement should be executed between the responsible party
and the local government.

E. Increased volumes of unconcentrated sheet flows which will cause
erosion or sedimentation on adjacent property must be diverted to
a stable outlet or detention facility.

F. In applying these stormwater management criteria, individual lots
in subdivision developments shall not be considered separate develop-
ment projects, but rather the subdivision development, as a whole,
shall be considered a single development project.

GC-8 STABILIZATION OF WATERWAYS AND OUTLETS

All on-site stormwater conveyance channels sha.ll be designed and con-
structed to withstand the expected, velocity of flow from a 2-year fre-
quency storm without erosion (see Std. & Spec.. 1.35). Stabilization
adequate to prevent erosion must also be provided at the outlets of all
pipes and paved channels (see Std. & Spec. 1.36).

GC-9 STORM SEWER INLET PROTECTION

All storm sewer inlets which are made operable, during construction shall
be protected so that sediment-laden water will not.enter the conveyance
system without first being filtered or otherwise treated to remove sedi-
ment (see Std. & Spec. 1.08). .

GC-10 WORKING IN OR CROSSING WATERCOURSES •

A. Construction vehicles should be kept out of watercourses to the extent
possible. Where in-channel work is necessary, precautions must be
taken to stabilize the work area during construction to minimize
erosion. The channel (including bed and banks) must always be resta-
b-ftized immediately after in-channel work is completed (see Std.
Sr.Spec. 1.45 and 1.46).

B. Where a live (wet) watercourse must be crossed by construction vehicles
regularly during construction, a TEMPORARY STREAM CROSSING must be
provided (see Std. & Spec. 1.47).
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GC-11 UNDERGROUND UTILITY CONSTRUCTION

The construction of non-exempt* underground utility lines shall be subject
to the following criteria:

A. No more than 500 feet of trench are to be opened at one time.

B. Where consistent with safety and space considerations, excavated
material is to be placed on the uphill side of trenches.

C. Trench dewatering devices shall discharge in a manner which will
not adversely affect .flowing streams, drainage systems or off̂
site property. ,;

GC-12 CONSTRUCTION ACCESS ROUTES "

Wherever construction vehicle access routes intersect paved public roads,
provisions must be made to minimize the transport of sediment (mud) by
runoff or vehicle tracking onto the paved surface (see Std. & Spec. 1.01
and 1.02). Where sediment is transported onto a public road surface,
the roads shall be cleaned thoroughly at the end of each day. Sediment
shall be removed from roads by shoveling or sweep'ing and be transported
to a sediment controlled disposal area. Street washing shall be allowed
only after sediment is removed in this manner.

GC-13 DISPOSITION OF TEMPORARY MEASURES

All temporary erosion and sediment control measures shall be disposed
of within 30 days after final site stabilization is achieved or after
the temporary measures are no longer needed, unless otherwise authorized
by the local program administrator. Trapped sediment and other disturbed
soil.areas resulting from the disposition of temporary measures shall
be permanently stabilized to prevent further erosion and sedimentation.

GC-14 MAINTENANCE . '

All temporary and permanent erosion and sediment control practices must
be maintained and repaired as needed to assure continued performance
of their intended function.

* Non-exempt utility construction includes the installation, maintenance
or repair of all utilities which disturb more than 10,000 square feet
except:

1. Individual service connections.

2. Telephone and electric lines.

3. Underground public utility lines under existing hard sur-
faced roads, streets, or sidewalks, provided such land
disturbing activity is confined to the area which is hard
surfaced.
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STATEWIDE STORMWATER MANAGEMENT CRITERIA

General Criteria GC-7 (chapter 3) requires that properties and waterways
downstream from new development sites shall be protected from erosion
due to increases in the volume, velocity and peak flow rate of stormwater
runoff. To satisfy this requirement, each locality or conservation dis-
trict which has adopted an approved local erosion and sediment control
ordinance or program may establish its own local stormwater management
criteria. However, such criteria must first be approved by the Virginia
Soil and Water Conservation Commission to assure that they adequately
address the problem of off-site erosion. In the absence of local storm-
water management criteria which have been approved by the Commission,
the following criteria shall apply:

A. Concentrated stormwater runoff leaving a development site must be
discharged directly into a well-defined, natural or man-made off-
site receiving channel or pipe. If there is no well-defined off-
site receiving channel or pipe, one must be constructed to convey
stormwater to the nearest adequate channel. Newly constructed channels
shall be designed as adequate channels"

An adequate channel shall be defined as a natural or man-made channel
or pipe which is capable of conveying the runoff from a 2-year storm
without overtopping its banks or eroding after development of the
site in question. A receiving channel may also be considered adequate
at any point where the total contributing drainage area is at least
100 times greater than the drainage area of the development site
in question; or, if it can be shown that the peak rate of runoff
from the site during a 2-year storm will not be increased after de-
velopment.

Runoff rate and channel adequacy must be verified with engineering
calculations in accordance with the procedures outlined in Chapter
5 of the 1980 Virginia Erosion and Sediment Control Handbook or other
methods acceptable to the Plan Approving Authority.

B. If an existing off-site receiving channel is not an adequate channel,
the applicant must choose one of the following options:

1. Obtain permission from downstream property owners to improve
the receiving channel to an adequate condition. Such improve-
ments shall extend downstream until an adequate channel sec-
tion is reached. (See Chapter 5 of the 1980 Virginia Erosion
and Sediment Control Handbook)

or

2. Develop a site design that will not cause the pre-development
peak runoff rate from a 2-year storm to increase. Such a
design may be accomplished by enhancing the infiltration
capability of the site or by providing on-site stormwater
detention measures. The pre-development and post-development
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peak runoff rates must be verified by engineering calculations.
(See Chapter 5 of the 1980 Virginia Erosion and Sediment /-.
Control Handbook) (.

or

3. Provide a combination of channel improvement, stormwater
detention, or other measures which are satisfactory to the
Plan Approving Authority to prevent downstream channel erosion.

