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EXECUTIVE SUMMARY

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

the City of Cambridge and for tha Cambridge Conservation

Commission. Study funding was provided by the City of

Cambridge and by the Commonwealth of Massachusetts under

Chapter 628 "Clean Lakes Program." The overall purpose of

the study was to describe the morphology of Black's Nook

Pond, to determine the trophic state of the pond, and to

develop reasonable means for improving and protecting water

quality for recreational purposes.

Diagnostic data collected over a twelve-month period

indicates that the pond's inlet contributes a large amount of

nutrients to Black's Nook Pond during periods of wet weather.

The nutrient source is the adjacent City Golf Course. This

source and accumulated bottom sediments support the large

stands of nuisance aquatic weeds in the pond.

The term "Feasiblity Study" refers to a review of

possible methods for pond restoration, described in Section

II of this report. The study team reviewed available methods

for pond restoration, selected those with reasonable applic-

ability to Black's Nook Pond, and evaluated selected alterna-

tives based on environmental, economic, and effectiveness

criteria. Through this process, the reduction of inlet

nutrient levels was identified as a top priority.

The proposed method of pond restoration is described in

two stages. The first stage includes construction of an

outlet structure to maintain water level control and dilution



with clean water and to prevent inflow of nutrient-rich

runoff to the pond. At the same time, the city should

implement a watershed management program and conduct weed-

raking of the pond. This stage should result in major

aesthetic improvements and control of loading into the pond.

Black's Nook pond will not become a "pristine" waterbody

as a result of the recommended restoration program. At

present, excessive weed growth in the pond reflects the

external and internal nutrient loadings. The restoration

effort is aimed at reducing or diverting the nutrient source (s)

and thereby reduce weed density in the pond. The goal of

Stage I restoration is to control the nutrient loading source

to the pond and then reassess the trophic state of the pond

following Stage I implementation. At this point, it would be

determined whether Stage II restoration is required. Stage

II includes Inflow Management and Dredging (described in

Chapter 9) .

Cost of the restoration work as shown on page iii is

expected to range from $73,500 to $256,500. The project time

frame is approximately four years, with work commencing in

the fall of 1988. Funding for approved restoration projects

is available from the Commonwealth of Massachusetts at a 75

percent level. The city is required to raise the remainder

of necessary funds.



PROJECT COST SUMMARY

BLACK'S NOOK POND - PHASE II - RESTORATION

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

1. Outlet Control Structure $ 38,000
2. Dilution/Flushing NC*
3. Weed Raking 5,000
4. Watershed Management NC*
5. Engineering Design/Permits 12,000
6. Construction Oversight (Part-time) 3,000
7. Project Contingencies 7,500
8. Monitoring 8,000

Sub-Total $ 73,500

B. STAGE II: Dredging and Wetland Development

9. Pond Dredging w/Berm $ 95,000
10. Engineering Design/Permits 45,000
11. Construction Oversight (Part-time) 10,000
12. Project Contingencies 21,000
13. Monitoring and D/F Update 12,000

Sub-Total $183,000

PROJECT TOTAL $ 256,500
NC* - No direct costs associated with these management
practices.



FIGURE 1

PROJECT SCHEDULE

BLACK'S NOOK POND - PHASE II - RESTORATION

Work Task 1987 1988 1989 1990 1991

1. Submit Study

2. State Review
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Stata
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4. Consultant Selection

5. Design-Stage I

6. Construction-Stage I

7. Monitor-Stage I

8. Funding-Stage II

State

Town

9. Design-Stage II

10. Construction-Stage II

11. Monitor-Stage II/Project Report



SECTION I. DIAGNOSTIC STUDY

Chapter 1. INTRODUCTION

The purpose of this study is to characterize the current

trophic status of Black*s Nook Pond, identify source(s) of

the pond's degraded water quality and propose alternatives

for controlling the source (s) of pollution. As part of the

study/ Whitman & Howard, Inc. discussed desired pond uses

with local residents and city officials, to develop realistic/

cost-effective means of achieving the desired use level.

A. MASSACHUSETTS CLEAN LAKES PROGRAM

The Clean Lakes Program grew out of a need to protect

lakes and ponds in the Commonwealth from accelerated eutro-

phication. The natural process of eutrophication (nutrient

enrichment) has been accelerated in many ponds and lakes

throughout the state. This acceleration is primarily due to

the uncontrolled addition of nutrients to ponds and lakes

which stimulates primary productivity. Nutrient sources are

chiefly nonpoint in origin and are related to watershed

development. Increased nutrient enrichment due to watershed

development is known as cultural eutrophication. Cooke

describes the eutrophication process as one which involves

excessive addition of inorganic nutrients, organic matter,

and/or silt to lakes. This leads to an increase in biological

production and a decrease in volume (Cooke, et al., 1986).

The grouping of lakes, based on metabolic activities in

lakes, falls within a spectrum between oligotrophy (nutrient

deficiency) and eutrophy (nutrient enrichment). The overall
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characteristics of oligotrophic lakes are: low in nutrients

and organic productivity, usually deep, and containing

nutrient-poor sediments, few macrophytes, and-large amounts

of dissolved oxygen in the deepest water (Cooke, et al,

1986) . At the other end of the spectrum, a eutrophic lake

is high in nutrients and organic matter. Eutrophic lakes are

shallower, higher in plankton and macrophyton density, and

have depleted dissolved oxygen levels in bottom waters.

In a statewide effort to combat cultural eutrophication

the Department of Environmental Quality Engineering (DEQE),

Division of Water Pollution Control (DWPC) set forth specific

guidelines through which to administer a Clean Lakes Program.

The overall purpose of the Program is to restore and preserve

the Commonwealth's lakes and ponds for public recreation and

enjoyment. These guidelines provide a uniform and comprehensive

program for the protection of these valuable water resources.

The Cambridge Conservation Commission, the local agency

responsible for the management of Black's Nook Pond, applied

for and received a Phase I Diagnostic/Feasibility grant from

the DWPC. In turn, Whitman & Howard, Inc. was authorized by

the Commission to conduct the study and develop reasonable

and .feasible solutions for the pond's restoration.

1. STUDY OBJECTIVES

The Black's Nook Pond Diagnostic/Feasibility Study

consists of two phases. The first is the diagnostic phase,

which includes data collection to identify existing and

potential sources of pollution affecting Black's Nook Pond.

•••2 —



Included in the diagnostic phase is the analysis of limno-

logical, morphological, demographic, geologic, and historical

information pertinent to the characterization of Black's Nook

Pond and its watershed. The second is the feasibility phase,

which utilizes information gathered during the diagnostic

phase to present methods and procedures for controlling

sources of pollution to Black's Nook Pond. The following

goals established by the DPWC were the focus of the feasi-

bility study:

0 Establish, on a priority basis, long-term solutions
for restoration of the pond's water quality;

0 Establish, on a priority basis, methods for long-term
preservation of the restored water quality; and

0 Establish on a priority basis, short-term remedial
actions to relieve the most severe problems (i.e.,
nuisance phytoplankton or aquatic macrophyton
growth) to maintain the water body in a condition
adequate for public recreation and enjoyment.

The feasibility study presents solutions in terms of

their potential effectiveness, as related to their engineering

feasibility, cost effectiveness, improved water quality and

public acceptability. All methods and procedures necessary

to implement recommended alternative(s) are included in the

study and are directed towards long-term restoration and

preservation of Black's Nook Pond.

B. HISTORICAL REVIEW OF BLACK'S NOOK POND

The name "Black's Nook" dates from the 18th century when

it was the name for the cove on Fresh Pond that became a

separate pond in the 1890's. For the purpose of disease

prevention from water bourne insects, the swamp areas surround-
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ing Fresh Pond were filled. At this time, the hydraulic

connection betwee"n Fresh Pond and Black's Nook (two large

cast iron pipes) were severed.

From 1938 through the early 1960fs the City of Cambridge

used Black's Nook for the disposal of organic debris (tree

limbs, leaves, cuttings, etc.). This has had a profound

impact on the pond. Prior to filling in the pond, its deep

hole measured 30 feet, whereas it now averages less than five

feet deep.

Presently, the pond and its immediate environs have a

significant conservation value and represent a unique aesthetic

resource to Cambridge. Pheasant, grouse, ducks and a variety

of songbirds nest in the vicinity of Black's Nook. Frogs,

turtles, muskrats, and a variety of aquatic plants and wild-

flowers attract those interested in observing pond ecology.

It is also a visual amenity for golfers and other users of

the Reservation as a contrast with the manicured golf course

and other more park-like sections.

Information for historical review of Black's Nook Pond

was obtained from Cambridge records. Clean Lakes Program -

Request for Assistance and from the Cambridge Conservation

Commission.
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Chapter 2. WATERSHED CHARACTERISTICS

A. PHYSICAL DESCRIPTION

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

the pollutional problem within the pond, it is necessary to

determine the physical characteristics of the pond and its

watershed. These data are essential to developing the pond's

hydrologic budget and nutrient budget, which are major

indicators of the potential success of restoration techniques.

1. Size and Location

The approximate center of the Black's Nook Pond watershed

is found at 71°09t07" west longitude and 42°23'1911 north

latitude on the Lexington, Massachusetts topographical

quadrangle (U.S.G.S., 1971). Watershed area roughly equals

9.7 hectares (24 acres), excluding Black's Nook Pond (Plate 1).

The watershed is located in the southern-most portion of the

Mystic River Basin within the City of Cambridge, Middlesex

County, Massachusetts.

2. Climatology

The Black's Nook Pond watershed is characterized by

numerous weather changes throughout the year, large daily and

annual temperature ranges, and generally abundant precipitation.

Predominate air flow is from the Gulf of Mexico (warm and

moist) during summer, with cold, dry Canadian air during

winter.

The United States Department of Agriculture (1978)

estimates an average annual mean temperature of 9.9°C (50°F).

Summer temperatures average between 21°C (70°F) and 23°C
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(74°F), while winter temperatures average -1°C (30°F). High

temperatures occur during summer months with five to fifteen

days exceeding 32°C (90°F). Subzero 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 Black's Nook Pond watershed is in closest proximity

to Boston1s Logan Airport weather station of the National

Oceanic and Atmospheric Administration (N.O.A.A.). The

average annual net precipitation at this station is 112

centimeters (44 inches). During the study period (March,

1985 - February, 1986) approximately 102.33 centimeters

(40.29 inches) of precipitation in the study area were

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

Both temperature and precipitation departed from expected

yearly averages. Although June, July and August were wet

(4.84 inches of rain above normal), net annual precipitation

(3.69 inches below normal) was heavily influenced by the dry

spring (1985) and winter (1986) where rainfall was 9.22

inches below normal (N.O.A.A., 1985, 1986).

The following climatological summary is derived from

information compiled by the National Oceanic and Atmospheric

Administration for the Logan Airport weather station.

Climatological Summary; March 1985 - February 1986

March 1985 - Warm: 2.0°F above normal
Dry: 2.15 inches below normal

April 1985 - Average Temperature: 0.6°F above normal
Dry: 2.15 inches below normal
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TABLE 1

CLIMOTOLOGICAL DATA1

MARCH 1985 - FEBRUARY 1986

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Total Average
Month

March

April

May

June

July

August

September

October

November

December

January

February

Total Precipitation

Precipitation /Month

2

1

3

3

3

6

3

1

6

1

3

2

40

.29"

.94"

.44"

.94"

.51"

.67"

.00"

.65"

.39"

.21"

.42"

.83"

.29"

(5

(4

(8

(10

(8

(16

(7

(4

(16

(3

(8

(7

/yr

.82

.93

.74

.00

.92

.94

.62

.19

.23

.07

.69

.19

(102

cm)

cm)
cm)
cm)
cm)
cm)
cm)
cm)
cm)
cm)
cm)
cm)

.33

40

49

59

64

73

70

65

55

45

31

31

28

cm/yr)

Temperature

.4 °F

.3 °F

.3 °F

8 OT*r

.5 °F

.4. °F

. 4 °F

.4 °F

.4 °F

.3 °F

.4 °F

.9 °F

(4

(9

(15

(18

(23

(21

(18

(13

(7

(-0

(-0

(-1

.7 °C)

.6 8C)

.2 °C)

.2 °C)

.1 °C)

.3 °C)

.6 °C)

0 °C)
* \f *—* /

4 °C)• T \* /

4 °Cl• ̂ v /

T °Cl* *J ^ /

• / **r )

- Climatological Data Source - National Oceanic and
Atmospheric Administration - Logan Airport Station
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Climatological Summary (Cont): March 1985 - February 1986

May 1985

June 1985

July 1985

August 1985

Sept. 1985

Oct. 1985

Nov. 1985

Dec. 1985

Jan. 1986

Feb. 1986

3.

Average Temperature: 0.8°F above normal
Dry: 0.16 inches below normal

Cool: 3.2°F below normal
Wet; 1.02 inches above normal

Average Temperature:
Wet: 0.83 inches above normal

Cool: 1.5°F below normal
Wet: 2.99 inches above normal

Average Temperatures: 0.8°F above normal
Dry: 0.41 inches below normal

Average Temperature: 0.6°F above normal
Dry: 1.71 inches below normal

Average Temperature: 0.2°F above normal
Wet: 2.81 inches above normal

Cool: 2.4°F below normal
Dry: 3.27 inches below normal

Warm: 1.8°F above normal
Dry: 0.57 inches below normal

Cool: 1.8°F below normal
Dry: 0.87 inches below normal.

Topography and Geology

Glaciers were the most dominant factor in landform

sculpture after periods of" igneous intrusion and metamorphic

uplifting. Continual grinding and pressure, as glaciers

advanced and retreated, resulted in either displacement or

consolidation and deposition of large amounts of rock.

Surficial geologic remnants consist of drumlins, terminal

moraines, kames, kame terraces and eskers.

Black's Nook Pond and Fresh Pond are kettle-hole ponds

which formed when a block of ice, embedded in the land

surface above an old bedrock valley, melted. This bedrock

-9-



valley is filled with irregular beds of sand, gravel, clay

and till. These deposits are underlain by ground moraine

and/or beds of clay which extend under the ponds to form an

impermeable bottom. Plate 2 depicts the surficial deposits

of Black's Nook Pond watershed and surrounding area.

The watershed's topography is flat. Maximum elevation

within the watershed is at its northeastern-most portion

which lies at an elevation of approximately 30 feet (9.0

meters) of the National Geodetic Vertical Datum (NGVD, 1929) .

Local relief between this slight rise and the pond is approxi-

mately 28 feet (8.5 meters), because the pond is at an

elevation of approximately 2 feet (0.6 meters) above sea

level.

4. General Hydrology

The hydrologic characteristics of a region are determined

largely by its geology and geography, and climate plays a

dominant role. Climatic factors that establish the hydrologic

features of a region include the amount and distribution of

precipitation. Physical characteristics of the watershed

dictate the volume of rainfall that is converted into runoff

(direct discharge), groundwater (infiltration), and atmospheric

loss (evapotranspiration). These three factors are the major

components of the Black's Nook Pond hydrologic budget, which

is developed later in this report. This hydrologic budget,

in turn, is a necessary component in the nutrient budget

assessment of the watershed. These budgets, based on an

-10-
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ĵ -*̂ !̂*i'̂ r-9SitHWii*'*3 '̂tf5^^ f̂e;J1

>^ • » * *

SSMONT ?>>;'•'•
^^2^ :̂ ^•::^^¥S

jf * * • * •fffa&l • A

SURFICIAL DEPOSITS

BLACK'S NOOK POND

Whitman & Howard, Inc P l a t e 2

-11-



annual time frame (March 1985 - February 1986), are used to

assess the overall trophic status of the pond.

The significance of any single hydrologic event is

minimal in the overall assessment of the pond. What is

important is an awareness and understanding of the watershed

characteristics that affect the hydrologic cycle and water

quality.

Black's Nook Pond appears to be hydraulically independent

of other surface waterbodies in the area, that is, no surface

streams flow into the pond from the surrounding area. The

pond is fed by precipitation which falls directly on it, by

groundwater flow when Fresh Pond's water level is above

Black's Nook water levelf and by an underground catchment

system within the golf course. Flow from Black's Nook

travels approximately 2,700 feet by conduit to Little River

(Plate 3). Little River is tributary to Alewife Brook which

is tributary to the Mystic River, which empties to Boston

Harbor.

5. Soils

Soil properties are important factors in estimating

total volume of direct runoff from various land-use activities

Soil infiltration and percolation rates indicate their

potential to absorb rainfall and thereby reduce the amount of

direct runoff. Soils that have high infiltration rates

(sands, gravels) have low runoff potentials. Conversely,

soils that have low infiltration rates (clays, muck) have

high runoff potentials.
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The soils in the Black's Nook Pond watershed are entirely

glacial deposits. The glacial material is chiefly outwash

and ground moraine deposits made up of sand, gravel and till.

These unconsolidated glacial deposits retain a great deal of

groundwater and have low runoff potentials.

