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SECTION I. POND AND WATERSHED CHARACTERISTICS

A. EXECUTIVE SUMMARY

This Diagnostic/Feasibility study was conducted by
0

Whitman & Howard, Inc. for the Natick Conservation Commission.

Funding for the study was provided by the Town of Natick and

by the Commonwealth of Massachusetts under Chapter 628,

"Clean Lakes Program." The purpose of the study was to

quantify the physical characteristics of Jennings Pond and

its watershed, determine the trophic state of the pond, and

develop reasonable means of restoring the pond to a usable

condition.

The twelve (12) month "Diagnostic" phase concluded that

the poor condition of Jennings Pond is strongly influenced by

the urbanization of its watershed. The pond is highly

sedimented due to direct and indirect runoff from the urbanized

area surrounding it. Organic material in the upper layers of

the sediment is a source of nutrients which contributes to

the heavy weed growth in the pond. Lack of oxygen in the

pond increases the release of these nutrients from the

sediment, further increasing weed growth and stimulating

algal growth during the summer months. The density of weed

growth, profusion of algae, and the shallowness of the pond

have prevented reasonable use of the pond, even for non-contact

recreation.

The "Feasibility" phase of the study reviewed the

available methodologies for lake/pond restoration, selected

those with reasonable applicability to Jennings Pond and
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evaluated the selected alternatives based on their environmental

impact, cost, and effectiveness. This exercise identified

the elimination of sediments and the reduction of influent

nutrients to the pond as the top priorities for pond restoration
r

Once these have been accomplished, removal of a large portion

of the sediment in the pond will be required to reduce

nutrient recycling and to allow maximum usage of the pond.

The elimination of sediment entering the pond is proposed

to be accomplished by improvements to and more frequent

cleaning of catch basins in the watershed, thus enhancing

their ability to trap sediments. The reduction of nutrients

in the water(s) entering the pond will be accomplished by

filtration of these waters both naturally (use of wetlands)

and chemically (use of constructed filters). Filtration

systems will be installed at each storm drain outlet and at

the pond inlet (Oak Street). Removal of sediment (dredging)

in the pond will be conducted in the "dry" by draining the

pond. Although this dry dredging of the pond will have

severe environmental impact on pond biota, it is the only

reasonable means to accomplish the work. Introduction of new

biota to the pond can restore the environment of the pond

within a reasonable period (3-5 years).

The construction of a new gate on the outlet structure

will enhance the dewatering of the pond and allow for periodic

drawdown for maintenance purposes. Public access to the pond

will be improved by providing a canoe launch at the Oak

Street filter area.
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The cost of the work is estimated at $694,000 including

contingencies and monitoring. The time frame of the project

is approximately three years with work commencing in the

summer/fall of 1986. Funding for the work is potentially

available from the Commonwealth of Massachusetts at a 75%

level. The Town of Natick will be required to raise the

remainder of the necessary funds.
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PROJECT COST SUMMARY

JENNINGS POND
PHASE II - RESTORATION

A. STAGE I - Sediment/Nutrient Control $445,000.00

1. Project Design/Oversight ($53,500,00)
2. Outlet Control Structure ($16,500.00)
3. Remote Catch Basins -

Sediment/Filtration ($70,000.00)
4. Oak Street Filtration System ($90,000.00)
5. Inlet Filtration System ($155,000)
6. Wetland Enhancement ($5,000.00)
7. Contingencies ($45,000.00)
8. Stage I Monitoring Program ($10,000.00)

B. STAGE II $230,000.00

1. Project Design/Oversight ($25,000.00)
2. Dry Dredging ($160,000.00)
3. Shoreline Stabilization ($10,000.00)
4. Watershed Management ($9,000.00)
5. Stage II Monitoring Program ($5,000.00)
6. Contingencies @ 15% ($21,000.00)

C. STAGE III

1. Update D/F Study $ 14,000.00
2. Project Report/Recommendations $ 5,000.00

Total Initial Project Cost $694,000.00
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B. INTRODUCTION

The Natick Conservation Commission is the local agency

responsible for the management of Jennings Pond. As such,

the commission applied for and received a Phase I Diagnostic/

Feasibility grant from the Commonwealth of Massachusetts,

Division of Water Pollution Control. In turn. Whitman &

Howard, Inc. was authorized by the commission to conduct the

study and develop reasonable and implementable solutions for

restoration of the pond.

1. STUDY OBJECTIVES

The Jennings Pond Diagnostic/Feasibility Study consists

of two phases. First, the diagnostic phase identified

existing and potential sources of pollution in and around

Jennings Pond. The diagnostic study also determined the

limnological, morphological, demographic, geologic, and

historical information pertinent to the characterization of

Jennings Pond and its watershed.

The feasibility phase utilized the information gathered

during the diagnostic phase to determine methods for controlling

the sources of pollution to Jennings Pond. The feasibility

phase also presents the most cost effective procedures to

improve the water quality of Jennings Pond for maximum public

benefit. All methods and procedures necessary to implement

the recommended alternative(s) are directed towards the

long-term restoration of Jennings Pond.
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2. JENNINGS POND RESTORATION ASSOCIATION, INC.

The Jennings Pond Restoration Association, Inc. is

comprised of Jennings Pond area residents who, through their

concerns for the aesthetic and recreational values of the

area, have joined in a coalition to preserve and restore

Jennings Pond. The association to date has had three very

successful clean-up days and meets on a regular basis to plan

for future fund raisers and continued clean-up efforts.

The Jennings Pond Restoration Association, Inc. has been

recognized in several local newspaper articles and has the

strong support of the Natick Conservation Commission.

Whitman & Howard, Inc. has received much input and assistance

from the association and is confident that Jennings Pond will

continue to benefit from the concerted efforts of this active

association of concerned residents.

C. JENNINGS POND WATERSHED CHARACTERISTICS

In order to characterize the source(s) and magnitude of

nutrient enrichment within the pond, it is necessary to

determine the physical characteristics of the pond and its

watershed. This data is critical to development of the

"hydrologic budget" and "nutrient budget" of the pond which

in turn are major indicators of the potential success of

restoration techniques. As such the following discussion is

of critical importance to the overall development of the

Diagnostic/Feasibility Study.
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1. SIZE AND LOCATION

According to the United states Geological Survey, the

approximate center of the Jennings Pond watershed is 71°21'10"

west longitude and 42°18'40" north latitude. The watershed

covers an area of approximately 6,62 square kilometers (2.56

square miles),.including Jennings Pond (Plate 1). The entire

watershed is located in the mid-western portion of the Lower

Charles River Basin (Plate 2). About 85 percent of the

Jennings Pond watershed is located within the Town of Natick,

while the northwestern portion of the watershed lies within

the southeastern section of the Town of Wayland. Natick and

Wayland are located in south central Middlesex County,

Massachusetts.

2. CLIMATOLOGY

The Jennings Pond watershed falls within the Central

Massachusetts climatological division. This division is

characterized by numerous weather changes throughout the

year, large daily and annual temperature ranges, and general-

ly abundant precipitation. The predominate air flow during

the summer is warm and moist from the Gulf of Mexico, while

cold, dry Canadian air predominates in winter months.

The United States Department of Agriculture (1978)

estimates an average annual mean temperature of about 9.9°C

(50°F). Summer temperatures average between 21° C (70°F) and

23°C (74°F) while winter temperatures hover around -1°C

(30°F). Extremes in temperature occur during summer months

with five to fifteen days exceeding 32°C (90°F). Subzero

-9-
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days occur five to fifteen times a year. The growing season

(frost-free period above a threshold temperature of 0°C

(32°F)>, averages 150 days per year (U.S.D.A- 1978).

The mean annual precipitation is approximately 109

centimeters (43 inches) and is evenly distributed among the

four seasons (U.S.D.A. 1978). The average annual snowfall

distribution varies considerably due to topography and

oceanic affects. Approximately 128 centimeters (50 inches)

of snow falls annually in the Natick area.

The Jennings Pond watershed is in close proximity to the

Framingham weather station (which is located at 71025' west

longitude and 42°17' north latitude) of the National Oceanic

and Atmospheric Administration (N.O.A.A.). Actual precipitation

data (Table 1) for the watershed is based on the Framingham

data since the watershed does not fall equidistant between

any two N.O.A.A. weather stations. During the study period

(March/ 1984 - February, 1985) approximately 101.8 centimeters

(40.1 inches) of precipitation was recorded in the study area

by the N.O.A.A. (Table 1).

CLIMATOLOGY SUMMARY: MARCH, 1984 - FEBRUARY, 1985

The following summary is.derived from information

obtained from climatologist Robert E. Lautzenheiser, New

England Climatic Service.

March, 1984 - Severly Cold: 6.5°F below normal
- Very Wet: 2.70 inches above normal
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April, 1984 - Cool: 2.6°F below normal
- Wet: 0.70 inches above normal

May/ 1984 - Average Temperature: 0.5°F below normal
- Excessively Wet: 5.25 inches above normal

June, 1984 - Warm: 2.5°F above normal
- Average Precipitation: 0.15 inches above
normal

July, 1984 - Warm: 1.2°F above normal
- Wet: 1.75 inches above normal

August, 1984 - Warm: 2.7°F above normal
- Dry: 2.10 inches below normal

September, 1984 - Cool: 2.5°F below normal
- Dry: 2.20 inches below normal

October, 1984 - Cool: 1.5°F below normal
- Wet: 1.80 inches above normal

November, 1984 - Average Temperature: 0.6°F below normal
- Dry: 2.55 inches below normal

December, 1984 - Very Warm: 5.8°F above normal
- Dry: 1.55 inches below normal

January, 1985 - Very Cold: 5.2°F below normal
- Dry: 2.85 inches below normal

February, 1985 - Warm: 2.1°F above normal
- Dry: 1.90 inches below normal

Diagnostic Study Period Summary:

March, 1984-February, 1985 - 5.1°F below normal
- 0.80 inches below normal

Both temperature and precipitation were very near to

expected yearly averages. However, March through July was

excessively wet with 10.55 inches of rain above normal. On

the other hand, August through February was extremely dry,

11.35 inches below normal.

-13-



JENNINGS POND
NATICK, MASSACHUSETTS

TABLE 1

CLIMATOLOGICAL DATA1

March 1984 - February 1985

Total

Precipitation/Month

Average

Temperature

March

April

May

June

July

August

September

October

November

December

January
February

5

4

6

4

5

0

1

3

2

3

0

1

.68

.13

.89

.58

.26

.48

.59

.01

.51

.28

.96

.73

11

11

ii

11

11

11

11

11

ii

H

II

11

(14

(10

(17

(11

(13

(1

(4

(7

(6

(8

(2

(4

.43

.49

.50

.63

.36

.22

.04

.65

.38

.33

.44

.93

cm)

cm)
cm)

cm)
cm)

cm)

cm)

cm)

cm)

cm)

cm)

cm)

31
46

57

68

73

71

60

53

40

33

21

28

.0°F

.4°F

.3°F

.9°F

.1°F

.8°F

.4°F

.9°F

.7°F

.2°F

.3°F

.9°F

(-0

(7

(14

(20

(22

(21

(15

(12

(4

(0

(-5

(-1

.6°

.9°

.1°

.3°

.6°

.9°

.6°

.1°

.8°

.7°

.9°

.7°

Totals 40.10"/Year (101.8 cm/Year)

- Climatological Data Source - National Oceanic and

Atmospheric Administration - Framingham Station
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3. TOPOGRAPHY AND GEOLOGY

Natick's topography is controlled by bedrock structure,

however a considerable part of the topography has been

modified by glaciation. Bedrock, most of which is concealed

by a cover of surficial deposits, is principally exposed in

the northern portion of the Jennings Pond watershed (Plate

3). Glacial features include drumlins, eskers or ice-channel

fillings, kame, kame terraces, gently sloping kame deltas,

and flat-lying lake-bottom deposits (Nelson, 1974).

The stratified deposits found in the Jennings Pond

watershed were laid down in or graded to the various stages

of glacial Lake Charles (Clapp, 1904). Lake Charles formed

as the glacial meltwaters were dammed by earlier deposits and

ice. Jennings Pond was formed very early in the Lake Charles

stage as the ice front retreated northward, laying down

successively younger deposits of stratified gravel and sand.

The majority of stratified deposits are named after

their geographical locations at each stage of glacial deposition

(Plate 4). Also, since the ice front retreated northward,

the East Natick stage is the oldest and Cochituate stage the

youngest. The East Natick, Cochituate, and Morses Pond

deposits are somewhat heterogeneous due to the overlapping of

deltas and the many ice-front positions from which the sand

and gravel originated (Nelson, 1974). These deposits are

light yellowish-brown to gray gravel, sand and silt laid down

with gravel overlying pebble sand and sand.

-15-
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Deposits of till are found in the south and southwestern

portion of the watershed. These till deposits are poorly

sorted heterogeneous mixtures of gravel, boulders, cobbles,

pebbles, sand and silt. Swamp deposits make up the central

portion of the watershed and are comprised of brownish-black

muck, peat, silt and sand (Nelson, 1974).

The extensive deposits of sand and gravel have been

sporadically extracted from several locations throughout

Natick. In 1971, gravel and sand were extracted from a large

pit southeast of Jennings Pond (Plate 4). Because much of

the area underlain by sand and gravel is presently occupied

by various extents of development, extraction of these

deposits is no longer feasible.

The central swamp deposits are rich in organic nutrients

and presumably utilizable as a soil-enriching material.

Wetlands are also important to Jennings Pond water quality,

due to their ability to attenuate pollutants.

The Jennings Pond watershed is underlain by Dedham

Granodiorite bedrock which is widely exposed and underlies

about 70 percent of the watershed (Plate 3). Granodiorite is

a coarse-grained felsic igneous rock, with composition

intermediate between granite and diorite. It is generally

characterized by low mafic and high quartz and feldspar

content. The formation dates to the Precambrian z (Nelson,

1974).
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-The Gabbro and Diabase formation in the southern portion

of the watershed is highly mixed with altered areas of mafic

intrusive rock. A fracture or fault line runs through the

Gabbr'o and Diabase formation which has displaced the opposite

sides of the formation (Longwell, et al., 1969).

The Rice Gneiss makes up the remaining major formation

in the watershed. Gneiss is a coarse-grained foliate breaking

along irregular surfaces and containing alternating layers of

light-colored and dark-colored minerals.

Drainage from Pleasant Hill feeds wetland areas northwest

of Jennings Pond. This is the largest wetland area within

the confines of Natick and is approximately 101 hectares (250

acres) in size, stretching from north of Pickerel Pond to

Little Jennings Pond (Plate 5). Urban development is extensive

throughout the watershed and is mostly located at elevations

ranging from 46 meters (150 feet) to 61 meters (200 feet).
*

The watershed drains southeasterly to the Charles River,

which flows northeastward and empties into Boston Harbor.

Overall, the topography of the Jennings Pond watershed

is best described as gently sloping hills and an occasional

drumlin. Elevations range from a low of 40 meters (132 feet)

at Jennings Pond to approximately 98 meters (320 feet) at

Pleasant Hill.
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4. SOILS

The Jennings Pond watershed, although heavily developed,

has many areas not covered by impervious structures. Therefore,

soil properties are an important factor in estimating the

total volume of direct runoff from pervious land use activities.

The infiltration and percolation rates of soils indicate

their potential to absorb rainfall and thereby reduce the

amount of direct runoff. Soils having a high infiltration

rate (i.e. sands, gravels) are found extensively throughout

the Jennings Pond watershed and they have a low runoff

potential. Soils having a low infiltration rate (clays,

muck), as found in the central region of the watershed, have

a high runoff potential.

The extensive development and man-made (man-disturbed)

land in the watershed has significantly increased the volume

of runoff. Basically, urbanization on soils with a high

infiltration rate increases the volume of runoff and peak

discharge more than urbanization on soils with a low infiltra-

tion rate (U.S.D.A. 1975).

The U.S.D.A. Soil Conservation Survey has compiled soil

information for the Jennings Pond watershed as part of their

overall soils' mapping program as shown on Plate 6. The

following general soil associations and their characteristics

are found in the Jennings Pond watershed:

-21-
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HINCKLEY series consists of nearly level to very steep, deep,

excessively drained soils on glacial outwash plains/ terraces,

kames and eskers. They formed in gravelly and cobbly, coarse

textured, glacial outwash. Hinckley soils have friable or

loose, gravelly and very gravelly sandy loam to coarse loam

surface soil and subsoil characterized by rapid permeability.

Beneath the subsoil, at 12 to 30 inches, is a loosely stratified

sand and gravel substratum with very rapid permeability.

Major hydrologic limitations are related to slope and poor

filtration. Hydrologic Soil Group A.

PAXTON series consists of gently sloping to very steep, deep,

well drained soils on drumlins. They formed in compact

glacial till. Paxton soils have friable, fine, sandy loam

surface soil and subsoil with moderate permeability. Beneath

the subsoil, at 15 to 38 inches, is a firm or very firm,

fine, sandy loam substratum with slow or very slow permeability.

Paxton soils have a very stony or extremely stony surface,

except where stones have been removed, and have stones below

the surface. Major hydrologic limitations are related to

slow permeability in the substratum, slope and stoniness.

Hydrologic Soil Group C.

MAN-MADE land in the Jennings Pond watershed falls under the

excessively drained category due to the extensive outwash of

sand and gravel. Hydrologic Soil Group A.
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MUCK series are very poorly .drained bog soils formed in

accumulations of organic deposits that are underlain by

mineral soil materials. The upper portion of the organic

material is generally black and has decomposed to such a

degree that identification of plant remains is impossible by

the unaided eye. The water table in these soils is at or

near the surface. Hydrologic Soil Group D.

WOODBRIDGE series consists of nearly level to steep, deep,

moderately well drained soils on drumlins. They formed in

compact glacial till. Woodbridge soils have friable, fine

sandy loam or sandy loam surface soil and subsoil with

moderate permeability. Beneath the subsoil, at 15 to 38

inches, is a firm, fine, sandy loam or sandy loam substratum

with slow or very slow permeability. They have a perched,

seasonal high water table at 18 to 24 inches. Major limitations

are related to wetness, slow permeability in the substratum,

stoniness and slope. Hydrologic Soil Group C.

For the purpose of developing a hydrologic (and nutrient)

budget, the soil types can be grouped according to their

hydrologic characteristics (U.S.D.A.) 1981. The groups are

described as follows and delineated on Plate 7:
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Group A - Soils having high infiltration rates even when

thoroughly wetted, consisting chiefly of deep,

excessively drained sand and/or gravel. These

soils have a high rate of water transmission

and would result in a low runoff potential

(Example - Hinckley).

Group B - Soils having moderate infiltration rates when

thoroughly wetted, consisting chiefly of

moderately well drained to well drained soils

with moderately coarse to medium textures.

These soils have a moderate rate of water

transmission (Example - Merrimac).

Group C - Soils having slow infiltration rates when

thoroughly wetted, consisting chiefly of (1)

soils with a layer that impedes the downward

movement of water, or (2) soils with high

water table at or near the surface for 7 to 9

months of the year. These soils have a slow

rate of water transmission (Examples - Paxton,

Ridgebury, and Woodbridge).

Group D - Soils having very slow infiltration rates when

thoroughly wetted, consisting chiefly of (1)

soils with a high permanent water table most

of the year, or (2) shallow to bedrock,

extremely rocky soils. These soils have a

very slow rate of water transmission (Examples

- Peat, Scarboro, and Whitman).
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The excessively drained soils make up approximately 58

percent of the watershed and underlie the areas of highest

development. The Hinckley and Man-Made series of soils fall

under the category of excessively drained soils which are

typically ideal in reducing surface runoff.

Soils which have slow infiltration rates, such as the

Woodbridge - Paxton association found in the southeastern

portion of the watershed, make up approximately 20 percent of

the entire watershed. These soils have a slow rate of water

transmission and high runoff potentials.

The central region of the watershed is of the muck

association. Muck makes up about 22 percent of the soils in

the watershed and has extremely slow rates of water trans-

mission. When thoroughly wetted, the runoff potential of

storm waters nears 100 percent.

The runoff potential of storm precipitation is very high

throughout the Jennings Pond watershed. In areas where soils

are capable of a high rate of water transmission, heavy

residential development has greatly reduced the water transmiss-
q
tivity potential of the soil. In areas of slow water trans-

mission rates, development has further hampered infiltration

potentials. In areas that are unsuitable for development,

the infiltration of storm waters is nearly absent. All of

these factors contribute significantly to high peak rates of

runoff and pollution to receiving waters.
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Discussion of the impacts of development, soil charac-

teristics and increased runoff is required for judging

impacts on watershed characteristics. The hydrologic and

nutrient budgets can be used to estimate the magnitude and

frequency of pollutant loads to Jennings Pond. Both the

hydrologic and nutrient budgets are utilized to establish

improved water quality potential and to quantify the cost-

effectiveness of proposed restoration alternatives.

5. GENERAL HYDROLOGY

The'hydrology of any particular watershed is a function

of its characteristics and its climatological location. The

climatology of the watershed affects the amount of rainfall,

while the physical characteristics dictate the volume of

rainfall that is converted into runoff (direct discharge),

groundwater (infiltration) and atmospheric loss (evapotrans-

piration). These three factors are the major components of

the "Hydrologic Budget" of Jennings Pond. This "Hydrologic

Budget", in turn, is a crucial component in the "Nutrient

Budget" assessment of the pond. These budgets are based on

an annual time frame and are used to assess the trophic

status of the pond.

While it is critical to understand the annual hydrologic

cycle of the pond, it is also valuable to understand the

action of the watershed with regard to a single rainfall

event. This is especially true with regard to runoff, as the

urbanization of the pond's watershed is significant and

typical pollutant loading from such runoff is known to be a
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major water quality issue. Table 2 is a generalized presenta-

tion of the peak runoff capabilities of the watershed under

two storm conditions. The computation shown on Table 2 is an

abbreviated format of the Soil Conservation Service TR-55

(Urban Hydrology for Small Watersheds) methodology. The

result(s) shown on Table 2 are for discussion purposes only

and will not be used in the hydrologic budget calculations.

As can be seen on Table 2, the physical characteristics

influence the runoff potential of the watershed. While

the abundance of highly permeable soil group acreage tends to

reduce the runoff coefficient, the developed nature of the

watershed tends to offset this factor. The overall weighted

runoff coefficient is moderate in nature. Similarly, the

wetland areas will attenuate flow and reduce runoff while

impervious areas increase runoff. The overall result of this

positive and negative runoff factoring is the discharge

rate(s) shown for the two storms of 104 cfs (10 yr.) and 174

cfs (25 yr.).

The significance of any single hydrologic event is

minimal in the overall assessment of the pond. However, what

is important is the understanding of the physical characteristics

within the watershed that affect its hydrologic cycle and

subsequently, the water quality of Jennings Pond. Plate 8

depicts the 26 subwatershed areas within the Jennings Pond

watershed. These subwatersheds and their physical characteris-

tics will be developed in detail in this report.
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TABLE 2

TYPICAL WATERSHED DISCHARGE

(SCS Urban Hydrology: TF-55)

Soils Runoff
Group Land Use Acreage Coefficient

A Forest Area 170.6 25

C Agriculture/Open Space 213.2 78

D Wetland/Water 298.5 90

A Gravel Pit 42.6 40

A Urban Area 915.1 54

Weighted Coefficient 60

1. Rainfall Frequency/Reocurrence Interval 10 yr. 25 yr.
(Storm Type - SCS Type 11/24 hour)

2. Rainfall Depth (Inches) 4.5 in. 5.5.in

3. Runoff Depth (Inches) 1.03- in. 1.61 in,

4. Discharge Rate/Inch of Runoff (cfs) 140 140

5. Watershed Slope Factor 1.17 1.17

6. Wetland Attenuation Factor 0.56 0.60

7. Impervious Area Factor 1.1 1.1

8. Adjusted Peak Discharge (cfs) 104 cfs 174 cfs
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6. POPULATION

From about 1910 to about 1940 the Town of Natick's

population growth rate was steady according to U.S, Bureau of

Census Reports. At the end of World War II through the

1950*s the population of Natick increased approximately 66

percent. For the next two decades the growth rate decreased

to approximately 18.5 percent.

In the neighborhoods northeast of Jennings Pond rapid

development occurred after World War II. Many of the street

names (i.e. Eisenhower, MacArthur, etc.) in these areas are

evidence of the post-war population growth rate and they

include single family residential developments. Many of the

homes in the Jennings Pond Road area were built shortly

before or after World War I.

With the major highways, close commute to Boston, large

shopping complexes, and pressure for multi-unit and single-

family dwellings, population growth within Natick may be

expected. Also, with current zoning by-laws the Town's

growth could conceivably reach the saturation point within

the current planning period (i.e. 20 years). Available data

of population growth rates indicates it has stabilized.

However, real estate developers are continually contacting

town boards in hopes of developing large tracts of land

outside of the watershed.

As seen on Table 3, the increase in population from 1960

to 1970 was only 7.7% and from 1970 to 1980 there was a 5.1%

decline in population. Essentially, from 1960-1980 there was
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TABLE 3

NATICK POPULATION TRENDS

Year

1950

1960

% Change
1950-1960

1970

% Change
1960-1970

1980

% Change
1970-1980

1985

1990

% Change
1980-1990

Notes:

Actual
U.S.D.C.1 1981

19,838

28,831

+45%

31,507

+7.7%

29,461

-5.1%

Projected
M.A.P.C. 1977

Projected
C & R, 1979

33,000

34,000

+16.4%

34,000

36,000

+22.2%

(1) United States Department of Commerce, Census Bureau -
Actual Data - December, 1981.

(2) Metropolitan Area Planning Council, Water quality
Project, Lower Charles River Basin - Projected Populations
- November, 1977.

(3) Coffin & Richardson, Inc., Drainage Report Natick,
Massachusetts - March, 1979.
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only a 2.6% overall population increase. A similar trend

exists for most cities and towns found in the Lower Charles

River Basin (M.A.P.C., 1977 - Water Quality Project, Lower

Charles River Basin).

7. LAND USE

Urban lands are the slightly dominant land use type in

Natick (MacConnell, 1974). As shown in Table 4, there has

been a significant increase in urban land development in the

twenty-year period of 1951 to 1971. The Jennings Pond

watershed has a greater percentage of urban land in relation

to the rest of the town. Specific to the Jennings Pond

watershed is increased residential development in Wayland.

Forest lands, which were the dominant land use type in

Natick in 1951 (43.4%), were slightly reduced over the

twenty-year study period to 1971 (39.7%). The largest

relative decrease of any land use type in Natick is agricultural

or open lands (from 20.5% to 9.2%) and the concomitant

increase in urban land (from 27.4% to 40.1%). The increase

of urban land is mostly attributable to the commercial

development along Route 9 and the East Natick Industrial Park

off Oak Street.

As has been previously mentioned, the Jennings Pond

watershed is comprised of a great deal of wetland area. In

fact, the watershed has the largest wetland area found within

the Town of Natick. These wetlands are zoned "flood plain
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TABLE 4

JENNINGS POND

NATICK VS. WATERSHED LAND USE
COMPARISON BY PERCENTAGE

NATICK WATERSHED

LAND USE

Forest Land
Agriculture or Open Land
Wetland - Water
Mining, Waste Disposal
Urban Land
Outdoor Recreation

1951

43.4%
20.5%
8.7%
0.0%

27.4%
0.0%

1971

39.7%
9.2%
8.0%
0.5%
40.1%
2.5%

1971

10 .'4%
13.0%
18.2%
2.6%

55.8%
0.0%

ACRES

170.6
213.2
298.5
42.6

9Z5.1

1640

Source: MacConnell, 1974, and Coffin and Richardson, 1979.

Definitions of Land Use Types Specific to Jennings Pond:

Forest Land: Natick Town Forest

Agriculture or Open Land: Undeveloped Open Land other than Wetland

Wetland - Water: All Wetlands and Ponds

Mining, Waste Disposal: Sand and Gravel Operations

Urban Land: Heavy and Light Industry, Commercial, all Residential Housing

Outdoor Recreation: Nonexistant
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district" (Natick Zoning By-Laws, 1983). Wetlands account

for 18.2 percent of the watershed. Overall, the Town of

Natick wetlands area decreased from 872 acres (8.7%) in 1951

to 801 acres (8.0%) in 1971. Loss of wetland area has

increased more dramatically in recent years due to development

on Route 9.

Mining (sand and gravel excavation) accounts for 2.6

percent of the overall land use activities within the Jennings

Pond watershed. Gravel and sand are the most important

deposits formed in the Natick area. These sand and gravel

deposits were laid down during the five stages of the Lake

Charles deglaciation. Several sand and gravel pits are

located from the southeastern edge of the watershed to near

the Morses Pond area.

8, ZONING

The most recent version of the Town of Natick zoning

by-laws and maps was approved in November, 1983. The Jennings

Pond watershed is zoned for 108.3 acres (6.6%) of industrial

development, 1,256 acres (76.6%) of residential development

and 275.5 acres (16.8%) of wetland (see Plate 9).

In accordance with these zoning by-laws, extensive

residential and industrial development could conceivably take

place. Of the 1,364 acres set aside for urban development

(industrial, commercial, residential), only 958 acres have

been developed (MacConnell, 1974). The remaining 406 acres

available for urban development represents 30 percent of the

entire Jennings Pond watershed. Future development may have
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serious environmental and socio-economic impacts if not

closely monitored. This subject is discussed in more detail

in the section entitled, "Watershed Management Practices".

D. JENNINGS POND CHARACTERISTICS

1. SIZE AND LOCATION

Jennings Pond, a small pond of 3.4 hectares (9.4 acres

when the water surface is at elevation 132.5, mean sea

level), is located in Natick, Middlesex County, Massachusetts.

The approximate center of the Pond lies at 42° 18' 10" N

latitude, 71° 19' 30" W longitude on the Natick, Massachusetts

topographical quadrangle 7.5 minute series of the U. S.

Geological Survey.

Jennings Pond basin is of glacial origin. A large ice

block covered East Natick leaving depressions in the central

portion of the watershed on down to Morses Pond and Lake

Waban. These depressions were filled with melt-water runoff

with Nonesuch Pond being the first water body to be formed

and Lake Waban the last during the Lake Charles recession.

2 - MORPHOMETRY

The bathymetric map of Jennings Pond (Plate 10) is

derived from a baseline water quality survey conducted by the

MDWPC, 1982, and checked by Whitman & Howard, Inc. (June,

1984) using a Raytheon DC 200 Fathometer. Morphometric data

(Table 5) were determined from the bathymetric map and United

States Geological Survey Topographic Map - Natick Quadrangle

(7.5 minute series) utilizing a planimeter and rotimeter.
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TABLE 5

JENNINGS POND

MORPHOMETRIC DATA

Maximum Length

Maximum Effective Length

Maximum Width

Maximum Effective Width

Mean Width

Maximum Depth

Mean Depth

Surface Area

Pond Volume

Shoreline Length

Development of Shoreline

Watershed Area

Soft Sediment Volume

443m (1,455 ft.)

402m (1,320 ft.)

119m (390 ft.)

119m (390 ft.)

79m (260 ft.)

2.8m (9.1 ft.)

1.3m (4.3 ft.)

3.8 Hectares (9.4 acres)

49(360m
3 (65,210 yd.3)

(13.16 million gallons)

1,122m (3,680 ft.)

1.74

664 Hectares (1,640 acres)

8,410m3 (11,000 yd.3)
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Jennings Pond is a shallow, small pond found in the

southwestern portion of the lower Charles River Basin. The

mean depth is 1.3 meters (4.3 feet) with the northeastern

portion of the pond averaging only about 0.75 meters (2.5

feet). The maximum depth in the pond is 2.8 meters (9.1

feet) when the surface of the pond is at an elevation of

132.5 feet above mean sea level. The maximum effective

length and maximum effective width are 402 meters (1,320

feet) and 119 meters (390 feet), respectively. In both

cases, the maximum effective terminology refers to the length

of a straight line connecting the most remote extremities of

the pond along which wind and wave action occur with no land

interruption. Both the maximum effective length and width

are equal to maximum length and width due to the absence of

islands or jutting peninsulas. Therefore, Jennings Pond is

subject to the full mixing potential provided by wind and

wave action.

The shoreline length is 1,122 meters (3,680 feet) which

reflects the long narrow nature of the pond. The development

of shoreline is 1.74. This figure is the ratio of the length

of the shoreline to the length of the circumference of a

circle of area equal to that of the lake. The higher the

number is above one, the more irregular is the shoreline and

the greater the potential for development of littoral communities

in proportion to the volume of the lake (Wetzel, 1975).
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The 26 subwatershed basins (Plate 8) within the Jennings

Pond watershed were determined by Coffin & Richardson, Inc.

(1979) in their Drainage Report for the Town of Natick.

Subwatersheds are determined in order to more easily quantify

flow potential emanating from various land use activities.

Appendix A, Table 2 summarizes runoff coefficients for each

subwatershed based on land use.

Plates 11 and 12 are incorporated to dramatize the

effects of sedimentation on the pond. Plate 11 is a 1953

bathymetric map developed by the Natick Department of Public

Works. Plate 12 is a siltation profile comparing the 1953

bottom profile with that of the 1984 profile found by Whitman

& Howard, Inc.

3. JENNINGS POND USES

A. HISTORICAL USE

Limited information exists on past uses of Jennings

Pond. Both the South Natick Historical Society at Bacon Free

Library and the Morse Institute have been solicited for

pertinent information. Material gathered from these sources

is clearly directed more towards historical pond and watershed

management techniques. Management practices are discussed in

following sections (specifically, pages 46 through 52).

From personal communication with long-time area residents,

it is known that the pond was a popular swimming and fishing

hole for youngsters several decades ago. Ice skating has

always been a popular pastime on the pond and continues to be

today.
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B. CURRENT USE

In-pond use is limited due to extensive weed growth.

Young anglers are seen occasionally fishing for pan and

forage fish. Boating is limited to early spring. The pond's

greatest attribute at present is the abundant wildlife which

take refuge in the extensive wetlands and on the pond itself.

Whitman & Howard, Inc. has identified several waterfowl

species, including Branta canadensis (Canada Goose), Aix

sponsa (Wood Duck), Anas platyrhynchos (Mallard), In addition,

wetlands birds (including Blackbirds and Crackles), have been

observed nesting in upstream cattails and rushes.

4. PUBLIC ACCESS

Public access to Jennings Pond is minimal, difficult and

dangerous. An informal access exists at the eastern most

portion of the pond off Oak Street. A fire road (to the

Natick Town Forest) runs along the northern edge of "small"

Jennings Pond, just south of MacArthur Road. At the entrance

to the fire lane, a small unpaved parking area exists (Plate

13). To reach Jennings Pond from the parking area, heavily

travelled Oak Street must be crossed, making public access

dangerous.

Town of Natick assessors' maps indicate access at the

ends of Cooper and Bass Roads on the northern shore of

Jennings Pond. However, due to the steep terrain and heavy

vegetative growth, approach is difficult.
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A final public access area is a twenty-five foot right-

of-way between Lots 105B and 106 off Jennings Pond Road.

Here again, approach is difficult due to terrain and vegetative

overgrowth.

Individuals wishing merely to skate or fish (from

publicly owned shore areas) apparently have little difficulty

gaining access to the Pond. However, row boat and canoe

access is difficult and dangerous since only the Oak Street

access point affords sufficient room for such activities.

E. PROBLEMS AND MANAGEMENT PRACTICES

1. PERTINANT FINDINGS OF PAST REPORTS

Throughout this report, references are made to a variety

of reports submitted to the Town of Natick by state agencies,

federal agencies, and private consulting firms. The following

is a partial list of reports which Whitman & Howard, Inc.

utilized in preparing this Diagnostic/Feasibility Study.

Anderson-Nichols, Inc. (1985) - Acruifer Protection Study -
Town of Natick, Massachusetts.

Coffin & Richardson, Inc. (1979) - Drainage Report - Natick,
Massachusetts.

Massachusetts Division of Water Pollution Control (1982) -
Baseline Survey of Jennings Pond - Natick, Massachusetts.

Metropolitan Area Planning Council (1977) - Water Quality
Project -Lower Charles River Basin.

Several other reports and back-up information were

utilized and stated as such, where applicable.
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2. PAST POND MANAGEMENT

Circa 1915, Neil Mclntosh, Jr. owned the entire area

encompassing Border Road north to Worcester Street (Route 9),

east to Oak Street and west to Morses Pond. When the area

was subdivided, there was seemingly little concern for the

environmental effects of such a large subdivision on the

water quality of Jennings Pond. This assumption is based on

the fact that all available land was subdivided for residential

development (ie.. no areas for open space, rights of way to

pond, etc...).

The Town Clerk's letter in the 1952 Town Report mentions

a Jennings Pond Study Committee. This committee was "to

study and report on the status and improvements of Jennings

Pond and a similar area.11 The original petition, signed by

numerous persons in East Natick, to the Board of Selectmen

refers to two specific conditions which these persons wanted

remedied: the dumping of rubbish near the Oak Street culvert,

and the restoration of Jennings Pond to its former status.

The committee expressed several concerns which are

summarized as follows:

The Oak Street culvert, a 48-inch corrugated metal

pipe, has an invert elevation of only seven inches

lower than the crest of the dam. Therefore only

seven inches of the conduit is normally submerged.

This has no effect during low flows and is a slight

bottleneck at high water, causing back up of water

above Oak Street.
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Except for the portion of the brook passing through

the Town Forest, the brook is on private property.

Therefore, any clearing of impeded areas within the

brook requires permission of owners. This partial

clogging was not deemed serious at the time.

The Committee suggested that any work done in the

Jennings Pond area come within the province of the

Long Range Planning Committee.

In addition to these concerns, the Committee recommended

that the following measures be taken with regard to the pond

and the surrounding area:

Rubbish Nuisance

The Committee recommended that "Dump No Rubbish"

signs be posted on both sides of Oak Street near

the culvert.

Improvement of Flow

The Committee recommended that the present practice

of the Department of Public Works in maintaining

the Oak Street Culvert be continued and that the

Department of Public Works keep the channel of the

brook in the Town Forest free from obstructions.

Work-on-Private-Property

The Committee recommended that no major dredging or

cleaning program be undertaken by the Town as

stated above.
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Following the Town Clerk's letter of 1952, no historical

information was found until 1963. In 1963, the Natick

Conservation Commission assumed authority of Jennings Pond.

In 1965, the United States Department of Agriculture's Soil

Conservation Service submitted a proposal to the Natick

Conservation Commission for improvement of water control

structures at Jennings Pond. The following recommendations

were made:

Remove a section of the existing dam.

Extend the existing 48 inch diameter concrete conduit

which passes under Jennings Pond Road and the parking

areas in rear of stores.

Construct a reinforced concrete box structure (drop-inlet)

at inlet end of the 48 inch concrete pipe.

Construct an earth fill dam over the extended conduit.

Construct a reinforced concrete box (drop-inlet) at the

inlet end of the 48 inch diameter corrugated metal

culvert at Oak Street which crosses the upper end of

Jennings Pond. Upstream of Oak Street is a large, flat '

marsh area that extends to the Massachusetts Turnpike.

This area would provide a large volume of water storage

and would permit the recharging of Jennings Pond during

periods of low runoff. The structure at Oak Street

should have flashboards to permit drainage into Jennings

Pond.
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On July 16, 1978, an article appeared in the Boston

Globe siting recommendations suggested by Jerome B. Carr to

protect drinking water supplies in water pumped from the well

in vicinity of Morses Pond.

Carr stated that algal blooms add color and taste to

drinking water. He suggested, that one to three feet of

sediment be dredged, decidous trees be replaced by evergreens,

and leaf dumping be disallowed. In 1982, residents petitioned

the Town of Natick to initiate work on the restoration of

Jennings Pond. During 1982-1983, the town applied for and

received a Phase I Grant for a diagnostic/feasibility study

of Jennings Pond. In 1984, Whitman & Howard, Inc. was

selected to conduct a Phase I study over an 18-month period.

During November 1984, the Jennings Pond Restoration Association,

Inc. was officially formed with the election of these officers:

President - D. Crockford

Vice President - P. McKinley

Secretary - B. McGrath

Treasurer - S. Peoples

3. CURRENT WATERSHED MANAGEMENT PRACTICES

The Town of Natick Zoning By-Laws (1983) indirectly

incorporate the protection of Jennings Pond in the following

manner:

In the north central portion of the Jennings Pond

watershed, three water supply wells are situated in the Pine

Oaks wellfield. The Pine Oaks wellfield is adjacent to

Pickerel Pond. The water from these wells contains high
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concentrations of manganese and the capacities of individual

wells falls with time. The Pine Oaks well field should not

be expanded to rise to a point where the wells will either be

abandonded or require treatment (Coffins & Richardson, Inc.