C. All channel improvements or modifications must comply with all appli-
cable laws and regulations. Modifications to flowing streams should
be- done in accordance with Best Management Practices for Hydroloqic
Modifications. (80)

D. If the applicant chooses an option which includes stormwater detention,
he must provide the locality with a plan for maintenance of the deten-
tion facilities. The plan shall set forth the maintenance require-
ments of the facility and the party responsible for performing the
maintenance. The responsible party may be an individual, organization
or the local government—whichever has consented to carry out the
maintenance. If the designated maintenance responsibility is with
an individual or organization other than a local government, a mainte-
nance agreement should be executed between the responsible party
and the local government.

E. Increased volumes of unconcentrated sheet flows which will cause
erosion or sedimentation of adjacent property must be diverted to <
a stable outlet or detention facility.

F. In applying these stormwater management criteria, individual lots
in subdivision developments shall not be considered separate develop-
ment projects, but rather the subdivision development, as a whole,
shall be considered a single development project.

APPLYING THE CRITERIA

The following commentary is intended to aid handbook users in understand-
ing and applying the minimum State Stormwater Management Criteria in
localities which have not established their own stormwater management
criteria in accordance with General Criteria GC-7.

The basic concept of the State criteria is simple. An applicant must
show that the runoff from his development project, during a 2-year fre-
quency storm, will not damage adjacent properties, or exceed the capacity
of or cause erosion of receiving streams. This must be proven by engi-
neering calculations in the erosion and sediment control plan. The fol-
lowing items should be considered when determining compliance:
1. The stormwater management criteria apply to all land development

projects which require an erosion and sediment control plan under
State Law. With regard to residential subdivision projects, the
criteria should be applied to the entire subdivision development, v
not to the individual lots.
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2. The stormwater management criteria apply primarily at points of con-
centrated discharge at .the perimeter of the development site. However,
the project must also be designed so that increased sheet runoff
(i.e., runoff from newly paved areas) will not cause damage to adja-
cent properties. Such increased sheet flows should be diverted to
an outlet where the stormwater management criteria can be applied.

3. The applicant must show that wherever concentrated stormwater will
be discharged from the site (i.e., pipe or channel outlets) there
is a definite off-site channel or pipe to receive the flow and carry
it into the natural drainage system.

4. Each receiving channel must be tested for adequacy. A channel may
be considered adequate if any of the following three conditions can
be met:

a. The bank-full capacity of the receiving channel is sufficient
to pass the peak flow from a 2-year frequency storm after development;
and, the velocity of flow in the channel, during a 2-year storm,
will not exceed the permissible (non-erodible) velocity of the
channel lining. (Engineering procedures for determining channel
adequacy are contained in Chapter 5).

b. The drainage area of the development site is less than 1% of the
total drainage area of the channel at the point of consideration.

c. There will be no increase in the peak runoff rate for a 2-year
frequency storm at the point of discharge after development.

5. If the receiving channel is found to be inadequate, the applicant
must incorporate measures to either improve the receiving channel
to an adequate condition, or detain runoff on his site so that the
post-development peak runoff rate for a 2-year storm will not exceed
the pre-development peak rate. The Plan Approving Authority may
also approve a combination of channel improvements and detention
or other measures deemed satisfactory to protect the channel.

6. If a channel improvement option is chosen, the applicant must obtain
necessary easements and comply with applicable regulations regarding.
channel modifications. See the State Best Management Practices Hand-
book for Hydrologic Modifications. (80) Channel improvements must
extend downstream until an adequate channel section is reached or
until a point is reached where the total drainage area is at least
100 times greater than the drainage area of the development site.

7. If a stormwater detention option is chosen, the applicant must submit
a plan for the continued maintenance of the detention structure.
The plan must describe the maintenance requirements of the structure
and designate someone who has consented to be responsible to carry
out the maintenance. The local government may choose to accept the
maintenance responsibility for detention structures if it has the
resources to do so. However, where this is not done, the responsibi-
lity must be borne by the landowner, a homeowner's association, or
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other legal entity. In this case, a maintenance agreement should
be executed between the responsible entity and the local government.

DEVELOPING A LOCAL STQRMWATER MANAGEMENT PROGRAM/CRITERIA

General Criteria GC-7 also allows localities to adopt their own storm-
water management criteria instead of implementing the minimum State cri-
teria. This provision is intended to allow for innovative approaches
to local stormwater management problems beyond erosion and sediment con-
trol. The only stipulation is that local stormwater management criteria
must adequately address the problem of off-site erosion and sedimentation.
The local criteria must therefore be approved by the Virginia Soil and
Water Conservation Commission to assure that this stipulation is satis-
fied. Following is a discussion of some factors which should be taken
into account when developing a local stormwater management criteria or
program.

A local stormwater management program should be based upon local condi-
tions, needs and priorities. Ideally, such a program should be based
upon a comprehensive watershed management or master drainage plan. These
plans are normally developed from engineering studies of watersheds with
known or potential stormwater management problems. Engineering studies
can help determine the causes of existing problems and predict future
ones. Computer models are often used in such studies to simulate short-
term watershed response to specific rainfall events or long-range rain-
fall and runoff patterns. Such models, if properly calibrated, allow
decision makers to evaluate the potential effects of alternative manage-
ment strategies so that the most cost-effective solutions can be deter-
mined.