B. WATERSHED DEVELOPMENT

Table 2 contains information on Cambridge land-use

development patterns from 1971 to 1980, compiled by the

Metropolitan Area Planning Council (M.A.P.C., 1984). As can

be seen, minimal land-use changes occurred during the study

decade. Urban lands increased by 20 acres at the expense of

four acres of forest and 16 acres of outdoor recreation. The

reason for minimal land-use changes is due to extensive

residential, commercial and industrial development prior to

1971. Cambridge is close to development saturation, thus

little change in land-use is expected in the future. The

Black's Nook Pond watershed makes up 24 acres of the 220

acres listed by MAPC under outdoor recreation.
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TABLE 2
M.A.P.C. CAMBRIDGE LAND USE STUDY

1971-1980

Parameters
ACREAGE

1971 Change 1980

URBAN

AGRICULTURE

OPEN (0)

FOREST (F)

WETLANDS

Industrial (UI)
Commercial (UC)

Dense Residential (RI)
Medium Residential (R2)
Light Residential (R3)

Transportation (UT )
Open and Public (UO)

URBAN TOTAL

Intensive Agriculture (AC)
Extensive Agriculture (AP)

Woody Perennials (WP)
AGRICULTURE TOTAL

TOTAL

TOTAL

Water (W)
Salt Wetlands (SW)
Fresh Wetlands (FW)

WETLANDS TOTAL

+393
+540
+1576
+308

- 0
+241
+776
+3834

0
0
0
0

+5

+61

+448
0

+98
+546

+ 11
-10
+9
0
0
0

+10
+20

0
0
0
0

0

-4

0
0
0
0

+404
+530
+1585
+308

0
+241
+786
+3854

0
0
0
0

+5

+57

+448

0
+ 98
+546

OUTDOOR RECREATION Participation (RP) &

MINING (M)

WASTE DISPOSAL

Spectator (RS)
Water Based (RW)
RECREATION TOTAL

TOTAL

(UW) TOTAL

+ 236
0

+236

0

+10

-16

-16

0

0

+220
0

+220

0

+10

ACREAGE TOTAL 4,692

NOTES:

Photointerpretation was done by the Remote Sensing Project, Department of
Forestry s Wildlife Management, University of Massachusetts, Amherst.
1980 acreages are based on an interpretation of 1980 aerial photographs.
1971 acreages are consistent with the 1980 analysis and may differ
from the earlier figures, which are based on different criteria.
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Chapter 3. POND CHARACTERISTICS

PHYSICAL DESCRIPTION

1. Introduction to Black's Nook Pond and its Uses

Black's Nook Pond is a 2i-acre, municipally owned pond.

The name Black's Nook dates from the 18th Century when it was

the name for the cove on Fresh Pond that became a separate

pond in the 1890Ts. Black's Nook Pond is located in the

northern section of the Fresh Pond Reservation. The Fresh

Pond Reservation is the largest city-owned, recreational open

space in'Cambridge. Fresh Pond itself is a 160-acre natural

great pond now used for water supply by the City of Cambridge.

Because it provides public water supply, it cannot be used

for water recreation. However, the Fresh Pond Reservation is

used extensively for active recreation or aesthetic enjoyment.

Black's Nook Pond is directly accessible in most areas of

it's shoreline, except along the north and west shores which

have dense vegetation.

Black's Nook Pond is a shallow, densely vegetated,

detritus-filled pond. Since the 1938 hurricane and up until

approximately thirty years ago, the City of Cambridge dumped

its vegetative debris into the pond. Because of this dumping,

the pond, which was once approximately thirty feet deep, is

now approximately five feet deep. In addition to the tremendous

nutrient load imposed on the pond, a suitable'aquatic macrophyte

substrate was created. This layer along with the large

trophogenic zone and the associated increase in water temperature,
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makes Black's Nook an ideal growth environment for aquatic

weeds.

2. Pond Morphology

The bathymetry of Black's Nook Pond (Plate 4) was

determined by the Massachusetts Division of Water Pollution

Control (MDWPC, 1983) and was field-checked by Whitman &

Howard, Inc. (April 1985). Because the pond is extremely

shallow, a twenty-foot calibrated surveyor's rod was used to

determine water depth and sediment depth. Six parallel

transects were established approximately 50 feet apart, with

probes made approximately 40 feet along these transect lines.

In April 1985, Whitman & Howard, Inc. Survey Services surveyed

the pond and mapped it for accurate morphometric data determina-

tion. Morphometric data (Table 3) were determined from our

bathymetric map and from the United States Geological Survey

Topographic Map - Lexington Quadrangle (7.5 minute series)

utilizing a planimeter and rotimeter.

Table 3

Morphometric Data
Black's Nook Pond

Cambridge, Massachusetts

Paremeters Survey Data

Surface Area
Maximum Depth
Mean Depth
Volume

Watershed area
Maximum Length
Maximum Width
Shoreline Length

1.0 hectare
2.1 meters
1.5 meters

15,110 cubic meters

9.7 hectares
125 meters
110 meters
340 meters

(2.5 acres)
(6.9 feet)
(4.9 feet)
(533,610 cubic feet)
(3.99 million gallons)
(24 acres)
(410 feet)
(360 feet)
(1,115 feet)

Development of Shoreline 1.38

-17-



0 .15 metersscale
BLACK'S NOOK POND

BATHYMETRIC MAP

legend

meters

Whitman & Howard, Inc P l a t e 4

-18-



Black's Nook Pond is in the shape of a circle; it has

very nearly the same maximum length (125 meters) as maximum

width (110 meters). The pond's bottom is flat with an

average depth of 1.5 meters and a maximum depth of 2.1

meters. The pond's volume is just under four million gallons.

Development of shoreline is expressed as an index figure

denoting the degree of regularity or irregularity of the

shoreline. Very circular lakes approach the minimum shoreline

development value of one. The more irregular the shoreline,

the greater the deviation from one; hence there is a greater -

potential effect on future development of shoreline communities

in proportion to the volume of the pond. Additionally, the

greater the value above one, the greater the potential effect

of littoral (shoreline) processes (wind action, weed growth

in shallow embayments, etc...) on the pond. As already

noted, the pond is totally weed-infested and is only five

feet deep.
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Chapter 4. PUBLIC PARTICIPATION

Many lakes and ponds in the Commonwealth are used as

recreational areas by shoreline residents as well as by

visiting boaters and fisherman. These residents and visitors

often organize associations to actively promote the protection

of the lake or pond.

In the case of Black's Nook Pond, there are no shoreline

residents, fishermen, or boaters to organize on its behalf.

Because of the lack of a local organization or a group of

concerned area residents that could participate in pond

restoration, a broad-based public participation program is

difficult. In lieu of the normal resident questionnaire

procedure, the City and Whitman & Howard, Inc. decided to

prepare a news story on the pond for publication in local

papers. This news release was published in conjunction with

the announcement of a public meeting (held on October 26,

1986) . At the meeting. Whitman & Howard, Inc. presented the

proposed restoration plan to city departments and to the

general public. Appendix B includes the text of the news

story on the pond. A second meeting was held to allow for

additional public input and discussion on the proposed plan.

Overall, the public response was positive at both meetings

and the City has also endorsed the planned restoration.
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Chapter 5. DATA COLLECTION AND ANALYSIS

A. Introduction

The purpose of the year-long diagnostic study was to

determine physical, chemical and biological interactions

occuring within Black's Nook Pond. The following synopses of

limnological, precipitation, groundwater, sediment and over-

land runoff (golf course runoff) data are presented individually,

However, all of these parameters interact and together they

influence the results.

1. Sample site Locations

Plate 5 depicts the locations of limnological sample

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

2.0 meters (6.5 feet). Station #2 is an eight-inch clay tile

pipe which drains a portion of the adjacent golf course.

This drainage flows from the clay drain to the outlet channel

of the pond. Due to debris in this channel and the lower

surface elevation of the pond versus the channel, this

drainage flows into the pond via the outlet (See Plate 4).

Therefore, drainage from the golf course serves as the only

point source of flow entering the pond. Flow from this

source is minimal; it was observed on only four of the twenty

sampling dates. Flow was not observed leaving the pond.

2. Sampling Methodology

All sampling was performed between 1000 and 1600 hours.

Limnological sample collection occurred every two weeks

between March, 1985 and October, 1985. During the winter,
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(November 1985 through February 1986) samples were taken once

a month.

Temperature and dissolved oxygen measurements were

conducted in-situ using a Yellow Springs Instrument Model

5775 Dissolved Oxygen and Temperature Meter. Readings were

recorded at 0.5 meter intervals to a depth of 2.0 meters.

In-pond transparency measurements were made using a

standard 20-centimeter Secchi disk. Secchi disk transparency

is the mean depth of three measurements where the disk

disappears when viewed from the shaded side of a boat and

where it reappears upon raising it (Wetzel, 1975).

In-pond surface grab samples were collected in pre-rinsed,

two-liter, polyethelene bottles. In-pond deep samples were

collected using a Polypro Water Sampler and were transferred

to polyethylene bottles. Upon return to the laboratory, 50

milliliters of each sample were placed in pre-rinsed glass

containers with one milliliter of concentrated hydrochloric

acid. This sample was then analyzed for total phosphorus.

The remaining sample was refrigerated for the following

analyses: total alkalinity, chlorides, conductivity, suspended

solids, total dissolved solids, total Kjeldahl nitrogen,

ammonia nitrogen and nitrate nitrogen.

Bacteria (total coliform, fecal coliform and fecal

streptococcus) samples were collected in sterilized 250-milli-

liter glass bottles. Bacteria samples were collected only

from the surface of the in-pond station and inlet. These

samples were iced in the field, as- were all samples, and were
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among the first to undergo laboratory analyses. Phyto-

plankton and chlorophyll a analyses were performed on in-pond

surface grab samples.

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

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

except for the phytoplankton identification which was performed

by EG&G Environmental Consultants, Waltham and for the

Chlorophyll a_ analyses performed by Arnold Green Testing

Laboratories, Natick.

4. Basis of Data Analyses

The following water quality results of this study are

compared with data compiled by State and Federal agencies.

Stated comparison figures are based on the desire to achieve

Class "B" water quality and to control cultural eutrophication.

Waters assigned to Class "B"..."are designated for the uses

of protection and propagation of fish, or aquatic life and

wildlife; and for primary and secondary contact recreation"

(M.D.W.P.C., 1985).

B. PHYSICAL DATA

1. Temperature

Wetzel cites annual temperature cycle as one of .the most

significant determinants of the physical, chemical, and

biological interactions of a pond or lake (Wetzel, 1983).

Black's Nook Pond exhibits the characteristics of a shallow,
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stagnate pond. Upper water layers react to ambient air

temperature as can be seen on Plate 6 which shows large

temperature differentials within and between monthly sampling

dates. The pond's small size, shallow depth, and brown water

color which absorbs much solar radiation makes it susceptible

to large temperature changes over short time periods.

Uniform water temperatures in spring and fall indicate

that the pond circulates at least twice a year. March 27

data show a period of weak stratification followed by cooling

(April 9) and heating (April 30). Because of the pond's

small size, dense weed growth and shallowness, surface

temperatures were comparatively (in regards to the pond's

extreme shallowness) higher than bottom temperatures. This

is most assuredly due to a lack of mixing, as stagnated bottom

waters are shielded from sunlight penetration due to dense

overlying weed growth.

January data show inverse stratification occurring

during periods of ice cover. Temperatures throughout the

water column became progressively warmer after ice-out. The

highest surface water temperature (25.0°C) was recorded on

July 11, 1985. The corresponding bottom water temperature

was 19.0°C,

On the few dates that the clay drain was flowing into

the pond, water - temperatures were lower than surface water

temperatures (Table 4). Since inlet waters are from an

underground drainage system, lower temperatures were expected.
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Table 4
Inlet Temperature, Dissolved Oxygen Concentrations

and Percent Saturations

Date

3/27/85
4/09/85
4/30/85
5/29/85

Temperature
(°C)

10.0
6.0

11.0
16.5

D.O.
(mg/1)

5.8
6.8
3.1
6.5

Perc
Satura

51
55
28
67

Massachusetts surface water quality standards (M.D.W.P.C.,

1985) require that temperature shall not exceed 83°F (28.3°C)

in warmwater fisheries or 68°F (20°C) in coldwater fisheries.

Black's Nook Pond has no summer coldwater habitat; however,

water temperature never exceeded the warm water habitat

criterion. An equally critical criterion is that of dissolved

oxygen. Summer dissolved oxygen concentrations did not

always meet the M.D.W.P.C. (1985) criterion of a minimum of

5.0 mg/1 to support a warmwater fishery. However, personal

observation indicates that warmwater fish survive in Black's

Nook Pond despite its highly degraded condition.

2. Secchi Disk Transparency

Transparency was routinely measured using a Secchi disk,

which is a twenty centimeter in diameter circular plate

attached to a meter-calibrated rope. Secchi disk readings

offer an estimate of the transparency in the pond. Several

factors affect readings including apparent water color,

dissolved and particulate matter, surface conditions, sky

conditions, time of day, and observer bias, cloud cover,

water conditions, apparent water color, Secchi disk readings

and other factors are recorded in Table 5.
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TABLE 5
Secchi Disk Transparency

March, 1985 - February, 1986
Black's Nook Pond

1
to
-J
1

Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

Time

1050
1345
1140
1115
1140
1345
1125
1255
1545
1126
1245
1015
1130
1030
1040
1030
1000
1200
1045
1030

Secchi Disk
Transparency
Meters (Feet)

1.5
1.1
1.1
1.1
1.0
0.9
1.1
1.3
1.3
1.2
0.6
0.6
0.6
1.2
1.5
1.0
1.1
0.9
0.9
0.9

(4.9)
(3.6)
(3.6)
(3.6)
(3.3)
(3.0)
(3.6)
(4.3)
(4.3)
(3.9)
(2.0)
(2.0)
(2.0)
(4.0)
(4.9)
(3.3)
(3.5)
(3.0)
(3.0)
(3.0)

Apparent
Water Color

Brown
Brown
Brown
Brown
Green/Brown
Green/Brown
Light Brown
Brown
Brown /Green
Brown/Green
Brown
Brown
Brown
Light Brown
Light Brown
Light Brown
Light Brown
Light Brown
Light Brown
Light Brown

Water
Surface

2" ripples
Calm
V ripples
Calm
Calm
Calm
Calm
Calm
Calm
2" ripples
Calm
Calm
Calm
Calm
Calm
Calm
Calm
5" ice cover
3" ice cover
2" ice cover

Weather /Approximate
Air Temperature (°C)

50% Clouds
0% Clouds
10% Clouds
0% Clouds
20% Clouds
10% Clouds
40% Clouds
100% Clouds
10% Clouds
100% Clouds
100% Clouds
0% Clouds
50% Clouds
40% Clouds
10% Clouds
0% Clouds

100% Clouds
50% Clouds
100% Clouds
20% Clouds

7°
10°
4°
14°
13°
13°
18°
15°
24°
25°
24°
26°
13°
18°
10°
7°
10°
2°
-7°
-1°



The highest transparency level (1.5 meters) was recorded

on 14 March 1985 and 17 October 1985. Lowest transparency

levels were noted in August through mid-September (0.6 meters

on all dates). These low transparency values were due to

thick weed growth and suspended particulate matter.

The minimum transparency standard for bathing beaches is

1.2 meters (4.0 feet) as set fay the Massachusetts Department

of Public Health (1960). This standard was only met on four

sampling occasions during the bathing season (May to September).

Aside from the pond's other deterrents to swimming (ie.

weeds, depth constraints, etc ...), the transparency levels

would preclude its use as a contact recreation area.

Apparent water color is a subjective determination of

the background color of the water as one looks through the

water column at the white portion of the Secchi disk.

Apparent water color was generally brown, with some green in

late spring and mid-summer. These variations indicate

seasonal fluctuations related to phytoplankton and macrophyte

growth and decay.

C. CHEMICAL DATA

1. Dissolved Oxygen

The solubility of oxygen in water increases with decreasing

temperature. In Black's Nook Pond, recorded surface dissolved

oxygen (DO) concentrations followed the temperature-related

solubilities of water (Plate 6). The cooler waters of early

spring and late fall were the most oxygenated. Highest DO
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concentrations (surface to bottom) for these periods were

recorded on April 9, 1985, with a range of 11.2 mg/1 to 8.1

mg/1 and October 31, 1985, with a range of 12.2 mg/1 to

10.9 mg/1.

Table 6 indicates water temperature, DO, and percent

saturation (the amount of oxygen water can hold at a given

temperature). Percent saturations were calculated according

to Standard Methods (1980).

During spring and fall circulation, percent saturations

ranged from 101 to 71 percent surface to bottom (April 9),

and from 104 to 93 percent, surface to bottom (October 31).

These saturations were high and uniform as compared to the

variable saturations at other times of the year. For example,

July 11, 1985 percent saturations ranged from a supersatured

152 percent (surface) to a low of four percent (bottom).

Corresponding DO concentrations were 12.5 mg/1 and 0.4 mg/1

(surface and bottom).

