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EXECUTIVE SUMMARY

This study was conducted by Whitman & Howard, Inc. for

the Town of Holliston. Study funding was provided by the Town

and the Commonwealth of Massachusetts under Chapter 628

"Clean Lakes Program". The study's purpose was to describe

Lake Winthrop's morphology, determine the trophic state of

the lake and develop reasonable means for improving and

protecting water quality for recreational purposes.

Diagnostic data collected by the Division of Water

Pollution Control (DWPC) and supplemented by Whitman &

Howard, Inc. indicates that groundwater contributes a large

amount of nutrients to the lake including effluent from

subsurface sewage disposal systems. It was the conclusion of

the study that this source along with the accumulated bottom

sediments support the large stands of nuisance aquatic weeds

in the lake.

The feasibility section reviewed available methodology(s)

for restoration, selected those with reasonable applicability

to Lake Winthrop and evaluated selected alternatives based on

environmental, economic and effectiveness criteria. Through

this process, the reduction of external nutrient sources was

identified as a top priority. At the same time, water level

manipulation and weed control are recommended for controlling

the excessive weed growth.

In order to implement restoration of the lake, it is

recommended that an outlet control structure be constructed

to allow for level management in the lake and periodic



flushing of the lake. Concurrently, it is recommended that

a program of watershed management be implemented and that weed

harvesting be conducted to remove a portion of the existing

growth. The restoration of the lake should also include a

communal sewage system for the Lakeshore Drive area and a

dredging (dry excavation) program in conjunction with level

drawdown.

Cost of the above work is estimated at $1,876,750. The

project time frame is approximately four years, with work

commencing in the fall of 1987. Restoration funding would be

available from the Commonwealth of Massachusetts at a 75

percent level (50% for sewage system) on a priority basis.

The town would be required to raise the remainder of necessary

funds.

It should be noted that the lake will not become a

"pristine" waterbody as a result of the recommended .restora-

tion program. At present, the excessive weed growth in the

lake reflects the external nutrient loads and sediment

nutrient availability. The restoration effort is aimed at

reducing these source(s) and could result in reduced weed

density in the lake in conjunction with harvesting and dry

excavation. The goal of Stage I restoration is to control

the nutrient loading source to the lake and improve recre-

ational usage of the lake. Once this is completed it will be

necessary to determine whether Stage II restoration will be

required.

The proposed restoration components, costs and preliminary

restoration program schedule follows:

ii



PROJECT COST SUMMARY

LAKE WINTHROP - PHASE II - RESTORATION

A. STAGE I: Source Control/Weed Control/Level Control

1. Outlet Control Structure $ 73,750
2. Dry Excavation 847,500
3. Weed Harvesting 30,400
4. Watershed Management N/A
5. Engineering Design 32,450
6. Construction Oversight 29,200
7. Project Contingencies 50,700
8. Monitoring 3,850

Sub-total $1,067,850

B. STAGE II

9. Communal Sewage System $ 569,585
10. Engineering Design 57,180
11. Construction Oversight 71,365
12. Project Contingencies 85,770
13. Monitoring and D/F Update 25,000

Sub-total $ 808,900

PROJECT TOTAL $1,876,750
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I. INTRODUCTION

A. General Discussion

Lake Winthrop, an enlarged Great Pond, is located in the

Town of Holliston, Middlesex County, Massachusetts, at an

approximate longitude of 71025'20"W and latitude of 42°11'

18"N (Plate 1). This 102 acre pond is designated as Class B

water by the Massachusetts Division of Water Pollution

Control (1978). Therefore, according to Class "B" standards,

Lake Winthrop is "Designated for the Uses of Protection and

Propagation of Fish, other Aquatic Life and Wildlife; and for

Primary and Secondary Contact Recreation."

Lake Winthrop is Holliston's principal recreational

asset, affording public swimming areas with bathhouses, open

space areas, ballfields, and picnic facilities. Area resi-

dents also enjoy fishing, boating and ice-skating. More, now

than ever before, the lake has become decreasingly useful as

a recreational area. Watermilfoil and common water lilies

have inundated the lake to such an extent that boating in

most areas is next to impossible. Even in open surface water

areas, the watermilfoil growth is extensive at a depth of two

to three feet below the surface. These aquatic weeds make

swimming undesireable and dangerous. Aquatic weeds are Lake

Winthrop's major nuisance factor. At the same time, their

growth also plays a vital role in the aquatic environment

(Mulligan, 1968). In fact, aquatic macrophytes cool bottom

waters providing a necessary ingredient for the propagation

—i «•
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of game fish. They protect small fish from predation and

provide nesting sites for fish, as well as providing nest

building material and food for game birds and mammals.

Therefore, the need to reduce/eliminate Lake Winthrops

nuisance aquatic weeds must be weighed against the environ-

mental impacts of disrupting the present ecosystem.

Lake Winthroprs main attraction is that it is of suffi-

ciently good water quality for swimming. Both the Lake

Winthrop questionnaire (Appendix D, 1984) and the "Holliston-

-Recreation... Open Space... Water.,. Preserved for People"

(1978) report by several Holliston Boards, listed swimming as

the most enjoyable outdoor recreation.

Lake Winthrop has two public beach areas. Pleasure

Point located on the eastern shore has a public boat ramp

(approximately 20 feet wide) adjacent to the beach for the

launching of sailboats, canoes, and rowboats. Stoddard Park

on the western shore is a five acre waterfront area with

picnic tables, charcoal fire pits, and a bath house with

toilet facilities and storage area. Both beaches are super-

vised by lifeguards and "sticker-checkers" during the summer

months.

In the past there have been beach closings due to

elevated bacteria counts. Beach closings have most often

occurred during the very hot days of summer. The hot weather

-3-



and increased numbers of persons in the water are common

contributers to beach closings. Fortunately, the bacteria

levels seldom reach concentrations that would warrant the

Holliston Park Commission closing the lake to swimming.

Transparency is another parameter which must constantly be

checked to ensure safe swimming. Article VII of the State

Sanitary Code requires that the minimum transparency at

public Beach areas be four feet.

Neither beach was closed during the 1984 summer season.

In fact, bacterial levels have been well within acceptable

ranges as dictated by the U.S.E.P.A., 1976, which states that

the fecal coliform bacteria level should not exceed a log

mean of 200 per 100 millileters. Also, the beach areas are

kept weed free by the diligent efforts of employees of the

park Department. This hand weed harvesting has become a

necessary daily routine due to wind-blown fragments of

milfoil covering the immediate shore.

According to the 1983 - Massachusetts Lake Classifica-

tion Program, (MDWPC, 1983) Lake Winthrop is a mesotrophic

water body, commanding nine (9) severity points of a possible

eighteen (18). This classification is based on six (6)

parameters including: hypolimnetic dissolved oxygen (bottom

oxygen levels), transparency, phytoplankton density, epilim-

netic (surface) ammonia-nitrogen and nitrate-nitrogen concentra-

tions, epilimnetic total phosphorus, and aquatic vegetation



density. A mesotrophic water body is best described as being

rich in suspended nutrient matter (MDWPC, 1983) . Lake

Winthrop's extensive growths of aquatic vegetation clearly

evidences an abundance of nutrients throughout the water

column and organic sediments.

A synopsis of Lake Winthrop's position in the Massa-

chusett's Lake Classification System based on 1978 date as

follows: Based on 1978 data:

Hypolimnetic Dissolved Oxygen: Moderate 2

Transparency (Secchi-Disc Reading): Moderate 2

Phytoplankton: Low 1

Epilimnetic NH- + NO--N: Very Low 0

Epilimnetic Total Phosphorus: Low 1

Aquatic Vegetation: Very Dense 3

9
0-6 Points - Oligotrophic

6-12 Points - Mesotrophic

12-18 Points - Eutrophic

Although the aquatic weed density throughout the Lake is

very high, efforts have been made to clear the beach areas to

ensure safe swimming. Also, a $20,000 maintenance grant

under the Massachusetts Clean Lakes Program (1983), has been

awarded to the Town of Holliston for harvesting of the

aquatic weeds. Unfortunately, due to the finding of dioxin

in fish flesh, weed harvesting contracters are reluctant to

do the work for fear that the cuttings might be contaminated

and could therefore not be disposed of. The Massachusetts

-5-



Division of Water Pollution Control (MDWPC) has analyzed fish

tissue for dioxin. According to the MDWPC the Grant Award is

still available to the Town of Holliston for maintenance work

on Lake Winthrop, when the dioxin question is resolved.

According to a memo (July 19, 1984), distributed by the

Holliston Administrative Assistant to the Board of Selectmen

and Park Commission from information provided by Dr. Russel

Issac of the MDWPC it was suggested that perhaps the fish

sample which showed dioxin during the first testing might

have been "an anomalous data point" (an unrepresentative

sample). Unfortunatley, regardless of the accuracy of the

first testing data, serious damage was done to the mind-set

of Holliston residents. This can most easily be qualified by

the sale of beach stickers. During the summer of 1983,

approximatley 1,600 stickers were sold. This summer (1984),

however, approximately 825 park permits were purchased.

Presently the aquatic weed growth hinders boating,

sailing, fishing, and in most areas swimming to such an

extent as to make these recreational past-times difficult to

enjoy. According to the Lake Winthrop questionnaire results,

the most important recreational uses, in order of desirability

are swimming, boating, fishing, ice skating and wildlife

watching. Clearly, the overall aesthetics of the Lake and

preserving high water quality are the most important and

all-encompassing desired outcome of an implementation project.

-6-



I.B HISTORICAL SUMMARY

From early writings, legend and artifacts which have

been found, the Indian Village of Mucksquit (meaning - "Place

where there is much grass") is believed to be the first

settlement, located on the southwest side of Lake Winthrop.

Lake Winthrop was known by the Nipmuck Indians as "Weenakeen-

ing" meaning - pleasant smile. At the time when Henry Morse

settled there in 1734 there were cleared fields showing

evidence of having been planted for many years. Countless

arrowheads, grinding stones, axes, sinkers, etc. have been

found in the vicinity of Morses' Farm, indicating a long

inhabitance of Indians prior to the arrival of the white man.

(Rees, 1959).

Weenakeening was included in the grant from the Great

and General Court in 1659 to Dean Winthrop, son of Gov. John

Winthrop. It consisted of 700 acres "Bounded South by the

Medfield line, east by Boggestow Brook, west by Mr. Winthrop's

Pond and upon waste land in all other parts" (Batchelder,

1911). Lake Winthrop was estimated to be 400 acres in 1659,

with the northern shore of the Lake being quite shallow, with

a sandy formation, and the southern portion being deep with

an abrupt shore. Today, these general morphological conditions

still exist, albeit much shallower throughout the Lake.

-7-



Rev. Abner Morse (1856) reported the Lake was clear,

being fed by numerous deep springs. Fish of many kinds

abounded in it and provided food for both Indians and later

early white settlers. Boggastow Brook which reportedly

served as an outlet from Lake Winthrop during time of flood-

ing, translates to "Water Full Grown". (Rees, 1959).

For all practical purposes, records for the Lake Win-

throp area during the late 17th century through the 18th

century are non-existant. The cemetary existed on the

western shore of Lake as far back as 1795 (McVoy and Vernon,

1980) . The towns of Holliston and Medway were established in

1724 and 1713, respectively. In 1795, the present town

boundries were established.

In 1937, Dr. Stoddard gave a section of his property to

the Town of Holliston for recreational purposes, with the

stipulation that it should never become industrialized. Land

adjacent to the Stoddard Park area was purchased in 1951 by

the Leyden Family who enlarged and improved the facilities

and for twenty years operated a successful day camp (Camp

Patoma). The current ball fields, open space, beach and

parking lot area were established by the Leyden family. In

1969 a fire destroyed one of the large buildings at Camp

Patoma and the Leydenfs disbanded the camp operations. The

Town of Holliston then purchased the land which is now the

present site of Stoddard Park.

-8-



Stoddard Park is the most actively used recreational area in

Holliston, providing swimming lessons, lifeguards, and other

recreational attractions. Pleasure Point across the Lake is

also used as a swimming beach and has a developed boat ramp.

-9-



II. Study Approach and Methodology

A. Source of Data

This Diagnostic-Feasibility Study is heavily reliant on

work previously performed by Federal and State Agencies and

Consultants to the Town of Holliston. The primary study

which provided the water quality data base, is the 1978-1979

Water Quality Study of Lake Winthrop (McVoy and Vernon,

1980). This study was performed by the MDWPC as part of its

on-going lake evaluation program. Therefore, the discussion

and evaluation that follows is based on the 1978-1979 water

quality data, and the limited data collected as part of this

diagnostic/feasibility study.

Ultimately, the entire watershed must be studied to

understand lake conditions, not just the in-lake or immediate

shoreline characteristics. The MDWPC Water Quality Study -

1980, provides land use and vegetative cover information,

geologic information, soils information, population characte-

ristics, etc. Although, the size of the watershed has since

been reduced due to the diversion of a stream out of the

watershed (Plate 2.), the information in the water quality

report is still applicable.

B. SCOPE OF STUDY

Whitman & Howard, Inc. (W&H) was contracted (April,

1984) to perform a limited diagnostic study and a full feasi-

-10-
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bility study of Lake Winthrop for the Town of Holliston.

Data for the diagnostic portion of the study was to be based

on work done by the Massachusetts Division of Water Pollution

Control (MDWPC) as supplemented by other prior studies (see

Chapter 3) and some field work by W&H. The feasibility

portion of the report was to be in conformance with the

requirements of the Clean Lakes Program regulations.

The goal of this study was to complete the data collec-

tion 'phase of the project originatd by the MDWPC in 1978-79.

With these data and other information generated by the Town

via various studies, W&H was to assess the various alterna-

tives generally accepted as proper lake management techniques

and/or pollution control practices. Based on this assess-

ment, a set of "best suited" alternatives would be chosen for

detailed cost and environmental evaluation. The final

portion of the study was to recommend a series of steps to be

taken by the Town in the restoration of Lake Winthrop's water

quality and trophic status.

C. Basis of Evaluation

Determination of the annual nutrient budget for phos-

phorus and nitrogen and how that budget will be affected by

various restoration techniques are important consideration in

proposing effective restoration measures in Lake Winthrop. A

concerted effort has been made in identifying changes that

-12-



have occurred since the McVoy & Vernon, 1980, study and these

have been incorporated in the nutrient budget. Lake levels

of nutrients and the data collected by the MDWPC were utilized

as portion of the nutrient budget.

The natural aging process, which all waterbodies under-

go, is known as eutrophication. Natural eutrophication is a

process whereby the lake is gradually filled-in with sedi-

ments. This occurs as precipitation runs overland, collect-

ing debris and depositing it in low-lying lakes, streams and

estuaries. This natural process is greatly enhanced with

population growth, industrial developments and intensified

agriculture. Accelerated siltation and fertilization pro-

duces excessive growths of algae and aquatic plants which

advance the eutrophication process. As in the case of Lake

Winthrop aquatic plants choke shallow areas at shores' edge

and as they die-off each fall, their decaying tissues ac-

cumulate on the Lake bottom creating a layer of organic muck.

This organic muck, rich in plant-dependent nutrients is then

available for the following year's weed growth. This process

continues with a recycling of nutrients and an ever increas-

ing depth of muck until eventually swamp conditions prevail

over open water.

The predominant aquatic macrophyte (weed) found in Lake

Winthrop is Myriophyllum heterophyllum commonly called water-

milfoil. Research by Wetzel (1975) found that "the uptake of

nutrients by milfoil occurs through both roots and shoots but

-13-



in a majority of locations the sediments are probably more

important sources of nitrogen and phosphorus than the water."

Therefore, control of water milfoil may best occur through

removal of sediments or weed harvesting, rather than reducing

in-lake nutrient concentrations.

/

The MDWPC Report {McVoy and Vernon, 1980) focused

primarily upon measuring the nutrient levels within the Lake,

including sediment testing and subsurface seepage sampling.

Upon review of this report, Whitman & Howard, Inc. felt that

a groundwater monitoring program would be most helpful in

determining the causes of contamination and transport mechan-

isms. To this end, the IEP, Inc. "Holliston Municipal

Groundwater Resources Analysis and Protection Study" (1982)

was utilized and was supplemented by the Whitman & Howard,

Inc., groundwater monitoring program carried out during the

course of this study.

-14-



III. EVALUATION OF EXISTING DATA

A. GENERAL.

Holliston has had many studies performed with regard to water

quality and pollution control. Several of these address Lake

Winthrop and/or the surrounding area. Of primary interest was the

work conducted by the State Divison of Water Pollution Control on

the Lake itself. In addition, the Town has conducted a facilities

planning effort for wastewater disposal (Lombardo and Associates,

Inc., 1980) a groundwater analysis program (IEP, Inc., 1982) and a

study on the water supply well located adjacent to the Lake. All

of these studies have been utilized to the maximum extent possibly

in the analysis conducted as part of this project. The following

paragraphs will discuss these and other data sources in more

detail.

B. Groundvater - Surface Water Interactions:

There exists a direct interface between surface water and

groundwater. In fact, surface waters are locations where the

water table is at the ground surface. As surface water levels

drop so do groundwater levels. Lake Winthrop is a particularly

good example of a surface water body being predominantly fed by

groundwater. Lake Winthrop has several small intermittant streams

feeding into it which dry-up during summer months. However, the

low-lying surrounding wetlands remain as such and outflow from

Lake Winthrop, although minimal, continues throughout most of the

summer.

-15-



Surface lake water quality is heavily influenced by ground-

water which continually flows throughout the year. A similarity

exists between the average water quality of surficial wells and

average surface water quality. Similarly, pollution of surface

waters can contaminate groundwater resources by induced infiltra-

tion. Wells located near surface waterbodies ultimately draw

water from the surface water. The Lake Winthrop well located in

Stoddard Park is presently pumped at an average of 220 GPM, during

the summer months only. Both its' primary and secondary recharge

areas include the eastern shoreline area of Lake Winthrop and Lake

Winthrop itself. Therefore, the Lake Winthrop surface water

contributes significantly both to the quality and quantity of

available water drawn from this well. Fortunately, thick semi-

permeable swamp deposits underlie the Lake. These deposits act as

natural filter beds for the removal of suspended materials common-

ly attributing to taste and odor problems.

Studies performed by Geoscience, Inc. (1982) and Lombardo &

Associates, Inc. (1980) indicate Holliston's groundwater to be of

naturally good quality. The groundwater is generally soft,

somewhat acidic but high in iron and manganese. In more heavily

populated areas, groundwater quality reflects the contribution of

urban runoff, infiltration and septic system discharges. These

contributions have the effect of increasing nitirate-nitrogen

levels and sodium levels (due to winter road salting). High iron

-16-



concentrations, natural to the area, have historically caused

noticeable odor and taste problems in drinking water (Freeze and

Cherry, 1979) .

Geoscience, Inc. (1982) groundwater quality sampling results

(Table 1) of three wells in the Lake Winthrop watershed are as

follows; locations of these well are depicted on Plate 3.

Table 1

Sample

GW30

GW43

GW45

Limits

# Depth
(Ft.)

3V

61

3'

pH
(Standard)
(Units)

6.1

5.5

6.4

Conductivity
(MMHO/cm)

55

75

95

for Potable Waters:

Total
Iron
(mg/1)

2.5

19

20

0.3 mg/1

Sodium
(mg/1)

3.3

17.5

17.6

20 mg/1

Chloride
(mg/1)

22

28.4

16.7

250 mg/1

Nitrate
Nitrogen
(mg/1)

0.13

0.57

0.14

10 mg/1

These three wells were monitored along with fourty-seven (47)

other wells throughout the Town of Holliston for the purposes of

identifying areas of poor groundwater quality and relate water

quality to existing land use. Only total iron results exceed the

Massachusetts limit for drinking water of 0.3 mg/1. High total

iron concentrations are a result of naturally occuring geologic

formations and anaerobic conditions in the subsurface formations

which do not allow iron to oxidize. These high iron levels

leaching into Lake Winthrop contribute to its characteristic

-17-
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brownish color. Other than contributing color, the high iron

concentrations have little effect on surface water quality.

Sodium levels are somewhat elevated, although, below the

Massachusetts limit of 20 mg/1 for potable waters. Also, of

particular importance to surface water quality, nitrate-nitrogen

levels are elevated. Although well below the Massachusetts limits

for drinking water of 10 mg/1, anything above 0.3 mg/1 nitrate-

nitrogen in surface waters is deemed undesirable due to its

contribution to eutrophication. High nitrate-nitrogen levels are

common to densely populated areas relying on septic systems for

wastewater disposal. However, elevated nutrient levels still

impose serious impacts on surface waters and should therefore be

closely monitored. Several reports, Lombardo and Associates, Inc.

1980, including the 201 wastewater management facilities plan and

the IEP, Inc. (1982) "Protection of Groundwater Resources" reports

outline several aquifer protection plans and watershed management

ideas. An "Aquifer Protection District" has been enacted in the

Town of Holliston's by-laws and is found in Appendix A.

Whitman & Howard, Inc. groundwater testing results show high

levels of nitrate-nitrogen, ammonia-nitrogen, total-kjeldahl

nitrogen, total phosphorus, iron, mangenese and pinpointed areas

of high bacteria counts. Eutrophication is enhanced by elevated

levels of organic-nitrogen complexes and total phosphorus. These

elevated nutrient levels indicate potential problems with sub-

surface disposal systems and further emphasize the need for

stringent aquifer protection bylaws and proper watershed manage-
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ment practices. Data collected through Whitman & Howard, Inc.

groundwater monitoring program will be discussed in following

sections.

C. PREVIOUS RESTORATION EFFORTS AND MANAGEMENT PROCEDURES

Lake Winthrop has for many years been the site of various

weed control techniques. The problematic weed growth was reported

as far back as the 1930's, but only in the last 20 years have the

watermilfoil (Myriophyllum heterophylum) growths become truly a

nuisance. This extensive weed growth and the accompanying winter

die-off of these weeds greatly increases sedimentation. The

sediment which is an organic muck is anywhere from 2 to 7 feet

deep throughout those areas of dense aquatic weed growth (Plate

4) .

Town records show various types of herbicides were sprayed

into Lake Winthrop between 1959 to 1974. Copper sulfate (an

algacide) and a hormone type herbicide known as Kuron, were the

chemicals most commonly applied. Copper sulfate is an algacide

most effective on planktonic and filamentous algae growth. Copper

sulfate is soluble in water, corrosive to metals, and has low

toxicity to humans. The effectiveness of copper sulfate decreases

as the hardness of water increases and becomes more toxic to fish

in soft water than in hard water. Also, copper sulfate causes

copper carbonate precipitate in the water. This may develop toxic

accumulations in the bottom muds, affecting fish food chains

(Ct.D.E.P., 1984).
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Kuron and Silvex are common names for organic herbicides.

Although having different chemical configuration, they are both

hormone type herbicides absorbed by leaves and translocated.

Kuron was applied more often than Silvex, the latter being applied

during the summer of 1970 on two occasions, for a total of 20

gallons. Both chemicals are applied when target weeds are actively

growing and are usually reapplied up to 6 weeks prior to lake

freezing. Both Kuron and Silvex are banned today (U.S.E.P.A,

1982). They are not allowed to be sprayed in waters intended for

domestic irrigation, or crop spraying purposes. Today, it is

realized that Kuron and Silvex contain dioxin as a by-product of

the herbicide manufacturing process. Little is actually known

about the effects of dioxin on human health other than it does

cause Chloracne in sufficiently high dosages. Chloracne is a

reddening of the skin and may cause persistant acne. Arguments

that doixin may be carcinogenic, have teratogenic effects and may

cause organ failure have been expressed by Vietnam Veterans who

were exposed directly to agent orange, a defoliant containing

dioxin.

In June, 1983, the Holliston Board of Water Commissioners

hired the GCA Laboratory of New Bedford to test the drinking water

from the town well at Stoddard Park Beach on the shore of Lake

Winthrop. This well water testing program showed no dioxin being

present.
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The Town of Holliston has taken restorative action to improve

the water quality at Lake Winthrop through the following means:

Realizing the potential impacts of outboard motors on the

increased turbiditiy and spreading of aquatic weed growths through

cutting of vegetatively reproducing watermilfoil the Town of

Holliston enacted a bylaw prohibiting (1973) the use of internal

combustion engines on Lake Winthrop.

Additionally the Town of Holliston installed a culvert (1979)

under Lakeshore Drive to reduce surface runoff during wet weather.

Prior to this construction the wetlands area on the east side of

Lakeshore Drive would fill with rain water and overflow the road.

On its way to the lake this runoff flooded lawns and leaching

fields, thus increasing the probability of introducing nutrients

and bacteria into the lake. Despite addition of the culvert, this

area still represents a nutrient source (McVoy and Vernon, 1980).

During the last 10 to 15 years various environmental firms

have been contracted by the town to perform tests and analyses on

the lake. The most extensive analysis was performed by a Cambridge,

Massachusetts consulting firm (Eco-Control, Inc.) during June and

July 1972. They concluded that herbicide treatment of weeds was

contributing to the basin filling process. The report recommended

that weeds should be physically removed during light growth years

and that herbicides be applied for heavy growths or nuisance

algae. It was also stated that the brown water color from humic

acids "acts as a natural deterrent to algal growth" (Eco-Control,

1972).
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In March, 1978, the Holliston Park Department made a formal

request to the Massachusetts Division of Water Pollution Control

(MDWPC) to perform a water quality study on the lake. This water

quality study was funded in fulfillment of the requirements of

Section 314 (Clean Lakes Program) of the 1977 Amendments to the

Federal Water Pollution Control Act (PL95-217). Reference to said

report is made throughout this study. Recommendations and con-

clusions of the water quality study are found in Appendix B.

Since Lake Winthrop is found within the limits of the Upper

Charles River Basin, the officially designated 208 planning agency

is the Metropolitan Area Planning Council (MAPC) . A 1977, Water

Quality project by the MAPC, indicates an existing and potential

source of water pollution in the Lake Winthrop area. Pollution

problems stem from severe septic tank limitation imposed by a high

water table. The' report continues with options for wastewater

mangement, watershed management practices, and a discussion of

necessary institutional changes to meet present and future needs.

A 201 Wastewater management Facilities Plan performed for the

Town of Holliston by Lombardo & Associates, Inc. (1980) (formerly,

DSI Environmental Engineers) outlines several different alterna-

tives for wastewater management. The study analyzed twenty-six

(26) surface and groundwater sampling locations were chosen which

drain the most densely developed sections of Holliston. Results

of this surface and groundwater monitoring program were similar to

previous sampling surveys performed by the Board of Health and the

Massachusetts Divison of Water Pollution Control in that, the
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heavier urbanized areas had the poorest water quality. Lombardo &

Associates, Inc. (1980) reported that although the western portion

of the Lake is choked with aquatic growth, no major sources of

nutrients were located. Swamps and agricultural land which drain

into the southern portion of the lake were found to contribute

phosphorus and nitrogen. The embayment areas in the southern end

of Lake Winthrop were found to be weed filled and thick with

accumulated plant debris and muck. Also, Lombardo and Associates,

Inc. (1980) , stated that the homes along Lakeshore Drive enrich

the lake with septic leachate which is evidenced by plumes of

filamentous algae. However, the densest weed growth is located

across the lake from Lakeshore Drive. Water milfoil growth is

apparently more dependent on obtaining its nutrient needs from

bottom sediments. Water milfoil is a rooted, submerged macrophyte

which takes up it nutrients through roots and shoots.

Lombardo & Associates, Inc. (1980) suggest that it may not be

feasible to control the weed growth by reducing nutrient concentra-

tions in the Lake. They recommend the removal of the sediments or

periodic harvesting of the weeds may be required.

D. Land Use and Vegetative Cover

The distribution of land use types in the Lake Winthrop

watershed as depicted in Plate 5, is based on McVoy and Vernon

(1980), Lombardo & Associates (1980), a U.S.G.S. Geological Survey

Topographic Map Holliston Quadrangle, 7.5 minute series (1979),

and personal observation. Plate 5 also breaks down the land use
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types as percentages of the entire area.

Changes in land use percentages from the McVoy and Vernon

(1980) report of any particular land use type are primarily due to

the change in watershed size, as discussed earlier. Also, some

new residential developments have been built south of the Lake.

The Lake Winthrop watershed is predominantly forested and wetland

area; these two categories alone account for over 65 percent of

the total land area. The Lake itself and its' small tributaries

account for the next largest portion of land, albeit only 13

percent. Ninety-nine acres of open space account for 11 percent

of the total. Lastly, although there has been an increase in

residential housing development with the building of the new

"Preserve at Holliston" situated just south of Lake Winthrop and.

other scattered homes along Hill Street, the overall residential

density has decreased since the 1980 reports, due to watershed

alteration.

A small portion of land in the northeast corner of the

watershed is used for agricultural purposes, (mostly livestock

grazing) and is placed under the open space category. Similarily,

the open space category includes parks and open playing fields.

Forested areas are mostly mixed deciduous stands with lesser

stands of mixed coniferous growths. The Lake Grove Cemetary is

included in the forest land use type due to the extensive canopy

covering this area. As was stated in the McVoy and Vernon (1980)

report, maintenance personnel at the cemetary do not use fertilizer

on the grounds. Therefore, the activities at the cemetary should

not promote nutrient enrichment to the Lake.
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IV. Discussion of New Data Collected

A. GROUNDWATER MONITORING PROGRAM

The groundwater quality in the Lake Winthrop watershed

reflects not only natural hydrologic, and geologic influences,

but also impacts from human activities. The 1978-1979 Water

Quality Study of Lake Winthrop, by McVoy and Vernon, 1980,

indicates a problem of septic leachate from lakeshore homes.

Septic leachate, high in nutrient complexes, enhances aquatic

weed growth, increases sedimentation and the overall abundance

of nutrients in the water column. Also, natural processes,

such as leaf decay, high transraissivity, percolation of

stormwater runoff, all contribute significantly to increased

cultural eutrophication.

Three of the five monitoring wells installed in the

present study were put in-place on May 26, 1984. These wells

were dug using a mechanical auger, with a six-inch diameter

cutting blade. The remaining two wells were hand dug with a

post-hole digger on June 4, 1984.

All five wells were installed with piezometers, a

li-inch 12-inch porous polyethylene tube attached to five-foot

sections of polyethylene tube. Once centered in the auger

hole, approximatley one square foot of sand was poured in

around the piezometer. The sand acts as a filter to very

small particles clogging the porous section of the polyethylene

tube. (Geo-Technical Equipment, Catalogue No. 6, 1980). The

remaining void was then filled with the material extracted

while augering. The wells were left for a period of five
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days and then pumped on two different occasions to ensure

groundwater was entering the wells. Well water was extracted

through use of a. hand-held Beckson siphon pump with a six-foot

polyethylene tube attached to the inlet and a one foot length

to the outlet. At least two-liters of water were pumped from

the well prior to drawing the sample. This pumping insured

that fresh groundwater was entering the piezometer and that

water quality analyses would not be performed on stagnated

water.

Water quality sampling took place on four different

occasions - June 6, July 17, August 8, and August 21, 1984.

On June 6, 1984, problems were encountered retrieving a

sufficient amount of sample from well #3 (Plate 6). This

well was re-dug and deepened to 4' 2", sampling was then

performed on June 13, 1984.