1979). Additional information pertaining to groundwater

supplies is included in sections on General Hydrology and the

Hydrologic Budget.

Applicable By-Laws for the protection of groundwater and

surface waters feeding Jennings Pond include:

Section III - A.I Water Resources Protection District

Purpose:

The purpose of the Water Resources Protection District

is to protect public health by preventing excessive degradation

of ground water utilized for public water supply. See

Appendix F.

and;

Section III - A.3 Flood Plain District

Purpose:

The purpose of the Flood-Plain District is to preserve

and maintain the ground water table; to protect the public

health and safety of persons and property against the hazards

of flood-water inundation; and to protect the community

against the costs which may be incurred when suitable development

occurs in swamps, marshes, along water courses, or in areas

subject to floods. The wetlands area of the Jennings Pond

watershed is zoned as a flood plain district. See Appendix V .
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F. PUBLIC PARTICIPATION

The public participation program conducted for the

Jennings Pond Diagnostic/Feasibility Study was extensive.

Questionnaires were circulated on May 9, 1984. One hundred

and ten (110) questionnaires were hand delivered to Jennings

Pond area residents. Self-addressed stamped envelopes were

included for increased participation. Forty-nine percent of

the questionnaires were returned. A summary of the question-

naire along with other documentation of the public participation

program is included in Appendix C.

Public meetings were held on 26 June 1984, 17 January

1985, and 17 September 1985. News releases were published

prior to each of the public meetings. Minutes of meetings

were sent to anyone requesting copies and to anyone responding

to the questionnaire. There were approximately 100 individuals

requesting such information.

On 22 September 1984, a "Jennings Pond Clean-Up Day" was

sponsored by Whitman & Howard, Inc. in conjunction with the

Natick Conservation Commission and the newly formed Jennings

Pond Restoration Association, Inc. This clean-up day proved

to be a great success. Over 130 area residents brought

rakes, boots, shovels and saws and proceeded to remove more

than six truckloads of trash and downed trees. The Jennings

Pond Restoration Association, Inc. has since had two more

clean-up days on 2 February 1985 and 18 May 1985.
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SECTION II. DIAGNOSTIC STUDY

A. INTRODUCTION

The purpose of the year-long diagnostic phase was to

determine the physical, chemical and bacteriological conditions

within the pond. Nutrient budget data were gathered throughout

the year in order to eliminate seasonal variability. Jennings

Pond is a reflection of its watershed and in so being, all

watershed activity must be addressed.

Inlet waters prove to be the highest contributor of

nutrients to the pond, while stormwater drains contribute

excessive nutrient loads over short duration. The wetlands

within the Jennings Pond watershed serve to regulate the flow

of runoff waters and to cleanse them of contaminants. However/

when wetland areas are preempted for streets, housing developments

or gravel excavation, runoff is greatly increased and the clean-

sing action is lost.

Wetlands development is a highly sensitive environmental

topic. Wetlands are areas of dynamic biological activity and

as such, have a significant impact on receiving water bodies.

Wetlands receive direct precipitation and runoff from point

source conduits and overland runoff. The nutrient content

and organic matter in runoff waters influence both the

biological activity within the wetland and the quality of

water discharged from the wetland. Recent studies have

demonstrated that wetland soils possess certain pollution
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attenuation abilities (Boyt, et al, 1977). It is certain

that the roughly 90 acres of wetland separating Route 9 and

Jennings Pond has certain pollution attenuation capabilities.

The Natick Conservation Commission, in its regulatory capacity,

may require, within reason, that certain runoff quality and

quantity criteria be met.

The following synopses of collected limnological,

stormwater, precipitation, groundwater, and sediment data are

presented individually.

1. SAMPLING SITE LOCATIONS

Plate 14 depicts the locations of limnological sampling

sites. Station #1 is the in-pond deep station of approxi-

mately nine feet. Station #2 is the inlet from Little

Jennings Pond which is a 48-inch corrugated metal pipe.

Station #3 is the outlet which is a 3.3-foot wide flashboard-

type weir.

2. SAMPLING METHODOLOGY

All sampling was performed between 1030 and 1500 hours.

Limnological sample collection occurred every two weeks

between March, 1984 and October, 1984. During the winter,

samples were taken once a month. On December 12, 1984, no

in-pond samples were collected due to unsafe ice conditions.

Temperature and dissolved oxygen readings were conducted

in-situ utilizing a Yellow Springs Instrument Model 5775

dissolved oxygen and temperature meter. Readings were taken

at 0.5, 1.0, 2.0 and 3.0 meters at the in-pond deep hole.
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Transparency measurements were made in-situ with a

standard 20-centimeter secchi-disk. The disk was lowered

into the water from the shady side of the boat. Just prior

to the disc disappearing from sight, the depth was recorded.

This procedure was repeated three times and the three measure-

ments averaged.

In-pond deep samples were collected using a polypro

water sampler. Chemical samples were transferred to pre-rinsed,

two-liter, plastic bottles and stored in ice for transport to

the Whitman & Howard, Inc. laboratory. Upon return to the

laboratory, 50 milliliters of each sample was placed in a

pre-rinsed glass container with one milliliter of concentrated

hydrochloric acid. This sample was then analyzed for total

phosphorus. The remaining sample was refrigerated for other

analyses including pH, suspended solids, total dissolved

solids, total Kjeldahl-nitrogen, ammonia-nitrogen, nitrate-

nitrogen, total alkalinity, chloride, and conductivity.

Bacteria (total coliform and fecal coliform) samples

were collected in sterilized 250-milliliter glass bottles.

Bacteria samples were collected only from the surface of the

in-pond station, inlet and outlet. These samples were iced

and were among the first samples analyzed once back in the

laboratory.

Phytoplankton and chlorophyll a samples were collected

by lowering a weighted, hollow, polyethylene tube through the

water column. Sampling in this way provided a depth integrated
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sample from the entire productive water column. During the

winter months, grab samples were collected from the water

surface.

3. SAMPLE ANALYSES

All chemical and biological analyses were conducted in

accordance with Standard Methods for the Examination of Water

and Wastewater, 15th Edition 1980. All analyses were

conducted in the Whitman & Howard, Inc. laboratory in Wellesley

with the exception of chlorophyll a, which was performed by

Arnold Green Testing Laboratories, Natick, and polychlorinated

biphenyl testing, which was performed by Cambridge Analytical

Associates, Boston, and Toxikon, Inc., of Cambridge.

4. BASIS OF DATA ANALYSES

The following water quality synopses compare results of

the study with data compiled by State and Federal agencies.

Stated comparison figures are based on the desire to achieve

Class "B" water quality and for the control of cultural

eutrophication. Waters assigned to Class "B" are designated

for the protection and propagation of fish, other aquatic

life and wildlife and for primary and secondary contact

recreation (U.S.E.P.A., 1980).

B. PHYSICAL DATA

1. TEMPERATURE

Temperature profiles for Jennings Pond (Plate 15) are

characteristic of a temperate, dimictic pond.

Generally, uniform water temperatures during the spring (late
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March through early May) and fall (late September through

mid-November) indicate that the pond circulates completely

twice a year (i.e., dimictic).

January through March data show inverse stratification

during periods of ice cover and just following ice-out.

Inverse stratification occurs because the surface waters are

the temperature of ice water (0°C - the temperature at which

water changes state to ice) and the water becomes progres-

sively warmer with depth, to a maximum of 4.0°C. Four

degrees Celsius is the temperature at which the water is most

dense and therefore is found at the pond bottom.

Beginning with the 12 April 1985 profile, temperatures

throughout the water column became progressively warmer. The

highest surface water temperature (23.5°C) and bottom water

temperature (14.0°C) were recorded on August 30, 1984. This

represents a large temperature differential and is presumably

due to the naturally brown water color and algal growth

inhibiting sunlight penetration.

Several summer temperature profiles take the shape of

those expected of stratified water bodies (i.e., three

distinct layers). However, general temperature change with

depth is primarily due to the inability of sunlight to

penetrate the highly colored water. No trends were estab-

lished as to where a zone of rapid temperature change occurs

(i.e., thermocline).
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2. SECCHI-DISK TRANSPARENCY

Transparency is routinely measured using a Secchi-disk,

which is a twenty centimeter in diameter, circular plate

attached to a metered rope. Secchi-disk readings offer an

estimate of the transparency in the pond. Several factors

affect readings including water color, dissolved and particulate

matter, surface conditions, sky conditions, time of day, and

observer bias.

In order to minimize variations due to time of day

(i.e., sun's position on the horizon) all readings were taken

between 1030 and 1500 hours. Observer bias, although uncon-

trollable, was minimized due to all readings being taken by

the same individual. Sky conditions also could not be

controlled, but they are recorded in Table 6.

The highest transparency level was recorded in March

(2.5 meters) and the lowest in September (1.0 meters).

Overall, readings were quite uniform and hovered around the

1.2m (4.0 feet) minimum standard for bathing beaches set by

the Department of Public Health (1960). Apparent water color

was nearly consistantly brownish-yellow indicating the influx

of humic-iron complexes from upstream wetlands. January and

February apparent water color was clear due to settling of

suspended algal and detritus material during quiescent

ice-covered periods.
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TABLE 6
JENNINGS POND STATION #1, DEEP HOLE

SECCHI-DISK TRANSPARENCY AND METEOROLOGICAL CONDITIONS

DATE

3/16/84

3/31/84

4/12/84

4/26/84

5/9/84

5/23/84

6/8/84

6/20/84

7/17/84

7/30/84

8/7/84

8/30/84

9/12/84

9/29/84

10/12/84

10/31/84

11/15/84

12/12/84

1/24/84

2/16/85

TIME

13:

12:

10:

14:

12:

11:

13:

14:

14:

11:

15:

14:

13:

14:

12:

11:

13:

30

45

30

37

15

36

44

38

30

00

02

20

14

32

35

45

30

ICE UNSAFE FOR

13:

12:

10

48

SECCHI-DISK
TRANSPARENCY
METERS (FEET)

2.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

0.

—
5

3

5

4

3

1

2

2

1

1

2

0

0

4

4

9

(8

(4

(5

(4

(4

(3

(4

(4

(3

(3

(4

(3

(3

(4

(4

(3

.2)

.4)

-0}

.5)

.3)

.6)

.0)

.0)

.6)

.6)

.0)

.3)

.3)

.6)

.6)

.0)

APPARENT
WATER COLOR

Brown

Brown

Brownish-Yellow

Brownish-Yellow

Brownish- Yellow

Brownish-Yellow

Brownish-Yellow

Brown

Brown

Brownish- Yellow

Brown

Brownish-Yellow

Brownish-Yellow

Brownish-Yellow

Brownish-Tan

Brownish- Ye How

Tan

WATER SURFACE

5" Ice

y Ripples

Rippled

Rippled

Choppy

Calm

Calm

Calm

Calm

V Ripples

Choppy

Calm

Calm

y Ripples

Calm

Calm

Calm

PASSAGE

1.

1.

6

8

(5

(6

.4)

.0)

Clear

Clear

6" Ice

Calm

WEATHER
APPROXIMATE TEMP

Sunny- 3 °C

Sunny-7°C

40% Cloudy-7°C

50% Cloudy-9°C

80% Cloudy- 14°

Sunny-23°C

Sunny-30°C

Sunny-23°C

Sunny-32°C

20% Cloudy-23°

Rain-24°C

65% Cloudy-29°

Sunny-24°C

50% Cloudy-20°

Sunny-19°C

Sunny-14°C

60% Cloudy-13"

Sunny-7°C

100% Cloudy-00

Sunny-3°C

C

C

C

C

C

C
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C. CHEMICAL DATA

1. DISSOLVED OXYGEN

Dissolved oxygen is critical to the protection of fish

and other aquatic life as well as to the aesthetic qualities

of water. For aesthetic purposes, water should contain

sufficient dissolved oxygen to maintain aerobic (oxygenated)

conditions throughout the water column. Ideally, oxygen will

be present at the sediment-water interface. However, natural

respiration and decomposition processes within organic

sediments may deplete bottom oxygen concentrations. The

U.S.E.P.A. (1976) states that a minimum dissolved oxygen

concentration of 5 mg/1 is required to maintain a healthy,

warm water fishery.

In pure water at constant pressure, the solubility of

oxygen increases with decreased temperature. Surface dissolved

oxygen concentrations at Jennings Pond followed the temperature-

related solubility properties of water. The cool surface

.waters of late fall through early spring held the most oxygen

(10.6 mg/1 on 16 March 1984 and 8.7 mg/1 on 31 October 1984).

Highest dissolved oxygen concentrations from surface to

bottom were recorded on 24 January 1985 (8.2 mg/1 to 7.8

mg/1).

Percent saturation was determined from tables presented

in Standard Methods (1980). Percent saturation is calculated

on the basis of temperature, actual dissolved oxygen content,

and barometric pressure (Table 7). Although Jennings Pond is

at an elevation of 130 feet above mean sea level, which has a
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TABLE 7
JENNINGS POND

TEMPERATURE (°C) AND DISSOLVED OXYGEN (MG/L)
STATION 1

DEPTH
(Meters)

0.5

1.0

2.0

3.0

D.5

1.0

2.0

3.0

0.5

1.0

2.0

3.0

3/16/84 - 0% CLOUDY
%

TEMP. D.O. SATURATION

0.0 10.6

1.5 9.4

3.0 5.5

4.0 3.1

5/9/84 - 80%

14 . 0 7.5

13.5 7.3

11.0 6.3

10.0 1.8

7/17/84 - 0%

18.2 4.9

17.1 2.8

13.2 1.8

9.5 1.3

73

67

41

24

CLOUDY

74

70

57

25

CLOUDY

52

29

18

11

3/31/84 -

TEMP. D.O.

2.0

2.0

3.0

4.0

9.5

9.3

5.6

3.4

5/23/84 -

14.0

13.0

8.5

8.0

6.5

6.4

3.3

1.8

7/30/84 -

18.5

16.4

13.2

12.0

5.4

3.9

2.4

1.8

0% CLOUDY
%

SATURATION

69

67

42

26

0% CLOUDY

63

61

28

15

20% CLOUDY

58

40

23

17

4/12/84 - 40% CLOUDY
%

TEMP. D.O. SATURATION

9.3

8.8

7.2

5.6

8.8

8.2

7.9

7.4

. 6/8/84 - 10%

14.0

12.3

9.0

7.0

8/7/84

23.0

20.8

17.0

16.0

6.0

5.8

4.3

3.2

- 100%

5.6

1.8

0.7

0.5

77

71

66

61

CLOUDY

58

54

37

26

CLOUDY

65

20

7

5

4/26/84 - 50% CLOUDY
%

TEMP . D.O. SATURATION

9.5

8.9

8.1

7.5

9.6

9.2

9.5

7.2

6/20/84 - 0%

18.0

16.0

12.0

10.2

6.3

4.8

1.8

1.4

8/30/85 - 65%

23.5

21.0

17.0

14.0

7.2

6.0

2.7

1.8

84

80

80

60

CLOUDY

67

49

17

13

CLOUDY

85

67

28

17
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TABLE 7
JENNINGS POND

TEMPERATURE (°C) AND DISSOLVED OXYGEN (MG/L)
STATION 1

DEPTH
(Meters)

0.5

1.0

2.0

3.0

9/12/84

TEMP. D.O

18.5

17.0

13.5

12.0

5.1

1.1

0.5

0.3

10/31/84

0.5

1.0

2.0

3.0

12.9

12.1

11.0

10.9

8.7

7.5

2.3

0.1

1/24/85

0.5

1.0

2.0

3.0

0.0

3.6

4.0

4.0

8.2

7.9

7.8

7.8

- 0% CLOUDY
%

SATURATION

55

11

5

3

- 0% CLOUDY

82

70

21

1

-100% CLOUDY

56

60

60

60

9/29/84 - 50% CLOUDY
%

TEMP . D.O. SATURATION

15.0

14.6

12.7

11.7

3.8

3.1

2.3

1.0

11/15/84 - 60%

7.0

7.0

7.0

6.8

1.0

1.5

3.0

3.0

4.5

4.1

4.0

2.1

2/16/85 - 0%

8.9

7.3

5.9

5.5

38

30

22

9

CLOUDY

37

34

33

17

CLOUDY

63

52

44

41

10/12/84- 0% CLOUDY
%

TEMP , D.O. SATURATION

12.0 8.5 79

12.0 8.4 78

11.0 3.3 30

11.0 0.6 5

12/12/84 - 0% CLOUDY

DUE TO TWO-INCH ICE

COVER SAFE ACCESS

IMPOSSIBLE
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slightly greater barometric pressure than at sea level,

values are calculated on the basis of mean sea level.

Therefore, presented percent saturation levels are slightly

lower than actual saturation levels.

Percent saturation of dissolved oxygen was uniform and

higher than all other periods during the spring circulation

period and onset of the growing season. On 26 April 1984,

saturation percentages ranged from 84 to 60 from top to

bottom. During the fall circulation, percent saturation was

not nearly as uniform nor high as during spring circulation.

In the fall, the summer's weed growth begins to decompose,

robbing the water column of oxygen.

By 20 June 1984, bottom (0.5 meters above sediment)

percent saturation was below 20 percent. This condition

lasted until 15 November 1984. These low saturations and the

accompanying low dissolved oxygen content indicate excessive

respiration (decomposition activity in organic sediments).

This oxygen demand is actually due to bacterial decompostion

of organic matter at the sediment-water interface (Ogunrombi

and Dobbins, 1970), as well as oxygen used to oxidize anaerobic

end products emitted from within the sediment (Martin, 1971;

Ogunrombi and Doggins, 1970). A shallow lake with an extensive

algal population will therefore experience fluctuations, both

vertically and diurnally/ in dissolved oxygen. Anaerobic

conditions at or near the sediment water interface are

therefore often encountered in eutrophic lakes (Snow and

DiGiano, 1973}. Complete anoxia was never recorded in
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Jennings Pond. However, from phosphorus and nitrogen data,

it is evident that internal nutrient loading from sediments

occurs. Armstrong and Stauffer, 1977, reports that internal

loading is expected to be high in shallow lakes where anoxic

waters are in close proximity to the sediment water interface

Dissolved oxygen levels at inlets were usually the

highest recorded at any sampling location. This, in part, is

due to reaeration of waters while merging at the inlet intake

and the introduction of oxygen by upstream wetland plants.

Dissolved oxygen levels at outlets were nearly identical to

in-pond surface levels for any given date.

In summary, Jennings Pond has a depletion of dissolved

oxygen in bottom waters where extensive sediment and nutrient

build-up have created a large oxygen demand. Abundant algal

and macrophyte growth have settled to the bottom of the pond

utilizing oxygen during decomposition. This condition is an

indication of a eutrophic lake.
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2. pH, ALKALINITY AND CHLORIDES

pH:

The pH of water is a measure of its acid or alkaline

nature. Specifically, pH is an expression of the hydrogen

ion activity of the pond water. pH values are expressed on a

scale of 0-14. At pH 7 the solution is neutral. When there

are more hydrogen ions than hydroxyl ions, the pH is less

than 7 and the water is acidic. When there are more hydroxyl

ions, the pH is greater than 7 and the water is alkaline.

In-pond pH values (Table 8) ranged from a low of 6.3

(February 16, 1985) to a high of 6.9 (May 23, 1984). Bottom

waters had slightly more acidic conditions than surface

waters. This is due in part, to the leaching of hydrogen

ions from pine needles and oak leaves. Seasonal variations

in pH proved negligible. Inlet pH values were similar to

those of in-pond pH.

pH is affected by the degree of dissociation of weak

acids or bases. The toxicity of many important compounds is

affected by pH. As an example, rapid increases in pH can

cause increased ammonia concentrations which may be toxic.

Ammonia has been shown to be 10 times as toxic at pH 8.0 as

at pH 7.0 due to the ratio of ammonium ions to ammoniium

hydroxide (European Inland Fisheries Advisory Commission,

EIFAC, 1969). Conversely, low pH conditions may cause the

release of metals from sediment deposits into the water

column.
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TABLE 8

DATE: 3/16

STATION NO.

1 - In-Pond-Surface 6.7

1 - In-Pond-Bottom 6.5

2 - Inlet 6.7

3 - Outlet 6.7

DATE: 8/30

STATION NO.

1 - In-Pond-
Surface 6.7

1 - In-Pond-Bottom 6.7

2 - Inlet 6.6

3 - Outlet 6.7

3/31

6.7

6.5

6.6

6.6

9/12

6.7

6.6

6.6

6.7

JENNINGS
MARCH

4/12 4/26

6.7 6.7

6.6 6.7

6.7 6.7

6.7 6.7

9/29 10/12

6.5 6.6

6.5 6.5

6.5 6.5

6.6 6.6

PH
POND - NATICK, MASSACHUSETTS
, 1984 - FEBRUARY, 1985

1984

5/9 5/23 6/8 6/20 7/17

6.7 6.9 6.7 6.6 6.6

6.7 6.7 6.5 6.5 6.5

6.7 6.7 6.6 6.6 6.6

6.7 6.9 6.6 6.6 6.6

1985

10/31 11/15 12/12 1/24 2/16

6.5 6,4 * 6.7 6.4

6.5 6.4 * 6.6 6.3

6.6 6.4 6.6 6.7 6.2

6.6 6.5 6.6 6.7 6.3

7/30 8/7

6.7 6.7

6.6 6.6

6.6 6.6

6.7 6.7

MEAN

6.7

6.6

6.6

6.6

*Inaccessibility to station on this date



In 1969 the European Inland Fisheries Advisory Commission

(EIFAC) established the following criteria for pH comparison.

pH Range Effects on Fish

6.0-6.5 Unlikely to be harmful to fish unless free

carbon dioxide is present in excess of 100 PPM.

6.5-9.0 Harmless to fish, although the toxicity of

other poisons may be affected by changes within

this range.

With a mean pH of 6.6 both for inlet and in-pond waters,

Jennings Pond is very mildly acidic and poses no ill effects

to aquatic organisms.

ALKALINITY

Alkalinity is the property of water which buffers

against pH changes upon addition of acid or base. Since pH

has a direct effect on organisms as well as an indirect

effect on the toxicity of certain other constituents in the

water, the buffering capacity of the Jennings Pond watershed

is essential to good water quality.

Biological activities such as photosynthesis and respiration

cause shifts in pH, without significant effect on the total

alkalinity (U.S.E.P.A., 1983). Also, carbonate and bicarbonate,

the major components of alkalinity, complex some toxic heavy

metals and reduce their toxicity.

With the present concerns of the effects of acid deposi-

tion on freshwater systems, the alkalinity concentrations of

these systems have become of paramount concern for water
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quality scientists throughout the nation. The Massachusetts

Division of Fisheries and Wildlife (M.D.F.W.) has established

the following criteria when analyzing lakes for the suscepti-

bility to the effects of acid deposition (M.D.F.W., 1984):

Vulnerable 6-10 mg/1 TOTAL ALKALINITY (CaCO3)

Endangered 3-5 mg/1 TOTAL ALKALINITY (CaC03)

Critical 2 mg/1 TOTAL ALKALINITY (CaCO3)

Table 9 summarizes the total alkalinity analyses of the

Jennings Pond limnological sampling program. With a mean

surface in-pond level of 27.2 mg/1 (CaCO3) and mean inlet

concentration of 27.1 mg/1, the Jennings Pond watershed has

an adequate capacity to buffer acid deposition from urban

runoff.

CHLORIDES

Most chlorides found in natural waters are derived from

oceanic sources (via the atmosphere) and from the various

activities of man (i.e. surface runoff and urban drainage).

Other chloride sources come from the substratum upon which

the water lies and the overground and underground pathways by

which the water flows to the pond. Major anions contributing

to the chloride concentration of freshwater include carbonate

sulfate and nitrate. Associated cations include sodium,

calcium, potassium, and magnesium.

On 29 January 1985 and on 16 February 1985 (Table 10)

elevated in-lake chloride concentrations were detected (115

mg/1 and 93 mg/1, respectively). Chloride concentrations at

the inlet were slightly higher than average on these same
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TABLE 9
RESULTS OF TOTAL ALKALINITY ANALYSES (MG/L)(CaCO )

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

1984

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - Inlet

3 - Outlet

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - Inlet

3 - Outlet

3/16

17

18

17

16

8/30

32

48

33

32

3/31 4/12

16

17

16

16

30

44

30

30

17

18

17

17

9/12 9/29

37

35

39

37

4/26

21

21

21

21

10/12

32

31

33

32

5/9

23

23

24

23

10/31

29

28

27

28

5/23

25

24

26

25

11/15

25

25

23

24

6/8 6/20

23 26

19 20

24 27

23 26

1985

12/12 1/24

* 42

* 33

24 38

24 38

7/17

27

22

27

27

2/16

32

39

31

31

31

53

30

31

MEAN

27.2

30.2

27.1

26.6

31

56

34

31

STANDARD
DEVIATION

6.8

13.9

7.3

6.3

Inaccessibility to station on this date



TABLE 10

I
-J
U)
I

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - Inlet

3 - Outlet

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - inlet

3 - Outlet

RESULTS OF CHLORIDE ANALYSES • (MG/L)
JENNINGS POND - NATICK, MASSACHUSETTS

MARCH, 1984 - FEBRUARY, 1985

3/16

63

94

61

63

8/30

45

42

47

45

3/31 4/12 4/26

53 45 46

56 46 47

53 42 44

53 45 46

9/12 9/29 10/12

45 46 45

42 46 46

47 47 47

47 46 46

5/9

47

47

46

47

10/31

47

46

47

46

1984

5/23 6/8 6/20 7/17

50 46 45 46

49 41 37 37

50 48 47 47

50 46 45 46

1985

11/15 12/12 1/24 2/16

44 * 115*** 93**

44 * 140 189

45 45 73 86

44 49 120 109

7/30 8/7

46 45

40 40

46 46

46 45

STANDARD
MEAN DEVIATION

51.0 16.6

52.2 25.2

50.7 10.8

51.3 17.1

Inaccessibility to station on this date
**Elevated concentrations due to de-icing compounds



dates because of the de-icing compounds spread on roads

throughout the watershed. The elevated in-pond and outlet

chloride levels indicate that chloride remains in solution

for a period of time following its introduction.

The high flushing rate of Jennings Pond acts to guickly

disseminate chloride in winter runoff. Therefore, chloride

content is not a concern to the overall water quality of

Jennings Pond.

3. CONDUCTIVITY

Conductivity is an approximate measure of the ability of

water to carry an electric current. Conductivity is propor-

tional to the concentration, mobility and valence of ions

(dissociated salts, etc.), and on the temperature of measure-

ment. Conductivity values are expressed in MICROMHOS/CM,

(UMHOS/CM) which are the reciprocal of OHMS/CM (the measurement

of resistance).

Natural ranges for specific conductance are from 50

umhos/cm to 1,000 umhos/cm (Standard Methods, 1980). All

samples (Table 11) from Jennings Pond are well within the

above ranges. The mean in-pond conductivity levels are 255

umhos/cm at the surface and 286 umhos/cm at the bottom.

Inlet conductivity levels are slightly lower than surface

in-pond levels and outlet levels are slightly higher than

surface in-pond levels.
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TABLE 11

STATION NO.

1 - In-Pond-Surface 265

1 - In-Pond-Bottom 402

2 - Inlet

3 - Outlet

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - inlet

3 - Outlet

RESULTS OF CONDUCTIVITY ANALYSES {MICROMHOS/CM. )
JENNINGS POND - NATICK, MASSACHUSETTS

MARCH, 1984 - FEBRUARY, 1985

3/16

265

402

258

254

8/30

250

250

260

250

3/31 4/12

222 205

234 210

228 205

220 200

9/12 9/29

250 245

250 245

260 250

255 240

4/26

202

210

202

200

10/12

245

250

265

245

5/9

210

210

215

210

10/31

245

245

255

245

5/23

235

230

240

235

11/15

210

195

215

215

1984

6/8 6/20 7/17

226 220 320

200 190 210

227 215 240

216 220 230

1985

12/12 1/24 2/16

* 457 390

* 560 755

210 350 360

280 500 455

7/30 8/7

250 260

290 290

260 270

250 260

STANDARD
MEAN DEVIATION

254.5 66.7

285.5 143.3

249.3 42.3

254.0 77.9

Inaccessibility to station on this date



4. SUSPENDED SOLIDS

Total suspended solids are defined as those solids

retained by a standard glass fiber filter and dried to a

constant weight at 103 to 105° celcius (Standard Methods,

1980). Essentially, suspended solids are descriptive of the

organic and inorganic particulate matter in water.

Table 12 lists all suspended solids data. Surface

in-pond suspended solids concentrations ranged from 1.0 to

5.0 mg/1. These values indicate moderate suspended solids

concentrations (Ackerman, 1981). Occasional elevated in-pond

bottom suspended solids levels are attributable to decreased

dissolved oxygen concentrations and inadvertent resuspension

of benthic material during sampling.

5. TOTAL DISSOLVED SOLIDS

Total dissolved solids is a measure of the dissolved

organic and inorganic solids which remains in the water after

evaporating a filtered water sample of known volume. Measurement

of total dissolved solids is expressed in mg/1 (Table 13).

Total dissolved solids were more concentrated in bottom

waters at the in-pond sampling station during intervals of

summer and winter stratification. This is expected since

phosphorus, iron and manganese increase as dissolved oxygen

concentrations approach zero. During periods of complete

mixing, concentrations of dissolved solids were similar at

both top and bottom stations.
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TABLE 12
RESULTS OF SUSPENDED SOLIDS ANALYSES (MG/L)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

1984

DATE:

STATION NO.

3/16 3/31 4/12 4/26 5/9 5/23 6/8 6/20 7/17 7/30 8/7

1 - In-Pond- 1.0 3.0 2.0
Surface

1 - In-Pond-Bottom 1.5 1.5 2.0

2 - Inlet 2.5 4.2 2.5

( 3 - Outlet 1.0 3.5 2.0
-o
-0
i

DATE: 8/30 9/12 9/29

STATION NO.

1 - In-Pond- 3.0 4.0 2.0
Surface

1 - In-Pond-Bottom 3.5 4.0 2.6

2 - inlet 3.0 3.0 3.0

3 - Outlet 3.0 15.0 4.0

3.5 5.0 2.5 2.0 4.0 5.0 4.0 5.0

4.0 7.0 6.0 3.0 7.0 17.0 15.0 18.0

4.5 9.0 3.5 4.0 4.0 5.0 5.0 4.7

3.0 5.0 2.0 1.5 3.5 4.0 4.5 6.0

1985

10/12 10/31 11/15 12/12 1/24 2/16

STANDARD
MEAN DEVIATION

2.0 3.0 2.0 * 2.0 3.0 3.1 1.2

4.0 11.0 8.0 * 5.0 10.0 6.8 5.1

3.0 2.0 2.0 3.0 5.0 6.0 3.9 1.6

2.0 3.0 2.0 2.0 1.0 3.0 3.6 3.0

*Inaccessibility to station on this date



TABLE 13
RESULTS OF TOTAL DISSOLVED SOLIDS ANALYSES (MG/L)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

1
-0CO

DATE:

STATION NO.

3/16 3/31 4/12 4/26 5/9 5/23 6/8

1984

6/20 7/17 7/30

1 - In-Pond-Surface 203

1 - In-Pond-Bottom 275

2 - Inlet 195

3 - Outlet 187

DATE:

STATION NO.

1 - In-Pond-Surface

1 - In-Pond-Bottom

2 - Inlet

3 - Outlet

8/30 9/12 9/29

1985

10/12 10/31 11/15 12/12 1/24 2/16

8/7

148

159

150

148

134

136

135

129

133

135

132

130

145

141

139

145

154

148

151

153

147

120

iso

142

150

128

147

152

150

145

155

148

155

172

157

154

155

171

160

155

153

158

159

154

150

155

158

158

144

146

148

144

144

151

159

148

150

150

163

152

130

118

135

138

* 285

* 338

132 216

176 " 290

237

460

220

276

MEAN

161.4

179.3

158.1

166.5

STANDARD
DEVIATION

38.9

86.6

24.9

43.3

*Inaccessibility to station on this date



During January, February, and March, total dissolved

solids concentrations were well above the mean of approximately

165 mg/1. The higher dissolved solids concentrations are

presumably due to increased solids in runoff following road

sanding and de-icing.

Total dissolved solids can be used as a general indicator

of the water's productivity. Total dissolved solids concentra-

tions in Jennings Pond are consistently above 100 mg/1, which

is generally considered indicative of a eutrophic waterbody

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

6. TOTAL PHOSPHORUS

Phosphorus as phosphate is one of the major nutrients

essential for plant nutrition. Increased supplies of phosphorus

increase standing crops of aquatic plants and algae (U.S.E.P.A.,

1976). It is frequently the key element limiting freshwater

plant growth. This is due to the fact that phosphorus is

most often the least abundant relative to aquatic plant

growth needs. Although phosphorus is not the sole nutrient

responsible for eutrophication, it is the nutrient most

easily controlled by man.

The U.S.E.P.A. (1976) has suggested that to prevent the

development of biological nuisances and to control eutrophica-

tion, total phosphorus should not exceed 0.05 mg/1 in any

stream entering a pond, and in-pond levels should not exceed

0.025 mg/1.
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Surface waters exceeded the 0.025 mg/1 total phosphorus

criterion from 26 April 1984 through 16 February 1985 (Table

14). Increased total phosphorus levels in surface and bottom

waters coincided with warm water temperatures and low bottom

dissolved oxygen concentrations. This occurred between

8 June 1984 and 12 September 1984. Fast, et al. (1975) have

performed extensive studies on the effects of oxygenating

bottom waters of low oxygen content. Fast, et al. (1975)

state that internal nutrient loading may be reduced through

the elimination of anaerobic conditions that cause nutrient

regeneration. This internal recycling of nutrient-rich

waters from sediment affects the phosphorus availability in

Jennings Pond.

The extensive weed growths in Jennings Pond die off and

decompose during the fall and winter. As the weed tissue

breaks down, it becomes the soft muck overlying sand and

gravel. This plant material stores excess nutrients which become

fertilizer to new weed growth in the spring. Once the

standing growths of aquatic weeds have adequately satisfied

their nutrient requirements, excess nutrients become available

for algal growth and free-floating macrophytes such as

Wolffia sp. and Lemna sp.in Jennings Pond.

Bottom total phosphorus concentrations were high with a

yearly average of 0.136 mg/1. The bottom levels of total

phosphorus followed similar trends as surface waters levels

with July through September 1984 concentrations being the

highest.
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TABLE 14
RESULTS OF TOTAL PHOSPHOROUS (MG/L)
JENNINGS POND - NATICK, MASSACHUSETTS

MARCH, 1984 - FEBRUARY, 1985

I
00

DATE:

STATION NO.

1 - In-Pond-
Surface

3/16

1 - In-Pond-Bottoro 0.010

2 - Inlet 0.004

3 - Outlet 0.004

3/31 4/12

0.004 0.006 0.01

4/26

0.008 0.009 0.096

0.006 0.01 0.040

0.006 0.01 0.032

5/9 5/23

0.032 0.034 0.07

0.05 0.05

0.042 0.10

0.034 0.06

1984

6/8 6/20 7/17

0.10 0.09 0.09

7/30

0.10

8/7

0.11

0.08 0.08 0.85 0.33 O.36

0.12 0.10 0.15 0.12 0.15

0.10 0.10 0.10 0.11 0.12

DATE: 8/30 9/12 9/29 10/12 10/31 11/15

STATION NO.

1 - In-Pond- 0.09
Surface

1 - In-Pond-Bottom 0.12

2 - Inlet 0.14

3 - Outlet 0.04

0.08 0.06 0.05 0.06 0.05

0.10 0.08 0.06 0,08 0.06

0.12 0.09 0.06 0.07 0.07

0.18 0.10 0.05 0.06 0.05

1985

12/12 1/24 2/16

0.08 0.04

MEAN

0.061

* 0.08 0.13 0.136

0.07 0.08 0.06 0.080

0.05 0,07 0.05 0.069

STANDARD
DEVIATION

0.033

0.196

0.046

0.044

Inaccessibility to station on this date



Inlet waters to Jennings Pond were consistently in

excess of 0.05 mg/1 total phosphorus from 23 May 1984 through

16 February 1985. The mean inlet total phosphorus content

was 0.08 mg/1. The highest total phosphorus levels coincided

with the lowest inlet flows during the summer. Inlet phosphorus

loading to the pond clearly contributes the greatest load

from any one source. Whitman & Howard, Inc. believes the

reduction of this nutrient source to lower levels is crucial

to the restoration of Jennings Pond. Methods for reducing

nutrient loads are fully outlined in the restoration alternative

section and improved water quality discussion of this report.

Outlet total phosphorus concentrations were similar to

surface values. This was expected because both sampling

points were in very close proximity.

7. NITROGEN

Nitrogen exists in several forms within Jennings Pond:

dissolved gas inorganic ammonia nitrogen, nitrite and nitrate,

and organically bound nitrogen. Ammonia in most waters is

generated by heterotrophic bacteria as a primary end product

of the decomposition of organic matter. Ammonium ions

(ammonia dissolved in water) may be released from proteinaceous

organic matter and urea or synthesized from nitrogen fixation.

Nitrate is formed from the complete oxidation of ammonium by

certain microorganisms in which nitrite is an intermediate

product.
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The most important forms of nitrogen for the growth of

phytoplankton and aquatic macrophytes are nitrate and ammonia

Ammonia and nitrate are inorganic nitrogen forms utilized by

phytoplankton (Harvey, 1955). During electrical storms,

large amounts of nitrogen gas are oxidized to N0Oe and their
Z. 3

union with water produces HNCU which is carried to the earth

in rain (i.e. one source of acid rain). Nitrates are also

produced by direct oxidation of nitrogen or by the oxidation

of ammonia in the production of commercial fertilizers

(Sawyer, et al., 1978). This process, know as nitrification,

is the oxidation of the ammonia to nitrite and nitrite to

nitrate via the action of certain aerobic bacteria. Oxygen

is utilized during this transformation and potentially may

cause bottom water anoxia. Under anaerobic conditions,

denitrification occurs whereby nitrite is formed as an

intermediary, with free nitrogen becoming the principal end

product (Reckhow, et al. , 1983). Home (1974) estimated that

one-half of the yearly nitrogen budget in an eutrophic lake

was derived from nitrogen fixation by the blue-green algae.

The free nitrogen is then available to the less desirable

blue-green algae which are most often responsible for objec-

tionable floating mats and odors. Blue-green algae were the

dominant phytoplankton class during mid-summer in. Jennings

Pond.

As with phosphorus, there are no definitive criterion

for the control of cultural eutrophication caused by nitro-

genous compounds. Instead, the MDWPC (1978) states that "the
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discharge of nutrients, primarily phosphorus or nitrogen, to

waters of the Commonwealth will be limited or prohibited by

the Division as necessary to prevent excessive eutrophication

of such waters. There shall be no new or increased discharges

of nutrients into lakes and ponds, or tributaries thereto.

Existing discharges containing nutrients which enhance

eutrophication or growth of weeds or algae shall be treated".

In-pond ammonia nitrogen concentrations (Table 15)

ranged from 0.02 mg/1 to 0.32 mg/1. The mean surface ammonia

nitrogen concentrations were slightly higher than bottom

waters, 0.104 mg/1 as compared to 0.101 mg/1. For the most

part, however, surface ammonia nitrogen concentrations were

just slightly higher or identical to hypolimnetic concentra-

tions. Higher readings in the hypolimnion occurred during near

anoxic conditions in July and August. This low dissolved

oxygen causes a shift in the oxidation-reduction potential at

the sediment-water interface and allows anaerobic decomposi-

tion of organic materials with ammonia as the end product

(Snow and DiGiano, 1973). Data from the entire period of

near anoxia does not indicate ammonia nitrogen abundance

during periods of low to non-existant dissolved oxygen. With

the knowledge that total phosphorus concentrations increased

throughout the water column during near anoxia and that

ammonia concentrations indicate similar trends (albeit to a
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TABLE 15
RESULTS OF AMMONIA-NITROGEN ANALYSES (MG/L)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

I
00
Ul

DATE: 3/16 3/31

STATION NO.