Bottom (0.5 meters above sediment) dissolved oxygen

concentrations were below 5.0 mg/1 from April 30 through

October 17. The Divisions?s data show a 3.1 mg/1 bottom

water DO concentration in their baseline survey (MDWPC,

1983). Low DO levels and correspondingly low percent satura-

tions are indicative of decomposition activity in bottom

waters and within organic sediments. Oxygen demand can be

due to aerobic bacterial decomposition of organic matter at

the sediment-water interface (Ogunrombi, 1970), as well as

oxygen used to oxidize anaerobic end-products released from
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TABLE 6
TEMPERATURE, DISSOLVED OXYGEN AND PERCENT SATURATION

MARCH 1985 - FEBRUARY 1986
BLACK'S NOOK POND, MASSACHUSETTS

IN-POND STATION

Depth
(m)

0.5
1.0
1.5
2.0

I 0.5

w 1-0
' 1.5

2.0

0.5
1.0
1.5
2.0

0.5
1.0
1.5
2.0

MARCH 14,

Temp

8.0
8.0
8.0
8.0

APRIL 30,

15.4
15.0
13.0
13.0

JUNE 17,

20.5
19.0
18.0
18.0

JULY 26,

23.0
23.0
22.5
21.5

1985 - CLOUDS: 50%

Dissolved
Oxygen
(mg/1)

8.4
8.2
8.0
5.0

Percent
Saturation

71
69
68
42

1965 - CLOUDS: 0%

12.2
12.6
9.8
3.6

1985 - CLOUDS

9.6
7.2
1.3
0.9

1985 - CLOUDS

5.0
4.5
1.3
0.2

122
125
93
34

: 40%

107
78
14
10

: 100%

58
53
15
2

MARCH 27, 1985 - CLOUDS: 0%

Dissolved Percent
Temp

12.0
11. 0
9.0
8.5

MAY 9

14.5
13.3
13.1
13.0

JUNE 29,

18.0
16.0
17.5
17.5

AUGUST 16

23.0
20.8
20.2
20.0

Oxygen
(mg/1)

9.3
9.3
8,5
5.3

, 1985 -

13.8
13.8
6.4
0.4

1985 -

8,2
7,4
0,8
0,2

, 1985 -

0.3
0.1
0.0
0.0

Saturation

86
84
74
45

CLOUDS: 20%

136
132
61
4

CLOUDS: 100%

87
78
8
2

CLOUDS: 100%

4
1
0
0

APRIL 9, 1985 - CLOUDS: 0%

Dissolved Percent
Temp

10.5
10.0
9.7
9.4

MAY 29,

20.5
19.0
18.2
18.0

JULY 11,

25.0
22.5
19.0
19.0

AUGUST 28

22.5
22.0
21.5
21.0

Oxygen
(mg/1)

11.2
11.2
10.2
8.1

1985 -

12.5
7.5
2.9
2.3

1985 -

12,5
8.6
3.5
0.4

, 1985

7.9
7.7
0.9
0.8

Saturation

101
99
90
71

CLOUDS: 0%

139
81
31
24

CLOUDS: 10%

152
102
38
4

- CLOUDS: %

91
68
10
9



TABLE 6 Continued
TEMPERATURE, DISSOLVED OXYGEN AND PERCENT SATURATION

MARCH 1985 - FEBRUARY 1986
BLACK'S NOOK POND, MASSACHUSETTS

IN-POND STATION

SEPTEMBER 12, 1985

Depth
(m)

0.5
1.0
1.5
2.0

0.5
w 1-°
*> 1.5

2.0

0.5
1.0
1.5
2.0

Temp

19.0
18.5
18.5
18.5

OCTOBER

8.5
8.5
8.5 *

JANUARY

0.0
0.0
2.0
3.5

Dissolved
Oxygen
(mg/1)

0.8
0.4
0.1
0.1

31, 1985 -

12.2
11.0
10.9

29, 1986 -

9.1
9.2
8.8
7.0

- CLOUDS: 50%

Percent
Saturation

9
4
1
1

CLOUDS: 0%

104
94
93

CLOUDS t 100%

62
63
64
53

SEPTEMBER 30, 1985 -

Temp

18.2
18.0
18.0
18.0

Dissolved
Oxygen

5.5
4.8
4.6
0.6

CLOUDS: 40%

Percent
Saturation

58
51
49
6

NOVEMBER 11, 1985 - CLOUDS: 100%

2.5
3.5
3.5
4.0

2.0
3.0
4.0
4.0

10.4
0.6
7.6
6.2

FEBRUARY 17, 1986

10.5
10.0
9.5
9.3

76
65
57
47

- CLOUDS:

76
74
73
71

OCTOBER

Temp
<ec)

13.2
13.2
13.0

DECEMBER

4.2
4.0
4.0
4.0

50%

17, 1985 -

Dissolved
Oxygen
(mg/1)

4.8
4.9
4.5

23, 1985 -

9.3
9.8
9.0
9.0

CLOUDS: 0%

Percent
Saturation

46
47
43

CLOUDS: 50%

71
75
69
69

•



sediments (Martin, 1971; Ogunrombi, 1970). The clinograde

oxygen curve (decreasing oxygen concentration with increasing
•

depth), recorded at Black's Nook Pond is characteristic of a

highly productive or eutrophic waterbody.

Anoxic (0.0 mg/1 DO) conditions were recorded on only

one date, August 16, 1985 at 1.5 to 2.0 meter depths.

Adequate amounts of oxygen are necessary to maintain the

aesthetic qualities of water and to sustain fish and other

aquatic life. Ideally, oxygen should be present at the

sediment-water interface. However, as noted earlier, 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 5.0 mg/1 is required to maintain a healthy

coldwater fishery. It is evident from the pond's temperature

and DO data that Black's Nook Pond does not provide an

adequate coldwater fishery habitat.

Inlet DO levels and corresponding percent saturations

(Table 4) were much lower than surface in-pond values on all

sampling dates. Inlet waters were high in organic content

and available oxygen was used by aerobic bacteria quickly to

breakdown organic matter. Additionally, inlet waters flow

through an eight inch clay pipe and are not exposed to wind

action. Because the pipe is smooth and has minimal slope,

the water is not naturally aerated.

In summary, Black's Nook Pond has depleted dissolved

oxygen in bottom waters, where extensive sediment and nutrient
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build-up have created an oxygen demand. Oxygen is utilized

during the decomposition of algae and macrophytes. This

condition plus the organic debris the Town had added has

rendered Black's Nook Pond highly eutrophic.

2. pH, Alkalinity and Salinity

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

nature. Specifically, pH is an expression of the hydrogen

ion activity of 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. Atmospheric

carbon dioxide (CO-) dissolved in water (H-0) yields carbonic

acid (H-CO^) . Carbonic acid is a fairly weak acid that

dissociates to ultimately generate bicarbonate ions. This

results in alkaline waters in lakes and streams that have a

naturally high content of carbonates in surface and groundwater.

Both the formation of hydroxyl ions and calcium bicarbonate

increase a pond's pH. The greater amounts of naturally

occuring calcium-enriched rock within the watershed, the

higher the available alkalinity and the higher the pH.

In-pond surface pH ranged from 6.8 (July 26) to 7.8

(June 28) throughout the study period, In-pond bottom pH was

slightly lower than surface pH and ranged from 6.3 (July 26)

to 7.7 (December 23) (Table 7). The decrease in in-pond

bottom pH is expected in eutrophic waters due to the respiratory
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TABLE 7
pH Values

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86-
2/27/86

#1
In-Pond
Surface

7.1
7.0
6.9
7.0
7.1
7.5
7.7
7.8
6.9
6.8
7.2
7.3
7.3
7.3
7.4
7.5
7.5
7.7
7.6
7.4

#1
In-Pond
Bottom

7.0
6.9
7.0
7.1
6.9

. 7.1
6.9
7.2
6.8
6.3
6.9
7.5
7,4
7.4
7.4
7.5
7.4
7.7
7.6
7.3

#2
Inlet

NF
6.4
6.5
6.7
NF
6.6
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

S3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Note:
(NF)= No Flow
All values in standard units
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generation of carbon dioxide. Black Nook's pH is most

probably governed by photosynthetic activity on a short term

basis which has the effect of increasing pH.

The Massachusetts Division of Water Pollution Control pH

range for "Class B" waters is 6.5 to 8.0. The pH in Black's

Nook Pond was within this range except for a low of 6.3 on

(July 26). A gradual increase in bottom pH values followed

this date. Concurrently, temperatures increased near the

sediment-water interface. These factors are important in that

they allow certain nutrients, such as phosphates, to be

released back into the water under anaerobic conditions

(Snow, 1976). The pH values of flow from the clay drain

ranged from 6.4 to 6.7, which were similar to in-pond values.

The impact of pH on aquatic organisms is influenced by

chemical and biological environmental factors. The European

Inland Fisheries Advisory Commission (EIFAC, 1969) has

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 the
range.
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a. Alkalinity

Alkalinity is the property of water which buffers

against pH changes upon addition of acid. Since pH has a

direct effect on organisms as well as an indirect effect on

the toxicity of certain other pollutants in the water, the

buffering capacity of the Black's Nook Pond watershed is

essential to good water quality.

Alkalinity is important to fish and other aquatic life

because it buffers pH changes that occur naturally due to

photosynthetic activity of algae/aquatic macrophyte communities

and acid rain. Biological activities such as photosynthesis

and respiration cause shifts in pH; however, they do not

significantly affect alkalinity (U.S.E.P.A., 1983). Also,

carbonate and bicarbonate, the major components of alkalinity,

complex some toxic heavy metals and substantially reduce

their toxicity.

Acid deposition on freshwater systems is cause for

national concern. The concern is heightened when the system

is low in natural buffering capacity (i.e., alkalinity).

The Massachusetts Division of Fisheries and Wildlife (M.D.F.W.)

has established the following standard criteria when analyzing

lakes for susceptibility to the effects of acid depostion

(M.D.F.W., 1984):

Rating . Alkalinity Content

Vulnerable - 6-10 mg/1 TOTAL ALKALINITY (CaC03)
Endangered - 3-5 mg/1 TOTAL ALKALINITY (CaC03)
Critical - 2 mg/1 TOTAL ALKALINITY (CaC03)
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Table 8 summarizes total alkalinity data. In-pond

levels ranged from 30 to 107 mg/1 CaC03 (surface), 31 to 120

mg/1 CaCO (bottom) and 39 to 80 mg/1 CaC03 (inlet). Based

on these observations, Black's Nook Pond has a good buffering

capacity.

b. Salinity

Major anions contributing to the salinity of freshwater

include chloride, nitrate and sulfate. Associated cations

include sodium, calcium, potassium, and magnesium. To assess

the salinity content in Black.'s Nook Pond, chloride concentra-

tions were measured. Sources of chloride for ponds and lakes

in proximity to oceans include the substrate upon which the

water lies and the overground and underground pathways by

which water flows to the lake (i.e. sedimentary rock, surface

runoff, urban drainage, groundwater and rainfall).

Chloride concentrations in Black's Nook Pond remained

relatively constant throughout the sampling year. In-pond

values ranged from 21 to 35 mg/1 (Table 9). Concentrations

were generally greater in bottom waters than in surface

waters but the differences were never greater than 4 mg/1

(Plate 7). Inlet values ranged from 35 to 40 mg/1. Chloride

values were two to three times lower in Black's Nook Pond

than Horn Pond in Woburn (Whitman & Howard, Inc, 1986).

De-icing compounds, used in winter, most likely caused

elevated chloride levels in Horn Pond. These compounds do

not appear to cause the same extent of problem in Black's

Nook Pond. Peak chloride levels in Black's Nook Pond were
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TABLE 8
TOTAL ALKALINITY
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In- Pond
Surface

77
76
77
80
59
56
38
50
36
30
64
76
73
70
73
78
36
107
95
80

#1
In-Pond
Bottom

79
78
78
80
51
55
36
46
41
31
68
78
77
71
72
78
87
120
98
S3

#2
Inlet

NF
39
60
66
NF
80
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
N1?
NF
NF

Mean

Note:
(NF)= No Flow
All values in mg/1

69 70 61
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TABLE 9
CHLORIDE Concentrations

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

Mean

Note:

#1
In- Pond
Surface

21
24
27
34
25
25
23
24
25
29
25
24
22
25
26
25
22
23
24
35

25

#1
In- Pond
Bottom

22
26
27
31
26
25
25
25
25
28
26
24
22
25
26
25
22
27
24
35

26

#2
Inlet

NF
38
36
40
NF
35
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

37

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF .
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

No Flow
All values in mg/1
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observed in February when concentrations were most probably

influenced by the indirect introduction of de-icing compounds .

into the pond system via overland runoff and dust.

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 water temperature.

Conductivity values are expressed in MICROMHOS, which is the

reciprocal of OHMS (the measurement of resistance).

Natural freshwater ranges for specific conductance are

from 50 to 1,000 micromhos (Standard Methods, 1980). In-pond

conductivity levels ranged from 180 to 315 micromhos/cm

(surface) and 190 and 345 micromhos/cm (bottom). These

values fall within the above stated range (Table 10). Inlet

values ranged from 290 to 400 micromhos/cm. Bottom conductivity

values generally exceeded surface values (Plate 8). Data

peaks and troughs coincided with chloride and total dissolved

solids concentrations. This is expected because the resistance

of water to electrical flow declines (i.e., higher conductivity)

with increasing ion content (Wetzel, 1983).

4. Total 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° Celsius (Standard Methods,

1980). Essentially, suspended solids are indicative of the

organic and particulate matter in water.
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TABLE 10
CONDUCTIVITY LEVELS
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

180
220
240
230
300
265
230
220
210
210
245
250
220
245
250
250
255
.310
315
270

#1
In- Pond
Bottom

190
230
250
300
300
265
260
230
220
230
250
250
220
245
250
250
255
345
315
280

#2
Inlet

NF
290
305
400
NF
310
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

13
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean 248 257 326

NF=No Flow
All values in micromhos/cm
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In-pond surface, values (Table 11) ranged from 2 mg/1

(March 14) to 32 mg/1 (August 16), while bottom values ranged

from 4 mg/1 (March 27) to 55 mg/1 (August 16). Bottom total

suspended solids concentrations were greater than or equal to

surface values on all but one sampling date (Plate 9).

Elevated bottom values may indicate decompostion and/or

settling of organic matter.

5. Total Dissolved Solids

Total dissolved solids concentration is a measure of the

residue (organic and inorganic) which remains after evaporating

a filtered water sample of known volume.

In-pond values (Table 12) ranged from 96 mg/1 to 165

mg/1 (surface) and 102 mg/1 to 185 mg/1 (bottom). Bottom

concentrations always exceeded surface values (Plate 10).

This may be due to the release of dissolved solids from

settled organic matter. Peaks were observed in April,

August, December and January. The April peak was influenced

by additions from the inlet which normally does not flow.

Total dissolved solids concentrations in excess of 100 mg/1

indicate eutrophic conditions (U.S.E.P.A., 1984).

6. Total Phosphorus

Phosphorus in natural waters is found'in several forms

including: (1) particulate phosphorus in organisms and

phosphorus adsorbed onto dead particulate organic matter; and

(2) dissolved phosphorus as orthophosphate, polyphosphates

(often originating from synthetic detergents), organic

colloids or phosphorus combined with adsorptive colloids and
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TABLE 11
TOTAL SUSPENDED SOLIDS

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/29/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

2
3
6
7
8
5
6
2
3

12
32
9
12
7
5
3
5
6
5
4

#1
In-Pond
Bottom

11
4
10
17
19
20
9
7
26
28
55
5
22
26
11
8
9
19
5
8

#2
Inlet

NF
12
16
16
NF
4

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

|3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF'
NF
NF
NF

Mean

Note:
{NF)- No Flow
All values in mg/1

16 12
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TABLE 12
TOTAL DISSOLVED SOLIDS

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/35
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

96
118
127
147
143
136
120
114
110
112
130
136
120
133
135
134
136
165
165
111

#1
In-Pond
Bottom

102
124
134
161
155
140
138
120
115
124
135
138
123
134
136
136
138
185
170
118

#2
Inlet

NF
155
164
234
NF
165
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean 129

Note:
(NF)=» No Flow
All values in mg/1

136 180
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low molecular weight esters (Wetzel, 1983). The measurement

of total phosphorus takes into account all of these phosphorus

forms. However, inorganic soluble phosphate (orthophosphate)

is a major plant nutrient. The ratio of orthophosphate to

other phosphorus forms is approximately 1:20 or less than

five percent. This ratio is remarkably constant in a large

number of lakes in the temperate zone, although the actual

percentage is probably less than five percent in most natural

waters (Wetzel, 1983).

Phosphorus as phosphate is one of the major nutrients

required for plant nutrition and is essential for life. It

is generally believed that increased supplies of phosphorus

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

1976). Phosphorus is not the sole cause of eutrophication.

Phosphorus is very often the least abundant nutrient available

for aquatic plant growth needs (i.e.,... limiting nutrient).

Also, of all the elements required for aquatic plant growth,

phosphorus is the most easily controlled fay man.

The most significant form of inorganic phosphorus to

primary productivity is orthophosphate. Over 90 percent of

total phosphorus is included in the biomass of planktonic

algae and bacteria as well as other particulate matter. A

small fraction of total phosphorus, usually less than one

percent, is soluble reactive phosphorus (orthophosphate),

which is a plant nutrient (Wetzel, 1983). Total inorganic

and organic phosphorus have often been separated to distinguish

reactive from combined phosphorus. However, the most important
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measure is the total phosphorus in the particulate and

dissolved phases (Wetzel, 1983).

In Black's Nook Pond, phosphate not utilized by aô iatic

plants and algae accumulates on or near the bottom waters.

During aerobic conditions, the exchange equilibria are

largely unidirectional to the pond sediments. Under anaerobic

conditions, phosphorus appears to be released from the

sediments, as noted by the higher bottom total phosphorus

concentrations from July through September (Table 13).

Bottom total phosphorus concentrations maintained high

levels from July through September, when corresponding

dissolved oxygen levels ranged from 0.0 mg/1 to 0.9 mg/1 in

the bottom waters. Overall bottom phosphorus concentrations

were greater than surface waters (Plate 11). This is in part

due to the settling of organic material and to the release of

phosphorus from sediments under anaerobic conditions.

Vollenweider (1968) demonstrated, by using several

criteria, that the amount of total phosphorus generally

increases with lake productivity:

General Level of Epilimnetic
Lake Productivity Total Phosphorus (mg/1)

Ultra-oligotrophic <0.005
Oligo-mesotrophic 0.005-0.01
Meso-eutrophic 0.01 - 0.03
Eutrophic 0.03 - 0.10
Hypereutrophic >0.10

In-pond total phosphorus concentrations ranged from 0.05 mg/1

to 0.27 mg/1 (surface) and 0.07 mg/1 to 0.27 mg/1 (bottom).

The peak surface value on August 16 (0.27 mg/1) was followed
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TABLE 13
TOTAL PHOSPHORUS
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

0.05
0.07
0.08
0,07
0.07
0.08
0.06
0.07
0.07
0.06
0.27
0.16
0.11
0.19
0.08
0.09
0.07
0.08
0.07
0.07

#1
In-Pond
Bottom

0.08
0.08
0.09
0.12
0.10
0.07
0.07
0.08
0.14
0.10
0.21
0.17
0.17
0.27
0.12
0.12
0.11
0.09
0.08
0.08

#2
Inlet

NF
0.20
0.23
0.18
NF
0.08
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean 0.09

Note:
(NF)a No Flow
All values in mg/1

0.12 0.17
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by a phytoplankton bloom at the end of August. Utilization

of phosphate by algae and aquatic plants and the eventual

settling of remaining phosphorus coincides with the decline

in surface total phosphorus values through September 13,

1985.

Inlet total phosphorus values were 0.20, 0.23 and 0.18

mg/1 from March 27 to April 30. Corresponding in-pond values

were much lower during this period; they ranged from 0.07

mg/1 to 0.12 mg/1 (reflecting both surface and bottom values)

Phosphorus entering the pond system may have been utilized by

aquatic plants and algae, absorbed by the sediments or may

have been minimal due to the low inflow rate.