While the cost of modeling watersheds and developing master drainage
plans- can be significant, this cost can often be justified because of
the improved planning effectiveness which is provided and the potential
for reducing future land development and problem abatement costs in the
long run. Local stormwater management criteria which are developed.as
part of a master drainage plan will generally be approved by the Commis-
sion as long as the problem of off-site erosion is adequately addressed
in the plan.

Realistically, comprehensive watershed management planning cannot be
expected in all urbanizing watersheds. Local governments may have dif-
ficulty placing a high priority on funding of such projects, particularly
for watersheds which do not have readily apparent stormwater problems.
However, without some sort of planning and controls on stormwater from
new development, future problems can almost be assured in an urbanizing
watershed.

In lieu of comprehensive-stormwater management planning, a locality should
set specific desired goals based upon local problems and priorities,
and attempt to develop stormwater management strategies and criteria
which will achieve those goals.
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CEDAR LAKE FEASIBILITY STUDY

APPENDIX D

LAND DISTURBANCE ORDINANCE TO CONTROL SOIL EROSION,
SEDIMENTATION, AND RUNOFF IN THE TOWN OF STURBRIDGE

An ordinance to establish regulations for controlling soil erosion and
sedimentation within the Town of Sturbridge.

TITLE AND PURPOSE

This ordinance shall be known as the "Sturbridge Municipal Soil Erosion,
Sediment, and Runoff Control Ordinance."

The purpose of this ordinance is to control soil erosion and sediment
damages and related environmental damage by requiring adequate provisions
for surface water retention and drainage and for the protection of exposed
soil surfaces in order to promote the safety, public health, convenience,
and general welfare of the community.

DEFINITIONS

For the purpose of this ordinance certain rules of word usage apply to the
text as follows:

(1) Words used in the present tense include the future tense-, and the singular
includes the plural, unless the context clearly indicates the contrary.

(2) The term "shall" is always mandatory and not discretionary: the word
"may" is permissive.

(.3) The word or term not interpreted or defined by this article shall be
used with a meaning of common or standard utilization.

applicant. A person, partnership, corporation, or public agency requesting
permission to engage in land disturbance activity.

critical area.. A sediment-producing, highly erodible or severely eroded
area.

excavation or .cut. Any act by which soil or rock is cut into, dug,
quarried, uncovered, removed, displaced, or relocated.

erosion. Detachment and movement of soil or rock fragments by water,
wind, ice, and gravity.

erosion and sediment control plan. A plan which fully indicates necessary
land treatment measures-, including a schedule of the timing for their
installation, which will effectively minimize soil erosion and sedimenta-
tion . Such measures shall be in accordance with standards as adopted by
the Sturbridge Conservation Commission.
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APPENDIX D
(continued)

farm conservation plan. A plan which provides for use of land, within its
capabilities and treatment, within practical limits, according to chosen
use to prevent further deterioration of soil and water resources.

land. Any ground, soil, or earth, including marshes, swamps, drainageways,
and areas not permanently covered by water within the municipality.

land disturbancê . Any activity involving the clearing, grading, transport-
ing, filling, and any other activity which causes land to be exposed to
the danger of erosion.

permit. A certificate issued to perform work under this ordinance.

mulching. The application of plant residue or other suitable materials to
the land surface to conserve moisture, hold soil in place, and aid in
establishing plant cover.

sediment. Solid material, both mineral and organic, that is in suspension,
is being transported, or has been moved from its site of origin by air,
water, or gravity as a product of erosion.

sediment basin. A barrier or dam built at suitable locations to retain
rock, sand, gravel, silt, or other material.

soil. All unconsolidated mineral and organic material of any origin.

site. Any plot, parcel, or parcels of land.

stripping. Any activity which significantly disturbs vegetated or other-
wise stabilized soil surfa-e, including clearing and grubbing operations.

PROCEDURE

Regulation

No land area shall be disturbed by any person, partnership, corporation,
municipal corporation, or other public agency within this municipality;
unless the applicant has submitted to the Sturbridge Conservation Commission
a plan to provide for soil erosion and sediment control for such land areas
in accordance with the Guidelines for Soil and Water Conservation in Urbani-
zing Areas of Massachusetts of the U.S. Soil Conservation Service, and such
plan has been approved; and a valid land disturbance permit has been issued
by the Sturbridge Conservation Commission except as exempted (below).

Data Required

The applicant must submit a separate soil erosion and sediment control plan
for each noncontiguous site. The applicant may consult with the Sturbridge
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(continued)

Highway Department or Town Engineer in the selection of appropriate erosion
and sediment control measures and the development of the plan. Such plan
shall contain:

(1) Location and description of existing natural and man-made features on
and surrounding the site, including general topography and soil characteris-
tics and a copy of the soil conservation district soil survey (where availa-
ble) .

(2) Location and description of proposed changes to the site.
{3} Measures for soil erosion and sediment control which must meet or ex-

ceed Guidelines for Soil and Water Conservation in Urbanizing Areas of
Massachusetts, adopted by the U.S. Soil Conservation Service. Guidelines
shall be on file at the offices of the Sturbridge Highway Department and
the Sturbridge Conservation Commission.

(4) A schedule of the sequence of installation of planned erosion and
sediment control measures as related to the progress of the project/ inclu-
ding anticipated starting and completion dates.

(5) All proposed revisions of data required shall be submitted for approval.

Review and Approval

Soil erosion and sediment control plans shall be reviewed by the Sturbridge
Conservation Commission and approved when in conformance with the Guidelines.
The Commission may seek the assistance of the Sturbridge Highway Department
or Town Engineer in the review of such plans and may deem as approved those
plans which have been reviewed and determined adequate, by the said department.