1 - In-Pond- 0.02 0.04
Surface

1 - In-Pond-Bottom 0.016 0.02

2 - Inlet 0.02 0.06

3 - Outlet 0.02 0.04

DATE: 8/30 9/12

STATION NO.

1 - In-Pond-
Surface

0.14

1 - In-Pond-Bottom 0.12

2 - inlet 0.12

3 - Outlet 0.14

0.12

0.12

0.12

0.18

4/12 4/26

0.03

9/29

0.10

5/9 5/23

1984

6/8 6/20 7/17

0.03 0.05 0.12 0.21 0.18

1985

10/12 10/31 11/15 12/12 1/242/16

0.09 0.11 0.10 0.13 0.11

7/30

0.14 0.14

MEAN

0.104

0.08 0.09 0.11 0.90 * 0.11 0.11 0.101

0.12 0.15 0.09 0.16 0.19 0.20 0.12 0.124

0.12 0.90 0.11 0.12 0.12 0.15 0.10 0.109

8/7

0.12

0.02 0.02 0.03 0.04 0.10 0.09 0.12 0.32 0.32

0.03 0.09 0.06 0.13 0.18 0.16 0.13 0.20 0.15

0.03 0.03 0.05 0.10 0.18 0.18 0.14 0.14 0.13

STANDARD
DEVIATION

0.051

0.086

0.053

0.051

Inaccessibility to station on this date



lesser extent), it may be surmised that internal loading does

occur within Jennings Pond. However, loading is at different

magnitudes for various nutrients. Furthermore, overall

internal nutrient recycling is limited due to the small area

of bottom waters which become nearly anoxic in summer months.

Inlet ammonia-nitrogen (NH~) levels ranged from 0.02

mg/1 to 0.20 mg/1 with a mean value of 0.124 mg/1 and were

for the most part consistent over the study period.

In-pond nitrate nitrogen concentrations were low with an

upper water mean of 0.095 mg/1 and bottom water mean of 0.077

mg/1 (Table 16). Since oxygen is required for the formation

of nitrate, it is clear why the surface waters have higher

nitrate levels than the less oxygenated bottom waters. In

addition Nitrosomonas and Nitrobacter populations regulate

the rate of nitrification.

Inlet nitrate nitrogen (NO») levels had a mean value of

0.114 mg/1 and were consistently, albeit slight, greater

during the summer months. Inlet nitrate values were greater

than at other locations which was expected due to the introduc-

tion of oxygen (NH3+O =NO2+O2 =N03) while traveling through

shallow upstream wetlands.

The difference between total Kjeldahl nitrogen (TKN)

(Table 17) and ammonia nitrogen (Table 15) provides an

indication of organic nitrogen concentrations (Table 18).

Organic nitrogen includes amino acids, amines, urea and

complex higher molecular weight organic nitrogen. These
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I
00
-o

DATE: 3/16

STATION NO.

1 - In-Pond- 0.16
Surface

1 - In-Pond-Bottom 0.14

2 - Inlet 0.22

3 - Outlet 0.16

DATE: 8/30

STATION NO.

1 - In-Pond- 0.10
Surface

1 - In-Pond-Bottom 0.09

2 - Inlet 0.12

3 - Outlet 0.12

3/31

0.16

0.12

0.02

0.14

9/12

0.09

0.08

0.10

0.07

TABLE 16
RESULTS OF NITRATE NITROGEN ANALYSES (MG/L)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

4/12 4/26

0.14

0.13

0.14

0.12

0.15

5/9 5/23

1984

6/8 6/20 7/17

0.11

0.09

0.11

0.10

0.12

0.09

0.13

0.12

0.10

0.08

0.13

0.09

0.11

0.08

0.12

0.11

0.10 0.11

9/29 10/12 10/31 11/15 12/12 1/24 2/16

0.03 0.15 0.09 0.03 0.07

7/30

0.10

0.07 0.08 0.09

0.10 0.11 0.11

0.10 0.09 0.10

1985

MEAN

0.095

0.04 0.02 0.04 0.03 * 0.02 0.06 0.077

0.10 0.07 0.08 0.06 0.09 0.04 0.10 0.114

0.05 0.04 0.05 0.04 0.09 0.03 0.07 0.094

8/7

0.13

0.12

0.14

0.13

STANDARD
DEVIATION

0.040

0.036

0.042

0.034

*Inaccessibility to station on this date



I
CO
CO

DATE: 3/16

STATION NO.

1 - In-Pond- 0.12
Surface

1 - In-Pond-Bottom 0.15

2 - Inlet 0.13

3 - Outlet 0.12

DATE: 8/30

STATION NO.

1 - In-Pond-
Surface

0.32

1 - In-Pond-Bottom 0.54

2 - Inlet 0.35

3 - Outlet 0.33

3/31

0.14

0.16

0.20

0.15

9/12

0.30

0.35

0.34

0.42

TABLE 17
RESULTS OF TOTAL KJELDAHL NITROGEN (MG/L)
JENNINGS POND - NATICK, MASSACHUSETTS

MARCH, 1984 - FEBRUARY, 1985

4/12

0.13

0.27

4/26 5/9

0.14 0.16

5/23

1.22

0.24 0.29 0.23

1984

6/8 6/20 7/17

0.31

0.16 0.16 0.17 0.16 0.23

0.12 0.15 0.20 0.24 0.33

0.12 0.14 0.16 0.20 0.28

9/29 10/12 10/31 11/15 12/12

0.29 0.30

0.20 1.24

0.28 0.31

0.29 0.30

1985

1/24 2/16

0.28 0.25

0.30 0.30 0.38 0.26 * 0.34

0.32 0.33 0.27 0.32 0.29 0.32

0.35 0.28 0.30 0.28 0.27 0.29

7/30

MEAN

0.249

0.37 1.785

0.27 1.913

0.26 0.266

8/7

0.39 0.35

1.37 1.33

0.43 0.38

0.42 0.36

STANDARD
DEVIATION

0.979

5.88

7.32

0.092

Inaccessibility to station on this date



TABLE 18

ORGANIC NITROGEN CONCENTRATION (mg/1)
JENNINGS POND - NATICK, MASSACHUSETTS

MARCH, 1984 - FEBRUARY, 1985

DATE: 3/16 3/31 4/12 4/26 5/9 5/23

1984

6/8 6/20 7/17 7/30

STATION NO.

DATE;

1985

8/30 9/12 9/29 10/12 10/31 11/15 12/12 1/24 2/16

STATION NO.

1 - In-Pond- 0.18
Surface

1 - In-Pond-Bottom 0.42

2 - Inlet 0.23

3 - Outlet 0.19

8/7

00
10
1

1

1

2

3

,

- In-Pond-
Surface

- In-Pond-Bottom

- Inlet

- Outlet

0.10

0.134

0.11

0.10

0.10

0.14

0.14

0.11

0.10

0.14

0.09

0.09

0.11

0.14

0.06

0.11

0.11

0.14

0.14

0.11

0.10

0.12

0.11

0.10

0.10

0.13

0.15

0.10

0,11

0,11

0.12

0.11

0.16

1.12

0.18

0.16

0.25

1.05

0.12

0.28

0.23

1.01

0.23

0.23

0.18 0.17

0.23 0.22

0.22 0.20

0.24 0.23

MEAN

0.15

0.21

0.17

0.19

0.

0.

0.

0.

18

27

18

19

0.

0.

0.

0.

13

17

16

16

* 0.

* 0.

0.10 0.

0.15 0.

15

23

12

14

0.

0.

0.

P-

14

26

15

16

0

0

0

0

.197

.329

.15.5

.158

STANDARD
DEVIATION

0

0

0

0

.045

.314

.047

.056

•^Inaccessibility to station on this date



compounds in the pond ranged from 0.10 mg/1-1.12 mg/1. The

highest organic nitrogen concentrations were detected in near

anoxic bottom waters during the same period when overall

total kjeldahl-nitrogen and ammonia nitrogen levels peaked.

The mean organic nitrogen levels were 0.197 mg/1 and 0.329

mg/1 from top to bottom and were not considered excessive.

However, short-term seasonal and depth increases in organic

nitrogen result from assimilation and conversion of inorganic

forms by the phytoplankton. Indeed, slight increases in

phytoplankton and chlorophyll a occurred concurrently.

8. SUMMARY OF CHEMICAL DATA

The chemical data analyses in the previous sections

include discussions of the impacts and potential impacts of

nutrients, solids, and alkalinity on Jennings Pond. These

analyses are for the purpose of estimating nutrient/chemical

loads to the pond and for determining the controls necessary

for the restoration of the pond. Through the nutrient budget

analysis, nutrient sources are categorized as to their

relative effect on water quality and their potential for

improving the recreational and aesthetic attributes of the

pond.

D. BIOLOGICAL DATA

1. BACTERIOLOGICAL

The Massachusetts Division of Water Pollution Control

(1978) has stated that the occurrence of fecal coliform

bacteria in Class B Waters "... shall not exceed a log mean

for a set of samples of 200 per 100 milliliters." This
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criterion sets the limit for fecal coliform bacteria based on

concern for public health. Geldreich and Kenner, (1960),

determined that when bacterial counts are high, a ratio of

fecal coliform to total coliform (FC/TC) greater than 0.1 is

generally indicative of sewage. Freshly deposited waterfowl

droppings may cause coliform bacteria levels to approach

elevated levels but their overall effect may be minimal.

Tables 19 and 20 list fecal and total colfiorm counts

for the study period. Analyses of in-pond surface grab

samples indicate Class B standards were never exceeded.

Inlet fecal coliform counts exceeded the 200/100 ml criterion

on 30 August 1984 and 12 December 1984. FC/TC ratios on

these dates and locations were 0.32 and 0.19, respectively.

These values would seem to indicate an influx of human fecal

matter. . Potential sources of fecal coliform bacteria are

septic tanks, leaking sewage lines, direct discharges, etc.

However, examination of antecedent climatological data

indicates that no major rain events occurred during this

period, making the aforementioned sources unlikely contributors

of fecal coliform bacteria.
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DATE:

STATION NO.

1 - In-Pond-Surface

2 - Inlet

3 - Outlet

TABLE 19
RESULTS OF FECAL COLIFORM ANALYSES (ft/100 ML)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

3/16 3/31 4/12

0 52 3

2 35 7

0 46 3

4/26 5/9 5/23 6/8

1984

6/20 7/17 7/30 8/7

37

63

46

27

126

25

82

103

58

46

92

65

90

42

120

21

7

78

16

38

40

11

62

24

1985

DATE:

STATION NO.

1 - In-Pond-Surface

2 - Inlet

3 - Outlet

8/30 9/12 9/29 10/12 10/31 11/15 12/12 1/242/16

17

2BO

14

6

22

65

32

8

120

32

25

36

194

96

186

110 *

52 230

695 150

0

4

5

17

15

14

MEAN

42

65

90

STANDARD
DEVIATION

48

75

151

inaccessibility to station on this date



TABLE 20
RESULTS OP TOTAL COLIFORM ANALYSES (#/100 ML)

JENNINGS POND - NATICK, MASSACHUSETTS
MARCH, 1984 - FEBRUARY, 1985

DATE:

STATION NO.

1 - In-Pond-Surface

2 - Inlet

3 - Outlet

3/16 3/31 4/12 4/26 5/9 5/23 6/8

1984

6/20 7/17 7/3Q 8/7

11

179

37

310

260

340

20

120

18

53

113

66

134

205

118

164

185

112

75

260

102

210

150

290

750

230

1100

120

280

490

35

340

210

DATE:

STATION NO.

1 - In-Pond-Surface

2 - Inlet

3 - Outlet

8/30 9/12 9/29

1985

10/12 10/31 11/15 12/12 1/24 2/16

39

880

52

18

45

980

82

38

186

78

49

95

262

208

250

820 *

570 1220

1420 840

25

38

53

38

50

40

MEAN

171

271

340

STANDARD
DEVIATION

238

300

4120

*Inaccessibility to station on this date



B. PHYTOPLANKTON AND CHLOROPHYLL a

Chlorophyll a is the principal photosynthetic pigment in

both algae and vascular plants. Chlorophyll a measurements

provide an indication of phytoplankton (floating microscopic

algae) biomass in a waterbody. Phytoplankton biomass provides

an indication of primary productivity. Aquatic macrophytes

(vascular aquatic plants) make up the other major component

for determining plant productivity. Generally, the higher

the phytoplankton and chlorophyll a concentrations, the

higher the primary productivity and the more eutrophic the

water body.

Chlorophyll a concentrations ranged from a low of 2.70

mg/m3 on 16 February 1985 to a high of 130.00 mg/m3 on 17

July 1984 (Table 21). Phytoplankton populations showed shifts

in dominant spcies and increased numbers in the spring. On

26 April 1984 the chlorophyll a concentration was 75.10

mg/m3. This high concentration may have been a result of

nutrient cycling during spring turnover. According to Wetzel

(1975), it is common to have phytoplankton population (chlorophyll

a) peaks in the spring when nutrients become circulated to

the photic zone.

In both July and August, chlorophyll a concentrations

were high, as was the blue-green algal population. These

high values indicate algal bloom conditions, a rapid increase

in primary productivity. It is possible that under a cover

of free-floating L. Minor and Wolffia sp. which covered the
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DATE

TABLE-21
JENNINGS POND
STATION ffl

CHLOROPHYLL a RESULTS

Chlorophyll a (mg/m } SAMPLE TYPE

tfarch 16, 1984

March 31, 1984

April 12, 1984

April 26, 1984

May 9, 1984

May 23, 1984

June 8, 1984

June 20, 1984

July 17, 1984

July 30, 1984

August 7, 1984

August 30, 1984

September 12, 1984

September 29, 1984

October 12, 1984

October 31, 1984

November 15, 1984

December 12, 1984

January 24, 1985

February 16, 1984

Sample Inadvertantly Discarded

3.82

6.41

75.10 *

5.20

7.40

3.92

7.21

130.00 *

118.00 *

25.10

20.80

17.40

7.10

17.20

10.40

Grab

Grab

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Grab

Grab

to 2.5m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to ,2.0m

to 2.0m

8.07

No Sample - Ice Unsafe for Passage

5.70 Grab

2.70 Grab

* Inquiry made to Arnold Greene Testing Laboratories, confirmed results
as shown.
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pond's surface at this time, a subsurface pulse of algae

contributed to these high chlorophyll a concentrations.

Phytoplankton populations were dominated by the diatoms

during early spring. Asterionella sp. comprised 42.5% of the

total algal count from March through May , 1984. Fragilaria

sp. were also found in all samples collected during this

period ..and represented 6.5% of the total algal population.

Tabellaria sp., although not present in all spring samples,

represented approximately 5% of all phytoplankton identified.

Other diatoms present were Cyclotella sp., Melosira sp.,

Nitzschia sp. and Synedra sp.

The months of June and July favored the green algae with

47% of the total algal count. Cosmarium sp. was dominant,

representing 46% of the green algae and nearly 22% of the

total algal count. Both Closterium sp. and Pediastrum sp.

were present in several samples, yet rarely dominated gross

cell counts.

Blue-green algae (Cyanophyceae) dominated late summer

and early fall phytoplankton populations. Anabaena sp.,

Anacystis sp. and Coelosphaerium sp. contributed the highest

populations in this taxonomic group, Anabena S.P. is a taste

and odor algae, which constituted almost 60 percent of the

blue-green cells observed during the last summer period.

Phytoplankton were enumerated according to taxonomic

division and identified to genus (Appendix D). Plate 16

graphically depicts the gross cell count and major taxonomic

divisions of phytoplankton. Phytoplankton genera are grouped
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into different taxonomic divisions primarily by odor:

aromatic and fishy as with the diatoms (bacillariophycae),

grassy as with the blue-greens (cyanophyceae), or fishy and

grassy as with the greens (chlorophyceae) (Palmer, 1969).

These odors are a particular nuisance to potable water

supplies and with increasing plant nutrient availability may

become a nuisance to residents surrounding Jennings Pond.

Table 22 is a summary of chlorophyll a ranges and their

associated trophic state rating. Regardless of the criterion

used, summer chlorophyll a_ concentrations indicate eutrophic

conditions within the pond.

3. AQUATIC MACROPHYTES

On August 21, 1984, a macrophyton survey was conducted

for the purpose of identifying dominant genera and quantifying

the areal extent of aquatic weeds. Preliminary surveys of

the pond were conducted during preceeding limnological

sampling occasions. The purpose of preliminary surveys was

to improve efficiency during the first portion of the vegetative

survey. Plants which were not readily identified in the

field were brought back to the laboratory and identified

utilizing N.C. Fassett's A Manual of Aquatic Plants, 1957.

The survey itself was performed by the line intercept

method. By slowly examining shoreline areas and selecting

sampling points at intervals of approximately fifty feet and

then moving perpendicular to these sampling points, transects

were made across the pond. Once on the opposite side of the
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TABLE 22

TROPHIC STATE VS. CHLOROPHYLL-a

3
Chlorophyll-a (mg/m)

Trophic
Condition

Oligotrophic

liesotrophic

Eutrophic

Sakamoto,
1966

0.3-2.5

1-15

5-140

National Academy
of Sciences, Dobson, et. al.,

1972 1974

0-4 0-4.3

4-10 4-3-8.8

>10 >8.8

U.S. EPA
1974

>7

7-12

>12

SOURCE: U.S. EPA, 1979a
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pond, the procedure was repeated. Emergent weeds were

identified in-situ, while submerged and bottom growing weeds

were collected with a grappling hook. Density determinations

of overall weed growth was 100 percent, individual specie

type was further broken down.

Jennings Pond was completely innundated with aquatic

macrophytes, (Plate 17) the dominant Genus-Specie was

Ceratophyllum demersum (Coontail). Coontail is a free

floating vascular plant which grows completely underwater but

is rarely rooted in the bottom. There were only a couple of

small open water areas totaling perhaps 5-10% of the total

pond area. The remaining 90 or so percent was coontail and

mixes of other aquatic plants. Due to the free-floating

nature of Coontail, it tends to get very dense in wind blown

areas. However, in the case of Jennings Pond, weed growth is

so dense that there is not enough open space for much free-

floating. Coontail reproduce by lateral shoots and form

overwintering leaf clusters (Sculpthore, 1971). It can grow

in a variety of aquatic environments but is a nuisance in

quiet waters of high fertility such as Jennings Pond.

Coontail is extremely important as a food source for all

species of waterfowl. Waterfowl consume large amounts of the

plant and leaves, as well as the large variety of insect life

and crustacean that thrive on and among these plants (Kester,

1985).
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During early to mid-summer, the pond's surface was

covered by duckweed, both Spirodela polyrhiza (Great Duckweed)

and Lemna minor (Lesser Duckweed). Great Duckweed and Lesser

Duckweed are differentiated by the number of rootlets hanging

below the plant body. Great Duckweed has numerous rootlets

while Lesser Duckweed has one rootlet. In Mid-August a

tremendous growth of Wolffia sp. covered the entire pond's

surface, except for a few wind-blown open areas. Wolffia is

thick, granular and lacks rootlets. It is often found in

quiet, nutrient rich waters containing Duckweed. Since both

Wolffia and Duckweed blow and drift, they are difficult to

control. The leaves are dormant when dry or during the

winter. Both varieties provide immediate food for waterfowl

and reproduce rapidly.

Other aquatic macrophytes present, but to a much lesser

degree, include scattered bunches of Myriophyllum hetero-

phyllum (Watermilfoil), various Potamogeton sp. (Pondweeds),

Nymphaea oderata (White Water Lily), Nuphar sp. (Yellow Water

Lily), Spartina pectinata (Cord Grass), Pontederia cortada

(Pickerelweed), Typha latifolia (Broad-Leaved Cattail), and

Glyceria straiata (Manna Grass). Filamentous algae was also

scattered throughout the pond.

Aquatic plants and algae are necessary for the maintenance

of nearly all other forms of aquatic life. They consume

carbon dioxide and oxygenate the water, provide food for

small swimming organisms and play an important introductory

role in the food chain. Aquatic plants also shade and cool
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waters, provide shelter and breeding areas for the small

organisms and fish which feed on them.

Excess aquatic plant growth makes swimming, boating and

fishing unpleasant and at times, nearly impossible. Fish

reproduction is hindered because excess plant growth eliminates

spawning areas. Plant decay depletes dissolved oxygen

concentrations and water becomes stagnant, providing breeding

habitat for mosquitos. Therefore, it is often necessary to

control plant growth to the extent that the uses of the water

body demand.

Aquatic macrophyte control techniques include long-term

source reduction measures, mechanical and cultural harvesting,

and short-term, chemical eradication. One of the most

important factors to proper aquatic weed control is realizing

the reasons for weed propagation, including the means by

which the particular macrophyte reproduces. The factors

necessary for aquatic plant growth are present in Jennings

Pond. They are water, light, nutrients, such as nitrogen and

phosphorus in the water and sediment, and a suitable bottom

substrate for rooted vascular plants. The various macrophyte

control methods are discussed in a following section on

restoration alternatives. For now, the means by which each

plant reproduces and the best means of in-pond eradication

will be presented. Remember, the following control techniques

are not an endorsement of what controls should be taken, but

merely what has historically been proven to work.
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Coontail, as mentioned previously, reproduces vegeta-

tively, meaning it spreads by fragmentation, lateral shoots

and rootstocks. Coontail may be mechanically harvested,

shaded or treated chemically. However, being unattached, it

may be difficult to control.

Filamentous algae grow in long stringy, hair-like

strands that are predominantly attached to other objects. In

the case of Jennings Pond, it is attached to Coontail.

Nutrient rich waters cause filamentous algal growth, so

source reduction is obviously the best long-term control

method. However, another control method is chemical appli-

cation using copper sulfate.

Duckweed and Wolffia sp., being completely free-floating,

are difficult to control. They are most susceptible to

chemical control but may also be raked off. They will

quickly reinfest an area unless nutrient sources are reduced.

White Water Lilies and Yellow Water Lilies are best

controlled by repeated cutting or raking. Eradication of

these aquatic weeds will not pose any problem to aquatic

wildlife since their food value is low. chemical'treatment

may be plausible, but their thick fleshy stems are difficult

to kill.

The only other aquatic plant which causes a problem at

Jennings Pond is watermilfoil. Watermilfoil and Coontail are

very similar, both in their means of reproduction and in the

way they must be controlled. The remaining aquatic weeds.
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such as pickerelweed, broad-leaved cattails, and members of

the grass family, are found only sparsely in Jennings Pond

and pose no hinderence to recreational uses in the pond.

Also, present were a few large masses of freshwater

invertebrates of the Phylum Bryozoan. Pectinatella magnifica

are large, encrusting, sessile colonies made up of thousands

of individuals. In Jennings Pond, these colonies appear as

massive gelatinous growths which range from the size of

softballs to the size of basketballs. These growths are

entwined in coontail and are aesthetically unpleasing,

although they do not indicate any particular pollution

problem. In fact, they are commonly found in unpolluted,

unsilted waters.

4. FISHERIES

No records are on file with the Massachusetts Division

of Fisheries and Wildlife (MDF&W) concerning fish populations

within Jennings Pond (Madore, Pers. Comm. 1985). Whitman &

Howard, Inc. have identified a few of the more common fish

species evidenced within the pond. All fish which possibly

could survive in Jennings Pond are considered warm water fish

and have higher tolerances to environmental change than do

the coldwater game fish.

Bluegill sunfish jLepomis macrochirus) and Pumpkinseed

sunfish (Lepomis qibbosus) were identified on several sampling

excursions. Both fish inhabit weed-infested waters and feed

on insects, crustaceans and other small organisms.
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The potential for diversified fish populations in

Jennings Pond is quite limited. Jennings Pond will always

only be able to support a warmwater fishery of small pan and

forage fish.

5. BIRDS AND WATERFOWL

Jennings Pond and its upstream wetlands support a

variety of bird species. In fact, Jennings Pond is located

within a fly-way for Canada Goose (Branta canadensis) which

take short-term refuge during spring and fall migration.

Other waterfowl species spotted by Whitman & Howard, Inc. and

area residents include: Aix sponsa (Wood Duck), Anas platyr-

hynchos (Mallard), Circus cyaneus (Marsh Hawk), what is

believed to be a pair of Butorides virescens (Green Heron)

and an unidentified member of the Cormorant family.

Other Wildlife

No inventory was kept, of other wildlife types within the

wetland areas and adjoining open land area. However, there

is no reason to believe that the Jennings Pond watershed does

not support a healthy cross-section of wildlife common to New

England wetlands and developed areas.

6. SURROUNDING VEGETATION

Immediately surrounding the banks of Jennings Pond is a

mix of young decidous vegetation. Decidous stands include

hardwoods such as the Sugar Maple (Acer saccharum) Red Maple

(Acer rubrum), Yellow Birch (Betula allegheniensis), Paper

Birch (Betula papyrifera), and Northern Red Oak (Q. borealis

Var.) to name a few. The vegetation stands in New England
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are most often grouped as the Hemlock Northern Hardwood

Forest. Conifers within this group include three pines Pinus

banksiana, p. resinosa, P. strobus) and Hemlock (Tsuga

canadensis) (Harbour, et al 1980).

Typically/ stands of decidous forest are open, permit-

ting light to the forest floor; they have high animal diversity

and complex subdominant canopy layers. Of importance to the

nutrient enrichment of Jennings Pond is the fact that the

half-life for litter decay is on the order of one year

(Barbour, et al, 1980).

E. ADDITIONAL SAMPLING

1. INTRODUCTION

Additional sampling was required to determine nutrient

loads to the pond from precipitation, groundwater, sediment

nutrient recycling and stormwater. The following sections

address how these sources affect nutrient loads.

2. PRECIPITATION SAMPLING

The purpose of sampling direct precipitation (i.e.. that

which falls directly on surface waters) is to qualify the

nutrient concentrations contributed from wet and dry precipi-

tation, or bulk precipitation. Phosphorus and nitrogen in

precipitation and dry fallout come from several sources

including: motor vehicle exhaust, industrial air pollution,

unpaved roads, excavated land with no cover, including barren

agricultural fields, pollen, seeds, and bird droppings.

Nutrient contributions from precipitation vary with geographical
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location, land cover, season and characteristics of the storm

itself (i.e. higher nutrient loads during onset of storm due

to "cleansing" of atmosphere) as reported by Kluesner (1972).

Reckhow (1983) states "that sampling of bulk precipita-

tion may not be helpful, particularly if the budget data are

to be used for future prediction." We have also found that

attempts to collect dry precipitation for analysis yields

questionable results. Therefore, bulk precipitation, or dry

fallout, data is estimated based on conclusions drawn by

Klusesner (1972) and Uttormark (1974). Kluesner estimated

that the phosphorus mass loadings in dust was about three

times the phosphorus mass loading in precipitation. Uttormark

et al. estimated that dry precipitation contains twice the

nitrogen as wet precipitation.

Two rainfall events were sampled 12 October 1984 and 12

March 1985) and analyzed for pH, nitrate-nitrogen, total

Kjeldahl-nitrogen, and total phosphorus (Table 23). A

15-gallon plastic chemical drum was cut in half, leaving a

total surface area of 0.106 square meters and volume of 0.032

cubic meters. A small one and a quarter centimeter hole was

drilled in the drum bottom and a PVC connector pipe was

installed for drainage into the sample collector bottle. The

sampler was placed on the ground (a hole was dug for the

sample bottle) in the area of sediment deposition adjacent to

the Oak Street inlet.
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TABLE 23

JENNINGS POND
NATICK, MASSACHUSETTS
RAIN WATER ANALYSIS

DRY PRECIPITATION ANALYSIS (ESTIMATED)

2 October 1984 12 March 1985
Rainfall Volume Collected (1.7 liters) (0.8 liters)

Wet Dry Wet Dry

pH 4.5 - 4.7

Nitrate-N (mg/1) 0.28 0.56 0.45 0.90

Total Kjeldahl-N (mg/1) 0.78 1.56 1.05 2.10

Total Phosphorus (mg/1) 0.021 0.063 0.029 0.087
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Samplers were installed prior to the onset of the storm

event. The period of time while exposed to dry precipitation

may only be estimated, since it is not known exactly when the

rain event began. We estimate that on both sampling dates,

our samplers were in-place anywhere from 12-36 hours prior to

the storm event. Unfortunately, it is impossible to calculate

the percentages of nutrient received through dry precipitation

prior to collecting the analyzed sample.

In order to calculate direct nutrient loads through

precipitation, we must take the surface areas of both Little

Jennings Pond and Jennings Pond, and the average values of

nutrients found during the two storm events. In comparing

results with those found by Stewart and Markelo (1974) and

those found by Kluesner (1972), it is realized that the

Jennings Pond data is well within ranges reported by these

researchers.

To determine the nutrient budget for Jennings Pond, we

used the hydrologic budget from March 1984 through February

1985. Unfortunately, the second rain storm event analyzed

occurred on 12 March 1985 (i.e. 12 days later than the end of

the hydrologic budget year). March 1985 nutrient concentrations

were slightly higher than those of 2 October 1984 but this is

to be expected. According to Kluesner (1972), of great

importance to nutrient loads generated through any one

particular rain storm event is the anteceedant days of no
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precipitation. The atmosphere becomes increasingly concentrated

with pollutants during long periods of dry weather. There

were three dry days prior to the 12 March 1985 sampling and

only one dry day prior to the 2 October 1984 sampling.

Of great importance to the overall environment is the

acid content of rain. Acid rain is created by emissions of

sulfur dioxide and nitrogen oxides. In the eastern U.S., it

is estimated that only 10 percent of these emissions are from

natural sources (i.e. volcanic eruptions, forest fires, dust

from barren land, etc.). The remaining 90 percent has as its

origin the combustion of fossil fuel (M.D.F. & W., 1984).

Sulfur dioxide and nitrogen oxides are transformed in the

atomosphere (particularly during electrical storms), combine

with water vapor and fall to the earth as sulfuric and nitric

acid.

From March to December 1982, Massachusetts rainfall had

an average pH of 4.05; in 1983 it rose to 4.24 (M.D.F. & W. ,

1984). At Jennings Pond, the pH values were 4.5 (2 October

1984) and 4.7 (12 March 1985) and although two samples may

not be considered statistically significant, they do provide

a basis for comparison. In fact, research suggests that

Massachusetts' water bodies can tolerate a pH of 4.6 or

higher without "noticeable change" (Acid Rain Monitoring

Project, 1984).

As we know from the previous discussion on alkalinity,

the Jennings Pond watershed is prepared to buffer acid

deposition. With a mean inlet alkalinity value of 27.1 mg/1
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and a mean inlet pH value of 6.59 it is clear that the soils

and geology of the watershed have a built-in acid-neutralizing

capability.

Direct nitrogen and phosphorus additions to the pond are

minimal primarily due to the small surface area of the ponds.

Furthermore, nutrient loads from precipitation are uncontrol-

lable without increased air pollution regulations.

3. GROUNDWATER MONITORING

The purpose of monitoring the quality of groundwater is

to determine the nutrient loads entering Jennings Pond

through infiltration. The groundwater quality in the Jennings

Pond watershed reflects not only natural hydrologic and

geologic influences, but also influences from human activities,

Numerous factors affect the transport of nutrients via

groundwater to the pond. Uttormark, et al. (1974) outlined

major considerations as being; the phosphorus concentrations

contributed by natural and cultural sources, the extent of

groundwater exchange between the pond and its aquifer, and

the biochemical modification and addition of nutrients during

seepage. Other factors, both natural and cultural (i.e.,

leaf decay, soil transmissivity, stormwater percolation) will

be quantified through collected data and estimates of ground-

water flow to the pond.

Uttormark et al. (1974) presented data from five phos-

phorus budgets for which the phosphorus loading via ground-

water ranged from 5 to 25% of the total phosphorus budget.

Larger percentages being attributable to greater groundwater
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flows. Groundwater movement to Jennings Pond has necessarily

been calculated as an end result of the hydrologic budget

calculations which reflects values derived in the nutrient

budget. This being due to the lack of quantitative ground-

water data for the watershed.

Three of the five monitoring wells were installed on

May 25, 1984. These wells were dug using a mechanical auger,

with a six inch diameter cutting blade. The remaining two

wells were hand dug on June 8; 1984 (See Plate 14 for well

locations).

All five wells were installed with piezometers, a

lij-inch by 12-inch porous polyethylene tube attached to

five-foot sections of polyethylene pipe. Once centered in

the auger hole, approximately one square foot of sand was

poured in around the piezometer. The sand acts as a filter

to very small particles clogging the porous sections 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 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 one liter of water (four

times the well screen volume) was pumped from the well prior

to drawing the sample. This pumping ensured that fresh

-113-



groundwater was entering the piezometer and that water

quality analyses would not be performed on stagnated water.

The five shallow wells were situated in close proximity

to the pond. Table 24 provides insight as to their location,

soil substrate, well depth, groundwater availability, etc...

Table 25 is a summary of the groundwater monitoring

program results. Of particular interest is the large differ-

ence in values between the two sampling dates for the following

parameters:

Mean, values from Five Wells

3 July 84 9 April 85

Total Alkalinity (mg/1) 147.6 48.2

Oil and Grease (mg/1) 3.26 1.0

Total Organic Carbon (mg/1) 23.0 11.6

Total Coliform (tt/100 ml) 3,304.0 87.3

Fecal Coliform (tt/100 ml) 87.3 30.0

Unfortunately, there is no clear cut explanation as to

why such discrepancies in data occurred. However, antecedent

weather conditions will influence groundwater quantity/quality

in these shallow shoreline wells. On 8 April 1985, two

inches of snow fell on the area indicating that frost in the

upper strata of soil may have slowed water infiltration. On

3 July 1984, approximately one quarter inch of rain fell.

Additional detailed groundwater quality investigation would

be necessary for statistically significant results.
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Well
Location

TABLE 24
GROUNDWATER MONITORING WELLS

PHYSICAL INFORMATION

Well Depth
Depth Distance To
End of From Water
Screen Shore Level

Soil*
Substrate

Extracted
Water Water**
Color Availability

Oak Street *** 5.5'
(Westerly Side)

29 Jennings
Pond Road 6.0'

9 Grove Road 4.6'

Below Rte. 9 **** 6.0'

Keane Terrace 4.5'

8.0' 4.2* Hinckley Tan Low
(muck overlain
by sand.)

10.0' 4.6' Hinckley Tan Moderate
(sand & gravel)

6.0* 2.8' Hinckley Brown Low
(sand overlain
by muck)

8.0' 4.5' Hinckley Tan High
(sand & gravel)

12.01 2.5' Hinckley Brown High
(sand & gravel)

* SOIL SUBSTRATE - PLATE 6 DEPICTS THE GENERAL SOIL
ASSOCIATIONS FOR THE WATERSHED. ALL LOCATIONS HAD THE
SAND AND GRAVEL ASSOCIATED WITH HINCKLEY SOILS, ALTHOUGH
SOME LOCATIONS HAD HIGHER PERCENTAGES OF SATURATED MUCK.

** WATER AVAILABILITY - THIS CATEGORY IS A SUBJECTIVE
INDICATION OF THE EASE IN OBTAINING SUFFICIENT QUANTITIES
OF GROUNDWATER FOR ANALYSIS.

*** ADJACENT TO INLET ON WEST SIDE OF OAK STREET.

**** BELOW AMERICAN DISCOUNT AUTO PARTS.
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TABLE 25
JENNINGS POND

NATICK, MASSACHUSETTS
GROUNDWATER MONITORING WELLS

- Oak Street #2 - 29 Jennings Pond Road #3 - 9 Grove Road #4 - Below Route 9 #5 - Below Keane Terrace

//I

Total Alkalinity

Dissolved Solids

Nitrate-N

Total Phosphorous

Oil & Grease

Cadmium

Chromium (Total)

Copper

Lead

Nickel

Zinc

Total Organic Carbon

Total Coliform

Fecal Coliform

Fecal Streptococcus

4/9/85

32

208

0.12

0.06

<1.0

<0.005

<0.01

0.03

0.02

<0.02

0.12

9.8

32

11

8

7/3/84

228

381

0.12

0.06

4.8

<0.005

<0.01

0.07

0.05

<0.02

0.16

41.0

4120

311Q

-

4/9/85

50

260

0.07

0.06

<1.0

<0.005

<0.01

0.02

<0.02

<0.02

0.05

11.0

-

-

-

7/3/84

145

230

0.12

0.06

2.4

<0.005

<0.01

0.02

<0.02

<0.02

0.07

17.0

440

160

-

4/9/85

24

247

0.07

0.10

<1.0

<0.005

<0.01

0.03

0.03

<0.01

0.18

10.0

80

22

66

7/3/84

166

278

0.19

0.13

6.7

<0.005

<0.01

0.03

0.06

<0.02

0.15

31.0

5500

4600

-

4/9/85

114

461

0.12

0.05

<1.0

<0.005

<o.bi
0.03

<0.02

<0.02

0.12

19.0

64

39

20

7/3/8A

141

568

0.21

0.05

1.4

<0.005

<0.01

0.03

<0.02

<0.02

0.06

13.0

5700

5100

-

4/9/85

21

680

0.12

0.05

<1.0

<0.005

<0.01

0.04

0.05

<0.02

0.23

8. A

173

48

82

7/3/84

58

520

0.12

0.04

<1.0

<0.005

<0.01

0.03

0.05

<0.02

0.05

13.0

760

2

-

Mean

97.9

383.3

0.126

0.066,

- H

<0.005'

<0.01

0.033

-

<0.02

0.119

17.32

1,874.3

1,454.7

44.0

All values are in milligrams per liter except for Total and Fecal Coliform and Fecal Streptococcus (#/100 ml)
Analysis by Cambridge Associates, Boston, Massachusetts
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Briefly summarizing groundwater data, the following parameters

are well within acceptable ranges as reported by the U.S.E.P.A.

(1976) and do not represent a negative impact to Jennings Pond

water quality: total alkalinity, dissolved solids/ cadmium,

chromium, copper, lead, nickel, and zinc.

Standards set by the U.S.E.P.A. (1976) are for domestic water

supplies for protecting public health and welfare. These standards

are more stringent than those set for "Class B" recreational

waters.

Nitrate nitrogen and total phosphorus concentrations are by

no means excessive, however, total phosphorus concentrations

indicate a potential stimuli to plant growth. Criteria for oil

and grease are not established on the basis of their presence but

rather on how they affect the environment in which they are found.

Field and laboratory evidence has demonstrated both acute lethal

toxicity and long term sublethal toxicity of oils to aquatic

organisms. U.S.E.P.A. (1976) general criteria suggests that

domestic water supplies be virtually free from oil and grease

particularly from the tastes and odors that emanate from petroleum

products. No such odors or sheens were evident in open waters.

The total organic carbon in water and wastewater is composed

of a variety of organic compounds in various oxidation states

(U.S.E.P.A. 1976). Overall, total organic carbon measures the

gross quantity of organic compounds indicative of humic acids,

wastewater or exotic industrial products Standard Methods, 1980.

Total organic carbon (T.O.C.) as a measure of organic content in

groundwater may be used only as a general indicator of a pollutional
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source. An examination of all groundwater data with T.O.C. in

mind indicates that the organics in the groundwater are more a

function of soil substrate than groundwater quality. For example,

the highest T.O.C. value was 41.0 mg/1 from the Oak Street monitoring

well. This well was situated in muck, overlain by sand, which is

naturally high in organics.

Finally, high total and fecal coliform bacteria counts were

found at all locations on 3 July 1984, while none were excessive

on 4 April 1985. High bacteria counts on 3 July 1984 could be

attributed to animal waste infiltration directly around the well

as it was raining on this date. Furthermore, in-pond bacteria

values were never above the 200 per 100 milliliter criteria

established for bathing waters (M.D.W.P.C., 1978).

Nutrient additions to the pond from groundwater represents a

moderate, however, mostly uncontrollable source load. The actual

impact from groundwater sources is delineated in the nutrient

budget of Jennings Pond.

4. BOTTOM SEDIMENT INVESTIGATIONS

Jennings Pond exhibits varying bottom substrates from muck

and peat to firm sand and gravel. The peripheral shallow areas

are generally characterized by sand and gravel. Muck and peat under-

lay firm sand in the area of the two storm drains at the Oak

Street inlet (Plate 18). While in-pond muck depths are greater in

areas of greater water depth. Evidently the lighter fine-grained

solids are transported through the faster moving waters of shallow

areas and settle out in the deeper slow moving water. This
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phenomenon, in conjunction with the pond's morphology, macrophyte

and algal decay increase organic deposits in,deeper water.