The Environmental Protection Agency has suggested that

total phosphorus should not exceed 0.05 mg/1 in any stream

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

0.025 mg/1 (EPA, 1976). These criteria were suggested to

prevent the development of biological nuisances and to

control eutrophication. Surface waters exceeded the 0.025

mg/1 total phosphorus criteria throughout the sampling year.

Average bottom concentrations were nearly five times the

total phosphorus criteria. Inlet values also exceeded EPA

criteria on all sampling dates. Although Black's Nook Pond

is already in an advanced stage of eutrophication, phosphorus

control could help to reverse this trend. The fate of

phosphorus enrichment is discussed in Chapter 8, Nutrient

Budget.
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7. Nitrogen

Nitrogen exists in several forms within Black's Nook

Pond: as dissolved gas; inorganic nitrogen (ammonia, nitrite

and nitrate); and as organically bound nitrogen (amino acids

and proteins). The inorganic-nitrogen forms of nitrate and

ammonia are the most important nutrients for growth of

phytoplankton and aquatic macrophytes (Harvey, 1955).

Ammonia, in most waters, is a biological degradation product

of nitrogenous organic matter. Ammonium ions (ammonia

dissolved in water) may be released from proteinaceous

organic matter and urea or may be synthesized from nitrogen

fixation. Nitrate is formed from the complete oxidation of

ammonium by certain microorganisms in which nitrite is an

intermediate product. The metabolism of littoral flora,

including vascular plants and epiphytic associations of

bacteria and algae, is a major source of organic nitrogen

synthesis in many lakes and can significantly influence

nitrogen flux from sediments to the water (Wetzel, 1975). A

diagrammatic representation of the major nitrogen inputs,

transformation pathways and outputs to a general lake system

is depicted in Plate 12.

Nitrification is the oxidation of ammonia to nitrite and

nitrite to nitrate via the action of certain aerobic bacteria

Oxygen is utilized during this transformation and potentially

may cause hypolimnetic anoxia. Under anaerobic conditions,

denitrification occurs whereby nitrite is formed as an

intermediary with free nitrogen, the principal end-product
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(Reckhow and Chapra, 1983). Home (1974) estimated that

one-half of the yearly nitrogen budget in a eutrophic lake is

derived from nitrogen fixation by blue-green algae. The free

nitrogen is then available to the less desirable blue-green

algae which are most often responsible for objectionable

floating mats and odors.

As with phosphorus, there are no definitive criteria for

the control of cultural eutrophication caused by nitrogenous

compounds. Instead, the MDWPC (1985) states that "the

discharge of nutrients, primarily phosphorus and 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."

Ammonia concentrations in unimpacted surface waters

usually range from 0 mg/1 to 5.0 mg/1, while in anaerobic

hypolimnetic waters, ammonia concentrations may reach or

exceed 10 mg/1 (Wetzel, 1983).

In-pond ammonia-nitrogen concentrations (Table 14)

ranged from 0.10 mg/1 to 0.42 mg/1 (surface) and 0.08 mg/1 to

0.75 mg/1 (bottom). Bottom concentrations were highest from

July through September suggesting release of sediment nutrients

under anaerobic conditions. Low dissolved oxygen levels

cause a shift in the oxidation-reduction potential (not

measured in study) at the sediment-water interface and allow
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TABLE 14
AMMONIA-NITROGEN
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

0.24
0.18
0.22
0.14
0.10
0.13
0.15
0.12
0.15
0.21
0.42
0.26
0.24
0.30
0.21
0.25
0.29
0.24
0.21
0.20

*1
In-Pond
Bottom

0.08
0.20
0.24
0.12
0.08
0.25
0.24
0.22
0.65
0.74
0.75
0.32
0.35
0.42
0.23
0.28
0.34
0.25
0.19
0.21

#2
Inlet

NF
0,15
0.09
0.25
NF
0.15
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

£ 3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean 0.21

Note:
(NF) = No Plow
All values in mg/1

0.31 0.16
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anaerobic decomposition of organic materials with ammonia as

the end-product (Snow, 1973).

Surface nitrate nitrogen levels ranged from 0.01 mg/1

(July 26) to 0.22 mg/1 (March 14); bottom values ranged from

0.01 to 0.14 mg/1 (July 26 and March 27, respectively).

Elevated nitrate-nitrogen levels were noted in March (1985),

early April (1985) and February (1986). Values on these

dates coincided with periods of oxygenated pond water whereas

lowest nitrate nitrogen concentrations occurred during

periods of low D.O. levels. Since oxygen is required for

nitrate-nitrogen formation, this is not surprising. Surface

concentrations were always greater than or equal to bottom

concentrations. Similarly, surface DO levels always exceeded

bottom levels.

Inlet nitrate-nitrogen values were very high in March

and April, with values of 1.52, 2.37 and 2.19 mg/1 (Table

15). This may have been influenced by the leaching of

nitrogenous fertilizers spread on the adjacent golf course in

early spring.

Total Kjeldahl nitrogen (TKN) concentrations (Table 16)

ranged from 0.24 to 2.15 mg/1 (surface) and 0.32 to 2.66 mg/1

(bottom). Bottom concentrations always exceeded surface

values (Plate 13). This is largely due to the settling of

particulate matter to the bottom of the pond. In-pond bottom

concentrations were highest from August 16 through September 30

These observations support the conclusion of nutrient release

from the sediments during anaerobic conditions. Inlet TKN
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TABLE 15
NITRATE-NITROGEN
BLACK'S. NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/35
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

0.22
0,15
0.10
0.05
0.08
0.04
0.07
0.04
0.02
0.01
0.06
0.04
0.04
0.03
0.03
0.03
0,04
0.04
0.04
0.08

fl
In-Pond
Bottom

0.13
0.14
0.09
0.04
0.08
0.03
0.05
0.04
0.02
0.01
0.04
0.03
0.03
0.03
0-.̂ 3
0.03
0.04
0.03
0.03
0.08

#2
Inlet

NF
1.52
2.37
2.19
NF
0.04
NF
NF
NF
NF
NF
NF
NF
NF
NF
Nf
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean

Note:

0.06

No Flow
All values in mg/1

0.05 1.53
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TABLE 16
TOTAL KJELDAHL NITROGEN

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/35
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

0.29
0,25
0.32
0.27
0.25
0.27
0.24
0.25
0.28
0.30
2.15
0.41
0.44
0.48
0.39
0.36
0.42
0.35
0.33
0.31

#1
In-Pond
Bottom

0.52
0.32
0.36
0.32
0.38
0.78
0.36
0.33
0.92
0.95
2.66
0.58
0.63
0.'96
0.47
0.43
0.49
0.52
0.35
0.47

#2
Inlet

NF
0.39
0.38

. 0.43
NF
0.36
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF -

Mean 0.42

Note:
(NF)= No Flow
All values in mg/1

0.64 0,39

-63-



a\
*»

2.65-

2.55-

2.45-

2.35.

2.25-

C? 0.9-J
ÔJ
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values (Table 16) were similar to observed in-pond values

noted on sampling dates .August 16 through September 30.

8". Data Conclusions

Black's Nook Pond is hypereutrophic and even though

water quality data do not indicate any extreme problems, the

overall conclusion must be that the pond is in a seriously

degraded state. The pond is thick with aquatic weeds from

top to bottom, throughout the pond. Little water enters the

pond and that which does is from overland flow, groundwater

and direct precipitation. No water was ever observed flowing

from the pond leaving evapotranspiration and possibly ground-

water as the sources of outflow. The pond is a sink for all

that enters it and this is reflected in it's appearance.

D. BIOLOGICAL DATA

1. Bacteriological

The Massachusetts Division of Water Pollution Control

(1978) has stated that the occurrence of fecal coliform (FC)

bacteria in Class B waters shall not exceed a log mean of 200

per 100 milliliters for a minimum of five samples taken over

a 30-day period. This criterion sets the limit for fecal

coliform bacteria based on concern for public health. In

this study, the 200/100 ml limit was used as a general

criterion on all sampling dates, although a minimum series of

five samples were never obtained in any one month. Yearly

in-pond surface grab samples indicate that the Class B

criterion was never exceeded. The highest value of 18/100 ml
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was recorded on August 28 (Table 17). Total coliform bacteria

results are listed in Table 18.

Inlet bacteria levels were high (above standard);

however, their total contributions to the pond is low.

Higher bacteria levels from the inlet are due to animal

feces. Since in-pond bacteria levels are low, inlet bacteria

contributions most probably do not pose a threat to water

contact use of the pond.

2. Phytoplankton and Chlorophyll a

Chlorophyll a (the principal photosynthetic pigment of

all oxygen-evolving photosynthetic organisms) is present in

all algae (Wetzel, 1983). Chlorophyll a concentrations in

Black's Nook Pond showed varied seasonal peaks during the

study period (Table 19). Concentrations ranged from a low of

1.12 mg/m3 on May 29 to a high of 71.35 mg/m3 on December 23.

Peak chlorophyll a concentrations coincided with peak periods

of phytoplankton numbers, following spring circulation in

April, during August and during the February bloom. Phytoplank-

ton identification and enumeration are included in Appendix B

- Biological Data.

In summary, chlorophyll a concentrations within Black's

Nook Pond were cyclical and in certain aspects followed

phytoplankton population dynamics as described by Wetzel

(.1983). The following paragraphs provide an overview of

seasonal variations of chlorophyll a and phytoplankton

observed in the pond throughout the sampling year. Appendix

C details phytoplankton density and composition.
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TABLE 17
FECAL COLIFORM

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11A85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

0
1
1
1
0
0
2
0
0
5
12
18
5
1
0
4
1
0
4
2

#2
Inlet

NF
203
910
245
NF
410
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

Mean 3

Note:
<NF)» No flow
All values in #/100 ml

442
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Mean

Note:

TABLE 18
TOTAL COLIFORM
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Sampling
Date

3/14/85
3/27/85
4/09/85
4/30/85
5/09/85
5/29/85
6/17/85
6/28/85
7/11/85
7/26/85
8/16/85
8/28/85
9/13/85
9/30/85
10/17/85
10/31/85
11/18/85
12/23/85
1/29/86
2/27/86

#1
In-Pond
Surface

10
3
6
4
7
0
14
0
0

32
73
32
6
14
31
16
7
0
10
6

#2
Inlet

NF
410
1280
63̂ )
NF
580
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

#3
Outlet

NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF
NF

14

(NF) = No Flow
All values in #/100 ml

725
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March, 1985 - May, 1985: Phytoplankton growth was moderately

stimulated by several factors, including: 1) the circulation

(spring turnover) of nutrient-rich bottom water throughout

the water column; 2) improved light conditions; and 3)

increased temperatures. The spring maximum of 2600 cells/ml

was noted on April 9 and was much lower than would be expected

for a eutrophic pond such as Black's Nook. Diatoms dominated

the algal populations on this date representing 46 percent of

the sample cell count. In March and the end of May, green

algae were dominant; in early May, the blue-green algae were

dominant (Plate 14).

TABLE 19

CHLOROPHYLL a RESULTS
BLACK'S NOOK POND, CAMBRIDGE, MASSACHUSETTS

DATE IN-POND STATION

(mg/m )

March 14, 1985
March 27, 1985
April 9, 1985
April 30, 1935
May 9, 1985
May 29, 1985
June 17, 1985
June 28, 1985
July 11, 1985 '
August 16, 1985
August 28, 1985
September 13, 1985
September 30, 1985
October 17, 1985
October 31, 1985
November 28, 1985
December 23, 1985
January 29, 1986
February 27, 1986

8.58
5.30
10.52
3.01
5.05
1.12
2.94
2.85
4.08
2.76
24.73
1.27
3.80
1.79
3.17
9.12

71.35
7.76
1.84
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Wetzel (1975) states "in a large number of lakes,

diatoms constitute the predominant algae of the spring

maximum... the diatom Asterionella commonly precedes other

diatoms such as Cyclotella, Fragelaria and Tabellaria in the

spring maximum." As noted, Black's Nook had an algal succes-

sion during this period, starting with dominance by green

algae, shifting to diatoms, back to green, then blue-green

and eventually back to green algae. Asterionella formosa

accounted for roughly 80 percent of the diatom population.

Chlorophyll a concentrations ranged from 2.94 mg/m3 (May 29)

to 10.52 mg/m3 (April 9).

June, 1985 - July, 1985: Phytoplankton cell counts declined

from the spring values as a result of several factors. These

included:

(1) silica concentrations were presumably reduced, although

not measured as a part of this diagnostic study, in accordance

with Wetzel's (1975) review of experimental results, on

silica requirements which show that silica reductions are a

major factor contributing to decline of diatom spring maximum,

whereas other factors (i.e, light intensity, temperature,

zooplankton grazing, reductions in nitrogen and phosphorus)

were not found to be associated with this decline

(2) the sinking of sessile (non-motile) algae, dispelling

them from the photic zone;

(3) the competition with aquatic plants for available

nutrients; and
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(4) To a small degree, self-shading and shading by aquatic

macrophytes which may have reduced light availability and

which may have decreased the depth of the trophogenic zone.

During this period, green algae dominated the algal

population (Plate 14), accounting for 92, 75 and 84 percent

of the sample cell count on June 17, June 29 and July 11,

respectively. No one species clearly dominated the phyla

(Appendix C).

Chlorophyll a concentrations were low, ranging from 1.12

mg/m3 (June 17) to 4.08 mg/m3 (July 11). The low chlorophyll

a value noted above was the lowest observed throughout the

study period.

August, 1985 - September, 1985: The phytoplankton peak at

the end of August rapidly declined, possibly as a result of

the following interactions: (1) self-shading and a concurrent

reduction in light availability and decrease in trophogenic

zone depth; (2) sinking of algae out of the photic zone; (3)

reduction in inorganic nutrient availability: (4) reductions

of organic micronutrients and interactions of organic compounds

with inorganic nutrient availability; and (5) biological

factors of competition for available resources and predation

by other microscopic organisms (Wetzel, 1975).

The green algae accounted for 85 and 99 percent of the

sample cell counts for August 16 and 28, respectively.

During the August 28 peak, Cosmarium qranatum had a cell

count of 2842 cells/ml and Spirogyra sp. had a cell count
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of 742 cells/ml. These two algae dominated the phyla.

Spirogyra sp. can form green "clouds" of filaments below the

surface and usually appear as floating mats when entering the

reproductive state (Prescott, 1978). This alga did not

overpopulate Black's Nook to this degree, and "clouds" and

floating mats were not observed.

In early September, green algae accounted for 71 percent

of the sample cell count. Dominance shifted to the euglenoids

at the end of September. Phacus sp. was the only euglenoid

alga observed and made up 64 percent of the sample cell

count. An abundance of euglenoid algae occurs most often in a

lake system in which concentrations of ammonia are high

(Wetzel, 1983). In Black's Nook Pond, surface ammonia-

nitrogen values were highest in August. Euglenoids are most

often found in shallow water rich in organic matter such as

farm ponds (Wetzel, 1983). This condition is found in

Black's Nook. Also, Phacus has one flagellum which enables

it to remain within the trophogenic zone. These factors

allowed Phacus to compete with other algae during September.

October, 1985: Sample cell counts rose from 87 cells/ml

to 513 cells/ml from early October through the end of the

month. In comparison to other ponds and lakes monitored by

Whitman & Howard, these values are low. Generally, the algal

population rises during fall circulation when nutrients,

either those released from the sediments or those associated

with settled organic matter, are resuspended. Due to the
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small size and shallowness of Blackfs Nook Pond, water mixing

is more frequent. The pond may have circulated in September

when uniform water temperatures were first evident. At this

time aquatic plants were still major competitors with phyto-

plankton for nutrients. In a eutrophic pond such as Black's

Nook, nutrient enrichment does not stimulate phytoplankton

growth as much as other environmental and physical conditions

do.

Green algae accounted for 72 percent of the sample cell

count in early October and the yellow-green/yellow-brown

algae accounted for 65 percent of the sample cell count at

the end of the month. The alga Dinobryon sertularia comprised

95 percent of the yellow-green algae. This genus usually

inhabits eutrophic waterbodies and can produce disagreeable

odors (Prescott, 1978). The cell count was so low, however,

that D. sertularia did not reach nuisance proportions.

November, 1985 - February, 1986: The phytoplankton population

continued to grow through November to a bloom proportion in

December (18,695 cells/ml) after which the population declined

in January and February. The December bloom was the only one

observed in the pond throughout the sampling year. Blue-green

algae (unidentified coccoid cells) dominated the sample cell

counts from November to January, representing 98, 97 and 93

percent of the cell counts respectively (Plate 14). Although

there were reduced light and temperature conditions, this

phytoplankter proved very opportunistic in the absence of

nutrient competition by the aquatic plants. In December, the
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lack of snow on top of the ice allowed light to penetrate the

trophogenic zone. In February, phytoplanktqn dominance

shifted to the diatoms (Plate 14), of which approximately 86

percent were Asterionella formosa, previously mentioned as a

diatom that generally shows up before the other diatoms in

spring succession.

Chlorophyll a concentrations ranged from 1.84 mg/m3

(February, 1986) to 71.35 mg/m3 (December, 1985). The latter

value was the highest chlorophyll a level recorded during the

sampling year.

Phytoplankfon were enumerated by taxonomic divisions

(phyla) and identified to genus (Appendix C). Plate 14

graphically depicts cell counts by taxonomic division as

percents of gross sample cell counts. These graphs highlight

the seasonal variations in phytoplankton composition.

In summary, seasonal phytoplankton communities consisted

of a composite of algae, which were present throughout the

year (diatoms and green algae), and intermittent groups that

entered various degrees of diapause (dormancy) throughout the

year (e.g., dinoflagellate, blue-green, yellow-green, golden-

brown and euglenoid algae). .The overall low phytoplankton

cell counts were unexpected in Black's Nook Pond. However,

as the December bloom seems to indicate, competition of

phytoplankton with aquatic plants for nutrients may be an

important limiting factor. If the bloom had occurred at any

time other than under ice cover, objectionable odors and
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floating algal mats (not evident during the study) may have

been .a problem.

Table 20 is a summary of chlorophyll a ranges and their

associated trophic state rating. Regardless of the criterion

used, chlorophyll a collected as a part of this study indicate

mesotrophic to eutrophic conditions within the pond.