PRINCIPLES AND REQUIREMENTS

General Design Principles

Control measures shall apply to all aspects of the proposed land disturbance
and shall be in operation during all stages of the disturbance activity. The
following principles shall apply to the soil erosion and sediment control plan.

(1) Stripping of vegetation, grading, or other soil disturbance shall be done
in a manner which will minimize soil erosion.

(2) Whenever feasible, natural vegetation shall be retained and protected.
(3) The extent of the disturbed area and the duration of its exposure shall

be kept within practical limits.
(4) Either temporary seeding, mulching, or other suitable stabilization

measure shall be used to protect exposed critical areas during construction
or other land disturbance.

(5) Drainage provisions shall accommodate increased runoff resulting from
modified soil and surface conditions, during and after development or distur-
bance. Such provisions shall be in addition to all existing requirements.

(6) Water runoff shall be minimized and retained on site whenever possible
to facilitate ground water recharge.

(7) Sediment shall be retained on site.

D-3



APPENDIX D
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(8) Diversions, sediment basins, and similar required structures shall
be installed prior to any on-site grading or disturbance.

Maintenance

All necessary soil erosion and sediment control measures installed under
this ordinance shall be adequately maintained for one year after completion
of the approved plan or until such measures are permanently stabilized as
determined by the Commission. The Commission shall give the applicant upon
request a certificate indicating the date on which the measures called for
in the approved plans were completed.

EXEMPTIONS

The following activities are specifically exempt from this ordinance:
(1) Land disturbance associated with existing one- and two-family

dwellings.
(2) Use of land for gardening primarily for home consumption.
(3) Agricultural use of lands when operated in accordance with a farm

conservation plan approved by the local soil conservation district or when
it is determined by the Sturbridge Highway Department or Town Engineer
that such use will not cause excessive erosion and sedimentation.

INSPECTION AND ENFORCEMENT

The requirements of this ordinance shall be enforced by the Conservation
Commission, who shall also inspect or require adequate inspection of the
work. If the Conservation Commission finds existing conditions not as
stated in the applicant's erosion and sediment control plan, it may refuse
to approve further work and may require necessary erosion and sediment con-
trol measures to be promptly installed and may seek other penalties as pro-
vided (above)-

APPEALS

Appeals from decisions under this ordinance may be made to the Conservation
Commission in writing within 10 days from the date of such decision. The
appellant shall be entitled to a hearing before the Conservation Commission
within 30 days from date of appeal.

VALIDITY AND SEVERABILITY

If any part of this ordinance is found not valid, the remainder of this or-
dinance shall remain in effect
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identification, eel] density counts
(number of cells per railHJiter) and
converted to cell volume based on
facXors derived from direct
measurements; and reported in terms 6f
biomass of each major genera identified.
Seccfii disk depth and suspended sol/ds
must be measured at each sampling j
perioci The surface area of the lake/
covereo by roacrophytes between y and
the 10 meter depth contour or twicje the
Secchi aisk transparency depth,
whichever is less, must be reported. The
monitoring program for each clean lakes
project must include all the required
information mentioned above,
addition taany specific measurements
that are fouiid to be necessary/to assess
certain aspacts of the project/Based on
the information supplied by tie Phase 2
project applicant and the technical
evaluation ofube proposal, a detailed
monitoring program for Phase 2 will be
established foaeach approved project
and will be a condition of Jibe
cooperative agreement. PjSase 2 projects
will be monitorew for at least one year
afier construction or pollution control _
practices are corApleted/to evaluate
project effectiveness.

(4) A proposed mile;
schedule for com
a proposed budget
schedule that is rela\

(5) A detailed desi
Federal funds will b/e\
proposed project

(6) A description?of tiie relationship of
the proposed project toXpollution control
programs such aafthe section 201
construction grants program, the section
208 areawide wastewater management
program, the Ddpartmentwf Agriculture
Soil Conservation ServiceVand
Agriculture Stabilization aVid
Conservationpervice programs, the
Department of Housing and\Urban
Development block grant program, the
Department/of Interior Heritlge
ConservatJen and RecreatiomService
programs arid any other localAState,
regional and Federal programathat may
be relateg to the proposed project.
Copies of any pertinent correspondence,
contracts, grant applications an*
permitsrassocialed with these prbgrams
shouldpe provided to the EPA pnpject
officer

{7} A summary of public participation
in developing and assessing the
proposed project which is in complance
with/part 25 of this chapter. The
sunpnary shall describe the matters
brqfaghl before the public, the measi
talfen by the reporting agency to mee(
responsibilities under Part 25 and

Hated provisions elsewhere in this
lapter, the public response, and the
jency's response to significant

tone work
the project with

a payment
>d to the milestone,
ription of how non-
>btained for the

comments. Part 25.8 responsiveness
summaries may be used to meet
appropriate portions of these -,.
requirements to avoid duplication.

(Si A description of the operation/and
maintenance plan that the State Wll
follow including the time frame over
which ihis plan will be operated/to
ensure ojat the pollution controls
'implemented during the projem are
continueovifter the project is/;ompleted.

(9) CopieB of all permits o/pending
permit applrcations (includ/ng trie status
of such applications) necessary to
satisfy the requirements/f section 404
of the Act. If tree approved project
includes dredging actiyities or other
activities requiriM pe/mits, the State
must obtain from ihaTJ.S. Army Corps oi
Engineers or otherVgencies the permits
required for the diroharge of dredged or
fill material unde/seVtion 404 of the Act
or other Federal^tatk or local
requirements. Syfiould additional
information berrequiredyo obtain these
permits, the Snate shall pVovide it.
Copies of se/tion 404 permit
application/and any associated
correspondence must be prfy-ide to the
EPA project officer at the tin\e they are
submittaa to the U.S. Army Qsrps of
Engineers. After reviewing theW)4
permi/application, the project officer
may provide recommendations fsjr
appropriate controls and treatment of
sunfernatant derived from dredged*

[ferial disposal sites to ensure th
Maximum effectiveness of lake

Restoration procedures.
'' (c) Slates shall complete and submit
an environmental evaluation which
considers the questions listed below. In
many cases the questions cannot be
satisfactorily answered with a mere
"Yes" or "No". States are encouraged to
address other considerations which they
believe apply to their project.