Sediment depth measurements were determined by driving a

calibrated surveyor's rod to refusal along eight transects of the

pond. These transects were chosen with the pond's bathymetry in

mind in order to provide a representative sampling of the sediment

depth characteristics. In addition, five borings were drilled to

a maximum depth of ten feet by John J. Boyle Drilling Contractors/

Milton, Massachusetts. Plate 19 depicts the approximate locations

of borings and sediment samples.

The boring logs for Jennings Pond are found in Exhibits B-l

through B-5, Appendix E. Borings B-l, B-2 and B-3 generally

indicate an upper layer of muck to a depth of 1.3 feet (40 centi-

meters) and brown-gray sand and gravel from 1.3 feet to 10 feet

(40 centimeters to 300 centimeters). The boring results relate

closely to the information generated by Whitman & Howard, Inc.

probing to first refusal (see Plate 18).

Borings B-4 and B-5 were drilled in the area of sediment

deposition just beyond the two Oak Street storm drains. The upper

three to four feet (90 to 120 centimeters) is fine sand deposits

which overly approximately three feet (90 centimeters) of muck and

peat. Below the muck deposits are compact sand and gravel deposits

with traces of silt.

Chemical analyses were conducted on all samples in order to

categorize the sediment constituents for completion of the Certifi-

cation for Dredging, Dredged Material Disposal and filling in

waters (314 CMR 9.00, Division of Water Pollution Control). Table
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26 presents the results for the four core samples collected. On

29 September 1984, samples were analyzed for the required chemical

constituents called for in 314 CMR 9.00, along with total Kjeldhal-

nitrogen, total phosphorus, iron, and sodium. The 12 February
\

1985 samples were collected only from core locations Nos. 1 and 2

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

phosphorus, oil and grease. The February samples were collected

to compare the affect of bottom dissolved oxygen concentrations on

the release of nutrients from bottom sediments. Following the

discussion on how well Jennings Pond sediments meet 314 CMR 9.00

requirements, nutrient release from bottom sediments will be.

discussed.

Boring samples were analyzed to supplement the core sample

results in order to assure a sufficiently large data base to meet

314 CMR 9.00 requirements. Boring sample results are summarized

in Table 29.

Table 28 depicts the mean (average) results of chemical and

physical constituents from 17 analyzed samples. Core means are

based on 4 samples and boring means are based on 13 samples (Bl-1

sample; B2-3 samples; B3-3 samples; B4-3 samples; B5-3 samples).

The chemical constituents analyzed are all well within the limits

of Category 1, indicating that from a chemical standpoint the

sediment of Jennings Pond would be least regulated for disposal.

However, when classifying the sediments by physical characteristics,

the high percentage of volatile solids requires the sediments be

placed in Type C which is most highly regulated for its physical

characteristics. Table 29 is copied from the 314 CMR guidelines
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Arsenic
Cadium
Chromium (Total)
Copper
Iron
Lead
Manganese
Mercury
Nickel
Sodium
Zinc
PCB
Dissolved Oxygen
Temperature

*Dry Weight Basis

TABLE 26
JENNINGS POND

NATICK, MASSACHUSETTS
SEDIMENTS OF JENNINGS POND

SAMPLES COLLECTED ON SEPTEMBER 29, 1984 AND FEBRUARY 12, 1985

Total Volatile Solids %
Total Kjeldahl Nitrogen mg/kg
Total Phosphorous mg/kg
Oil & Grease mg/kg

mg/ka
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/gm
mg/1
°C

Core //I
9/29/84

29.3
14,630
972
397 (.

0.82
1.9

29.7
27

11,300
106
307
0.12
14
429
16

Composite of
1.0
11.7

2/12/85

31.4
13,760
982

040%)

i

four samples
5.5
3.0

Core #2
9/29/84 2/12/85

25.5 17.1
12,850 5,830
887 478
476 (0.048%)

0.55
1.6

19.1
31
8,850
115
247
0.09
11.5
456
17

- 9/29/84 - None
3.4 7.2
13.5 2.9

Core #3
9/29/84

42.1
18,300
1310
250 (

0.97
2.6
28.8
25

18,450
72
620
0.19
12
449
10

Detected
3.8
13.9

Core //4
9/29/84

31.1
15,420
1050

> 345 (.035%)

0.83
2.2
27.2
26

14,500
88
491
0.14
12.5
440
14

3.8
14.2

Analysis by Cambridge Analytical Associates: Polychlorinated Biphenyl Analysis Tests for the following:
Aroclor 1016, Aroclor 1221, Aroclor 1242, Aroclor 1248, Aroclor 1254, Aroclor 1260, Aroclor 1262
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TABLE 27
NATICK, MASSACHUSETTS

SEDIMENTS OF JENNINGS POND
ANALYSIS OF SEDIMENT BORINGS

I. Boring //I
#1A (Inlet)

II. Boring #2
//2A S-l, 0"-2"
#2B S-2, 2'-A1

#2c S-3, 8'-10'
III. Boring #3

#3A S-l, 0"-!'
#3B S-2, l'-3*
#3C S-3, 7'-9'

SAMPLE COLLECTED DATE: 6/11/85

RESULTS OF ANALYSIS*

//2A //2B #2C //3B #3B

Total Volatile Solids,
Total Kjeldahl Nitrogen,
Total Phosphorus,
Oil & Grease,

Arsenic,
Cadmium,
Chromium, (T.),
Copper,
Iron,
Lead,
Manganese, '
Mercury,
Nickel,
Sodium,
Vanadium,
Zinc,
PCB

%
ing/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
-mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

0.41
322
132
234

(0.023%)
0.03
0.18
0.73
1.18
470
0.66
75

0.01
0.95
114

0.52
2.4
ND

24.9
7,206
710
831

(.083%)
0.74
1.09
16.3
2.9
8,240
21
273
6.15
9.6
306
1.66
13

0.59
228
134
257

(.026%)
0.12
0.18
1.71
1.3
1,540
6.7
172

0.06
2.7
104

0.32
4.3

0.37
122
91
102

(.010%)
0.09
0.18
0.69
2.5
1,344
2.8
214
0.06
2.9
78

0.21
2.6

ND-Composite

4.71
2,449
275
398

(.040%)
0.42
0.99
2.35
3.90
1,840
24.7
302
0.11
4.6
303
1.12
21

0.68
498
127
82

(.008%)
0.10
0.15
0.75
0.95
822
1.30
133

0.06
2.9
129

0.59
4.3

0.82
183
186
96

(.010%)
0.12
0.17
1.33
1.92
852
2.26
149

0.07
4.1
137

0.91
8.5

ND-Composite

''Dry Weight Basis ND = Non-Detected
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TABLE 27 (Continued)
NATICK, MASSACHUSETTS

SEDIMENTS OF JENNINGS POND
ANALYSIS OF SEDIMENT BORINGS

IV. Boring #4
#4A S-l, 0"-2'
#4B S-2, 3'-5'
#4C S-3, 8'-10'

V. Boring #5
//5A S-l, 0"-2"
#5B S-2, 4'-6'
#5C S-3, 8'-10'

SAMPLE COLLECTED DATE: 6/11/85

RESULTS OF ANALYSIS*

#5A #5B #5C

Total Volatile Solids,
Total Kjeldahl Nitrogen,
Total Phosphorus,
Oil & Grease,

Arsenic,
Cadmium,
Chromium (T.),
Copper,
Iron,
Lead,
Manganese,
Mercury,
Nickel,
Sodium,
Vanadium,
Zinc,
PCS

*Dry Weight Basis

%
mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

1.82
791
159
248

(.025%)
0.38
0.15
1.28
10
1,684
103
227
0.09
5.2
226
0.6
14.9

12.3
14,045
403

9,120
(-912%)
0.62
0.25
3.03
16.5
7,557
124
443
0.15
8.9
612
1.67
24.1

0.70
242
179
110

(-011%)
0.15
0.17
1.1
3.5
1,148
12
158

0.07
4.6
125

0.22
5.98

ND-Composite

3.28
788
233
119

(.012%)
0.28
0.44
2.82
5.78
1,846
121
176

0.09
5.2
114

0.56
12

20.8
6,641
491
477

(.048%)
0.35
1.4

9.22
2.13
8,150
45
212
0.12
5.7
526
1.56
8.6

0.84
154
160
52

(-0052%)
0.14
0.13
1.59
2.00
2,180
17
144

0.05
3.6
89

0.38
5.1

0. 14-Composite

ND = Non-Detected
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TABLE 28
JENNINGS POND

NATICK, MASSACHUSETTS
CORE AND BORING SEDIMENT RESULTS VS. 314 CMR 9:00 DREDGING CATEGORIES

Physical Characteristics

Total Volatile Solids %
Oil & Grease rag/kg

Cores
Mean Results

29.4
367 (.037%)

Borings
Mean Results

5.6
933 (.093%)

Chemical
Constituents

#2

Physical
Characteristics

<5

<0.5

B C

5-10 >10
0.5-1.0 >1.0

Chemical Constituents'

Arsenic
Cadium
Chromium (Total)
Copper
Lead
Mercury
Nickel
Zinc
Vanadium
PCB

mg/ka
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

0.79
2.1
26.2
27.3
95.3
0.14
12.5
14
-

ND

0.27
0.5
3.3
4.2
37.0
0.79
4.7
9.75
0.79
0.03

<10
<5
<100
<200
<100
<0.5
<50
<200
<75

<0.5

10-20
5-10
100-300
200-400
100-200
0.5-1.5
50-100
200-400
75-125
0.5-1-0

>20
>10
>300
>400
>200
>1.5
>100
>400
>125
>1.0

h-Physical Characteristics - Jennings Pond = Category C
'-Chemical Constituents - Jennings Pond = Category 1
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314 CMR: DIVISION OF WATER POLLUTION CONTROL

TABLE-29

9.03: continued

Table III
NormaJly Anprpyable Dredging. Handling and Disposal Options

in-harbor

Beach Replenishment

X X
X X

CHEMICAL TY?E (TABLE I) Category One

PHYSICAL TY?E (TABLE I I ) A B C

Dredging. Mechpda.

Hydraulic
Mechanical

Disposal Methods

Hydraulic: Sidecasc
Hydraulic: Pipeline
Mechanical: Sidecast
Mechanical: Barge

Placement

Land or in-harbor
disposal with bulk-
heading:

Open ocean disposal at
high energy, sandy sites

Open ocean disposal ac
Low energy, silty sites

(a) (a)

X (bj

0 0

0 0

Category T.--O

A

X
X

0
X
0
X

3

X
X

0
X
0
X

c

X
X

0
X
0
X

inrfta

(a) Ca) (a)

0 0 0

0 (b) (b)

0 0 0

0 0 0

(a) (a) (a)

0 0 0

(b) (b) Cb)

0 0 0

0 0 0

Other ^jnditions

Timing and Ptaceaenc Co
Avoid Fisheries Impacts
(spawning aad running
periods and areas) (c) Cc) (c> (c) (c) (c) (c) <•:> Jc)

Legend: X - Normally apptovabla
0 « Woe normally approvable

fa) » Mornally approvable buc control
• of effluent «ill be required

(b) » Approvabla only afcer bioassay. performed in
accordance wich established EPA procedures,
indicates no significant biological impact.
A statistically comparable project which has
successfully passed the bloassay case may be
substituted. If a significant biological
Impact is found, this material is unsuitable
for open water disposal.

'O • Required In all cases.

7/1/79
127
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and provides an indication of normally approved methods and

disposal practices for sediment of varying chemical and physical

composition.

From Table 29 it is realized that either hydraulic or mechanical

dredging would normally be approved; dredging operations would

have to be timed to be least disruptive to fisheries potential;

disposal methods would most probably have to be either pipeline

for hydraulic dredging, or barge for mechanical dredging and

placement of spoils on land would require effluent control.

Table 30 presents nutrient and volatile solids information-

Total volatile solids are analyzed to give a percentage of organic

versus inorganic content of the sediments. The higher the percentage

of total volatile solids the higher the organic content. The

average organic content of the six core samples analyzed was

approximately 30 percent. This represents a substantial organic

material concentration which is primarily due to the build-up of

detrital material from the yearly aquatic macrophyte die-off and

watershed runoff.

Total Kjeldahl-nitrogen data represents both the organic

nitrogen and ammonia present in the sediments. High ammonia

reflects reducing conditions in the sediment primarily from

organic decay of plant materials.

The fate of phosphorus in water is usually considered to

consist of: (1) chemical, physical, or biological removal of the

ionic form into a particle; (2) sedimentation of this particle to

the bottom; (3) partial breakdown in the sediments; and (4) the
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release of some of the ionic phosphorus back into the lake water

if conditions are favorable (Snow, and DiGiano, 1973).

Almost all of the orginal phosphorus particles coming to a

lake and those that are formed in the lake itself settle to the

bottom. The larger or heavier particles settle faster and greater

removal is affected by longer detention times in a lake (Snow, and

DiGiano 1973).

Feng (1967) reports that although lake sediments are usually

considered a sink with respect to phosphorus, the amount of

phosphorus in the sediment can affect the concentration of phos-

phorus in lake water. Different chemical, biological, and physical

conditions within the water body affect the amount of phosphorus

absorbed and desorbed from the sediment as well as the concentra-

tion of phosphorus in the water column. The redox potential or eH

(oxygen availability) of the sediment is a major controller of

adsorption-desorption in the sediment. High amounts of ortho-

phosphate are absorbed with aerobic (high eH) conditions and

desorbed under anaerobic conditions (Ku, 1975; Fink, 1970).

McKee (1970) states that greater concentrations of biodegrad-

able organic matter in the sediment, proportionately reduces the

redox potential. However, anoxic conditions at the sediment-water

interface have caused from 7 to 10 times as much phosphorus to be

liberated into the overlying water as compared to aerobic conditions

(Ku, 1975; Mortimer, 1941).

By examining Jennings Pond data, it is realized that there is

biodegradable organic matter (30 percent) within the volatile

solids. The core sample with the highest percent of volatile
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solids also exhibited the highest concentrations of phosphorus and

nitrogen. Conversely/ the core sample with the lowest percent of

volatile solids exhibited the lowest concentrations of phosphorus

and nitrogen. Between these extremes and with few exception, all

the intermediates fall in sequence.

Still other chemical and physical parameters alter the degree

of adsorption of phosphorus. A pH near 5.5, maximizes phosphorus

adsorption rates (McKee, 1970; Ku, 1975). Jennings Pond bottom pH

is well above 5,5 and therefore pH probably does not play a

significant role in phosphorus adsorption within the pond.

Additionally, as temperature increases, the rate of bacterial

metabolism increases, tending to lower the redox potential and

release more phosphate.

Table 30 lists total Kjeldahl-nitrogen and total phosphorus

data with dissolved oxygen and temperature information measured at

the sediment water interface. Averaging results from core #1 (9.1

feet(2.8 meters) of overlying water) and core #2 (5.0 feet (1.5

meters) of overlying water), the average total phosphorus concentra-

tion on 29 September 1984 was 929 mg/1 and on 12 February 1985 was

730 mg/1. A difference of approximately 4.0 mg/1 of dissolved

oxygen was recorded for both dates with the 29 September 1984

having the lower value.

Within Jennings Pond, a shallow eutrophic lake, the sediment

acts as a sink during the colder winter months and absorbs or

retains phosphorus. As temperatures increase during the summer,

the pH generally increases near the sediment-water interface and

the redox potential decreases. These factors allow phosphate to
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TABLE 30

JENNINGS POND
NATICK, MASSACHUSETTS

SEDIMENT NUTRIENTS AND VOLATILE SOLIDS
WITH

DISSOLVED OXYGEN CONCENTRATIONS AT
SEDIMENT - WATER INTERFACE

CORE #1 CORE #2 CORE #3 CORE #4

Total Volatile Solids (%)

Total Kjeldahl-Nitrogen (mg/1)

Total Phosphorus (mg/1)

Dissolved Oxygen (mg/1)

Temperature (°C)

9/29/84

29.3

14,630

972

1.0

11.7

2/12/85

31.4

13,760

982

5.5

3.0

9/29/84

25.5

12,850

887

3.4

13.5

2/12/85

17.1

5,830

478

7.2

2.9

9/29/84

42.1

18,300

1,310

3.8

13.9

9/29/84

31.1

15,420

1,050

3.8

14.2
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be released back into the intestital water where it can be trans*

ported back into the overlying water. An estimate of nutrient

absorption and adsorption is included in the "nutrient budget".
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5. STORMWATER SAMPLING/SEDIMENT LOADING

Due to the urbanized nature of the Jennings Pond watershed,

stormwater sampling of the storm drains entering the pond was

determined to be important to the overall analysis of the

pond. Approximately fifty-one (51) acres of the overall

watershed is directly tributary to the pond via seven (7)

storm drain inlets. Two (2) of these inlets are at Oak

Street with the remainder of the inlets located at remote

sites along the shore of the pond (see Plate 20). Samples

were collected from three (3) locations during three (3)

separate wet weather events as shown on Table 31. Samples

were collected with ISCO automatic samplers and separated

into first flush and composite samples as noted.

As can be seen on Table 31, the results of the storm-

water analysis vary from storm event to storm event and

between first flush and composite values. This is not

unusual for this type of analysis as the contributing area is

subject to varying degrees of pollutant loading based" on time

between storm events and season of the year. This type of

variation primarily affects solids loadings and nutrients.

The results of the stormwater analysis were not unexpected.

Elevated levels of all parameters over normal dry weather

influent flow to the pond was expected as a result of urban

runoff. Of primary concern in the stormwater sampling is the

level of nutrients and the level of solids entering the pond

via the storm drainage system.
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E X I S T I N G STORM D R A I N A G E

WHITMAN & HOWARD INC.
WEULESLEY, MASS.

PLATE 20
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TABLE 31
JENNINGS POND

NATICK, MASSACHUSETTS
STORM DRAIN ANALYSIS (1984)

1. #l-0ak Street, F
4. //2-Oak Street, Composite

Total Coliform

Fecal Coliform

Suspended Solids

Dissolved Solids

TKN

W
Nifprate-N

Total Phosphorous

Chloride

Cadmium

Chromium (Total)

Copper

Iron

Lead

Manganese

Zinc

t Flush 2. //1-Oak Street, Composite
'Osite 5. #3- Jennings Pond Road, First Flush

10/2

1500

244

32

70

0.33

0.22

0.11

0.20

49

-

-

-

-

-

-

-

//I
12/19

2550

320

365

331

1.04

0.52

0.18

0.92

78

-

-

-

-

-

-

-

10/2

4400

490

40

66

0.51

0.34

0.08

0.31

47

<0.002

<0.02

0.04

1.40

<0.05

0.12

0.18

n
12/19

5610

480

490

303

1.12

0.50

0.19

0.90

84

<0.002

<0.02

0.05

3.62

0.08

0.21

0.44

10/2

2800

306

31

73

0.38

0.26

0.14

0.29

54

-
_

-

-

-

-

-

#3
12/19

2900

298

130

195

0.78

0.47

0.20

0.50

63

-

-

-

-

-

-

-

10/2

3600

380

38

77

0.49

0.30

0.09

0.25

45

<0.002

<0.02

0.07

1.82

<0.05

0.13

0.21

3. #2-Oak Street, First Flush
6. //3-Jennings Pond Road, Composite

#4
12/19

3440

540

920

207

1.39

0.45

0.21

1.02

67

<0.002-

<0.02-

0.06

2.25

0.07

0.14

0.52

10/2

5200

510

46

89

0.46

0.28

0.16

0.31

44

-

-

-

-

-

-

-

#5
12/19

5900

810

1010

211

2.01

0.50

0.28

1.08

88

-

-

-

-

-

-

-

10/2

5600

630

64

91

0.52

0.30

0.11

0.35

48

<0.002

<0.02

0.03

1.37

<0.05

0.12

0.15

#6
12/19

8400

1220

343

83

0.99

0.46

0.22

0.90

71

<0.002

<0.02

0.02

1.68

<0.05

0.12

0.26

All values are in milligrams per liter except for Total Coliform and Fecal Coliform (///100 ml)
October 2, 1984 - 4.37 cm (1.72 inches) as recorded at Framingham; 1.65 cm (0.65 inches) recorded on-site during sampling,
December 19, 1984 - Not recorded at Framingham; 0.64 cm (0.25 inches) recorded on-site during sampling.



TABLE 31 (Continued)
JENNINGS POND

NATICK, MASSACHUSETTS
STORM DRAIN ANALYSIS (1985)

1. //1-Oak Street, First Flush 2. #l-0ak Street, Composite 3. #2-Oak Street, First Flush
4. #2-Oak Street, Composite 5. #3-Jennings Pond Road, First Flush 6. #3-Jennings Pond Road, Composite

Total Coliform

Fecal Coliform

Suspended Solids

Dissolved Solids

TKN

Ammonia-N

Nigrate-N
Ot>

Total Phosphorous

Chloride INADVERTANTLY OMITTED CHLORIDE ON THE ANALYSIS TAG

Cadmium - <0.002 - <0.002 - <0.002

Chromium (Total) - <0.02 - <0.02 - <0.02

Copper - 0.09 - 0.12 - 0.07

Iron - 15.6 - 11.7 - 0.78

Lead - 0.21 - 0.12 - <0.05

Manganese - 8.26 - 0.52 - 0.09

Zinc - 8.26 - 0.52 - 0.09

All values are in milligrams per liter except for Total Coliform and Fecal Coliform (#/100 ml).
March 12, 1985 - 1.24 cm (0.49 inches) recorded at Framingham; 0.76 cm (0.30 inches) recorded on-site during sampling.

#1
3/12

350

52

272

591

2.54

0.64

0.28

0.22

//2
3/12

228

48

240

305

1.84

0.47

0.19

0.19

//3
3/12

190

26

273

307

1.68

0.38

0.26

0.16

#4
3/12

220

33

205

346

2.15

0.45

0.25

0.19

#5
3/12

170

78

179

388

2.10

0.42

0.17

0.13

#6
3/12

212

90

13

83

0.52

0.14

0.12

0.16



As the direct stormwater influence on the pond comes

from the Oak Street drains and the remote sites, it is of

interest to compare these loads to the total watershed

loadings as calculated in the nutrient budget:

Total Nitrogen (%) Total Phosphorus (%)
Jennings Pond Watershed 712.7 kg/yr. (100) 142.9 kg/yr. (100)
Oak Street Drains 43.2 kg/yr. (6.1) 16.5 kg/yr. (11.5)
Remote Site Drains 34.2 kg/yr. (4.8) 23.7 kg/yr. (16.6)

This comparison indicates that controls on these storm

drainage systems could yield a marked decrease in loading of

nutrients to the pond.

The impact of sedimentation on Jennings Pond is evident

in the comparison of bathymetry on Plates 10 and 11 made

previously. This evident filling of the pond is the result

of years of sedimentation in the watershed as a whole.

Tables 32 and 33 depict the potential sediment load of

approximately 366 tons per year. As noted, this is an

overall watershed value and the exact number that enters

Jennings Pond is difficult to predict as it varies dependent

on localized conditions. The following discussion outlines

the methodology used to develop these numbers:

Estimate of Sediment Loading Factors for Forested/Recre-

ational and Agricultural Land Uses - Using the Soil

Conservation Service "Universal Soil Loss Equation",

(U.S.D.A. Agricultural Handbook No. 282, W. H. Wischmeier,

1965).
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00

TABLE 32

ANNUAL SEDIMENT LOAD TO JENNINGS POND
H. LAND USE DISTRIBUTION IN SUBWATERSHED AS PERCENTAGES

Subwatershed
Area - Acres Agriculture

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1
8.1
12.1
427.5
23.5
11.4
37.0
20.2
159.9 4.6
54.4 38.2
18.2 21.9
23.5
289.0 68.3
47.0
6.7
8.1 100.0
47.7

Forest Land

—100.0
84.1

—
--88.3
55.6
63.7
38.8

—--

—
—
—
—--

—
—
—
—
—
—
—
--
54.1

Wet Land
Inc. Surface Water Mining Urban

13.3 — 86.6
62.8 — 37.2

— 15.9
100.0

67.9 32.1
11.7
44.4
36.3
61.2
100.0
100.0

69.4 — 30.6
100.0
100.0
100.0
100.0
95.4
61.8
78.1
100.0
31.7
100.0
100.0

— 45.9

1,640.0 13.0 10.4 18.2 2.6 55.8



LO

TABLE 33

D. PROJECTED ANNUAL SEDIMENT LOADING TO JENNINGS POND

Subwatershed Agriculture
Area - Acres Tons/Year

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1
8.1
12.1
427.5
23.5
11.4
37.0
20.2
159.8 1.03
54.4 2.70
18.2 0.24
23.5
289.0 146.00
47.0
6.7
8.1 2.19
47.7

Forest Land Mining Urban
Tons/Year Tons/Year Tons/Year

7.43
2.61

32.28
36.09 0.32

1.63
0,36 1.88

6.64 0.24
12.39 2.13
15.48 1.36
16.43 6.34

0.89
1.33
14.38
2.59
1.25
4.07
2.22
16.78
3.70
1.56
2.59
10.09
5.17
0.74

2.41

Subwatershed
Loading
Tons/Year

7.43
2.61
32.28
36.41
1.63
2.56
6.88
14.52
16.84
22.77
0.89
1.33
14.38
2.59
1.25
4.07
2.22
17.81
6.40
1.80
2.59

156.09
5.17
0.74
2.19
2.41

1,640.0 152.16 119.31 0.36 93.71 365.86



A = RKLSCP, where A

R

K
LS
C
P

Average Annual Soil Loss in
Tons/Acre
Rainfall and Runoff Erosivity
Index
Soil Erodibility Factor
Topographic Factor
Cover and Management Factor
Factor for Supporting Practices

Forested

Subwatershed

3
4
7
8
9
10
26

R K LS

128
128
128
128
128
128
128

.25

.25

.25

.17

.19

.22

.05

7.5
5.6
2.5
4.7
5.8
3.2
0.2

.005

.005

.005

.005

.005

.005

.005

1.00
1.00
1.00
1.00
1.00
i.o-o
1.00

Tons/Acre/Ye ar
A

1.20
0.90
0.40
0.51
0.71
0.45
0.006

2. Agricultural

Subwatershed K LS

Tons/Acre/Year

A

A

B

18
19
20
22
25

128
128
128
128
128

.19

.19

.19

.29

.19

.70

.65

.30
2.5
1.4

.008

.008

.008

.008

.008

1.0
1.0
1-0
1.0
1.0

0.14
0.13
0.06
0.74
0.27

Assumes predominant use is grass and legume hay

Assumes no application of cross-slope or contour

erosion control practices
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Estimate of Sediment Loading Factors for Other Land Uses

(Ref. "Guidebook for Screening Urban Non-Point Pollution

Management Strategies", Northern Virginia Planning

District Commission, Final Report Prepared for Metropolitan

Washington Council of Governments, Washington, DC.,

November, 1979, P. 15.

(1) Residential - Assume average density of 2.0 dwelling

units/acre typically on sandy loam soils:

Loading Rate = O.ll Tons/Acre/Year

Projected Annual Sediment Loading to Jennings Pond

The potential sediment loads derived in this

exercise are the maximum loading rates that Jennings

Pond would receive. Lesser loads would be received due

to the fact that this calculation assumes that receiving

streams are at the bottom of each subwatershed reach.

In fact, this is not the case and a portion of the

potential sediment load would be "trapped" in the

watershed and not be added as sediment to Jennings pond.

Maximum Sediment Loading to Jennings Pond

= 366 Tons Per Year

= 304,760 Kilograms Per Year
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SECTION III. NUTRIENT LOADING

1. NON-POINT SOURCE POLLUTANT LOADING.

Prior to examining the actual nutrient loads that enter

Jennings Pond, it is helpful to understand the sources of

these nutrients. By examining the various land uses through-

out the watershed and assigning scientifically documented

nutrient export coefficients to these land uses, we are able

to compare the relative impact of say, urban versus forested

land on the pond's water quality. The Jennings Pond watershed

is comprised of five (5) different land use types; agriculture,

forest, wetland, mining and urban. For our purposes, wetlands

are considered not to contribute additional nutrient loads to

Jennings Pond. Wetlands have an inherent pollution attenuation

capability. Therefore, the following exercise is for the

purpose of comparing relative nutrient loads from various

land uses.

Certain potential pollution sources have been considered

as natural and generally difficult to control. These "non-

point" sources include groundwater, precipitation, overland

runoff, runoff from forest and pasture lands, decaying

vegetation, and animal waste. The following information is

based strictly on land use and soil type. The potential

pollutant loads from various sources are hypothetical in

nature. That is, the large pollutant loads generated in this

exercise provide insight as to the potential degradation they

might have on Jennings Pond. Actual pollutant loads are

calculated in the "nutrient budget" for the pond.
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The ecological impact of non-point sources depends on

intensity and yield factors, as well as on seasonal distribu-

tion of their contribution. Since overland flow and stream

flow are the major receiving and transport mechanisms of

non-point sources and are difficult to quantify/qualify,

literature pollutant loads are utilized. Potential pollutant

loads, such as quantity of characteristic runoff per unit

drainage area, along with established qualitative information

are utilized merely for potential loadings and are not

incorporated as actual loadings to Jennings Pond, In Table 1

of Appendix A, we have categorized the entire watershed based

on land use and hydrologic soil type. Furthermore, Appendix

A details the process for determining the general hydrologic

budget to which non-point pollutant loads have been assessed.

Table 34 is a summary of this information for the entire

watershed. Table 35 provides literature values and actual

values (where applicable) for nutrients from different land

uses. Due to the need for utiliziing various literature

sources for estimating potential pollutant loads, some of the

land use categories do not provide information on all four

nutrient categories chosen for extrapolation.

As would be expected, the greatest pollutant loads are

those derived from urban runoff. Approximately 90% of the

potential phosphorus and 80% of the nitrogen load is derived

from urban areas. Street litter, gas combustion products,

ice control chemicals, rubber and metals from vehicles,

decaying vegetation, domestic pet wastes, fallout from
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TABLE 34

RUNOFF VALUES FOR MARCH, 1984-FEBRUARY, 1985
BASED ON LAND USE AND SOIL PROPERTIES FOR ESTIMATION OF NON-POINT POLLUTANT LOADS

Subwatershed
Area Agriculture,
(Acres) Acre-Feet (1x10 /yr)

Forest Land.
Wet Land

Inc. Surface Water
.6

Mining Urban
Acre-Feet (1x10 /yr) Acre-Feet (1x10 /yr) Acre-Feet (1x10 /yr) Acre-Feet (1x10 /yr)

1
2
3
4
5
6
7
8
9

It
>t
13
14
15
16
17
18
19
20
21
22
23
24
25
26

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1 .
8.1

12.1
427.5
23.5
11.4
37.0
20.2

159,9 3.2 (3.9)
54.4 12.1 (14.9)
18.2 1.7 (2.1)
23.5

289.0 82.4 (101.6)
47.0
6.7
8.1 4.7 (5.8)

47.7

26.0 (32.1) 101.5 (125.1)
100.4 (123.8) 35.6 (43.9)

18.0 (22.2)
10.2 (12.6) 3.4 (4.2)

17.3 (21.3)
66.5 (82.0) 25.7 (31.7)

11.1 (13.7) 2.6 (3.2)
16.2 (19.9) 22.7 (28.0)
14.6 (18.0) 14.5 (17.9)
24.4 (30.1) 67.3 (83.0)

9.5 (11.7)
14.1 (17.4)

743.5 (916.7) 152.8 (188.4)
27.5 (33.9)
17.1 (21.1)
55.6 (68.6)
30.4 (37.5)

229.2 (282.6)
50.5 (62.3)
21.3 (26.3)
35.3 (43.5)

107.2 (132.2)
94.2 (116.1)

13.4 (16.5)

17.2 (21.2) 25.6 (31.6)

1,640 104.1 (128.4) 111.7 (137.7) 869.9 (1,072.6) 66.5 (82.0) 1,174.3 (1,447.9)



TABLE 35

NON-POINT SOURCE LOADING RANGES
AND

POTENTIAL LOADS TO JENNINGS POND

Land Use
Category

TK-N
(mg/1)

Potential
Load
(kg/Yr)

N03-N
(mg/1)

Potential
Load
(kg/Yr)

TN
(mg/1)

Potential
Load
(kg/Yr)

TP
(mg/1)

Potential
Load

(kg/Yr)

Urban Runoff 0.57-2.09

Precipitation 0,78-1.05
(Directly oix
Little Jennings
& Jennings Pond)

Forest Lands
i

0.22-0.77

654.3-2,454.3 - - 0.82-5,8

44.9-60.5 0.28-0.45 16.1-25.9

30.3-106.0 0.34-0.91 46.8-125.3

1,187.3-8,397.3 0.33-1.00 477 - 9-1,447.9

0.021-0.029 1.2-1.7

0.02-0.06 2.8-8.3

. ,
Agriculture 0.4 51.4 9.0 1,115.6 0.02-1.7 2.6-218.3

Data Source:

1 - Huibregtse, K. R, , et al, 1982 - Evaluation of Secondary Environmental Impacts of Urban^Runoff Pollution Control.
Municipal Environmental Research Laboratory Office of Research and Development, U.S.E.P.A., Cincinatti, Ohio.

2 - Actual Precipitation Data Ranges as measured by Whitman & Howard, Inc.

NOTE: Direct precipitation only affects surface waters, which in this case, is the acreage of Jennings Pond and
Little Jennings Pond.

3 * Sylvester, R. 0., "Nutrient Content of Drainage Water from Forested, Urban and Agricultural Areas". In "Algae
and Metropolitan Wastes", SEC-TR-W61-3, U.S. Department of Health, Education and Welfare, 80 (1961).



industrial and residential combustion products, hydraulically

overloaded wastewater disposal systems, and chemicals applied

to lawns and parks, may be a source of contaminants in urban

runoff (Loehr, 1974).

Direct precipitation on Jennings Pond and Little Jennings

Pond was collected and analyzed on two occassions. Therefore,

actual qualitative data was used in determining potential

pollutant loads from precipitation. Since only the surface

area of the two ponds (approximately 15 acres, 5.9 hectares)

receive direct precipitation, pollutant loads from these

sources are small. Also, Whitman & Howard, Inc. measured

precipitation quality values were at the low end of the range

of values as reported by Weibel, et al., (1966).

Only 10.4 percent {171 acres, 69 hectares) of the

Jennings Pond watershed is forested and, therefore, contribute

only a small nutrient load (less than one percent of phosphorus

and nitrogen) to Jennings Pond. Also, the relative nutrient

loads from a forested area are the smallest in comparison to

other sources. This is due primarily to the fact that

forested areas have not been subject to man's degradation.

Therefore, runoff from forested areas provides control

criteria from natural conditions.

Thirteen percent (213 acres, 86 hectares) of the Jennings

Pond watershed is considered agriculture or open lands.

This land contributes approximately eight percent of the

total phosphorus load and fifteen percent of the total

nitrogen load. Fertilizers applied to agriculture fields
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increase the relative nutrient loads to waterbodies due to

overfertilization and improper application techniques.

Many non-point sources of pollution are difficult to

control, control referring to the ability to establish and

enforce effluent standards for a given runoff event. However,

through proper watershed management practices, many sources

are controllable.
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2. HYDRQLOGIC BUDGET

, A hydrologic budget calculates the amount of water taken

in by the watershed and the amount of water which leaves the

watershed. A balanced hydrologic budget will have equal

amounts of water entering and exiting the watershed. Inputs

to Jennings Pond watershed consist of precipitation (P) and

wastewater disposal (WW). Outputs from the watershed consist of

runoff (R) to nearby streams, waterbodies and wetlands, infil-

tration (I) to groundwater; evapotranspiration (ET) which is the

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

plus transpiration; direct evaporation (E) from Jennings Pond and

Little Jennings Pond; and water drawn from groundwater sources for

public consumption (WF) .

Therefore, the following equation represents a balanced

hydrological budget:

P + W W = R + I + E T + E + W F

WHERE: P = Precipitation

WW = Wastewater Disposal

R = Runoff

I = Infiltration

ET = Evapotranspiration

E = Direct Evaporation

WF = Pine Oaks Well Field

Appendix A details the methodology utilized in determin-

ing the hydrologic budget for Jennings Pond.
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INPUTS

Precipitation data were gathered from the National

Oceanic and Atmospheric Administration's Framingham Weather

Station during the period March 1984 to February 1985.

Precipitation during this time was 40.1 inches (102 centimeters).

This is equivalent to approximately 1,785 million gallons per year

or 6.67 x 10 cubic meters per year.

Approximately 145 homes in the Town of Wayland rely on

subsurface wastewater disposal (i.e., septic tanks). Assuming

four persons per home and a per person wastewater disposal of

80 gallons per day, approximately 16.9 million gallons/year
4

(6.40 x 10 cubic meters/year) recharges groundwater sources.

Therefore, inputs total approximately 1,802 million

gallons per year or 6.73 x 10 cubic meters.

OUTPUTS

Surface runoff was calculated considering land use,

slope, and soil type for 26 subwatersheds within the Jennings

Pond watershed.

Direct runoff to Jennings Pond was calculated to be 847

million gallons per year, 3.21 x 10 cubic meters per year,

equivalent to approximately 3.59 cubic feet per second.

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

evapotranspiration which would occur if there were always an

adequate water supply available to a fully vegetated surface.

The potential evapotranspiration of the Jennings Pond watershed

was determined by the Thornthwaite Method as described by

Mather and Rodriguez (1978) . This method uses mean monthly
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air temperatures to estimate the amount of energy available

for evapotranspiration. Actual evapotranspiration was

calculated based on monthly and subwatershed variations in

temperature, precipitation, direct runoff, and soil storage

properties. The actual evapotranspiration was calculated to
c

be approximately 604 million gallons per year, 2.29 x 10

cubic meters per year.

Evaporation loss from the pond was approximately 10.6
4

million gallons per year, 4.01 x 10 cubic meters per year.

This was based on United States National Weather Service

average annual evaporation from- shallow lakes (Linsley, et

al., 1975) .

The Pine Oaks well field represents a draw on ground-

water available to the watershed. Approximatley 103.5

million gallons, 3.91 x 10 cubic meters, was pumped from

this well field during the study period (Spiller, 1985,

Personal Communication).

Infiltration is. necessarily calculated as the end

product of the equation:

P + W W = - R + I + E T + E + W F

Solve for I:

I = P + W W - R - E T - E - W F

= 1,785 MG + 16.9 MG - 847 MG - 604 MG - 10.6 MG -

103.5 MG

I = 236.8 Million Gallons/Year
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Infiltration to groundwater sources equals 236.8 million

gallons per year or 8.94 x 10 cubic meters per year. This

is the total infiltration and accounts for wastewater disposal

inputs.

The Anderson-Nichols, Inc. (1985) report delineates

aquifer and recharge areas for the Town of Natick. Plate 21

depicts these areas as they appear in the Jennings Pond

watershed. It is impossible (from available information) to

determine groundwater flow direction and groundwater flow

through Jennings Pond. Therefore, in final calculations of

flow through, infiltration quantities are considered to flow

through the pond. It is assumed that flow through rates to

the pond are similar from all directions.

Eliminating losses such as direct pond evaporation,

evaportranspiration and Pine Oaks Well Field Pumping, we are

left with direct runoff and infiltration. Therefore, approxi-

mately 1,083.8 million gallons or 4.10 x 10 cubic meters dis-

charges through the pond on an annual basis. Now that the outlet

discharge has been calculated, the flushing rate and retention

time in Jennings Pond can be calculated.

Flushing Rate/Retention Time

Flushing rate represents the number of times per year a

waterbody will have a complete change 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.;
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Retention Time = Lake Volume / Outlet Discharge

Retention Time = 13.16 Million Gallons / 1083.8 MG/Year

- .012 Years =4.5 Days

Flushing Rate = 83.3 Volume Changes/Year

The retention time of 4.5 days for Jennings Pond reflects

its large flow through rates and small volume. Additionally,

the infiltration or groundwater recharge amount is probably

greater than the actual infiltration amount that reaches the

pond. Table 36 summarizes the retention times as they would

react to different monthly rainfall amounts. Approximately

47 percent of the total yearly precipitation runs overland to

Jennings Pond. Therefore, the amount of precipitation

falling on the watershed has a decided effect on pond retention

times. During May 1984, the wettest month of the study

period, retention time was between 3.2 and 3.8 days. In

August 1984, however retention time was between 48.4 and 60.4

days. Based merely on runoff coefficients, yearly average

retention time is slightly longer than twelve days.
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TABLE 36

JENNINGS POND
NATICK, MASSACHUSETTS

VARIATIONS IN RETENTION TIME AS RELATED TO
MONTHLY PRECIPITATION DATA

1984: Precipitation
in. (cm.)