TABLE 20

TROPHIC STATE VS. CHLOROPHYLL-a

Chlorophylls (mg/m)3

Trophic
Condition

Oligotrophic

Mesotrophic

Eutrophic

Sakamoto ,
1966

0.3-2.5

1-15

5-140

. National Academy
of Sciences,

1972

0-4

4-10

10

Dobson, et. al. ,
1974

0-4.3

4-3-8.8

8.8

U.S. EPA
1974

7

7-12

12

Source: U.S. EPA, 1979 a,

3. Aô iatic Macrophytes

Five species of aquatic macrophytes were found in

abundant levels in Black's Nook Pond. These included:

smartweed (Polyqonum sp.); American waterweed (Elodea

canadensis); pondweed (Potomaqeton sp.)i coontail (Ceratophyllum

Please refer to Appendix D for a complete analysis of
aquatic macrophytes in Black's Nook Pond.
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demersum); and water chestnut (Trapa natans). Extremely

dense (75-100 percent coverage) aquatic weed stands were

evident throughout the pond. Estimates of dominance coverage

and biomass from two square meter sample plots reflect mixed

compositions of species within different areas of the pond

(Table 21). Plot locations, density and stand diversity are

shown on Plate 15.
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Aquatic Macrophyte Composition

Whitman & Howard, Inc Plate 15
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Table 21
DISTRIBUTION AND COMPOSITION OF AQUATIC MACROPHYTES

OF TWO REPRESENTATIVE SQUARE METER PLOTS
Black's Nook Pond, Cambridge, Massachusetts

August 5, 1985

Species

Elodea canadesis
kg/m^

Percent of total

Ceratophyllum demersum
kg/m2

Percent of total

Trap a natans
kg/m^

Percent of Total

Other (a)
kg/m2

Percent of total

Total
kg/m2

Sample
1 '

4.08
91%

0.36
8%

None
0

<0.05
1%

4.49

Plot Number (b)
2

1.29
39%

1.69
51%

.23
7%

0.17
3%

3.38

Average
(over 2 sample plots)

2.69
68%

1.03
26%

.12

.0.11
•* /o

3.95

Miscellaneous vegetation gathered in sample.
For sample plot locations, see Plate 15.

Based on visual observation and results from the square

meter sample plots, S. canadensis was dominant within the

weed beds examined. A large stand (approximately 400 square

meters) of the weed occupies the center of the pond. Ceratophyllum

demersum occurred in each sample and was well distributed

throughout the pond. Trapa natans and Potamogeton sp. were

found along the pond's edges, concentrated primarily along

the eastern shore. While the density of T. natans was low in

both samples, it occurred commonly in the pond. Polygonum

sp. grew in scattered clumps throughout the pond. Although
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it was not observed in the sample plots, it is an important

element of the macrophyte species in the pond.

Data from the square meter plots was used to estimate

values for the biomass of the standing weed crop. Conversion,

factors were used to translate these figures into the macro-

nutrient mass bound in the vegetation. The following values

approximate the nutrient composition of vegetation in the

pond. (This assumes that the square meter plots are representa-

tive of the pond's vegetation biomass.)

Nitrogen 101 kg.
Phosphorus 12 kg.
Carbon 853 kg.

In a baseline survey conducted by the M.D.W.P.C. (1983),

the pond was extremely dense in weed growth. At that time,

Elodea sp. was the dominant species and was observed

throughout the pond. Polygonum sp. and Certophyllum sp. were

found scattered throughout the beds of Elodea sp. These

observations correlate to data collected from the current

survey. Along the edge of the pond (southern half), several

additional plant species were observed in the baseline

survey: Sparqanium sp. (bur reed); Lythrum salicaria (spiked

loosetrife); Juncus sp. (rush); Cyperus sp. (sedge); Sagittaria

sp. (arrowhead); and Iris sp. (M.D.W.P.C., 1983).

Aquatic plants consume carbon dioxide, oxygenate the

water, and provide food for small swimming organisms. Therefore,

these plants play an important role in the food chain.
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Aquatic plants also shade and cool waters, provide

shelter and breeding areas for small organisms and for the

fish which feed on them. Excess aquatic plant growth can (1)

hinder fish reproduction by eliminating spawning areas; (2)

can deplete dissolved oxygen concentrations by plant decay;

(3) can stagnate water movement where mosquitos may potentially

lay their eggs; and (4) can make swimming, fishing, and

boating unpleasant or impossible.

The factors necessary for aquatic plant growth include:

water," light, nutrients, and a suitable bottom substrate for

rooted vascular plants. Various macrophyte control methods

are discussed in greater detail in Appendix F.

When determining an effective means of reducing macrophyte

populations, it is important to consider the means by which

target weeds reproduce. For example, Polygonum sp. (smartweed)

grows in shallow waters, has glossy leaves and spikes of

greenish-white flowers along slender stems. Smartweed

reproduces by both seeds and roots. Smartweed can be controlled

by cutting, pulling, shading, and dredging.

Elodea canadensis, american waterweed, produces tiny

white flowers above the water surface. However, their

primary means of reproduction is vegetative, meaning it

spreads by fragmentation and rootstocks. American waterweed

is of little use to wildlife. This macrophyte can be controlled

by cutting, pulling, shading, or chemical treatment. Chemical

treatment should be performed in early spring prior to peak
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growth rates (Pesticide Applicators Training Manual, (P.A.T.M.)

1981).

Potamogeton sp. (pondweed), has prominent seed spikes

above the water. Waterfowl and muskrats use the seeds and

foliage for food, Pondweeds are best controlled by cutting,

by shading above or below the water surface, by dredging, or

by chemical treatment.

Ceratophyllum demersum, coontail, is a free-floating

vascular plant which grows completely underwater but is

rarely rooted in the bottom. Coontail reproduces vegetatively.

Coontail can be controlled by mechanical harvesting, by

shading, or by chemical treatment. Coontail is extremely

important as a food source for all species of native waterfowl.

Waterfowl consume large amounts of the entire plant and the

leaves as well as the large variety of insect life and crustaceans

that thrive on and among these plants (Kester, 1985).

Trapa natans, water chestnut, has floating, shiny

triangular leaves which have serated edges and grow in

rosettes. Small white flowers on short stalks produce sharp

horned "nuts." The plant is of no value to wildlife. Dense

growth can ruin boating, fishing and swimming. The weed can

be controlled by hand-pulling and by removing and drying the

nuts (seeds). It can also be controlled chemically. Chemicals

should be applied in the spring before the seed ("nut") sets.

Black's Nook has had an aquatic weed infestation problem

for many years. The weed problem renders the pond unsuitable

for almost all recreational activities. Although shoreline
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plants are attractive and may have educational value for

interested individuals, in-pond growth is visually unpleasing.

Additionally, when the plants die off, they add sediment

volume to the pond, and they contribute to its nutrient

supply. Plant roots and stems also trap sediments, which can

increase the pond's sediment volume and decrease the water

volume. Therefore, the aquatic plants have the effect of

filling in the pond; they provide an annual source of nutrients

and preclude the use of the pond for anything other than a

nature area.

Restoration efforts related to the aquatic weed problem

are addressed in Chapter 9, Recommended Restoration Plan.
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E. ADDITIONAL SAMPLING

1. Introduction

The previous discussions concerning physical, chemical

and biological data were based primarily on limnological data

(i.e., from inlet, in-pond samples). Additional sampling was

required to determine nutrient loads to the pond from precipi-

tation, groundwater, sediment and golf course runoff. The

following sections present impacts from these sources.

2. Precipitation Sampling

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

which falls directly on surface waters) is to quantify the

potential nutrient loads from wet and dry precipitation.

Phosphorus and nitrogen in precipitation and dry fallout

originates 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 location, land

cover, season and during a storm itself (i.e., higher nutrient

loads during onset of storms due to "cleansing" of the

atmosphere) (Kluesner, 1972) .

Reckhow and Chapra (1983) state "that sampling of bulk

precipitation may not be helpful, particularly if the budget

data will be used for future prediction." Whitman & Howard,

Inc. has found that attempts to collect dry precipitation for

analyses yield questionable results (i.e., much lower than

research values). Therefore, bulk precipitation or dry
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fallout data was estimated based on conclusions drawn by

other researchers. Kluesner (1972) estimated that the

phosphorus mass loadings in dust was about three times the

phosphorus mass loading in precipitation. Uttormark, et al.

(1974) estimated that dry precipitation contains twice the

nitrogen as wet precipitation.

Two precipitation samples were collected (11 November

1985 and 28 January 1986) and analyzed for pH, total Kjeldahl

nitrogen, ammonia nitrogen, nitrate nitrogen, and total

phosphorus (Table 22). The 28 January 1986 sample consisted

of snow which had fallen the previous day.

Kluesner (1972) states that the antecedent days of no

precipitation is of great importance to the nutrient loads

generated from any one storm event. The atmosphere becomes

increasingly concentrated with pollutants during long periods

of dry weather. There were six dry days -prior to the 11

November, 1985 sample collection and none prior to the 28

January, 1986 sample date.

Sample Methodology

A 15-gallon plastic chemical drum was cut in half; it

measured a total surface area of 0.130 square meters and

volume of 28 liters. A Ij centimeter hole was drilled in the

bottom of the drum and a PVC connector pipe was installed for

drainage into the sample collector bottle. The sampler was

rinsed with distalled water prior to use. The sampler was

placed on the ground, northeast of the pond.
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TABLE 22

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

PRECIPITATION ANALYSIS
DRY PRECIPITATION (ESTIMATED)

1
00

1

SAMPLE DATE

PARAMETER

PH

Total Kjeldahl-N

Antmonia-N

Nit rate -N

Total Phosphorus

11 NOVEMBER 1985

(WET)

4.2

0.58

0.49

0.67

0.05

(DRY)

—

1.16

0.98

1.34

0.15

28 JANUARY 1986

(WET)

4.0

0.29

0.17

1.14

0.04

(DRY)

—

0.58

0.34

2.28

0.12

AVERAGE

(WET)

—

0.44

0.33

0.91

0.045

(DRY)

—
0.87

0.66

1.81

0.14



Samplers were installed prior to the onset of the storm.

However, the period of time samples were exposed to dry

precipitation can only be guessed because it is not known

exactly when, the rain event began. We estimate that on the

sampling dates, our samplers were in-place from 24-48 hours

prior to the storm event. Unfortunately, it is impossible to

calculate the percentage of nutrients received through dry

precipitation prior to collecting the precipitation sample,

Sample Results

From March to December 1982, Massachusetts rainfall had

an average pH of 4.05 and in 1983 it rose to 4.24 (Acid Rain

Monitoring Project, [A.R.M.] 1984). At Black's Nook Pond

the pH was 4.2 (11 November 1985) and 4.0 (28 January 1986)

and although two samples may not be considered statistically

significant, they do provide a basis for comparison. Research

findings on acid rain indicate that Massachusetts1 water

bodies can for the most part tolerate a pH of 4.6 or higher

without "noticeable change" (Acid Rain Monitoring Project,

1984).

The inputs of nitrate and ammonia from atmospheric

sources vary greatly over the continental United States.

Average nitrogen input ranges from 0.3 to 0.4 grams of

nitrogen per square meter per year (0.3 - 0.4 gms. N/m2/year)

(Wetzel, 1983). Whitman & Howard, Inc. data indicates a

total nitrogen loading of 0.14 gms. N/m2/year to Black's

Nook Pond.
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Phosphorus additions through precipitation are minimal

due to the ponds small surface area. In fact, the average

total phosphorus concentration of 0.045 mg/1 in wet precipi-

tation is half of the average surface concentration found in

Black*s Nook Pond. Nutrient contributions through atmospheric

loading is minimal to the overall nutrient budget primarily

due to the pond's small surface area.

3. GROUNDWATER INVESTIGATIONS

The purpose of monitoring the quality of groundwater

entering Black's Nook Pond was to define a nonpoint source of

nutrients to the pond. The quantity of groundwater entering

the pond was estimated through hydrologic budget calculations.

The quality of groundwater in the Black's Nook Pond watershed

was measured through near-shore well points.

The quality and quantity of groundwater reflects not

only natural hydrologic and geologic influences, but also

impacts from human activities. Numerous factors affect the

transport of nutrients via groundwater to a lake. Uttormark,

et al. (1974) cite such factors as the phosphorus concentra-

tions contributed by natural and cultural sources, the extent

of groundwater exchange between the lake and its aquifer, and

biochemical modifications and addition of nutrients during

seepage.

Piezometric Well Points

The monitoring wells were piezometers, li-inch by

12-inch porous polyethylene tubes attached to five-foot

sections of polyethylene pipe. Once centered in the auger
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hole, approximately one square foot of sand was poured in

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

.small particles which could clog the porous section of the

polyethylene tube (Geo-Technical Equipment, Catalogue No. 6,

1980). The remaining void was then backfilled with the

material extracted while augering. The wells were left for a

period of five days and then pumped on two different occasions

prior to any sample extraction. This was done to ensure that

groundwater was entering the wells. Well water was extracted

through the 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. Pumping ensured that fresh

.groundwater was entering the piezometer and that water

quality analyses would not be performed on stagnant water.

The three monitoring wells were installed on or about 23

April 1985. These wells were situated in close proximity to

the pond's shore. Table 23 provides physical information as

to well locations, soil substrate, well depth, groundwater

availability, etc...

Sample Results

Groundwater samples were extracted on three occasions:

29 May 1985, 2 December 1985, and 27 March 1986 (Table 24).

Difficulty was encountered in obtaining sufficient quantities

for qualitative analysis from Well #3 on 29 May 1985. This

well, situated immediately north of the pond below Concord
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TABLE 23

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

GROUNDWATER MONITORING WELLS
PHYSICAL INFORMATION

I
vo
o
I

Well

#1

#2

#3

Location

Southwest of Pond
Off Golf Course

East of Pond
Off Parkway

North of Pond
Off Concord Ave.

Well Depth from
Ground Surface
to End of Well

Screen

5'0"

5 '6"

6'0"

Approximate Depth to
Distance from Water Soil

Shore Table Substrate

5'0" 2'0" Muck

6*0" 5'0" Clay

8'0" 5'0" Clay

Extracted
Water
Color

Brown

Pasty
White

Pasty
White

Water*
Availability

Moderate

Scarce

Scarce

* Water Availability - this descriptive category is a subjective indication of the ease in obtaining sufficient
quantities of groundwater for analysis. Please refer to text for additional information pertaining to sample
retrieval.



TABLE 24

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

RESULTS OF GROUNDWATER QUALITY MONITORING

MAY 29, 1985 DECEMBER 2, 1985 MARCH 27, 1966 AVERAGE

#1 #2 #3*

Total Kjeldahl N .0.58 0.24

Ammonia Nitrogen 0.35 0.19

Nitrate Nitrogen 0.09 0.60
VO

*jf Total Phosphorus 0.05 0.03

Total Coliform 0 0

Fecal Coliform 0 0

ttl 82 #3

3.78 3.54 7.30

0.88 0.80 1.82

0.50 0.93 0.35

0.60 0.08 0.12

4300 97 85

73 21 32

#1 #2 #3

1.08 0.56 3,69

0.56 0.36 0.62

0.19 0.21 0.12

0.06 0.05 0.07

80 64 73

22 39 48

2.60

0.70

0.31

0.065

587

29

* Insufficient Sample Quantity for Analysis

Station #1 - Off Golf Course
Station #2 - Off Parkway
Station #3 - Off Concord Avenue



Avenue, was in a thick impermeable clay substrate. This clay

was apparently the fill material used when Black's Nook was

made a separate pond from Fresh Pond. This, in addition to

the preceeding nine-month drought accounts for the depleted

groundwater availability.

At all groundwater well locations, all forms of nitrogen

exceeded in-pond concentrations. Total nitrogen (total

Kjeldahl nitrogen plus nitrate nitrogen) was very high at all

locations averaging 2.07 mg/1, 1.85 mg/1, and 5.73 mg/1 at

well locations 1-3, respectively. Available nitrogen is

approximately 70% of the total. High nitrogen concentrations

in groundwater are not uncommon due to the large nitrogen

content that exists in sedimentary rock formations (Wetzel,

1983) and due to golf course fertilization. Furthermore, the

tendency of groundwater systems is towards oxygen-depletion

and oxygen-reducing conditions, which increase ammonia

concentrations. Water that circulates through the groundwater

zone is generally isolated from the atmosphere and oxygen

consumed through hydrochemical and biochemical reactions is

not replenished (Freeze and Cherry, 1979).

Groundwater total phosphorus concentrations averaged

less than in-pond concentrations indicating the high phosphorus

loading to the pond from runoff and internal sources.

Overall groundwater phosphorus loading appears to be minimal

based on the limited data available.
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4. Bottom Sediment Investigations

Sediment depth measurements were determined by driving a

calibrated surveyor's rod to first refusal. Six transects

were run approximately fifty (50) feet horizontally parallel,

with probes made approximately every forty (40) feet along

these transect lines.

Black's Nook Pond bottom substrate is muck. Interspersed

near the western shore are wooden pilings, shopping carts,

55-gallon drums and tree debris. The maximum sediment depth

was 2.6 meters and the approximate soft sediment volume was

13,760 cubic meters (18,000 cubic yards) (Plate 16).

Sample Results

On 3 March 1986, sediment samples were collected at

in-pond Stations #1 and #2 (Plate 16). Sediment samples

were retrieved with a thirty-inch phlager core sampler. On

28 August 1985, samples were collected (from Stations #1, #2,

and #3) and analyzed for total nitrogen, total phosphorus,

and total volatile solids.