On June-6, (June 13) and August 8, 1984 samples were

analyzed for nutrients (total phosphorus, total kjeldahl-

nitrogen, ammonia-nitrogen, and nitrate-nitrogen) metals

(cadmium, chromium, copper, iron, lead, manganese, and sine)

and bacteria (total and fecal coliform). On July 17, and

August 21, 1984, samples were collected and analyzed for

nutrients and bacteria. All sample collection, preservation

and transportation of samples was performed in accordance

with Standard Method, EPA's Methods For Chemical Analysis of

Water and Wastes (1980) .

The five wells were dug at strategic points around the

lakeshore. Locations were chosen primarily on the basis of
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existing knowledge of possible groundwater contamination

sources. The location of these wells is delineated on Plate

6. The Stoddard Park - Beach (#1 Well) monitoring site was

chosen due to the presence of toilet facilities (septic tank

leachate), the extensive use of the beach area, and finally

the steep sloping nature of the topography from Norfolk

Street down to the Lake.

The Stoddard Park - Fence (#2 Well) is so-called due to

its proximity to the Park. In reality, however, the monitoring

well is outside of the confines of the Park and is basically

located at the end of Cabot Road. Well # 2 was situated so

as to sample groundwater flow that would eminate from Norfolk

Street and run through those home sites on Cabot Road and the

beginning of Lakeshore Drive.

At 24 Lakeshore Drive (#3 Well) a monitoring site was

chosen to obtain typical septic leachate that would come from

Lakeshore Drive homes. It was situated down gradient of

these homes. The groundwater flow to the Lake was minimal

during this sampling period, particularly since outflow from

the Lake was practically nill, and the Lake is in equilibrium

with the groundwater.

The Lake Grove Cemetary (#4 Well) monitoring well is

located in the northeastern portion of the cemetary adjacent

to wetlands. This well is located at the bottom of a steep

slope from Highland Street. The slope is heavily wooded with

mixed-decidous plants, with the potential of providing a

substantial nutrient load to the Lake.
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The Winthrop Street (#5 Well) monitoring site is located

south of a farm, (with livestock), and below several homes

relying on septic tanks for wastewater treatment.

The only area of the lake which was not monitored for

groundwater quality was the southern end. Lake Winthrop has

wetlands feeding it from 90% of the southern end. Therefore,

no septic tanks exist nor is there any development in this

area (it is an undisturbed area and mostly undevelopable).

The following provides insight to the placement of

wells, soil substrate, well depth, groundwater availability,

etc...

WHITMAN & HOWARD, INC. (1984)

Groundwater Monitoring Wells

Well Well Distance
Depth From

to end of Shore
Screen

1 4 '10" 10'

2 3 '8" 12'

3 4 '2" 31

4 3 '4" 45'

Depth to Soil
Water
Level Substrate

2 '3" Hinckley

2'9M Hinckley

2 '6" Sudbury

2 '5" Freshwater

Water Water (#)

Color Availibility

Cloudy

Tan

Cloudy

Brown

High

High

Low

High
Marsh

3'6' 10' 2 "9" Wareham Tan High

The following is a description of the soils found in the area

of groundwater monitoring wells, descriptions are from

U . S . D . A . S.C.S. ( 1 9 6 9 ) .
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Hinckley - Hinckley soils are excessively drained, sand and

gravel. They are characteristically unconsolidated,

allowing for rapid percolation. Hinckley soils are

slightly limiting for proper septic tank operation

and the high permeability make it susceptable to

groundwater pollution. Hinckley soils are found on

slopes of 3-8 percent in the Lake Winthrop watershed

Sudbury - The Sudbury soil in this area is a sandy loam

underlain by layers of sand and great deal of

gravel. A high water table exists in this area

approximately five months out of the year, making

septic systems moderately impaired. Sudbury soils

exist on slopes of 3-8 percent in the Lake Winthrop

watershed.

Freshwater Marsh - Freshwater marsh lands are usually

underwater and exhibit emergent and water tolerant

plants. Obviously, severely limiting for septic

tank systems. This Well (#4) was dug in early June

and the water had drained from the Wetland area. A

foot to foot and a half of the cover material

consisted of peat and humic debris with a sandy wet

soil underneath.

Wareham - Wareham soils are poorly drained and consist of a

loamy sand surface underlain by a sandy to gravelly

subsoil. Septic system use is severly limited due
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to a high water table very near to the surface and

high rates of permeability. Wareham soils are

found on slopes of 0-3 percent in the Lake Winthrop

watershed.

B. GROUNDWATER ANALYSIS DISCUSSION

Trace metal results in the groundwater {Table 2) were

well within expected concentrations and prove to be of no

particular impact to the water quality of Lake Winthrop.

High iron concentrations were detected at the Lake Grove

Cemetary monitoring site which drains forested wetland area

to the east and northeast. These elevated iron concentrations

are typical of those suspected from groundwater carrying

humic iron complexes. The characteristic brownish color of

Lake Winthrop water is presumably in part due to these humic

complexes. Additional sources of color include both suspended

and dissolved matter which may be derived from decomposing

vegetable matter, algae and other substances. See Appendix F

for Whitman & Howard, Inc. Ground Water Quality Data.

The nutrient load to Lake Winthrop from groundwater

sources most assuredly contributes to the biological nuisances

found in the Lake. Nitrogen is found in freshwater systems

as inorganic nitrogen {ammonia, nitrate and nitrite) or as

organically bound nitrogen, such as those found in all living

organisms. For the growth of phytoplankton and aquatic

macrophytes, the inorganic forms of ammonia-nitrogen and

nitrate-nitrogen are the most important. It is generally
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TABLE 2

AVERAGE RESULTS OF GROUNDWATER MONITORING AT LAKE WINTHROP*

Well #1

Beach @

Stoddard

Park

#2

Fence

South

of Park

#3

#24

Lakeshore

Drive

#4

Lake

Grove

Cemt.

#5

End

Winthrop

Street

Trace Metals: (mg/1)

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Zinc

Nutrients : ( mg/1 )

Ammonia-N

Total Kjeldahl-N

Nitrate-N

Total Phosphorus

Bacteriological :

Total Coliform

Fecal Coliform

<0.01

<0.01

<0.01

0.21

<0.02

0.04

0.055

0.13

0.23

0.86

0.05

(#/100 ml)

11
0

<0.01

0.015

0.025

1.25

<0.02

0.27

0.065

0.14

0.28

1.01

0.15

109
11

<0.01

<0.01

0.015

0.86

<0.02

0.13

0.10

0.13

0.42

1.06

0.05

19,936
4,389

<0.01

0.01

0.03

31.45

0.35

1.43

0.11

0.44

0.33

0.97

0.20

176
3

<0.01

0.015

0.02

6.41

0.045

0.92

0.20

0.54

1.50

0.89

0.16

347
31

*Samples were collected on the following dates: June 6, 1984;
June 13, 1984; July 17, 1984; August 6, 1984; and, August 21, 1984
For complete data results refer to Appendix F.
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accepted that levels exceeding 0.3 mg/1 ammonia-nitrogen and

exceeding 0.3 mg/1 nitrate-nitrogen will lead to increases in

biological nuisances (MDWPC, 1979) .

Based on the data from Table 2 it is clear that nitrate-

nitrogen concentrations exceed acceptable levels (greater

than 0.3 mg/1) for the control of accelerated eutrophication.

Similarly, Ammonia-nitrogen levels exceed acceptable levels

in two of the five monitoring wells. Nitrate-nitrogen levels

ranged from 0.86 mg/1 to a high of 1.06 mg/1 off Lakeshore

Drive; ammonia-nitrogen ranged•from a low of 0.13 mg/1 to a

high of 0.54 mg/1 at the end of Winthrop Street.

Organic nitrogenous materials from domestic wastes have

as their primary end-product ammonia. Under anoxic conditions

ammonia-nitrogen binds with organic particles found naturally

throughout the soil. When the holding capacity of the soil

particles is drained by excessive ammonia-nitrogen levels,

the groundwater will carry these loads to receiving waterbodies

Hence, ammonia-nitrogen in elevated concentrations is detected

in groundwater.

If sufficient oxygen is present in the soil the ammonia

will undergo nitrification and form nitrates. Nitrate-nitrogen

moves more rapidly than ammonia-nitrogen in groundwater and

is more apt to enter receiving water bodies in higher concen-

trations. By studying the nutrient results in Table 2 and

comparing the ammonia-nitrogen levels to the nitrate-nitrogen

levels a relationship can be be made concerning the distance

between the introduction of domestic waste and its conversion
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to nitrate-nitrogen. This relationship appears to hold true

for all monitoring sites, where higher levels of the nitrified

nitrate-nitrogen have been oxidized from ammonia-nitrogen,

in areas of greater distance from the wastewater source.

Total phosphorus levels recorded exceed all recommended

standards for the control of accelerated cultural eutrophica-

tion. The United States Environmental Protection Agency

(1974) states that total phosphorus concentrations should not

exceed 0.05 mg/1 in .any streams entering a waterbody to

ensure that biological nuisances will not develop. The

Commonwealth of Massachusetts has suggested that a level of

0.01 mg/1 total phosphorus not be exceeded at in-lake locations

to control enhanced cultural eutrophication. Total phosphorus

con-centrations were consistantly above the aforementioned

limits. These high total phosphorus levels add considerably

to the enhancement of aquatic weed growth.

Under anoxic conditions soil particles do not readily

aosorb phosphorus and it is therefore free to travel in the

groundwater. Therefore where anoxic conditions exist,

ammonia-nitrogen levels will be relatively high as will total

phosphorus levels. From the average of groundwater monitoring

results, both the Lake Grove Cemetary well and the Winthrop

Street well would indicate anoxic conditions since phosphorus

and ammonia levels are high and nitrate nitrogen concentrations

(although high) are reduced.

Bacteriological analyses for total coliform and fecal

coliform are for the most part well within acceptable expected
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ranges of less than 200 fecal coliforms per 100 milliliters

of sample. Only at #24 Lakeshore Drive where the monitoring

well was placed in very close proximity to a leaching field

were there elevated bacterial concentrations. These data

confirm that which has been suspected for several years, that

septic leachate is entering the Lake from shoreline homes

relying on on-site wastewater disposal.

C. SEPTIC SYSTEM IMPACT ON LAKE WINTHRQP

Lombardo & Associates, Inc. (1980) as part of their 201

Wastewater Management Facilities Plan examined the impact of

subsurface wastewater septic systems on surface and ground-

water quality. The 201 Report identified the domestic

sources of nutrients, the quantities of nutrients, and how a

septic system acts to remove nutrients. Lombardo & Associ-

ates, Inc. developed a model describing nutrient movement and

estimated the amounts of nutrients entering ground and

surface waters in Holliston. This model was used to deter-

mine nutrient concentrations as they would likely be found in

each subwatershed (Plate 7).

Two separate flow regimes impact on Lake Winthrop. The

first flow regime was based on the assumption that only flow

from subwatershed 3C impacted on the lake. While the second

flow regime included subwatershed 3A and 3C, as both impact-

ing Lake Winthrop's water quality. Based on the premise that

all surface waters from subwatershed 3A now go directly into

the Winthrop Canal and that by examining flow direction maps
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by Lombardo & Associates, Inc. Whitman & Howard, Inc. be-

lieves that only subwatershed 3C impacts on Lake Winthrop's

water quality.

In the Lombardo & Associates, Inc. report subwatershed

3C included only 63 dwellings, predominantly in the Stoddard

Park area. However, with the building of the Preserve at

Holliston, a 95-acre parcel of land, located south of the

lake and within the watershed, an increase of nutrient flow

is forseen. Presently, plans call for 63-three to four

bedroom homes, with room for an additional nine lots. All

homes will be served with individual septic systems. In

speaking with Holliston's Building Inspector, Mr. Brown,

percolation tests results for this development are in the two

minute range. This would indicate very high permeability

properties in this predominantly gravel substrate. From

every indication, these homes and their wastewater disposal

means will provide adequate hydraulic treatment, however,

adequate biological treatment remains a concern.

Lombardo & Associates, Inc. (1980) estimated the concen-

trations of nutrients (nitrogen and phosphorus) emanating

from the 63-homes in the Stoddard Park region as being 0.42

mg/1 total nitrogen and 0.26 mg/1 total phosphorus. Al-

though, no hard and fast rule exists for the critical concen-

trations of nutrients in lake systems. Welch (1952) has

determined for comparitive purposes that ammonia-nitrogen

levels not exceed 0.03 mg/1, nitrate-nitrogen levels not

exceed 0.3 mg/1, and total phosphorus not exceed 0.01 mg/1.
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From the data of Lombardo and Associates, Inc. (1980) the

quality of flow to Lake Winthrop is well above these accepted

concentration limits.

In the Lombardo & Associates, Inc. (1980) report a con-

servative transport model of septic leachate movement is

discussed which means that the soil capacity to adsorb

nutrients has been exhausted for existing household septic

wastewater and all nutrients now being generated enters

ground waters. This assumption certainly is legimate due to

the age of the homes in the Stoddard Park area, the density

of the homes, and the close proximity to the lake. Also,

from groundwater monitoring results collected by Whitman &

Howard, Inc. at all five locations, (Plate 6) organic nitrogen

and phosphorus levels are all above the upper limit concentra-

tions for enhancing eutrophication in Lake Winthrop.

Lombardo & Associates, Inc. (1980) have suggested the

use of alum-addiiton units as the most effective means of

lowering phosphorus levels in septic systems. Each time the

toilet is flushed, alum is injected into the sewer pipe to

the septic tank. The alum forms a precipitate with phos-

phorus that removes it from the septic tank effluent.

However, about twice the septage accumulates when using alum,

then when it is not used and pumping of the septic tank must

be performed more often.

In addition, the Lake Winthrop watershed has the char-

acteristics of an agrarian economy as opposed to a more

complex urban economy. Typically, Lake Winthrop is bounded
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by wetlands and unsewered residential areas. These character-

istics enhance the levels of nutrients in groundwater which

ultimately become the surface water of Lake Winthrop. Other

factors necessary for aquatic plant growth are light, tempera-

ture, residence time, thermal stratification, substrate, and

residence time of the water. Lake Winthrop exhibits all

these characteristics and has extensive macrophyte growths.

D. SEDIMENT ANALYSIS DISCUSSION

Sediment samples were collected from three different

locations along the western portion of Lake Winthrop (Plate 8).

The siting of these sample location areas was based on the

fact that these areas were the most heavily sediment laden

and aquatic macrophyte growth was extremely dense in these

areas. Sediment depth (Plate 4) was determined by probing to

first refusal with a calibrated 25 foot survey rod. Plate 9

is a typical cross-section of the bottom profile of Lake

Winthrop.

A phlager-type core sampler was utilized to collect

three samples ranging in sediment depth from/40-46 .centi-

meters (approximately 16-18 inches). Although the actual

depth of soft sediment was over five feet deep, only the top

portion of sediment was analyzed. It is generally recognized

that rooted macrophytes draw their nutrient source from the

top 4-inches (10 cm) of sediment (Wetzel, 1975). In order to

understand the relative contribution of nutrients the sediments

may have on the water column and to what depth the sediments
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have the highest accumulated nutrient concentrations the

cores were split in half and analyzed individually. Each of

the three cores were divided into two equal samples and

analyzed for total volatile solids, total Kjeldahl-nitrogen,-

and total phosphorus (Table 3).

Total volatile solids are analyzed to give a percentage

of organic versus inorganic content of the sediment. The

higher the percentage of total volatile solids the higher the

organic content. The average organic content of the sediments

was between 33-35 percent. This represents a substantial

organic material concentration which is due to the build-up

of detrital material from the yearly aquatic macrophyte

die-off. In fact, these very rich, dark brown, mucky sediments

had fibrous strands of decaying plant material running

throughout the samples. Only a small decrease in organic

content was found with increasing depth of sediment.

From Table 4 a comparison is made from past McVoy and

Vernon (1980) sediment analyses and Whitman & Howard's

finding. The only parameter which exceeds average values of

past sediment analyses is total-Kjeldahl nitrogen. Total

Kjeldahl nitrogen data represents both the organic nitrogen

and ammonia present in the sediment samples primarily from

organic decay of plant materials. High ammonia reflects

reducing conditions in the sediments. During periods of low

hypolimnetic dissolved oxygen concentrations, nitrogen is

released from bottom sediments and is available for plant

growth through uptake from the water column. Low hypolim-
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TABLE 3
Sediment Analysis

WHITMAN & HOWARD, INC.
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

September 21, 1984
J.N. 4-107

PROJECT: Lake Winthrop, Holliston

SAMPLE: Sediments of Lake Winthrop - Core #1, Core #2, Core #3

SAMPLE COLLECTED DATE: 9/12/84

RESULTS OF ANALYSIS*

( /

Core No.

Depth (Cm)

Total Volatile Solids, %
Total KjeldahlN, mg/kg
Total Phosphorus, mg/kg

Cadmium, mg/kg
Chromium (T.) , mg/kg
Copper, mg/kg
Iron, mg/kg
Lead, mg/kg
Manganese, mg/kg
Zinc, mg/kg

#1 /
022 &*£)

ŝ . -X

32.3 25.2
15200 20390
468 357

0.30
7.1
13

3360
13

170
38

#2 ^
020 (20'40~)

x̂ - — -̂

38.0 35.5
23130 21070
741 514

0.45
11
14

3560
19

260
51

#3 /

023 (2-346
x"^ - ^

38.9 32,8
18040 16920

570 . 720

0.35 \
8.9 7
12 ,

3030
11

175 /
25 J

*Dry Weight Basis

Analyzed by X,

-i

(Cnih-Chuplg Liu)
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netic dissolved oxygen concentrations characteristically

occur in Lake Winthrop during the hot summer months when

aquatic weed growth is most productive.

Total phosphorus concentrations in the sediments of Lake

Winthrop are comparatively low in relation to average levels

reported by the MDWPC in Table 5. However, the sediment

samples were collected on September 12, 1984 prior to the

fall turnover and during a period of characteristical-ly low

dissolved oxygen concentrations in the hypolimnion. In fact,

the average phosphorus concentration of 562 mg/kg found by

Whitman & Howard, Inc. correlates well with a maxi-mum level

of 1,600 mg/kg (February 21, 1979) reported by the MDWPC and

an average level of 110 mg/kg {July 24, 1979). This is true

due to the fact that the concentration of nutrients in

sediments is related to the overlying oxygen concentrations.

As the oxygen level drops to near anoxic conditions, lower

nutrient concentrations in the sediments are expected. The

McVoy and Vernon (1980) concur that "reductions in nitrogen

and phosphorus during the summer corroborated previous

hypolimnetic indicators that suggested release of these

nutrients from anoxic sediments."

From the following data it is understandable how decreased

oxygen levels in the hypolimnion causes the release of

nutrients from bottom sediments.
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TABLE 4

Comparitive Sediment Phosphorus Levels

MDWPC Results W&H, Inc.

Total Phophorus (mg/kg)

Hypolimnetic Dissolved
Oxygen (mg/1)

2/21/79 7/24/79
1,600 110

11.0 1.0

Average of
Three Samples

9/21/84
562 -

4.6

From these results, two conclusions may be derived.

1. Sediment nutrient concentrations are related to

dissolved oxygen concentrations, in that, anaerobic

conditions in the hypolimnion of a stratified lake

may cause the release of nutrients to the overlying

waters (U.S.E.P.A., 1984).

2. During the most productive aquatic weed proliferation,

hypolimnetic oxygen concentrations are low and

nutrient release from sediments is high.

From the McVoy & Vernon (1980) report, nutrient levels

in the water column correlate with sediment nutrient release.

Higher nutrient concentrations were consistantly reported

through the water column when low hypolimnetic dissolved

oxygen conditions exist. In order to control the release of

nutrients, a sufficently high hypolimnetic oxygen level needs

to be maintained.

High copper concentrations are evident in Lake Winthrop's

sediments, presumably from past copper sulfate applications
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TABLE 5

LAKE WINTHROP, SEDIMENT SAMPLES
RESULTS OF CHEMICAL ANALYSES

DATE
PARAMETER

Total Phosphorus

Total Kjeldahl-Nitrogen

Copper

Zinc

Arsenic

Chromium

Iron

Manganese

Cadmium

Lead

21 February 1979
STATION 1

1,600

6,400

6,770

180

0.70

9.0

9,115

180

0.00

235

24 July 1979
STATION 1 STATION 3

138

1,058

35.2

110

8.04

15.1

6,930

131

0.00

201

83

744

30.9

106

6.77

12.6

8,410

222

0.00

348

Source: MDWPC - 1980; Lake Winthrop Water Quality Study
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for the control of filamentous algae. 'Copper along with

other metals are released from sediments during anoxic

conditions. All other chemical constituents pose no water

quality problems as far as contact recreation or aquatic weed

proliferation.

E. AQUATIC MACROPHYTES

The aquatic macrophyton community in Lake Winthrop was

identified and mapped on August 15, 1984 (Plate 10) by slowly

transecting the lake and taking grab samples and by visual

inspection. Bottom plant growths were sampled with use of a

grappling hook. The purposes of the macrophyton survey was

for identifying dominant genera and quantifying areal extent.

Plates 11 and 12 follow this discussion providing insight as

to plant type, density, and areas of windblown high denisty

concentrations due to fragmentation.

A total of seven species of aquatic vegetation were

collected and identified, these species do not include the

abundant wetland plant species found in the outlet area. Of

the six species of vegetation observed Myriophy1lum hetero-

pnylluiti (Watermilfoil) was by far the dominant aquatic

macrophyte. Watermilfoil is a vigorous fibrous-rooted

submerged plant that grows in water from four (4) to 15 feet

deep. Watermilfoil grows quickly and its long hollow stem

with feather-like leaves grow to the water surface shading

out other plants in the water. This shading and extensive

areal growth accounts for the low number of other aquatic

-50-



NORTH

LAKE WWTHROP
HOUJSTON, MA.

MACROPHYTON
DISTRBUTION

AUGUST 15, 1984

STODDAHD PABZ

BEACH

LEGEND^

FILAMENTOUS ALGAE
(GROWING IN PLUMES)

PONTEDERIA CORDATA
(PICKERELWEED)

YMPHAEA ODORATA
WHITE WATER LILY)

UTRICULARIA SP.
(BLADOERWORT)

H4 MYRIOPHYLLUM
HETEROPHYLLUM
(WATER MILFOIL)

ELEOCHARIS SP.
(SPIKE RUSH)

M MUSC1 SP.
(AQUATIC MOSS)

Whitman & Howard, Inc P l a t e 10



PtEASUHE
POINT
BEACH—>

NORTH

FEET

1000

LAKEWINTHROP
HOLUSTON, MA.

AQUATIC MACROPHYTE

DENSITY

August 15, 1984

7 STODDAflD PAflK

BEACH

VZH7 DENSE
75-100%

DENSE
50-75%

MODEHATE
25-50%

SPAHSE-
0-25%

WHITMAN & HOWARD, INC.
-52- PLATE



PLEASURE
POINT,
BEACH »

NORTH

F££T

1000

LAKE WINTHROP
HOLLJSTON, MA.

WATER MILFOL
MYRIOPHYLLUM

HETERQPHYLLUM

August 15,1984

STODDAHD PARK
BEACH

; P « STODDARD PARK
WELL

WETLANDS

DENSITIES. DUE TO
WIND B L O W N
CUTTINGS

WHITMAN & HOWARD, INC.
-53-

PLATE 12



plant species present. Flower spikes are evident above the

water surface from June to September but the plant primarily

reproduces by vegetative means. Vegetatively reproducing

plants are difficult to control since cutting them mechani-

cally or movement by windblown agitation serves to enhance

their areal growth. Also, watermilfoil may produce over

wintering leaf clusters which readily come back to life to

produce new shoots and roots in the spring. Watermilfoil is

of little value to wildlife except for cooling bottom waters

necessary for fish propagation.

When in bloom, Myriophylum heterophylum have floral

bracts consisting of tiny brownish flowers located between

reduced leaves on a stem that stands erect above the water

surace. Myriophylum heterophylum reproduces primarily by

vegetative means, that is, that only a fragment of the plant

need find a suitable substrate to root and produce an entire

plant. Plate 12 gives an indication of how easily water-

milfoil becomes fragmented just by natural windblown agita-

tion, boating, and other man-induced disturbances.

Watermilfoil can be temporarily controlled by harvest-

ing, shading, or treating with chemicals. Nichols and Shaw

(1983) state that due to the often massive beds of water-

milfoil shading is inappropriate, chemical treatments have

serious misgivings {primarily due to oxygen depletion and

nutrient recycling causing algal blooms) and that harvesting

requires more than one harvest to control milfoil regrowth

over the growing season. Pulling, cutting of raking aquatic
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weeds can provide immediate easing of weed problems in small

areas. Cutting or harvesting of milfoil requires that

fragments be collected and brought to shore, since it spreads

via cut pieces. Milfoil makes good mulch or compost due to

its high nutrient content (Connecticut D.E.P. 1984).

Nymphea odorata (white water lily) was abundant near

shore along the western and southern borders, These plants

have a large fleshy root with round leaves with a radial slit

which floats on the water surface. Food value to wildlife is

low, however a large variety of insects are epiphytic on the

under side of the leaves. White Water Lily can be controlled

by repeated cuttings which weakens the reproductive rhizomes

which may be removed. Raking, whereby the root is removed

provides the longest mechanical means of water lily control.

Chemical applications are of little value due to the strength

of the large root. (Massachusetts Department of Food and

Agriculture, 1976).

Filamentous algae growths were evident along the south-

eastern shore in the area of Lakeshore Drive. These growths

do not hinder fishing or boating to any great extent, however,

they are aesthetically unpleasing and slimy to the touch.

Most importantly, filamentous algae are often indicative of

environments rich in organic matter (Fogg, 1956). In fact,

these growths were located in plumes indicating zones of

septic leachate entrance to the lake.
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Other aquatic macrophytes present but to a much lesser

degree included Pontederia cordata (Pickerelweed), Uttricularia

sp. (Bladderwort) and Musci sp. (Aquatic Moss).

In addition to the large plants (macrophytes) there

exists the small plants (phytoplankton). Both macrophytes

and phytoplankton are necessary for the maintenance of all

other forms of aquatic life. They consume carbon dioxide and

oxygenate the water, provide food for small swimming organ-

isms and therefore play an important role in the food chain.

Aquatic plants also shade and cool waters, anchor the sub-

merged soil in place, provide shelter and breeding areas for

small organisms and the fish which feed on them (Mulligan,

1968) .

When conditions in the water are favorable (sufficient

sunlight, appropriate water temperature and an adequate

-supply of plant nutrients), the multiplication of certain

species of plytoplankton turns the water blue or green. This

is known as a phytoplankton "bloom". Although aquatic plants

are essential, phytoplankton blooms and large populations of

macrophytes often produce undesirable changes in the aquatic

environment. Phytoplankton blooms super-saturate the surface

water with oxygen during the day, while at night their

respiration may cause serious oxygen deficiencies. This

condition does not result directly from the growth of aquatic

macrophytes, but indirectly by restricting water movement

which causes stagnation (Mulligan, 1968) . In addition, large

blooms of algae and large standing crops of macrophytes
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interfere with multiple uses of a waterbody. Swimming,

fishing, boating and aesthetic enjoyment are hampered by

excessive plant growths.

Aquatic weed growth may either be controlled by long-

term nutrient source reduction or their excessive growths may

be reduced by three means (1) chemical, (2) mechanical or (3)

biological. Nutrient source reduction differs significantly

from aquatic weed reduction means in that source reduction

actually curtails the influx of excess nutrients to the water

body. While, chemical, mechanical and biological control

methods are after the fact, in-lake weed reduction and

removal techniques. Most often, source reduction is an

expensive one-time capital outlay project (with additional

yearly operation and maintenance costs) while the other weed

reduction measures are required every year and never address

the actual source of the problem. All of these weed control

and weed reduction measures are discussed in latter sections.
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V. HYDROLOGY

A. General

Lake Winthrop receives drainage from approximately 800

acres of watershed, excluding the Lake itself. The watershed

is located in the western reaches of the Upper Charles River

Basin in a predominantly rural area with open space, forest,

and wetlands comprising over 75% of the watershed. McVoy and

Vernon (1980) indicate a watershed area of approximaely 1,160

acres. However, due to the diversion of an intermittant

stream in the northwest corner of the watershed directly into

the Lake Winthrop Canal, the surface drainage area is greatly

reduced. Also, 72 acres of wetland in the southern portion

of the watershed have been excluded, since this land drains

south through Medway. Also, an on-site reevaluation indicates

that sixty-five (65) acres of residentital housing east of

Norfolk Street, Holliston, has been excluded due to the

unnatural road barrier and drumlins which cause drainage to

flow out of the watershed. (Plate 2.)

Surficially, Lake Winthrop is fed by an intermittent

unnamed inlet in the southeast corner of the lake. This

inlet originates in wetland area and becomes stagnant during

dry periods and throughout much of the summer. Also, flow of

water out of the Lake is minimal, in fact, field investigations

during the summer of 1984 indicate no flow over the outlet

structure, but rather only leakage through it. The present

outlet structure has a relief valve located three feet below

the crest of the outlet structure (Plate 13). This relief
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valve is presently inoperable and is in the open position.

However, due to the sedimentation which has completely covered

the relief valve to a depth of three feet, only a trickle of

water infiltrates down and exits in this manner.

Realizing that very little surface water enters or exits

the lake during summer months; it is clear that Lake Winthrop

is more influenced by groundwater then anything else.

Lombardo & Associates (1980) have mapped (Plate 14) the

general flow lines of groundwater entering the lake. During

the summer months, the Stoddard Park Well is pumped continously

at a rate of 200-220 GPM. Therefore, groundwater enters the

lake and is in turn pumped out of the lake for water supply

purposes, this accounts in part for the near absence of flow

at the inlet and outlet during summer months.
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B. HYDROLOGIC BUDGET

As stated previously, the data collection and time frame

for this study were limited. The majority of the water

quality data was collected as part of the earlier (1978-79)

DWPC study. No flow data was available from that study, nor

was there a measurable outflow from the lake during the

course of this study. In order to assess the hydrologic

characteristics of the lake watershed, a water balance

calculation, utilizing criteria such as runoff coefficients,

lake evaporation measures and evapotranspiration calculations

have been developed. These data are incorporated into the

water balance to determine unknown factors (i.e.infiltration

and outflow).- The base year for these calculations is calen-

der 1978 in order to develop nutrient concentrations that can

be compared to the actual data collected by the MDWPC in the

summer of 1978. The outcome of this process, the outflow

volume, is used to calculate detention time and flushing rate

for the laXe. These in turn can be used as one means of

assessing the potential success of the various lake restora-

tion techniques.