(1) Will the proposed project displace
any people?

(2j Will the proposed project deface,
existing residences or residential areas?
What mitigative actions such as
landscaping, screening, or buffer zones
have been considered? Are they
included?

(3) Will the proposed project be likely
to lead to a change in established land
use patterns, such as increased
development pressure near the lake? To
what extent and how will this change be
controlled through land use planning,
zoning, or through other methods?

(4) Will the proposed project adversly
affect a significant amount of prime
agricultural land or agricultural
operations on such land?

(5) Will the proposed project result in
a significant adverse effect on parkland,

other public land, or lands of recognized
scenic value?

(6] Has the Stale Historical Society or
State Historical Preservation Officer
been contacted? Has he responded, and
if so, what was the nature of that
response? Will the proposed project
result in a significant adversely effect on
lands or structures of historic.
architectural, archaeological or cultural
value?

(7) Will the proposed project lead to a
significant long-range increase in energy
demands?

(8) Will the proposed project result in
significant and long range adverse
changes in ambient air quality or noise-
levels? Short term?

(9) If the proposed project involves the
use of in-lake chemical treatment, what
long and short term adverse effects can
be expected from that treatment? How
will the project recipient mitigate these
effects?

[10} Does the proposal contain all the
information that EPA requires in order
to determine whether the project
complies with Executive Order 11988 on
fioodplains? Is the proposed project
located in a floodplain? If so, will the
project involve construction of
structures in the floodplain? What steps
will be taken to reduce the possible
effects of flood damage to the project?

(11) If the project involves physically
modifying the lake shore or its bed or its
watershed, by dredging, for example,
what steps will be taken to minimize
any immediate and long term adverse
effects of such activities? When
dredging is employed, where will the
dredged material be deposited, what can
be expected and what measures will the
recipient employ to minimize any
significant adverse impacts from its
deposition?

(12) Does the project proposal contain
all information that EPA requires in
order to determine whether the project
complies with Executive Order 11990 on
wetlands? Will the proposed project
have a significant adverse effect on fish
and wildlife, or on wetlands or any
other wildife habitat, especially those of
endangered species? How significant is
this impact in relation to the local or-
regional critical habitat needs? Have
'actions to mitigate habitat^iestnjction
been incorporated into the project? Has
the recipient properly consulted with
appropriate State and Federal fish, game
and wildlife agencies and with the U.S. •
Fish and Wildlife Service? What were
their replies?

(13) Describe any feasible alternatives,
to the proposed project in terms of
environmental impacts, commitment of
resources, public interest and costs and
why they were not proposed.
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(14) Describe other measures not
discussed previously that are necessary
to mitigate adverse enivironmental
impacts resulting from the
implementation of the proposed project
(FR Poc. 80-35M Fiied 2-t-Btt 8:4S am]

COM eSW-01-W

ip CFR Parts 51,52

[PpL-1404-8]

Prevention of Significant
Dsrerioration; Partial Stay of
Regulations

AGENCY: Environmental Protectici
Agendy [EPA).

Partial stay of regulation^

SUMMArty: By the administrative/order
which appears below, EPA stays its
existing regulations for the prevention of
signiricaniair quality deterioration, 40
CFR 51.24 knd 52.21 (1978), arfto any
source or rripdification whicn either (1)
would not ok major under tire
amendmentsyo those regulations
proposed at « FR 51924 (September 5,
1979] or (2) would be located in an area
designated unoer Section/107 of the
Clean Air Act as nonattrfnment for each
pollutant for which the source or
modification would be fnajor under the
proposed amendments
EFFECTIVE DATE: Tie jfffective date of
the stay is the dateWsignature of thia
notice. (January 30, »80J
FOR FURTHER INFORMATION CONTACT!
James Weigold, Standards
Implementation Branca (MD-15), Office
of Air Quality P!aAning\and Standards,
Research Triang|/fe Park\N.C. 27711. 919/
541-5292.
SUPPLEMENTAR/ INFORMATION: In ]une

1979, the United Slates CoVrt of Appeals
for the Distric/of Columbia Circuit in a
preliminary opinion held invalid certain
key provisions of the regulasonfl for the
prevention of significant air quality
deterioration which EPA had
promulgated approximately orle year
earlier ("tie 197& PSD Tegulatidns"). See
Alabama/Power Company v. Costle, 13
ERC 122Z. Those regulations api)par at
40 CFR S1.24 and 52.21 (1978).

In September 1979, EPA proposed
comprehensive amendments to the\1978
PSD regulations in response to the
preliminary opinion in Alabama Potyer,
See 44 FR 51924. Among those
amendments are rules that would
rep/ace the provisions the court held
invalid. Also among them are import
provisions that would complement the
rf placements, for example, certain de

<imis exemptions [see id. at 51937-
K8). '

)n December 14,1373. the Court of "
Appeals in a final opinion reaffirmed its
earlier decisions on the validity of the
provisions al issue in Alabama Power.
Ses IJ^ESC 1993. Hence, when the
opinionviamfis into effect it will render
ineffective key elements of the 1378 PSD
regulatioi

EPA wilMie unable to complete the -
rulemakingit began in September until
at least June \S80. The comments EPA
has received sl> far are voJuminnus and
raise important\fisues thgf deserve
serious consideration. In addition, in
response to numerous requests, EPA
recently reopened me r-nnvment period
for comment on the
proposals in light of tke final opinion of
the court. FurthennoreMiPA is
reanalyzing die proposed de mlnimis
exemptions and completing an economic
impact assessment of the .
Finally, internal review of grafts of the
final amendments will reqoii
considerable time.