Retention Time'
Range in Days

Flushing Rate
Volume /Year

March
April
May
June
July
August
September
October
November
December

5
4
6
4
5
0
1
3
2
3

.68

.13

.89

.58

.26

.48

.59

.01

.51

.28

(14
(10
(17
(11
(13
(1
(4
(7
(6
(8

.43)

.49)

.50)

.63)

.36)

.22)

.04)

.65)

.38)

.33)

3
4
3
3
3
48
11

' 6
8
5

.4

.4

.2

.9

.5

.4

.3

.2

.9

.6

- 4.
- 5.
- 3.
- 4.
- 4.
- 60
- 14
- 7.
- 11
- 7.

0
5
8
9
4
.4
.2
5
.2
1

107
83
107
94
104
7.5
32
59
41
65

- 91
- 66
- 87
- 74
- 83
- 6
- 26
- 49
- 33
- 51

1985:

January
February

0.96 (2.44)
1.73 (4.93)

19.4
12.1

24.2
15.3

- Excludes Groundwater Infiltration.

19 - 15
30 - 24

-154-



3. NUTRIENT BUDGET

The nutrient budget for Jennings Pond calculated the

amount of nitrogen and phosphorus available in the pond and

determined the sources of those amounts. Nutrient budget

data are gathered on an annual basis in order to eliminate

seasonal variability. The levels of nutrient loads are used

in establishing a trophic level of the pond. The nutrient

load is based on the watershed's hydrologic. budget and the

water quality data collected. Influences to the nutrient

budget are:

1. Hydrologic Budget

2. Groundwater

3. Stormwater

4. Runoff

5. Wastewater Input (i.e. Septic Systems)

6. Nutrient Sediment Cycling

7. Precipitation (Dry and Wet)

8. Outflow

The calculations of the nutrient budget are included in

Appendix B. The nutrient budget summary is depicted on

Table "37. The percentages of nutrients from the various

water sources in the watershed are:
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Nutrient Loading:

TABLE 37

NUTRIENT BUDGET SUMMARY

1. Groundwater

2A. Oak Street Stormwater

2B. Remote Area Stormwater

3. Runoff-Inlet Loading

4. Septic System Inflow

5. Pond Sediments-

Phosphorus Recycling

6. Direct Precipitation

Total Nitrogen

159.2 Kg/yr.1

51.8 Kg/yr.

41.9 Kg/yr.

1,697.4 Kg/yr.

238,5 Kg/yr

Total Phosphorus

83.4 Kg/yr.

16.5 Kg/yr.

23.7 Kg/yr.

249.6 Kg/yr.

1.6.Kg/yr.

16.3-73.8 Kg/yr.

45.0 Kg/yr.

6.0 Kg/yr.

Nutrient Loading (Total) 2,188.8 Kg/yr. 425.8 Kg/yr.

Nutrient Flow From Outlet: 1,476.1 Kg/yr. 282.9 Kg/yr.

Nutrients Available within

Jennings Pond: 712.7 Kg/yr. 142.9 Kg/yr.

A - Total Nitrogen is equal to total Kjeldahl-Nitrogen and

Nitrate-Nitrogen.

B - Groundwater Nitrogen represents only Nitrate-Nitrogen.
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Nitrogen Phosphorus

1. Groundwater 7.3% 19.6%

2. Oak Street Drains 2.4 3.9

3. Remote Drains 1.9 5.6

4. Inlet Flow 77.5 58.6

5. Sediments N/A 10.6

6. Direct Precipitation 10.9 1.4

100% 100%

Of these sources, groundwater is least subject to control

technology. Inlet, storm drainage and sediment loadings

present the most reasonable means of nutrient control. Any

program for restoration of the pond will have to incorporate

these three sources of loading for an overall nutrient

reduction.
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IV. FEASIBILITY STUDY

1. INTRODUCTION

The preceding data analysis of the twelve-month (12-month)

diagnostic study phase establishes the degraded condition of

Jennings Pond. Evident in the diagnostic phase is the affect

of urban (stormwater) runoff on the water quality of Jennings

Pond, The organic/inorganic pollutant load imposed on the

pond by stormwater (both through the inlet and storm drains)

has caused the pond to become a highly sedimented, eutrophic

water body with dense, aquatic macrophyte growth. The effect

of stormwater is dual in nature; the immediate result is the

reduced water quality caused pollutant loading, and a long-term

effect is the accumulated sediments resulting from runoff and

the associated weed growth.

The impact of pollution on pond use is evident with

boating and fishing restricted to early spring. Historically,

there is evidence that the pond was an active location for

recreation. The response to the Whitman & Howard, Inc. "Pond

Usage Questionnaire", citizen participation in the public

meeting forums, and the activity of the Jennings Pond Restoration

Association, Inc., indicate a strong community-based support

for the restoration of the pond to an unrestricted water

contact recreation area. The "Pond Usage Questionnaire11 and

a summation of responses to it can be found in Appendix C.

In summary, the current state of water quality in

Jennings Pond prohibits the desired usage. Therefore, the

goal of the "Feasibility Study" is to identify those restoration
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management techniques that will restore and preserve the

water quality of the pond. The specific goals of the study

are: 1) eliminate the high sediment loads entering the pond;

2) reduce the non-point and point nutrient loadings to the

pond; 3) restore the pond to an historical morphometric

state; and 4) eliminate and control in-situ sources of

nutrients that enhance weed growth.

2. SCREENING/SELECTION OF RESTORATION-PRESERVATION
ALTERNATIVES

The methods available to correct water quality problems

in lakes and ponds are numerous and varied as to technique/

cost and degree of effectiveness. In order to identify the

methods that will be of maximum benefit to Jennings Pond

restoration efforts, an analysis of each as it applies to the

goals of the program must be conducted.

With simplicity of discussion in mind, the various pond

restoration techniques and their application to water quality

problems has been compiled and included in this study as

Appendix G. The goals for restoration of the pond are

catagorized as follows:

1. Urban Runoff Control

a) Reduction of Sediment Load

b) Reduction of Nutrient Load

c) Improved Aesthetic Appearance
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2. Reduction of Pond Sediments

a) Reduction of Nutrient Cycling

b) Reduction of Nuisance Weed Population

c) Improved Boating Usage

The two overall goals and the subcatagories of each will be

used to judge the application of a particular method to the

needs of the pond. This judgement can be done by construc-

ting a matrix that rates the methods. Each method as it

applies to a subcatagorical goal, is rated as follows:

Point Rating:

1 - No Application Possible

2 - Minimal Positive Impact

3 - Moderate Positive Impact

4 - Maximum Positive Impact

The rating evaluations are shown in Table 38. Each methodology

was considered based on the following total score ranges:

0-8 Not Considered for Use - These techniques do not
apply to the problems identified as primary causes
of reduced lake usage.

9-12 Possible Use - Those techniques that may be helpful
in" restoring pond use but that will not effect an
immediate change in pond trophic status.

13-16 Beneficial Impact - Techniques that could result in
marked water quality improvements over short duration
usage.

17-24 Definite Application - Those techniques that would
maximize water quality improvements immediately.
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TABLE 38

RESTORATION/PRESERVATION ALTERNATIVES
SCREENING OF METHODOLOGIES

Inlet Diversion

Inflow Management

Watershed Management

Riparian Regulation

PrcJ*uct Modification

Dredging

Level Manipulation

Dilution/Flushing

Nutrient Inactivation

Bottom Sealing

Shoreline Modification

Weed Harvesting

Chemical Treatment

Biological Treatment

Aeration/Mixing

Reduce
Sediment
' Load

3

3

3

1

1

1

1

1

1

1

2

2

1

2

1

URBAN RUNOFF

Reduce
Nutrient
Load

4

4

2

1

1

3

2

1

2

2

1

2

1

2

2

CONTROL

Improve
Appearance

1

3

2

1

1 ,

3

2

1

1

1

2

3

1

2

2

REDUCTION

Reduce
Nuisance
Algae

2

3

2

1

1

2

2

2

2

2

1

1

1

1

3

OF POND SEDIMENTS

Reduce
Nuisance
Weeds

3

3

2

1

1

4

3

1

2

2

1

3

1

1

1

Improve
Boating

3

3

1

1

1

4

2

1

1

1

1

3

1

1

1

Total Score

16

19

12

6

6

17

12

7

9

9

8

14

6

9

10



Not Considered for Use (0-8 Total Score)

- Product Modification (Total Score 6) - This alternative

promotes discontinuing the use of detergents and fertilizers

containing phosphorus. Phosphorus from these sources is not

a concern since the residences close to the pond are sewered

and no laundry or dishwasher detergents enter the pond from

wastewater disposal sources. Also, the vast majority of

runoff from fertilized lawns enters storm drains.

- Dilution/Flushing (Total Score 7) - A sufficent

quantity of low nutrient dilution water is not available for

use at Jennings Pond.

- Chemical Treatment (Total Score 6) - Short-term

treatment of aquatic macrophytes will not promote restoration

of Jennings Pond.

- Shoreline Modification (Total Score 8) - Shoreline

erosion is not a problem within Jennings Pond.

- Riparian Regulation (Total Score 6) - Shoreline

development is maximized around Jennings Pond. This development

has the advantage of already being sewered.
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Possible Usage

(Total Score 9-12)- Nutrient Inactivation (9)

Bottom Sealing (9)

Aeration/Mixing (10)

Biological Enhancement (9)

Watershed Management (12)

Level Manipulation (12)

Beneficial Impact

(Total Score 13-16)- Inlet Diversion (16)

Weed Harvesting (14)

Definite Application

(Total Score 17-24)- Dredging (17)

Inflow Management (19)

The following discussion will expand on the specifics of each

method that ranked as "Possible" or higher. Those methods

ranked as "Not Considered" will not be discussed further.
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3. DETAILED ALTERNATIVE METHOD EVALUATION

Methods that scored nine (9) and above in the preceding

screening process are possible options to use for pond

restoration. These options must now be reviewed on the

basis of: 1) Effectiveness 2) recreational impact; 3) environ-

mental impact; and 4) cost. Priorities can then be set to maximize

the short and long-term benefits of the restoration effort.

The following discussion presents an analysis of the options.

1. Nutrient Inactivation: The use of chemical addi-

tives to strip phosphorus from the water column has been used

successfully on many lakes and ponds. Immediate results of

phosphorus precipitation include decreased turbidity and

algal growth (U.S.E.P.A., 1984). The overall effectiveness

of such a treatment depends on individual pond characteristics.

In Jennings Pond, the weed growth and shallow areas would

prevent a complete application of the chemical thereby

negating its maximum potential to effect nutrient reduction.

Increased water clarity and reduction in algal growth

provide a moderate benefit in terms of recreational use. At

the same time, the effect on the environment could be adverse

due to reductions in pH to 6.0 or lower. Also the effect of

the chemical build-up on the pond's benthic community could

prove detrimental. The cost for such an application is

approximately $14,000 to $16,000.

2. Bottom Sealing: This technique can consist of a

chemical application (as discussed above) or a physical

sealing as noted in Appendix G. The sealing of the bottom

with a natural material or a synthetic liner will result in
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partial elimination of the bottom sediment nutrient release

to the water column. As such, approximately 80% of the

annual phosphorus recycling load could be eliminated with

this technique. This method does not address reduction in

nutrient/water column concentrations.

This technique could benefit recreational activity by

eliminating weeds. The need to dewater the pond during the

bottom sealing process would prove harmful to the benthic

community and the fish population due to physical barriers

between the organisms and their food source. Costs for such

a project will range from $175 to $225 for a 14' x 50 *

aquascreen panal plus labor (Smith, Pers. Comm., 1985). This

would result in an approximate cost of $17,000 per acre, or

$170,000 for the entire pond.

3. Aeration/Mixing: Oxygen addition, either by mixing

or by deep water injection, is usually a positive step. The

added oxygen would improve fisheries potential and also

reduce nutrient release from the sediments. Due to a small

volume of bottom water which is low in oxygen, only limited

water quality improvement would be realized. Due to the

shallow depth of the pond, it is possible that aeration would

disturb the pond's bottom sediments causing turbid waters and

damaging the benthic community.

The cost of aeration at two sites in the pond (Plate 22)

would cost $41,200. An annual cost of approximately $700 per

month ($8,400 per year) should be expected for power costs

and maintenance.
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COST SUMMARY

1. Floating Aerators (2) $20,000.00

2. Control Cabinets (2) 6,000.00

3. Control Cable 4,000.00

4. Installation 1,200.00

SUB-TOTAL $31,200.00

5. Engineering @ 20% 6,240.00

6. Contingencies @ 10% 3,744.00

TOTAL $41,184.00

4. Biological Enhancement: The use of natural vegeta-

tion to act as a filtration system for in-coming water to the

pond has the potential to reduce both organic and inorganic

pollutant loading. As the Little Jennings Pond area is

heavily vegetated, it offers an ideal opportunity to enhance

the efficiency of the wetland filtration system. Due to the

lack of data on Biological Enhancement and the site specific

nature of this type of system, it is difficult to assign a

percentage of nutrient removal to this option. Local research

(IEP, 1979) has recorded up to 47% phosphorus removal efficiency

in uncontrolled wetland. Environmental impacts will be minimal

and are related to the planting of the vegetation. During this

planting, there will be some re-suspension of wetland sediments

which will cause minimal downstream siltation.
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There would be no recreational benefit that would accrue

directly from implementation of this option. At the sametime,

the cost of such an action is moderate due to minimal labor

and material needs. It is estimated that Biological Enhancement

would cost $24,000/acre. Approximately 0.2 acres of wetland

area would require enhancement. This enhancement is estimated

to cost $4,800.

5. Watershed Management: This option encompasses all

private and public activities that can be regulated by a

public body. This option primarily deals with land use

regulation and street and catch basin maintenance within the

Jennings Pond watershed. Due to the high level of regulatory

control (i.e. zoning, wetland restrictions, etc.) that

already exists, there is little more regulatory action that

can be recommended. Increasing the frequency of street

sweeping and catch basin maintenance can reduce the sediment

load and the associated nutrient loading in the pond. The

reduction in sediment loading and reduced pollutant loads

will have a positive impact on recreational use of the pond

(reduced sedimentation in pond/reduced algae and weeds),

especially if it is done in conjunction with a sediment

removal operation in the pond. The environmental impact of

such an action will also be positive for the same reasons.

The costs associated with this type of program are $52 per
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mile of roadway swept and $25 per catch basin cleaned.

Assuming street sweeping of ten miles, three times per year

and cleaning of 300 catch basins twice a year, this program

would cost approximately $9,060./year.

6. Level Manipulation: Jennings Pond outlet is presently

equipped with a series of planks that are used to regulate

flow. Due to sedimentation at the outlet, flow control is

restricted to approximately eighteen (18) inches. This type

of outlet is also subject to vandalism as evidenced twice

during the course of this study. Reconstruction of this

outlet to provide a five (5) foot drawdown capacity (Plates

23 & 24) by means of an adjustable gate and a new outlet

channel would allow approximately 11,082,000 gallons of water

to be discharged from the pond. This action would also

permit private property owners to conduct shoreline maintenance,

Winter usage of the pond could be affected if the drawdown is

not completed before ice cover of the pond. Water level

reduction after freezing could cause a hazard to skaters.

The effect of water level drawdown on the aquatic

macrophyte community will result in reduced macrophyte

density. The most abundant macrophyte within Jennings Pond

is coontail (Ceratophyllum demersam). Coontail has been

shown to be effectively controlled by drawdown: Annual

(Lante et al., 1964), Winter (Beard, 1973; Dunst and Nichols,

1979; Hestand and Carter, 1975; Hulsey, 1958; Manning and

Johnson, 1975), Summer (Kadler, 1962; Manning and Sanders,
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1975). Increases or no change in this species were reported

by Lantz, 1974; Nichols, 1975a; Nichols, 1975b; and Van Der

Valk and Davis, 1978. Information obtained from Lakes and

Reservoir Restoration, 1986, Cooke, et al.

The cost of this type of option would include a new

outlet gate, improvements to the outlet area, and removal of

sediment in the outlet channel area (See Plates 25 & 26) .

Approximately $21,000 would be required to conduct this work.

OUTLET CONTROL STRUCTURE

COST SUMMARY

1. Slide Gate w/operator $ 4,000.00

2. Aluminum Grating 1,500.00

3. Chain Link Fence w/gate 1,000.00

4. Site Work 3,500.00

5. Channel Improvements 6,500.00

SUB-TOTAL $16,500.00

6. Engineering @ 15% 2,475.00

7. Contingencies @ 10% 1,900.00

TOTAL $20,875.00

7. Inlet Diversion: Construction of a gravity flow

diversion or a pumped flow diversion system to divert storm

flow (includes inlet flows during storm events) around

Jennings Pond would eliminate approximately 47% of the annual

phosphorus from entering the pond. This would have a major

impact on the nutrient availability in the pond and would
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reduce weed and algae problems. At the sametime, it would

affect the hydrologic budget of the pond by increasing the

average annual detention time from 4.5 days to 20 days and

reducing the flushing rate from 83.3 to 18.0 volume changes

per year. Such a diversion would not affect recreational

usage by changing water levels of the pond.

The overall effect would be positive for the pond and

negative for the downstream area. The cost of this work

would be very high, assuming a 1,500 foot pipeline and a

stormwater pump station. Estimated capital and O&M costs are

based on similar projects recently bid in Eastern Massachusetts

1. Pipeline @ $50/ft. $ 75,000.00

2. Pump Station 25,000.00

SUB-TOTAL $100,000.00

3. Engineering @ 15% 15,000.00

4. Contingencies @ 10% 11,500.00

TOTAL $126,500.00

ANNUAL O&M COST

1. Pumping Station Maintenance (labor) $ 3,120.00

2. Pumping Station Maintenance (material) 1,000.00

3. Power cost (varies with use) 12,000.00

TOTAL $ 16,120.00
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reduce weed and algae problems. At the sametime, it would

affect the hydrologic budget of the pond by increasing the

average annual detention time from 4.5 days to 20 days and

reducing the flushing rate from 83.3 to 18.0 volume changes

per year. Such a diversion would not affect recreational

usage by changing water levels of the pond.

The overall effect would be positive for the pond and

negative for the downstream area. The cost of this work

would be very high, assuming a 1,500 foot pipeline and a

stormwater pump station. Estimated capital and O&M costs are

based on similar projects recently bid in Eastern Massachusetts

1. Pipeline @ $50/ft. $ 75,000.00

2. Pump Station 25,000.00

SUB-TOTAL $100,000.00

3. Engineering @ 15% 15,000.00

4. Contingencies @ 10% .11,500.00

TOTAL $126,500.00

ANNUAL O&M COST

1. Pumping Station Maintenance (labor) $ 3,120.00

2. Pumping Station Maintenance (material) 1,000.00

3. Power cost (varies with use) 12,000.00

TOTAL $ 16,120.00
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8. Weed Harvesting: This option would remove nuisance

weed growth on an annual basis to improve water quality and

increase the recreational usage of the pond. Unfortunately,

the shallow depth of the pond could restrict harvesting

operations to approximately 30% of the pond surface area.

This would result in an unharvested weed crop in the southwest

end of the pond. Boating and fishing would be limited to the

harvested area only. Such an action would have a positive

environmental effect by reducing potential recyclable nutrients

held in macrophyte tissue but could cause an increase in

algal populations. The cost of this option is approximately

$500 per acre including disposal, assuming the Town provides

a disposal site. Based on 7 acres, this cost would be nearly

$3,500. Also, this cost would be an annual cost as the results

of such work is limited in duration. The annual cost of weed

harvesting, the limited potential for improvement, and the

minimal effect on nutrient removal are serious drawbacks to

this option.

9. Inflow Management: This option consists of constructing

a filter berm and storm water treatment system at the Oak

Street inlet as well as stormwater treatment of five (5)

remote sites by means of settling and filtration (see Plates

27, 28 & 29). This action can result in a major reduction in

inlet nutrient loading during dry weather flows as well as a

reduction in stormwater nutrient loading. These reductions
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are approximately 47% of the annual phosphorus load for the

inlet flow and Oak Street storm drains. This is based on an

80% removal efficient (Wanielista, 1981). Increased removal

is realized at remote storm drain sites due to better flow

control. A 90% removal efficiency would decrease the annual

phosphorus loading by 8.5%. Recreational activity would be

enhanced due to the reduction of nutrients in the water

column. The cost of such an action will be high and is based

on construction bids of the proposed work at Lake Cochituate.

1. Inlet Filter Berm $155,000.00

2. Oak Street Filter 90,000.00

3. Remote Filters 70,000.00

SUB-TOTAL $315,000.00

4. Engineering @ 15% 47,250.00

5. Contingencies @ 10% 36,225.00

TOTAL $398,475.00

O&M COSTS

1. Basin Cleaning (five times/yr.) $ 3,750.00

2. Filter Material (annual allowance) 1,000.00

3. General Site Work (allowance) 2,000.00

TOTAL $ 5,750.00
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10. Dredging: Removal .of the accumulated sediments in

the pond, both organic and inorganic, would be a major step

in restoring the pond. This would involve the removal of

approximately 11,000 cubic yards of material (Plate 30) to

increase the pond's mean depth to 2.1 meters (7 feet).

Removal of this sediment would take place only within Jennings

Pond. Approximately 40 kilograms of phosphorus would be

removed from the the pond (due to 90% elimination of nutrient

recycling). This represents a 9.5% reduction of the total

annual phosphorus loading. The impact of dredging on the

hydrologic budget would be to increase detention time from

4.5 to 5.14 and decrease the flushing rate from 83.3 to 71.1

due to the resultant increase volume of water. Removal of

this material could be done either hydraulically (wet) or by

excavation (dry). Both methods will yield practically the

same result but the two methods vary significantly in price.

An average cost per yard of sediment removed would be approxi-

mately $20/yd ($220,000 for the pond) for wet excavation including

pumping to disposal, and $15/yd ($165,000 for the pond) for

dry excavation including trucking. In addition, the disposal

site(s) and dewatering costs will be approximately $40,000

for hydraulic dredging and $12,000 for dry excavation disposal

area. The environmental impact on the pond will be extensive.

Either method will nearly totally disrupt the benthic community

and the resident fish population. The long term environmental
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impact will most likely be beneficial as a restored aquatic

community will be most likely be more diverse. Recreational

impact will be negative on the short term (loss of use) and

positive on the long term (increase aquatic community diversity,

increase open water area, eliminate weed problem).

Disposal of the dredged material after dewatering is a

major concern. There are two available sites in the vicinity

of the pond. The Town Forest is one location. Construction

of a disposal site at this location will disrupt the use of

the area as well as cause discharge problems (either groundwater

or surface water) to Little Jennings Pond. The second potential

site consists of the town-owned gravel pit off Oak Street.

Environmental disruption at this site would be minimal while

effluent disposal posibilities would be maximized. Effluent

from a disposal lagoon could be processed directly to the

town's sewerage system. Plates 31 and 32 depict the locations

each of these systems. Dry excavation of sediments is suggested

due to decreased capital and dewatering costs.

Phosphorus Loading Reduction Summary

Phase I:

A. The Oak Street Drains plus the remote storm drains account

for 40.2 KG/YR. total phosphorus. This represents 9.4% of

the total phosphorus loading to the pond. Assuming a 90%

total phosphorus removal rate utilizing a lime/carbon fil-

tration system (Wanielista, et al., 1981), 36.2 KG/YR of

phosphorus will be removed this represents 8.5% of the total

phosphorus load.
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B. The Oak Street inlet from Little Jennings Pond contri-

butes 249.6 KG/YR total phosphorus. This represents

58.6% of the total phosphorus load to Jennings Pond.

Assuming an 80% total phosphorus removal rate, this

lower removal rate, due to increased flow through

(Wanielista, et al, 1981), means 199.7 KG/YR of phosphorus
»

will be removed. This represents a 47% reduction in the

total phosphorus load.

C. Wetlands enhancement has accounted for a phosphorus

removal rate of up to 47% of the total phosphorus load

in uncontrolled wetlands (IEP, 1979). Instead of

attempting to quantify the reduction in phosphorus load

to the pond realized through selected wetlands enhancement,

it is safe to say that some reduction will occur further

lowering the phosphorus load to the pond.

PHASE I SUMMARY:

Approximately 236 KG/YR total phosphorus will be removed,

which represents 55.4% of the total phosphorus load. This

will lower the areal phosphorus loading from 11.2 GM/M2/YR to

5.0 GM/M2/YR. The corresponding in-pond predicted phosphorus

concentration change from 0.09mg/l to 0.045mg/l.

PHASE II:

A. Phosphorus recycling from organic sediments contributes

approximately 45 KG/YR or 10.6% of the total phosphorus

load. Assuming a 90% reduction in internal nutrient
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loading through dry excavation 40.5 KG/YR total phosphorus

would be removed. This represents 9.5% of the total

phosphorus load. Furthermore, dry excavation will

increase the mean depth from 1.3 meters to 2.1 meters

and hydraulic residence time from 4.5 days to 5.2 days.

This would have the overall effect of decreasing phosphorus

input effects on trophic status.

COMBINED PHASE I/PHASE II:

Approximately 277 KG of phosphorus will be removed

through the combined implementation of the Phase I and II

alternatives. This represents 65% of the total phosphorus

load. The areal phosphorus loading will be reduced to

approximately 3.9 GMS/M2/YR.

Alternative Method Evaluation Summary

The preceding discussion reviewed the applicable restora-

tion alternatives on the basis of potential effectiveness,

recreational impact, environmental impact and cost. Table 39

arrays these factors in summary form and provides a quick

reference for the selection of an overall restoration program.

The ranking for this process is as follows:

+2 - Maximum Potential for Positive Impact

+1 - Good Potential for Positive Impact

0 - Potential for Positive Impact

-1 - Probable Negative Impact

-2 - Definite Negative Impact
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TABLE NO. 39

ALTERNATIVE EVALUATION SUMMARY

Alternative

1. Nutrient Inactivation

2. Bottom Sealing

3. Aeration/Mixing

4. Biological Treatment

5. Watershed Management

6. Level Manipulation

7. Inlet Diversion

8. Weed Harvesting

9. Inflow Management

10. Dredging

Potential

Effectiveness

.on 0

0

0

it +1

Lt +2

+ 1

+ 1

0

+2

+2

Recreational

Impact

0

0

0

0

0

+1

0

0

+1

+2

Envi r onmenta 1

Impact

0

-1

+1

+ 1

+ 1

0

-1

0

+1

-2

Cost

+ 1

0

-1

+1

+ 1

+2

-2

+ 1

-2

-2

Total

+ 1

-1

0

+3

+4

+4

0

+1

+2

0
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As can be seen in Table 39, Inlet Diversion, Inflow

Management and Dredging all have high potential for effective-

ness and offsetting high costs. At the same time, Inflow

Management and Dredging have positive recreational and

environmental impacts while Diversion has negative environmental

impacts. Of the other alternatives, Biological Treatment,

Watershed Management and Level Manipulation have high scores.

This is due to their relatively low cost and moderate positive

impacts on the other criteria.

Based on the preceding discussions and the evaluation

summary, it is recommended that the restoration program for

Jennings Pond consists of the following:

1. Inflow Management

2. Dredging

3. Biological Treatment

4. Level Manipulation

5. Watershed Management

The coordination and scheduling of these restoration

alternatives will be discussed in Part B, Section l.F.
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4. ENVIRONMENTAL EVALUATION.

The overall -environmental effects of the established

alternatives will be positive. The restoration program is

designed to reduce or remove internal and external nutrient

loads over the short and long-term as well as provide manage-

ment practices for continued nutrient reduction from external

sources.

Regulations for Environmental Evaluations:

Regulations for environmental evaluations for Federal

314 Clean Lakes Program projects are defined in EPA regulations

(40 CFR Part 35, Subpart 4, Appendix A, Section C, Federal

Register Volume 45, No. 25, February 1980). The text of the

appropriate regulations is stated below and will be followed

by the answers to the text questions.

(1) Will the proposed project displace any people?

(2) Will the proposed project deface existing residences or

residential areas? What mitigative actions such as

landscaping, screening, or buffer zones have been

considered? Are they included?

(3) Will the proposed project be likely to lead to a change

in established land use patterns, such as increased

development pressure near the lake? To what extent and

how will this change be controlled through land use

planning, zoning, or through other methods?
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(4) Will the proposed project adversely affect a significant

amount of prime agricultural land or agricultural land

or agricultural operations on such land?

(5) Will the proposed project result in a significant

adverse effect on parkland, other public,land, or lands

of recognized scenic value?

(6) Has the State Historical or State Historical Preserva-

tion Officer been contacted? Has he responded, and if

so, what was the nature of that response? Will the

proposed project result in a significant adverse effect

on lands or structures of historic, architectural,

archaeological or cultural value?

(7) Will the proposed project lead to a significant long-

range increase in energy demands?

(8) Will the proposed project result in significant and

long-range adverse changes in ambient air quality or

noise levels? Short term?

(9) If the proposed project involves the use of in-lake

chemical treatment, what long and short term adverse

effects can be expected from that treatment? How will

the project recipient mitigate these effects?

(10) Does the proposal contain all the information that EPA

requires in order to determine whether the project

complies with Executive Order 11988 on floodplains? Is

the proposed'project located in a floodplain? If so,

will the project involve construction of structures in
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the floodplain? What steps will be taken to reduce the

possible effects of flood damage to the project?

(11) If the project involves physically modifying the lake

shore or its bed or its watershed, by dredging, for

example, what steps will be taken to minimize any

immediate and long term adverse effects of such activ-

ities? When dredging is employed, where will the

dredged material be deposited? What can be expected and

what measures will the recipient employ to minimize any

significant adverse impacts from its deposition?

(12) Does the project proposal contain all information that

EPA requires in order to determine whether the project

complies with Executive Order 11990 on wetlands? Will

the proposed project have a significant adverse effect

on fish and wildlife, or on wetlands or any other

wildlife habitat, especially those of endangered species?

How significant is this impact in relation to the local

or regional critical habitat needs? Have actions to

mitigate habitat destruction been incorporated into the

project? Has the recipient properly consulted with

appropriate State and Federal fish, game and wildlife

agencies and with the U.S. Fish and Wildlife Service?

What were their replies?

(13) Describe other measures not discussed previously that

are necessary to mitigate adverse environmental impacts

resulting from the implementation of the proposed

project.
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Environmental Evaluation (Recommended Plan)

The recommended plan for restoration of Jennings Pond

will consist of two (2) stages that are expected to reverse

the current trophic status of the pond. These stages will be

followed by a monitoring program designed to track effectiveness

and modify the plan, if required. It is recognized that the

plan will impact heavily on the aquatic community within the

pond. However, this impact will be short-term in nature, and

the aquatic community will reestablish. The components of

the plan are shown below in the proposed stages. The impacts

are addressed for the entire plan, not stages or individual

items.

Stage I - Sediment/Nutrient Control

A. Outlet Control Structure

B. Remote Catch Basin Replacement

C. Oak Street Catch Basin Filtration

D. Inlet Filtration System

E. Wetlands Enhancement

Stage II - Sediment Removal

A. Dry Dredging

B. Shoreline Stabilization

1. During the implementation of the recommended plan, there

will be no displacement of any people.

2. The implementation of the recommended plan will not

deface existing residences or residential areas. Short

term construction impacts will be realized due to the
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existence of construction apparatus in areas of catch

basins, the outlet structure, and at the Oak Street

inlet. All construction will be performed over short

term periods and should not aesthetically impair residences

Where catch basins are to be installed, existing conduits

from catch basins leading to the pond will be utilized.

Through public meeting discussions, the value of the

pond to area residents far outweighs the short-term

inconvenience of having construction apparatus in the

area.

The installation of a sluice gate for the control

of water level within the pond will require permission

for access to the outlet structure. Access to the

outlet structure will have to be made through private

property owned by:

Waldo Maffei, Inc.
7 Byron Road
Natick, MA 01760

A construction easement will be required for the

construction of the Oak Street filter berm. Also,

special care will be required during this construction

due to the presence of a Shell Oil pipe line running

along the western edge of Oak Street.

The proposed implementation project will not lead to a

change in established land use patterns. Residential

development is nearly maximized in the area of the pond

and therefore increased development pressures near the

pond will not occur.
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4. The proposed implementation project will not adversely

affect any prime agricultural land or agricultural

operations on such land.

5. The proposed implementation project will not affect

parkland or lands of recognized scenic value. The

proposed implementation project will affect only public

land, (i.e. Jennings Pond).

6. The State and Local Historical Societies have been sent

a draft of the Jennings Pond Diagnostic/Feasibility

Study. They have been asked to comment on the imple-

mentation projects' effect on lands or structures of

historical, architectural, archaeological or cultural

values. Please see Appendix H, letters of comment.

7. The proposed implementation project will not lead to a

significant long-range increase in energy demands. No

energy is required, other than that associated with

construction vehicles.

8. The proposed implementation project will not result in

significant and/or long-range adverse changes in ambient

air quality or noise levels. However, during construc-

tion, short term adverse impacts to air quality and

noise.will be those commonly associated with large

construction apparatus.

9. The proposed implementation project does not involve the

use of in-pond chemical treatment.
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10. The proposed implementation project will occur in a

floodplain. According to the National Flood Insurance

Program, Flood Insurance Rate Map (FIRM), the limit of

detailed study ends at the conduit running under Route

9. Bogle Brook, which feeds Little Jennings Pond and

Jennings Pond, is zoned for a 100-year flood boundary.

The base 100-year flood elevation for this area is 133

feet (N.G.V.D. - 1929).

The proposed project will involve construction of

structures in the floodplain. The'design of these

structures will allow flood waters to over-top at the

base flood elevation of 133 feet. All engineering

design of the proposed implementation projects must be

designed with Executive Order 11988 on floodplains being

followed. Therefore, design engineering must minimize

potential harm to or within the floodplain, consistent

with regulations issued in accordance with Section 2(D)

of Executive Order 11988. Furthermore, let this report

and circulation thereof be proof as to why the action is

proposed and must be located in the floodplain. The

phase II implementation project will require a MEPA

review which addresses Executive Order 11988 in detail.

11. Limited dry excavation of sediment will be required in

the construction of the outlet structure and Oak Street

filtration system. The overall environmental impacts of

such dry excavation will be overcome by the long-term

nutrient reduction and restoration of the pond.
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During excavation of these sediments, slight

increases in pond turbidity and suspended solids concen-

trations are possible. Also, erosion of this channel

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

"bird's nest" hay bale arrangement will be employed at

the outlet to minimize increased downstream sedimenta-

tion. 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 most assuredly

deteriorate without bank stabilization.

12. The proposed nutrient reduction and drawdown structure,

outlet channel stabilization, and wetlands enhancement

will significantly reduce the rate of filling of the

pond by silt and nutrient introduction.

These changes will improve the aesthetics of the

pond and its boating potential. Sedimentation and

associated turbidity will be decreased. Overall water

quality improvements will yield a general Class B

condition.

Excavation of sediments in the dry will require an

implementation design that will minimize dredging

impacts. Dredged material will be hauled by truck to

the Town of Natick's sand and gravel pit off Oak Street.

A containment area will be designed with an underdrain

system to collect dredge spoil leachate that will

discharge to the Town of Natick's sewerage system.
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13. The proposed implementation project will impact on

wetland areas. The aquatic ecology will be impacted

during implementation construction. However, the

current habitat has been disturbed by on-going sedimen-

tation and eutrophication. The overall short-term

effects to water ecology will be overshadowed by long-

term ecological diversity and improvement.

There exists no practicable alternative to locating

the proposed implementation project in a wetland.

The Massachusetts Division of Fisheries and Wild-

life has been sent a draft of the Jennings Pond Diag-

nostic/Feasibility study (Appendix H). They have been

asked to comment on adverse effects on fish and wildlife

and the significance of the proposed implementation

project on local or regional critical habitat needs.

Water level drawdown and sediment excavation will

seriously impact fisheries and benthic organisms.

However, after implementation, the increased ecological

diversity which will arise through the proposed project

will greatly enhance the Jennings Pond enviromment.

14. The proposed implementation program provides a large

benefit to the pond with a minimum of negative environ-

mental impacts. The program is designed to remove

nutrients and sediment loading from the pond in order to

provide long-term restoration of Jennings Pond. Erosion
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and sediment control practices during construction

phases will minimize the effects of construction-related

activities.

DETAILED ENVIRONMENTAL EVALUATION

Essentially all of the environmental effects associated

with the recommended plan will be caused by the need to drain

the pond and remove accumulated sediments.

AESTHETICS

Short-term negative effects to the aesthetics of Jennings

Pond will occur due to the exposure of dessicating aquatic

weeds and nutrient-rich sediments. In order to clear the

dying vegetation and accumulated soft sediments, dry excava-

tion will be employed. Dry excavation will take place during

the winter months.

SAFETY RELATED PRECAUTIONS

Both during the drawdown process and once the desired

area is exposed, certain precautionary measures will be

followed. As the flow of water from the pond will be sub-

stantially higher 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

Bogle Brook for Morses Pond. During drawdown the brook>

should be closely monitored by the Natick D.P.W. and/or

Wellesley Tree and Park Division for safety purposes. Since
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the present outlet structure will be replaced with a new

sluice gate operated structure, complete control over water

levels will be possible.

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

care should be taken to minimize the possibilities of humans

or animals becoming stuck in the sediments. Ideally, freezing

of these sediments will occur shortly after the pond is

drawndown and, therefore, pose less of a potential danger,

but unpredictable changes in weather cannot ensure that these

sediments will not thaw and become soft.

AIR QUALITY AND ODORS

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

lying anaerobic sediments, there is a potential for foul

odors.

This odor problem will be directly related to how long

the sediments are exposed (in a thawed state) and how long

the plant debris is allowed to stay in-situ prior to its

removal. If freezing of the plant tissue and sediments

occurs shortly after drawdown, tissue decay and odors will be

greatly reduced This problem will most assuredly be out-weighed

by the increased recreational uses realized through the

management/restoration effort.

IMPACTS TO SURROUNDING WETLANDS

During pond drawdown, flows emanating from the watershed

will be routed through the pond by means of an excavated

channel. Because the level of Jennings Pond is restricted by

the height of the outlet conduit. The water level of Little
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Jennings Pond will not be affected and similarly neither will

the upstream wetlands. Pumping flows around the pond will

ensure clean water without the potential for sediment loads

generated by storm flows.

IMPACTS TO AQUATIC LIFE IN JENNINGS POND

The aquatic life of Jennings Pond will be virtually non-

existant following dry excavation of sediments.

Fish Populations - All fish which possibly could survive

in Jennings Pond are considered warm water fish. These warm

water fish will die during drawdown due to lower dissolved

oxygen content in the water, increased competition for food,

cover and space, and the lack of water within the pond.

Upon refilling of the pond, pan and forage fish may be

reintroduced. Benthic organisms will also be removed during

dry excavation. Their reintroduction is assured by natural

means due to the extensive upstream wetlands being abundant

in such organisms.

Wildlife Populations - of the three major wildlife forms

common to wetland and pond environments, only the reptiles

and amphibians will be adversely affected by water level

manipulation. The remaining wild life categories of mammals

and birds will most assuredly relocate as necessary to

adjacent similar environments, returning upon refill of the

pond.
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Reptiles and amphibians (i.e. turtles, snakes, frogs,

.salamanders, etc.) which overwinter in the shallows of

Jennings Pond will be removed during dry excavation. Again,

due to extensive upstream wetlands, these organisms will be

re-introduced upon refilling of the pond.

POTENTIAL FOR TEMPORARY INCREASED DOWNSTREAM SEDIMENTATION

Both during the drawdown process itself and upon refill

of the pond, increased solids will be generated downstream.