Water Balance

A hydrologic budget approximates the distribution of

precipitation falling on the watershed. Inputs to any

watershed must equal outputs, to have a balanced hydrologic

budget. The input(s) to the Lake Winthrop watershed consist

of precipitation (P) and wastewater disposal (WD). Outputs

from the watershed consist of runoff(R) to nearby streams.
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waterbodies or wetlands, infiltration (I) to groundwater -

which eventually feed nearby streams, waterbodies, and

wetlands or remain in underground aquifers (i.e., subsurface

deposits of water intermixed with loosely packed sand and

gravel) ; evapotranspiration (ET) which is the evaporation

from all soil, snow, ice, vegetation and other surfaces plus

transpiration; direct evaporation (E) from Lake Winthrop and

other areas of open water; and water drawn from groundwater

sources for public consumption (WF) . Plate 14A graphically

depicts the relationship of these sources and their magnitude

Therefore, the following equation (s) must be solved:

0 = R + I - W F + WD

WHERE: P = Precipitation

R = Runoff

I = Infiltration

ET = Evapotranspiration

E = Direct Evaporation

WD = Wastewater Disposal

WF = Stoddard Park Well

0 = Outflow from Lake Winthrop

Precipitation data were gathered from the National

Oceanic and Atmospheric Administration for the period from

January 1978 to December, 1978 at the West Medway Weather

Station. This base period was selected to provide a twelve

(12) month time frame encompassing the spring/ summer period
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of the MDWPC data collection. Precipitation for the period

was 44.50 inches (113.0 centimeters), which is approximately

1,089.86 million gallons per year over the entire watershed
c

or 4.123 x 10 cubic meters per year.

Appendix G details the methodology utilized in determin-

ing the hydrologic budget for Lake Winthrop. Surface runoff

was calculated with the knowledge of land use, slope and soil

type for the Lake Winthrop watershed.

Direct surface runoff to Lake Winthrop is calculated to

be 342.3 million gallons per year (1.30 x 10 cubic meters

per year), as noted in Appendix G.

Potential evapotranspiration (P.E.T.) is defined as the

evapotranspiration which would occur if there was always an

adequate water supply available to a fully vegetated surface.

The potential evapotranspiration was determined by the

Thornthwaite Method as described by Mather and Rodriguez

(1978) . This method utilized mean monthly air temperatures

to estimate the amount of energy available for evapotranspira-

tion. Actual evapotranspiration is then calculated based on

monthly and subwatershed variations in temperature, precipita-

tion, direct runoff, and soil storage properties. The actual

evapotranspiration is calculated to be approximately 383.0

million gallons per year, 1.45 x 10 cubic meters per year.

Evaporation loss from the Lake and other open water is
c

approximately 85.77 million gallons per year, or 0.33 x 10

cubic meters per year. This is based on United States

National Weather Service average annual evaporation from
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shallow lakes (Linsley, et. al. 1975). The U.S. Weather

Service estimates that 27 inches/year evaporates from shallow

Massachusetts' lakes and ponds.

The Stoddard Park well represents a draw on groundwater

availability. Approximatley 16.65 million gallons per year,

0.05 x 10 cubic meters per year is pumped from this well

based on records of the Town's Water Department (for 1978).

Infiltration is necessarily calculated as the end

product of the equation:

P - R + I + E T + E

Solve for I:

I = P - R - E T - E

= 1089.8 MG - 342.3 MG - 383.0 MG - 85.8 MG

I = 278.7 Million Gallons/Year

Infiltration to groundwater sources equals 278.7 million

gallons per year or 1.05 x 10° cubic meters per year.

The Lombardo & Associates (1980) study discussed ground-

water flow direction and groundwater flow through Lake

Winthrop. For the purposes of this evaluation, groundwater

flow (infiltration quantities) is assumed to be evenly

distributed as a flow source to the lake.

Once other outputs (losses) such as direct evaporation,

evapotranspiration and the Stoddard Park Well Pumping are

subtracted from the input sources, we are left with approxi-

mately 619.5 million gallons discharged from the lake on an

annual basis (this is equivalent to 2.34 x 10 cubic meters
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per year). This annual outlet discharge value can be used to

calculate the flushing rate and retention time in Lake

Winthrop.

FLUSHING RATE/RETENTION TIME

Flushing rate represents the number of times per year a

waterbody will have a complete exchange of water volume. The

flushing rate is the reciprocal of retention time. Retention

time is given by the quotient of volume and outlet discharge,

e.g.;

Retention Time = Lake Volume/Outlet Discharge

Retention Time = 330 Million Gallons/619.5 MG/Year

= 0.533 Years = 194.5 Days

Flushing Rate = 1.88 Volume Changes/Year

The retention time of 194.5 days for Lake Winthrop

reflects its low flow through rates and large volume.

The water exchange rate (flushing rate) in Lake

Winthrop affects productivity and the biota because it

influences the distribution of nutrients, microorganisms and

plankton. The estimated flushing rate of 1.88 volume changes

per year may be insufficient to effectively washout plankton

algae from the lake. Increases in the flushing rate have

been shown to reduce the biomass of plankton algae (Cooke,

et. al., 1986). Any alternatives for the Phase II restoration

program that would increase the lake's flushing rate should

be reviewed as part of the alternative evaluation process.
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At the sametime, direct (surface) runoff consists of

approximately 31.4% and groundwater (infiltration) consists

of 25.6% of precipitation falling on the watershed. Any

alternative that impacts on these flow sources to the lake,

such as sewage disposal, watershed management, etc. can have

an impact on the overall lake restoration program.
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VI. ANNUAL NUTRIENT BUDGET

A lake's nutrient budget is, by definition, a quantifi-

cation of the source and sink terms for nutrient movement at

the lake interface (Reckhow, 1983). Nutrient budget data are

gathered on an annual basis in order to eliminate seasonal

variability and therefore to promote comparison and analysis

of the budget. The level of nutrient loads determined in

this approximation can be used in establishing a trophic

level of the lake. The determination of the nutrient load is

based on the hydrologic budget of the lake's watershed,

literature values and the water quality sampling data collec-

ted during the course of the study. Factors impacting the

nutrient budget are:

1. Hydrologic Budget

a. Wastewater Disposal

b. Groundwater

c. Runoff

2. Detrital Load

3. Atmospheric Fallout

4. Outlet Discharge

The calculations of the annual nutrient budget are

included in Appendix H. As a percentage of the total inputs

to the lake, the following nutrient sources are important.

Nutrient Source Nitrogen Phosphorus

Atmospheric Fallout 10.7% 3.5%

Wastewater Disposal 16.1% 48.7%
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Groundwater 32.4% 25.9%

Detrital Load 2.6% 0.6%

Runoff 38.2% 21.3%

100.0% 100.0%

In relation to phosphorus, wastewater disposal, ambient

groundwater and runoff contribute the greatest phosphorus

load. Of these sources, groundwater is least subject to

control technology. Wastewater phosphorus loading is more

readily controllable, but expensive. Nutrient load reduction

from surface runoff is difficult in the case of the Lake

Winthrop watershed due to the diffuse nature of these flows.

Limiting Nutrient Analysis

An analysis of the limiting nutrient in Lake Winthrop

provides information as to which major nutrient nitrogen or

phosphorus, is responsible for controlling rates of primary

productivity. Several methods are used to determine the

limiting nutrient. Theoretically the uptake weight ratio of

these nutrients by algae is 7.5 nitrogen to 1 phosphorus. If

the nitrogen-phosphorus ration (N:P) is greater than or equal

to 10, the limiting nutrient is most likely to be phosphorus.

If the N:P is less than or equal to 5:1, the limiting nutrient

is most likely nitrogen (Wanielista, et al., 1981). Also, if

either phosphorus or nitrogen is reduced during peak biomass

production (i.e. chlorphyll a) the nutrient reduced indicates

the limiting factor. If neither the phosphorus nor nitrogen

concentration is reduced during the period of maximum summer
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phytoplankton biomass, some other factor such as light or a

micro-nutrient may limit the algae growth.

From the limited data base of the McVoy and Vernon

(1980) report summer total phosphorus concentrations averaged

0.04 mg/1, total nitrogen concentrations averaged 0.865 mg/1.

These summer nutrient concentrations yield a N:P ratio of

21.6, indicating Lake Winthrop is phosphorus limiting.

Therefore, restoration activities should be directed towards

the reduction of phosphorus.

Current control technology is directed toward the

reduction of phosphorus in lakes and ponds. This is because

(1) phosphorus is added primarily from land sources, unlike

nitrogen, it is not transported, in a gaseous state across

the air/water interface nor fixed by blue-green algae or

bacteria; (2) in culturally impacted lakes, the proportion of

total phosphorus attributable to man is typically higher than

that of any other growth-limiting element (Vallentyne, 1974);

(3) phosphorus removal from water is technologically much

more cost-effective than nitrogen removal; and (4) non-point

phosphorus additions may be reduced through proper land use

management (Reckhow and Simpson, 1980).

The preceding "Annual Nutrient Budget" was based on

several data sources. This nutrient budget provides loadings

to the lake but does not provide insight as to the loading

contributed from various land use activities. Reckhow and

Simpson (1980) have established a phosphorus model based on

land use and export coefficients. Whitman & Howard, Inc. has
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utilized this model both as a comparison to the "Annual

Nutrient Budget" analysis and a summary of non-point source

loading by land use. A summary of the "Annual Nutrient

Budget" versus the Reckhow/Simpson model follows the discus-

sion on the phosphorus budget analysis.

Phosphorus Budget Analysis

Calculation of the phosphorus budget and modeling

follows the methodology presented in Reckhow and Simpson

(1980). Watershed data are summarized in Appendix H-l. This

analysis develops a phosphorus budget from land use factors

utilizing export coefficients (EPA, 1980). By estimating

phosphorus loading from various land uses on a watershed

basis, it is possible to estimate non-point source loadings

by land use. Table 6 is a summary of the phosphorus model

results.

Calculations of In-Pond Phosphorus Concentrations

Utilizing the Reckhow and Simpson (1980) model equation,

estimates of the low, most likely and high in-lake phosphorus

concentrations have been calculated and are: low, 0.029

mg/1; most likely, 0.048 mg/1; high, 0.081 mg/1. The mean

in-pond surface concentration measured by the MDWPC for

comparison, was 0.04 mg/1. The 0.008 mg/1 discrepency

between the projected "most likely" 0.048 mg/1 and the

measured 1978-1979 mean 0.04 mg/1 concentration is probably

due to model variation and selected export coefficients.

Chapra and Reckhow (1979) and Dillon and Rigler (1975)

have established proposed relationships among phosphorus
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TABLE 6

LAKE WINTHROP
PHOSPHORUS BUDGET ANALYSIS

MOST LIKELY VALUES

Source

Atmospheric Loading

Residential

Open Space

Forested

Wastewater

Phosphorus Load (%)

18.2 KG/YR. (5.6%)

'36.1 KG/YR. (11.0%)

8.0 KG/YR. (2.4%)

15.3 KG/YR. (4.7%)

249.6 KG/YR. (76.3%)

327.2 KG/YR. (100.0%)
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concentrations, trophic state, and lake use for north temper-

ate lakes. These researchers estimate a phosphorus concen-

tration ranging from 0.020-0.050 mg/1 is indicative of a

eutrophic lake. They define a eutrophic lake as having a

"reduction in aesthetic properties diminishing enjoyment from

body contact recreation. Generally very productive for warm

water fisheries". Lake Winthrop meets these criteria.

Summary

A comparison of phosphorus loadings calculated by the

Reckhow and Simpson model and the annual nutrient budget is

summarized in the following table.

Phosphorus Nutrient
Model Budget

Overland Runoff and
Groundwater 59.4 KG/YR. 244.8 KG/YR.

Wastewater* 249.6 KG/YR. 249.6 KG/YR.

Atmospheric Fallout* 18.2 KG/YR. 18.2 KG/YR.
327.2 KG/YR. 512.6 KG/YR.

*Same methodologies utilized in both budgets

There exists a 185.4 KG/YR. difference between the

phosphorus model and the nutrient budget phosphorus loading.

This represents a substantial difference which is primarily a

reflection of the land use activities of the watershed.

Since the Reckhow/Simpson model utilizes literature values

for export coefficients, the potential for under or overesti-

mating nutrient loads is high. In the same sense, the

potential for under or overestimating nutrient loads through
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the nutrient budget is high. This is due to the fact that

1978 had higher than average precipitation which is reflected

in higher nutrient loading in the annual nutrient budget

calculations (where flow times nutrient concentration equals

nutrient load) . For the purposes of determining potential

for success through restoration efforts, the annual nutrient

budget will be utilized.

Internal Nutrient Cycling

On a net annual basis, most ponds and lakes act as

phosphorus sinks that retain more phosphorus than they

release (USEPA, 1980 and Reckhow, 1979). However, Snow and

DiGiano, 1976, have shown lake bottom sediments to alternately

act as a phosphorus source or sink at various times of the

year. The amount of phosphorus adsorbed and desorbed from

the sediment as well as the concentration of phosphorus in

the lake water as compared to that in the sediment vary with

different chemical, biological, and physical conditions.

The Dillon-Rigler-Kirchner (1975) formula for estimating

the annual fraction (R) of the phosphorus loading which is

potentially retained by a lake is:

R = 0.4268 I-0.27KZ/T) + Q [-0.00949 U/T>]

Where: R = Phosphorus retention as a percent of the total

external phosphorus load.

Z = Mean depth =3.0 meters

T = Retention time = 0.533 years

Solving the equation for Lake Winthrop yields a value of

R=0.636, which indicates that 64% of the total annual external
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phosphorus load is potentially available for sediment reten-

tion.

It is of interest to lake restoration to determine when

phosphorus recycling occurs. Generally, phosphorus recycling

would occur during fall and spring turnover. At these times

nutrient-rich hypolimnetic water can redistribute either 1)

nutrients previously released from sediments during periods

of hypolimnetic anoxia or 2) accumulated settled organic

matter. However, McVoy and Vernon (1980) data indicate no

increases in total phosphorus during spring sampling, no fall

samples were collected. Anoxia in the hypolimnion was never

recorded and a substantial hypolimnion was never observed

when a themorcline was present (McVoy and Vernon, 1980).

Therefore, due to a lack of data it is difficult to

estimate the magnitude of phosphorus released from bottom

sediments. However, due to the fact that bottom anoxia was

never recorded and there were no definitive trends in phos-

phorus concentration increase, it is probable that external

nutrient sources have a much greater influence on lake water

quality, than does internal nutrient recycling.

TROPHIC STATUS

In general, the trophic status of a lake involves a

comparison of the total phosphorus loading with the maximum

permissable loading a lake can tolerate prior to the occurrence

of excessive algae and weed growth. Models developed by

several researchers provide classification of the lake as

oligotrophic, mesotrophic, or eutrophic. Also, the impact of
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reducing external phosphorus loading realized through restora-

tion alternatives may be calculated with resultant trophic

state changes.

Two models, Dillon-Rigler (1975) and Vollenweider

(1975), have been selected for the trophic state analysis of

Lake Winthrop. Each predicts the tolerance of a lake for

phosphorus as a function of two lake morphological parameters

(1) mean depth (Z), and (2) hydraulic retention time (T).

Lakes with rapid flushing rates and large mean depths can

tolerate greater phosphorus loads. Decreasing retention time

and/or reducing phosphorus loading may be appropriate manage-

ment alternatives for improving lake trophic status.

Table 7 defines the trophic boundary loadings resulting

from determination of the two models to Lake Winthrop. The

resulting phosphorus loadings differ slightly. The Dillon-

Rigler model shows Lake Winthrop to be more phosphorus

tolerant than the Vollenweider model. This is probably due

to the Dillon-Rigler model's consideration of phosphorus

retention by the sediments.

TABLE
TROPHIC BOUNDARIES AS A FUNCTION OF EXTERNAL PHOSPHORUS

LOADING

Model Oligotrophic/Mesotrophic Mesotrophic/Eutrophic
Loading Boundary (KG/YR? Loading Boundary (KG/YR)

Dillon/Rigler (1975) 97.2 - 145.7 189.5 - 291.5

Vollenweider, (1974) 94.9 - 144.5 144.5 - 206.3
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The combined model results indicate that a eutrophic

condition would be likely in Lake Winthrop if phosphorus

loadings exceed 144 to 291 KG/Yr. The phosphorus model

analysis and annual nutrient budget estimates of the existing

phosphorus loadings range from 327 to 511 KG/Yr. Therefore,

budget analysis indicate Lake Winthrop to be eutrophic.

Plate 15 is a graphical representation of the existing

trophic status of Lake Winthrop based on the Dillon-Rigler

model. The Dillon-Rigler plot is of phosphorus loadings as

they relate to zones of oligotrophy, mesotrophy and eutrophy.

Recall that the Dillon-Rigler model incorporates a sediment

retention factor which accounts for approximately 64 percent

of the phosphorus load. This model places Lake Winthrop in

the mesotrophic category.

Plate ISA is a graphical representation of the existing

trophic status of Lake Winthrop based on the Vollenweider

model. The Vollenweider model relates phosphorus loading and

depth/detention time as related to trophic state. This

analysis places Lake Winthrop above the "dangerous" level and

in the eutrophic zone.

Bartsch (1975) has related the concentration of phosphorus in

a lake to the algal population (measured as chlorophyll a)

and to the turbidity (measured by secchi-disc readings).

Bartsch1s trophic state index is as follows:
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Lake Winthrop, Holliston, Ma.

Nutrient Budget
186 KG/YR

-291.5 KG/YR
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100.0
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T-Hydraulic Retention Time CYR.J

Dillon/Rigler Trophic Status

Whitman & Howard, Inc
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Oligotrophic

Mesotrophic
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24 July 1979

From this information and that presented in the Dillon-

Rigler and Vollenweider models, Lake Winthrop is eutrophic.

Restoration alternative goals should be to lower Lake Winth-

rop *s trophic state to the mesotrophic state. Methods and

magnitudes of nutrient reduction to achieve this goal are

outlined in Chapter VIII - Alternative Evaluation.
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VII. SYNOPSIS OF LAKE RESTORATION TECHNIQUES

A. INTRODUCTION

As part of the analysis of the "diagnostic" data, the

existing condition of Lake Winthrop can be related to potential

pollution sources. Nutrient loading associated with wastewater

disposal from the watershed is the major external source of

elevated nutrient levels in the lake water. The effect of

wastewater loading is twofold. An immediate result is

increased nutrient availability in lake water (algae growth),

while a long-term effect is expressed by weed growth. Also,

the laKe has a tremendous reserve of nutrients in the sediments,

from which aquatic weeds receive their nutrient source.

Continued aquatic weed growth has resulted in concern

for the recreational use of the lake. Should existing

conditions continue unchecked, the lake will become impassable

due to weed density. There is evidence to support past and

present usage of the lake for unlimited active and passive

recreation activities. There is strong support for restoration

of the lake both in town officials and the public, to continue

these uses as evidenced by the concern of the Selectmen,

Conservation Commission, the Parks and Recreation Department

and local citizens during the course of the study.

The current state of the weed problem in Lake Winthrop

restricts contact use of the pond (i.e. boating, swimming,

fishing). Therefore, the goal of the Feasibility Study will

be to identify those restoration/management techniques that

will restore viable contact and noncontact use of the lake
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and thereafter preserve its usage and water quality. Restora-

tion program goals are broadly defined as: 1) reduce nutrient

loads entering the lake; 2) improve flushing rate; 3) reduce/

control in-situ weed growth; and 4) reduce algal growth.

The nutrient budget analysis identified the reduction of

wastewater nutrient loading as the most logical means of

reducing phosphorus loading to the lake and improving its

trophic state. These goals will be used in assessing the

potential for success in the following evaluation of alterna-

tive restoration techniques. The hydrologic budget identified

the lack of flushing and the retention time as added causes

of the lake's eutrophic condition. Restoration technique

impact on these factors will also be assessed to maintain or

improve the hydrologic state.

B. SCREENING/SELECTION OF AVAILABLE RESTORATION-
PRESERVATION ALTERNATIVES

Methods available to correct water quality problems in

lakes and ponds are numerous and vary as to technique, cost

and success. Lake/pond restoration techniques and their

application to water quality problems have been compiled and

included in this study as Appendix I. Interested individuals

are urged to read the methods and applications of these

techniques.

Specific goals for Lake Winthrop restoration are:

1. Reduce Wastewater Loading:

a. Improve aesthetics of shoreline via reduction
of algal growth

b. Reduce in-lake nutrient concentration
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2. Improve Flushing Rate:

a. Decrease Sedimentation
b. Reduce in-lake nutrient concentration

3. Control Weed Growth:

a. Improve recreational use of the lake
b. Reduce nutrient recycling

The three (3) overall goals and six (6) subcategories will be

used to judge the application of a particular methodology to

lake restoration needs. This evaluation is done by construc-

ting a matrix that applies methodologies to subcategorical

goals. A rating system "scores" each methodology as it is

applied to the goals and a total score is determined.

The rating system is based on the following criteria:

0 - Not Applicable to Goal(s) - Technique does not
result in nutrient reduction or hydrologic
budget improvement.

1 - Minimal Positive Impact - Technique has some
nutrient reduction and/or hydrologic budget
improvement. May improve aesthetics.

2 - Moderate Positive Impact - Technique has
definite nutrient reduction potential, possible
hydrologic budget improvement and aesthetic
improvements.

3 - Maximum Positive Impact - Technique will
result in large scale nutrient loading,
reduction with associated aesthetic improvement
and/or hydrologic budget improvement.

The total score of a method as it applies to all goals is

used to determine its applicability to the lake restoration

program. These methods are then evaluated for specific

benefit, environmental impact, capital and long-term operational

cost and practical feasibility. The total score ranges are

as follows:
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0 to 3. Not Considered for Use - Techniques do
not apply to the problems identified as primary
causes of reduced lake usage;

4 to 6. Possible Use - Techniques may be helpful in
restoring lake use but will not effect an
immediate reduction in nutrient loading/concentration;

7 to 9 Beneficial Impact - Techniques could result
in marked lake quality improvements over short
duration usage; and

10 to 12. Definite Application - Techniques would maxi-
mize lake quality improvements immediately.

Table 8 shows the "scoring" of each method within a

subcategorical goal. As can be seen by the total score

column, the different methodologies fall into the following

categories:

0-3 Not Considered for Use - Inflow Diversion
Product Modification
Shoreline Modification
Chemical Treatment
Biological Treatment

4-6 Possible Usage - Inflow Management
Watershed Management
Dredging
Level Manipulation
Nutrient Inactivation
Bottom Sealing
Weed Harvesting
Aeration/Mixing

7-9 Beneficial Impact - Riparian Regulation

10-12 Definite Application - None Determined

The following section expands on the specifics of each

of the methodologies that ranked "Possible" or higher.

Dropped from further discussion are those methodologies

ranked "Not Considered".
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TABLE 8

RESTORATION/PRESERVATION ALTERNATIVES

SCREENING OF METHODOLOGIES

Reduce Wastewater Load Improve Flushing Rate Control Weed Growth
Alternative Improve Reduce In-Lake
Methodologies Aesthetics Nutrients

Inflow Diversion

Inflow Management

Watershed Management

Riparian Regulation

' Product Modification
cn
1 Dredging

Level Manipulation

Nutrient Inactivation

Bottom Sealing

Shoreline Modification

Weed Harvesting

Chemical Treatment

Biological Treatment

Aeration/Mixing

Q

0

1

2

0

0

0

0

0

0

0

0

0

1

1

1

1

3

1

0

0

0

0

0

0

0

0

0

Decrease Reduce ln-Lake
Sedimentation Nutrients

0

X

0

0

0

0

1

0

0

0

0

0

0

0

1

1

1

0

0

0

1

0

0

0

0

0

0

0

Improve Reduce
Recreation Nutrient Recyle

1.

1

1

2

1

3

2

3

1

1

3

2

1

1

0

0

1

1
0

3

1

2

3

1

2

1

1

2

TOTALS

3

t*

5

8

2

6

5

5

4

2

5

3

2

tv



VIII. Evaluation of Restoration Techniques

Lake Winthrop is a heavily utilized recreational water-

body that is plagued by extensive and dense weed growth.

This growth limits boating in many areas of the lake and also

restricts swimming other than in the publicly maintained

bathing areas. The weed growth in the lake is due in part to

the build-up of nutrients within the lake and nutrient

loading via groundwater and other sources. This situation of

nutrient availability and loading has been discussed previously

The methodologies of slowing this cycle of eutrophication

have been reviewed in the previous chapter and Appendix I.

The determination of the applicability of these restoration

techniques will be determined for the problem(s)/goal(s) that

have been identified in Lake Winthrop (Reduce Wastewater

Load, Improve Flushing, Control Weeds.)

The previous chapter arrayed/screened different lake

restoration techniques for the restoration of Lake Winthrop.

As part of that discussion, certain techniques were eliminated

outright due to their non-applicability to the problem, while

others were potentially applicable.

The following discussion will review each of those

alternatives in more detail with emphasis on their potential

success in reducing the weed growth problem that has been

identified as the primary goal of a restoration project. The

discussion will also identify the secondary impacts on the

lake (i.e., fisheries, wetlands, etc.) of each alternative.
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A. Alternative Evaluation

_Management of Inflows - Both structural and non-

structural methods exist to manage inflow. Of the

various structural options available, those that

control stormwater runoff are most valuable as this

pollution source is extremely detrimental to many

lakes. At Lake Winthrop, the problem of runoff is

minimal and is limited primarily to the developed

shoreline area referred to previously as Lakeshore

Drive. It is a densely developed area with a high

water table and a poorly developed roadway. With

the above restrictions in mind, it would not be

appropriate to attempt to retain or exfiltrate

stormwater. Construction of a retention basin

could only be accomplished in the wooded, wetland

area adjacent to Lakeshore Drive. Any work in this

area would destroy the wetlands which presently

perform as a natural filter system. Also, the high

water table in this location would preclude the use

of an exfiltration type system at this location.

The potential for construction of a detention basin

with or without filtration is a possible alternative

in this area, but wetland impacts as noted above

would apply.

The impact of a detention basin in the Lakeshore

Drive area would be minimal on both the object
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problem (weeds) and any secondary lake issues. Due

to low volume of annual runoff generated in this

23-acre area (approximately 7.0 to 8.8 MG/year) and

the minimal percentage of nutrient load (0.6% (2.1

Kg) to 0.8% (2.65 Kg) of phosphorus), based on a

concentration of 0.08 mg/1 (Appendix 6, Section 5),

neither the hydraulic or nutrient budget of the

lake would change in magnitude, if this option were

implemented. Therefore, it is not recommended that

the possibility of runoff detention be considered

in this stage of the restoration effort.

2. Watershed Management - A strong watershed manage-

ment program is essential to the preservation of

any lake's water quality. At present, the Town

does have an existing aquifer protection plan which

should be the core of a watershed management plan.

This plan in conjunction with current zoning

regulations, wetland regulations and sanitary code

regulations is the comprehensive management tool

with which the Town can manage the watershed. In

support of this is the large portion of the water-

shed area which is non-developable due to the

wetlands, recreation areas and the cemetary area.

This large volume of "open-space" coupled with
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strict enforcement of existing local and state

statues should serve the Town well in protecting

the watershed, and once the Lake is restored to a

^somewhat less severe trophic state', maintaining
U

water quality.

The Town should develop an internal policy on

future development in the watershed. An inter-

board review group (conservation, planning and

public health) should be established to assess lake

water quality impacts of development plans prior to

issuing any individual board permits.

In addition to the growth control ordinances, the

town should strive to increase public awareness of

the lake via dissemination of literature available

from state and local agencies. Support of the lake

association and increasing its educational

capabilities would further this goal. The use of

annual town wide mailings such as tax bills, etc.

can be used to minimize cost of information dis-

semination . As the management tools for a "water-

shed management plan" are in existance, the cost

associated with this aspect of the plan are negli-

gible. Also, the impact on the physical condition

of the Lake would not be noticible as the plan

would only impact future situations. The goal of
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this administrative portion of an overall plan is

preservation.

Riparian Regulation/Modification - This restoration

technique deals primarily with control of sewage

disposal and stormwater runoff. As runoff has been

discussed earlier, we will primarily deal with

sewage disposal. Again, the major subsurface

disposal problem is in the Lake Shore Drive area,

which contributes approximately 24.3% of the

external phosphorus land (Appendix H, Section II).

This is the most concentrated area of development

in the watershed, with most systems being con-

structed in or just above the groundwater table.

The potential to reduce the nutrient load from this

area is good and can be accomplished with a small

sewer system to serve the area homes. The effluent

from this system would be discharged to a large,

communal subsurface disposal system (See Plate 15).

As this system would serve only 65-70 homes in the

area, assuming a 320 GPD/home flow, the groundwater

loss out of the watershed would only be 21-22,000

GPD or approximately 0.8% of total groundwater

flow. At the same time, a major source of nutrient

loading to the groundwater would be removed (approxi-

mately 24.3% of phosphorus input). This type of

system would also eliminate the bacterial contami-
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nation noted along the eastern shoreline area and

reduce filamentous algae growth in the area. The

town is assessing the need of a municipal sewage

system as a result of the facilities plan developed

in 1980. As this is an ongoing situation, coordi-
_ _ivZ''

nation will be required.

This is a recommended alternative because the

impacts on the hydraulic budget would be minimal

and it would remove a substantial (24.3 percent)

portion of the annual phosphorus load. Secondary

impacts from such a large disposal system (i.e.

ground water loading) on the lake would also be

negligible as the project would occur outside the

limit of the lake watershed.

Dredging - Dredging acts to temporarily setback the

eutrophication process, by removal of accumulated

sediments and rooted aquatic plants. Due to the

large quantities of sediments in Lake Winthrop, a

dredging program could have severe environmental

impacts within the lake and downstream as well.

Removal of sediments will disrupt the benthic

community and result in a loss of food supply and

habitat for fish. The disturbing of the sediments

will release chemical constituents into the water

column and increase turbidity in the lake. These
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problems could also be developed in water discharging

from the lake.

However, while the potential for adverse environ-

mental impacts exists, it will be necessary to

include some form of dredging in the overall

restoration program for the lake. Without the

removal of some quantity of accumulated sediments,

the weed growth will never be controlled nor the

nutrient availability significantly reduced.

With a dredging program, a certain volume of weeds

will be removed dependent on the extent of the

program. At the same time, the sediment that acts

as the substrate for weed growth will be reduced

thereby limiting the available nutrients for

regrowth and extending the time frame for the weeds

to reestablish themselves. The method of dredging

utilized (i.e. hydraulic versus dry) should be a

major consideration due to the possibility of water

quality impairment. Dry dredging is the preferable

method as controls on siltation and other side

effects are more reliable and costs are substantially,

reduced. Hydraulic dredging can be used more

extensively than dry dredging but requires more

land for disposal/treatment of spoil material.

Also, the cost for hydraulic dredging is nearly 2
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to 3 times that of dry dredging. These considera-

tions, as well as environmental concerns, favor dry

dredging. it should be noted that only those weeds

in the dredged area will be removed and regrowth of

the weeds will occur over a period of time.

As noted, the bulk of nutrients available for weed

growth is in the sediments. The volume of sediments

removed will govern the impact on the nutrient

budget and hydraulic budget as discussed in the

feasibility evaluation. While the impact on the

nutrient budget will be positive, the hydraulic t
t/̂ "-"

budget impact will be negative. This is due to *w
increased lake volume which reduces the flushing

rate (1.88 to 1.86) and increases detention time

(194.5 to 196.5 days). Secondary impact on fisheries

and other lake organisms can be severe due to the

disruption of the sediments. The impact of dry

dredging on surrounding wetlands will also have t

be considered as part of the detailed restoration

program. Prior to implementing a dredging program^

the Town should develop an environmental impact

report (EIR) to address these issues.