To avoid the uncertainty anc
confusion that would occur if th\
opinion came into effect before
completed the rulemaking it begai
September, EPA and many of the
petitioners in Alabama Power have
asked the court to keep the opinion fr)
coming into effect until June 2.13SO, on\
the condition that EPA issue the

. administrative stay which appears
below.

The purpose of the administrative si
is to relieve from the permitting
requirements of the 1378 PSD
regulations roughly those sources
modifications that would not be subject
to the permitting requirements of/valid
replacement regulations that would
comport with the Alabama Power
opinion. Obviously, it would Ire tmfeir
and unnecessary to force such sources
and modifications to get arSD permit
under the 1978 PSD regulations during
this transition period,

EPA has decided to i/sue the
administrative stay before the court acts
on the request of theXerions parties in
Alabama Power. Many persons are
ready to begin construction of sources
and modification/that would need a
PSD permit und/r the 1978 PSD
regulations, bufnof under valid
replacement «gulations. EPA has
concluded a*at to allow the 197B PSD
regulations/to interfere any longer with
such construction would be both unfair
and unnecessary. Hence, il is issoiing the
administrative stay which appears
belc

EPA regards the issuance of the
listrative stay as "nationally

anjjlicable" "final action" within the
feaning of Section 307(bJ(l) of the '
:iean Air Act (the "Act"). 42 U.S.C.

76G7(b)(l}. EPA does aot, however,
regard the stay as the "promulgation
revision of regulations" within the
meaning of Section 307(d}(l)(I) of thi
Act 42 ULS-C. 7607(dl(l)(rj. The sta/is
merely an order providing equitable
relief during the period before
completion of the mlemaking th&t EPA
began in September. The proc/dural
requirements of Section 307f
therefore, do not apply to tjrc issuance
of the adrnmistraoVe stay-

&i any event those requirements, as
well as the notice and comment
requirements of Section 4 of the
Administrative ProcaCure Act (the
"APA"), 5 U.S.C. 55 ,̂ do not apply for
other reasons. Firs/ meeting either set of
requirements woiud be "contrary to the
public interest" jwfthin the meaning of
Section 4(bXBVaf the APA. 5 U.S.C
553(bKB), sinafe il would unnecessarily
delay the co/struction of those sources
and modifi/ations to which the stay
applies. Meeting those requirements
would aleo be "unnecessary'' within t5e
meaning of that section, since the stay
provides relief which is generally
consistent with the final opinion of the
court in Alabama Power. Finally,
meeting those requirements would be
"Jmipracticable" within the meaning of
section 4{b)[B}, since it would defeat the

'very purpose of the stay: to provide
relief as soon as possible and, together

a judicial stay of the effect of the
inal opinion, fece the agency to
concentrate on tf*p fiiigma^-i^g ii began
in \eptember. See Clean Air Act

tflJfN), 42 U-SH 7€07(d)(l){N).
For tne same reasons, EPA finds that it
has gotod cause to make the
administrative stay immediately
effective\See APA 5 4(di 5 U.S.C.
553(d).

The administrative stay opens a gap
in the coverage of the new source
review requinunents for ncnaitaimnent
areas that HPa\intends to close in the

gh the promulgation of
?rai those

jirements currently
or modification

: in an area

near future
final rules. In gei
nonattainment «
do not apply to a sc
that, although lor
designated nenaflaicaenl for each
pollutant for which it would be major,
would not significantly mipact those
portions of tne-.area wheni pollution
actually exceeds the appiiable national
ambient air quality stsridaKi or
standards (NAAQSV See, eA 40 CFR
Part 51, Appendix S, § H(D), 44FR 3283
(January 16,1979J. In estafalishiXs that
"clean pocket" exemption, EPA
assumed that PSD permitting
requirements would apply to any s\ch
source or modification, thereby fil
the gap in fee coverage of the

E-2



APPENDIX F

REFERENCES

American Public Health Association, 1981. Standard Methods for the Examina-
tion of Water and Wastewater. 15th edition, New York.

American Society of Planning Officials, June 1975. Performance Controls
for Sensitive Lands. Planning Advisory Service, American Planning
Association, Chicago, IL.

Armstrong, D. E., 1979. Phosphorus Transport Across the Sediment-Water
Interface, in Lake Restoration, EPA 440/5-79-001.

Beard, T.D., 1973. Overwinter Drawdown: Impact on the Aquatic Vegetation
in Murphy Flowage, Wisconsin. Technical Bulletin No. 61, Department
of Natural Resources, Madison, Wisconsin.

Carr, Jerome B., 1979. Integrated Iron and Nitrogen Control for Lake
Restoration, p. 46.

Central Massachusetts Regional Planning Commission, 1978. 208 Program:
Draft Report, Worcester, MA.

Central Massschusetts Regional Planning Commission, October 1978. Future
Land Use Plan - 1995, Worcester, MA.

Chapra, S. C. and K. H. Reckhow, 1979. Expressing the Phosphorus Loading
Concept in Probabilistic Terms. J. Fish. Res. Board of Can. 36(2):
225-229.

Cooke, G. D., 1980. Lake Level Drawdown as a Macrophyte Control Technique,
Water Resources Bulletin, American Water Resources Association,
Vol. 16, No. 2: 317-322.