Turbidity associated problems may be decreased by using

silt curtains. A silt-curtain consists of a continuous

polyethylene sheet buoyed at the surface and weighted at the

bottom so it hangs perpendicular to the water surface. The

purpose of the silt curtain is to minimize downstream turbidity

It should be placed in the area surrounding the dredging

operations where water remains following drawdown. (Plate

24), In order to protect Morses Pond in Wellesley, a "bird's

nest"-hay bail arrangement will be situated downstream of

Jennings Pond in Bogle Brook. Similarly, a hay bail arrange-

ment should be installed at the inlet to Morses Pond during

drawdown. This action will capture those solids which escape

the silt curtain.

A grab-bucket-type dredging operation with a covered,

watertight unit will reduce turbidity-associated problems.

Manufacturers of the grab-bucket claim turbidity reductions

from 30 to 70 percent compared to open-buckets (Cooke, et

al., 1986).
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ENVIRONMENTAL CONCERNS ASSOCIATED WITH THE DREDGE DISPOSAL AREA

A major problem associated with disposal of dredged

material is underdesign of containment areas and possible

groundwater contamination. Therefore, great care should be

taken in containment area design. To alleviate the possible

contamination of groundwater, the containment-area will be

lined with either bentonite clay or a polyethylene liner.

The containment area will be underdrained with a leachate

collection system. Leachate will be underdrained to the Town

of Natick's sewer system.

Upon closing and dewatering of the dredge disposal site,

the support capabilities of the area must be thoroughly

tested. The use of the containment area may have a variety

of purposes. The planted use of the area should be discussed

with Town of Natick officials.

ENVIRONMENTAL IMPACTS OF WATER LEVEL DRAWDOWN

During the summer following a fall/winter drawdown there

is a potential for increased algal density and decreased

transparency. Jacoby et al., (1983), reported that the

elimination of macrophyte stands during drawdown reduced the

potential for increased algal densities when external loading

was controlled.

Invertebrate species may exhibit great changes in

composition and density following water level drawdown.

Insect populations have shown similar response to drawdown
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(Kadlec, 1962). Fish kills will certainly occur in Jennings

Pond due to the low volume of water which will remain following

drawdown. Mr. Robert Madore, Aquatic Biologist for the

Massachusetts Division of Fisheries and Wildlife, suggests a

"slow gradual draining will lessen the stranding of fish,

allowing their escape out of the pond and subsequent movement

downstream." (Appendix H - Letters of Comment).

Furthermore, Madore states that "once the pond is

refilled and the habitat' stabilizes, fish from upstream

sources usually find their way into the system to repopulate

the pond."

-205-



V. RECOMMENDED PLAN

In order for the restoration of Jennings Pond to go

forward, the Town must designate an agency or agencies to

supervise the project. The Natick Conservation Commission

has administered the project to date and should remain as the

primary agency for the project as portions of the pond are

under their jurisdiction and nearly all aspects of the

project will come before the commission. The commission will

need to coordinate the dredging, drainage and watershed

managment aspects of the project with the Town Department of

Public Works. The Commission should also include the Jennings

Pond Restoration Association, Inc. in the development of the

project.

1. Restoration Technique Synopsis

As noted in the previous section, the restoration

alternatives that rank as most beneficial to the pond are:

A. Inflow Management: Filtration of stormwater

entering the pond and inlet filtration (Bogle

Brook). The purpose of this is the reduction of

sediment load and the reduction of nutrient load.

The benefit of this action will be a reduction in

weed/algal growth as well as preventing further

sediment buildup.

B. Watershed Management: Town program of street

cleaning and catch basin cleaning within the

watershed. The purpose of this program is the

reduction of debris, heavy metals and sediments
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assocated with road debris. The benefit of this

action is an improvement in stormwater quality.

C. Dredging: Removal of accumulated sediment within

the pond by mechanical excavation and removal by

trucking. The purpose of this action is to remove

the organic material which supports the weed/algal

growth in the pond and to remove inorganic sediment

build-up in the pond. The benefits associated with

this action are improved boating due to increased

depth, reduction of weed beds or root stock, and

increased fisheries potential.

D. Level Manipulation: Construction of a new outlet

control device at the existing outlet structure.

The purpose of this action is to allow for routine/

annual level reduction in the pond. The benefit of

this action is to allow for routine maintenance of

shoreline areas, increased flushing of the pond,

and weed control management by exposure,

E. Biological Controls: Enhancement of the wetland

vegetation at selected storm drainage discharges

allows for increased sediment retention and subsequent

nutrient uptake at these sites. The wetland

area(s) in question covers approximately 0.2 acres

along Route 9, Gibbs, Manor, Huntington Streets and

Harwood Road.
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The selection of these options as the recommended

restoration plan is based on the need to reduce sediment and

nutrient loads to the pond. Secondary benefits from the

implementation of these options are the improved boating

potential, improved fishery potential, increased water level

control and increased shoreline property values.

Another option that has been identified and included in

the plan as beneficial is Shoreline Stabilization. While

this option, in itself, will not significantly affect the

quality of the pond's water, it is complimentary to the

selected restoration plan. This work should be conducted in

the area of the outlet as it is subject to wave action and

presently has several areas of existing erosion. Other .areas

that are privately owned along the southeast shore have a

lower priority need for this type of work. Shoreline stabili-

zation should be implemented during the dredging portion of

the restoration project as the dewatered pond area will allow

better access. The use of a gabion type device is the most

cost-effective and suitable approach.

The following discussion outlines the scheduling of the

recommended plan, financing of the plan, and the required

monitoring work. As the implementation of the plan is

dependent upon the action of the town and the state for

funding, the initiation of engineering work may not begin

until the fall of 1986. Also, the time frame for obtaining
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construction permits and licenses are variable which may

affect on the implementation schedule. A reassessment of the

schedule should be made at the time the project is initiated.

This should also include a reassessment of project costs if a

delay beyond 1986 is anticipated.

2. PROJECT IMPLEMENTATION

In order to begin the implementation of a restoration

effort, several actions will be required on the part of the

Town of Natick. The first of these actions, the filing of a

Phase II application for funding, has been accomplished by

the Natick Conservation Commission, The second action will

be the review of this study and the acceptance of its recom-

mendations by the town. The third action will be the prepara-

tion and filing of a Town Meeting Article for funding for the

project. At the same time, the findings of this study and

the application for funding must be accepted by the Division

of Water Pollution Control.

Once funding has been secured by the Town for the

Phase II - Restoration, the sequence of engineering and

construction as outlined in Table No. 40 will be required.

In addition, the necessary permits and environmental reviews

associated with each of the restoration alternatives will be

required.

Based on review of property ownership in the area of

Jennings Pond, it has been determined that easements will be

required for construction of and operation/maintenance of the

remote filtration systems. The Oak Street and inlet filtra-
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Table 40
NATICK, MASSACHUSETTS

JENNINGS FOND RESTORATION PROGRAM

Restoration Methodology
1. Phase I

Report - Review and
Approval

2. Phase I!
Application and Grant
AwardCstate and" locaC

3, Design Selection

4. Phase I
Design

5. Phase I
Construction Phase

6. Phase I
Monitoring Program

7. Phase II
Design

8. Phase II
Construction Phase

9. Phase II
Monitoring Program

10. Pond Maintenance
Program
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tion systems, as well as the outlet control structure, are

all planned for town-owned property. Temporary construction

easements will be required for access to the area of the

outlet structure. As the excavation of sediments will be

within the pond and access will be directly from Oak Street,

no easements will be required for this aspect of the project.

As both shoreline stabilization and wetland enhancement will

be on private property, construction and operation/maintenance

easements will be necessary.

3. IMPLEMENTATION PHASE - PERMITS/REVIEWS

Prior to initiating the designer selection process, the

town should prepare and file an Environmental Notification

Form (ENF) under the 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 filter berm , the

outlet structure, and the excavation of pond sediments. The

remaining aspects of the restoration require EIR review. As

this work is mostly within town streets, a decision on the

need for an EIR will have to be made by MEPA.

Construction of all aspects of the restoration project

will require a combination of state, federal and local

permits typical of any construction project assocated with a

waterway. The following is a summary of construction permits

associated with each of the restoration alternatives which

should be filed by the town!s Phase II engineering consultant:
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Inflow Management:

a. Oak Street Filtration System:

(1) Notice of Intent/Order of Conditions

(2) Corps of Engineers - Dredge Material

(3) DEQE/DWPC - Water Quality Certificate

b. Oak Street Filter Berm:

(1) Notice of Intent/Order of Conditions

(2) Corps of Engineers - Dredge/Fill Material

(3) DEQE/DWPC - Water Quality Certificate

(4) Division of Waterways - Chapter 91

c. Remote Filtration System(s):

(1) Notice of Intent/Order of Conditions

d. Watershed Management:

None Required

e. Dredging/Excavation:

(1) Notice of Intent/Order of Conditions

(2) Corps of Engineers - Dredge Material

(3) DEQE/DWPC - Water Quality Certificate

(4) Sewer Connection Application (Natick DPW)

f. Level Control Gate:

(1) Notice of Intent/Order of Conditions

(2) Division of Waterways - Chapter 91

g. Wetland Enhancement:

(1) Notice of Intent/Order of Conditions

h. Shoreline Stabilization:

(1) Notice of Intent/Order of Conditions
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4. IMPLEMENTATION PHASE FUNDING

Based on the recommended project components and the

phasing of these recommendations in two stages, it is expected

that the town will need to appropriate $111,250 for its share

of Stage I at the March 1986 Town Meeting. This also assumes

that the town will receive the maximum available funding of

75% of the project cost under a 1986 Clean Lakes Program

grant. The expenditure of these funds will be for a period

commencing in the fall of 1986 and continuing through calendar

1987.

Initiation of the second stage of the recommended plan

will require a town appropriation of $58,250 at the 1987 Town

Meeting and a matching 75% State Lakes Program grant of

$174,750. Design of this portion of the project could

commence in the fall of 1987 with implementation completed in

calendar 1988. An alternate source of funding for the

dredging/excavation portion of the project could be applied

for through the Division of Waterways, Harbors and Waterways

Program. Application for these funds is made prior to

July 1st of any calendar year to be eligible for the following

year's funding. The final expenditures of funds on the

project will be the updating of the Dianostic/Feasibility

study and the final report which will take place in 1989.

The cost of this work is estimated at $3,500 for the town and

$10,500 from State grant funds.
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5. MONITORING PLAN

In order to evaluate the successful operation of the

restoration plan, a methodology to determine the effects of

pollutant removal needs to be established. The measurement

of pollutant removal should be based on individual components

of the restoration plan as well as the pond in general. The

results of this effort should be used to adjust restoration

efforts, if necessary.

A monitoring plan that will address the above stated

criteria can be conducted after each phase of the restoration

construction. Such a plan should be geared to the following

specific goals:

Stage I:

1. Determine the efficiency of nutrients and suspended

solids reduction at the inlet filter berm.

2. Determine the efficiency of nutrients, suspended

solids and debris removal in stormwater at the Oak

Street filter and the remote filter sites.

3. Determine the effect of wetland enhancement on

nutrient and suspended solids loading.

4. Determine the effect of outlet control of the pond

on the flushing rate and nutrient budget.

Stage II:

1. Determine the effect of dredging on the recycling

of in-pond nutrients.

2. Determine the rate of sediment build-up after

dredging operations.
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Stage III:

1. Revise and update the Diagnostic Study as to the

condition of the pond after restoration.

As several of the items require a before and after

evaluation, the monitoring plan should provide for these

situations. The items are:

Stage I (Pre-lmplementation):

1. Wetland enhancement - select two sites for enhance-

ment and monitor stormwater entering at these

sites. Evaluate wetland removal efficiency prior

to enhancement for the following parameters:

a. Total Phosphorus

b. Total Nitrogen

c. Total Dissolved Solids

d. Suspended Solids

2. Outlet Structure - Utilizing existing data, determine

the amount of phosphorus being flushed from the

pond with the existing outlet. Sample the outlet

for a three month period (Sept., Oct., and Nov.)

just prior to outlet construction to determine

phosphorus flushing rate, and re-sample the new

outlet under drawdown conditions for the same time

frame to determine increase in phosphorus flushed

from pond.
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Stage I (Post-Implementation):

1. Oak Street Filter Berm - Upstream and downstream

sampling of inlet during dry and wet weather over a

six month period including three (3) dry weather

and three (3) storm events for the following

parameters:

a. Total and Soluble Phosphorus

b. Total and Suspended Solids

c. Dissolved Solids

2. Oak Street and Remote Filter(s) - Sampling of

stormwater durng three (3) storm events should be

done for the following parameters (both influent

and effluent):

a. Total and Suspended Solids

b. Dissolved Solids

c. Total and Soluble Phosphorus

d. Resource Conservation and Recovery Act,

Metals-Arsenic, Barium, Cadmium, Chromium,

Lead, Mercury, Selenium, Silver.

3. Wetland Ehancement - During three (3) storm events,

sample at the storm drain and wetland location of

two (2) enhancement areas for the following:

a. Total and Suspended Solids

b. Dissolved Solids

c. Total and Soluble Phosphorus

4. Outlet Structure - Sample as noted previously in

the pre-implementation section, Item 2.
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Stage II (Pre-Implementation):

1. Dredging impact - re-evaluate sediment nutrient

release of phosphorus by sediment and water column

sampling (for dissolved oxygen, pH and Orthophosphorus)

during July and January for two seasons prior to

excavation. Once excavation is completed, this

work should be re-done to determine if release is

still occurring.

Stage II (Post-Implementation):

1. Dredging Impact - Sample as noted previously, for

two additional seasons;

2. Sediment Build-up - Install a sediment trap in the

pond at the 29 Jennings Pond Road storm drain or

other remote drain outlet to monitor sediment

build-up.

Stage III:

Perform a limited Diagnostic/Feasibility Study to

evaluate the overall success of the restoration effort

utilizing data gathered during the previous years and

performing a limited diagnostic study on a monthly basis

from March through October for the inlet, outlet and

in-lake parameters required under the Diagnostic/Feasibility

Study.

A preliminary schedule of monitoring time frame and the

associated costs are included in Table No. 41.
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TABLE NO. 41

MONITORING PROGRAM
JENNINGS POND - NATICK, MA

MONITORING ACTIVITY
1987

J F M A M J J A S O N D
1988

J F M A M J J A S O N D
1989

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

1. Wetland Enhancement

2. Outlet Structure

3. Sediment Evaulation

4. Oak Street Filter Berm

5. Oak Street & Remote
Filtration System(s)

6 • Wetland Enhancement

7. Outlet Structure

8. Dredging Impact

9. Sediment Build-Up

10. Update D/F Study

11. Estimated Cost ($> $2,170.00 $11,050.00 $16,000.00*

*Includes $9,200.00 for sample collection and analysis.
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APPENDIX A

JENNINGS POND HYDROLOGIC BUDGET
METHOD OF DETERMINATION

PRECIPITATION: Source: National Oceanic and Atmospheric
Administration - Framingham Weather
Station - March, 1984-February, 1985

PRECIPITATION = 40.1 inches/year = 101.9 centimeters/year
= 1,785 million gallons/year,o= 6.76 x 10 cubic meters/year

RUNOFF:

RUNOFF =

The amount of direct runoff from the
26 subwatersheds is determined by an
evaluation of land use and soil types
which yield a runoff coefficient.
Runoff coefficients were determined
based on an evaluation of watershed
characteristics (soils, slope, land
use, etc.).

Table 1 depicts land use types and
hydrologic soil groupings for each of
the 26 subwatersheds. Weighting of
individual runoff coefficients so as
to apply them to the overall subwater-
shed is performed utilizing the
Rational Method (Table 2). The total
precipitation falling on each subwater-
shed is then multiplied by the
appropriate runoff coefficient ranges
(Table 3). Direct runoff from the
watershed ranged from a low of 2,264
acre-feet (737 million gallons) to a
high of 2,933 acre-feet (955 million
gallons) for a mean value of 2,599
acre-feet (847 million gallons).

847 million gallons/year
3.21 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 evapotranspiration
Table 4 depicts the monthly breakdown
for potential evapotranspiration.
Table 5 provides an example of a
water balance as calculated for 26
sub-watersheds.



Potential evapotranspiration is then
translated into actual evapotranspira-
tion based on monthly and subwatershed
variations in temperature, precipita-
tion, direct runoff, and soil moisture
storage.

EVAPOTRANSPIRATION = 604 million gallons/year
= 2.29 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
evapotranspiration.

INFILTRATION = 334 million gallons/year
= 1.26 x 10 cubic meters/year

PINE OAKS WELL FIELD: According to Mr. William Spiller -
Natick Water Department (Pers. Comm.
1985) the Pine Oaks wells are pumped
at 525 gpm, 9 hours a day, year
round. This is equivalent to approx-
imately 103.5 million gallons/year.
This water is presumably pumped out
of the watershed due to the fact that
nearly all of Natick is hooked up to
town sewerage.

Pine Oaks Well Field = 103.5 million gallons/year
= 0.391 x 10 cubic meters/year

TOWN OF WAYLAND
SUBSURFACE DISPOSAL; Approximately 145 homes in the Town

of Wayland (U.S.G.S. Natick
Quadrangle) rely on subsurface
disposal units. Assuming four
persons per home and a per person
wastewater disposal of 80 gallons
per day.

Subsurface Disposal = 16.9 million gallons/year
= .064 x 10 cubic meters/year

Table A - Provides a Summary of Water Balance Totals for Each
Subwatershed.



Group or Type

TABLE A-l

HYDROLOGIC GROUP/LAND USE AREAS BY SUBWATERSHEDS

Subwatershed fr (Area)
l(MIa)a 2(MI*) 3(MI') 6(MIa) 7(MIa) B(MI')

Hydrologic Group

A

B

C

D

Uncertain

0.121 0.217 — — — 0.084 0.007 0.017

- —
0.099 0.027 0.023 0.023 — 0.022 0.051

0.117 0.015 0.005

— — — __ _„ __ __ ' —

Land Use Type

Agriculture

Forest

Wet Land

Mining

Urban

0.016

0.105

0.063

0.37

0.042 0.024

0.005

0.057

0.023 0.027

0.026

0.003

0.038

0.030

a- MI3 = Square Miles



Group or Type

TABLE A-l (Continued)

HYDROLOGIC GROUP/LAND USE AREAS BY SUBWATERSHEDS

Subwatershed tt (Area)
9(MI2) 10(MIa) 11(MI2) 12(MI2) 13(MI2) 14(MI2) 15(MI2) 16(MI2)

Hydrologic Group

A

B

C

D

Uncertain

0.032 0.066 — ~ 0.205 0.022 0.018 0.058

. —

0.021 0.081 0.013 0.019 — 0.015

0.463

— — — — — __ -- —.

Land Use Type

Agriculture

Forest

Wet Land

Mining

Urban

0.034 0.057

0.463

0.019 0.090 0.013 0.019 0.205 0.037 0.018 0.058

Hydrologic Soil Group definitions may be found on page 26.



Group or Type

TABLE A-l (Continued)

HYDROLOGIC GROUP/LAND USE AREAS BY SUBWATERSHEDS

Subwatershed # (Area)
17(MIa) 18(MIa) 19(MIa) 20(MIa) 21(MI3) 22(MIa) 23(MIa) 24(MIa)

Hydrologic Group

A

B

C

D

Uncertain

0.024 0.137 0,085 0.028 0.002 0.038 0.073 0.05

—
0.008 0.13

0.035 0.067 -- 0.05

— _- -- — - — — -_ — _

Land Use Type

Agriculture

Forest

Wet Land

Mining

Urban

0.012 0.033 0.006 0.308

0.032 0.239 0.052 0.022 0.037 0.143 0.073 0.010



TABLE A-l (Continued)

HYDROLOGIC GROUP/LAND USE AREAS BY SUBWATERSHEDS

Group or Type
Subwatershed # (Area)

) 26(MI>)

Hydrologic Group

A

B

C

D

Uncertain

0.013 0.075

Land Use Type

Agriculture

Forest

Wet Land

Mining

Urban

0.013

0.040

0.035



TABLE A-2

RUNOFF COEFFICIENTS (C) FOR LAND USE - RATIONAL METHOD1

Subwatershed
Area

^ (Acres )

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1
8.1
12.1
427.5
23.5
11.4
37.0
20.2
159.9
54.4
18.2
23.5
289.0
47.0
6.7
8.1
47.7

Wetland
Agriculture Forest Land Incl Surface Water Mining Urban
Acres (C) Acres (C) Acres (C) Acres (C) Acres (C)

10.4 0.7-0.8 67.5
40.1 0.7-0.8 23.7

26.9 0.1-0.3
15.3 0.1-0.3 2.9

14.8
36.2 0.5-0.6 17.1

16.6 0.1-0.3 2.2
24.3 0.1-0.3 19.4
21.8 0.1-0.3 12.4
36.5 0.1-0.3 57.6

8.1
12.1

296.8 0.7-0.8 130.7
23.5
11.4
37.0
20.2

7.4 0.1-0.5 152.5
20.8 0.15-0.20 33.6
4.0 0.1-0.15 14.2

23.5
197.3 0.1-0.15 91.7

47.0
6.7

8.1 0.15-0.20
25.8 0.1-0.3 . 21.9

0.4-0.5
0.4-0.5

0.3-0.4
0.3-0.4
0.4-0.5
0.3-0.4
0.3-0.4
0.3-0.4
0.3-0.4
0.3-0.4
0.3-0.4
0.3-0.4
0.3-0.4
0.4-0.5
0.4-0.5
0.4-0.5
0.4-0.5
0.4-0.5
0.4-0.5
0.4-0.5
0.3-0.4
0.5-0.7
0.5-0.7

0.3-0.4

Weighted
Runoff

Coefficients

0.45-0.55
0.55-0.65
0.10-0.30
0.13-0.31
0.30-0.40
0.47-0.57
0.12-0.31
0.19-0.29
0.17-0.34
0.22-0.36
0.30-0.40
0.30-0.40
0.58-0.68
0.40-0.50
0.40r0.50
0.40-0.50
0.40-0.50
0.38-0.48
0.30-0.38
0.26-0.36
0.50-0.80
0.23-0.36
0.50-0.70
0.50-0.70
0.15-0.20
0.20-0.35

1,640 237.6 167.2 347.3 36.2 851.7

l-Wanielista,P.E., Yousef A. Yousef, B.L. Golding, C.L. Cassagnol. 1981. Stormwater Management Manual



TABLE A-3

CALCULATED RUNOFF AMOUNTS FOR WEIGHTED SUBWATERSHEDS

Subwatershed
Area

# (Acres)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1
8.1

12.1
427.5

23.5
11.4
37.0
20.2

159.9
54.4
18.2
23.5

289.0
47.0

6.7
8.1

4 7 . 7

Total .Precipitation
March, 1984-February , 1985 Runoff Coefficient

(Acre-Feet) Ranges

260.3
213.2

89.8
60.8
47.8

178.0
67.8

146.0
114.2
314.3

27.1
40 .4

1,427.9
78.5
38.1

123.6
67.5

534.1
181.6
60.8
78.5

965.3
157.0

22.4
27.1

159.3

0.45-0.55
0.55-0.65
0.10-0.30
0.13-0.31
0.30-0.40
0.47-0.57
0.12-0.31
0.19-0.29
0.17-0.34
0.22-0.36
0.30-0.40
0.30-0.40
0.68-0.78
0.40-0.50
0.40-0.50
0 .40-0 .50
0.40-0.50
0.38-0.48
0.30-0.38
0.26-0.36
0.5-0.8

0.23-0.36
0.50-0.80
0.30-0 .40
0.15-0.20
0.20-0.35

Runoff Ranges
(Acre-Feet)

117-143
117-139

9-27
8-19
14-19

84-101
8-21
28-42
19-39

69-113
8-11
12-16

971-1,114
31-39
15-19
49-62
27-34

203-256
54-69
16-22
39-63

222-348
79-126

7-9
4-5

32-56

1,640 5,481.4 2,264-2,933



. TABLE A-4

POTENTIAL EVAPOTRANSPIRATION CALCULATIONS

Month

March

April

May

June

July

August

September

October

November

December

January

February

Temj?l)
T»F^'

31.0

46.4

57.3

68.9

73.1

71.8

60.4

53.9

40.7

33.2

21.3

28.9

i(2>

0.00

2.04

7.78

8.83

9.97

9.50

5.70

4.38

0.95

0.06

0.00

0.00

Unadjusted .
P.E.T. (45.0) ( '

0.00

0.04

0.09

0.13

0.15

0.14

0.09

0.07

0.02

0.00

0.00

0.00

Day Length
Correction
Factor { *

30.9

33.3

37.2

37.5

38.1

35.4

31.2

28.6

24.9

24.3

25.2

24.9

Potential

ET (5)
Inches

0.00

1.33

3.35

4.86

5.72

4.96

2.81

2.00

0.50

0.00

0.00

0.00

46.21 25.53

Annual Heat Index = 46.21 Adjusted Reading - Appendix II = 45.0

Potential Evapotranspiration = 25,53 inches/year
= 3,489 acre-feet = 1,137 million gallons

(1) Mean Monthly Temperatures - Framingham - N.O.A.A. (1984-1985)
(2) Monthly Heat Index (i) - Appendix I - Mather & Rodriguez (1978)
(3) Unadjusted Potential Evapotranspiration - Appendix II -

Mather S Rodriguez (1978)
(4) Daylength Correction Factor - Latitude 40.0° - Appendix III -

Mather & Rodriguez (1978)
(5) Column (3) Multiplied by Column (4)



TABLE A-5

WATER BALANCE
SUBWATERSHED #2 (63.8 ACRES)

COMPONENTS (IN.) MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. JAN. FEB,

Mean Monthly
Temp (°F)

Potential (PET)
Evapotranspiration

Precipitation (P)

Direct Runoff
(0.70)

Effective
Precipitation (EP)

EP-PET

Storage
(Max = 3.60")

St. Change

Actual Evapo.

Surplus

31.0 46.4 57.3 68.9 73.1 71.8 60.4 53.9 40.7 33.2 21.3 28.9

0.00 1.33 3.35 4.86 5.72 4.96 2.81 2.00 0.50 0.00 0.00 0.00

5.68 4.13 6.89

3.98 2.89 4.82

4.58 . 5.26 0.48 1.59 3.01 2.51 3.28 0.96 1.73

3.21 3.68 0.34 1.11 2.11 1.76 2.30 0.67 1.21

1.70 1.24 2.07 1.37 1.58 0.17 0.48 0.90 0.75 0.98 0.29 0.52

1.70 -0.09 -1.28

3.60 3.51 2.32

0.0 -0.09 -1.19

0.00 1.33 3.26

1.70 0.00 0.00

-3.49 -4.14 -4.79 -2.33 -1.10 0.25 0.98 0.29 0.52

0.11 0.00 0.00 1.27 2.50 3.60 3.60 3.60 3.60

-2.21 -0.11 0.00 1.27 1.23 1.10 0.00 0.00 0.00

3.58 1.69 0.17 0.00 2,00 0.50 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.29 0.52

Potential Evapotranspiration = 25.53 inches/year
Actual Evapotranspiration = 12.53 inches/year - 66.6 acre-feet = 21.7 million gallons for Subwatershed #2. This

subwatershed has 63% wetlands therefore very high runoff and low evapotranspiration.



TABLE A-6
JENNINGS POND

SUMMARY OF WATER BALANCE TOTALS BY SUBWATERSHEDS

Subwatershed
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Area
(Acres)

77.9
63.8
26.9
18.2
14.8
53.3
18.8
43.7
34.2
94.1
8.1
12.1
427.5
23.5
11.4
37.0
20.2
159.9
54.4
18.2
23.5
289.0
47.0
6.7
8.1
47.7

Precipitation
(Acre-Feet)

260.3
213.2
89.8
60.8
47.8
178.0
67.8
146.0
114.2
314.3
27.1
40.4

1,427.9
78.5
38.1
123.6
67.5
534.1
181.6
60.8
78.5
965.3
157.0
22.4
27.1
159.3

Surface
Runoff

(Acre-Feet)

129.8
128.0
17.9
13.3
17.2
92.4
13.8
35.0
29.1
90.9
9.5
14.1
899.5
35.3
17.1
55.5
30.3
229.2
61.6
18.8
50.9
284.2
94.2
13.4
4.7
40.7

Evapotranspiration
(Acre-Feet)

84.8
66.6
38.3
25.9
14.7
34.2
36.7
69.9
45.1
151.9
8.7
14.7
365.0
22.7
9.2
29.8
19.2
159.5
55.0
17.6
13.6
429.0
42.7
4.6
14.6
79.7

Infiltration
Groundwater
Runoff

(Acre-Feet)

45.7
18.6
33.6
21.6
15.9
51.4
17.3
41.1
40.0
71.5
8.9
11.6
163.4
20.5
11.8
38.3
18.0
145.4
65.0
24.4
14.0
252.1
20.1
4.4
7.8
38.9

TOTALS 1,640.0 5,481.4 2,426.4 1,853.7 1,201.3



TABLE A-7

GENERAL HYDROLOGIC BUDGET SUMMARY

As noted previously, the equation for the hydrologic budget
is:

P = E + R + I

WHERE:

P = Precipitation
E - Evapotranspiration
R = Runoff
I = Infiltration

PRECIPITATION: 5,481.4 acre-feet (67.6 x 106 m3)

INPUT - Rainfall during the study period

5,481.4 acre-feet (
1,785 million gallons/year

OUTPUTS - Utilization of Rainfall:

EVAPOTRANSPORATION: 1,853.7 acre-feet {22.9 x 106 m3)
33/8% of total precipitation
604 million gallons/year

RUNOFF: 2,426.4 acre-feet (29.9 x 106 m3)
44.3 % of total precipitation
847 million gallons/year

INFILTRATION: 1,201.3 acre-feet (14.8 x 106 m3)
21.9% of total precipitation
334 million gallons/year

PINE OAKS WELLFIELD: 103.5 million gallons/year

Approximately 31% of the water
entering groundwater through
infiltration is pumped directly
out of the watershed.



Appendix B



APPENDIX B

NUTRIENT BUDGET CALCULATIONS

1. GROUNDWATER

Nutrient loads entering Jennings Pond through ground-

water were calculated by determining mean annual concentra-

tions of nitrate-nitrogen and total phosphorus collected

during the two sampling dates at five locations(see Table

26) .

The quantity of groundwater entering Jennings Pond was

calculated in the hydrologic budget. It is assumed that

groundwater enters the pond in equal quantities from all

directions and is qualitatively similar.

Parameter Mean Values Quantity of Groundwater
9

Nitrate-Nitrogen 0.126 mg/L 1.264x10 liters/year
g

Total Phosphorus 0.066 mg/L 1.264x10 liters/year

Groundwater Loading:

Nitrate-Nitrogen - 159.2 Kg/year

Total Phosphorus - 83.4 Kg/year

2. STORMWATER

The rational method was utilized to determine the

quantity of storm flows entering the pond from Oak Street and

from remote storm drains.



A. Oak Street Area:

20 . 76 acres(total)

2.02 acres(streets)

18.74 acres (residential)

Q = ciA (c = 0.35 for residential)

(c = '0.90 for streets)

i =40.1 inches/year

1) 18.74 acres(0.35)(40.1 in./yr.) = 263.3 acre-inches = 7.15 mg/yr.

2) 2.02 acres(0.90)(40.1 in./yr.) = 72.9 acre-inches =1.98 mg/yr.

TOTAL - 9.13 mg/yr.

B. Remote Area:

30.27 acres (total)

- 3.01 acres(streets)

27.26 acres (residential)

1) 27.26 acres(0.35)(40.1 in./yr.) = 382.6 acre-inches. = 10.39 mg/yr.

2) 3.01 acres(0.90)(40.1 in./yr.) = 108.6 acre-inches = 2.95 mg/yr.

TOTAL = 13.34 mg/yr.

Nutrient loads entering Jennings Pond through stormwater

were calculated by determining mean concentrations of nitrate-

nitrogen, total kejldahl-nitrogen and total phosphorus (see

Table 32). Two regimes were determined 1). Oak Street

quality and 2). remote stormwater quality. Mean results were

calculated for composite samples only. Composite samples

provide a better indication of stormwater quality than do

first-flush samples.



OAK STREET

Parameter Mean Values Quantity of Stormwater

Nitrate-Nitrogen 0.25 mg/L 3.456x10 liters/year

Total Kjeldahl- ?
Nitrogen 1.25 mg/L 3.456x10 liters/year

Total Phosphorus 0.48 mg/L 3.456x10' liters/year

A. Oak Street Stormwater Loading:

Nitrate-Nitrogen = 8.64 Kg/year

Total Kjeldahl-Nitrogen = 43.20 Kg/year

Total Phosphorus = 16.48 Kg/year

REMOTE AREA:

Parameter Mean Values Quantity of Stormwater

Nitrate-Nitrogen 0.15 mg/L 5.05x10 liters/year

Total Kjeldahl-
Nitrogen 0.68 mg/L 5.05x10 liters/year

Total Phosphorus 0.47 mg/L 5.05x10 liters/year

B. Remote Area Stormwater Loading:

Nitrate-Nitrogen = 7.57 Kg/year

Total Kjeldahl-Nitrogen = 34.34 Kg/year

Total Phosphorus = 23.73 Kg/year

3. RUNOFF

Nutrient loads entering Jennings Pond through runoff

were calculated by determining mean annual concentrations of

nitrate-nitrogen, total kejldahl-nitrogen and total phos-

phorus entering from-the inlet. Mean values may be slightly

lower than actual yearly averages for inlet waters. This is

due to the fact that it was raining on only four of the



twenty sampling dates and rain events invariably contribute

greater pollutant loads than dry weather flows.

Parameter Mean Values Quantity of Stormwater
9

Nitrate-Nitrogen 0.114 mg/L - 3.12x10 liters/year

Total Kjeldahl- g
Nitrogen 0.430 mg/L 3.12x10 liters/year

g
Total Phosphorus 0.080 mg/L 3.12x10 liters/year

Runoff/Oak Street Inlet Loading:

Nitrate-Nitrogen = 355.8 Kg/year

Total Kjeldahl-Nitrogen = 1,341.6 Kg/year

Total Phosphorus = 249.6 Kg/year

4. SEPTIC SYSTEM INFLOW;

For on-site systems the U.S. EPA's National Eutrophica-

tion Survey assumes that 0.10 kilograms per year of total

phosphorus enters lakes from every person served by on-site

systems within 300 feet (91.5 meters) of lakeshores. At

most, there are only four homes relying on on-site septic

system within 300 feet of Jennings Pond. Assume four persons

per home.

Septic System Inflow Loading:

Total Phosphorus = 1.6 Kg/year

5. POND SEDIMENT - PHOSPHORUS RECYCLING

The following are constant sediment release rates of

phosphorus reported by various investigators (Snow, 1976).



Condition No. of Studies Range of Release Rates
(mg/m2/-Day)

Anaerobic 10 1.2; 10 - 150

Aerobic 7 -2.0-9.6

The total surface area of sediment subject to anaerobic

conditions in Jennings Pond is approximately 5,330 square

meters.

Assume: Anaerobic - 120 days/year

Aerobic - 245 days/year

Anaerobic conditions (0.0 mg/1 at sediment - water

interface) were never recorded within Jennings Pond. However,

throughout this report data indicate a potential release of

phosphorus from sediment. Therefore, we believe that phosphorus

is released from the sediment. A range for phosphorus

release rates will be utilized which is at the low range of

release rates compiled by Snow and DiGiano (1976). Phosphorus

release from bottom sediments:

Condition Ranges Utilized

Anaerobic 10-100 mg/m2-Day

Aerobic -2.0 - 9.6 mg/ma-Day

Total Phosphorus

Anaerobic - adsorbed 42.6 - 426.1 Kg/year

Aerobic - absorbed - 17.4 Kg/year

absorbed 83.5 Kg/year

Totals: adsorbed (released): 126.1 Kg/year - 509.6 Kg/year

absorbed (up-take): 17.4 Kg/year



Total Phosphorus Release From Sediment:

108.7 - 492 .2 Kg/year

6. Direct Precipitation:

Nutrient loads entering Jennings Pond through direct

precipitation were calculated by determining mean annual

concentrations of nitrate-nitrogen, total kjeldahl-nitrogen

and total phosphorus (see Table 2 5 ) .

Wet Precipitation:

Parameter Mean Values

Nitrate-Nitrogen

Total Kjeldahl-Nitrogen

Total Phosphorus

0.365 mg/liter

0.92 mg/liter

0.025 mg/liter

Quantity of Precipitation

6.182 x 10 liters/year

6.182 x 10 liters/year

6.182 x 10 liters/year

Wet Precipitation Loading;

Nitrate-Nitrogen

Total Kjeldahl-Nitrogen

Total Phosphorus

2 2 . 6 Kg/year

56.9 Kg/year

1.5 Kg/year

Kluesner, 1972, estimated that the phosphorus mass •

loading in dust was about three times the phosphorus mass

loading in precipitation. Uttormark, 1974 estimated that dry

precipitation contains twice the nitrogen as wet precipitation



Dry. Precipitation Loading:

Nitrate-Nitrogen ~ 45.2 Kg/year

Total Kjeldahl-Nitrogen = 113.8 Kg/year

Total Phosphorus = 4.5 Kg/year

Precipitation Loading (Total);

Nitrate-Nitrogen = 67'. 8 Kg/year

Total Kjeldahl-Nitrogen = 170.7'Kg/year

Total Phosphorus = 6.0 Kg/year

Outflow:

Nutrients existing Jennings Pond were calculated by

determining mean concentrations of Nitrate-Nitrogen, total

Kjeldahl-Nitrogen and total phosphorus collected during the

twenty limnological sampling dates.

Parameter Mean Valves Outlet Discharge
Q

Nitrate-Nitrogen 0.094mg/l 4.1 x 10 liters/yr.

Total Kjeldahl-Nitrogen 0.266mg/l 4.1 x 109liters/yr.

a
Total Phosphorus 0.069mg/l 4.1 x 10 liters/yr.

Outlet Discharge-Nutrient Loss;

Nitrate-Nitrogen = 385.5 Kg/year

Total Kjeldahl-Nitrogen = 1,090.6 Kg/year

Total Phosphorus = 282.9 Kg/year



Appendix C



NATICK, MASSACHUSETTS

JENNINGS POND - QUESTIONNAIRE

Whitman & Howard, Inc. of Wellesley, Massachusetts is an
environmental engineering firm contracted by the Town of
NaticJc to perform a diagnostic/feasibility study of Jennings
Pond. The ̂ diagnostic/feasibility study is a two part study
with the diagnostic portion consisting of a description of
the lake ana its watershed, collection of chemical, bacterial
and limnological data, and characterization of the ponds
trophic level. The diagnostic data collection will pinpoint
pollution sources, sedimentation sources, and reasons for
aquatic weed growth, algae population blooms, etc...

The feasibility study interprets the diagnostic data and
explains cost-effective means for the restoration of Jennings
Pond. The entire project period is eighteen months with data
collection being performed during the first twelve months.

An important factor during any environmental study is
citizen input in the decision making process. At least three
public meetings will be held at key points in the schedule to
inform the public about project activities, to enlist aid in
data collection and to solicit reactions and suggestions in
the development and selection of alternatives. These meetings
will be announced through public notice in the Natick Bulletin,
at least 30 days prior to the meeting date. "

The attached form has a list of questions about your
wastewater disposal system, in-lake uses of Jennings Pond,
general watershed information, and your desire and interest
in the restoration of Jennings Pond. Please complete these
questions and return the form in the self-addressed, stamped
envelope provided.

The information on this questionnaire will provide
valuable insight to the direction taken to insure the long
life of Jennings Pond. Your cooperation is very important to
this study and is greatly appreciated.

Additional questions pertaining to this questionnaire
and the overall study should be addressed to Mr. Douglas
Vigneau of Whitman & Howard, inc., 45 William Street, Wellesley,
Massachusetts 02181 (617-237-5000),



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

3. Type of wastewater disposal?

Town Sewerage System
"Septic Tank

* Cess Pool

Any problems with wastewater disposal system?

Wet leaching fields, ponded water, melted snow.
-m Slow draining of toilets and sinks.

_ Gcor.

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 or.der of importance, with 1 most important:

Swimming Boating Sailing
Fishing Katerskiing Ice Skating

Other
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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, weed growth
Low visibility
Unsuitable for swimming
Poor fishing
Rubbish
Objectionable odor
Other

9. Do you know of any direct discharges or other possible
sources of nutrients into the lake? Please describe.

10. Please indicate areas within the lake you feel to be
most troublesome from a water quality viewpoint.

11. Would you be interested in the formation of a "Jennings
Pond Watershed Association" which would act as a bargaining
force in persuading State and local officials of the
desire of residents to restore Jennings Pond to a usable
state.