Chemical analyses were conducted to categorize the

sediment constituents to complete the Certification for

Dredging, Dredged Materials Disposal and Filling in Waters of

the Commonwealth (314 CMR 9.00, Division of Water Pollution

Control). Table 25 summarizes the results of core sample

analyses for the sediment samples collected on 3 March 1986

and compares the results to those in the 314 CMR 9.00 Dredging

Constituents. The analyzed chemical constituents meet all

limits of Category 1, with the exception of manganese which
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meters-
BLACK* S NOOK POND
SEDIMENT DEPTH MAP

Whitman & Howard, Inc Plate 16
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TABLE 25
RESULTS OF SEDIMENT SAMPLING

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

VS.
314 CMR 9:00 DREDGING CONSTITUENTS

MARCH 3, 1986

ftlT #1B #2T #2B Chemical Constituents
#1 #2 #3

(Bottom) (Bottom)
Parameters (Top-12") (12"-24") (Top-12") (12"-24M)

Total Volatile Solids 31.4 31.1 31.3 29.7

Oil & Grease (%) 0.216 0.160 0.204 0.167

Total Nitrogen 20,750 16,935 16,760 14,796

i Total Phosphorus 736 992 790 1,118
n

Cadmium 1.09 1.38 <C5 5-10 >10

Chromium (T) 42.8 57.2 <100 100-300 >300

Copper 51.8 101 < 200 200-400 >400

Iron 4,104 4,760

Lead 88.4 162 -

Manganese 371 484 <100 100-200 >200

Zinc 96 112 <2OQ 200-400 >400

Physical
Characteristics

A B C

<5 5-10 >10

<0.5 0.5-1.0 >10

NOTE:
All values on a dry weight basis and measured in mg/kg except where noted.
Metals Analysis on composite samples.



places the sediment in Category 3. The high manganese

content of the sediment may be due to natural conditions and

to by-products of golf course fertilizers. Also, the high

percent volatile solids (average = 30.9%) place the sediment

in Category Type C. Both of these category ratings indicate

that Black's Nook Pond sediment would be highly regulated for

dredging, handling and disposal.

Table 26 (taken from the 314 CMR guidelines), provides

an indication of normally approved methods and disposal

practices for sediments of varying chemical and physical

compositions. Table 26 shows that either hydraulic or

mechanical dredging would normally be approved. Disposal

methods would require either a pipeline for hydraulic dredging,

or a barge for mechanical dredging. Placement of spoils on

land would require effluent control, timing constraints, and

site controls to avoid fisheries impacts.

Table 27 also presents nutrient and volatile solids

information from sampling done on August 28, 1986. Total

volatile solids were 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. Of the core samples (28 August 1986) analyzed, the

average organic content was approximately 26 percent. This

represents a large organic material concentration which is

primarily due to dumping of detrital material-in the pond,

build-up of the detrital material from the yearly aquatic

macrophyte die-off, and watershed runoff.
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TABLE 27

RESULTS OF SEDIMENT SAMPLES
NUTRIENT AND VOLATILE SOLIDS

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

SAMPLE COLLECTED: AUGUST 28, 1986

Stations:

I
vo
00

- #1T - Station
#1B - Station
#2T - Station
#2B - Station
#3T - Station
#3B - Station

#1 Top 12"
#1 Bottom 12" - 24"
#2 Top 12"
#2 Bottom 12" - 24"
#3 Top 12"
#3 Bottom 12" - 24"

Total Volatile Solids (%)
Total Nitrogen (mg/Kg)
Total Phosphorus (mg/Kg).

ftlT

28.5
16,680
1,095

23,2
13,060

780

#2T

32,4
18,190
1,135

#2B

25,7
17,920

856

#3T

24.1
16,390

996

#3B

24.0
14,430

825



Total nitrogen data represent the levels of organic

nitrogen, nitrate nitrogen and ammonia present in the sediments.

High ammonia reflects reducing conditions in the sediment

primarily from organic decay of plant materials. Schindler

(1974) suggests that natural levels of nitrate (a form of

nitrogen readily available for primary production) in most

watersheds are (1) high'enough to sustain algal blooms and

(2) the reduction of man-derived nitrates alone is not enough

to decrease algal populations. Therefore, examination of

total phosphorus concentrations is required.

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) particle breakdown in the sediments;

and (4) the release of some of the ionic phosphorus back into

the lake water if conditions are favorable (Snow and DiGiano,

1973) .

Almost all of the original phosphorus particles coming

into 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 effected 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 concentra-

tion of phosphorus in lake water. Different chemical,

biological, and physical conditions within the water body
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affect the amount of phosphorus adsorbed and desorbed from

the sediment, and affect the concentration of phosphorus in

the water column. The redox potential or eH (oxygen avail-

ability) of the sediment is a major controller of adsorption/

desorption in the sediment. High amounts of orthophoshate

are adsorbed under aerobic (high eH) conditions and desorbed

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

Black's Nook Pond has a tremendous phosphorus reserve

both within the water column and the sediments (Table 27). A

major contributor to weed growth is phosphorus-laden sediment,

This reserve, in addition to nutrient contributions from

runoff, is responsible for the 100 percent weed density found

within the pond.

4. Overland Runoff - Golf Course Runoff

The purpose of sampling direct runoff is to quantify the

nutrient load received by the pond as a result of golf course

fertilization. Sampling was performed during precipitation

events; samples were grab samples. Automatic samplers were

not installed. Because of fear of vandalism, the Cambridge

Conservation Commission advised us not to install automatic

samplers.

Personal communication with Mr. George Brazil, Head

Groundskeeper (October, 1986) , revealed the following informa-

tion pertaining to golf course fertilizer use.

Milorganite - 6% Nitrogen
4% Phosphorus
0% Potash
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This fertilizer is used on all greens every third week
from mid-spring through mid-fall. Approximately 50 pounds
are used per application per green.

Country Club by Lebonon - 24% Nitrogen
12% Phosphorus
8% Potash

This fertilizer is used only twice a year and contains

herbicides for weed control. Application rates vary according

to weed problems, fertilizer availability, and health of the

particular fairway. This fertilizer is applied in early

spring and late fall.

Sample Results

Golf course 'runoff samples were collected on four

occasions: 3 May 1985, 12 June 1985, 29 January 1986, and 19

March 1986. Two stations were chosen for sample collection.

Station #1 was the "inlet'* consisting of an 8-inch clay tile

pipe which is the outlet from the under drain system for the

fifth fairway. Station #2 is a natural swale which drains

the fifth green. The fifth green was constructed so as to

direct flow to this swale which empties directly into the

pond.

Table 28 summarizes the golf course runoff data. As one

would expect, nitrogen and phosphorus levels are extremely

high. Highest levels were recorded on 3 May 1985. It is

during this time of year when fertilizer use is generally

greatest. Due to the tremendous nutrient reserve already

within the pond, golf course runoff contributes more nutrients

to an already hypereutrophic system. From conductivity and
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Parameter

TABLE 28
OVERLAND RUNOFF - GOLF COURSE RUNOFF

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

pH
Total Alkalinity
Suspended Solids
Dissolved Solids
Conductivity (micromhos/cm)
Chloride
Total Kjeldahl Nitrogen
Ammonia Nitrogen
[Nitrate Nitrogen
i Total Phosphorus
Total Coliforro (#/100ml)
Fecal Coliform (#/100ml)
Fecal Streptococcus (#/100ml)

NOTE:
All values in mg/1 except where noted.

MAY 3,

11

6.8
48
15
130
250
32

1.96
0.35
0.14
0.36
1700
960
1080

1986
n

7.4
82
22
232
460
53

29.5
21.0
0.08
5.38
2500
1980
690

JUNE 12,

li

6.9
85
54
196
350
38

2.91
0.56
0.36
0.41
112
63
107

1986
12

7.4
25
31
210
390
44

6.63
2.31
0.16
3.25
760
210
84

JANUARY 29, 1986
#1 #2_

NO 7.2
52

F 1052
L 88
0 160
W 12

1.95
0.14
0.04
0.58

—

—
— —

MARCH 19,

ii

— —

—
—
—
—
—1.61
0.38
0.43
0.06
64
28

1986
#2

__.

—
—
—
—
—23.8
16.5
0.28
0.82
126
82

\

Station #1 - Clay Drain at Golf Course (Inlet)
Station #2 - Swale from Golf Course



solids data, it is clear that the golf course also contributes

to the sedimentation problem within the pond. Bacteria data

indicate High background levels most probably due to' animal

feces. The impact of golf course runoff on the pond's

nutrient budget is detailed in Chapter 7.
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Chapter 6. HYDROLOGIC BUDGET

A. Hydrologic Budget

The hydrologic budget for the Black's Nook Pond watershed

depicts the cyclical process of water movement. The cycle

consists of three principal phases: precipitation, evaporation,
*

and surface runoff/groundwater flow. Each phase involves

transport, temporary storage and a change in the physical

state of water (Wetzel, 1983) .

Precipitation on the watershed may be transpired by

plants, runoff over the land surface to streams, or may

infiltrate the ground. Much of the water (as much as 70 to

80 percent) is returned to the atmosphere by evaporation.

Infiltrated water may be stored as s"o"il moisture prior to

being evapotranspired or percolate to deeper zones to be

stored as groundwater. Groundwater may be used by plants/

flow out as springs, or provide base flow in streams. Runoff

calculations are difficult because of the extensive involve-

ment with biota, soil interactions and composition, and

variation in climate (Wetzel, 1983).

A hydrologic budget includes an approximation of the

distribution of precipitation falling on the watershed. To

have a balanced hydrologic budget, the inputs to a watershed

must equal its outputs. The water balance is evaluated by

the basic hydrological equation in which the -change in

storage volume of water (in or on the watershed per unit-time)

is equal to the rate of inflow from all sources less the rate

of water loss. The inputs to the Black's Nook Pond watershed
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consist of precipitation (P) and golf course watering (W) .

Outputs from the watershed consist of runoff (R) to the pond

or wetlands; infiltration (I) to groundwater which eventually

feed wetlands and/or the pond; evapotranspiration (ET) which

is the evaporation from all soil, snow, ice, vegetation and

other surfaces plus transpiration; direct evaporation (E)

from Black's Nook Pond and surface/groundwater outflow from

the pond (Plate 17) .

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

Where: P + W = R.+ I + ET + E

0 = R + I

P = Precipitation

R = Runoff (from land and waterbodies)

1 ~ Infiltration

ET = Evapotranspiration

E = Direct Evaporation (from waterbodies)

W = Golf Course Watering

0 = Outflow from Black's Nook Pond

(sur face/groundwater)

Appendix E details the methodology used in assessing the

hydrologic budget.

Precipitation data were gathered from the National

Oceanic and Atmospheric Administration for the period from

March 1985 to February 1986. Precipitation for the study

period was 40.29 inches (102.34 centimeters), which is

approximately 28.99 million gallons/year [0.11 x 10 cubic

meters/year (m3/yr)] over the entire watershed.
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The watering practice at the golf course is unknown as

no records are kept. In order to estimate the volume of

this source, the industry standard of one inch per week of

water for a six month period was used. This volume is

approximately 10.17 million gallons/year [0.038 x 10 cubic

meters/year (m3/yr)]. - "

Surface runoff was calculated by map interpretation for

land-use, slope, and soil-types for the watershed. Direct

runoff to Black Nook's Pond was 9.65 million gallons/year

(0.037 x 10 m3/yr.). Direct precipitation on the pond, less

evaporation, was 0.9 million gallons/year (0,003 x 10

m3/yr.). These components are combined in the balance

calculations as total runoff, 10.55 million gallons/year

(0.04 x 106 mVyr.). .

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

evapotranspiration which would occur if there was an adequate

water supply available to a fully vegetated surface. Potential

evapotranspiration was determined by the Thornthwaite Method

as described by Mather and Rodriguez (1978).. This method

uses mean monthly air temperatures to estimate the amount of

energy available for evapotranspiration. Actual evapotrans-

piration is then calculated based on monthly variations in

temperature, precipitation, direct runoff and soil storage

properties. Actual evapotranspiration was roughly 17.69

million gallons/year (0.067 x 10 m3/yr).

Evaporation loss from the pond was approximately 1.83

million gallons/year (0.007 x 10 m3/yr). This is based on

United States National Weather Service average annual evapora-
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tion from shallow lakes equal to 27 inches/year (Linsley,

et al. 1975).

Infiltration is calculated as the end-product of the

equation:

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

Solving for I:

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

= 28.99 Million Gallons/Year (MG/YR) + 10.17 MG/YR -

10.55 MG/YR - 17.69 MG/YR - 1.83 MG/YR

I » 9.09 Million Gallons/Year

Infiltration to groundwater sources equals 9.09 million

gallons/year (0.034 x 10 m3/yr.). This is the total infiltra-

tion for the watershed. It is impossible (from available

information) to determine groundwater flow direction and

groundwater flow through the pond. Therefore, in final

calculations, infiltration quantities are considered to flow

to the pond.

Based on the inputs and outputs of the watershed as

detailed in the preceding discussion, the outflow equation

yields approximately 19.64 million gallons discharged from

the pond annually (0.074 x 10 m3/yr).

The water balance indicates a pond outflow of 19.64

million gallons per year. At no time during the course of

the study was an outflow observed. Based on information from

observers, the pond does have periodic outflow, and on

occasion, has overflowed its banks onto the golf course.

Based on these conflicting observations, it is assumed that
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both situations exist. The normal pond surface level is

below the outlet level, with periodic discharges at times of

peak runoff and groundwater recharge and direct evaporation

as the primary means of water loss.

The relationship between Black's Nook Pond and Fresh

Pond is another unknown. During the course of the study,

differing water levels were observed at the two ponds. This

would tend to dispute the theory of a piped connection

between the ponds or, if such a connection does exist, it

must be collapsed or plugged. There may be a groundwater

influence between the ponds that is also undefined. This

influence or groundwater recharge could result in loss of

groundwater flow from Black's Nook watershed during a drawdown1

of Fresh Pond. A portion of the flow designated as outflow

may actually be lost groundwater to Fresh Pond. The opposite

flow regime is possible during high water levels in Fresh

Pond.

In order to assess the flushing rate and detention time

of the pond, the water balance values are utilized. These

values may overestimate the flushing rate and underestimate

retention time in the pond. This possibility must be considered

in establishing an overall restoration program.

B, FLUSHING RATE/RETENTION TIME

Flushing rate is the number of times per year a waterbody

will have a complete exchange of water volume. It is the

reciprocal of retention time.
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Retention Time = Lake Volume/Outlet Discharge

Retention Time - 3.9*5 MG/19.64 MG/Year

=0.20 Years = 74 Days

Flushing Rate = 4.92 Volume Changes/Year

A retention time of 74 days for the pond reflects its

very small volume versus the calculated outflow volume.

Table 29 summarizes the major hydrologic budget components of

the watershed.

Table 29 indicates that total runoff volume is 10.55

million gallons per year. Based on map evaluation, 80% of

surface runoff enters the pond from the golf course area that

drains to the outlet channel when the pond level is below the

discharge level. The remainder of total runoff enters the

pond via the shoreline or direct precipitation. In the event

of a high pond level and a discharge from the pond, the golf

course runoff would not enter the pond, but would continue

down the channel toward Concord Avenue. The possibility of

such a situation occuring is another reason to assume that

the retention time is lower and the flushing rats higher than

actually occurs. Calculation of the volume entering and

discharging from the pond would require continuous observation

and flow metering at the outlet. It is sufficient for this

analysis to be aware of the previously noted biases in these

values.

C. Implications of the Hydrologic Budget

The pond's flushing rate and retention time affect the

extent of nutrient accxunulation in the pond. Evaporation

potential of the watershed and pond are major factors in the
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Table 29
BLACK'S NOOK POND WATERSHED

HYDROLOGIC BUDGET
SUMMARY

Source 6 Volume -
xlO gallons/yr (xlO m3/yr)

Inputs

Direct Precipitation (P)
Golf Course Watering (W)

Outputs

Total Runoff (R)
Infiltration to Groundwater (I)
Evapotranspiration (ET)
Direct Evaporation (E)
Outflow from Pond (0)

28.99
10.17

(0.11)
(0.038)

10.55
9.09

17.69
1.83

19.64

( 0 . 0 4 )
(0 .034)
(0 .067 )
(0 .007)
(0 .074)

Retention Time (Lake Volume/Outlet Discharge)

Flushing Rate (Outlet Discharge/Lake Volume)

0.20 year

4.92 volume
changes/yr
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potential outflow from the pond. Neither of these factors

can be easily modified as part of the restoration program.

The bias of the hydrologic budget will be taken into consi-

deration during the selection of restoration alternatives in

the Feasibility Study. It is recommended that the potential

situation of no outflow be used when considering restoration

alternatives. Although this was most likely due to weather

conditions during the study (i.e. dry spring/fall and wet

summer), it is an assumption on the conservative side of the

restoration issue.
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Chapter 7. Nutrient Budget

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

tion of, the source and sink terms for nutrient movement at

the lake interface (Reckhow and Chapra, 1983) . Nutrient

budget data (diagnostic data) were gathered on an annual

basis in order to reduce seasonal variability and to promote

comparisons and analyses between nutrient budgets.

The determination of the nutrient budget is based on the

hydrologic budget of the pond's watershed along with actual

water quality sampling data collected during the diagnostic

portion of the study. The inputs to Black's Nook Pond's

nutrient budget include a determination of nutrient loads

from the following:

o The Black's Nook Pond watershed hydrologic budget

o ,Groundwater Analyses

o Runoff Analyses

o Precipitation (Dry and Wet)

o Internal Phosphorus Loading

o Pond Outflow (estimated outflow quantity and use of
in-pond water quality data).

1. Groundwater

From the hydrologic budget it was determined that 9.09

million gallons per year of groundwater enters the pond (34.4

million liters/year). Based on groundwater analyses and the

assumption that all water from infiltration enters the pond

in equal quantities from all directions the following parameters

are used to determine nutrient loads:
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Parameter Mean Value Groundwater Quantity

Total Kjeldahl Nitrogen 2.60 mg/1 34.4 x 1C>6 liters/yr.
Nitrate Nitrogen 0.31 mg/1 34.4 x 10& liters/yr.
Total Phosphorus 0.065 mg/1 34.4 x 10 liters/yr.