Countryman, W. D., 1978. Nuisance Aquatic Plants in Lake Champlain. Lake
Champlain Basin Study, New England River Basins Commission, Burlington,
VT.

Dillon, P. J. and W. B. Kirchner, 1975. The Effects of Geology and Land
Use on Export of Phosphorus from" Watersheds. Water Research 9: 135-148

Dillon, P. J. and F. H. Rigler, 1975. A Simple Method for Predicting the
Capacity of a Lake for Development Based on Trophic Status. J. Fish.
Res. Board of Can. 32{9): 1519-1531.

F-l



Dillon, P. J. and F. H. Rigler, 1974. The Phosphorus-Chlorophyll Relation-
ship in Lakes, Limnology-Oceanography, Vol. 19(5), pp. 767-773.

Heinrichs, S. M. , 1982. Effects of 2,4-D on Relative Zooplankton Frequencies
in Lake Seminole, Florida, Report to U.S. Army Corps of Engineers Water-
ways Experiment Station, No. DACW 39-82-M-0804, p. 45.

Helguist, C. B. , 1982. Personal communication.

Jones, J. R. and R. W, Bachmann, 1976. Prediction of Phosphorus and
Chlorophyll Levels in Lakes, J. Water Poll. Cont. Fed,, No. 48,
pp. 2176-2182.

Kimbal, J, C. and S. R. Carpenter, 1979. The Dynamics of Myriophyllum
spicatum Biomass Following Harvest. Inst. for Env. Studies, U. of
Wisconsin.

King, D. L. and T. M. Burton, 1981. The Efficiency of Weed Harvesting for
Lake Restoration, pp. 158-161. in EPA Restoration of Lakes and Inland
Waters. EPA 440/5-81-010.

Lime, G. B., 1979. The Influence of Aquatic Macrophytes on the Chemical
Cycles of the Littoral, pp. 101-126. In Proc. Aquatic Plants, Lake
Management and Ecosystems & Consequences of Lake Harvest Conf. Center
for Biot. Syst. Inst. Environ. Stud., U. of Wisconsin, Madison.

Massachusetts Department of Environmental Quality Engineering, Division of
Water Pollution Control, May 1982. Cedar Lake Diagnostic Study,
April 1980 - April 1981. Westborough, MA.

Metropolitan Area Planning Council, October 1978. Water Resource Protec-
tion Techniques, Boston, MA.

National Swedish Institute for Building Research, 1976. Report 24, House-
hold Wastewater. Stockholm, Sweden.

Reckhow, K. H., M. Beaulac and J. T. Simpson, 1980. Modeling Phosphorus
Loading and Lake Response Under Uncertainty: A Manual and Compilation
of Export Coefficients, EPA 44/5-80-011.

Reckhow, K. H. and J. T. Simpson, 1980.. A Procedure Using Modeling and
Error Analysis for the Prediction of Lake Phosphorus Concentration
from Land Use Information. Can. J. Fish. Aquat. Sci. 37: 1439-1448.

F-2



SEA Consultants, Inc., July 1973. Wastewater Collection and Disposal
Facilities, Town of Westminster, MA. Boston, MA.

Simpson, D. E. and J. Hemens, 1978. Nutrient Budget for a Residential
Stormwater Catchment in Durham, South Africa. Prog. Wat. Tech. 10(5).:
631-643.

Smith, G, E. and B. G. Isom, 19-67. Investigation of Effects of Large-Scale
Applications of 2,4-D on ""Aquatic Fauna and Water Quality, Pesticides
Monitoring Journal, Vol. 1, No. 3, pp. 16-21.

Smith, Gerry, 1983. Personal communication.

Smith, Val., 1982. Nitrogen to Phosphorus Ratios, Limnol. Oceanog. 27(£),
1982, 1101-1112.

Stalling, D. L. and J. N. Juckins, 1978. Metabolism of 2,4-Dichlorophenoxy-
acetic Acid (2,4-D) in Bluegills and Water, J. Agric. Food Chem.,
Vol. 26, No. 2, pp. 447-456.

Taylor, A. W., W. Edwards and E. C. Simpson, 1971. Nutrients in Streams
Draining Woodland and Farmland Near Coshocton, Ohio. Water Resources
Research, 7(1): 81-89.

Tighe & Bond, Inc., June 1976* Sewer Study Report, Sturbridge, Massa-
chusetts , Easthampton, MA.

Toubier, J. Toby, and Westmacott, Richard. A Handbook of Measures to Pro-
tect Water Resources in Land Development. Urban Land Institute,
Washington, DC.

Town of Westminster, 1974. Zoning By-Laws (.amended 1978).. Westminster, MA.

U.S. EPA, 1979. Lake Restoration, EPA Publication 440/5-79-001.

U.S. EPA, 1980. Clean Lakes Program Guidance Manual.

U.S. EPA, 1981. Restoration of Lakes and Inland Waterways, EPA 440/5-81-010

F-3



U.S. Soil Conservation Service, April 1975. Guidelines for Soil and Water
Conservation in Urbanizing Areas of Massachusetts, Amherst, MA.

Uttomark, p. D., J. D. Chapin and K. M. Green, 1974. Estimating Nutrient
Loading of Lakes from Non-Point Sources. U.S. EPA. EPA-660/13-74-0-20

Welch, E. B. , et al, 1979. Internal Phosphorus Related to Rooted Macro-
phytes in a Shallow Lake, pp. 81-99. In Proc. Aquat. Plants, Lake
Management and Ecosystems, Consequences of Lake Harvest Conf. Center
for Biot. Syst. Inst. Environ. Stud. U. of Wisconsin, Madison.