YES NO

12. If a clean-up day were to be organized to rid the
Jennings Pond area of rubbish and debris, would you be
willing to assist in the clean-up project?

YES NO

TO RESIDENTS IMMEDIATELY ABUTTING JENNINGS POND:

A grouncwater quality monitoring program is planned to
study the chemical and bacterial influxes from groundwater



sources. Small borings (no larger than four inches in
diameter and only four to five feet deep) will be dug
near shore's edge, using a mechanical auger. A one and
one .quarter inch test well will be put in-place from
which our water quality samples will be retrieved. Once
the well is in place there will be nothing visible above
ground. The well will be in place for, at most, six
months. Upon completion of our sampling, the well will
be removed and the area will be returned to its natural
state.

Please indicate whether you would allow Whitman S
Howard, Inc. to utilize an extremely small parcel of
your land for this monitoring program.

YES NO

If further information is needed may we contact you (Your
Option)?

Yes No

Name:

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 Jennings
pond area residents!



NATICK QUESTIONNAIRE RESULTS

Of approximately 110 questionnaires distributed 54 were
returned =49%.

Wastewater Disposal Systems:

Town Sewerage - 41 Homes
Septic Tank - 2 Homes
Cess Pool - 11 Homes

Most Important Lake Uses:

Swimming - 174 Pts.
Fishing - 164 Pts.
Ice Skating - 149 Pts.
Boating - 90 Pts.
Sailing - 64 Pts.
Aesthetics - 57 Pts.
Wildlife - 48 Pts.

Major Problems in Jennings Pond:

Algae/Weed Growth - 357 Pts.
Slime/Muck - 243 Pts,
Rubbish * 160 Pts.
Not Fit for Swimming - 158 Pts.
Objectionable Odor - 115 Pts.

Clean-Up Day:

47 Respondents are willing to help in clean-up
8 Respondents are unwilling

Watershed Association Formation:

47 Respondents want to form a Watershed Association
8 Respondents not interested.



CONTACT: Whitman & Howard, Inc.
45 William Street
Wellesley, MA 02181
Douglas E. Vigneau
(617) 237-5000

June 13, 1984

Re: Jennings Fond

A public meeting on Jennings Pond will be held on

Tuesday, June 26th, in the Lower Meeting Room of the NaticJc

Town Hall.

Scheduled for 7:30 p.m., the meeting will examine the

results of a recently issued water quality questionnaire and

present the preliminary findings of the Jennings Pond diag-

nostic study.

Members of the Natick Conservation Commission and

representatives from Whitman & Howard, Inc., project consult-

ing engineers, will be present to discuss alternatives for

the restoration and preservation of the Pond.



Jennings Pond was selected for restoration by the

Massachusetts Department of Environmental Quality Engineering

under the Commonwealth's Clean Water Lakes Program. This

program is designed to assist communities in controlling

sources of pollution to publicly-owned fresh water lakes, and

restoring/preserving lake water quality.

All interested Natick residents are encouraged to attend

the public meeting to contribute ideas and concerns to the

decision-making process. A question and answer period is

included on the agenda.



MINUTES - Jennings Pond, Public Meeting
June 26, 1984 7:30 PM

George Wallace - Chairmen/ Natick Conservation Commission
opened the meeting with approximately 40 persons in
attendance with a short history of the pond.

In 1961-1962 the Jennings Pond Association purchased
the land abutting the pond.

1963 - The Natick Conservation Commission assumes
responsiblities for the protection/caretaking of
Jennings Pond.

1982 - Petition by residents to Town for some kind of
clean-up project to be implemented to improve the
aesthetics and improve the water quality of Jennings
Pond.

1982-1983 - The Town of Natick applies for and receives
a grant under the Massachusetts Clean Lakes Program for
a Phase - I Diagnostic/Feasibility Study.

State Share = 535,000
Town Share = $15,000

1984 - Natick Conservation Commission selects Whitman &
Howard, Inc. to conduct the 18-month long study.

George Wallace introduces Stephen Poole - Project
Manger and Douglas Vigneau - Environmental Scientist of
Whitman & Howard, Inc. - Consulting Engineer.

Stephen Poole began his presentation with an
introduction of the Massachusetts Clean Lakes Program:

$30 million has been appropriated for Phase - I
Diagnostic/Feasibility Studies, Maintenance Programs
and Implementaion Projects. Grant consideration is
provided through a written request for assistance and
the determination of eligibility is decided upon by the
Massachusetts Divison of Water Pollution Control
(MDWPC). If the waterbody is considered eligible an
application is submitted by the Town for funds. The
MDWPC then assesses the potential for success and an
award may or may not be given.

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 baiss of such things
as technical and practical feasibility, cost
effectiveness and public acceptance.

DIAGNOSTIC - FEASIBILITY STUDY

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 its 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 implementing and
monitoring restoration project.

Application Procedure;

1) Request for Assistance - July 1, 1985

2) Final Application - October 1, 1985

3) Priorization/List of Projects - January 15, 1986

4) Local Match Commitment - Way 15, 1986

Douglas Vigneau began with a discussion of the current
trophic status of Jennings Pond. From the Massachusetts
Lake Classification Program, the MDWPC places Jennings
Pond at the borderline between mesotrophic and "eutrophic;
the Pond commands 12 severity points out of a possible
18. A mesotrophic waterbody is rich in suspended
nutrient matter and is moderately productive. A mesotro-
phic lake is suitable for most recreational pursuits,
but unlike an oligotrophic lake, it is less desireable
as a water-supply source. Jennings Pond by the aforemen-
tioned standards is much more eutrophic than mesotrophic.
The Pond is low in hypolimnetic dissolved oxygen, highly
productive in biomass and the species are very
limited. In fact, as the diversity of plant and animal
life declines so does the trophic status of the Pond.

A comparison was then shown between a bathymetric map
developed by the Natick DPW in 1953 and a bathymetric
map developed by Whitman & Howard, Inc. this year.
This comparison proved the dramatic increase in
sedimentation and muck build-up in Jennings Pond over
the past 30 years.

A similar comparison was presented from a 1982
macrophyte (Aquatic Plants) map from the MDWPC and a



macrophyte survey conducted by Whitman & Howard, Inc.
this year. Again, an areal increase in macrophyte
density was evident, further emphasizing the increasing
trend towards Jennings Pond eutrophic status.

Sampling sites were then presented and discussed; most
of the water quality results have proven to be well
within expected ranges, with the exception of Total
Phosphorus, Hypolimnetic dissolved oxygen and
Secchi-Disc transparency levels - which were all in
ranges indicative of eutrophic water bodies.

Serious consideration is now being given towards the
impact of faulty wastewater dispoal units and leaking
sewer lines.

Many questions were then asked, particulary about
implementation/restoration alternatives. Since it was
not the purpose of this first meeting to disuss
restoration alternatives for the Pond, only surface
insight was provided. During our next Public.Meeting
tentatively scheduled for January 22, 1984, restoration
alternatives will be discussed in greater detail.
However, it was made clear that any implementation
effort, pending a grant award, would not occur before
1987, at the earliest.

A Clean-up day of the Jennings Pond area is now being
planned. The clean-up day will be sponsored by Whitman
& Howard, Inc. and most likely occur in late August or
early September.

There is great interest in the formation of Jennings
Pond Watershed Association. The formation of such
group is heavily reliant on communication between
Jennings Pond residents. During our next Public
Meeting we will discuss the manner in which this
association will most efficiently be formed. Also, at
this time, we will ask for volunteers to be in charge
of this group.

Respectfully Submitted,

WHITMAN & HOWARD, INC.

Doug Vigneau
Environmental Scientist

DV/tmj
84-083



MEMORANNPUM

To: Jennings Fond Area Residents

From: Whitman & Howard, Inc.

Date: September 4, 1984

Re: Jennings Pond Clean-Op Day

On Thursday, August 30th, a brief meeting was held to
discuss plans for clean-up operations at Jennings Pond. The
following was decided upon and the following committee's need
volunteers to ensure success in this endeavor.

Clean-Up-Date Date: September 22, 1984 - Noon - 4:00 P.M.

1. Clean-Op Committee: A Director of this committee is
necessary to delegate chores, ensure proper equipment
is present, and emphasize area's requiring specific
attention.

2. Watershed Association Sign-Up Committee: Only 1 or
2 persons will be needed to gather names and solicit
interest in the formation of a Jennings Pond Water-
shed Association«

3. Cooking Committee: Hot Dogs, Rolls, Condiments,
Soda, etc. will be provided - we need grills and
chefs*

Also, there will be "Jennings Pond Clean-Up-Day"
T-Shirts to volunteers who demonstrate their
interest through concerned clean-up efforts.

Trash bags will be provided.

Natick DPW truck and driver will be present.

- Barbara McGrath has volunteered to act as chair-
person for Jennings Pond residents. Any one
wishing to serve as chair on the aforementioned
committees, please contact Barbara at 653-2653.

Strong support for this project is expected and will serve
as a stepping-stone for future community support for the
restoration of Jennings Pond.



To be held on :

Inursday, November 8th, at
iljA ScHool Gym

*«**•»*•»******«*«*««**«*« «*•»*« **«*4«.«*4C fl fl »*»»•«

ear Friends and Neighbors,
Helloi y.any of you are aware oT the efforts currently underway, to

estore Jennings Pond to the beautiful, natural Pond it cnce wa;-;, AM im-
ortant part of this process is the support and participation of all of us.
ogether we can help the Town and V/hitT.an and Howard, the cor.sultir:^ errLr.ee;
evelop a plan which is beneficial to all. v/e can niau detnonntr-i tv f.'; U:«
omnonwealth of Massachusetts and our State Representatives our uru Tie-'*
upport for the restoration of the Pond.

he Clean-.up Davi

«0ur first "Glean-up Day certainly showed our able support! C° a warr.
unny fall afternoon, over 130 cf us, brought rakes, hoot:?, s'--r/-?ls and

iaws... then proceeded to remove TOT* thar. 6 trucVloadn of trash and ^rees,
.Ions: with countless trash bans which were overflowing with debris fror
;he hanks and waters of the Pond.

A concerted effort on the area between The Town ?orest and Ca!<
itreet, ("Little Jennings"), yielded a significant channel v/ith th« use oT
L chain-saw, numerous fallen branches and tree li^b* were cut and removed
'rom'"The Bridge" at'the Town Forest (forcing a oil** over 6 feet high) I
kt the other end of Little Jenninss, at the Oak street under-pass, di/rincr
tnd pulling opened the previously clogged stream. As a result of these
;wo efforts, a tired and muddy crew was able to witness the free-flow of
fater into Big Jennings for the first time in many years.'At the end of the
lay folks.stood back in amazement to look at the improvement made just
>y raking and pruning.

'any Thanksi
To George Wallacet Chairman of the Natick Conservation Commission, for

us considerable and generous support of our efforts, his assistance in
obtaining Town support...and especially for rolling up his sieves and pitch-
ing in to helpl

To Ctib Scout Pack 22, Boy Scout Troop 1775. their leaders.. .and all
those wonderful kids, who helped pick up trash, while learning a new
appreciation for the Pond and Neighborhood.

To Tilly and Salvy's Store, for donating cookies and ice, and for
^ never ending support of community projects.

(con* t. over. , . )



WHITMAN & HOWARD, INC.
WELLESLEY, MASSACHUSETTS

JENNINGS POND
NATICK, MASSACHUSETTS

I. PROBLEM ASSESSMENT

1. Dense Aquatic Weed Growths; Very nearly 100% of Jennings
Pond is innundated with free-floating and rooted vascular
aquatic weeds. The weeds hinder all recreational uses
of the Pond, greatly reduce the Pond's aesthetic value,
slow the passage of water through the Pond (increasing
potential sedimentation rates), reduce bottom water
oxygen levels through decomposition, increase organic
sediment load, cause noxious odors and increase the
potential for nutrient recycling by storing excess
nutrients in plant cells which are later released during
plant decomposition.

2. Sedimentation; Particularly in the area of the Oak
Street storm drains excessive sedimentation is quickly
filling in the Pond. A 1953 bathymetric survey indicated
a mean depth of just under four feet in the western end
of the Pond. The 1984 bathymetric survey indicates a
mean depth of less than two feet in the same area.
Surprisingly, accumulated sediments are of very low
organic content and are mostly sand and gravel.

3. Urban Runoff; Clearly urban runoff contributes the
greatest sediment load and the greatest spontaneous
pollutant loads. Urban runoff is high in biochemical
oxygen demand due to excessive organics being introduced
causing oxygen depletion. In addition, urban runoff has
high total phosphorus, total nitrogen, coliform bacteria,
metals and oil and grease; all of which stimulate plant
growth, lower fisheries potential and overall degrade
the useful purpose of Jennings Pond.

4. High Inlet Nutrient Loads; Approximately 25 point
source storm drains empty into upstream wetlands, the
pollution attenuation capabilities of these wetlands is
limited. Sporadic flows find their way to intermittant
streams quickly and, therefore, are not retained as
would be best for sedimentations and nutrient removal.



II. RECOMMENDED RESTORATION EFFORT

OPTIONS - PHASE I

1. Outlet Reconstruction; Utilizing existing box culvert,
aluminum slide gates and an aluminum grate with access
hatch will be installed.

2. Rip~rap channel approximately 40' long and 31 wide to a
depth of approximately 51 will be constructed to allow
sufficient drawdown. Stabilize surrounding areas of
erosion.

3. Siltation/filtration systems for peripheral storm
drains, stabilize areas of erosion.

4. Inlet and Oak Street drains filtration system, with
public access.

5. Improve upstream wetlands pollution attenuation
capabilities.

OPTIONS ~ PHASE II

1. Dry excavation of accumulated organics, sand and gravel
approximately 10,000 yd.3 to be removed. Greater quanti
ties of material may be removed to increase pond depth,
extract rooted aquatic weeds, increase the warm water
fisheries potential.



AK-

Date of Issuance: January 11, 1985

CONTACT: Norine P. Bacigalupo
Douglas E. Vigneau
(617)237-5000

FOR IMMEDIATE RELEASE

A public meeting on Jennings Pond in Natick will be

held on Thursday, January 17th, at 7:30 P.M. in the Lower

Meeting Room at the Natick Town Hall.

The meeting will begin with the introduction of officers

of the newly-created Jennings Pond Restoration Committee, a

citizens' advisory group which will act as an important

intermediary between local and state governments on the

restoration and future use of the Pond. Anyone wishing to

join the Committee can sign up at this meeting.

Members of the Natick Conservation Commission and repre-

sentatives of Whitman & Howard, Inc., project consulting

engineers, will be present to discuss feasible alternatives

for the restoration and control of cultural eutrophication

of Jennings Pond. Alternatives will be presented on the

basis of cost-effectiveness, technical feasibility, and

environmental soundness.

more



Jennings Pond -2-

AIL interested Natick residents are encouraged to

attend this meeting to contribute ideas and concerns to the

decision-making process. A question and answer period will

follow the presentation of restoration alternatives.

-30-



WHITMAN & HOWARD, INC.
WELLESLEY, MASSACHUSETTS

Minutes - Jennings Pond Public Meeting
January 17, 1985

Town of Natick Conservation Commission Director George
Wallace opened the well attended meeting with a short
introduction of the Jennings Pond Diagnostic/Feasibility
study. Mr. Wallace introduced Dana Crockford - President of
the Jennings Pond Restoration Association. Mr. Crockford
presented a brief history of the actions taken by the Town
and residents to clean-up Jennings Pond*

1963 - Natick Conservation Commission assumes authority
of Jennings Pond.

1982 - Residents petition Town of Natick to initiate work
on the restoration of Jennings Pond.

1982-1983-Town applies for and receives Phase I Grant for a
diagnostic/feasibility study of Jennings Pond.

1984 - . Whitman & .Howard, Inc. selected to conduct Phase I
study over an 18-month period.

Nov. 1984-Jennings Pond Restoration Association is
officially formed and elects officers:

President - D. Crockford
Vice President - P. McKinley
Secretary - B. McGrath
Treasurer - S. Peoples

Four regional areas have been delineated to insure
participation from all neighborhoods; these following areas
are presently represented:

Connecticut Avenue Area
Keane Road Area
Jennings Pond Road Area
MacArthur Road Area

Mr. Crockford requested that an additional region be
represented in the Border Road Area. In addition/ increased
participation in the public relations/media coverage was
called for.

A major concern of the Association is proper legal
organization. A laywer will be retained to provide this
information. At some point dues will be collectd from
members, these dues are thought to be nominal.

February 2, 1985 - Jennings Pond Winter Clean-Up and
Skating Partylll



Whitman & Howard, Inc. Presentation:

1. The diagnostic data collection is nearly complete with
only one February limnological and sediment sampling
survey to be completed. Also, a March stormwater and
groundwater monitoring survey will be conducted during
the spring thaw.

2. The major problem of the Fond is aquatic weed growth
(see attached aquatic macrophyte map). These weeds lower
the recreational and aesthetic qualities of the pond.
Lower the dissolved oxygen concentrations during fall
die-off, produce noxious odors caused by decomposing
detrital material and affect fish populations.
Jennings Pond has warm water, plentiful nutrients, and
shallow depth which combine to encourage luxuriant
plant growth. In order to reduce plant growths in
Jennings Pond several point and non-point sources of
nutrients will have to be curtailed or significantly
reduced.

3. Briefly, major sources of nutrients to Jennings Pond
are the six storm drains emptying into the pond. At
the outfalls, extensive sedimentation has occurred so
much in fact, that at the Oak Street or inlet end of
the pond, several hundred square feet of pond surface
area has already been filled. In addition to the
obvious sand, silt and salt from road runoff a
tremendous nutrient load enters the pond every time it
rains. Oil and grease - rich in organic nutrients,
animal droppings, septic system overloads, lawn
fertilizers and erosion all contribute to the nutrient
loads during rainstorms. Those "pollutants" which
enter thru storm drains are point-source, while those
entering from undefined areas are non-point sources.
Although, non-point sources may be hypothetically
defined as far a quality and quantity, the problem of.
non-point pollution diversion remains. Point sources
on- the other hand, are typically a greater contributor
of nutrients and may be more cost-effectively diverted or
treated. It is important to keep this in mind when
alternatives are presented.

*
4. The sediments of Jennings Pond are also a major source

of nutrient recycling in Jennings Pond. For any
quantity of nutrients entering the system a portion is
held within the sediments. The greater the aquatic
weed growth and subsequent die-off the greater the
nutrient loads impacted on the sediment* Also, as the
detritus builds up so does the suitable substrate for
re-growth of aquatic weeds.



Nutrients held in sediments may be released during
period of anoxia (no oxygen) of overlying bottom
waters. Dissolved oxygen data indicates that Jennings
Fond has a serious lack of oxygen during much of the
year* In order to halt the extensive release of
nutrients from sediments two options are available:

a. Remove the sediments

b. Aerate bottom waters to insure adequate
oxygenation.

In the case of Jennings Pond, sediment removal has
several distinct advantages:

a* Deepen the Pond - increases cold water
availability and fisheries potential.

b. Remove accumulated sediments which are the
substrate of aquatic weeds.

c. Direct removal of source of nutrients rather than
attempting to supress nutrient release.

d. Long term aquatic weed removal/reduction.

e. Provide a cleaner, more aesthetically pleasing
bottom substrate.

f. Avoid long-term operations and maintenance costs
and administrative problems associated with
electrical/mechanical devices necessary for
aeration.

Dredging is expensive - $500,000.00 - However, by
completely dewatering the Pond and using conventional
excavating equipment the cost may be significantly
reduced. Also, Mr. Wallace mentioned that he
receives numerous calls concerning the need of
contractors for just the type o.f fill and/or fertilizer
the Jennings Pond sediment would provide.

5. Additional options for the restoration of Jennings
Pond are as follows:

A. Inlet - Filter Berm
- Retention Pond/Invert

v Changing of the Oak Street inlet
B. Bottom Sealing
C. Shoreline Modification
D. Outlet Reconstruction for proper water level

manipulation - drawdown as a weed control
alternative.



6. Watershed Management controls such as: catch basin
cleaning; trash and tree debris removal; retention
basins; zoning by-laws, public health regulations on
sewage and septic system operation and maintenance; etc

7. Increased Public Access is ixnperitive to obtaining
Phase XX - implementation monies. Every effort will be
made so as not to impact on a persons believed domain.
Remember, the surface water of Jennings Pond is the
Town of Natick's property, to do with as will be in the
best interest of the residents of Naticlc.

The third public meeting is tentatively scheduled for
early May. At this time alternatives will be fully
outlined as to their technical feasibility.
Cost-effectiveness, and environmental impacts. Every
effort will be made to inform all interested persons to
attend this meeting and discuss their concerns to the
applicability of the options presented.

Repectively submitted,

WHITMAN & HOWARD, INC.

Doug Vigneau
Environmental Scientist



III. SYNOPSIS OF RESTORATION EFFORTS

Options - Phase I

1. Outlet Reconstruction.

a. Involvement of Work: The 8! x 61 box culvert and
48" RCP are in sound physical condition. There are
a series of wooden flash boards which currently
allow a drawdown of approximately 18"; drawdown
capabilities are greater with the existing struc-
ture however backfill against the boards impedes
the flow of water. The overflow has a width of 3'
6", therefore the aluminum slide gate (hand operated
with locking capability) will be sized accordingly;
overall involvement of work is minimal.

b. Purpose of Outlet Reconstruction: For the purposes
of ease and accurate water level manipulation the
main objective of pond level drawdown is to manage
nuisance macrophytes (weeds) by destroying seeds
and vegetative reproductive structures through
exposure to drying and/or freezing of sediments may
eliminate conditions required for the growth of
rooted vascular aquatic plants. Furthermore,
sediment consolidation helps control turbidity,
reduces nutrient release from sediments and slightly
increases pond depth.

Also, periods of dewatering may be used for shore- ,
line repair and dry excavation of accumulated
sediments.

c. Environmental Impact: Negative environmental
impacts that may occur during outlet reconstruction
are minimal. Negative environmental impacts
following water level drawdown include establish-
ment of resistant macrophytes, fish kills, and
changes in littoral fauna.

Ceratpphyllum Demersum (coontail) The major nuisance
aquatic weed in the pond is particularly resistant
to drawdown and exposure. However, since coontail
is free-floating concentrated masses wil float to
areas of deeper water making removal easier and
mose cost-effective. Nuphar spp. (water lily) have
been shown to decrease following drawdown.

2. Rip-Rap Channel Construction.

a. Inolvement of Work: In order to drawdown the pond
sufficiently to allow in-pond construction activities
etc... a channel will have to be excavated to the



five foot contour level. Utilizing conventional
construction equipment the channel will be exca-
vated from the outlet to the five foot contour.

b. Purpose of channel excavation: To allow water
level drawdown, rip-rap is required to stabilize
channel and decrease future operation and mainten-
ance costs for future drawdowns.

c. Environmental Impact: In order to minimize down-
stream siltation the new outlet structure will be
in the closed position. Following a period of
excavation the suspended material will be allowed
to settle out prior to opening sluice gates for
water level lowering. A silt screen will be
utilized to trap suspended matter.

In addition to those environmental impacts addressed
in water level drawdown, following reflooding,
water quality impacts may include a short term
decrease in Secchi disc transparency/ and an
increase in total suspended solids, turbidity,
chlorophyll and nutrients.

3. Siltation/Filtration of Peripheral Storm Drains.

a. Involvement of Work: Collector catch basins will
be removed and replaced with deeper more efficient
basins. All conduits running from uphill basins to
headwalls at the Pond!s shore will remain intact.
A second overflow basin will be put in-place in
shoreline areas.

b. Purpose of Siltation/Filtration: New basins are
necessary to remove settleable solids and associ-
ated nutrients. The lower (shoreline) basin will
be packed with a suitable media filer (i.e. ...
limestone, carbon) to remove phosphorus prior to
its introduction to the pond.

c. Environmental Impacts: For new basin construction
are minimal, impacts are those only related to
usual construction activities, appropriate miti-
gating techniques for erosion control will be
required.

4. Inlet/Oak Street Drain Filtration.

a. Involvement of Work: The filtration system construc-
tion will require removal of accumulated sediments
in area of catch basin leaching fields, to be
refilled with loosely packed sand and gravel. All
storm drain connections will be re-routed to the



leaching field. A new box culvert will be constructed
between Little Jennings and Jennings Pond. A
portion of Jennings Pond will be filled to facilitate
leaching field construction and over-lying gravel
parking area and boat launch. Finally, a filter
berm will be erected in Little Jennings Pond.

b. Purpose of Filtration: Decrease sediment and
nutrient loads from the inlet and from storm
drains. In addition, a much needed public access
area will be developed.

c. Environmental Impacts: Overall construction
impacts will be far out-weighed by final improve-
ments to Jennings Pond. A number of environmental
considerations are required in order to satisfy
permit requirements and determine future impacts to
Little Jennings Pond.

5. Improve Upstream Pollution Attenuation.

The-full potential of upstream wetlands in diminishing
pollution levels is not realized under present condi-
tions. The wetland has extensive swamp deposits and
high vegetative density. However, because much of the
vegetation is growing on hummocks and isolated islands,
and the water flows through natural channels, very
little contact is made between vegetation and water.
Thus, the filtering action is reduced, run-off time is
increased and the absorption of nutrients by both plants
and the swamp deposits is reduced.

To improve pollution attenuation water should be partially
retained and vegetative density should be maximized.
Vegetation allowing these properties may be commercially
purchased.
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8. Phase II Construction
Phase

9. Phase II Monitoring
Program

10. Pond Maintenance
Program

Continuous



" r v T
- <*.V/-ji'-a-'J'i V

DATE OF ISSUANCE: August 14, 1985

CONTACT: Norine P. Bacigalupo
Douglas E. Vigneau

(617) 237-5000

FOR IMMEDIATE RELEASE

A public meeting on Jennings Pond in Natick will be held on

Tuesday, September 17th, at 7:30 P.M., in the Lower Meeting Room

at the Natick Town Hall.

The purpose of this meeting is to examine the results of the

year-long water quality testing program, to discuss sources of

the Pond's current weed and sediment problems, and to review

possible methods for alleviating these problems and restoring the

Pond to.a more usable condition. During this discussion, concep-

tual drawings will be presented, and specific alternatives for

improving the Pond's water quality, along with their associated

costs, will be analyzed.

Funding sources for these alternatives, as well as voluntary

steps which area residents can take to help improve watershed

management practices, will also be outlined.

more



Jennings Pond -2-

All interested citizens are encouraged to attend this meeting

to contribute their ideas and comments on the proposed restoration

alternatives. A question-and-answer period will follow the

presentation.

30
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JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 31 MARCH '84 12 APRIL '84 26 APRIL '84 9 MAY '84 23 MAY '84 8 JUNE '84

Bacillariophycea*
(Diatoms)

Asterionella sp 117 473 2,430 1,170 918 121

Cocconeis sp.

Cyclotella sp.

Diatoma sp.

Fragilaria sp. 88

Melosira sp.

Navicula sp.

Nitzschia _sp.

Synedra sp. 28

Tabellaria sp. 110

Unidentified Centric

Unidentified Pennate 14

.

84

-

222 276 71 109 72

70 -

27

12 - - 19 48

74 22

45 - 237 141 285

-

72 110 - 41

Sub-Total 357 822 2,778 1,588 1,372 589



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 31 MARCH '84 12 APRIL '84 26 APRIL '84 9 MAY '84 23 MAY '84 8 JUNE '84

Cyanophyceae
(Blue-Green Algae)

Anabaena sp.

Anacystis sp.

Coelosphaerium sp.

Lyngbya sp.

Oscillatoria sp.

Unidentified Coccoid

Unidentified
Filamentous

57

29

38

37

17 63

187

79

83

46 119 28

192

29

47

381 78

340

161

SUB-TOTAL 103 138 349 314 661 446

Cryptophyceae
Cryptomonas sp. 630

SUB-TOTAL 630

Dinophyceae
Peridinium sp, 48

SUB-TOTAL 48



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS

Chlorophyceae
(Green Algae)

Ankistrodesmus sp.
Chlorella sp.
Chlorococcum sp.
Coelastrum sp.
Cosmarium sp.
Closterium sp.
Dictyosphaerium sp.
Oocystis sp.
Pediastrum sp.
Phytoconis sp.
Sphaerocystis sp.
Tetraedron sp.

Unidentified
Coccoid

Unidentified
Flagellate

SUB-TOTAL

31 MARCH '84 12 APRIL '84 26 APRIL '84

37 63 128

-
- 44
- -
- -
41 72

-
47 16
69 69

78 - 58
43 -_

48 84 47

76 34 180

282 338 614

9 MAY '84

-
12
91
-

114
120
-
-

141
-
-
-

118

51

647

23 MAY '84 8 JUNE '84

_ —

14
-
17
440 1,154
480 340

'

-
37 46
19
-

-

14

17 19

1,024 1,573

TOTAL 742 1,298 3,741 2,548 3,687 2,108



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 20 JUNE '84 17 JULY '84 30 JULY '84 17 AUGUST '84 30 AUGUST '84 12 SEPT.'84

Bacillariophyceae
(Diatoms)

Asterionella sp.

Cocconeis^ sp.

Cyclotella sp.

Diatoma sp.

Fragilaria sp.

Melosira sp.

Navicula sp.

Nitzschia sp.

Synedra sp.

Tabellaria sp.

Unidentified Centric

Unidentified Pennate

398

111

284

40

163

347

19

38

228

21

57

21

92

116 134 426 89

29

341

65

46

43

176

291 167

123

118

66

86

Sub-Total 996 823 787 491 716 322



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 20 JUNE '84 17 JULY '84 30 JULY '84 17 AUGUST * 84 30 AUGUST '84 12 SEPT.'84

Cyanophyceae
(Blue-Green Algae)

Anabena sp.

Anacystis sp.

Coelosphaerium sp.

Lyngbya sp.

Oscillatoria sp.

Unidentified Coccoid

Unidentified
Filamentous

41 174

179

115

473

21

68

12

1,272

138

19

34

1,140

449

79

76

19

327

152

23

16

SUB-TOTAL 299 289 574 1463 1684 518

Cryptophyceae
Cryptomonas sp. 313 168 41 78

SUB-TOTAL 313 168 41 78

Dinophyceae
Peridinium sp. 188 106 64

SUB-TOTAL 188 106 64



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS

Chlorophyceae
(Green Algae)

Ankistrodesmus sp.
Chlorella sp.
Chlorococcum sp.
Coelastrum sp.
Cosmarium sp.
Closterium sp.
Dictyopshaerium sp.
Oocystis sp.
Pediastrum sp.
Phytoconis sp.
Sphaerocysts sp.
Tetraedron sp.

Unidentified
Coccoid

Unidentified
Flagellate

SUB-TOTAL

20 JUNE '84 17 JULY '84 30 JULY '84 17 AUGUST '84 30 AUGUST '84 12 SEPT. '84

17 36
40 19 -_

41

650 171 118
81 43 41
18 - 38

19 39
162 134 46 . -_

19 -_

121 286 118 - 121

188 142 665 720 520 483

1,139 685 1,151 877 520 724

TOTAL 2,935 2,071 2,553 2,831 2,998 1,628



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 29 SEPT.'84 12 OCT.'84 31 OCT.'84 15 NOV.*84 24 JAN '85 16 FEB.'85

Bacillariophyceae
(Diatoms)

Asterionella sp. 73

Cocconeis sp.

Cyclotella sp.

Diatoma sp.

Fragilaria sp. 49

Melosira sp. . 38

Navicula sp.

Nitzschia sp.

Synedra sp.

Tabellaria sp.

Unidentified Centric

Unidentified Pennate 42

158 237 632 117
_ _ _ _

- - -

158

39 210 - 39

273 184 - 176

_ _ _ —

39 -

194 435

198 289 - 98

117 106

156 52 198

58
_

-

-

78

39
_

_

-

-

-

—

Sub-Total -202 980 1,430 1,265 430 175



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 29 SEPT. '84 12 OCT. '84 31 OCT. '84 15 NOV. '84 24 JAN. '85 16 FEB. '85

Cyanophyceae
(Blue-Green Algae)

Anabjiena sp.

Anacystis sp.

Coelosphaerium sp.

Oscillatoria sp.

Unidentified Coccoid

Unidentified
Filamentous

327

152

23

16

395

198

79

39

237

105

237

67

120

80

170

80

19

137 68

SUB-TOTAL 518

Crypt ophyceae
Cryptomonas sp.

SUB-TOTAL

Dinophyceae
Peridinium sp.

SUB -TOTAL

948

237

237

40

40

409 450 156 68

119 210 39

119 210 39

_

_



JENNINGS POND
MICROSCOPIC EXAMINATION (CELLS/ML)

STATION #1

GENUS 29 SEPT.'84 12 OCT.'84 31 OCT.'84 15 NOV.'85 24 JAN.'85 16 FEB.'85

Chlorophyceae
(Green Algae)

Ankistrodesmus sp.
Chlorella sp.
Chlorococcum sp.
Coelastrum sp.
Cosmarium sp.
Closterium sp.
Pietyopsherium sp,
Oocystis sp.
Fedlastrum sp.
Phytoconis sp.
Sphaerocysts sp.
Tetraedron sp.

Unidentified
Cocoid

Unidentified
Flagellate

73
17

234

140

158

39

158

78

79

79

156

79

79

59

58

118

SUB-TOTAL 464 433 314 79 139 176

TOTAL 1,184 2,638 2,272 2,004 764 419



DATE

JENNINGS POND
STATION #1

CHLOROPHYLL a. RESULTS

Chlorophyll a_ {mg/rn ) SAMPLE TYPE

March 16, 1984

March 31, 1984

April 12, 1984

April 26, 1984

May 9, 1984

May 23, 1984

June 8, 1984

June 20, 1984

July 17, 1984

July 30, 1984

August 1, 1984

August 30, 1984

September 12, 1984

September 29, 1984

October 12, 1984

October 31, 1984

November 15, 1984

December 12, 1984

January 24, 1985

February 16, 1984

Sample Inadvertantly Discarded

3.82

6.41

75.10

5.20

7.40

3.92

7.21

130.00

118.00

25.10

20.80

17.40

7.10

17.20

10.40

Grab

Grab

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Depth Integrated

Grab

Grab

to 2.5m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

to 2.0m

8.07

No Sample - Ice Unsafe for Passage

5.70 Grab

2.70 Grab
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EXHIBIT-E1

Boring Report

Whitman & Howard Inc.

^̂•••L =-.-„. --• •'•
Massachusetts

At_

T O W K

PROJECT N A M E

PROJECT HO.

G R O U N D W A T E R Q8SESV A T I O N S
2 ft. a f te r Hours

Above ground
Jft . after Houra

Type

Sire |.o,
Hammer wt.

John J. Boyle
80 Martin Road
Milton, Mace.

Natick, Massachusetts

Jennings Pond
Subsurface Investigation

CASUG SAMPLER CORE BAR.
BW ss

2*r" 1 3/8"

140# 140# IIT
. 24" 30"

S H C C T 1

L O C A T I O N

HOLE HO.

of 1

B-l
L I K E i STA.

OFFSET

SURFACE UEV.

OAT
BQff

I M S

SOI

E F I N I S H

I N G F O R E M A N

RECTOR
is E K G R .

6/11/85
J . Bo v le

7 •RoceaTrforo

Beptft
Ie1o*
Surface

5*

10'

•

•̂̂

Cas ing
Blows
per

foot

•

Sample
Depths
From-Tc
O"-!1

i ' .?'
2'-3'

^ » - 6 '

8'- lO'

i

SlowS ?<if 6"
on sampler

Prom To
: 0-8 -

15

1
15

20

10

G R O U N O S U R F A C E TO

8-12 12-18

12

for
16

17

12

l .O1

9

11

L.

18-34

11

12

»

CT. r .i*ra

Strata
Change
Depth
n«v.

l.O1

2.0'

5.0'

10. 0'

Fie ld Indent 1 f l c d t Ion o' Soi l .
Remarks (met. color, loss of
W&SN. *ater, seams In rock, etc.)

Finn coarse eravel and sand
Muck

.

and gravel

Firm fine Co coarse gray sand, some
fine gravel, crace of silt

Bottom of boring 10*

Note: All the samples from 4'
to 10' went into one large jar.

C A S I H G I T H E M . , _ ; _ . , , _ U CASUIC T O _FT.

SAMPLE

M O .

NR
YR
NT?

1

7

•̂ •MI

pen

^—»

free.

—
_
-

•

—

•^MBM

0 = DRY W =TWASHCO C = CORED P = PIT A = AUGER

U8= UNDISTURBED. 8ALL CHECK V = VABE TEST

UP = UdOl 3TUR8IO, PISTON

proportions used; " *0-?0<(
J M O L t HO

B-l



Boriog Report

Whitman & Howard Inc.

•
At

At_

1 1 A § 1 pV

C30UKO W A T E R O B S E R V A T I O N S

3,5 ft. af ter .,„. ,«o«rs

Above ground

___ft. a f t e r Hours

EXHIBIT- E 2

John J. Boyle

80 Martin Road
Milton. Ma«c.

T O W N - Natick, Massachusetts
PROJECT N A M E Jennines Pond
PROJECT no. Subsurface Investigation

C A S I N G SAMPLER C O R E 8AR.

Type BW SS

Sl» i.o. 2%" 1 3/8"

Hammer wt, 14Q# 1&.I"I# BIT.

,,mo.r c-n 24" 30"

SHEET 1 OF 1

L O C A T I O N

HOLE NO. B-2
L I N E 4 STA.

OFFSET

S U R F A C E ELEV.

DATE F I N I S H

B O R I N G F O R E M A N

I N S P E C T O R

6/11/85
J. Bovle

J. Boccardoro

SOILS EKGR.

Ge^tn

Surface

5'

10'

•̂ •h—

Casing
0 laws
per

foot

Sample .

Depths

|0"-2%

•

2'-4'

1

8 '-10'

fro
0-3 '

I

21

14

81 o*$ per &M

* TO

«-!2

0

20

I1)

12-19 ' 13-»4

1

14

IS

.

1

11

14

Strata
Cftange

Depth
Elpv. "

2..01

10.0'

Field indent 1 Meat Ion of Soil.

Remarks find, color, loss of

wasn. «ater,. sea/as In rock, etc.)

Compact Co firm gray sand and

gravel, trace of silt

Bottom of boring 10'

SAMPLE

NO.

i

?

^

•M^H

P*n

•̂̂ »

»CC.

^MH^

^P r.on.i-h «'"»fAC£ TO FT., USE3 "CAStNGI Tt*m UCASl»fi Tfl FT.

0 = DRY W SWASHED C = CORED P = P | T A = AUCC«

06= UHOISTUR9ED. BALL CHECK V S V A X C TEST

Proportions used;

Uf = UNO I STURftlO, P I STOH

[HOLE HO. s-2



EXHIBIT-E 3

Boring Report

Whitman & Howard Inc.

-lleslev
T 0 >

John J. Boyle
SO Martin Road
Wilton. Man.

<u Natick, Massachusetts

P R O J E C T M A N E Jenninas Pond
PROJECT no. Subsurface investigation

CSOUNO W A T E S O B S E R V A T I O N S

AtJ> ft. af ter k Hours

Above ground
At ft. af ter Hours

C A S I N G SAMPLER C O R E 8AR.
Type SS

Hammer wt. . 140# BIT

irm^ e,n 30"

S M f C T 1 OF 1

L O C A T I O N

HOLE HO. B-3
L I N E 4 STA.

OFFSET

S U R F A C E ELEV.

DAT

aofl
I K S
SOI

E F I N I S H

I N G F O R E M A N

PECTOR

LS C N C R .

6/11/85
J. Bovle

J. Boccardoro

3«3ltt

3«10-

Surface

5'

10'

•

-W

Casing
Slows
per

foot

-

Sample

D e p t h s

Frotrt-To

0"-!'

I1 -3'

7'-9'

Blo«s per 4"
o« sampler

from To
o-a •

1
16

21

a- 12
0

18

25

12-19

15

29
j

.

Strata
Change
depth

is-2d e *v.

15

^5

1.0'

9.0'

Fie ld indent I f Icat lort of soi l .
Remarks find, color, loss of
wash- water., seams I'n rock, etc.)