Volume Modification - This technique can and should

be applied to Lake Winthrop with the replacement of

the outlet structure. Due to the low flushing

rate, the possibility of reducing the lake volume
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for a short period of time has potential to reduce

nutrient levels via flushing of biomass. This

would be accomplished by flushing of the lake at

the time of fall turnover. Construction of a new

outlet structure and a deepened outlet channel is

the most appropriate means of accomplishing this

goal.

Discharge of this biomass will reduce nutrient

availability in the upper sediments and the water

column. Assuming a five (5) foot drawdown of the

lake, approximately 158 MG could be discharged. At

the average concentration of 0.04 mg/1 of phosphorus

and a 50% removal due to flushing, approximately

23.9 Kg of phosphorus could be discharged rather

than returned to the sediments. Furthermore,

aquatic weeds, especially water lily and to some

extent milfoil, are susceptable to dessication

and/or freezing during winter drawdown, reducing

aquatic weed populations.

It is recommended that the existing structure on

the outlet channel be demolished and replaced with

a new structure and a deepened outlet channel to

maximize drawdown capability. Plate No. 17 depicts

the recommended arrangement for such a system.

Plate 18 depicts two cross-sections of the proposed
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outlet area. Due to the dredging involved in the

project, there will be a loss of approximately one

(1) acre of wetland encroached lake area for the

channel and for the dredge disposal site if it were

to be located as shown on Plate No. 17. This issue

needs to be addressed in the design phase with the

local conservation commission. There would also be

construction related (temporary access roads)

impact on aquatic and terrestial use of the disturbed

area, that need to be addressed in the design

phase.

Nutrient Inactivation - At the present time, Lake

Winthrop has too dense a growth of aquatic plants

to utilize this technique with success. Any

surface application of chemicals would be dispersed

by the plants as it fell through the water column.

Without an even cover of chemicals throughout the

water column, effective nutrient inactivation would

not occur. If an application of chemicals were to

be made after a thorough weed harvesting program of

the entire lake, a higher degree of success could

be achieved. Assuming average in-lake phosphorus

concentration of 0.04 mg/1 and an 80% effectiveness,

approximately 40 Kg of phosphorus could be tied to

the sediments.
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While there is potential for this method in the

future, it is dependent on other work preceding it

(i.e. weed harvesting). As such, no further

consideration should be given to nutrient inactiva-

tion at this time. It should be re-evaluated as ^ i«$̂ '

part of an updated D/F study at such time as the

weed density is reduced.

7. Bottom Sealing - One means of preventing the

nutrients in the sediment from being available to

aquatic plants is to seal the sediment layer. This

method is somewhat impractical at Lake Winthrop as

the extent of the sediment area is quite large. As

it has been noted that internal recycling of

nutrients via sediment release is not a major

problem, the value of bottom sealing is limited to

the shallow areas where rooted weeds thrive. Also,

the dense weed growth would prohibit a solid seal

if it were applied through the water column. This

would mean that the lake would have to be dewatered

to apply a bottom sealant. The adverse environmental

impact on the in-lake aquatic life and surrounding

wetland area of such an action would be extensive

and should be reviewed in detail. In addition, the

cost to apply a sealent over the entire sedimented

area of the lake would be excessive. As such, no

further consideration is given to this technique.

-100-



Physical Techniques - The applicable technique for

Lake Winthrop is weed harvesting with raking of the

lake bottom to reduce root systems in the sediments.

This type of restoration technique will be necessary

in portions of Lake Winthrop as the water lily

densities are extreme and without massive removal,

no other method of restoration can succeed other

than a total hydraulic dredging of the lake. This

technique must be used in conjunction with other

restoration techniques in order to reduce nutrient

loading to the lake and in the sediments. Weed

raking in general will only reduce the nutrient load

to the lake if external sources are controlled and

should be viewed as an improved use technique.

In general, the decay of weeds in the lake can

contribute to the accumulation of phosphorus in the

lake. An overall weed harvesting program could be

expected to reduce the weed density by 50 to 60%

based on other projects undertaken in the area. No

impact on the hydraulic budget would occur due to

harvesting. There would be loss of fish habitat on

a large scale but as the program would at best

reduce weed levels by 50%, a sufficient weed

density would remain for propagation.

Mixing/Aeration - Due to the potential for low

hypolimnetic oxygen levels in the lake during the
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summer months, some form of aeration in the hypolim-

nion could increase the aerobic layer at the

sediment level and prevent release of nutrients to

the water column. At the same time, it is desirable

to maintain the thermal gradient in the lake at

this time so that any sediment nutrient release

will be held within the hypolimnetic layer. In

order to satisfy both requirements, it will be

necessary to provide an aeration system that will

not mix the lake when thermally stratified.

The addition of oxygen to (the anaerobic_bottom)

sediments could eliminate 50 to 70% of the phos-

phorus released to the water column during anaero-

bic conditions. This level of control without

impacting the hydraulic budget is advantageous.

However, during the course of the DWPC study, the

bottom oxygen level was not exhausted, though very^

depressed. As such, nutrient release is not a

defined problem and oxygen addition would primarily

be for increased fisheries benefit. Future consi-

deration of such a system must be based on this

fact and the small area of hypolimnetic water.

B. Feasibility Discussion

Based upon the review of available restoration tech-

niques in Chapter VII and the further discussion of those
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applicable to Lake Winthrop in this chapter, selection of an

overall restoration plan must be made. This selection of a

restoration plan will be based on the potential for success

of each phase of the plan and the cost of that phase. The

following discussion will address the specific format for

applying each of the potential restoration alternatives, how

these alternatives will address Lake Winthrop's water quality

problems, and array the cost of the alternative:

1. Watershed Management - This aspect of the overall

lake restoration process is extremely important.

As any restoration of the lake will be dependent

upon the continued reduction of nutrient input.

One means of maintaining and/or reducing nutrient

loadings is by regulation. The Town of Holliston,

through its Conservation Commission and Planning

Board, should implement the following steps to

strengthen its watershed management regulation:

a. Enforce existing Aquifer Protection Plan

(Appendix A). Emphasis should be on those

aspects of the Plan that are aimed at control-

ling surface runoff and siting of individual

subsurface sewage disposal systems;

b. Negotiate with Medway to institute similar

controls on that portion of the watershed that

is located within Medway; and
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c. Require detention/filtration systems or

equivalent for any proposed stormwater dis-

charges to tributaries to the lake.

2. Riparian Regulation (Wastewater Disposal) - In

order to eliminate a defineable major source of

nutrient contamination to the lake, a wastewater

collection and treatment system will be required

for the Lakeshore Drive area. The collected

wastewater should be disposed of outside the

watershed in a manner that is acceptable to Town

and State officials. Based on the town's facility

plan, the most feasible and environmental option

would be sub-surface disposal. This can be accom-

plished in the lake area by a large, communal

system owned and maintained by the Town (as previ-

ously shown on Plate 16) .

Collection of wastewater could be accomplished by

either a gravity sewer with a large pumping station

or by a pressure sewer system. Gravity sewers

require sloping pipes to a pump station which would

pump all the flow to the disposal area. Pressure

sewers on the other hand have individual pumps

utilizing small diameter pressure mains to discharge

the flow. Due to the lack of topographic relief

(i.e. minimal slope) in the area, a gravity system
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would be a disadvantage as deeper excavation would

be required to provide the slope necessary for the

system. This type of system would also be deeper

into the groundwater table. The pressure sewer

system would require only excavation to below the

frost line.

The capital cost of each type of system is arrayed

for review as follows:

Pressure Sewer System (70 Homes):

Individual Pumps (70 @ $5,000. ea.) $350,000.00

1 1/2" PVC force main (3500 ft. @ $10/ft.) 35,000.00

2" PVC force main (3400 ft. @ $12/ft.) 40,800.00

3" PVC force main (3600 ft. @ $15/ft.) 54,000.00

$479,800.00

Contingencies @ 25% (Incl. Eng. Design & 119,950.00

Cost Escalation) $599,750.00

Gravity Sewer System (70 Homes);

House Connections (70 x 50 ft. x $25/ft.) $ 87,500.00

Main Line Sewer (4300 ft. x $35/ft.) 150,500.00

Force Main (4700 ft. x $30/ft.) 141,000.00

Manholes (16 x $1,500 ea.) 24,000.00

Pump Station (Submersible Type) 150,000.00

$553,000.00

Contingencies @ 25% (Incl. Eng. Design) 138,250.00

$691,250.00
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Disposal Area (Either System) - 21,000 GPP:

Disposal Area (22,000 S.F. x 2 ft. x $10/cy) $ 16,300.00

Distribution System {3400 ft. PVC x $5/ft.) 17,000.00

Septic Tank (4 9 10,000 gal. ca.) 25,000.00

Excavation & Backfill (Allowance) 32,000.00

Contingencies @ 25% Incl. Eng. Design) 23,000,00

$112,785.00

Cost Summary

Pressure System $599,750.00

Gravity System — $691,250.00

Disposal Area $112,785.00 $112,785.00

Construction Oversight 71,365.00 80,515.00

Total $783,900.00 $884,550.00

Based on the above, it would seem that the pressure

sewer system is more cost-effective. When considered

in conjunction with the additional required dewatering

for the gravity system, it is more logical to

utilize a pressure sewer system.

Implementation of this option for the Lakeshore

Drive area will serve approximately half the homes

in the watershed. This can result in as much as a

24.3% reduction in external phosphorus loading to

the lake. Based on the trophic analysis in Chapter

6, Plate ISA this would still result in Lake
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Winthrop being eutrophic but does decrease its

level more toward the mesotrophic range.

Dredging - Removal of the accumulated sediment in

Lake Winthrop is not a means of improving the

trophic status of the lake, but would greatly

benefit recreational usage. At the same time, the

cost of such a project would be extremely high and

the potential for adverse environmental impacts

would also be high. The question is thenr how is

the restoration process to proceed without adverse

impacts and excessive costs. One solution to this

is to perform the dredging in the "dry" or to lower

the water elevation below that of the material to

be dredged. In order to totally remove the sediment

in the lake, it would require a total dewatering of

the lake. This is not recommended. However, a

partial lowering of the lake is feasible and the

cost of dredging or dry excavation under these

conditions is less expensive than hydraulic dred-

ging. Hydraulic dredging of the entire lake would

be feasible, but the cost, environmental impact and

lack of nearby, suitable disposal area(s), rules

this out.

As shown on Plate 4, the areas of sediment deposi-

tion are extensive. Based on an analysis of this
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information there appears to be approximately

468,000 cubic yards of sediment accumulation in the

lake. If this material were to be dredged hydrauli

cally, it would cost approximately $15 per cubic

yard or $7,020,000.00. The cost of dredge spoil

basins would be in addition to this cost. If it

were possible to excavate all this material under

dry conditions, the cost would be approximately

half. An option to this would be to lower the

water level approximately five (5) feet. This

would expose nearly 200,000 square yards of area

with nearly 113,000 cubic yards of organic sediment

and weed growth. Assuming a cost of $7.50/cu,yd.

the cost of this removal would be $847,500.00.

This cost does not include the cost of a new outlet

structure which is also required ( see Volume

Modification) . The selection of five feet for a

drawdown level is based on the characteristics of

the outlet structure and channel, the heaviest

areas of weed exposure and the depth of swimming

areas used by the Town. Removal of all organic

sediments within this area as well as associated

weed growth will reduce nutrient availability

substantially and improve the immediate usage of

the lake in the area. Plate 19 indicates the new

lake level contours realized through a dry excava-

tion program.
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Volume Modification (Outlet Controls) - In conjunc-

tion with the previous discussion, it is important

to note that the only feasible means of drawdown is

by lowering the lake at the outlet control structure

Presently this structure is in disrepair. Also,

the limit of the drawdown is approximately three

(3) feet based on Plate 13. The need for a drawdown

capability of five (5) feet to be compatible with

dry excavation of sediments and for water level

manipulation is proposed. Aside from the need for

this type of structure to allow for dry excavation,

water level manipulation can have positive effects

on lake use (i.e. weed control, shoreline mainten-

ance) .

Level manipulation or drawdown of 5 feet will

expose large areas (approx. 28 acres) of dense

aquatic growth. This growth can be removed as part

of a dry excavation program general area cleanup.

The impact of freezing on the growth is such to

minimize regrowth the following spring and provide

a lag-time such that the growth of aquatic plants

would not likely become a nuisance until later in

the summer (i.e. July). Freezing conditions not

only dessicate the plant itself but destroy seeds,

preventing major re-infestation. Drawdown of Lake

Winthrop could reduce the dominant nuisance aquatic
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plant (Myriophyllum heterophyllum), (Cooke, 1980).

At the sametime, it could allow for increase in

other weed species. Water quality effects that may

be seen following reflooding of Lake Winthrop

include a decrease in secchi-disc transparency and

an increase in total suspended solids, turbidity,

chlorophyll and total nitrogen and total phosphorus

concentration (Geiger, 1980). Drawdown also allows

for maintenance of the lake shoreline by the Town

and/or residents.

The cost associated with drawdown consists of three

factors: 1) new outlet control structure; 2)

dredging of a new outlet channel both above and

below the existing outlet; and 3) dredge disposal

provisions. A breakdown of the .estimated costs for

this work is as follows:

a) Outlet Structure Installed $ 8,200.00

Concrete (10.5 yds @ $400/yd.)

Sluice Gates (two @ $2,000. ea.)

b) Channel Construction $60,550.00

Dredging (1,000 yds. @ $45/yd)

Rip-Rap (622 sq. yds. @ $25/yd)
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c) Dredge Disposal Area (Plate 17&18): $ 5,000.00

(100 sq. ft. area-3 ft. deep)

Sub-Total $73,750.00

Contingencies 9 25% 18,450.00

(Incl. Eng. Design)

Construction Oversight 9,200.00

Total $101,400.00

5. Physical Techniques (Weed Harvesting) - The use of

weed harvesting at Lake Winthrop can be seen as

either a short term maintenance need or a long term

restoration technique if used in conjunction with

source control. By itself, weed harvesting is

unlikely to restore the quality of the lake as it

has little impact on the nutrient budget, but it is

a means of improving recreational usage. It does

reduce weed growth over a period of time. Landers

(1982) showed that the yearly decomposition of

Myriophyllum sp. supplies nutrients to surrounding

waters. Therefore, removal through harvesting will

alleviate some potential for nutrient release from

decaying macrophytes although this is not a major

nutrient source. Weed harvesting has a good

potential as a part of an overall restoration

program primarily for increased usage. The cost of

weed harvesting may vary based on weed density and

other factors but it is approximately $425.00 per

-112-



acre plus 10% for supervision, assuming a Town

removal/disposal program. A complete harvesting

program for Lake Winthrop could be provided for an

annual cost of $30,400.00 for the approximately 65

acres of accessible area. Cut weeds should be

dumped at a central lakeshore location and hauled

away by the Town. It is assumed that the Town will

be able to dispose of this material at the landfill.

This issue is dependent on the ongoing DWPC dioxin

review.

Mixing/Aeration - Based on an evaluation of the

hypolimnetic area of the lake and discussion with

equipment manufacturers, a cost for this type of

system can be developed. Hypolimnetic aeration is

costly due to the power consumed and the equipment

necessary to provide the aeration. A basic aeration

system for Lake Winthrop would consist of two (2)

aerators that could be moved within the lake. The

cost of such a system would be approximately

$240,600.00 based on the following:

Aerators $ 150,000.00

Shoreline Station 25,000.00

Project Contingency 43,750.00

(Inc. Eng. Design)

Construction Oversight 21,850 .00

Total $ 240,600.00
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Operation and maintenance costs for such a system

would be approximately $2,000.00 for electricity

based on a four month operating period plus an

allowance of $1,000.00 per year for labor costs.

Aeration will primarily benefit the lake's fisheries

at this point with minimal change in nutrient

availability. It should not be considered at this

time as part of the restoration program.
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C. ALTERNATIVE EVALUATION SUMMARY

The preceding discussion reviewed applicable restoration

techniques on the basis of meeting goals (success potential)

recreational impact, environmental impact and cost. Table 9

lists these factors in summary form and provides a quick

reference for selection of an overall restoration program.

Point scores for this process are:

Impact Evaluation

+2 - Maximum Potential for Positive Impact - Provides
for definite results in short time frame/Operational
characteristics are minimal/Environmental drawbacks
are negligible.

+1 - Good Potential for Positive Impact - Provides for
results in moderate to long term/Operational
characteristics are minimal/Environmental drawbacks
are low.

0 - Some Potential for Positive Impact - Provides
results in long term/Operational characteristics
are moderate/Environmental drawbacks are moderate
and short term in nature.

-1 - Probable Negative Impact - Does not provide clear
results/Operational characteristics are moderate to
high/Environmental drawbacks are high and short
term in nature.

-2 - Definite Negative Impact - Provides little to no
results/Operational characteristics are high/
Environmental drawbacks are high with potential
long term problems.

Cost Evaluation

+2 - Minimal Capital Cost or Minimal O&M Cost.
+1 - Low Capital Cost or Low O&M Cost.
0 - Moderate Capital Cost or Moderal O&M Cost.

-1 - High Capital Cost or High O&M Cost.
-2 - Very High Capital Cost or Very High O&M Cost.
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Based on the preceding discussion- and the Alternative

Evaluation Summary/Cost Summary in Table 9, the following

alternatives are dropped from consideration:

a. Inflow Management

b. Nutrient Inactivation

c. Bottom Sealing

d. Aeration/Mixing

These alternatives did not address the source control needed
•i

to reduce nutrient loads to the lake or result in short or

long term weed reductions. The remaining alternatives all

have applicability to the problems of the lake. Of these,

Riparian Regulation, Watershed Management and Level Manipu-

lation scored highest followed by Dredging and Weed Harvesting

Costs were highest for Dredging and Riparian Regulation.

Level Manipulation and Weed Harvesting were moderate in cost,

while Watershed Management was the low cost option.

It is recommended that the restoration of Lake Winthrop

include all of the above alternatives phased over a period of

time to allow for evaluation of effectiveness, as well as,

for financial consideration of the town. The following

chapter will detail the implementation of these alternatives.
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TABLE 9

ALTERNATIVE EVALUATION SUMMARY

Alternative

1. Inflow Management
2. Watershed Management
3. Riparian Regulation
4. Dredging - Shallow Sediment

Deep Sediment
5. Level Manipulation
6. Nutrient Inactivation
7. Bottom Sealing
8. Weed Harvesting
9. Aeration/Mixing

1. Inflow Management
2. Watershed Management
3. Riparian Regulation
4. Dredging-Shallow Sediments

Deep Sediments
5. Level Manipulation
6. Nutrient Inactivation
7. Bottom Sealing
8. Weed Harvesting
9. Aeration/Mixing

Impact Evaluation

Potential for Recreational
Success Impact

ST LT SI LT

-1 -1 -1 -1

0 + 1 0 + 1

0 + 1 0 + 1

0 0 + 1 + 1
+1 +1 +1 +1
0 + 1 0 + 1
0 0 + 1 0

0 0 0 0

+1 +1 +2 +1

0 0 0 0

Cost Evaluation

Capital Cost

+1
+ 2

-1

-1

-2

0
+1

+1

+1

-1

Environmental
Impact

ST LT

0 0
0 +1
0 +1
-1 0
-2 0
0 +1
-1 0
-1 0
0 0
0 0

O&M Cost

+1

+2

0

+2

+2

+ 1
+1

+1

+1

-1

ST

-2

0

0

0

0

0

0

-1

+ 3

0

Total

Total

+2

+4

-1

+1

0
+1

+2

+ 2

+2

-2

LT

-2

+ 3

+3

+1

+2

+ 3

0

0

+2

0
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IX. RECOMMENDED PLAN

In the preceding chapter, restoration alternatives

deemed suitable in respect to goals set for the lake were

discussed and evaluated. As a result of this evaluation, the

following restoration alternatives were selected for Lake

Winthrop:

1. Level Manipulation

2. Weed Harvesting

3. Watershed Management

4. Riparian Regulation (Sewage Disposal)

5. Dredging (Shallow Sediments)

Implementation of these recommendations will be the responsi-

bility of the town, specifically the Selectmen's Office and

the Parks and Recreation Department. It is proposed that the

project consist of the following scope of work:

1. Level Manipulation: The existing outlet control
structure would be replaced with a new outlet
control. This will require approximately two
hundred (200) feet of rip-rapped channel to be
constructed through the wetland encroached portion
of the lake to reach a point five (5) feet below
the existing surface water level. It will also
require the construction of a dredge disposal area
in the wetland encroached portion of the lake
adjacent to the existing outlet. The new outlet
control structure should be used to regulate lake
level for weed control in the late fall and winter
and for shallow sediment removal/shoreline mainten-
ance. The estimated cost of this work would be
approximately $101,400.

2. Weed Harvesting; It is recommended that the town
institute an annual weed harvesting program to
control weed density for improved recreational
benefits. Weed disposal should be the responsibi-
lity of the town. This would help control program
costs. It is estimated that approximately $30,400
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would be required to conduct this program, not
including disposal costs incurred by the town.

3. Watershed Management: The town should continue to
enforce its zoning and sub-division control regula-
tions, as well as, the state-mandated wetland
ordinances. This would minimize the impact of new
development in the watershed. Special emphasis
should be given to preventing wetland encroachment
in the watershed, as these areas are natural
protective zones for the lake. The town should
work with the lake association in convincing lake
shore residents to use low phosphate fertilizers
and routinely pump septic tanks. Cost of these
efforts should be minimal and could be included in
the regular town budget.

4. Riparian Regulation (Sewage Disposal): The construc-
tion of a community sewage collection and disposal
system in the Lakeshore Drive area is recommended
to remove 24.3% of the phosphorus load to the lake.
This system would consist of a number of grinder
pumps discharging to a small diameter force main.
The force main would remove sewage from the water-
shed and dispose of it in a Town owned and operated
community septic tank/leach field system. The cost
of this system would be roughly $783,900. Eligibi-
lity of this system is restricted to 50% as per the
State 557 Collection System Grant Program.

5. Dredging: Removal of shoreline sediment and
associated weed growth is recommended to improve
recreational usage of the lake. Sediments can be
exposed and dewatered by drawdown of the lake once
the new control structure is in place. As this
will require a maximum drawdown of the lake, it is
recommended that this work be conducted in conjunc-
tion with construction of the outlet control
structure. This will eliminate the need for two 7
major lake drawdowns and refilling. Disposal of (/)̂ ' •?
the removed sediments should be conducted outside
the watershed area and material should be transpor-
ted by gasketed trucks to the town landfill area or
other suitable site. This material should be used
for mixing with sand/gravel to yield a landscape
product. Prior to dredging, sediment should be
analyzed for Dioxin, as well as, other state
mandated constituents to finalize handling and
disposal requirements. The approximate cost of
this work would be $932,200.
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Included in all tasks are overview and assistance

required during bidding of the project(s) and the engineering

services required for project construction, including on-site

daily supervision. All required permits would be prepared

and filed by the consultant and obtained from the appropriate

agency(s) as part of the work task.

A. Trophic State Following Implementation

The present trophic state of Lake Winthrop is eutrophic.

The lake is a sink for nutrients that have entered over the

years and accumulated in the sediment. These nutrients

recycle through the water column and aquatic weeds in the

lake, but rarely are any flushed from the lake. implemen-

tation of the project in stages will result in the following

improvements:

Stage I; Construction of a new outlet control
structure will allow for annual lowering
of the water level. As part of this
discharge, a portion of the phosphorus in
the lake water will be flushed from the
system. This will have n_o impact on the
trophic state_of_the lake due to the
readily available phosphorus from other
sources. Weed harvesting will also
remove a portion of the phosphorus in the
lake system, but not enough to impact its
availability or the phosphorus budget.
Likewise, dredging of the shallow sediments
will remove phosphorus from the lake
system without impacting the phosphorus
budget. This is because the sediments
are associated with shoreline weed growth
and not phosphorus recycling or the
phosphorus budget. All of the above are
geared toward immediate recreational
improvement in the lake and maintaining
that improvement. Watershed Management
is another mechanism that will assist in
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maintaining recreational improvement
while possibly reducing phosphorus
loading to the lake. An estimate of load
reduction is not possible, but no impact
on the phosphorus budget is assumed,

2. Stage II; Construction of a community sewage
collection and disposal system in the
Lakeshore Drive area has the potential to
lower phosphorus loading to the lake by
approximately 24.3%. This represents a
reduction in the annual phosphorus
loading of 124.8 kg/yr. This reduction
results in a trophic state of the lake ,
which is slightly above mesotrophic in I
the eutrophic range according to Vollen-S/>vtr^
weider (see Plate ISA). At the same /
time, this reduced loading would place
the lake in the transition zone between
Mesotrophic and Eutrophic according to
Dillon & Rigler (see Plate 15).

Overall, the combined restoration effort
is aimed at restoring/maintaining the
desired recreational use of the lake and
lowering its trophic state to the mesotro-
phic range. Once this is accomplished, a
reassessment of the lake will be necessary
to guide further restoration efforts.

B. Project Implementation

Implementation of a restoration effort will require the

following actions:

°File Phase II application for funding (Clean
Lakes Program) by the town (Completed);

0Review and acceptance of Diagnostic/Feasibility
(D/F) Study by the town;

°File a town meeting article for matching
funds for the local share of Stage I

project
($266,963.00); and

°Acceptance of D/F Study and funding
application by MDWPC.

Plate 20 outlines the sequence of engineering and

construction steps required for completion of the various
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alternatives under the Phase II Restoration program. Based

on town ownership of the area around the lake outlet, it has

been determined that no easements will be required for

construction of and operation/maintenance of the recommended

Stage I restoration plan. Stage II restoration will require

easements and/or operation/maintenance agreements from

property owners to install, operate and maintain the sewage

disposal system.

Permits/Reviews

Prior to initiating the designer selection process, the

town should prepare and file an ENF under MEPA guidelines of

the Division of Environmental Quality Engineering. Once this

filing has been processed, the need for an environmental

impact review (EIR) can be established. It is reasonable to

assume that an EIR will be required for construction of the

outlet structure and for dredging of shallow sediments of the

lake. Weed harvesting and sewage disposal system construc-

tion will not require an EIR, pending MEPA approval of the

ENF.

Construction of all aspects of the restoration project

will require a combination of state, federal and local

permits typical of any construction project associated with a

waterway. The following is a summary of construction permits

associated with each of the restoration alternatives:

1. Weed Harvesting: Notice of Intent/Order of Condi-
tions - Holliston Conservation Commission (HCC).

2. Watershed Management: No construction permits
required.
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NOTE: Would require interdepartmental coordination
of new developments.

3 . Level Manipulation:

(a) Notice of Intent/Order of Conditions (HCC)

(b) Outlet Control Structure
(1) Notice of Itent/Order of Conditions (HCC)
(2) U.S. Army Corps of Engineers - Dredge/Fill

Material/Wetlands
(3) DEQE/DWPC Water Quality Certificate

4. Sewage Disposal System Order of Conditions/Notice
of Intent (HCC).

5. Dredging;

(a) Notice of Intent/Order of Conditions (HCC)

(b) U.S. Army Corps of Engineers - Dredge/Fill
Material/Wetlands

(c) DEQE/DWPC - Water Quality Certificate

Funding

Based on the recommended project components, it is

projected that the town will need to appropriate $265,963 for

the local share of the Stage I project prior to May 15, 1987.

This assumes that the town will receive the maximum available

funding of 75 percent of the project cost under a Clean Lakes

Program grant. The expenditure of these funds will be over a

period commencing in the summer/fall of 1987. The Stage II

project will require an additional appropriation of $398,200

to match a second state grant, assuming 50% eligibility for

the sewage system and 75% for the D/F update. This would

include expenditures on construction, monitoring and an

update of the Diagnostic/Feasibility study and final report.
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C. Monitoring Program

A monitoring program should be employed after completion

of each project within the restoration program. This would

serve two purposes. First, monitoring would evaluate actual

nutrient loading reductions to the lake, a major goal of the

restoration plan. 'Secondly, it would be used to adjust

restoration efforts, if deemed necessary. The monitoring

program should specifically be geared to assess the following:

1. Level Manipulation; Monitor pond outflow for total
phosphorus, TKN, ammonia nitrogen and nitrate
nitrogen. Samples should be taken at commencement
of flushing, mid-point and end of the operation.
An overall composite of flush water should also be
taken. This should be conducted for two years.

2. Dredging; Sediment samples should be collected at
two locations prior to and after dredging to assess
phosphorus content of the sediments and overall
sediment quality. Analysis should be as required
under the Chapter 628 program.

3. Sewage Disposal: Prior to and after implementation
of the recommended sewage system, groundwater
phosphorus levels and in-lake concentrations should
be monitored. As this is recommended for the
second stage, it can be accomplished as part of the
D/F update study.

4. D/F Update; Seasonal sampling should be conducted
at the in-lake station on a monthly basis over a
one year period. Quantity of samples and analysis
should be compatible with Chapter 628 D/F study
requirements. Also, DO profiles should be conducted
twice monthly during June, July, August and September
An update of the D/F study should be completed to
assess improvements based on the above.

Cost of the monitoring program will be approximately

$28,850 over the duration of the project as shown on Table

10. This includes an update of the D/F study as to the

trophic state of the lake.
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TABLE 10
LAKE WINTHROP

HOLLISTON, MASSACHUSETTS
MONITORING PROGRAM

MONITORING ACTIVITY
1988 , 1989 1990

A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

1. Level Manipulation

2. Dredging

3. D/F Update

$ 1,850 $ 2,000 $ 25,000



D. Continuation of Restoration Work

Upon completion of the Stage I and II restoration action

and as a function of the D/F study update, more work to

improve the water quality of the lake may be necessary. This

additional work will most likely be related to weed control

and/or hydraulic dredging. Prior to implementing this type

of action, a detailed study of the area will need to be

undertaken to assess potential dredge disposal and dewatering

sites as well as associated costs of transporting material to

those sites. The alternative of on-site mechanical dewatering

should be considered as land availability is an apparent

restraint on this option. A detailed environmental impact

report of the dredging should also be included as part of

this work with emphasis on potential wetland impacts (if the

lake is lowered for dredging) and in-lake aquatic life

impacts. The specifics of this work should be determined as

part of the D/F study update.
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E. Operation & Maintenance Summary

The recommended Stage I restoration work is heavily

oriented toward excavation of sediments which does not

include annual O&M cost requirements. However, there

would be Operation and Maintenance (O&M) costs associ-

ated with both the outlet control structure and the

outlet channel. These costs would not be significant

and would be related to periodic cleaning of debris and

lubrication of the sluice gate structure. This should

be done by the Town DPW staff. An estimate of these

costs would be as follows:

Monthly Maintenance 4MH @ $10.00/hr - $ 40.00

Annual Cost (Based on 9 Months/Yr.) - $360.00

At the same time, weed harvesting could be considered a

maintenance cost on a continuing basis. This would mean

that a budget of approximately $30,400.00 would be

required annually. A certain amount of shoreline

maintenance should also be performed during the drawdown

period. Local resident efforts and Park Dept. mainten-

ance at the recreational sites would account for the

majority of this work.

Stage II consists of the construction of a pressure

sewer system that would require maintenance capability

on the part of the Town Department of Public Works.