Wetzel, R. G. , 1975. Limnology, Saunders, NY.

Wu, J, S. and R. C. Ahlert, 1976. State-of-the-Art Review: Non-Point
Source Pollution. Water Resource Engineering Technical Report 76-3,
Rutgers, NJ.

F-4


	TABLE OF CONTENTS
	1.0 INTRODUCTION
	1.1 Summary of Findings
	1.2 EXECUTIVE SUMMARY

	2.0 DRAINAGE, EROSION AND SEDIMENTS
	2.1 Discussion of Problem
	2.2 Storm Event Analysis
	2.3 Calculation of Runoff Quantity and Quality
	2.4 Prsgare Sediment Budget
	2.5 Sediment Assessment
	2.5.1 Field Analysis of Sediment Depth andCharacteristics
	2.5.2 Chemical Analysis of Sediments
	2.5.3 Bathymetry
	2.5.4 Discussion

	2.6 Conclusions

	3.0 HYDROLOGIC BUDGET
	3.1 Methodology
	3.2 Discussion

	4.0 NUTRIENT BUDGET AMP TROPHIC STATUS
	4.1 Limiting Nutrient Analysis^
	4.2 Model of Phosphorus Budget
	4.2.1 Phosphorus Model Methodology
	4.2.2 Cedar Lake Phosphorus Model

	4.3 Mass Balance Phosphorus and Nitrogen Budgets
	4.3.1 Phosphorus Budget
	4.3.2 Nitrogen Budget

	4.4 Conclusions

	5.0 IN-LAKE RESTORATION
	5.1 Alternatives
	5 .2 Recommended^ In-Lake Alternatives
	5.2.1 Drawdown
	5.2.1.1 Engineering Feasibility
	5.2.1.2 Hydrologic Impact and Timing
	5.2.1.3 Economic Assessment - Direct Cost of Drawdown
	5.2.1.4 Environmental and Economic Impacts
	5.2.1.5 Conclusions on_Effectiveness and Feasibility

	5.2.2 Dredging -^et and Dry
	5.2.3 Herbicide Management
	5.2.4 Harvesting Management
	5.2.5 Conclusions

	5. 3 Non-Recommended In-Lake Alternatives
	5.3.1 Lake Bottom Sealing
	5.3.2 Nutrient Inactivation
	5.3.3 Weed Control with sterile Grass Carp
	5.3.4 Construction of Sediment Control Dam


	6.0 NON-POINT SOURCE POLLUTION CONTROL AND WATERSHED MANAGEMENT  PLAN
	6.1 Alternatives for Erosion, Sediment, and Runoff Control
	6.1.1 Additions to Sturbridge Ordinances to Control Erosion,  Sediment, an_d_ Runoff
	6.1.2 Control of Massachusetts Turnpike Road Fill and Nearby Area  Erosion and Sediment Inputs
	6.1.3 Control of Erosion from Other Watershed Problem Areas
	6.1.4 Control of Runoff from Route 20 Area

	6.2 Alternatives for Control of Nutrient Inputs in Wastewater Disposal  and Various Land Uses
	6.2.1 Sewering of Cedar Lake Watershed
	6.2.2 On-Site Rehabilitation of Existing Septic Systems
	6.2.3 Use of Alternative Wastewater Disposal Systems
	6.2.4 Regulations for Future Installation and Improved_Maintenance of  Individual Wastewater Disposal Systems
	6.2.5 Voluntary Alteration of Life Style Practices and^ Improved Maintenance  of Wastewater Disposal Systems by^ Watershed Residents
	6.2.6 Residential and Commercial Growth Potential

	6.3 Recommended watershed Management Program

	7.0 CONCLUSIONS AND RECOMMENDATIONS
	7.1 Conclusions
	7.2 Recommendations
	7.2.1 Compendium
	7.2.2 Summary


	8.0 MILESTONE WORK SCHEDULE
	9.0 SOURCES OF FUNDING
	9.1 Step 1 201 Funding for Wastewater Facilities
	9.2 Massachusetts Lateral Sewer Funding Program
	9.3 Chapter 628 Clean Lakes Program
	9.4 Massachusetts Water Quality Management Program
	9.5 Massachusetts Outdoor Recreation Plan

	10.0 PUBLIC PARTICIPATION PROGRAM
	10.1 Initial Public Meeting
	10.2 Lake Association Annual Meeting
	10.3 Sturbridge Conservation Commission

	11.0 ENVIRONMENTAL EVALUATION
	11.1 Overall Iiapacts
	11.2

	FIGURES
	Figure 2.1
	Figure 2.2
	Figure 2.3
	Figure 2.4
	FIGURE 2.5
	Figure 3.1
	Figure 3.2
	Figure 3.3
	Figure 5.1
	Figure 5.2
	Figure 5.3
	Figure 6.1
	Figure 7.1

	TABLES
	TABLE 2-1
	TABLE 2-2
	TABLE 2-3
	TABLE 2-4
	TABLE 2-5
	TABLE 2-6
	TABLE 2-7
	TABLE 2-8
	TABLE 2-9
	TABLE 2-10
	TABLE 2-11
	TABLE 2-12
	TABLE 2-13
	TABLE 2-14
	TABLE 2-15
	TABLE 2-16
	TABLE 2-17
	TABLE 3-1
	TABLE 3-2
	TABLE 3-3
	TABLE 3-4
	TABLE 4-1
	TABLE 4-2
	TABLE 4-3
	TABLE 4-4
	TABLE 4-5 (a)
	TABLE 4 - 5 (b)
	TABLE 4 - 5 (c)
	TABLE 4-6
	TABLE 5-1
	TABLE 6-1
	TABLE 6-2
	TABLE 6-3