!$J.qek muck

Compact brown and gray sand and
gravel, trace of silt

Refusal ac 91

120 blows-0" penetration

SAKPtt

HO.

1

2

^

P»n Bee.

•

^•^^^
^F GROUND SURFACE TO FT.. USES CASING1 THE*

0 = Q«r w = WASHED C = CORED P = PIT A = AUGER

U8=r UNOISTURBED. 8ALL CHtCX . y S V A N C TC3T

Proportions used;

UP = UNO! 3TURB£0. PISTON

IHOLE/NO.



Boring Report

Whitnian & Howard Inc.

j*Tlo«T.«

^V̂
CSOUHO

fct f t .

WATE* O B S E R V A T I O N S

a f t e r £ Hours

af ter Hours

T O W N

PROJECT N A M E

PROJECT NO.

Type

Sire |.o.

Hammer vt.

EXHIBIT- E 4

John J. Boyle

30 Martin Road
Milton. Mi««.

Natick. Massachusetts

Jenn^nss Pond

Subsurface Investigation

C1S1XC SAMPLER CORE BAR.

1 3/8"
140$ SIT.

. 30"

SHCtT. 1 OF 1 ...

L O C A T I O N

HOLE NO, B-4

L I N E * STA.

OFFSET

S U R F A C E £L£Y.

DATE F I N I S H

S O R I N G F O R E M A N

I N S P E C T O R

1
 fi/12/85
J. Boyle

J. Boccardoro

SOILS ENC8.

Lp<"lT!OH Of BOfHHG: — ' •

Sur'aee

5'

10'

•

C a s i n g
a lows
per

Toot

Sample

Depths

From-To

IO"-2'

-

3 ' -D'

8 '-10'

1

1

1

alo*s per 6"

on Sampler

from To
0-5 •

2

1

10

^B C90UHO S U R F A C E TO

d~!2

3

0

10

12-18 ' IB-?*

I

2

11

.

FT.. USC3 , .

3

1

11

Strata

Change

Depth
t lwv .

3.0'

6.5'

10.0'

f l«10 Indent i M c a t l o n of soi l .

Remarks find, color, loss of

•wash- water,, 'seuns Vn rock, etc.)

-

Muck, traces of peat and sand

Firm fine grayish sand, trace of

gravel and silt

Bottom of boring 10'

" C A S I N G ! T u r n _ I B 1 " C A S I N C TO „_ _ „, FT.

S A M P L E

N O .

T

2

T,

•̂M*

PC"

•̂•H

(fee.

-

•

— «^—

0 = OUT W = WASHED C = CORED f S PIT A = AUCEft UP = U«0 I 3TUR9JD. PISTON

U8= UNOISTURBCD. BALL CHECK Y= VANE TEST

Proportions Used; t no« • 10< •*• )•••, •«•• - *0-JO<, and ?0< -«< I HOIt HO.



EXHIBIT-E 5

Soring Report

Whitman & Howard Inc.

^fclleslev
T O W N

PROJECT N A M E

P R O J E C T M O .

G R O U N D WATER OaScSVATIONS

it 2.5 ft. a f t e r ^ Hours

it ft. a f t e r Hours

Type

Size i.o.

Hammer wt.

John J. Boyle

SO Martin Road
Milton, Ma«i.

Nacick. Massachusetts

Jenninss Pond

Subsurface Investigation

C A S I N G SAMPLER C O R E BAR.

1 3/8"
140# 8IT.

__ _ 30"

S H E E T 1 OF 1

L O C A T I O N

HOLE N O . B-5
L I N E 4 STA.

OFFSET

S U R F A C E E L E V .
DATE F I N I S H
B O R I N G F O R E M A N
I N S P E C T O R

6/12/85
J. Boyle

J. Boccardoro

S O I L S EXGR.

Oepth

8e1o»

Surface

5'

10'

0

^^

Casing
Slows
per

foot

Sample

Depths

From- To

lO"-'1

aio-s per 6-

o« Sampler
rrom TO

1 c-« •
3

II
li'-6' 2

- t l|
11

8 '-10'

1

I

-
t

21

II

•

CBOUNQ SURF&CE TQ

a- 12
3

3

25

13- 18

2

1

26 '

.

Strata
Change
Oeptn

!8-?4 £ -v. "

3

2

28

1

4.0'

7.0'

10.0'

Ffe lO indent i Meat Ion of soil.

Remarks 0"cl. color, loss at

wasft- water,, seams I'n roc*, etc.)

Loose Cop soil and fine sand (in

layers)

.

trace of silt

Bottom of boring 10'

SAMPLE

NO.

1

•>

3

Pen ffec.

•

M*̂ — •—
FT., usffl , "CASINGI Turn __ _ "CASIufi TO FT.

0 = DRY w =f WASHED C = CORED P = PIT A = AUGER UP = UHOI 3TURa£0, PISTON

U8S= UNDISTURBED. BALL CHECK V= VANC TEST

Prooortlons used; or I* |HOLE NO.
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APPENDIX F

Selected Zoning By-Laws

The Town of Natick has adopted by-laws to govern growth

within the Town to support State mandated laws such as Title

5 - Subsurface Disposal Regulations and the Wetlands Protection

Act - Chapter 131A. These by-laws further restrict growth in

certain areas. Of particular benefit to Jennings Pond are

the Water Resource Protection District and the Flood Plain

District regulations. The by-laws limit the type and extent

of growth within the Districts and help to preserve wetlands.

The limitations on development of impervious surfaces helps

to limit direct stormwater runoff and associated contaminants.

The following pages describe the details of these two

by-laws:



APPENDIX-F

SECTION III-A - USE REGULATIONS

III - A. 1. PERMITTED USES IN DISTRICTS (ZONES AS SET OUT IN
SECTION II - A & B)

a. In such Districts no building or structure shall be
erected or used and no premises shall be used except as
set forth in the "Use Regulations Schedule11 herein and
in accordance with the following notations:

P - A permitted use

0 - An excluded or prohibited use

A - Use allowed under Special Permits as
provided for in Section VI E-2 herein.

(RS includes all Single Residence Districts
unless otherwise specified).

b. Permitted uses and uses allowed by the Board of Appeals
shall be in conformity with the provisions of Section IV - B
and shall not be detrimental or offensive or tend to reduce
property values in the same or adjoining districts by reason
of dirt, dust, glare, odor, fumes, smoke, gas, sewage, refuse,
noise vibration, or danger of explosion or fire.

Ill - Al Water Resources Protection Districts.

1. PURPOSE

The purpose of the Water Resources Protection District is
to protect public health by preventing excessive degradation
of ground water utilized for public water supply.

2. The Water Resources Protection District is herein
established as an overlay district. The location of defined
districts and permitted uses allowed areas detailed in ' a
Section III A.3.(b) 1. & 2. of this Zoning By-Law.

3. REGULATIONS

Water Resource Protection Districts as shown on the Zoning
Map shall be considered to be superimposed over any other
district established in this By-Law. Land in a Water Resource
Protection District may be used for any purpose permitted in
the underlying District subject to the following additional
restrictions:



a. USE REGULATIONS. The following uses are prohibited:

1. Solid waste disposal

2. Sewerage treatment facilities with on-site disposal
of effluent, unless tertiary treated

3. Car-Washes

4. Coin operated or commercial laundries

5. Trucking or bus terminals, helioports, or airports

Business, Commercial or industrial uses not otherwise pro-
hibited, may be allowed only upon Special Permit from the Zoning
Board of Appeals, which may be granted only upon demonstration by
the applicant that the proposed use will not involve large scale
use or storage of chemicals, pesticides, fertilizers or storage
of hazardous wastes, as defined in Chapter 21 C. (The hazardous
Waste Management Act) M.G.L. and the Rules and Regulations so
promulgated under said Chapter 21 C, M,G.L., potentially hazardous
wastes, and will not involve subsurface storage of oil and gasoline
in non-vaulted, non-fiber glass containers or storage of hazardous
chemicals in corridible containers.

4. SITE DESIGN REQUIREMENTS

a. Site design shall result in no increase in the peak rate
of storm water runoff resulting from a 100 year storm.
Runoff shall be directed towards an existing or designed
retention area covered with vegetation for controlled sur-
face "infiltration. Catch basins and piped storm sewers
shall be used only where other methods are infeasible, and
where used shall employ permanent oil skinners and anti-
pollution devices.

b. Impervious materials shall not cover more than 20 per cent
of lot area and not less than 30 per cent of lot area shall
be retained in its natural state without more than minor
removal of existing trees and ground vegetation. Such
retained open space shall be located so as to increase
distances between impervious surfaces or on-site disposal
systems and any surface water or municipal water supply
source.

c. Where the premises are partially outside of the Water
Resource Protection District, site design shall be to
the degree feasible, locate such potential pollution
sources as on-site disposal systems outside the District.



5. INSENSITIVE LOCATIONS

Special Permits may be granted by the Zoning Board of
Appeals to exempt a location from the requirements of AI
Section 3 inclusive provided that the applicant can demonstrate
that the proposed development at that location cannot affect any
developed or planned public water supply. Application for such
Special Permit shall be referred by the Zoning Board of Appeals
to the Conservation Commission, Board of Health, Planning Board,
and Board of Public Works for their review and comments. No
final decision of the Zoning Board of Appeals relative to such
application shall occur less than 21 days following the receipt
of such application by the aforementioned agencies.
(Art. 20. A.T.M. - April 7, 1981)



III-A.3 FLOOD PLAIN DISTRICT

(a) PURPOSE: The purpose of the Flood-Plain District is
to preserve and maintain the ground water table; to pro-
tect the public health and safety, persons and property
against the hazards of flood-water inundation; and for the
protection of Che community against the costs which may be
incurred when unsuitable development occurs in swamps,
marshes, along water courses, or in areas subject to floods.

(b) LOCATION OF FLOOD PLAIN DISTRICT: The Flood Plain Dis-
trict .is herein established as an overlay district. The
underlying permitted uses are allowed provided that they
meet the following additional requirements as well as those
of the Massachusetts State Building Code dealing with con-
struction in flood plains. The Flood Plain District
includes:

1. All areas shown as being within the 100-year
flood plain on the TOWN OF NATICK, DRAINAGE STUDY,
100-YEAR FLOOD PLAIN MAP, 1" equals 100',
September 1979 by Coffin & Richardson, Inc.*
Engineers, Boston, Massachusetts. As further
described in the Drainage .Report, Natick, Massachu-
setts, September 1979 prepared by Coffin &
Richardson.

2. All areas shown as Zone A or Al-30 on the Natick
Flood Insurance Rate Maps, (FIRM), and Flood
Boundary and Floodway Maps, dated February 1, 1980
prepared by the Federal Insurance Administration
for the National Flood Insurance Program. As
further described in the ."Flood Insurance Study,
Town of Natick, Massachusetts, August 1979" pre-
pared by the Federal Insurance Administration.

In the event of any discrepancy between the above
delineations of the 100-vear flood plain, the
Building Inspector,after consultation with the Natick
Conservation Commission, shall determine which map will
apply.

(c) PERMITTED USES:

1. Within a Flood-Plain District, no structure or
building shall be erected or extended and no premises shall be
used except for one or more of the following uses: any woodland,
grassland, wetland, agricultural, horticultural or recreational
uses of land or water not requiring filling. Buildings and sheds
accessory to any of the Flood Plain Uses are permitted. Any such
building or structure shall be designated, placed and constructed
to offer a minimum obstruction to the flow of water, and it shall
be firmly anchored to prevent floating away.

2. The following are permissible exceptions to Para-
graph 1: In any Flood Plain District after the adoption of this
provision, no land, building, or structure shall be used for sus-
tained human occupancy, except dwellings theretofore lawfully



existing. Building permits shall be issued on request whereby
buildings and structures theretofore lawfully existing may be
repaired, restored, altered, enlarged, or rebuilt, and
structures accessory to the existing use may be constructed in
compliance with all other zoning laws and applicable state and
municipal laws and regulations, provided that any such altered
or rebuilt foundation shall not extend beyond the pre-existing
building foundation boundary. (Any such pre-existing use shall
not be rescinded by any other part of the Flood Plain Zoning
By-Law. For example, this shall pertain to pre-existing build-
ings and structures which are subsequently damaged or destroyed
by fire or disaster).

3. The following is a permissible exception to
Paragraphs Land 2: In any Flood Plain District after the
adoption of this provision, the Board of Appeals may issue a
permit for any use permitted outside a Flood Plain District
based on the following conditions:

a. That any such use of such land will not inter-
fere with the general purposes for which Flood
Plain Districts have been established.

b. That any such use of such land will not be de-
trimental to the public health, safety or
welfare.

c. The Board of Appeals will refer the question
to the Planning Board, the Board of Health,
the Board of Public Works, the Board of Select-
men and the Town Conservation Commission for
recommendations. It will consider those re-
commendations returned within 14 days by the
above Boards.

d. In the floodway, designated on the Flood
Boundary and Floodway Map the following
special conditions must be met:

1. All encroachments, including fill, new
construction, substantial improvements to
existing structures, and other development
are prohibited unless certification by a
registered professional engineer or architect
is provided by the applicant demonstrating
that such encroachment shall not result in any
increase in flood levels during the occurrence
of the 100-year flood.

2. Any encroachment meeting standard of
III.3.d.l. shall comply with the floodplain
requirements of the State Building Code
and Massachusetts Wetland Protection Act,
G.L. Chapter 131, Sec. 40.



e. All public utilities and facilities, such as
sewer, gas, electrical, and water systems shall
be located and constructed to minimize or
eliminate flood damage7 and

f. Adequate drainage systems, by use of natural
or non-structural drainage whenever possible,
shall be provided to reduce exposure to flood
hazards.

Except as provided above, there shall be in the Flood-
Plain District:

a. No land fill or dumping in any part of the District;

b. No drainage other than Flood-Control works by an
authorized public agency;

c. No damming or relocation of any water course exca^c
as part of an over-all drainage basin plan;

d. No buildings or structure; t

e. No permanent storage or materials or equipment.

(Art. 73 ATM 1971 & Art.- 76 ATM 1973)

(S.T.M. No. 6, Art. 12, 10/23/79)
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APPENDIX G

SYNOPSIS OF LAKE RESTORATION TECHNIQUES

There are numerous methods available for restoring water
quality and recreational usage to lakes and ponds. 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. INFLOW DIVERSION: This technique involves by-passing
storm-related inlet flows and storm drainage discharges
around the lake/pond to the outlet channel. This can be
accomplished by gravity flow, in a large diameter pipeline,
or by pumping, in a smaller diameter pipeline. Cost varies
with pipeline size, topography and pumping need. Generally,
this is a cost intensive option.

Benefits include: reduction in suspended solids and
nutrient loading to the lake/pond;. and reduction of other
pollutants associated with storm runoff (metals, salt, etc.).
One drawback to this option is loss of lake/pond inflow,
resulting in increased detention time and reduced flushing
rate. Environmental impacts are construction related (noise,
siltation, etc.) and are short-term. Implementation constraints
are; volume of runoff, diversion distance and topography.

2. INFLOW MANAGEMENT: This option involves the treatment
of inlet waters (or stormwater) during wet weather conditions
to reduce pollutant loads. These systems are generally
designed to treat "first flush" or the first one-inch of
rainfall. The following items are various "structural"
treatment options which can reduce pollutant loadings in
streamwater or stormwater:

a. Retention Basins - Retention basins hold water and
allow for percolation, sedimentation and evaporation. No
surface water is discharged from retention basins. They are
heavily reliant on availability of large tracts of land,
often not available in urban areas.

b. Detention Basins - Detention basins temporarily
store excess rainfall, reduce flow rates and allow for
discharge of surface waters after a designed sedimentation
period. They also, allow for evaporation and percolation
over a period of several days. Detention Basin design is
based on the inflow hydrograph for the tributary watershed.

c. Swales - Swales are designed for percolation and
evapotranspiration. They have no standing, water and must



have a harvestable cover crop. High soil percolation rates
are very important for swale efficiency. Swales are usually
designed to handle 80 percent of an area's average runoff.

d. Exfiltration - Exfiltration systems are underground
retention basins allowing for percolation. Exfiltration is
commonly used when severe land constraints exist and surrounding
soils are capable of high percolation rates. An exfiltration
system could not be in an area of high groundwater.

e. Detention/Filtration - Detention/Filtration facilities
are designed to hold one-inch or more of runoff before
discharge. 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. Removal efficiencies depend on
facility size and quantity of settleable pollutants. Release
time is slow and depends on desired effluent water quality.

f. Wetland Enhancement - Wetlands have been identified
a5 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 (Hickok, 1983).
Physical entrapment can remove as much as 90 percent of total
suspended solids of incoming water.

Inflow Management reduces solid and nutrient loading
associated with stormwater runoff. This technique has a
minimal effect on detention time and flushing rate. Environ-
mental impact varies by option but is generally restricted to
construction related impacts. Implementation constraints are
generally related to space availability. Construction costs
will vary from minimal cost (swales), to major expenditures
(filtration systems). Likewise, O&M costs escalate for more
complicated systems.

3. WATERSHED MANAGEMENT - Watershed management is the
application of preventive measure(s) to reduce exposure of
water bodies to pollutant-generating land uses. Source
control techniques form the basis of watershed management.
The following discussion will outline techniques necessary
for the implementation of a sound watershed management plan.

a. Regulations - Regulations, properly administered and
enforced, provide an assurance not available through incentive
devices and instigative approaches. Also, they are generally
less costly to local government than public capital investment
programs. The legal defensiblity of recreational water
protection can be established if the relation between clean
water and public health are clearly demonstrated.



b. Public Awareness - Public involvment through well-
designed information,education, and public participation
programs is vital to a successful watershed management
program. Awareness programs should include a public partici-
pation program, questionnaire of watershed residents, develop-
ment of public education guides, public meetings, and a
concerted effort to address all concerns expressed by public
participants* In this way, the public assists in the develop-
ment of sound, well-conceived solutions which will have the
acceptance of affected parties. This will help reduce delays
caused by oppositon to suggested source control programs.

c. Street Cleaning - Street cleaning throughout a
watershed should occur at least three to four times a year.
Realizing fiscal constraints on most municipalities, an
emphasis should be placed on areas which contribute most to
environmental degradation (i.e those streets that contribute
direct runoff). Regardless, ample funds should be budgeted
to sweep streets prior to spring freshet and after tree
leaf-off.

d. Catch Basin Cleaning - Catch basins store road
debris between street cleaning operations and should be
cleaned frequently. Vacuum-type cleaners are most efficient,
both in their cleaning capabilities and time savings. Again,
an emphasis should be placed on those catch basins which
intercept road runoff directly feeding waterbodies.

e. Agricultural Management - Source control techniques
should be incorporated in areas that are fertilized for crop
growth and others that are used for pasture. 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 up to eighty percent.

f. Lawn Fertilizers - Two types of fertilizers are
commonly used to stimulate plant growth and improve plant
quality. The first is organic fertilizers from animal waste.
These fertilizers provide a slow-release, non-burning nutrient
source which have a long residual effect and provide humus
for soil structure. Inorganic fertilizers 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 physiological injury. However, inorganic fertilizers are
quickly leached from the soil. They contribute significantly
to increased levels of phosphorus and nitrogen in groundwater,
which flows to surface waters and stimulates aquatic plant
growth.



Education on proper use and impact of inorganic ferti-
lizers should be available to the public. Incentives for use
of animal generated and/or wastewater generated fertilizers
could reduce the use of inorganic materials.

g. Erosion Control - Eroding shoreline areas contribute
significant sediment and total solid loads to water bodies.
Unprotected steep slopes will continue to erode until a
stable cover crop, rip-rap, or gabions are installed. It is
important to identify erosion areas since they act as point
source contributers of road runoff and passageways for excess
rainfall. Erosion control ordinances should be enacted to
prevent construction-related and storm-related erosion.

h. Zoning By-laws - Watershed management planning is a
complex task which must take into consideration not only
population growth and its effects, but also community goals
and expectations. If a community wishes to lower its tax
base by allowing industry, b\it also wishes to protect its
natural resources, a conflict is certain to arise. Therefore,
zoning by-laws are often enacted to control growth in certain
areas. Only recently have municiplaties realized the importance
of zoning to safeguard water resources.

Each 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. 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.

4. RIPARIAN REGULATION - Lake/pond riparian regulation
is intended to protect waterbodies by eliminating water
quality problems arising from shoreline development. Common
practices include: identifying and stabilizing erosion areas;
identifying and remedying septic system failure (s); designating
buffer zones; and curtailing use of shoreline fertilizer.

Septic system maintenance is useful in limiting nutrient
flow to a waterbody. In a septic system, the septic tank
partially removes nitrogen and phosporus. Three main factors
which govern septic system effectiveness are hydraulic
capacity (size), septic tank maintenance and the soil's
biological capabilities. To minimize septic system problems,
septic tanks should 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.

The formation of buffer zones protect the lake from
impacts due to shoreline development. A minimum 25-foot
vegetated buffer zone should be maintained along streams and
on the lakeshore to reduce erosion potential. Grasses,
sedges and coniferous trees are recommended stable cover crops.



5. PRODUCT MODIFICATION - Product modification is the
removal of high-phosphorus containing detergents from the
market. Today's detergents are low in nutrients that cause
adverse effects to the environment. However, organic and
inorganic fertilizers are rich in nutrients that enhance
aquatic weed growth and should not be used in shoreline
areas. If used, minimal amounts should be applied in late
spring. At this time of year, the majority of fertilizer
will be taken up by targeted vegetation.

B. IN-LAKE CONTROLS

1, DREDGING - Dredging, more than any other lake
restoration technique, tends to shift the trophic status of a
lake/pond. Dredging directly removes accumulated products of
degradation (sedimentation) from lake/pond system (s) and reduces
recyclable nutrients. Although dredging is a generally accepted
means for returning a waterbody to its original morphology/sedi-
ment composition, it has many environmental impacts.

^Resuspension of bottom sediments into the water column
is a major concern. The decomposition of organic sediments
by bacteria can cause local oxygen level depletions. Increased
turbidity raises water temperatures, which increases respira-
tion and decomposition rates. Increased turbidity may also
reduce primary production by decreasing light availibility.
This can further deplete oxygen levels which can be detrimental
to resident fish populations.

The removal of bottom sediments can remove a large
number of benthic organisms. Bottom organisms are an important
factor in the food chain and their removal could ultimately
reduce fish production. By selective dredging, sufficient
undisturbed sediment could remain to provide ample benthic
organism populations for fish food. Studies in tish rearing
ponds by Spitler (1973) actually demonstrated increased fish
production as a result of lake dredging.

Disposal of dredged materials is often considered more
of an environmental concern than in-lake effects, due to the
difficulty in finding an appropriate disposal site. It is
important that none of the chemical dredge consitituents
exceed state standards for hazardous materials. This could
involve a complete analysis for priority pollutants. This
analysis is quite costly and can add considerable expense to
the examination of dredging as a possible alternative.

If it is determined that dredge spoils contents will not
pose an environmental threat, a containment area must be



found. Guidelines for designing, operating, and managing
dredged material containment areas are based on providing
maximum storage volume and meeting required effluent 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 restoration alternative,

2. LEVEL MANIPULATION - Level manipulation, to control
weed growth, has been practiced with varied results on many
lakes and ponds. In late fall/early winter, the water level
should be lowered to expose, dry and freeze bottom sediments
and rooted plants. This will reduce initial spring weed
growth and subsequent growth will be inhibited. When the
water level is lowered, it provides the opportunity to remove
weed debris, rootstocks and sediments.

The water level should be restored late May to keep
incident light away from new growing tips. This is most
effective in turbid waters. Although photosynthesis takes
place with as little as five percent of sunlight, any method
of inhibiting growth during the early portion of the growing
season will help.

3. DILUTION AND FLUSHING - Dilution and flushing
tecniques can improve eutrophic lake conditions in two ways:
the concentration of limiting nutrient can be reduced (dilution)
while at the same time water exchange (flushing) is increased.
The dilution process lowers the limiting nutrient concentration
upon which lake biomass is dependent by adding large quantities
of low-nutrient dilution water to the lake. The flushing
process adds water to increase the lake's flushing rate and
"washes" algae out of the lake but has little effect on
nutrient reductions. In fact, flushing, by virtue of increasing
water exchange rates, may result in increased nutrient
release from sediments (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. Dilution
water would 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 inactive cations, such as Aluminum (III), forming
relatively insoluble compounds (Funk & Gibbons, 1980).
Aluminum compounds, due to their availability, effectiveness



and ability to adapt to conditions of the lake environment,
have become the most widely used. 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 chemicals to an aquatic environment,
considerable pretreatment research and laboratory analyses
must be performed. These should include nutrient budget
assessment, detention and flushing rate calculations, identi-
fication of desired lake uses and determination of impacts on
aquatic life. 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 because excessive nutrients are held in bottom
sediments and are slowly released under anoxic conditions.
Nutrient release and its effects are further enhanced when
the lake has 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;
lake morphology; aesthetics; economic factors; possible harmful
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.' In
waterbodies having considerable water movement, the plastic
can quickly become silt laden and create 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.
Clay acts as a barrier to phosphorus passage because phosphorus
adsorbs to clay particles. Problems with clay treatment
relate to the placement and settleability of clay into a
compact layer on the lake bottom. If the sediment has a low
specific gravity, clay will mix and provide little protection
as a barrier. Lowering of the lake is often necessary to
apply the clay directly to the bottom to ensure adequate
coverage (Theis, 1980).

Chemical additions, as discussed in nutrient inactivation,
alter sediment chemistry to bind nutrients. Fly ash has been
recently considered as an inexpensive sediment sealent due to
its availability and potential to slow phosphate release 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, increasing
its physical and chemical effects on sediments.

6. SHORELINE MODIFICATION - In order to minimize damage
caused by erosion and to preserve the aesthetic value of an
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 includes
anything from hand sickle or rake removal to commerical weed
harvesting machines. In order for weed harvesting to be
sufficient by itself: macrophyte densities must be high;
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: a reduction
of nutrients in sediments, which eventually leads to less
frequent cuttings; increased recreational use of waterbody;
and increased water circulation. Aquatic plant harvesters
can cut five (5) to eight (8) feet below the surface arid
collect weeds in a single, power driven operation. They can
remove both filamentous and vascular plants. Harvesters are
expensive and are most cost-effective when leased or bought
in cooperation with other lake associations.

Short-term environmental impacts 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; increased light penetration; and
increased water temperature (Carpenter, et al. 1977).
Long-term weed harvesting impacts may include: increase in
turbidity from erosion of the littoral zone; nutrient release
from resuspended bottom sediments; initial decrease in



dissolved oxygen concentrations due to plant fragment decomposi'
tioh and potential increase in filamentous algae growth and
algae blooms from released nutrients (Carpenter, et al. 1977).

Weed harvesting can be effective as a long-term lake/pond
restoration alternative when surface nutrient inputs are
controlled. Although weed harvesting will be a recurring
expense, several years of cutting may gradually deplete
nutrients in the sediment and result in less frequent cuttings.

8. CHEMICAL TREATMENTS - Chemical treatment of nuisance
aquatic vegetation using State and EPA approved chemicals is
the most commonly used method of weed control. This is
primarily due to low cost, rapid results and ease of applica-
tion. With increasing public awareness and concern for
public health, chemical applications of recreational waters
are on the decline.

Before applying chemicals, the certified applicator must:

identify target plant(s) and select appropriate
chemical
obtain permit from the Massachusetts Depart-
ment of Environmental Quality Engineering -
Massachusetts Division of Water Pollution
Control.
obtain permission from local conservation
commission under 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...

Some of the negative aspects of chemical treatments
include: no guarantee that chemical herbicides will work in
any specific situation or for any prolonged period of time;
applications must be made seasonally; algae blooms can be
stimulated by weed kills, since dying macrophytes release
large quantities of nutrients to the water column; depressed
dissolved oxygen levels may occur from aerobic decomposition
of the weed mass; more chemically resistant aquatic macrophytes
often replace those weeds chemically eradicated; there is
little control over the chemical's movement and which may
result in harmful side effects on non-target organisms; and
there is a restricted-use period after certain herbicide
applications.

It is Whitman & Howard, Inc.fs opinion that chemical
treatments-to waters used for contact recreation should be
avoided. The chemicals' short-term virtues are out-weighed
by: the need for re-treatment; side effects; and increased
sedimentation (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. Grass carp and white amur are examples
of herbivorous fish which when they overpopulate, may out-
compete and diminish other fish populations. Other biological
control agents, such as insects and fungi which attack aquatic
weeds, have been researched. With the dynamics of lake/pond
systems so different, the random introduction of non-ambient
organisms makes this control measure highly skeptical.

10. AERATION/MIXING - These techniques increase the
water's oxygen content 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 bottom waters only. Destrati-
fication has been found beneficial for most warmwater fisheries,
and hypolimnetic aeration can be beneficial, to the coldwater
fishery potential of a lake.

Artificial aeration is generally used in eutrophic lakes
that are deep enough- to thermally stratify. It acts to
increase hypolimnetic dissolved oxygen concentrations which
usually reduces internal loadings. It will not affect
external loading rates, and if these rates are high, aeration
is of little to no value.

Aeration systems fall into two categories: destratifica-
tion and hypolimnetic aeration systems. Destratification may
be achieved by air injecting through a single air diffuser
which is connected to a shore-based air compressor. The
rising air bubbles cause hypolimnetic waters to upwell and
mix with surface waters. If the aeration.system is on for a
sufficiently long time, the water layers are mixed to nearly
equal temperature and dissolved oxygen concentration (s).
During continuous aeration, the lake's entire water temperature
will closely approximate the water temperature at the surface
prior to aeration.

Hypolimnetic aeration differs from destratification in
that only bottom waters are oxygenated. Hypolimnetic aeration
is preferable to destratification because it keeps the
sediment surface oxidized and prevents the recycling of
nutrients from the-sediments to the water. Hypolimnetic
aeration has proven effective in reducing hydrogen sulfide,
iron and manganese. However, the effect of hypolimnetic
aeration on algal populations is not well documented. It is
known that aeration changes nutrient cycling rates and
pathways, thereby creating changes in species composition and
densities of zooplankton, benthic fauna and other trophic
levels (Fast, 1980).



During late June through early September, hypolimnetic
dissolved oxygen concentrations in many lakes/ponds are very
low/ often affecting sediment nutrient release. This is when
hypolimnetic aeration should be employed. At other times of
the year, bottom oxygen levels are generally sufficient to
reduce sediment nutrient release.
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WHITMAN ft HOWARD. INC.

November 14, 1985

Mr. George H. Wallace, Chairman
Natick Conservation Commission
P. 0. Box 233
Natick, MA 01760

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Wallace:

Whitman & Howard, lac. has completed DRAFT FINAL Report of Jennings
Pond Diagnostic/Feasiblility Study. Five (5) copies of this report are
enclosed for review.

We would appreciate it if the Natick Conservation Commission would
review the report and forward written comments to this office as soon as
possible.

Very truly yours,

WHITMAN & HOWARD, INC.

C. /£&

^
Douglas E. Vigneau
Environmental Scientist

DEV/asa

Enclosures

cc: Natick DPW
Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute Library (for public review)

84-083



WHITMAN ft HOWARD, INC.

November 14, 1985

Mr. Walter F. Markett, Director
Department of Public Works
Town of Natick
44 Middlesex Avenue
Natick, MA 01760

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Markett:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study on
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board.of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)
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TOWN OF WELLESLEY
WELLESLEY. MASSACHUSETTS 02181

COMMISSIONERS
WALTER WOODS. CHAIRMAN
RtCHARO J. GLEASON
WILLIAM F. CULLINANE

BOARD OF PUBLIC WORKS

Park and Tree Division

DIRECTOR
M. R. 8ERDAN

P.O. BOX 364
455 WORCESTER STREET

235-76OO

September 24, 1905

Mr. Douglas Vigneau
Whitman and Howard
William Street
Wellesley, MA 02181

Dear Mr. Vigneau:

It is our understanding that your firm is soon to
release its first draft report for the Town of Natick
concerning the Jennings Pond Diagnostic Feasibility Study.
This being the case and the fact that Jennings Pond feeds
into Morses Pond in Wellesley/ I am requesting that your
firm provide a copy of this draft for review and comment.

As you are likely aware. Morses Pond, which borders
Wellesley and Natick is an important resource to the Town
of Wellesley both in terms of recreation and water supply.
Naturally, we wish to be kept aware of happenings upstream.

We also intend to have our consultant, IEP of Northboro,
review the document.

Your cooperation will be appreciated.

Sincerely,

<&?*?*
Ronald £. Despre

Assistant Superintendent
Arborist

RED:i
cc: George Wallace, Natick

Gerald Smith, IEP



WHITMAN & HOWARD. INC.

November 14, 1985

Mr. Ron Depris
Assistant Superintendent
Town of Wellesley
Board of Public Works
Park and Tree Division
Wellesley, MA 02181

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Depris:

Whitman & Howard, lac. has completed a Diagnostic/Feasibility Study on
Jennings Fond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)

84-083



WHITMAN a HOWARD. INC.

November 14, 1985

Mr. Peter Otis
Massachusetts Division of
Fisheries & Wildlife

Field Headquarters
Route 9, Lyman School Grounds
Westborough, MA 01581

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Otis:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study on
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report oa this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

O A

<&O&06&0
# #

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)

84-083
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November 22, 1985

Douglas E. Vigneau
Environmental Scientist
Whitman & Howard, Inc.,
45 William Street
Wellesley, MA 02181-4050

RE: Jennings Pond Diagnostic/Feasibility Study

Dear Mr. Vigneau:

Division fisheries staff have reviewed the Jennings Pond
Diagnostic/Feasibility Study Draft Report as per your request.

Fisheries surveys conducted by MDFW over the last few years
have allowed us to view first hand just how severe the weed
problem is at many ponds across the state. Such excessive weed
growth substantially .restricts the recreational use of many water
bodies.

As referenced in the report, the Division has no data on the
Jennings Pond fish population. Our files indicate that this pond
is or was essentially a private pond. The study states that town
owned land is available for access, however, it is unclear
whether this means the pond is accessible for the general public
or only town residents. Ponds and lakes falling in the latter
category are not actively managed by this agency. This would
explain the lack of a database on the fish resources.

With regard to the proposal and its impacts to fish and
wildlife, the impacts will be significantly negative, at least
for the short term. Complete draining of the pond will necessi-
tate destruction or removal of the resident fish population. We
can only speculate as to fish species present but the usual mix
of warm water species such as bluegills, pumpkinseeds, yellow
perch, chain pickerel, largemouth bass, golden shiner, brown
bullhead, and white sucker is most probable based upon the
characteristics of the pond.

It has been our experience that a slow gradual draining will
lessen the stranding of fish, allowing their escape out of the
pond and subsequent movement downstream. Pond drainings fre-
quently create some problems. Large stranded fish, particularly
game fish such as largemouth bass become easy attractive targets
and unless the situation is watched complaints will certainly
arise. You most certainly will be asked "what will happen to the
fish when the pond is drained?" With regard to this question,
the Division of Fisheries and Wildlife is not in a position to
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affect a fish removal operation prior to or coincident with the
draining, due to costs, time, and manpower limitations. A slow
gradual draining, as previously mentioned is strongly recommend-
ed.

If this remedial action plan is implementd the the fish
population will be severely impacted. However, once the pond is
refilled and the habitat stabilizes, fish from upstream sources
usually find their way into the system to repopulate the pond.
We wish to make it clear that the Division does not culture warm
water fishes and cannot replenish or restock Jennings Pond or any
other pond after work of this type is completed. We would
project a recovery time of 3 to 5 years for the fish population
to attain a level capable of providing sport fishing.

From the perspective of fisheries management, we would like
to point out the importance of structure for fishes in ponds.
Rocks, stands of submerged and emergent aquatic plants, and
objects such as fallen trees provide important hiding cover for
almost all species of fish at some life stage. They also play an
integral part in the food chain by providing substrate for a
multitude of invertebrates comprising food for fish. While the
plan calls for removal of nuisance aquatic plants and sediment,
some thought should be given in regards to maintaining existing
natural fish cover or providing alternate forms after the
rehabilitation is complete.

The report does mention that ultimately the rehabilitation
of Jennings Pond will result in an improved fish population.
Depending on what species are there now and on what species
establish themselves in the pond after refilling this may or may
not be realized. However, considering the present condition of
the pond, with its severe weed problem, it is unlikely that the
present fish population is in a healthy balanced condition.

In our dealing with similiar projects (Dunn Pond, Gardner),
it has become apparent that the removal of all aquatic plants and
sediment dredging poses the risk of critically lowering the pond
pH. If this situation occurs the time frame for reestablishing
a fish population could be considerably lengthened.

Draining Jennings Pond will mean that many species of
waterfowl and other wildlife forms must seek alternate areas.
Whether all or certain species return to the pond depends on the
suitability of the "new" pond to their individual needs.

The Division requests that you provide written notice at
least two weeks prior to initiating any proposed draining so that
we and law enforcement can respond to any situations which might
arise relative to fish stranding, illegal fishing or similiar
problems.
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If you require additional information on this matter
please write me at the above address or call (617) 366-4470/4479.

Thank you for consulting the Division relative to this
matter.

Sincerely,

Robert P. Madore
Aquatic Biologist

cc. Pete Jackson, MDFV7
Gary Gonyea, MDV7PC



WHITMAN ft HOWARD. INC.

November 14, 1985

Jennings Pond Restoration Assoc., Inc.
C/0 Mr. Dana Crockford
12 Keane Road
Natick, MA 01760

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Crockford:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study oil
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick- A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)

84-083



WHITMAN ft HOWARD, INC.

November 1, 1985

Board of Selectmen
Natick Town Hall
13 East Central Street
Natick, MA 01760

ATTN: Mr. Frederick Conley
Town Administrator

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Mr. Conley:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study on
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)

84-083



WHITMAN ft HOWARD, INC.

November 14, 1985

Norse Institute Library
14 East Central Street
Natick, MA 01760

y
Re: Jennings Pond Diagnostic/Feasibility

Study - DRAFT FINAL

To Whom It May Concern:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study on
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by December 20, 1985. Also, at this time,
please indicate if you wish to receive a copy of the final report. All letters
of correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/asa
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Society
Norse Institute - Natick - Historical Review (for public review)

84-083



WHITMAN ft HOWARD, INC.

March 28, 1986

Ms. Valerie A. Talmage
Executive Director
State Historic Preservation Officer
Massachusetts Historical Commission
80 Boylston Street
Boston, MA 02116

Re: Jennings Pond Diagnostic/Feasibility
Study - DRAFT FINAL

Dear Ms. Talmage:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility Study on
Jennings Pond in Natick, Massachusetts. This study was funded through the
Massachusetts Clean Lakes Program (Chapter 286 Acts of 1982) and under the
statutory authority of the Massachusetts Division of Water Pollution Control
and Town of Natick. A preliminary copy of the final report on this study is
enclosed.

We would appreciate it if you would review the report and forward your
written comments to this office by April 28, 1986. Also, at this time, please
indicate if you wish to receive a copy of the final report. All letters of
correspondence will be included in the final report.

Thank you for your assistance in the restoration of Jennings Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/gk
Enclosure
cc: Natick DPW

Wellesley Park and Tree Division
Massachusetts Division of Fish and Wildlife
Jennings Pond Restoration Association, Inc.
Natick Board of Selectmen
Massachusetts Historical Commission
Norse Institute - Historical Review (for public review)

83-083



The Commonwealth of Massachusetts
Office of the Secretary of State

Michael Joseph Connolly. Secretary

Massachusetts Historical Commission
Valerie A. Tafrnage
f-'xeculivi' Director
Stale Historic Preservation Officer

April 11, 1986

Mr. Douglas Vigneau
Whitman & Howard, Inc.
45 Williams Street
Wellesley, MA 02181-4050

RE: Jennings Pond Diagnostic/Feasibility Study, Natick

Dear Mr. Vigneau:

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

MHC feels that this project is unlikely to affect significant historic
or archaeological resources. No further review is required in compliance
with Massachusetts General Laws, Chapter 9, Sections 26C and 27C, as
amended by Chapter 152 of the Acts of 1982 (950 CMR 71).

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

Sincerely,

Valerie A.
Executive Director
State Historic Preservation Officer
Massachusetts Historical Conmission

VAT/JK/dr

80 Boylston Street, Boston, Massachusetts 02! 16 (617) 727-8470
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