-128-



There would also be costs associated with the maintenance

of the subsurface disposal area. These costs would be

on the order of:

1. Pressure Sewer System Maintenance
Annual Inspection $ 2,800.00

@ 4MB ea. (280 MH @ $10/hr.)
Emergency Service @ 10% 280.00

2. Sub-Surface Disposal
General Maintenance 8 MH/Wk. $ 4 ,160 .00

( @ $10/hr.)
Annual Pumping 2,000.00

Total $ 9,240.00

While at this time it is speculative to say what if any

additional work will be required at the lake, most likely it

will be dredging oriented. As such, no annual maintenance

cost is associated with this type of work. Much of the

shoreline maintenance that will be required for aesthetic and

recreational purposes will be performed by the Park Department

as part of its current activity.
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F. ENVIRONMENTAL EVALUATION

WATER LEVEL MANIPULATION

Water level drawdown can result in an overall improve-

ment in increased recreational usage at Lake Winthrop, due to

the potential reduction of dense aquatic weeds and clean-up

of the shoreline that should be done in conjunction with

level manipulation. As the lake will only be partly dewatered,

no impact is expected on aquatic organisms or fish. The

aquatic weeds utilized by fish for a food source and a

habitat area will only be reduced in the immediate shoreline

area. Deeper waters will support adequate weed growth for

the needs of aquatic organisms and fish. 's

AESTHETICS

Short-term negative impacts to the aesthetics of the

Lake Winthrop shoreline will occur due to the exposure of

dessicating aquatic weeds and nutrient-rich sediments. In

order to clear the dying vegetation and a portion of the

sediments, dry excavation of shoreline areas is suggested.

This dry excavation will be further expounded_upjDn_in_fgJJLowingA

sections. This also applies to the temporary storage of

Harvested weeds, although exposure should be minimal if the

Town provides adequate removal forces.

SAFETY RELATED PRECAUTIONS

Both during the drawdown process and once the desired

area is exposed, certain precautionary measures should be

followed. As the flow of water from the lake will be substan-
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tially higher (60 gpm) than usual during lake drawdown, it is

-important that downstream residents be aware of the greater

depth and faster flows which will be generated throughout the

Winthrop Canal. During drawdown the canal should be closely

monitored for backup of flow by the Holliston D.P.W. and/or

Holliston Parks and Recreation Commission for safety purposes

and flooding possibilities. Since the present outlet struc-

ture will be replaced with a new sluice gate operated struc-

ture, complete control over water levels will be possible.

Therefore, through downstream level monitoring during periods

of increased water outflow, immediate shutdown of outlet flow

will be possible if any problems arise.

Also, due to the exposure of rich organic, soft sediments,

particularly on the western and southern shores, care should

be taken in relation to the potential danger of becoming

stuck in the sediments.( Ideally J^freezing, of these sediments

will occur shortly after the lake is drawndown and, therefore,

pose less of a potential danger to humans and animals.

Unpredictable changes in weather cannot insure that these

sediments not thaw and become soft. ^ Wot

AIR QUALITY AND ODORS

Due to the decay of plant tissue and exposure of under-

lying sediments, there is a potential for foul odors.

This odor problem will be directly related to how long

the sediment is exposed (in a thawed state) and how long the

plant debris is allowed to stay in-situ prior to its removal.
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>"'
If freezing of the/plant tissue and sediments occurs shortly

after drawdown,/tissuedecay will be greatly reduced as will

the associated odors/ This short term odor problem will most

assuredly be out-weighed by the increased recreational uses

realized through this management effort.

Removal of the plant mass from exposed shoreline areas

will reduce any potential odor problem. Lake drawdown during

the cold weather will also minimize this problem. Commencing

refill prior to March will assure adequate cover for the

exposed shoreline prior to warm weather.

Harvesting of weeds from the lake will also result in a

potential odor situation. Removal of harvested weed material

should be accomplished daily to prevent the decay of the

material along the lake shoreline.

IMPACTS TO SURROUNDING WETLAND AREAS

Lowering the water level five feet in Lake Winthrop will

have a similar effect on the surrounding water table. This
_ b *

will temporarily/diminish the water held in wetland areas.

The wetland areas south of the lake will be those predominantly

impacted by water level drawdown. This represents a surface

area of approximately 200 acres.

During periods of low rainfall and hot temperatures, the

wetland areas are impacted by diminished surface runoff and

the impact of pumping the Stoddard Park well at 220 GPM. The

pumping of this well acts to lower .the water table in the

area of the lake and therefore decreases water availability

in wetland areas. The vegetative composition of the surroun-
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ding Lake Winthrop wetlands is best described as shrub swamp

and wooded swamp. These wetland areas have established

themselves in spite of this annual summer lowering of the

water table and appear to be vegetative types capable of

surviving in less saturated conditions typically associated

with wetlands environments .

Therefore, since the wetland areas are frozen during

winter months and they are capable of surviving periods of

low moisture, drawdown of the lake in the fall and winter

will not affect their springtime regenerative capability.

The planned slow release of water from Lake Winthrop will not

shock wetland vegetation. Typically, wetlands flood during

the spring thaw. Allowing sufficient water level recharge

time for the lake, the wetlands will in turn receive an

adequate water supply.

This issue should be addressed in detail as part of the

EIR recommended for the project during the continuation phase

(hydraulic dredging) in order to identify mitigating measures. . *

STODDARD PARK WELL

By lowering the water level, a decrease in available

head for well pumping is certain. Fortunately, the Stoddard

Park well which is at a depth of forty-five (45) feet is only \s

seasonally utilized (June - September). Therefore, the lake L/

will be sufficiently recharged with the onset of the spring

freshet. Until such time that the water level is sufficiently

back to its normal height, the outlet structure will be in a
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closed position, allowing only overflow waters to escape the

lake. The Stoddard Park well and its' seasonal use will not

be affected.

ON-SITE SEPTIC SYSTEMS

All of the homes surrounding Lake Winthrop rely upon

on-site sewage disposal systems. Lowering of the Lake (and

water table) could enhance the biological cleansing capabili-

ties of the soils adsorbative mechanisms through increased

travel time from leach fields to the lowered water table. The

lowering of the lake will not have any detrimental impact on *"'

septic systems.

>-M^
"V'"'

POTENTIAL FOR TEMPORARILY INCREASED IN-LAKE TURBIDITY AND
DOWNSTREAM SEDIMENTATION

in order to facilitate a five-foot drawdown, a channel

will have to be dug from the outlet structure to the five

foot contour level within the lake. This represents a

sediment volume of approximately 24,000 cubic feet (600 foot

long channel x 8 feet wide x 5 feet deep). During excavation

of these sediments slight increases in-lake turbidity and

suspended solids concentrations are possible. However, being

in such close proximity to the outlet, this turbidity will

quickly flush out of the lake and be trapped in the necessary \

erosioncontrol^system of the project. Also, erosion of this

channel will occur as the water flows through to the outlet.

A/silt curtain and/or other siltation control techniques
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should be installed at the outlet to minimize increased

downstream sedimentation. In order to facilitate future

drawdowns, it would be advisable to line the excavated

channel with rip-rap. This would decrease erosion and

eliminate future costly channel dredging, as the channel will o

deteriorate without bank stabilization. No channel work will

be required downstream as the area is capable of handling the

increased flow and the embankments are stabilized,

RELEASE OF METALS FROM LAKE WINTHRQP SEDIMENTS FOLLOWING
WATER LEVEL MANIPULATION

The heavy metal analyses of Lake Winthrop sediments have

shown them to be of no detriment to water quality. In fact,

average values of the five most recent sediment samples are

well below those typically found. In relation to MDWPC

results based on sampling from 35 Massachusetts lakes and

ponds, only copper could possibly be thought of as being

slightly elevated. Copper sulfate applications for the

control of filamentous algae are presumably the cause of

elevated copper concentrations. Copper may be potentially

toxic to fish and invertebrates; however, due to the wide ^

range of results this is unlikely. Negligible amounts of

heavy metals may come into solution for a short time following

refill. However, their presence poses no threat to water

quality.
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ALGAL POPULATIONS Following the drawdown there is the poten-

tial for increased algal concentrations in Lake Winthrop.

Due to the decreased competition for available nutrients and

increase in nutrient concentrations through the decay of —

aquatic macrophytes and the aeration of exposed bottom *

sediments, algal densities will increase for a brief period

to tie up the newly available nutrients. However, subsequent

drawdowns, and the associated exposure and dessication of

aquatic macrophytes will decrease as will the nutrients

available for algae growth. p^^"

FISH POPULATIONS Extensive macrophyte growths favor small pan

and forage fish (such as sunfish, perch and shiners) in that

these fishes can more effectively escape predatory fish

(Madore-MDFW). Predatory fish make for much more enjoyable

fishing and their populations could increase with water level

drawdown since the pan and forage fish will migrate to areas

of lower macrophyte densities during periods of volume

reduction. Through increased competition for food, cover and

space, predator fish have a distinct advantage, due to

increased densities of juvenile and forage fish on which

predator fish feed.

Fish kills associated with the depletion of oxygen levels

following drawdown, and the forcing of fish into deeper,

lower oxygen containing waters is an important consideration

in determing when and how low to drop the water level (Madore
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MDFW). Therefore, to best avert the possibilities for fish

kills, a slow controlled drawdown should be conducted. Also,

since drawdown will be performed in conjuction with fall

turnover increased dissolved oxygen concentrations in hypolim-

netic waters will be available.

The dense macrophyte communities of Lake Winthrop are

generally conductive to warmwater fish as it provides cover

from predators. Records from a 1958 survey done by the

Massachusetts Division of Fisheries and Game indicated that

the following fish species were found in Lake Winthrop:

Largemouth bass (Micropterus salmoides Lacepede), chain

pickerel (Esox Niger Lesueur), pumpkinseeds (Lepomis gibbosus

L.), bluegills (Lepomis macrochirus Rafinesque), black

crappies (Pomoxis nigromaculatus Lesueur), white perch

(Morone americana Gmelin), yellow perch (Perca flavescens

Mitchill), brown bullhead (Ictalurus nebulosus Lesuer), and

golden shiners (Notenmiqonus crysoleucas Mitchill). Suffi-

cient lake volume should remain after drawdown to providec j -
, U * .

habitat and food supply for the lakes' s fishery. M t. -v"

WILDLIFE POPULATIONS Of the /three major wildlife\forms common

to wetland and lake environments only the reptiles and

amphibians will be adversely impacted by water level manipu-

lation. The remaining wild life categories of mammals and

—birds can relocate as necessary to adjacent similar environ-
. J

ments, returning upon refill of the lake.
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Reptiles and amphibians (i.e. turtles, snakes, frogs, salaman

ders, etc...) which overwinter in the shallows of Lake
7

Winthrop and surrounding wetlands Will have to relocate.

.nitiating the drawdown process in the fall should provide
R

sufficient time for these organisms to migrate to suitable
. ^s

environs, prior to sediment freeze'. Also, spring breeding

areas may be impacted by low water levels in wetlands during

very early spring unless refill is initiated prior to March

1st.

OUTLET CONSTRUCTION IMPACT

During removal of the existing outlet structure and

construction of the new, minimal environmental impacts will

occur in the immediate outlet area. Low growing shrubs and

small deciduous saplings, (none greater than two-inch D.B.H.)

will have to be cut back to allow for passage of construction

vehicles. Complete revegetation of the area will occur

within approximately two years of outlet structure construc-

tion. In order to enhance vegetative regrowth, seeding and

seedling transplant should be undertaken.

Also, during construction, the associated noise pollu-

tion and air pollution of large construction vehicles is

unavoidable. All work will be done in daylight hours and the

surrounding vegetation will act to muffle construction

sounds.
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An Order of Conditions may be issued for this work which

will improve the natural capacity of a resource area to \

protect the interests identified in the Massachusetts Welands

Protection Act (M.G.L. C.131,5.40). Projects authorized

under this provision of the act include the removal of

aquatic nuisance vegetation to retard pond and lake eutrophi-

cation. As Lake Winthrop is regulated by the Massachusetts

Division of Waterways, a permit under Chapter 90 will be

required.

WEED HARVESTING

The environmental impacts associated with the mechanical

removal of aquatic weeds are minimal due to the limited

extent/depth of harvesting programs. The remaining weed

growth after harvesting will be more than adequate to support

fish and other organisms.

ALGAE POPULATIONS Without the curtailment of excessive

nutrient loads from non-point sources (i.e. septic leachate)

an increase in algal populations could occur following an

extensive weed harvesting program. Temporarily higher algal

counts are probable due to the decrease in competition for

available nutrients and increased sunlight availbility.

According to McVoy & Vernon (1980) , phytoplankton counts in

Lake Winthrop "remained quite low during all seasons." This

fact is partially attributed to the presistantly colored

water inhibiting photosynthesis. Increases in algal popula-
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tions due to removal of weed mass should be expected, with

some control of this exerted by the color in the lake water.

FISH POPULATIONS Weed harvesting operations report that a

negligible percentage of fish become entangled in the harves-

ter as the weed growth is harvested. Harvesting may also

increase the predator-prey activity, in that avoidance areas

for small prey fish will be disrupted and diminished.

Predator fish populations can increase, providing anglers

with better sport fishing oppotunities.

OTHER ENVIRONMENTAL IMPACTS

1. During in-lake harvesting operations recreationists

must avoid regions of the lake where weed harvesting

operations are taking place. Also, floating weed

debris will accumulate in shoreline areas. This

could pose a potential hazard to swimmers

2. Harvested aquatic weeds will have to be trucked

off-site to a suitable location (i.e. sanitary

landfill, agricultural uses as mulch, etc..).

Emissions from the harvester and trucks hauling

away cut weeds with their associated noise pollution

is unavoidable.

3. Due to the disturbance of sediment through removal

of weed shoots, a small amount of metals and

turbidity may be introduced into the water column.
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These will have a minimal impact on overall lake

water quality.

The question of the presence of Dioxin in plant tissue and

sediments remains unanwered pending the results of the

DEQE/DWPC Study. Once this study is complete the dioxin

issue can be resolved.
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X. PUBLIC PARTICIPATION

In order to maximize public participation, contact

was made with local newspapers and press releases were

developed explaining the purpose and goals of this

diagnostic/feasibility study of Lake Winthrop.

Two public meetings were held during the course of

this study. The first meeting was for the purpose of

explaining the Massachusetts Clean Lakes Program,

reviewing resident questionnaire results, presenting

possible restoration alternatives, and addressing

residents concerns for the future of Lake Winthrop.

Questionnaire results clearly proved, not only the

concern of area residents (41% participation) but also

their desire for Lake Winthrop to continue to be a fully

utilizable recreational area. While these questionnaires

may not have been circulated townwide, it is a representa-

tive sample of the public opinion, as several hundred

persons annually take advantage of Lake Winthrop's

recreational assets.

A second public meeting presented restoration

alternatives with preliminary costs, technical feasibility

and expected recreational improvements.

Minutes of both meetings were sent to all

questionnaire respondants and meeting attendees. This

enabled interested parties an on-going text of the

progress of the Lake Winthrop study. For a complete
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breakdown of questionnaire results and public meeting

minutes see Appendix D.
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APPENDIX A

V-L AQUIFER PROTECTION DISTRICT

1. Purposes - In addition to the purpose of Section I-A of
this by-law, the purposes of this District are:

A. To protect, preserve and maintain the existing and
potential groundwater supply and groundwater
recharge areas within the known aquifers of the
town.

B. To preserve and protect present and potential
sources of water supply for the public health and
safety.

C. To protect the groundwater and groundwater
recharge areas of the town from adverse
development of land use practices.

2. Special Definitions - The following definitions apply
to specialized works or terms associated with this
District.

A- Aquifer - Geologic formation composed of rack or
sand and gravel that contains significant amounts
of potentially producible potable water.

B. Area of influence - The area which experiences
drawdown by a pumping well a plotted on a
two-dimensional (map) surface, usually allipsoidal
in shape.

C. Cone-of-Depression - A three-dimensional conical
concavity produced in a water table by a pumping
well.

D. Glaciofluvial - pertaining to an unconsolidated
geologic deposit which was formed by, or in
association with, glacial meltwater streams,
typically resulting in the deposition of sand and
gravel-sized particles.

E. Glaciolacustrine - Pertaining to an unconsolidated
geologic deposit which was formed by, or in
association with, a glacial lake environment,
typically resulting in the deposition of sand, silt
and clay sized particles. References to such
deposits within this by-law refer to the more
coarse grained sediments such as would be associ-
ated with a delta.

F. Groundwater - The subsurface water present in
aquifers and recharge areas.

Source: I.E.P., Inc. May, 1982.



G. Impervious Surface - Material on the ground that
does not allow significant amounts of surface
water to penetrate into the soil.

H. Leachable Wastes - Waste materials including solid
wastes, sludge and agricultural wastes that are
capable of releasing water-borne contaminants to
the surrounding environment.

I. Mining of land - The removal of geologic materials
such as topsoil, sand and gravel, metallic ores or
bedrock.

J. Process Wastes - Non-domestic, non-toxic,
non-hazardous, liquid or solid waste by-products
associated with the manufacture or preparation of
a product, including, but not limited to,
hardware, dry goods, foodstuffs and printed
materials.

K. Recharge Areas - Areas composed of permeable,
porous materials that collect precipitation or
surface water and transmit it to aquifers.

L. Sanitary Waste - Wastewaters arising from ordinary
domestic water use as from toilets, sinks and
bathing facilities, and containing such
concentrations and types of pollutants as to be
considered normal wastes.

M. Saturated Thickness - The depth of permeable soil
actually saturated with water to the capacity of
the soil to contain water under normal conditions
of temperature and pressure.

N. Solid Wastes - Any discarded solid material,
putrescible or non-putrescible, consisting of all
combustible and noncombustible solid material
including, but not limited to, garbage and
rubbish.

O. Toxic or Hazardous Materials - Any substance or
mixture of such physical, chemical or infectious
characteristics in sufficient quantity as to pose
a significant actual or potential hazard to water
supplies, or other hazard to human health, if such
substance or mixture were discharged to land or
waters of this town. Toxic or hazardous materials
include, without limitation, organic chemicals,
petroleum products, heavy metals, radioactive or
infectious wastes, acids and alkalines,
pesticides, herbicides, solvents, thinners,
including the 129 Priority Toxic Pollutants



established by the Environmental Protection
Agency. Also refer to Section I-D of this by-law.

P- Wetlands - As defined by M.G.L., Chapter 131,
Section 40. Also refer to Section V-I of this
by-law.

3.
Establishment and Delineation of Aquifer Protection District
- For the purpose of this distict, there are hereby
established within the town, certain aquifer
protection areas, consisting of aquifers and/or aquifer
recharge areas. Aquifers and aquifer recharge areas
are determined by standard geologic and hydrologic
investigations which may include drilling observation
wells, utilizing existing boring data and stratigraphic
profiles, conducting seismic surveys or other
geophysical techniques, performing pumping tests, water
sampling and geologic mapping. The boundaries of this
district, exclusive of C.2 (contiguous wetlands, etc.)
below, are delineated on maps at a scale of 1' = 600'
entitled "Aquifer Protection District, Town of
Holliston" on file in the office of the inspector of
Buildings, which maps are hereby made part of this
by-law.

These boundaries reflect the best hydrogeologic information
available as of the date of the maps. In the event of a
discrepancy between the map and the criteria of areas 1, 2 an
3, below, the criteria shall control. For all lots, the
location of an Aquifer Protection District boundary may be
varied to within 100 feet of where it is shown on the maps
which are a part of this by-law.

The Aquifer Protection District included the aquifer itself,
the land above the aquifer and the aquifer's significant
areas of recharge, consisting of:

A- Area 1 - Area of influence of all existing and proposed
(confirmed by long-term pump test) municipal wells
within the town.

1. The cones-of-depression and respective areas of
influence and recharge generated by the municipal
wells after at least five (5) days of continuous
pumping at their respective rated capacities.

B" Area 2 - Major aquifers and primary areas of recharge.

1. All of the five principal aquifers within the Town
of Holliston, including: (1) the Hopping Brook
Aquifer; (2) the Jar Brook Aquifer; (3) the Lake
Winthrop Aquifer; (4) the Dopping Brook Aquifer;
and (5) the Bogastow Brook Aquifer as delineated



on the aforesaid Aquifer Protection District
maps.

2. Any unconsolidated geologic deposit exhibiting an
average saturated thickness of 20 feet or greater
and an average transmissivity of 1000 square feet
per day or greater.

C. Area 3 - Secondary recharge areas.

1. All land contiguous to Area 2, above, underlain by
glaciofluvial or glaciofluvial/lacustrine deposits
in which the prevailing direction of groundwater
flow is toward Area 2, above.

2. Contiguous wetlands, waterbodies, or streams which
contribute surface water flow to Area 2, above.

4. Use Regulation - The Aquifer Protection District shall
be considered as overlaying other zoning districts. Any
uses permitted in the portions of the districts so
overlaid shall be permitted subject to all the provisions
of this district.

Within the Aquifer Protection District, these
regulations shall apply:

A. To the extent permitted in the underlying
districts, the following uses are permitted
within the Aquifer Protection District subject
to 4.B, Prohibited Uses, hereafter, provided
that all necessary permits, orders, or approvals
required by local, state or federal law, or
regulations shall have been obtained.

(1) Area 1; Permitted Uses.

a. All ordinary and customary uses associated with
the maintenance and upkeep of residential homes,
outbuildings and grounds and commercial and
industrial building and grounds. Non-intensive
agricultural and horticultural uses: pasture,
hay, light grazings, gardening, lawns, compost
piles, nursery, forestry, conservation and
harvesting provided that chemical fertilizers,
herbicides, pesticides, herbicides or other toxic
or hazardous materials in sufficient quantity,
groundwater quality monitor test wells may be
installed and periodically sampled and tested at
the town's expense. Test wells shall be located
by a professional geologist, hydrologist or
engineer trained and experienced in hydrogeology.



Sampling will be conducted by an agent of the Board
of Water Commissioners.

b. Necessary public utilities/facilities designed so
as to prevent contamination of groundwater.

c. Residentail development of single family detached
dwellings on lots of at least 80,000 square feet
in area, such that no more than 10 percent of the
building lot is rendered impervious and on-site
domestic sewage disposal does not exceed 55
gallons per day per 10,000 square feet of lot
area.

d. Commercial development limited to retail shopping,
business or professional office or industrial
development limited to storage of non-toxic,
non-hazardous materials on lots of at least 80,000
square feet in area such that no more than 40% of
the building lot is rendered impervious. Roof,
parking and drive runoff must be recharged on-site
to the maximum extent practicable with parking and
drive runoff discharge to oil/gas trap catch
basins with appropriate sumps prior to recharge;
and on-site domestic sewage disposal is less than
or equal to 55 gallons per day per 10,000 square
feet of lot area.

e. Residential building and structures existing on
the effective date of this by-law may be
maintained, repaired or altered including the
addition of accessory buildings or uses, provided
that such alterations or additions shall not
increase the total amount of impervious surface on
the lot to more than 10% of the total lost area, or
more than 50% of the impervious cover already
present. Increases in on-site septic disposal
shall be limited to 55 gallons per day per 10,000
square feet of lot area or 50% of existing volume.

(2) Area _2: Permitted Uses.

a. All uses permitted in Area 1, above, and the
following uses to the extent permitted in the
underlying district.

b. Residential development of single family detached
dwellings on lots of at least 40,000 square feet
in area, such that no more than 20% of the
building lot is rendered impervious and on-site
sewage disposal is equal to, or less than, 110
gallons per day per 10,000 square feet of lot
area.



c* New commercial and new industrial development and
uses on lots of at least 40,000 square feet in
area such that no more than 50% of the building lot
is rendered impervious, and on-site sewage
disposal is less than or equal to 110 gallons per
day per 10,000 square feet of lot area. Roof,
parking and drive runoff must be recharged on site
to the maximum extent practicable with parking and
drive runoff discharged to oil/gas trap catch
basins with appropriate sumps prior to recharge.

d. Subject to the provisions of the underlying zoning
district and without in any way diminishing the
powers and duties of the Board of Appeals,
commercial and industrial building and structures
existing on lots on the effective date of this
by-law may be maintained, repaired, expanded and
altered, including the addition of accessory
building and structures on the same lot,
notwithstanding any change of ownership or
occupancy of said lot and building, and may be
used for any purpose permitted or allowed under
the underlying by-law without regard to the
prohibitions contained in Section 4.B. (2) below.

e. Residential building and structures existing on
the effective date of this by-law may be
maintained, repaired or altered, including the
addition of accessory building or uses, provided
that such alterations or additions shall not
increase the total amount of impervious surface on
the lot to more than 20% of the total lot area, or
more than 50% of the impervious cover already
present. Increases in on-site septic disposal
shall be limited to 110 gallons per day per 10,000
square feet of lot area.

(3) Area 3: Permitted Uses

a. All uses permitted in Area 2 above.

B. The following uses are specifically prohibited:

(1) Area 1: Prohibited Uses.

a. Disposal onto or in the ground, or into groundwater
by any means, of any waste materials, solid or
liquid, other than domestic sanitary wastes.

b. Outdoor or underground storage or storage
otherwise permitting of leakage of leachable,
toxic or hazardous materials including, but not



limited to, chemicals, fertilizers, petroleum
products, road salt, and de-icing compounds.

c. Commercial and industrial uses which, as part of
normal operating or maintenance procedures, would
involve the application, transfer, storage or use
of toxic of hazardous materials.

d. Commercial and industrial areas or applications of
toxic or hazardous materials as accessory to a
non-related practice.

e. The commercial mining of land.

(2) Area 2: Prohibited Uses.

a. Disposal of solid wastes, other than brush and
stumps.

b. The disposal of liquid or leachable wastes other
than sanitary domestic wastes or innocuous process
wastes.

c. Storage of road salt or de-icing chemicals which
permits leakage into the groundwater.

d. Automotive service and repair shops, junk and
salvage yards.

e. Car washes.

f. Drycleaning establishments.

g. Metal plating or etching.

h. Chemical or bacteriological laboratories.

i. Any other commercial and industrial use which
involves as a principal activity the manufacture,
storage, transportation or disposal of toxic or
hazardous materials.

(3) Area 3: Prohibited uses.

a. Disposal of solid wastes, other than brush and
stumps.

b. Storage of road salt or de-icing chemicals which
permits leakage into the groundwater.

c. Any commercial and industrial use which involves
as a principal activity the manufacture, storage,



transportation or disposal of toxic or hazardous
materials.

(1) Area 1. Subdivision plans submitted under Sectin V-H
of this by-law may reduce cluster lot sizes to 40,000
square feet, but total sewage disposal volume for a
cluster development subdivision may not exceed the
total disposal volume for the conventional subdivision
plan based on 55 gallons per day per 10,000 square
feet.

(2) Areas 2 and 3. Subdivision plans submitted under
Section V-H of this by-law may reduce cluster lot sizes
to 25,000 square feet, but total sewage disposal volume
for a cluster development subdivision may not exceed the
total disposal volume for the conventional subdivision
plan based on 110 gallons per day per 10,000 square
feet.

D. The following uses are permitted only under
the terms of a special permit issued by the
Zoning Board of Appeals, subject to 4.B,
Prohibited Uses, above.

(1) Area 1: Special Permits.

a. Any use involving the retention of less than 50%
of lot area in its natural state with no more than
minor removal of existing trees and ground
vegetation.

b. The mining of land strictly for on-site use,
subject to the provisions of Section V-E hereof.

c. Expansion of existing nonconforming uses to the
extent allowed by paragraphs 3 of Section I-C
hereof.

d. Uses calling for greater impervious cover than
prescribed in Section V-L, 4.A.(l).c and d
provided that the use planned calls for an on-site
method of recharging proposed increases in runoff
waters.

(2) Area 2. Special Permits.

a. Any use involving the retention of less than 30%
of lot area in its natural state with no more than
minor removal of existing trees and ground
vegetation.



b. Any use involving on-site disposal of process
wastes from operations other then personal hygiene
and food for residents, patrons and employees.

c. Any use other than a single-family dwelling with a
sewage flow, as determined by Title 5 of the State
Environmental Code, exceeding 110 gallons per day
per 10,000 square feet of lot area or exceeding
15,000 gallons per day regardless of lot area.

d. Expansion of existing or non-conforming structures
or uses to the extent allowed in the underlying
district - the Board of Appeals shall grant such
approval so long as such expansion program
conforms to underlying intensity and parking
regulations unless it shall find that such
expansion is substantially more detrimental to the
water supply than the presently existing use with
reference to factors other than mere change in
size or intensity of use and without reference to
the prohibitions contained in Section 4.B.(2)
above,

E. Procedures for Issuance of Special Permit.

(1) Each application for a special permit shall be filed
with the Town Clerk for transmittal to the Zoning Board
of Appeals (ZBA) and shall be accompanied by 10 copies
of all documents. Such special permit shall be granted
if the ZBA determines, in conjunction with other town
agencies as specified in Section (2) below, that the
intent of this by-law as well as it.s specific criteria
give consideration to the simplicity, reliability and
feasibility of the control measures proposed and the
degree of threat to water quality which would result if
the contorl measures failed. The ZBA shall explain any
departures from the recommendations of the other town
agencies in its decision.

(2) Review by other town agencies. Upon receipt of the
special permit application, the Town Clerk shall transmit
one copy each to the Board of Health, Town Engineer, if
any, Inspector of Buildings, Conservation Commission,
Planning Board and Water Commissioners for their written
recommendations. Failure to respond in writing to the
Clerk of the ZBA within 45 days shall indicate approval
by said agencies.
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APPENDIX B

MASSACHUSETTS DIVISION OF WATER POLLUTION CONTROL

"Lake Winthrop Water Quality Study, 1980"

CONCLUSIONS

1. Lake Winthrop remains a thermally straftified,
mesotrophic lake (9 severity points of a possible 18)
as previously classified by the Massachusetts Division
of Water Pollution Control (1978). Eplimnetic
inorganic nitrogen was very low; contributing no
severity points to the final classification. Total
phosphorus and phytoplankton were low; contributing
only one point each. Hypolimnetic oxygen depletion and
Secchi disc readings were moderate; contributing two
points each. Macrophyte density was very high;
contributing a maximum three points.

2. A majority of the Lake Winthrop watershed is still
undeveloped (about 70%). Projected future population
and industrial growth could alter this condition and
put additional pressure on the lake.

3. Generally, the water quality in Lake Winthrop is good.
Salinity parameters, pH, total phosphorus, inorganic
nitrogen, manganese, and silica are all within normal
ranges.

4. An extensive wetland south and southeast of Lake
Winthrop provides substantial color and iron additions
to the inlet waters. The color may reduce phytoplankton
production due to reduced light penetration.

5. High copper concentrations in the sediments resulted
from past copper sulfate applications for weed
control. Such high concentrations can have toxic
effects on bottom dwelling organisms. These effects
may, in turn, affect fish populations.

6. Dense growths of Myriophyllum heterophyllum Michx.
(water milfoil) on about a third of the lake are
aesthetically unappealing to a majority of the
populace. These plants hinder boating and fishing, two
of the secondary contact recreational uses for which
the lake has been classified. Historically the problem
seems to have developed as a result of raising the lake
level. Flooding of shallow, agriculturally enriched
substrates probably occurred during that time.

7. Lake sedimentation is facilitated by die-off (either
natural or herbicide induced) of the dense weed



growths. The decaying organic matter remains in the
lake as nutrient rich sediments. With increasing
shallowness and complete loss of oxygen from the bottom
strata, nutrients may be recycled more rapidly and the
rate of eutrophication accelerated.