Total Nitrogen1 - 100.1 kg/yr
Total Phosphorus - 2.24 kg/yr

2. Runoff

An estimate of 20% of the total runoff enters tha pond

from direct overland runoff from the golf course. . This

estimate is based on a visual topographic assessment of the

fifth fairway and serves only to diffantiate between the

water quality from these two sources. The remaining 80% of

the runoff comes from the. golf course catchment system and

enters the pond from the 8-inch clay tile pipe, tha so-called

inlet. Direct precipitation was included in the runoff value

provided in the hydrologic budget. Watershed runoff was

determined as follows:

Runoff to Pond
= Total Runoff - Direct Precipitation + Direct Evaporation

10.55 MG/yr - 2.73 MG/yr +1 .83 MG/yr

= 9.65 million gallons/yr.
= 36.53 million liters/yr.

A. Direct Runoff from Golf Course (20% of total):

Parameter Mean Value Quantity

Total Kjeldahl Nitrogen 15.5 mg/1 7.31 x 10 liters/yr.
Nitrate Nitrogen 0.14 mg/1 7.31 x 106 liters/yr.
Total Phosphorus 2.51 mg/1 7.31 x 10 liters/yr.

Total Nitrogen = 114.3 kg/yr
Total Phosphorus = 18.35 kg/yr

Total Nitrogen - Total Kjeldahl Nitrogen plus Nitrate
Nitrogen



B. Runoff entering through Clay Tile Pipe (80% of total) ;

Parameter Mean Value Quantity

Total Kjeldahl Nitrogen3 1.28 mg/1 29.22 x 10 liters/yr.
Nitrate Nitrogena . 0.92 mg/1 29.22 x 10 liters/yr.
Total Phosphorus 0.225 mg/1 29.22 x 10 liters/yr.

Total Nitrogen «• 64.28 kg/yr
Total Phosphorus « 6.57 kg/yr

3. Direct Precipitation

Parameter Mean Value Quantity

Total Kjeldahl Nitrogen 0.44 mg/1 10.35 x 10 liters/yr.
Nitrate Nitrogen 0.91 mg/1 10.35 x 10 liters/yr.
Total Phosphorus 0.045 mg/1 10.35 x 10 liters/yr.

Total Nitrogen (wet) « 13.4 kg/yr
Total Phosphorus (wet) = 0.47 kg/yr

Note: As estimated by Kluesner (1972), phosphorus mass

loadings in dust is about three times the phosphorus mass

loading in precipitation.

Total Phosphorus (dry) = 1.4 kg/yr

Note: As estimated by Uttormark, et al (1974) dry

precipitation contains twice the nitrogen as wet precipita-

tion.

Total Nitrogen (dry) = 26.8 kg/yr

Therefore (All Precipitation):

Total Phosphorus = 1.87 kg/yr
Total Nitrogen = 40.2 kg/yr

a
These values are the averages from inlet flows of limnological

sampling data averaged with wet weather flows..
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4. Outflow

Outflow from the pond was estimated using hydrologic

budget calculations. Because of "no flow" conditions,

outflow water quality data was not collected; therefore, such

data are assumed to be the same as surface in-pond concentra-

tions.

Parameter Mean Value Quantity

Total Kjeldahl Nitrogen 0.42. rag/1 74.34 x million liters/yr.
Nitrate Nitrogen . 0.06 mg/1 74.34 x million liters/yr.
Total Phosphorus 0.10 rag/1 . 74.34 x million liters/yr.

Total Nitrogen » 35.68 kg/yr
Total Phosphorus = . 7.43 kg/yr

5. Pond Sediments - Phosphorus Recycling

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

phosphorus sinks that retain more phosphorus than they

release (U.S.E.P.A., 1980 and Reckhow, 1979). However, Snow

and DiGiano (1976) , have shown lake bottom sediments to

alternately act as a phoshorus source or sink at various

times of the year. The amount of phosphorus adsorbed and

desorbed from the sediment as well as the concentration of

phosphorus in the pond water as compared to that in the

sediment.vary with different chemical, biological, and

physical conditions.

Estimates may be made as to the amount of phosphorus

released from bottom sediments during anoxic conditions. We

know from phosphorus data (Plate 11) that phosphorus concentra-

tion increased during the summer months, during low dissolved
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oxygen periods. Anoxic or near anoxic conditions existed

within bottom waters for approximately five months (May-

September) . Also/ it is probable that periods of low dis-

solved oxygen occur during the night when photosynthesis is

not occuring. Snow and DiGiano (1976) as summarized in

Reckhow and Chapra (1983) reported constant sediment release

rates of phosphorus from various investigators. The range of

release rates vary from -2.0 to 9.6 mg/ma/day for aerobic

conditions and from 10-150 mg/m2/day under anaerobic condi-

tions. The total surface area of sediment subject to phos-

phorus release is the entire pond bottom or approximately

10,118 square meters. Bottom waters were anoxic or very near

anoxic for approximately 150 days. Utilizing mid-range rate

values due to lack of specific data, the following phosphorus

release values are estimated:

10,118 ma * 80 mg/mVday * 150 days = 121.42 KG

10,118 m* " 9.6 + (-2.0) =3.8 mg/m3/day " 215 days = 8.27 KG

2 Total = 129.69 KG/Yr.

Nutrient Budget Conclusions

Approximately 63.4% of the external phosphorus load to

the pond is from direct golf course runoff. Another 22.4% of

external loading enters from the clay drainline which drains

the golf course during periods of wet weather. Thus the golf

course accounts for 85.8% of the external phosphorus load to

the pond. This high percentage of phosphorus loading from

runoff is due to the high nutrient content of runoff waters

from the golf course. The highest source of phosphorus to
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the water column is from internal phosphorus loading.

Organic sediments, rich in nutrients, enter the water column

from wind mixing, sediment resuspension and during periods of

low dissolved oxygen. Internal phosphorus loading accounts

for nearly '82 percent of the total phosphorus load.

Derivation of a nitrogen budget is similar to the

phosphorus budget with the exception of internal loading.

The lack of internal nitrogen loading coefficiants and

applicable scientific equations prohibit its incorporation.

External loading precentages and sources were similar for

both nitrogen and phosphorus. A higher nitrogen loading from

groundwater is indicated by the data (Table 30) and expected due to

soils1 lower assimilation capacity for nitrogen than phosphorus

and overall higher nitrogen concentrations in soils.

The pond's highly eutrophic state suggests that neither

phosphorus nor nitrogen availability could be considered a

limiting factor to plant growth. However, the magnitude of

the external nitrogen load suggests external phosphorus

control as a more feasible restoration technique.
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TABLE 30

BLACK'S NOOK POND
CAMBRIDGE, MASSACHUSETTS

NUTRIENT BUDGET SUMMARY

Source

Groundwater

Runoff
A, Golf Course
B. Clay Tile Pipe

Precipitation

Internal Phosphorus
Loading

TOTAL

Outflow

Net Accumulation

Total Nitrogen
KG/YR {%)

100.1 (31.4)

114.3 (35.8)
64.28 (20.2)

40.2 (12.6)

— —
318.88 (100)

35.68

283.20

Total Phosphorus
.KG/YR (%)

2.24

18.35
6.57

1.87

129.69

158.72

7.43

151.29

(1.4)

(11.6)
(4.1)

(1.2)

(81.7)

(100)

-
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Section II. FEASIBILITY STUDY

Chapter 8. DISCUSSION OF ALTERNATIVES

A. INTRODUCTION

As part of the analysis of the diagnostic data, the

existing condition of Black Nook's Pond can be related to

pollution sources. Nutrient loading associated with storm-

water runoff from the watershed (golf course) is the external

source of elevated nutrient levels in the pond water. The

effect of stormwater is twofold. An immediate result is

increased nutrient availability in pond water (algal growth),

while a long-term effect is expressed by weed accumulation.

Also, the pond has a reserve of nutrients in the sediments,

from which- aquatic weeds receive their nutrient source. The

sediment is the result of past city practice of brush and

leaf disposal in the pond. Continued aquatic weed growth has

resulted in concern for the trophic state of the pond.

Should existing conditions continue unchecked, the pond will

experience accelerated eutrophication.

There is evidence to support usage of the pond for

educational and passive recreation activities. There is

strong support for restoration of the pond to continue these

uses as evidenced by the concern of the Conservation Commission

and the Water Board.

The current state of the weed problem, as well as the

size of Black's Nook Pond, restricts any contact use of the

pond (i.e. boating, fishing) and severly limits any non-contact

use other than visual observation. Therefore, the goal of
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the Feasibility Study will be to identify those restoration/

management techniques that will restore viable contact and

noncontact use of tha pond and thereafter preserve its usage

and water quality. Restoration program goals are broadly

defined as: 1) reduce/divert nutrient loads entering the

pond; 2) reduce in-pond nutrient concentrations; and 3)

reduce/control in-situ weed accumulation. The nutrient

budget analysis identified the reduction of nutrient laden

runoff as a goal for reducing phosphorus loading.to the pond

and improving its trophic state. These goals will be used in

assessing the potential for success in the following evalu-

ation of alternative restoration techniques. The implementa-

tion of restoration alternatives on these factors will also

be assessed to maintain or improve the hydrologic state.

B. SCREENING/SELECTION OF AVAILABLE RESTORATION-
PRESERVATION ALTERNATIVES

Methods available to correct water quality problems in

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

and success. Lake/pond restoration techniques and their

application to water quality problems have been compiled and

included in this study as Appendix G. Interested individuals

are urged to read the methods and applications of these

techniques.

Specific goals for Black's Nook Pond restoration are:

1. Stormwater Control

a) Reduce Sediment Load - Improve aesthetics and
slow accumulation of in-pond sediments.

b) Reduce Nutrient Load - Limit availability of
nutrients to slow weed accumulation.
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2. In-Pond Control's

a) Reduce Nuisance Weeds - Improve pond usage.
b) Reduce In-Pond Nutrient Concentration - Limit

nutrient availability.

The two (2) overall goals and four (4) subcategories will be

used to judge the application of a particular methodology to

pond restoration needs. This evaluation is done by construc-

ting a matrix that applies methodologies to subcategorical

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

applied to the goals and a total score is determined.

The rating system is based on the following criteria:

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

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

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

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

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

used to determine its applicability to the pond restoration

program. These methods are then evaluated for specific

benefit, environmental impact, capital and long-term opera-

tional cost and practical feasibility. The total score

ranges are as follows:

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

-122-



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

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

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

Table 31 shows the "scoring" of each method within a

subcategorical goal. As can be seen by the total score

column, the different methodologies fall into the following

categories:

0-3 Not Considered for Use - Riparian Regulation
Nutrient Inactivation
Bottom Sealing
Shoreline Modification
Aeration/Mixing
Chemical Treatment

4-6 Possible Usage - Dredging
Dilution/Flushing
Level Manipulation
Product Modification
Weed Harvesting
Biological Treatment

7-9 Beneficial Impact - Inflow Diversion
Inflow Management
Watershed Managment

10-12 Definite Application - None Determined

The following section expands on the specifics of each

of the methodologies that ranked "Possible" or higher.

Dropped from further discussion are those methodologies

ranked "Not Considered".
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TABLE 31

RESTORATION/PRESERVATION ALTERNATIVES
SCREENING OF METHODOLOGIES

Alternative
Methodologies

Inflow Diversion

Inflow Management

Watershed Management

Riparian Regulation

Product Modification
M

Dredging

Level Manipulation

Dilution/Flushing

Nutrient Inactivation

Bottom Sealing

Shoreline Modification

Weed Harvesting

Chemical Treatment

Biological Treatment

Aeration/Mixing

RUNOFF

Reduce
Sediment
Load

3

2

1

0

0

0

1
0

0

0

1
0

0

0

0

CONTROL

Reduce
Nutrient
Load

3

2

2

0

2

0

1

0

0

0

1
0

0

0

0

IN-POND

Reduce
Nuisance
Weeds

1

1 .

1

0

1

3

2

2

1

0

0

2

2

2

0

CONTROLS

Reduce
In-Pond Nutrient
Concentration

2

2

2

0

1

2

1

2

1

1

0

2

1

2

2

Total Score

9

7

6

0

4

5

5

4

2

1

2

4

3

4

2



C. EVALUATION OF APPLICABLE ALTERNATIVES

As reviewed in the preceding section and Appendix G,

there are many options available for the restoration of a

waterbody. By screening these options, we can define those

which will most adequately address the -needs of the restora-

tion effort. Alternatives which best meet the stated goal(s)

are reviewed in detail for the criteria noted previously and

on the following'basis: 1) potential for success; 2) recrea-

tional impact; 3) environmental impact; and 4) cost. As a

result of this type of review, priorities can be set to

maximize the restoration effort for both short and long-term

benefits. The following is an analytical discussion of the

selected options.

1. BIOLOGICAL CONTROLS - Interest has been expressed in the

introduction of the sterile White Amur (or triploid

grass carp) for the purpose of weed control in lakes and

pond in the northeast. The carp eat vegetation, and

grow to 10-15 pounds or larger. Presently, these fish

are being utilized successfully in 16 states across the

country, especially the south for the express purpose of

weed reduction. However, at this time, the use of grass

carp is illegal in Massachusetts. Plans for a pilot

application of these fish have yet to be realized due to

the lack of a suitable, controlled habitat. While this

option has potential to realize the goal of aquatic weed

reduction in the pond, no further consideration of this

technique will be made as part of this study. It should
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be considered as part of the State's plan for a pilot

study due to the intermittant nature of outflow from the

pond. If a new outlet structure is constructed, this

could be designed to further secure the outlet from fish

passage.

2. Dilution/Flushing - The addition of low nutrient concen-

tration water into the pond could result in lower

in-pond nutrient level and a loss of nutrients via

outlet discharge. In many lakes and ponds the necessary

volume of low nutrient water supply is not available.

In the case of Black's Nook Pond, the Fresh Pond Reser-

voir can be used as a source of supply. Approximately

four million gallons of water would be required to flush

the pond volume and a reduction of in-pond nutrient

level to 0.07 mg/1 could be realized, assuming a 50%

washout of existing water column nutrients and a zero

phosphorus content in the dilution water. It is assumed

that this will be a short duration improvement and

several flushings per year would be required. Implemen-

tation of this alternative in conjunction with a new

outlet control structure would be the most advantageous

situation for the city, as the volume of dilution water

required would be less during drawdown, and the outlet

structure could be used to control outlet flow to reduce

erosion and prevent flooding.

The cost of such an action would be negligible as

the city has the capability of implementing the water
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transfer via portable pumps and city labor. Seasonal

flushing would be an appropriate time frame.

3. Product Modification - The application of this technique

at Black's Nook Pond, would require modification of Golf

Course fertilizer practices. This source provides the

majority of the external nutrient load to the pond, via

stormwater runoff and groundwater. The use of a non-

phosphate fertilizer'would result in reduction in this

non-point source loading. Such a product is available

(Lakeside Lawn Fertilizer, by Aquatic Chemicals, Inc.)

and should be investigated by the city as a potential

substitute.

4. Level Manipulation. The pond does not have any level

control capability at the outlet. Such a structure

(Plates 18 and 19) can be utilized to regulate the water

level in the pond. The retention time and flushing rate

are important in the growth of algae and the concentra-

tion of phosphorus in the pond. As noted in the hydro-

logic budget, no outflow was observed from the pond.

This leads to the assumption that pond discharge is

primarily via groundwater recharge. This can be modified

with a new outlet structure and channel improvements.

Level control should be used in conjunction with

dilution/flushing by lowering pond volume prior to

flushing and refilling with a very low phosphorus

content water. The use of level manipulation and the

extent of drawdown must be adjusted due to operational
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Culvert to Little River

Outlet Control

BLACK'S NOOK

POND

Golf Course

OUTLET CONTROL STRUCTURE

Whitman & Howard, Inc Plate 18
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Flow — -~ To Concord Avenue

Aluminum Sluice Gates

Shoreline

Black's Nook Pond

OUTLET CONTROL STRUCTURE

Whitman & Howard, Inc Pla te 19
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experience obtained during its operation. Table 32

presents a summary of potential operational conditions.

The effectiveness of water level drawdown on the

aquatic weed species found in the pond is questionable.

The dominant macrophytes in the pond are not highly

susceptible to winter water level drawdown. Freezing

and dessication of the weeds could reduce their adundan.ce

in spring and hence, throughout the summer, but this is

not documented for the weeds present in Black's Nook

Pond.

As with most pond restoration techniques, negative

aspects to drawdown exist. Algal blooms after reflooding

have been reported by Hulsey (1958), Beard (1973), and

others. The reasons for algal blooms, following drawdown,

are poorly understood. However, Jacoby et al., (1983)

report that external nutrient loading probably accounts

for these algal blooms. Assuming the city would utilize

water from the city water supply system, this would not

be a problem.

Several researchers report a pronounced•change in

the invertebrate composition and density. Hunt and

Jones (1972) reported a decrease in invertebrate species

diversity when sediment is fully frozen. However,

McAfee (1980) suggests that short-term drawdowns will

protect burrowing invertebrates. The decline in inverte-

brates and insects may potentially have the same impact

on the pond's fisheries.
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TABLE 32

POND DRAWDOWN CHARACTERISTICS

Extent of Volume of Time to Time to
Drawdown Drawdown Empty Refill

1 foot 0.82 MG - 14.2 days 15.2 days
2 foot 1.53 MG 26.5 days 28.4 days
3 foot 2.40 MG 41.7 days 44.6 days

Drawdown Rate at 40 gpm
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Fish kills have been reported due to a decline in

dissolved oxygen. As the water is drawn from the pond,

sediments may become resuspended. These sediments are

highly organic, anaerobic and contain hydrogen sulfide,

all of which put great demands on oxygen availability.

A slow controlled drawdown is the most effective means

of controlling sediment resuspension.

The implementation of the drawdown would initiate

in late November and refill should occur in late March.

Assuming city workers would maintain/operate the struc-

ture, only nominal operation and maintenance costs would

be involved. The overall cost of the system would be as

follows:

1. Excavation/Dewatering $10,000
2. Concrete Structure 20,000
3. Gates & Operators 4,000
4. Channel Improvements 4,000

Sub-Total $38,000
5. Engineering/Permits 10,000
6. Part-time Construction Oversight 2,000
7. Contingencies @ 15% 7,500

Total $57,500
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5. Dredging. The physical removal of sediment and associated

weeds from the pond would result in an immediate improvement

in usage, as the weed density is the major restraint on use.