Filamentous green algal growths and seepage sample data
indicated that nutrients are entering the lake as
septic leachate from unsewered lakeshore homes.
Although data is insufficient to accurately estimate
the magnitude of these additions, they are a
controllable nutrient source.



RESTORATION - PRESERVATION ALTERNATIVES

1. If nothing is done in or around Lake Winthrop the
Myriophyllum heterophyllum Michx. growths will continue
to encroach on the remainder of the lake, further
reducing its usefulness. The sedimentation rate will
probably increase as the dense plant growth continues
to spread across the lake. Both of these processes
will reduce the future public usefullness of Lake
Winthrop.

2. Lake Winthrop is presently in a conditon where both
restoration and preservation programs could be
advantageous. Control of the extensive plant growths
would reopen a large portion of the lake to boating and
fishing. Control of nutrient sources would preserve
the good water quality and keep the lake suitable for
swimming.

3. Myriophyllum heterophyllum Michx. growths can be
controlled either by chemical or mechanical methods.
The former method involves treating the growths with
some type of herbicide. Mechanical control methods
include harvesting or drawdown. With herbicide
treatment nutrients and organic matter remain in the
lake to sustain the eutrophication rate. In addition,
metal concentrations in the sediments may reach toxic
levels to bottom-dwelling organisms. Any effect on
these benthic organisms could also be passed on to fish
populations that feed on them. These factors make
herbicide treatment an undesirable lake management
technique.

Harvesting of plants may be accomplished by using
dragline and cutting bar or a commercial harvesting
machine. The dragline method involves towing a cutting
bar at various depths behind a surface motorcraft.
Ideally, the cut plants then float to the surface where
they should be removed from the lake. This method
lends itself well to the use of "in house" services
because the materials and labor can easily be supplied
by local, interested citizens. A significant drawback
is that this method is slow. It is doubtful that the
extensive plant growths in Lake Winthrop could be
removed in one growing season with this method.

Commercial harvesters are generally faster than the
dragline method. Many have a mechanism for removing
the cut plants from the lake for transportation to the
shore. A drawback of this method is that plants can
only be cut within the depth limitations of the
harvester. Harvester specifications should be weighed
against the extent of the plant growths in the lake.



Cost-wise both herbicide and harvesting would be
recurring expenses. Herbicide treatments would
probably be a relatively low, annual expense; involving
cost of chemicals, application equipment, and labor.
Harvesting has similar costs, particularly if
harvesting services are rented. In addition, equipment
and labor would be the purchase of harvesting equipment
and use of "in house" services to defray costs of
removal.

The drawdown method of plant control requires a physical
lowering of the lake level. Depending on the time of
the year, the exposed plant roots are dried and/or
frozen. This action reduces their population when the
water level is raised again. Myriophyllum spp.,
Nymphaea odorata Ait., Pontederia cordata L., and
Utriculaira spp. are the plant in Lake Winthrop that
are susceptible to this process (Nicholas, 1974).

There is one major disadvantage to the drawdown method,
particularly in the case of Lake Winthrop. In order to
effect a majority of the plant population and remove
any of the organic sediments it is necesary to reduce
the level about ten feet. The present outlet control
structure can only reduce the water level about three
feet. It would, therefore, be necessary to redesign
the control structure, create a channel in the lake,
and probably deepen the Winthrop Canal down to Linden
Pond. These would all result in a considerable cost.

There are other possible disadvangtages to drawdown
that should be considered. First, reducing the lake
volume could result in fish kills. Second, lowering of
the lake level would affect shallow wells and wetlands
around the lake. Third, recharge of the lake to its
original volume may take several months, thus reducing
its use for an extended period.

4, Any significant reduction in the macrophyte populations
could result in increasing algal populations. Although
the permanent color in the water may prevent this from
occurring, a better solution would be to reduce obvious
nutrient additions to the lake such as: runoff, septic
leachates, or sediments.

5. A more permanent solution to the wetland area behind
the houses on Lakeshore Drive is advisable to
eliminate groundwater and nutrient problems there.
Possibly a culvert can be cut north to drain via the
existing drainage ditch on land owned by the Division
of Fisheries and Wildlife (south of Stoddard Park).



6. Residential development of the shoreline may be limited
because of extensive wetlands adjacent to Lake Winthrop.
These areas sould be protected by the Massachusetts
Wetland Protections Act (G.L. 131, Section 40). If
future development ever does threaten these wetlands,
the Town of Holliston should consider purchasing them.
Any other future development in the watershed should be
reviewed critically for possible effects that it may
have on the wetlands or the lake. A management program
should be established to regulate such development both
during it construction and after its completion.

7. Control of septic leachates from lakeshore homes could
best be controlled by a sewerage system. This measure
would control one of the obvious nutrient sources to
the lake, whatever its magnitude and, thus, slow
eutrophication. Determination of absolute benefits
requires further study as to the extent of septic
leachate additions.

The cost of sewering can be a considerable expense. An
estimate of the feasibility of sewering the Town of
Holliston, including lakeshore homes is currently being
prepared by a Boston consulting firm (DSI Environmental
Engineers).

A lower cost alternative to sewering would be
development of a self-imposed management program by
lakeshore homeowners and the Holliston Board of
Health. Such a program should include regular
inspection and cleaning of septic systems, replacing of
defective or inefficient systems, eliminating use of
phosphate detergents, and any other nutrient reducing
methods that can be practiced. Although it may not be
as effective as sewering this type of program is
generally a good practice around lakes.

8. Reduction of the existing sediments by way of dredging
(either wet or dry) would be far too costly to be
practical. Problems with removal, transport, and
disposal of dredged sediments from a lake this size
make its technical and cost feasibility prohibitive.
By 1978 standards, a rough estimate of the cost of
dredging a majority of the soft sediments in Lake
Winthrop would be from one to four million dollars as
compared to a range of $2,000-$20,000 for harvesting.



9. The Lake Winthrop Association, as well as the Town of
Holliston, should be actively involved in all future
aspects of planning restoration-preservation programs.
In addition, this group should play an active role in
obtaining and providing public information and
education about Lake Winthrop1s problems and possible
restoration-preservation programs. The Division of
Water Pollution Control will continue to offer any
assistance possible toward these endeavors.

10. State and federal programs should be considered in
researching for funds to implement any
restoration-preservation projects. Weed harvesting may
be considered for funding through Section 314 (Clean
Lakes) of the Federal Water Pollution Control Act
Amendments of 1977 (PL95-217). Sewering of lakeshore
homes would be covered under Section 201 (Construction
Grants).

11. Following project implementation, a monitoring program
should be carried out to include major nutrient (phosphorus
and nitrogen) aspects of the lake, its tributaries, and
groundwater (particularly near lakeshore homes) as well
as macrophyte conditions.
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APPENDIX C

PROGRESS REPORT

LAKE WINTHROP

HOLLISTON, MASSACHUSETTS

This progress report is submitted in partial fulfillment

of an "Agreement Between the Town of Holliston, Massachusetts

and Whitman & Howard, Inc. for Professional Services With

Regard to a Diagnostic/Feasibility Study of Lake Winthrop11,

approved April 17, 1984.

A. All applicable, available data concerning the Lake

Winthrop Diagnostic/Feasibility Study has been collected

and reviewed. The reviewed reports include, but are not

limited to: Lake Winthrop Water Quality Study 1978-1979

by the Massachusetts Division of Water Pollution Control;

Town of Holliston - Conservation-Recreation Plan; MAPC

- Upper Charles River Basin (MAPC, Water Quality Project,

1977); Holliston Facilities Plan - DSI Environmental

Engineers - 1980; Holliston Municipal Groundwater

Resources Analysis and Protection Study - by IEP, Inc.,

1982.

On April 26, 1984, approximately 80 questionnaires were

hand-delivered to Lake Winthrop area residents soliciting

their reactions to the presently degraded condition of the

Lake and hopeful future restoration of Lake Winthrop. Please

note the attached sample questionnaire and condensed results.



Numerous field studies have been performed including:

macrophyton surveys, identification of erosion areas, public

access identification, groundwater monitoring well siting,

septic system failure reconnaissance, and outlet structure

and canal surveillance.

On May 26, 1984, three of the proposed five monitoirng

wells were put in-place. The remaining two wells were dug on

June 4, 1984 and allowed to equilibrate. All wells were then

pumped to allow fresh groundwater to fill the pipe, this

process has been repeated several times. Three of the

proposed four sampling dates have taken place on June 6,

1984, July 17, 1984, and August 6, 1984. Please see attached

locus map for groundwater monitoring well sites and accompanying

results of groundwater quality analyses, August 6 results are

now being analyzed.

On June 19, 1984, a public meeting was held in the

Holliston Town Hall. Approximately 20 persons were in

attendance. Discussion topics included the goals and objectives

of the Massachusetts Clean Lakes Program, the Scope of Work

in the Lake Winthrop Diagnostic/Feasibility Study, discussion

of questionnaire results, explanation of the Massachusetts

Lake Classification Program, discussion of groundwater

quality monitoring program, reformation of a Lake Winthrop

Watershed Association, septic tank problems, and various

restoration alternatives. Minutes have been sent to all

meeting attendees, see attached.



B. Lake Winthrop is currently plagued with dense growths of

aquatic macrophytes. Huge beds of Water Milfoil (Myrio-

phyllum sp.), Yellow Water Lily (Nuphar sp.), White

Water Lily (Nymphaea sp.) and Pondweed (Potamoqeton sp).

are scattered throughout the Lake. Also present in the

Stoddard Park area are growths of Gramineae (grass

family), and some filamentous algae growth. The outlet

area is completely overgrown with Yellow and. White Water

Lily, Purple Looestrife (Lysimachia sp.) and Pickerelweed

(Pontederia sp.}.

The thick Milfoil and Lily growth make boating very

difficult if not impossible, particularly in the offshore

areas off Pleasure Point Lake Grove Cemetary and Winthrop

Street. Fortunately, an effort has been made to clear the

two swimming areas of weeds, allowing swimming to continue.

To the best of our knowledge there has been no severe algae

blooms and transparency has been sufficiently high to keep

the beaches open.

Of particular concern is the tremendous growth of both

aquatic and wetland plants in the vicinity of the outlet

structure. These weeds hinder the flow of water out of the

Lake, causing a stagnation of water. Field surveys indicate

a maximum depth of only 3-4 feet in the natural channel to

the outlet structure, with much lower depth as one approaches

the structure itself. In fact, the under flow channel

approximately three feet below the top of the dam, for

regulating lake level, is covered with sediment. For the



majority of the summer outlet flow has been at a trickle.

The rapid sedimentation in the vicinity of the outlet has

turned this area into a virtual swamp, infested with wetland

plants and the formation of marsh bogs.

Groundwater analyses have indicated high total phosphorus

levels at all locations, elevated bacteria levels along Lake

Shore Drive and at the end of Winthrop Street. Lake Grove

Cemetary results indicate very high levels of iron present.

The soils in this area are sandy with a 1.5 foot layer of

humus on top. This humic material is inherently high in

humic-iron complexes. The remaining trace metals data

indicate expected results.

The July 17, 1984 results showed very high levels of

nitrate-nitrogen along with the high total phosphorus levels.

Nitrate Nitrogen and a percentage of the total phosphorus,

being in the form of orthophosphorus, are the end products

of aerobic decomposition and are readily available to aquatic

weeds or algae. High ammonia-nitrogen concentrations have

been found at the Winthrop Street well on both sampling

occasions. Ammonia nitrogen is a good indicator of recent

sewage contamination. Due to the fact that elevated bacterial

levels are found both at Lake Shore Drive and Winthrop

Street, we would expect higher ammonia-nitrogen levels at

Lake Shore Drive, thus far no strong correlation exists,

further testing may prove otherwise.

The characteristic brownish color of Lake Winthrop is

contributable to the passage of inlet water through wetlands



and groundwater flow. Both wetlands and the high iron

concentrations found in the groundwater indicate passage

of humic-iron complexes which are inherently rich in color.

This color acts as a deterrent to aquatic plant growth due to

decreased sunlight reaching the plants. Groundwater with

high iron and manganese are devoid of oxygen and are high in

carbon dioxide. The high carbon dioxide levels present means

that bacterial oxidation of organic matter is extensive.

Therefore, increased iron and manganese concentrations are

related to anaerobic decomposition of organic matter.



C. Project findings indicate high nutrient loads from

groundwater sources. A correlation exists between the

presence of on-site wastewater disposal systems and nutrient

loads. Nutrient budgeting will quantify what effects the

removal of wastewater from groundwater will have on Lake

Winthrop's nutrient loads.

The ability of the large Wetland areas surrounding the

Lake for pollution attenuation capabilities is now being

studied. Wetlands are known to reduce suspended solids,

biochemical oxygen demand and nutrient levels. However, if

water levels drop significantly in wetlands to cause plant

dessication, the accompanying release of organic plant

material will contribute to decreased water quality.

We are now studying the impacts of various restoration

alternatives on the nutrient budget and overall ecosystem.

In particular, dredging, weed harvesting, sewering,

biomanipulation, water level drawdown, and several other

techniques are being investigated.

Sediment testing and a sediment map of selected areas

will be forthcoming. It is evident that something will have

to be done to alleviate the sediment buildup in the area of

the outlet structure. A solution will be presented that

will preserve the wetlands and at the same time increase

flow through this portion of the Lake.

During the next Public Meeting, costs will be presented

for restoration techniques, as will technical feasibility

and environmental impacts.



A request for assistance has been forwarded to the

Massachusetts Division of Water Pollution Control.



D. Expenditure Report:
April 17, 1984 - August 4, 1984

Labor
Mileage & Expenses
Prints
Outside Services

$5,037.18
$ 257.47
$ 12.75
$ 4.55
$5,311.95 Laboratory

Billing Pending

Paid
Balance

$ 4,041.41
$ 955.71

NOTE: A detailed cost breakdown with receipts is
provided on a monthly basis by our accounting
departmnent to the Town of Holliston.

Anticipated expenditures for the next quarterly
period ar estimated $4,000.



LAKE WINTHROP QUESTIONNAIRE RESULTS

Of approximately 80 questionnaires.distributed 33 were
returned = 41%

Wastewater Disposal Systems

Septic Tanks - 28 homes
Cess Pools - 5 homes

Problems with wastewater disposal systems were
identified by 15 homes.

Primary Concerns for Lake Winthrop:

Weed Control
Dioxin Contamination
Recreational Uses

Most Important Lake Uses

Swimming - 130 pts.
Boating - 51 pts.
Fishing - 44 pts.
Ice Skating - 23 pts.
Wildlife - 15 pts.

Major Problems in Lake Winthrop

Algae/Weed Growth - 76 pts.
Slime/Muck - 74 pts.
Unsuitable For Swimming - 37.5 pts.
Dioxin Contamination - 20 pts.

Restrictions on Lake Winthrop

More Restrictions - 6
Less Restrictions - 9
Unaltered Restrictions - 18

Remarks

1. Runoff from highway garage, salt storage.

2. Axton Chemical Company runoff through intermittant
stream running through Lake Grove Cemetary.

3. Pine Tree Trail Drain.

E
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APPENDIX D
PUBL-IC PARTICIPATION

June 20, 1984

MINUTES - Lake Winthrop Public Meeting
June 19, 1984 7:30 PM

Paul LeBeau - Holliston Administrative Assistant
opened the meeting at 7:34 PM and introduced
representatives Stephen E. Pools - Project Engineer and
Douglas Vigneau - Environmental Scientist from Whitman
& Howard, Inc. - Engineering Consultant,.

DISCUSSION TOPICS

1) Massachusetts Clean Lakes Program:

$30 Million appropriated for FY '83 - FY !93

Goals;

Diagnose degraded lakes and ponds and implement, on a
priority basis, long-term solutions to restoration,
preservation and/or maintenance of water quality..
Alternatives are assessed on the basis of such things
as technical and practical feasibility, cost
effectiveness and public acceptance.

DIAGNOSITC - FEASIBILITY STUDYr

Diagnostic Study: Gathering information and data to
identify existing or potential sources of pollution and to
determine limnology (biology of the lake), morphology
(physical characteristics) and other pertinent
characteristics of the lake and it watershed.

Feasibility Study; Analysis of diagnostic data to define
methods and procedures for controlling the sources of
pollution; cost-effective; development of a technical plan
and watershed management plan, milestone schedule for
monitoring implementation project.

Application Procedure:

1) Request for Assistance - July 1, 1984 - Submitted

2) Final Application - October 1, 1984

3) Priorization/List of projects - January 15, 198,jv

4) Local Match Commitment - May 15, 1985̂



RESTORATION/PRESERVATION ALTERNATIVES:

Firstly, Dioxin testing is not within the Scope of Work
of this contract. However, recommendatins are dependent on
the concentration of dioxin found in sediments, vegetation,
etc. The Massachusetts Divisons of Water Pollution Control in
conjunction with the Department of Public Health have stated
that on September 26, 1984 dioxin results and recommmendations
will submit its final draft report with dioxin considerations
included.

RESTORATION ALTERNTIVE;

1) Herbicide Treatment * Short term solution, nutrients
remain in-lake, toxic levels of heavy metals, and
associated herbicide chemicals may build-up in
sediments,

2) Weed Harvesting - Recurring expense: if substantial
amounts of weeds are removed for a number of years a
decrease in area! coverage will be noticed due
to the removal of nutrients,

However, Lake Winthrop's sediments have a tremendous
impact, on nutrient recycling, so the periodic
removal of aquatic vegetation, although helpful,
would take many years to realize an improvement.

Also, weed harvesters have a six foot depth limitation.

3) Drawdown Method — Physical lowering of lake level to
expose shoreline vegetation which are dried and/or frozen.

Sediment may also be removed.

However, present outlet structure will only allow
a lake lowering of three feet - which would not be
enough to make a substantial impact on vegetation
exposition nor removal of sediments. Hence, a new
outlet structure would have to be designed.

- Lowering of Lake could possibly produce fish
kills..

- Effect of lowering lake on surrounding wetlands and
public water supply wells?

4) Wetland Areas by Lakeshore Drive and Winthrop Street -
Mosquito breeding areas - through drainage patterns it
may be possible to drain these mosquito havens during
breeding and egg-laying to reduce mosquito populations.



This will be approached through arguments of reducing
nutrient influx from groundwater sources.

5) Dredging - High Cost

Potential Environmental Impacts

Dioxin Contamination?

However, since the majority of nutrients
are present due to recycling from sediments
limited, dredging seems a very viable
alternative.

The aforementioned alternatives have obviously been only
briefly touched upon. During the next Public Meeting, costs
will be presented as will technical feasibility. Please
tell your neighbors about the formation of the Lake Winthrop
Watershed Association.. Have a good summer.

Respectfully Submitted,

WHITMAN & HOWARD, INC.

?&*̂

Doug Vigneau
Envirnomental Scientist

DV/tmj
84-107



LAKE WINTHROP QUESTIONNAIRE RESULTS

Of approximately 80 questionnaires distributed 33 were
returned = 41%

Wastewater Disposal Systems

Septic Tanks - 28 homes
Cess Pools - 5 homes

Problems with wastewater disposal systems were
identified by 15 homes.

Primary Concerns for Lake Winthrop:

Weed Control
Dioxin Contamination
Recreational Uses

Most Important Lake Uses

Swimming - 130 pts.
Boating - 51 pts.
Fishing - 44 pts.
Ice Skating - 23 pts.
Wildlife - 15 pts.

Major Problems in Lake Winthrop

Algae/Weed Growth - 76 pts.
Slime/Muck - 74 pts.
Unsuitable For Swimming - 37.5 pts.
Dioxin Contamination - 20 pts.

Restrictions on Lake Winthrop

More Restrictions - 6
Less Restrictions - 9
Unaltered Restrictions - 18

Remarks

1. Runoff from highway garage, salt storage.

2. Axton Chemical Company runoff through intermittant
stream running through Lake Grove Cemetary.

3. Pine Tree Trail Drain.



QUESTIONNAIRE

1. How many members in your family?

2. Are you a permanent resident? Yes No

If not a permanent resident, time frame of seasonal
occupancy? From: To:

Type of use during time frame?

Weekly _ Weekend _ Varies

Type of wastewater disposal?

_ Town Sewerage System
_ Septic Tank
_ Cess Pool

Any problems with wastewater disposal system?

_ Wet leaching fields, ponded water, melted snow
_ Slow draining of toilets and sinks.

At what time of the year does the problem occur most?
_ Spring _ Summer _ Fall _ Winter

4. What is your primary concern for the lake?

5. In what ways does your family use the lake?

6. What do you consider to be the most important use of
the lake? In order of importance, with 1 most
important:

Swimming Boating Sailing
Fishing Waterskiing Ice Skating

Other

7. How have lake uses changed over the years?



8. What are the major problems in the lake? In order of
importance with 1 most important:

Slime/muck on bottom
Too much surface runoff, street drainage, etc. .
Too much algae
Low visibility
Unsuitable for swimming
Poor fishing
Rubbish
Objectionable odor
Other

9. Do you feel that there should be more or less
restrictions on lake usage? More Less

10. Do you know of any direct discharges or other possible
sources of nutrients into the lake? Please describe.

11, Please indicate areas within the lake you feel to be most
troublesome from a water quality viewpoint.

If further information is needed may we contact you (Your
Option)?

Yes No

Names

Address:

Tel. No.

Upon receipt of this questionnaire you will be placed on our
mailing list to receive notices and minutes of public meet-
ings and additional lake related information.

Please use the enclosed stamped, self-addressed envelope for
your convenience. Thank you for participating in the project
and assisting us in determining the concerns of the Lake
Winthrop area residents 1



WHITMAN & HOWARD, INC.
Wellesley, Massachusetts

September 19, 1984

MINUTES - LAKE WINTHROP PULBIC MEETING
September 18, 1984 - 8:30 PM.

Town of Holliston engineering consultants Whitman & Howard, Inc.
represented by Stephen Poole- Project Engineer and Douglas Vigneau
- Environmental Scientist opened the sparsely attended meeting at
8:30 P.M. The Town of Holliston was represented by Mr. Paul
LeBeau - Administrative Assistant and Park Commisisoners Ms. Nancy
Miller and Mr. Harry Damigella. Also, present was Dr. Richard
McVoy - Project Officer from the Massachusetts Division of Water
Pollution Control and six (6) Lake Winthrop residents.

DISCUSSION TOPICS

I. There have been some limited changes imposed on the size of
the watershed from previous report findings. Due to the
diversion of an intermittant stream from the northwest
portion of the watershed, in the area east of High Street,
approximately 225 acres of watershed have been lost. This
does not pose any negative affects other that to reduce flow
to the Lake during the spring freshet. If anything it may
slightly improve the overall water quality due to the exclu-
sion of flow from the heavily developed area.

II. Land-Use in the watershed has changed only slightly with the
building of the Preserve at Holliston housing development.
This 95-acre parcel of land situated south-southeast of the
Pond will have 63 - three to four bedroom houses, served by
individual septic systems. Percolation tests for septic
system suitablity indicate high rates of infiltration. These
high rates of infiltration indicate hydraulically sound
systems. However, not necessarily biologically (cleansing)
good systems. Future impacts of these systems on the Lake
should be monitored.

III. Results of groundwater monitoring tests were discussed, these
results indicated very much elevated levels of phosphorus and
nitrogen at all ifve monitoring sites, elevated iron concentra-
tions from wetland areas in the Lake Grove Cemetary and high
bacteria counts at Lakeshore Drive and at the end of Winthrop
Street. These results indicate the nutrient load and resultant
weed growth is caused by nutrient-rich groundwater flows,
along with nutrient-rich sediments.

IV. The areal spread and densities of weeds has increased dramati-
cally over the past three years. In fact, east of Grape
Island to the shore is fast becoming wetland. The southern
bay areas are thick with weeds as is the entire southwestern
portion of the Lake.
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V. A sediment substrate map and sediment analyses were presented
indicating 5-7 feet of muck accumulations. Deepest muck
build-up is in the areas of highest weed densities, this is
expected, due to winter die-off of weeds contributing to
sedimentation. Sediment analysis from samples taken from
three locations indicate extremely high levels of aquatic
weed-producing nutrients. Also, a test for the percent of
organic vs. inorganic content of the sediment showed that
approximately 35% of the sediment is organic. The higher the
organic contest the more eutrophic (filled-in, bog like) is
the Lake. Thirty-five percent certainly indicates a mildly
eutrophic waterbody.

II. RESTORATION ALTERNATIVES - CHOSEN ON THE BASIS OF THEIR
FEASIBILITY AND COST-EFFECTIVENESS FOR IMPLEMENTATION OF LAKE
WINTHROP.

1. WATER LEVEL MANIPULATION: In late fall or winter, the water
level is dropped to expose and dry or freeze the bottom
sediments were plants root. Initial weed growth the following
spring will be stopped and subsequent growth will be inhibited
In the spring the water level may be raised which will cut
light to the new growing tips which are close to the bottom
at this time. This works particularly well in turbid waters
such at Lake Winthrop.

In order to manipulate the water level a new outlet structure
would have to be installed and the muck which has accumulated
in the area of the outlet would have to be removed. Estimated
cost for outlet structure and sediment removal is $75,000.00.

2. Limited sediment removal is proposed for bay areas and open
water areas, which would reduce the potential of sediment
recycling and assure the removal of roots and freshly accumu-
lated plant debris. The lake has been divided into varying
sized sections for the purposes of comparing costs and
amounts of sediment removed.

3
A) Areas of heavy weed growth @ 12" cut = 61,667 Yd

B) Areas of moderate weed growth @ 12" cut = 14,667 Yd

C) Miscellaneous Areas @ 12" cut = 10,000 Yd3

Cost = $125,000

Total Cost = $1,110,000

Added Dredging Costs:

D) Lagoon Construction: Dredge Spoil Deposition Cost =
$84,000

E) Engineering and Contingencies Cost = $100,000

Total Cost for Extensive Dredging _ $1,284,000
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3. Weed harvesting is performed with a commercial machine that
cuts weeds (to 6-8 feet deep) and collects them in a single,
power-driven operation. Depending on the size of the weed
harvester, the rate is approximately 0.5 acre/hour. Therefore,
this is a time' consuming operation which at best removes only
about 6% of the total nutrient load in the water body. Weed
harvesting is therefore a stop-gap measure which opens water
for boating purposes, while swimming and fishing in depths
lower than 6-8 feet will still be hindered. Also, the lower
plant portion will still add to the accumulated sediments
further adding to the nutrient recycling process. In order
for weed harvesting to be effective in the sense that repeated
cuttings will ultimately reduce areal coverage and density,
the sources of nutrients, particular surface input must be
controlled. From sediment analysis, there is a tremendous
nutrient concentration tied-up in the sediments these nutrients
are released during spring and fall lake turnover and during
oxygen depletion periods in lower levels.

Approximate cost for weed harvesting:

Heaviest Growth' - 39 Acres - $16,000
Medium Growth - 10 Acres - $ 4,000
Misc. Areas - 7 Acres - $ 2,800

$22,800

4. The Lakeshore Drive/Stoddard Park area has long been a source
of nutrient loading to Lake Winthrop due to the septic tank
system of Wastewater disposal. Groundwater monitoring
results indicate this, as does the filamentous algae growths
offshore. The high groundwater table and minimal restrictions
placed on septic system tank size at the time most of these
homes were built, further enhances the leachate of septic
waste into the Lake.

In order to alleviate this problem, the wastewater would have
to be removed from the area, preferably out of the watershed.
This can be done by utilization of a small pressure sewer
system, which would collect the wastewater from the development
which would then be pumped out of the watershed. Approximate
costs and needs are as follows:

1. Pressure Sewer System:

3400' of 2" Main @ $12.00/ft. - $40,800
3600' of 3" Main @ $15.00/ft. - $54,000
3500' of a 1-1/2 Main @ $10.00/ft. - $35,000

Assume 69 Homes @ 4 person/home @ 80 gal./cap. 22,080 gal.

Use 69 simplex grinder pumps @ $5,000 installed Pumps
$345,000.00



Disposal area @ 1 sq/gal. 22,080 SF

Depth of gravel - 24" - 1,636 cu. yd. gravel @ $10/yd -
$16,360.00

Distribution System for 150 ft. square area @ 10ft. O.c. 3400
ft. of 4" PVC (Perforated) @ $5/ft, - $12,000.00

General Const. (Excavation & Backfill) - $32,000.00

Septic Tank (4 @ 10,000 gal.) - $25,000.00

Engineering & Contingencies @ 25% - $140,000.00

5. Finally nutrient inactivation and bottom sealing of nutrients
are appropriate, cost-effective measures for controlling
nutrient recyclying from bottom sediments. Usually, aluminum
conpounds, due to their availibility , effectiveness, and
ability to adapt to the varying conditions of the Lake
environment are most often used. These may consist of
aluminum sulfate or sodium aluminate compounds. These
treatments form a floe in the water which pulls phosphorus
from the water column, which settles like snow on the lake
floor. Treatments are most effective if phosphorus is
inactivated, shortly after spring runoff, during the onset of
the growing season.

Cost 'of treatment may range from $20,000- $30,000.

None of the aforementioned restoration techniques are a
cure-all by themselves, but used in a well planned combination
of techniques, Lake Winthrop would experience an improvement
in water quality.

A draft report is forthcoming and Mr. Paul LeBeau, Holliston's
Administrative Assistant, is filing an application for Phase
II Implemention money with the Massachusetts Division of
Water Pollution Control prior to the October 1, 1984 deadline.
Also, mailing lists have been forwarded to Mr. Mark Stafford
and the Park Commission in hopes of revising the Lake Winthrop
Watershed Association. Please become involved with this
Association as your support will be imperative in the restoration
of Lake Winthrop.

Respectfully Submitted,

WHITMAN & HOWARD, INC.

Douglas Vigneau
Environmental Scientist
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APPENDIX E

SEPTIC SYSTEM INFORMATION

On-site wastewater disposal systems (septic systems) or
cesspools in older homes provide for the treatment and
disposal of the wastewater. Cesspools and septic systems
have been known, with proper MAINTENANCE, to perform
effectively for many years.

Your on-site disposal system is just as important to
your as your furnance. A new system of any type or repairs
to the old one are very costly. Cost variation is due to the
type of failure, soil conditions, water table and lot size.
Proper maintenance is the least expensive method.

Cesspools are not allowed in new construction, but a
large number of our older homes are still using them. From
these homes the building sewer (pipe) goes directly to the
cesspool. The cesspool is a large pit and the sidewalls
could be either concrete block or-fieldstone, with an earth
bottom. The lighter solids and grease (scum) float at the
top and the heavier solids (sludge) settle to the bottom.
The liquid seeps through the perforated blocks or the
irregular stones. Life span is limited, although with
PROPER MAINTENANCE they could function effectively for many,
many years. Should the cesspool overflow, it is usually
because the pores in the sidewall and the surrounding soil
have been clogged with solids. Normally this occurs from
lack of periodical inspections and infrequent pumping out
of the scum and sludge. It is recommended that there should
be an annual inspection.

The approximate composition of household sewage is 40%
toilet, 15% laundry, 30% bathing, 10% kitchen and 5%
miscellaneous.

HOW TO LOCATE YOUR SEPTIC TANK OR CESSPOOL

Locating and yearly inspection of your disposal system
yourself can cut costs, providing you follow the correct
inspection procedure. If help is needed contact your Board
of Health. Recommended procedure to follow if needed:

A. Contact your Board of Health to see if they have a
plan on file.

B. If your plan is not on file, follow as recommended:

1. See if you can find a concrete or metal
manhole cover usually located in an area of
tall green grass; or where there is a
depression on the premises where the grass
does not grow; or where there is rapid melting
of snow.



2. If ground surface inspection is of no help:
locate the building sewer (main house drain)
in the cellar. Measure 10* from the foundation
by following the direction of the pipe (it may
be more). Probe the soil with a thin metal
rod. The septic tank or cesspool cover should
be 12" or less below the surface (older homes
could be more than 12" below the ground
surface.

3. Record the location and give a copy to your
local Board of Health.

INDICATIONS OF A FAILING SYSTEM

0 Mushy soil above or near the septic tank,
cesspool, leaching field, or liquid surfacing in
these areas.

0 Foul odor from sewage area, nearby streams,
wetlands and etc.

0 Any backup of sinks or toilets, not caused by
blockage of internal pipes within the house.

0 Tall green grass above or near the leaching area,
septic tank or cesspool.

HOW YOU CAN INSPECT YOUR SEPTIC TANK OR CESSPOOL

1 Remove cover or covers.

2. With a rod or a stick, measure the scum and sludge
layers, if they are more than 1/3 the volume of
the septic tank or cesspool, it should be pumped
out. Care should be taken to insure that sludge
is removed from the bottom.

3. Be sure that both the inlet and outlet tees are in
place and free of any solids.

4. For assistance on any cesspool or septic tank
problem, call your local Board of Health. Their
Health Agent is available to help you.

SOME REASONS WHY YOUR SYSTEM CAN FAIL

POOR LOCATION for your leacing area. Soil is not
pervious enough, the watertable is high or there is
inadequate percolation of liquids through the
soil.

EXCESSIVE SOLIDS in the cesspool, or if there is a
septic tank, there could be an overflow of solids
into leaching area.



0 POOR INSTALLATION: Drain pipes and distribution
pipes not properly graded, or septic tank is not
level.

0 DESIGNED too small for the present demand.

0 DRAIN PIPES may become clogged with solids, or
roots may grow into the leaching area.

REASONABLE STEPS TO TAKE TO PREVENT SYSTEM FAILURES

0 DO NOT install garbage disposals, as they are a
leading factor of clogged systems.

0 DO NOT put solids or sanitary napkins, paper
towels, grease, hair, oil or coffee grounds down
the drain.

0 INSPECT OR PUMP OUT on-site systems annually. Do
not wait until your have a problem.

0 CONSERVE ON WATER: Excess water can create
problems. Install water saving devices wherever
possible.

0 DO NOT Put additives into your system. Medicines,
paint, paint thinner, disinfectants, pesticides
and acids will only kill the bacteria which is
needed to decompose the organic matter.

0 DO NOT use enzymes or acid for treating your
septic tank or cesspool.

0 DO NOT plant shrubs or trees with deep roots near
your leaching area.

0 DO NOT allow heavy equipment to drive over
leaching area. -*

MAINTENANCE INFORMATION

Annual INSPECTION and periodical PUMPING is your
maintanance program. Immediately investigate signs of
failure.

Source: Old Colony Planning Council
9 Belmont Street
Brockton, MA 02401
Grant #P00105401
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APPENDIX F

LAKE WINTHROP

RESULTS OF WATER QUALITY ANALYSIS
FROM

1984 GROUNDWATER MONITORING



WHITMAN & HOWARD, INC.
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

June 12, 1984

PROJECT: Lake Winthrop, Holliston,MA

SAMPLE LOCATION: #1 Stoddard Park
#2 Stoddard Park-B
#4 Lake Grove Cemetery
tt5 Winthrop St.
#6 Pine Tree Trail

SAMPLE COLLECTED DATE: 6/6/84

RESULTS OF ANALYSIS

I. Chemical (Trace Metals & Nutrient) Analyses

tl #2 #4 #5

Cadmium, mg/L <0.01 <0.01 <0.01 <0.01
Chromium, mg/L <0.01 0.01 0.02 0.02
Copper, mg/L 0.01 0.02 0.05 0.02
Iron, mg/L 0.29 1.52 59.3 3.58
Lead, mg/L <0.02 <0.02 0.04 0.05
Manganese, mg/L 0.04 0.09 2.65 0.56
Zinc, mg/L 0.06 0.06 0.12 0.25
Ammonia-N, mg/L 0.16 0.16 0.18 Q. 68
Total Kjeldahl-N, mg/L 0.27 0.32 0.81 2.08
Nitrate-N, mg/L 0.24 0.32 0.28 0.16
Total Phosphorus, mg/L 0.02 0.04 0.24 0.13

II. Bacteriological Analyses

#1 #2 #4 #5 #6

Total Coliform, #/100mL 2 1 6 780 10
Fecal Coliform, #/100mL 0 0 0 130 0

Analyzed by



WHITMAN & HOWARD, INC
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

June 15, 1984

PROJECT: Lake Winthrop, Holliston, MA

SAMPLE LOCATION: #24 Lakeshore Drive

SAMPLE COLLECTED DATE: 6/13/84

RESULTS OF ANALYSIS

Cadmium, mg/L
Chromium, mg/L
Copper, mg/L
Iron, mg/L
Lead, mg/L
Manganese, mg/L
Zinc, mg/L
Ammonia-N, mg/L
Total Kjeldahl-N mg/L
Nitrate-N, mg/L
Total Phosphorus mg/L

Total Coliform, #/100 mL
Fecal Coliform, #/100 mL

#24 Lakeshore Drive

<0.01
<0.01
0.02
1.38
<0.02
0.19
0.12
0.12
0.46
0.16
0.04

4.6X10̂

Analyzed by

1.5X10

L-Chung/LIU



WHITMAN & HOWARD, INC
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

PROJECT: Lake Winthrop, Holliston, MA

SAMPLE LOCATION: #1 Stoddard Park-Beach
#2 Stoddard Park-Fence
#3 Lakeshore Drive
#4 Lake Grove Cemetary
#5 Winthrop St.

SAMPLE COLLECTED DATE: 7/17/84

July 23, 1984

RESULTS OF ANALYSIS

Ammonia-N, mg/L
Total Kjeldahl
Nitrogen,

Nitrate-N,
Total Phosphorus,

Total Coliform,
Fecal Coliform,

#1

0.12 0.12

#3

0.10 0.09

#5

0.61

mg/L
mg/L
mg/L

#/100 ML
#/100 ML

0.25
1.33
0.06

35
0

0.30
1.73
0.08

14
0

0.52
2.00
0.06

32000
2400

0.44
1.27
0.29

62
0

1.87
1.20
0.16

560
196

Analyzed by
Chih-Chunsf Liu



WHITMAN & HOWARD, INC
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

PROJECT: Lake Winthrop, Holliston, MA

SAMPLE LOCATION: #1 Stoddard Park-Beach
#2 Stoddard Park-Fence
#3 24 Lakeshore Drive
#4 Lake Grove Cemetary
t5 Winthrop Street

SAMPLE COLLECTED DATE: 8/6/84

August 15, 1984

RESULTS OF ANALYSIS

Cadmium/ mg/L
Chromium, mg/L
Copper, mg/L
Iron, mg/L
Lead, mg/L
Mangane s e, mg/L
Zinc, mg/L
Ammonia-N, mg/L
Total Kheldahl-N, mg/L
Nitrate-N, mg/L
Total Phosphorus, mg/L

Total Coliform, mg/L
Fecal Coliform, mg/L

#1 #3

<0.01
<0.01
<0.01

0.12
<0.02

0.04
0.05
0.12
0.19
0.91
0.04

3
0

Analyzed

<0.01
0.02
0.03
0.98

<0.02
0.45
0.07
0.12
0.22
0.93
0.11

275
32

by (

<0.01
<0.01
<0.01

0.34
<0.02

0.07
0.08
0.10
0.34
0.97
0.05

1400
128

<0.01
<0.01

0.01
3.60
0.03
0.21
0.10
0.06
0.25
1.12
0.15

10
0

\s tf«

<0.01
0.01
0.02
9.32
0.04
1.28
0.14
0.64
1.65
1.10
0.20

35
1

Chih-



WHITMAN & HOWARD, INC
45 William Street

Wellesley, MA 02181

LABORATORY REPORT

PROJECT:

SAMPLE LOCATION

Lake Winthrop, Holliston, MA

#1 Stoddard Park - Beach
#2 Stoddard Park - Fence
#3 Lakeshore Drive
#4 Lake Grove Cemetary
#5 Winthrop St.

SAMPLE COLLECTED DATE: 8/21/84

September 4, 1984

RESULTS OF ANALYSIS

Ammonia-N,
Total Kjeldahl-N,
Nitrate-N,
Total Phosphorus,

Total Coliform,
Fecal Coliform,

#1 #2 #3 #4 #5

mg/L
mg/L
mg/L
mg/L

#/100 ML
#/100 ML

0.12
0.20
0.95
0.06

4
0

0.14
0.27
1.04
0.10

145
12

0.18
0.35
1.11
0.06

345
27

0.26
0.43
1.20
0.12

626
10

0.24
0.38
1.08
0.16

12
0

Analyzed by
Chih-ChuncT Liu
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APPENDIX G

LAKE WINTHROP HYDROLOGIC BUDGET

METHOD OF DETERMINATION

PRECIPITATION: Source: National Oceanic and Atmospheric
Administration - West Medway Weather
Station - January, 1978 - December
1978.

PRECIPITATION - 44.50 inches = 113.0 centimeters
= 1,089.86 million gallons/year
= 4.125 x 10 cubic meters/year

RUNOFF: The amount of direct runoff from the
watershed was determined by an
assessment of the physical character-
istic of the watershed, which yields
a runoff coefficient. Runoff coef-
ficients were determined based on an
evaluation of watershed character-
istics (soils, slope, land use,
etc.).

Section III.D. depicts land use and
soil types for the watershed. The
total precipitation falling on each
subwatershed is then multiplied by
the appropriate runoff coefficient
(Table G-l). Direct runoff from land
use ranged from a low of 66.17
acre-feet to a high of 1,146.19
acre-feet. The total runoff for the
Lake Winthrop watershed is:

RUNOFF - 342.30 million gallons/year
= 1.30 x 10 cubic meters/year



EVAPOTRANSPIRATION: Determining potential evapotranspira-
tion by the Thornthwaite method as
described by Mather and Rodriguez
(1978) utilizes mean monthly air
temperatures to estimate the amount
of energy available for evapotrans-
piration. Table G-2 depicts the
monthly breakdown for potential
evapotranspiration. Table G-3
provides the water balance as calcu-
lated for the watershed.

EVAPOTRANSPIRATION

Potential evapotranspiration is
translated into actual evapotranspira-
tion based on monthly and subwatershed
variations in temperature, precipita-
tion, direct runoff, and soil moisture
storage.

= 383.0 million gallons/year
- 1.45 x 10 cubic meters/year

INFILTRATION: Due to a lack of available informa-
tion, groundwater quantity is estimated
to be the difference between total
precipitation and runoff plus evapotran-
spiration.

INFILTRATION = 278.61 million gallons/year
= 1.05 x 10 cubic meters/year

STODDARD PARK
WELL FIELD: According to the Holliston Water

Department (Pers. Comm. 1985) the
Stoddard well is pumped 24 hours a
day, over a three (3) month period.
This resulted in approximately 16.65
MG being pumped during the year.
This water is pumped out of the
watershed with the exception of that
returned via wastewater disposal
systems.

Stoddard Park Well
Field = 16.65 million gallons/year

cubic meters/year= 0.06 x 10°



DIRECT EVAPORATION:

Direct Evaporation

WASTEWATER DISPOSAL

Wastewater Disposal

Direct evaporation from the lake is
approximately equivalent to 27 inches
for Massachusetts lakes and ponds
(Linsley et. al. 1975) . This is
equal to 263.25 acre feet (85.77
million gallons). This includes the
lake surface and approximately
fifteen (15) acres of open water in
the watershed.

= 85.77 million gallons
= 0.33 x 10 cubic meters/yr.

The wastewater discharge from the one
hundred thirty (130) homes in the
watershed via septic tanks is an
inpact to the hydrologic budget.
Using the EPA flow criteria of 80
gallons/day/person and an average of
four (4) persons per home this flow
is equivalent to 15.2 MG per year.

=15.2 million gallons
= 0.058 x 10 cu. meters/yr.

Table G-4 summarizes the Lake Winthrop General Hydrologic
Budget.



TABLE G-l
LAKE WINTHROP

SUMMARY OP WATER BALANCE TOTALS BY LAND USE

Land Use

Lake Winthrop
Open Water
Residential
Forest Land
Open Space
Wetlands

Area
(Acres)

102.0
15.0
81.0
343.0
99.0
262.0

Precipitation
(Acre-Feet)

378.25
55.62
300,38

1,271.96
367.13
971,58

Surface
Runoff

(Acre-Feet)

148.75
21.87
90.11
190.79
19.80
579.23

Evaporation
or

Evapotranspiration
(Acre-Feet)

229.50
33.75
121.30
513.64
148.25
392,35

Infiltration
Groundwater
Runoff

(Acre-Feet

0.0
0.0

88.97
567.53
199.08
0.00

TOTALS 902.0 3,344.92 1,050.55 1,438.79 855.08



TABLE G-2
LAKE WINTHROP

HOLLISTON, MASSACHUSETTS
POTENTIAL EVAPOTRANSPIRATION CALCULATIONS

Temp
Month (°F)

January 23.3

February 18 . 2

March 31.1

April 43.9

May 55.7

June 65 . 1

July 69.4

August 69 . 2

September 57.5

October 48 . 3

November 39.2

December 29.9

Heat Index = 38.24

(1) i(2)

0.00

0.00

0.00

1.52

4.33

7.18

8.64

8.57

4.83

2.46

0.71

0.00

38.24

Unadjusted
P.E.T. Day Length
(37.5) * ' Factor**7

0.00

0.00

0.00

0.03

0.08

0.12

0.14

0.13

0.09

0.06

0.02

0.00

Adjusted Reading - Appendix II

Potential Evapo transpiration = 23.64 inches/year

1. Mean Monthly Temperatures - West Medway - N.O
2. Monthly Heat Index (i) - Appendix I - Mather
3. unadjusted Potential Evapo transpiration - App

24.8

24.5

30.9

33.6

37.8

38.1

38.4

35.7

31.2

28.5

24.6

23.7

= 37.5

Potential ._.
ET (inches)

0.00

0.00

0.00

1.01

3.02

4.57

5.38

4.64

2.81

1.71

0.49

0.00

23.64

.A. A. (1978)
& Rodriguez (1978)
endix II - Mather &

Rodriguez (1978)
4. Daylength Correction Factor - Latitude 42.1° - Appendix III -

Mather & Rodriguez (1978)
5. Column (3) Multiplied by Column (4)



TABLE G-3
HOLLISTON, MASSACHUSETTS

WATER BALANCE
LAKE WINTHROP WATERSHED (785.0 Acres)*

COMPONENTS (IN.) JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC.

Potential (PET)
Evapotranspiration

Precipitation (P)

Direct runoff
(C = 0.35)

Effective
Precipitation (EP)

EP-PET

Storage
(Max = 3.00")

St. Change

Actual Evapo.

Surplus

Deficit

23.3 18.2 31.1 43.9 55.7 65.1 69.4 69.2 57.5 46.3 39.2 29.9

0.00 0.00 0.00 1.01 3.02 4.57 5.38 4.64 2.81 1.71 0.49 0.00

9.38 2.31 3.31 2.10 5.18 1.31 2.55 7.14 2.45 2.88 2.34 3.55

3.28 0.81 1.16 0.74 1.81 0.46 0.89 2.50 0.86 1.00 0.82 1.24

6.10 1.50 2.15 1.36 3.37 0.85 1.66 4.64 1.59 1.88 1.52 2.31

6.10 1.50 2.15 0.35 0.35 -3.72 -3.72 0.00 -1.22 0.17 1.03 2.31

0.00 0.17 1.20 3.00

0.00 +0.17 +1.03 +1.80

1.59 1.71 0.49 0.00

0.00 0.00 0.00 0.51

1.22 0.00 0.00 0.00

3.00

0.00

0.00

6.10

0.00

3.00

0.00

0.00

1.50

0.00

3.00

0.00

0.00

2.15

0.00

3.00

0.00

1.01

0.35

0.00

3.00

0.00

3.02

0.35

0.00

0.00

-3.00

3.85

0.00

0.72

0.00

0.00

1.66

0.00

3.72

0.00

0.00

4.64

0.00

0.00

Potential Evapotranspiration = 23.64 inches/year
Actual Evapotranspiration = 17.97 inches/year = 1,176 acre-feet = 383.0 million gallons



TABLE G-4
GENERAL HYDROLOGIC BUDGET -SUMMARY

is:
As noted previously, the equation for the hydrologic budget

WHERE:

P = R + I + E T + E
0 = (R + I) - WF + WD

P = Precipitation
R = Runoff
I = Infiltration

ET = Evapotranspiration
E - Direct Evaporation
WF = Stoddard Park Well
0 = Outflow

WD = Wastewater Disposal

PRECIPITATION 1,089.86 million gallons/year
4.125 x 10 cubic meters/year

INFILTRATION: = 278.61 million gallons/year
= 1.05 x 10 cubic meters/year

RUNOFF: = 342.30 million gallons/year
= 1.30 x 10 cubic meters/year

EVAPOTRANSPIRATON: = 383.0 million gallons/year
= 1.45 x 10 cubic meters/year

DIRECT EVAPORATION:

STODDARD PARK WELL:

WASTEWATER DISPOSAL

OUTFLOW:

= 85.77 million gallons/year
- 0.33 x 10 cubic meters/year

= 16.65 million gallons/year
- 0.06 x 10 cubic meters/year

= 15.2 million gallons/year
= 0.058 x 10 cubic meters/year

= 619.46 million gallons/year
= 2.34 x 10 cubic meters/year
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APPENDIX H

LAKE WINTHROP

HOLLISTON, MASSACHUSETTS

Nutrient Budget Calculations

I. ATMOSPHERIC FALLOUT

Nutrient loads contributed through atmospheric fallout

have been determined on the basis of literature values.

A. Calculate land use categories by area and
percentage for the watershed for the following
subgroups.

1) Forest
2) Agriculture, Open Space and Wetland
3) Residential, Industrial and Commercial

Land Use Lake Winthrop Watershed

Forest
Agric. ,
Res id. ,

O.S. ,
Ind. ,

Wetland
Commercial

138
152
32

.8

.2

.8

HA
HA
HA

(42
(47
(10

.9%)

.0%)

.1%)

323.8 HA (100.0%)

Chose most likely export coefficients for each land

use for both total nitrogen and total phosphorus.

EXPORT COEFFICIENTS

2
KG/HA/YR

Land Use Total Nitrogen Total Phosphorus

Forest 3'53R °*28B
Agric., O.S., Wetland 13*13r °*25c
Resid., Ind., Commercial 23.50 2.00



Wells Et Al., 1972
Hoeft Et al., 1972
Frissel, 1978

2g Wells Et Al., 1972
2_ Richardson & Merva, 1976
2° Frissel, 1978

Weighted Values = (% Land Use . EcATMOS)

Total Nitrogen:

(0.429 . 3.53)
+(0.470 . 13.13)
+(0.101 . 23.50)
10.06 KG/HA/YR.

Total Phosphorus

(0.429 . 0.28)
+(0.470 . 0.25)
+(0.101 . 2.00)
0.44 KG/HA/YR.

Atmospheric Nutrient Loadings = (Surface Area
- - '-"—— -'— bCATMOSJ

Total Nitrogen = 41.3 HA . 10.06 KG/HA/YR.
= 415.5 KG/YR.

Total Phosphorus = 41.3 HA . 0.44 KG/HA/YR.
= 18.2 KG/YR.

II. WASTEWATER DISPOSAL

One hundred and thirty (130) homes contribute 15.2

million gallons per year of wastewater via septic tanks to

groundwater. Of these 130 homes, half of them are found

within 600 feet of Lake Winthrop, predominantly in the

Lakeshore Drive area. The U.S.E.P.A.-N.E.S. (1974) estimates

that 1.28 KG/CAPITA/YEAR of total phosphorus and 3.20

KG/CAPITA/YEAR of total nitrogen is discharged into septic

tanks. Assuming four persons per home, 260 persons contribute

nutrient loads via septic tanks. Commonly a soil retention

coefficient is incorporated as an estimate of how well the

systems immobilize phosphorus. This coefficient may range

from 0 to 1.0. The lower the soil retention coefficient is



to zero, the greater the amount of phosphorus transported to

septic systems eventually reaches the lake.

Due to the age of septic systems, the high groundwater

table, and the well-drained nature of the sandy-loam soils, a

soil retention coefficient of 0.25 has been chosen for the

Lakeshore Drive area.

Soil Retention
Parameter KG/Capita/Yr flCapita Coefficient

Total Nitrogen 3.20 260 0.25
Total Phosphorus 1.28 260 0.25

Wastewater Nutrient Loadings;

Total Nitrogen = 624.0 KG/YR.
Total Phosphorus = 249.6 KG/YR.

III. AMBIENT GROUNDWATER

Ambient groundwater refers to the amount of groundwater

contributing flow to Lake Winthrop other than the wastewater

quantity contributed from the Lakeshore Drive area. Therefore,

ambient groundwater equals the infiltration from precipitation

plus wastewater from 65 homes in the watershed (total watershed

residences equals 130; Lakeshore Drive area residences equals

65; remaining residences equals 65) minus the groundwater

pumped from the Stoddard Park Well.

Hence: Total Infiltration = 278.61 million gal./yr.
+Remaining 65 Homes = +7.59 million gal./yr.
-Stoddard Park Well = -16.65 million qal./yr.
Ambient Groundwater = 269.6 million gal./yr.

= 1.02 x 10 liters/yr.



Ambient groundwater quality is based upon direct measure-

ment by Whitman & Howard, Inc. at Well Nos. 1, 2 and 4

(Table 2).

Parameter Mean Value Quantity of Groundwater
9

Total Nitrogen 1.23 mg/1 1.02 x 10g liters/yr.
Total Phosphorus 0.13 mg/1 1.02 x 10 liters/yr.

Ambient Groundwater Loadings:

Total Nitrogen = 1,254.6 KG/YR.
Total Phosphorus = 132.6 KG/YR.

IV. DETRITAL NUTRIENT LOADS

Detrital loads (i.e. leaf and organic debris) are an

estimate of the indirect organic load contributed by forested

areas along the shore of Lake Winthrop. Nutrient export

coefficients were determined to be:

Total Nitrogen = 2.82 KG/HA/YR. (Taylor,- Et Al., 1971)
Total Phosphorus =0.11 KG/HA/YR. (Dillon & Kirchner, 1975)

Approximately 68 acres (27.5 Hectares) of forest contribute

non-point nutrient loadings to Lake Winthrop.

Detrital Nutrient Loadings:

Total Nitrogen =77.6 KG/YR.
Total Phosphorus =3.03 KG/YR.

V. OVERLAND RUNOFF

From the hydrologic budget, it has been determined that

approximately 342.3 million gallons enters the lake as



runoff. Utilizing McVoy and Vernon (1980) inlet data, the

following overland nutrient loads are realized:

Parameter

Total Nitrogen
Total PHosphorus

Mean
Inlet Values

1.14 mg/1
0.084 mg/1

Runoff Quantity

1.30 x 10q liters
1.30 x 10 liters

Overland Runoff Loadings:

Total Nitrogen ~ 1,482.0 KG/YR.
Total Phosphorus * 109.2 KG/YR.

VI. OUTFLOW (NUTRIENT DISCHARGE)

From the hydrologic budget it has been determined that

approximately 619.5 million gallons per year exits the lake

via outlet flow.

Utilizing McVoy and Vernon (1980) data of outlet discharge

analysis:

Parameter

Total Nitrogen
Total Phosphorus

Mean Values

0.71 mg/1
0.042 mg/1

Outlet Nutrient Discharge:

Total Nitrogen = 1,661.4 KG/YR.
Total Phosphorus =98.3 KG/YR.

Discharge Quantity

2.34 x ID' liters
2.34 x 10 liters



LAKE WINTHROP

NUTRIENT BUDGET SUMMARY

INPUTS

I. Atmospheric Loading

II. Wastewater Disposal

III. Ambient Groundwater

IV. Detrital Loads

V. Overland Runoff

TOTAL NITROGEN

415.5 KG/YR.

624.0 KG/YR.

1,254.6 KG/YR.

77.6 KG/YR.

1,482.0 KG/YR.

TOTAL PHOSPHORUS

18.2 KG/YR.

249.6 KG/YR.

132.6 KG/YR.

3.03 KG/YR.

109.2 KG/YR.

Nutrient Loading 3,853.7 KG/YR- 512.6 KG/Yr.

OUTPUTS

I. Outflow Nutrient Discharge 1,661.4 KG/Yr. 98.3 KG/YR.

Available Nutrients
Within Lake Winthrop 2,192.3 KG/YR. 414.3 KG/YR.



APPENDIX H-l

PHOSPHORUS BUDGET ANALYSIS

Calculation of the phosphorus budget follows the method-

ology presented by Reckhow and Simpson (1980) . This analysis

develops a phosphorus budget from land use factors "utilizing

phosphorus export coefficients (EPA, 1980) . By estimating

phosphorus loading from various land uses, it is possible to

estimate non-point source loading by land use. The following

is a summary of calculations involved in developing a phos-

phorus budget using the Reckhow/Simpson model.

Step 1: Estimation of q (areal water loading)
The estimation §f q involves the solution of
two equations:

Q = (Ad . r) + (Ao . Pr) (1)

Where:

q = Areal Water Loading (m/yr.)s

Q = Inflow Water Volume to Lake (m /yr.)
2

Ad = Watershed Area (Land Surface) (m )
2

Ao = Lake Surface Area (m )

r = Total Annual Unit Runoff (m/yr.)

Pr = Mean Annual Net Precipitation (m/yr.)

For Lake Winthrop Watershed:

Ad = 3,237,600 m2

r = 0.402 m/yr.

Ao = 412,794 m2



Pr = 0.726 m/yr.

Q = (Ad . r) + (Ao . Pr)

Q = 1,601,203 m3/yr. (!)

qs - Q/Ao

q - 3.88 m/yr. (2)
o

Table H-l is a summary of Lake Winthrop watershed

land uses and major soil type for that land use. This

information enables the choosing of export coefficients.

Table H-2 depicts the chosen phosphorus export coeffi-

cients for the land use. Best estimates of export

coefficients are chosen for each of the phosphorus

source categories in the watershed. Export coefficients

are chosen on the basis of land use, soil type, and

percent impervious cover. All export coefficients were

derived from an EPA publication entitled Modeling

Phosphorus Loading and Lake Response Under Uncertainity;

A Manual and Compilation of Export Coefficients, 1980.

STEP 2: Estimation of total annual mass flow of phos-
phorus (M) to Lake Winthrop from each of the
non-point sources. The following equation is
suggested by Reckhow and Simpson, 1980:

M = (Ec x Area ) + (Ec x Area )r r os os

(Ec_ x Area_) + (Ec, x Ao) +£ r A

(Ec x # of capita years (1 - S.R.)) + PSIs t

Where: M - Mass Annual Phosphorus Loading (KG/YR)

Ec = Export Coefficients (KG/HA/YR)



TABLE H-l

LAKE WINTHROP WATERSHED
LAND USE AREA AND MAJOR SOIL TYPE

Land Use
Area in

Hectares (%) General Soil Type and Description

Residential (R) 32.8 (9.0) Sandy Loam - well drained, moderate
to rapid permeability, moderate
limitations for septic systems

Open Space (O.S.) 40.1 (11.0) Silty Sand and Gravel - well drained,
moderately permeable

Forested (F) 138.8 (38.0) Fine Sandy Loam - well drained soils,
moderately permeable

Wetland (W.L.) 112.1 (30.7) Muck - organic material, very poorly
drained

Water (A) 41.3 (11-3) - Lake Winthrop

365.1 (100.0)



TABLE H-2

LAKE WINTHROP WATERSHED
CHOSEN EXPORT COEFFICIENTS

KG/HA/YR

Residential

BOpen Space

c
Forested

Atmospheric Loading

Septic Tank

FSoil Retention Coefficient

HIGH

2.70

0.30

0.15

0.49

1.68

0.10

MOST LIKELY

1.10

0.20

0.11

0.34

1.28

0.25

LOW

0.55

0.10

0.07

0.21

0.98

0.40

A - Landon, 1977
B - Landon, 1977
C - Dillon and Kirchner, 1975
D - Richardson & Merva, 1976
E - U.S. EPA-NES, 1974
F - Soil Retention Coefficients are low due to sandy soils,

h'igh water table, age of systems and exhaustion of
phosphorus retention capabilities of soils.



Area = Land Use Area

Ao - Lake Winthrop Surface Area

EC . - Septic Tank Export Coefficient
ST.*

S.R. = Soil Retention Coefficient

P.S.I. = Point Source Input

Lake Winthrop receives no point source pollutant

inputs, overland storm runoff is accounted for in the

export coefficients. Reckhow and Simpson, 1980, refer

to point source inputs as being the effluent from an

industry, sewage treatment facility, or other point

source deposited in the watershed.

Step 2A: Estimation of soil retention coefficients
(Table H-2) are based on soil type, water
table height, and age of septic systems.
The soil retention coefficient may range from
0 to 1..0. The lower the soil retention
coefficient is to zero, the greater the
phosphorus transport is from septic systems.
A most likely soil retention coefficient of
0.25 is probably a conservative estimate for
the residences in the Lakeshore Drive area.
This area is perpetually wet and the septic
systems, for the most part, are old. Soils
have only a limited ability to retain phos-
phorus and once this limit is met, without the
reduction of wastewater introduction, all
phosphorus will eventually be introduced to
groundwater recharged systems (i.e. streams
and ponds/lakes).

Step 2B: Estimation of the number of capita-years is
the number of persons contributing to septic
systems that reach the lake. We estimate 65
homes contribute wastewater to the lake,
assuming 4 persons per home, the total number
of capita-years is 260.

Step 2C: Calculation of Atmospheric Fallout Coefficients
Determination of Phosphorus Mass Loading (M)



EC

1. Calculate land use categories by area and
percentage for the watershed for the
following subgroups:

A) Forest
B) Agriculture, Open Space and Wetland
C) Residential, Industrial and

Commercial

Lake Winthrop
Watershed

Land Use . Hectares {%)

Forest 138.8 (42.9)
Agric./O.S./Wetland 152.2 (47.0)
Resid./Ind.,/Comm. 32.8 (10.1)

323.8 (100)

2. Chosen Export Coefficients for Each Land
Use:

Land Use High Most Likely Low
(KG/HA/YR)

Forest 0.38
Agric , /O . S . /Wetland 0 .42
Resid./Ind. ,/Comm. 1.25

0.25 0.
0.31 0.
0.85 0,

14
20
58

3. Weighted Values':""

Lake Winthrop Watershed (% Land Use Area . Ec__ M - c )
A J- JX1L/&

= (0.429 . 0.38) EC
+(0.470 . 0.42)
+{0.101 . 2.85)

0.65

= (0.429 . 0.28)
+(0.470 . 0.25)
+(0.101 . 2.00)

0.44

EC-«ML4^
+(0.101

0.

. 0.14)

. 0.20)

. 0.58)
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"high

EC... . = 0.65 KG/HA/YR.High

Ec__ T =0.44 KG/HA/YR.M.L.

EcT =0.21 KG/HA/YR.Low

Step 3: Solve for M-mass phosphorus loading

= (2.70 x 32.8) + (0.30 x 40.1) +
(0.15 x 138.8) + (0.65 x 41.3) +
( (1.68 x 260) . (1-0.10))

' 541'4 KG/YR

= (1.10 x 32.8) + (0.20 x 40.1) +
(0.11 x 138.8) + (0.44 x 41.3) +
({1.28 x 260) (1-0.25) )

= 327.1 KG/YR

VL = (0.55 x 32.8) + (0.10 x 40.1) +
LOW (0.07 x 138.8) + (0.21 x 41.3) +

( (0.98 x 260) (1-0.40) )

" - 193-3 KG/YR

Step 4: Calculation of annual areal phosphorus loading
(L) .

L = M,_/Ao
LHigh • 1.31 9/n>2/yr.

M.L.

LT = 0.468 g/m2/yr.LOW

Step 5: Calculation of P (Lake Phosphorus Concentration)

P = L/11.6 + 1.2 qs
PHigh ' !-31 g /» 2 / y r /<U-6 + 1.2 ( 3 . 8 8 ) )

PHigh - °-081

Pu _ = 0.79 g/m2/yr/(11.6 + 1.2 ( 3 . 8 8 ) )M.L.

M T = 0 .048 mg/1
W. Jb .



P. , = 0.468 g/m2/yr/{11.6 + 1.2 ( 3 . 8 8 ) )
JjOW

PT = 0.029 mg/1Low ^

CALCULATIONS OF IN-POND PHOSPHORUS CONCENTRATIONS

Utilizing the Reckhow and Simpson (1980) model equation,

estimates of the low, most likely and high in-pond phosphorus

concentrations have been calculated and are: low, 0.029

mg/1; most likely, 0.048 mg/1; high, 0.029 mg/1. The mean

in-pond surface concentration measured by the MDWPC for

comparison, was 0.04 mg/1. The 0.008 mg/1 discrepency

between the projected "most likely" 0.048 mg/1 and the

measured 1978-1979 mean 0.04 mg/1 concentration is probably

due to model variation and selected export coefficients.

Chapra and Reckhow, 1979, and Dillon and Rigler, 1975,

have established proposed relationships among phosphorus

concentrations, trophic state, and lake use for north temper-

ate lakes. These researchers estimate a phosphorus concen-

tration ranging from 0.020-0.050 mg/1 is indicative of a

eutrophic lake. They define a eutrophic lake as having a

"reduction in aesthetic properties diminishing enjoyment from

body contact recreation generally very productive for warm

water fisheries".



Appendix



APPENDIX I

SYNOPSIS OF LAKE RESTORATION TECHNIQUES

There are numerous methods available for restoration of
%

water quality and recreation use of lakes and ponds. Some of

the available techniques are well documented in their success

or failure while others are in various stages of testing/

application to determine potential for success- Even in the

case of proven technology, there are no guarantees of success

of any particular restoration technique. This synopsis will

present an overview of the various techniques used for

lake/pond restoration purposes. In general, these techniques

can be grouped into two catagories: 1) Source Controls, and

2) In-Lake Controls,

A- SOURCE CONTROLS
1. Diversion of Inflows: This technique involves the

by-passing of storm-related inlet flow and storm drainage

discharges around the lake/pond to the outlet channel. This

can be accomplished either by gravity flow, in a large

diameter pipeline, or by pumping in a smaller diameter

pipeline under pressure. Depending on the topography of the

area, the cost of this type of action would vary with the

size of the pipeline and the need for pumping. Generally

speaking, this is a capital cost intensive option with low

O&M costs for gravity systems and high O&M costs for pumping.

The benefit derived from such an action is a reduction

in suspended solids and nutrient loading to the lake/pond.



Other pollutants associated with storm runoff (metals, salt,

etc.) would also be reduced. The drawback to this option is

a loss of inflow to the lake/pond resulting in increased

detention time and reduced flushing rate. The environmental

impacts of implementation of this option are solely construc-

tion related (noise, siltation, etc.) and of a short-term

nature. The constraints on implementation are volume of

runoff, distance of diversion and topography.

2. Management of Inflows: This option involves the

physical treatment of inlet water(s) to remove pollutants.

As the quality of water varies between stream water and

stormwater, the type of treatment employed for each source

varies. Treatment of inlet water (or stormwater) occurs

during wet weather conditions to reduce related pollutant

loading from stormwater runoff. A general rule of thumb for

design of such systems is to treat the "first flush" or the

first one-inch of rainfall. In lieu of treatment of inlet

water(s), pollutant reduction can be accomplished at the

pollutant source. This technique is discussed as part of

watershed management. The following items are various

"structural" treatment options which can reduce pollutant

loadings in streamwater or stormwater:

a. Retension Basins

Retention basins are for the purposes of holding

water allowing for percolation, sedimenation and evaporation

No surface water is discharged from retention basins.



Retention basins are therefore considered to be heavily

reliant on the availability of large tracts of land, often

not available in urban areas.

b. Detention Basins

Detention basins allow for temporary storage of

excess rainfall, reduce flow rates, and allow for discharge

of surface waters following a designed sedimentation period.

Additionally, detention basins allow for evaporation and

percolation over a period of several days. Design of a

detention basin is based on the inflow hydrograph for the

tributary watershed.

c. Swales

Swales are designed for the purposes of percolation

and evapotranspiration. They have no "standing" water and

must, have a harvestable cover crop. Most important for swale

efficiency is high percolation rates, which are usually

designed to handle 80% of the average runoff from the area.

d. Exfiltration

Exfiltration systems are underground retention

basins allowing for percolation. Exfiltration is commonly

used when severe land constraints exist and the surrounding

soils are capable of high rates of percolation. Obviously,

an exfiltration system could not be in an area of high

groundwater and would therefore have to be some distance from

the waterbody to allow for adequate percolation.



e. Detention/Filtration

Detention/Filtration facilities are designed

to hold one-inch or more of runoff before discharging without

treatment. Removal efficiencies depend on the size of the

facility and the quantity of pollutants in settleable form.

Release time is slow and depends on the desired water quality

of effluent. These facilities combine the detention (settling

of suspended matter) technique with some form of physical or

chemical filtration system to reduce soluble pollutant levels

by soils/material uptake. This technique requires more

sophisticated control over the flow rate of stormwater.

f. Wetland Enhancement

Wetlands have been identified as having a certain

capacity for the renovation of polluted waters. There are

four apparent mechanisms at work in the wetland system.

These are physical entrapment, microbial utilization, plant

uptake, and absorption (Hickojc, 1983). Physical entrapment

can remove as high as 90 percent of the total suspended

solids discharged to the wetland. Following entrapment,

soluble and attached nutrients are held in fibrous organic

soil until the microbiaL utilization mechanism becomes

operative.

As in Inflow Diversion, Management of Inflow reduces

the solids and nutrient loading associated with stormwater

runoff. Unlike Inflow Diversion, there is only minimal effect

on the detention time and flushing rate. Environmental impact



varies by option but generally, is restricted to construction

related impacts. These impacts are usually confined to small

areas. Constraints on implementation are generally related

to space availability. Construction costs will vary from minimal

cost for swales to major expenditures for filtration systems.

Likewise, O&M costs will be minimal for swales, but will escalate

for more complicated systems.

3. WATERSHED MANAGEMENT - Watershed management is the

application of preventive measure(s) to reduce the exposure of

water bodies to pollutant generating land uses. The previous

mentioned source control techniques are the basis of watershed

management practice. The following discussion will outline

these techniques and the implementation of a sound watershed

management plan.

SOURCE CONTROL TECHNIQUES

a. Regulations - Regulations, properly administered

and enforced, provide an assurance not available through

incentive devices and instigative approaches; they are

generally less costly to local government than public capital

investment programs. Their legal defensiblity for recrea-

tional water protection can be established because regula-

tions are well suited to "prevention of harm". The relation

to clean water and public health must be clearly demon-

strated. Regulatory measures must act as the backbone of

most watershed protection programs.



b. ' Public Awareness - Public involvment through well

designed information, education, and public participation

programs is vital to a successful watershed management

program. Such an awareness program should include a public

participation program, questionnaire of watershed residents,

development of public education guides, public meetings, and

a concerted effort to address all of the concerns expressed

by public participants. In this way, the public assists in

the development of sound, well-conceived solutions which will

have the acceptance of affected parties. This will reduce

delays caused by oppositon to the suggested source control

program.

c. Street Cleaning - Depending on the paved surface

area to be cleaned to assure adequate removal of sand and

silt, a program should to be established to assess the needed

frequency of cleaning. That is, in any watershed where it is

known that only a small percentage of the streets actually

contribute direct runoff, these streets should be cleaned

more frequently. Realizing the fiscal constraints placed on

most Department of Public Works an emphasis should be placed

on areas which contribute most to the degradation of the en-

vironment. Regardless, ample funds should be budgeted to

sweep streets prior to the spring freshet and after the trees

shed their leaves. Street cleaning throughout a watershed

should be on a regular basis, at least three to four times a

year.



d. Catch Basin Cleaning - The importance of catch

basin cleaning cannot be stressed enough. Since it is the

catch basin which stores road debris between street cleaning

operations, they must frequently be cleaned. Vacuum-type

cleaners are most efficient, both in their cleaning capabili-

ties and time saved. Again, an emphasis should be placed on

those catch basins which intercept the road runoff which will

directly feed waterbodies.

e. Agricultural Management - In areas that are ferti-

lized for crop growth and others that are used for pasture,

source control techniques should be incorporated. Runoff may

be reduced by berming, contouring, crop rotation, ponding,

winter cover cropping and fencing farm animals. By directing

overland flow, runoff can be filtered at a design flow rate

through a chemical or graded soil berm which can provide

phosphorus removal rates as high as eighty percent.

f. Lawn Fertilizers - Two types of fertilizers are

commonly used to stimulate plant growth and improve plant

quality. The first type is organic fertilizers from animal

waste, these fertilizers provide a slow-release, non-burning

source of nutrients which have a long-residual effect in the

soil and provide humus for soil structure. Inorganic ferti-

lizers, on the other hand, are manufactured from diverse

sources and are more concentrated than organic fertilizers.

Inorganic fertilizers act more quickly and provide more

efficient solutions to pestilence, pathological and physio-

logical injury. However, inorganic fertilizers are quickly



leached-out of the soil and contribute significantly to

increased levels of phosphorus and nitrogen in groundwater

which flows to surface waters stimulating aquatic plant

growth.

Education on the proper use and impact of inorganic

fertilizers should be available to the public. Incentives

for use of animal generated and/or wastewater generated

fertilizers could reduce the need for inorganic material.

g. Erosion Control - Eroding shoreline areas contri-

bute significant sedimentation and total solids to the water

body. In addition, unprotected steep slopes will continue to

erode until a stable cover crop, rip-rap, or gabions are

installed. It is important to identify such erosion areas

since they act as point source contributers of road runoff

and passageways of excess rainfall. Erosion control

ordinances should be enacted and enforced to prevent construc-

tion related and storm related erosion.

Watershed management planning is a complex task which

must take into consideration not only population growth and

it's effects, but also the goals and expectation of the

community as a whole. That is, if a community wishes to

lower its' tax base by allowing industry to come into town,

but on the same hand wishes to protect its natural resources,

a conflict is certain to arise. Therefore, zoning by-laws

are often enacted to control growth to certain areas.

However, zoning laws are generally considered means of

protecting residential housing and town aesthetics rather



than protection of surface waterbodies and aquifer protection.

Only recently have municiplaties realized the importance of

zoning to address the protection of groundwater resources and

surface water quality.

Each individual watershed must be assessed as a separate

entity depending upon the amount, timing, and location of

development activiites and their relationship to natural

features in the watershed. Therefore, a watershed management

plan specific to a lake or pond is devised on the basis of

present "By-Laws", the realistic assessment of probable

development patterns and the application of Source Controls.

The effective implementation of the watershed management plan

is dependent on the interrelatedness of legal, financial and

political factors within a community.

4. RIPARIAN REGULATION - Lake/pond riparian regulation

is intended to protect waterbodies by eliminating water

quality problems arising from shoreline development. Most

often riparian regulation includes identification of areas of

erosion, septic system failure(s), and to a lesser extent,

the need for buffer zones, curtailment of shoreline fertilizer

use, etc. Areas where erosion is evident, clearly indicates

stormwater runoff is entering the waterbody with the associated

pollutants and high solids content. The need for proper

septic system maintenance is useful in limiting nutrient flow

to a waterbody. In the septic system, the septic tank is the

first place where partial removal of nitrogen and phosporus

takes place. Three main factors which govern septic system



effectiveness are hydraulic capacity (size) septic tank

maintenance, and the biological capabilities of the soil.

Local Board of Health rules govern the design and construction

of septic systems. To minimize problems with septic systems,

septic tanks should be pumped-out on a more regular basis.

The general rule of thumb for existing septic system mainte-

nance is that they be pumped out at least every two years.

If the septic tank is built to newer design specifications it

should be cleaned at least every three years.

Other lake riparian techniques include the formation of

buffer zones which act to protect the lake from impacts due

to shoreline development. A minimum 25-foot vegetated buffer

zone should be maintained along stream reaches and where

possible on the lakeshore to reduce the potential for erosion.

Grasses, sedges and coniferous trees are recommended stable

cover crops.

5. PRODUCT MODIFICATION - Product modification is

basically the removal of high-phosphorus containing detergents

from the market. For the most part, today's detergents are

low in nutrients that cause adverse effects to the environment.

However, organic and inorganic fertilizers are rich in

problem causing nutrients and should not be used in shoreline

areas. Just as fertilizers make the grass grow greener so do

they enhance aquatic weed growth. Fertilizer use is not

suggested in shoreline areas. However, if it is used, only

minimal amounts should be applied in late spring. At this



time of year, the majority of fertilizer will be taken-up by

the targeted vegetation.

B. IN-IAKE CONTROLS

1" DREDGING - Dredging, more than any other lake

restoration technique, tends to shift the entire trophic

status of a lake/pond. Dredging directly removes the accumu-

lated products of degradation (sedimentation) from lake/pond

system(s), reducing recyclable nutrients and returning the

sedimented material to the watershed where it ultimately

originated. While dredging is the generally accepted means

by which to return a waterbody to its original morphology and

sediment composition, environmental concerns must be addressed.

Most often environmental concerns about dredging center

around the chemical and physical alteration and of the water

column its effects on the biological community. Resuspension

of bottom sediments into the water column with resultant

turbidity is one major concern. Resuspension of organic

sediments poses the potential for local oxygen depletion.

Since organic materials can have a high biochemical oxygen

demand (which depletes the water of dissolved oxygen), it is

crucial to know the percent organic to inorganic fraction.

The greater the organic content in relation to the overall

sediment composition the more eutrophic is the water body.

Also, the greater the organic content the greater the possi-

blity of depleting the dissolved oxygen concentration (Peterson,

1981). Resuspended fine organics rapidly become bacteria

coated and subsequent, rapid decompostion may totally extin-



guish dissolved oxygen availability. Further oxygen shifts

may occur due to reduced primary production due to decreased

light availability caused by increased turbidity. Also, with

increased turbidity, solar radiation is absorbed which is

transformed into heat. The resultant increase in water

temperature increases respiration and decomposition rates

which lowers the water's ability to retain oxygen.

As has been stated, one of the main reasons for removing

accumulated sediments is to lower the potential for nutrient

recycling. However, phosphorus and ammonia nitrogen resuspen-

sion may occur due to their tendency to adsorb to fine

sediment particles (become dissolved in interstitial waters,

and potential for increasing primary production) (Peterson,

1981). Disturbing anaerobic deep sediments and bottom plants

may have the potential for seriously disrupting the lakes

ecological balance. Finally, removal of bottom sediments

will greatly decrease the number of organisms making up the

benthic community. Since bottom dwelling organisms are an

important factor in the fish food chain, their removal could

seriously reduce fish production. However, studies in fish

rearing ponds by Spitler (1973) demonstrated increased fish

production as a result of lake dredging. By selective

dredging, sufficient undisturbed sediment would remain to

provide ample benthic organism populations for fish food.

Disposal of dredged materials is often considered more

of an environmental concern, than is the in-lake effects of

dredging due to the difficulty in finding an appropriate



disposal site. A major concern is that none of the chemical

consitituents making up the dredged material exceed state

standards for hazardous materials. This could involve a

complete analysis for priority pollutants if even one parameter

exhibits too high a level during preliminary pollutant

scanning. Such an analysis is quite costly and can add

considerable cost to the examination of dredging as a possible

alternative.

Once it is determined that the dredge spoils will pose

no environmental threat due to their content a containment

area must be found. The guidelines for designing, operating,

and managing dredged material containment areas are based on

providing maximum storage volume and meeting required ef-

fluent solids standards. Numerous other regulations exist in

order to meet State and Federal specifications, all of which

must be addressed if dredging is a proposed lake/pond restora-

tion alternative.

2. LEVEL MANIPULATION - Level manipulation to control

weed growth is practiced with varied results on many lakes

and ponds. In late fall or early winter, the water level

should be lowered sufficiently to expose, dry and freeze the

bottom sediments where plants root. Initial weed growth the

next spring will be reduced and subsequent growth will be

inhibited. Also,- when the water level is lowered it is an

excellent opportunity to remove weed debris, rootstocks and

sediments.



The water level should be restored by late May to reduce

incident light from the new growing tips which are close to

the bottom at this time. This is most effective in turbid

waters. Although photosynthesis takes place with as little

as five percent of sunlight present, any method of inhibiting

growth during the early portion of the growing season will

help.

3. DILUTION AND FLUSHING - Dilution and flushing as a

lake/pond restoration technique differs from water level

manipulation in that large quantities of low-nutrient dilution

water is added to the lake. Dilution is frequently used

synonomously with flushing. Dilution emphasizes what is left

in the lake and implies a reduction in substance concentration

as well as washout of material. Flushing emphasizes what

goes out of the lake and can be described without consideration

of the concentration of substances. Therefore, flushing

reduces algal cell concentrations while having little affect

on nutrient reductions. As has been mentioned throughout

this report, sediments can release nutrients and increased

water exchange rates due to flushing may result in increased

nutrient release (Welch, 1972).

Dilution is not widely practiced as a restoration

technique due to the difficulty in obtaining large amounts of

low-nutrient water. In some instances high nutrient in-lake

water could be replaced by higher flows of water with moder-

ate to similar in-lake nutrient concentrations. The dilution



water would act to control algal biomass by washout and/or

inhibition.

4. NUTRIENT INACTIVATION - Nutrient inactivation by

chemical coagulation and precipitation has been utilized in

the wastewater treatment field for over 50 years. Treatment

of freshwater with aluminum and ferric salts has only re-

cently (past 10 years) become widespread. Phosphourus, a

critical nutrient for algae and aquatic plant growth, binds

with common inactivant cations such as Aluminum (III) ,

forming relatively insoluble compounds (Funk & Gibbons,

1980) . Aluminum compounds, due to their availability,

effectiveness, and ability to adapt to the conditions of the

lake enviromment, have become the most widely used cation.

Aluminum sulfate treatments have proven effective in reducing

water column phosphorus levels and increasing hypolimnetic

dissolved oxygen (U.S.E.P.A., 1984).

Prior to adding any chemical to an aquatic environment

considerable pretreatment research and laboratory analyses

must be performed. These would include nutrient budget

assessment/ detention and flushing rate calculations, identi-

fication of desired uses, impacts on aquatic life, etc... For

aluminum sulfate applications it is necessary to determine

the minimum amount of chemical needed to effectively remove

the maximum amounts of phosphorus without serious ecological

consequences.

Treatment is most effective if phosphorus is inactivated

shortly after spring runoff, during the onset of the growing



season. Various other compounds can be used to inactivate

nutrients such as sodium aluminate, zirconium tetrachloride

and fly ash.

5. BOTTOM SEALING - Upon reduction or elimination of

external nutrient sources, eutrophic lake systems exhibit an

extremely slow improvement in water quality. This slow

recovery is due to the fact that excessive nutrients are held

in bottom sediments and are slowly released under anoxic

conditions. This release of nutrients and its effect are

further enhanced when the lake experiences a long retention

time. The suitability of a lake for bottom sealing depends

on several factors including: the relative contribution of

sediment to the phosphorus budget; the lake morphology;

aesthetics; economic factors; the possible deleterious

effects to fish; and heavy metal release (Theis, 1980).

Bottom sealing consists of two approaches; 1) physical

alterations and 2) treatment through chemical application.

Physical alterations consist of the addition of sand, clay,

or placement of flexible plastic lining materials. These

liners serve as a barrier to the diffusion of phosphate from

sediment and an inhibitor to weed growth.

Plastic liners can only be used in areas of limited size

due to the difficulty in laying the plastic. Also, in

waterbodies which have considerable water movement, the

plastic can quickly become silt laden therefore creating a

new substrate layer. Plastic liners are used primarily in

man-made lagoons or small bay impoundments. Sand can be



applied to provide a pleasing substrate underfoot and to

suppress aquatic macrophyte growth. Sand is inexpensive and

easy to apply in limited areas. Sand provides little in the

way of suppressing nutrient movement and has no chemical

effects, positive or negative. Clay has long been used as a

barrier to leachate movement in landfills and lagoons. There

exists limited information concerning its applicability in

lake systems, however, phosphorus does adsorb to clay particles

and acts as a proficient barrier to phosphorus passage.

Problems associated with treatment relate to the placement

and settleability of clay to a compact layer on the lake

bottom. If the sediment has a low specific gravity the clay ,

will become mixed and provide little protection as a barrier.

Often, lowering of the lake is necessary to apply the clay

directly to the bottom to ensure adequate coverage (Theis,

1980).

Chemical additions as discussed in nutrient inactivation

alter the sediment chemistry to hold nutrients in-place. Fly

ash has been considered recently as an inexpensive sediment

sealent due to its availability and potential to retard the

release of phosphate from sediments. Fly ash is a waste

product from coal-fired power plants, which often is high in

lime and alumina content. It is very fine-grained which

enhances its surface area further increasing its physical and

chemical effects on sediments.

6. SHORELINE MODIFICATION - In order to minimize the

damage caused by erosion and to preserve the aesthetic value



of the area, shoreline modification techniques should be

employed. Erosion may best be controlled by installation of

rip-rap, gabions, and enforced retainment walls. This option

is covered under the various portions of riparian regulation

and product modification.

7. WEED HARVESTING - Aquatic weed harvesting may take

several forms from hand sickle or rake removal to commerical

weed harvesting machines. The method of aquatic weed removal

and/or the size of the harvesting machine used will influence

the time required. In order for weed harvesting to be

sufficient by itself; macrophyte densities must be high;

2
phosphorus input should be less than 1 gram/m /year; and

macrophytes must have large areal extent (Yount, et al,

1970). Advantages of weed harvesting include reduction of

nutrients in sediments (if phosphorus input is controlled)

which results in less frequent cuttings. Aquatic plant

harvesters can cut five (5) to eight (8) feet below the

surface and collect the weeds in a single, power driven

operation. These harvesters are expensive and are most

cost-effective when leased or bought in cooperation with

other lake associations to offset costs.

Not only can weed harvesting increase the recreational

use of a waterbody, more importantly, it reduces the con-

centration of nutrients in the aquatic environment. Short-

term environmental impacts of weed harvesting include:

decreased evapotranspiration which increases the relative

concentration of particulate and dissolved nutrients;



resuspension of sediments and detritus; leaching of nutrients

from floating plant debris and cut stems; increases light

penetration; and increased water temperature (Carpenter, et

al. 1977). Long-term weed harvesting impacts may include an

increase in turbidity from erosion of the littoral zone; a

tendancy for nutrient release from resuspended bottom sedi-

ments (this however, is offset by vegetation removal);

initial decrease in dissolved oxygen concentrations due to

plant fragment decomposition, dissolved oxygen concentrations

will then rebound due to increased circulation; lastly, there

is a possibility of increasing growths of filamentous algae

and algae blooms from released nutrients (Carpenter, et al.

1977).

Weed harvesting can be effective as a long-term lake/pond

restoration alternative as long as surface nutrient inputs

are controlled. Weed harvesting will be a recurring expense

although several years of cutting may gradually deplete the

nutrients held in the sediment and result in less frequent

cuttings. Also, all types of aquatic vegetation, including

filamentous and vascular plants can be removed.

8. CHEMICAL TREATMENTS - Chemical treatment of nuisance

aquatic vegetation using State and EPA approved chemicals is

the most commonly used method of weed control. Primarily due

to low cost, rapid results and ease of application, herbicides

and algacides are often applied. However, with the ever-

increasing public awareness and concern for public health,



chemical applications to control recreational waters is on

the decline.

Prior to applying any chemical, the certified commercial

applicator, licensed to dispense aquatic herbicides must:

identify the target plant (s) and select and

appropriate chemical

obtain a permit from the Massachusetts Depart-

ment of Environmental Quality Engineering -

Massachusetts Division of Water Pollution

Control.

obtain permission from the local conservation

commission in concert with the Massachusetts

Wetlands Protection Act, G.L.C.131, Section

40.

be aware of: all adverse effects of incorrect

use, adjacent well fields, restrictions

imposed on water use after application, etc...

Furthermore, there is no guarantee chemical herbicides

will work in any specific situation for any long period of

time. In fact, herbicide treatments are of limited value and

for short-term weed eradication. There is no long-lasting

effect and applications must be made seasonally and possibly

more often. Also, algae blooms are often stimulated by weed

kills since the dying macrophytes release large quantities of

nutrients to the water column. Further, dissolved oxygen

levels are greatly reduced, resulting in potential fish kills



as aerobic bacteria attack the weed mass. Also, more chemically

resistant aquatic macrophytes often replace those weeds

chemically eradicated further complicating the problem.

There is a restricted-use period after certain herbicide

applications, which would restrict usage of a waterbody.

Also, once the chemical is introduced there is little control

over its movement and the possibility of harmful side effects

on non-target organisms.

It is Whitman & Howard, Inc.fs opinion that chemical

treatments to waters used for contact recreation should be

avoided. The chemicals short term apparent virtue is far

out-weighed by the need for re-treatment, side effects,

increased sedimentation, and it is not an effective long-term

plan to obtain relief from nuisance weeds and algae (U.S.E.P.A.,

1984).

9. BIOLOGICAL TECHNIQUES - Biological techniques

include predator-prey manipulation, pathological reactions

and biomanipulation. Introduction of herbivorous fish that

feed on aquatic vegetation have proven effective in small

scale applications. Such fish as the grass carp or white

amur are examples of herbivorous fish which may have the

effect of over populating and therefore stunting or diminishing

other fish species. There does not exist sufficient literature

and large scale implementation to suggest such foreign fish

introduction. Other biological control agents such as

insects and fungi which attack aquatic weeds, have been

researched, but here again, with the dynamics of lake/pond



systems differing so vastly the random introduction of

non-ambient organisms makes this control measure highly

skeptical.

10, AERATION/MIXING - Aeration and mixing are not

completely synonymous, however, the application of one or the

other often leads to similar results. They increase the

oxygen content of the water through mechanical mixing,

agitation, or air injection. These systems either mix waters

at all depths and cause thermal destratification, or they

preserve the thermal gradient and aerate the bottom waters

only. Destratification has been found beneficial for most

warmwater fisheries, and hypolimnetic aeration can be bene-

ficial to the coldwater fishery potential of a lake. Direct

air injection can cause nitrogen gas supersaturation, and

consequently produce fish kills downstream. (Fast, A.W. et

al, 1980)

Artificial aeration is generally used in eutrophic lakes

that are deep enough to thermally stratify. Artificial

aeration refers to the process whereby air is directly added

to the water. Aeration acts to increase hypolimnetic dissolved

oxygen concentrations which usually reduces internal loadings.

Artificial aeration will not affect external loading rates,

and if these rates are high, aeration is of little to no

value. Aeration does, however, affect the rates and direc-

tions of nutrient cycling once the nutrients are in the lake.

Aeration systems fall into two categories: destrat-

if ication and hypolimnetic aeration systems. Destratifica-



tion may be achieved by air injecting through a single air

diffuser which is connected to a shore-based air compressor.

The rising air bubbles causes hypolimnetic waters to upwell

and mix with surface waters. If the aeration system is on

for a sufficiently long time, theoretically the water layers

are mixed to nearly equal temperature and dissolved oxygen

concentration(s). During continuous aeration the lake's

water temperature throughout, will closely approximate the

water temperature at the surface prior to aeration. This

obviously has ill effects on cold water fisheries which

cannot tolerate even slight change in tempertaure and also

can stimulate primary production processes.

Hypolimnetic aeration differs from destratification in

oxygenating only bottom waters without complete mixing.

Hypolimnetic aeration is from a limnological point of view

preferable to destratification for increasing breakdown

efficiency in stratified waterbodies which still receive

nutrient loads. Verner, 1983, states that hypolimnetic

aeration keeps "the sediment surface oxidized and prevents

the recycling of nutrients from the sediments to the waters.

The limited oxidized layer of the sediment surface seals the

sediment against transfer of nutrients through the interface

and increases phosphorous sorbing capacity by converting iron

sulphide in the sediment to iron hydroxides."

Hypolimnetic aeration has proven effective in reducing

hydrogen sulfide, iron, manganese and other conditions

associated with aerobiosis. However, hypolimnetic aerations



affect on algae populations is not as well documented. It is

known that aeration changes nutrient cycling rates and

pathways and creates changes in species composition and

densities of zooplankton, benthic fauna, and other trophic

levels. (Fast, A.W,, 1980)

Most importantly, it has been proven that under hypolim-

netic anoxic conditions there is a nutrient release, hypolim-

netic aeration would offset this effect. During late June

through early September, hypolimnetic dissolved oxygen

concentrations in many lakes/ponds are very low. This time

span would represent the time period when hypolimnetic

aeration would be employed. All other times of the year,

bottom oxygen levels are generally sufficient to reduce

sediment nutrient release.
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January 4, 1985

Mr. Douglas E. Vigneau
Environmental Scientist
Whitman & Howard, Inc.
45 William Street
Wellesley, MA 02181-4050

Dear Mr. Vigneau:

We have reviewed your Diagnostic/Feasibility Study on Lake Winthrop
and wish to comment on several points. You stated that prior to any of
the implementation efforts, additional water quality analysis should be
performed in order to obtain a data base for future comparisons. While
the list of physical and chemical parameters to be measured is extensive,
it does not include a baseline assessment of the fish population. Con-
sidering the potential for impacts on the fish community from- the proposed
activities, a serious before and after fish study would seem warranted.
Similarly, how will the benthic community respond? Is baseline data
necessary here?

With regard to dredging within the five foot contour, does this mean
that this total area will be subjected to dredging with the subsequent
placement of a six inch deep layer of sand? If so, what will be the ef-
fect of covering this area with sand on such activities as fish spawning,
or benthic recolonization? Might not a coarser material such as gravel
be used, at least in some areas? We would be glad to discuss these mat-
ters with you.

Thank you for the opportunity to review this report. Please send
us a copy of its final version.

Sincerely,

Robert P. Madore
Aquatic Biologist

RPM/ml
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