While sediment removal would decrease weed growth and presence,

its impact on the trophic state cannot be determined at this

time as the pond is overloaded with nutrients. As much as

82% of the total annual phosphorus load is generated in the

sediment. Changes in the hydrologic budget would be signifi-

cant as the volume increase would be twenty five percent of

the total volume of the pond. This is based on the removal

of 5,000 cubic yards of muck, and a reduction in the overall

size of the pond.

The primary drawback to the removal of large volumes of

muck is the la-ck of disposal sites in the area. Due to the

presence of the golf course and the reservoir, thsre are no

practical locations to dispose of this material. A reasonable

solution involves pumping of the muck to create an artificial

wetland area in the pond itself (See Plate 20). The prelimi-

nary costs of such a project would be as follows:

1. Removal of Muck (5,000 cy
@ $15/yd) $ 75,000.

2. Berm & Wetland Area 20,000.
3. Engineering Design/Permits 20,000.
4. Impact Report 25,000.
5. Contingencies 21,000.
6. Construction Oversight (Part-time) 10,000.

Total Cost $ 171,000.

Removal of this portion of the pond sediment with its

associated weed growth and isolation of the remainder of the

pond via the gravel berm would result in the elimination of
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IN-POND DREDGE DISPOSAL OPTION

Whitman & Howard, Inc Plate 20
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23.5% of available sediment phosphorus concentration based on

August sampling data. The potential for continued release

from the remaining sediments could be reduced due to this

proposed sediment removal, however, the continued release of
•\

phosphorus during low oxygen conditions is likely. - This

option would result in aesthetic improvement due to weed

elimination, but not in long term restoration. The environ-

mental stress caused by dredging is known to be high but the

stress on pond organisms already exists. Overall, it could

improve diversity of aquatic life will result, due to depth

increase and improved water quality.

Implementation of this option will require an intense

permit process and a large degree of state/federal agency

coordination. A potential for an environmental impact report

exists for this phase and the City should prepare and file an

ENF for this project.

6. Weed Harvesting. Cooke et al., (1986) have summarized

the advantages and disadvantages of weed harvesting. A sum-

mary of those which we fee-l are particular to Black's Nook

Pond follows:

Advantages:

0 Weed harvesting is not inhibited, as herbicidal
control may be, by local opposition, State
opposition and water use following application.

0 Weed harvesting is site specific, herbicides
once introduced are practically impossible to
control.

0 Nutrients incorporated in the biomass are
removed, unlike eradication by herbicides
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which fuels sediment nutrient concentration
and sediment depth.

0 Harvesting activities pose little hazard to
nontarget organisms other than those inadver-
tently removed with cut vegetation.

0 Harvested vegetation may be a beneficial
product, sought after by farmers and gardeners.

Disadvantages:

0 Harvesting is time consuming and cut vegetation
(floaters) must be removed, adding -to operation
costs.

0 Harvesting is depth dependent in that in
shallow areas harvesters may not have access..

0 Harvested vegetation must be hauled from
shores edge.

0 Potential decreased pH due to decreased
photosynthesis.

Another means of weed harvesting is accomplished through

the use of a hydrorake. Like a weed harvester, a hydrorake

has pontoons and is propelled by paddle wheels. The only

advantage to hydroraking over weed harvesting is that the

hydrorake removes the entire plant, including the roots and

shoots, therefore, prolonging weed removal effectiveness.

Disadvantages include: increased operating costs per harves-

ted area; hydrorakes are slow and methodical, each load must

be brought to shore as there Is no storage available on the

hydrorake; increased turbidity and resuspension of bottom

nutrients; and decreased (short-term) recreational potential

during operation.

No impacts on the nutrient or hydrologic budgets are

associated with weed harvesting. Although plant biomass is
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removed, which contains nutrients, the dominant macrophytes

in the pond receive nutrients through the sediment not the

water column. Therefore, no nutrient budget improvements can

be assessed from harvesting.

7. Watershed Management. The regulation of the pond's

watershed with regard to land use and activity may present

the best practicable approach to maintenance of the pond's

water quality. The nutrients that eater the pond via stornx-

water runoff from the surrounding area provide a continued

source of nutrients for aquatic weeds. A management program

to reduce the excess amount of nutrient loading that results

in high phosphorus levels can be implemented with minimal

cost and manpower. The success of such a program will depend

on the willingness of the city to participate in a fertilizer

substitution program at the golf course.

It is difficult to predict nutrient loading reductions

with this type program due to the lack of specific data on

the component sources and the nature of its implementation.

Based on the nutrient budget assessment, approximately 63% of

the external phosphorus load to the pond enters via surface

runoff. Use of non-phosphate fertilizer could reduce this by

a large degree.

8. Inflow Diversion. The re-routing of flow to the pond at

the outlet would eliminate a large source of nutrients on the

pond. The total loading could not be eliminated due to

topographic considerations. However, flows associated with
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stormwater could be diverted to reduce hydraulic loading by

approximately 31% and phosphorus loading by 23%.

The construction and management of the outlet control

structure discussed under the level manipulation option will

result in the diversion of approximately 80% of the inflow to

the pond. The remainder of the flow enters the pond from the

periphery of the pond via sheet flow and cannot be diverted.

9. Inflow Management. An option that can be implemented in

conjunction with Inflow Diversion or on its own, is management

(treatment) of the inflow. This would apply to the flow that

enters the pond -from the golf course and carries approximately

63% of the external phosphorus loading. As this flow is

dispersed along the shoreline, with the majority entering

from the golf course area, treatment via a wetland marsh

rather than a physical structure is proposed.

Plate 21 depicts the general arrangement of such a

wetland uptake system. This system could be constructed as

part of a pond dredging program or as a separate project.

The cost of the wetland system construction would be greatly

reduced if it were part of a dredging program and is included

in the cost estimate for that option. The cost of separate

construction of the berm and wetland area would be as follows.

1. Wetland Area .$ 30,000
2. Gravel Berm 15,000
3. Engineering Design @ 10% 5,000
4. Contigencies @ 15% 8,000
5. Construction Oversight (Part-time) 5,000

TOTAL $ 63,000
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BLACK'S NOOK POND
(remainder to be dredged]
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WETLAND NUTRIENT UPTAKE AREA

Whitman & Howard, Inc Plate 21
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Assuming a 40 to 50% removal rate (Cooke, 1986) of tha

incoming phosphorus from the *g°lf course the wetland area

could remove between 28% of the annual phosphorus load to the

pond. The environmental impact of this option would be

similar to dredging, in that the fill placed in the pond

would disrupt the aquatic organisms and plants. Overall, the

establishment of a wetland treatment area would result in an

improved habitat for the entire pond/ as plant diversity

could be increased and nutrient loading reduced.

D. RECOMMENDED RESTORATION PLAN

The preceding discussion reviewed applicable restoration

techniques on the basis of meeting goals (success potential)

recreational impact, environmental -impact and cost. Table 33

lists these factors in summary form and provides a quick

reference for selection of an overall restoration program.

Point scores for this process are:

Impact Evaluation

+2 - Maximum Potential for Positive Impact - Provides

for definite results in short time frame/Operational

characteristics are minimal/Environmental drawbacks

are negligible.

+1 - Good Potential for Positive Impact - Provides for

results in moderate to long term/Operational

characteristics are minimal/Environmental drawbacks

arê  low.

0 - Some Potential for Positive Impact - Provides
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TABLE 33

ALTERNATIVE EVALUATION SUMMARY

1.

2.
3.

4.

5.
6.

7.

8.

9.

Alternative

Dilution/Flushing
Weed Harvesting
Biological Treatment
Watershed Management
Product Modification
Inflow Diversion
Inflow Management
Dredging: Shallow Sediments
Level Manipulation

Alternative

Dilution/Flushing
Weed Harvesting
Biological Treatment
Watershed Management
Product Modification
Inflow Diversion
Inflow Management
Dredging: Shallow Sediments
Level Maniuplation

Impact Evaluation

Potential for Recreational
Success Impact

ST

+1
+1

0

0

0
0

+1
0

' LT ST LT

+1 0 +1
+1 +1 +1

-Not Evaluated
+2 0 +1
+2 0 +1
+2 0 +1
+1 0 +1
+1 +1 +2
0 +1 +1

Cost Evaluation

Capital Cost

+2
0

-Not Evaluated
N/A
. 0
+1
+1
-1
0

Environmental
Impact

ST ' LT

-1 0
0 0

- See Text-
0 +1
0 0
0 0
-1 0
-1 0
0 0

O&M Cost

+1
0

- See Text -
+1
+2
0
0
0-
0

Total

ST

0
+2

0

0
0

-1
•n
+1

LT

+2
+2

+4

+3
+3

+2

+3

+1

Total

+3

0

+1

+2
+1
+1
-1
0

ST - Short Term
LI - Long Term
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results in long term/Operational characteristics

are moderate/Environmental drawbacks are moderate

and short term in nature.

-1 - Probable Negative Impact - Does not provide clear

results/Operational characteristics are moderate to

high/Environmental drawbacks are high and short

term in nature.

-2 - Definite Negative Impact - Provides little to no

results/Operational characteristics are high/

Environmental drawbacks are high with potential

long term problems.

Cost Evaluation

+2 - Minimal Capital Cost or Minimal O&M Cost.

+1 - Low Capital Cost or Low O&M Cost.

0 - Moderate Capital Cost or Moderal O&M Cost.

-1 - High Capital Cost or High O&M Cost.

-2 - Very High Capital Cost or Very High O&M Cost.
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The preceding discussion and the Alternative Evaluation

Summary presented in Table 33 shows that Biological Treatment

has been dropped from consideration due to -a low score. Of

the remaining options. Watershed Management, Dredging,

Product Modification and Inflow Diversion scored highest in

the Impact Evaluation and Dredging scored as most costly in

the Cost Evaluation. The remainder of the alternatives

scored equally with the exception of Level Manipulation. It

is recommended that the restoration plan for Black's Nook

Pond include all of these alternatives as the inter-relationship

between alternatives is evident. Watershed Management and

Product Modification are combinable alternatives as are Level

Manipulation, Dilution/Flushing and Inflow Diversion (all

require the outlet structure to be built).

The restoration effort should be implemented in two

stages to assess intermediate improvements to the pond. The

first stage should include construction of the outlet structure

to allow for level control, dilution with clean water and to

prevent inflow of nutrient rich runoff to the pond. At the

same time, the city should implement a watershed management

program and conduct a weed raking of the pond. This stage

should allow for major aesthetic improvements and also

control the loading to the pond. The second stage would

include Inflow Management and Dredging as a combined project.

Chapter 9 presents the details of these recommendations.
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CHAPTER 9. RECOMMENDED RESTORATION PLAN

In the preceding chapter, restoration alternatives

deemed suitable in respect to goals set for the pond were

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

following restoration alternatives were selected for implemen-

tation in Black's Nook Pond:

1. Dilution/Flushing

2. Weed Harvesting/Raking

3. Watershed Management

4. Level Manipulation

5. inflow Management

6. Dredging

The implementation of these recommendations will be the

responsibility of the city, specifically the Conservation

Commission, the Water Board and the Recreation Department.

In order to proceed with the project, it will be necessary to

outline a management plan which addresses the various stages

of project implementation and financing. It is proposed that

the project consist of the scope of work listed below.

1. Dilution/Flushing: The city's water supply reser-
voir should be used as a source of clean water to
flush the pond on a regular basis. It is recommen-
ded that flushing occur in late spring, late summer
and late fall. Transfer of the flushing water can
be accomplished by the city with a portable "trash"
pump and adequate length of flexible hose. There
is no cost associated with this option as the
equipment and flushing water are available from
city resources.

2. Weed Harvesting/Raking: In order to thin the
existing weed crop,It is recommended that a one
time, intensive weed raking of the pond be conduc-
ted. This raking should be aimed at removal of

-144-



Smartweed, American waterweed and pondweed, which
are the primary rooted weeds in the pond. The cost
associated with this is approximately $8,000
including bid specification and on-site technical
assistance/supervision.

3. Watershed Management; The major land use in the
watershed is the city golf course. Fertilizer use
on fairways and greens is a major source of external
nutrient loading to the pond, via stormwater runoff.
Changeover of the fertilizer to a non-phosphate
product would eliminate the bulk of phosphorus
loading that is present in the runoff. The city
should also allocate some manpower for a shoreline
cleanup of certain areas along the pond shoreline.
This should include the removal of dead trees,
thinning of undergrowth and propagation of a grassy
area all around the pond for nutrient adsorption
and shoreline preservation benefits. Again, the
city has existing resources which can be used to
implement the above without additional appropriations
or grant funding. The cost of non-phosphate
fertilizer is comparable with existing material and
O&M costs should not increase.

4. Level Manipulation: The construction of an outlet
control structure for the pond will serve a dual
purpose. This structure will allow the water level
of the pond to be increased (with additional water
from Fresh Pond) and act as an effective diversion
of golf course runoff from entering the pond. The
structure may also be used to vary pond level for
control of aquatic weeds in the pond. The cost of
the structure is estimated at $57,500, including
all engineering, permits, etc. This estimated cost
also includes a methodology .for controlling levels
and time/duration of level control. It is estimated
that $1,000 of the permit.costs would be ineligible
for funding under the DWPC's Clean Lakes Program.

5. Inflow Management: While the bulk of the external
nutrient load to the pond is present in the stormwater
entering the pond at the outlet, a portion does
enter from the adjacent golf course and maintenance
area* The construction of an earthern dike across
the pond is recommended to develop a wetland buffer
area for the remaining portion of the pond. The
cost associated with this work phase is approximately
$63,000; including all engineering and permits.
Again, approximately $1,000 would not be eligible
for funding under the DWPC's Clean Lakes Program.
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6. Dredging: In conjunction with the inflow management
dike/uptake pond, it will be necessary to dredge a
portion of the pond to establish the remainder as
an open water body. This should be done hydraulically
with the waste material drawn from the larger
portion of the pond pumped into the smaller,
wetland buffer area. The cost associated with this
aspect of the project is $171,000, with all costs
eligible for funding under the DWPC's Clean Lakes
Program other than $1,000 for local permits.

Included in all tasks are overview and assistance

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

services required for construction of these projects, including

part-time on-site supervision. All permits required for the

projects will be prepared and filed by the consultant and

obtained from the appropriate agency(s) as part of the work.

A. Trophic State Following Implementation

The present trophic state of Black's Nook Pond is hyper-

eutrophic. The pond is a sink for the nutrients that have

entered over the years and accumulated in the sediment.

These nutrients recycle through the water column and aquatic

weeds in the pond, but rarely are any flushed from the pond.

The implementation of the project in two phases will result

in the following improvements:

1" Stage I - Construction of an outlet structure will
prevent approximately 48% (11.5 acres) of the
watershed runoff from draining to the pond. This
represents 22% of the external phosphorus load to
the pond. The combination of the outlet (level
control) and the importation of flushing water from
Fresh Pond will reduce the nutrient concentration
in the water column. The exact amount of nutrients
flushed from the pond is difficult to determine,
but this will have no affect on nutrient availabi-
lity as the sediments have more than adequate
nutrients to sustain weed growth. Weed raking will
result in a lower density weed population in the
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pond, but again will not result in a real reduction
in nutrient availability.

The overall impact of Phase I is to improve
the visual aesthetics of the pond and to allow for
management of water level and weed growth by the
city.

Stage II - Construction of the berm/uptake system
and dredging of the remainder of the pond can
restore the pond to an aesthetically pleasing state
by eliminating the accumulated weed growth and
upper levels of the sediment. The remaining
sediments will continue to provide nutrients to the
pond water column but the degree will not be able
to be determined until after dredging. The release
of these nutrients can be controlled to some degree
by the continued flushing of the pond.

Overall, dredging of the pond is the only
mechanism that could result in a visual improvement
in the pond. The first phase of the project will
gain some control over the external loading of
the pond, as well as allow for level management
and dilution.

B. Project Implementation

Implementation of the restoration effort will require

several actions as follows:

1. Review and acceptance of Diagnostic/Feasibility
(D/F) Study by city;

2. Approval of D/F Study by MDWPC;

3. File Phase II application for funding (Clean
Lakes Program) by city/ including MDWPC
approved D/F Study final report; and

4. File a funding apropriation for matching funds
from the City Council for the local share of
Stage I project ($19,125).

Plate 22 outlines the sequence of engineering and

construction steps required for completion of the various •

alternatives under the Phase II Restoration program. Based

on city ownership of the area around Black's Nook Pond, it
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has been determined that no easements will be required for

construction of and operation/maintenance of the recommended

restoration plan.

Permits/Reviews

Prior to initiating the designer selection process, the

city should prepare and file an Environmental Notification

Form (ENF) under guidelines of the Executive Office of

Environmental Affairs (EOEA). Once this filing has been

processed, the need for an environmental impact review (EIR)

can be established. It is assumed that an. EIR will not be

required for construction of the outlet structure and for

dilution/flushing of the pond. The dredging and berm construc-

tion will likely require an EIR, based on similar projects.

Under the Clean Lakes Program, only the cost, of Army

Corps (404) permit and the Environmental Impact Report are

eligible for funding. Local wetland permits would be ineli-

gible. State waterways permits would not be required as the

pond is within a water supply reservation under city control.

Construction of all aspects of the restoration project

will require a combination of state,, federal and local

permits typical of any construction project associated with a

waterway. The following is a summary of construction permits

associated with each of the restoration alternatives:

1. Dilution/Flushing; No permit required. Approval
of Water Board will be required for use of Fresh
Pond.

2. Weed Harvesting/Raking; Notice of Intent/Order of
Conditions (Cambridge Conservation Commission
[CCC]).

-149-



3. Watershed Management; No construction permits
required
NOTE: Would require city coordination and develop-
ment of an interdepartmental enactment of recommenda-
tions (Conservation, Recreation, Water Board).

4. Level Manipulation;

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

(b) Outlet Control Structure
(1) Notice of Intent/Order of Conditions

{CCC)
(2) U.S. Army Corps of Engineers - Dredge/Fill

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

5. Inflow Management:

Uptake Pond/Berm:
(1) Notice of Intent/Order of Conditions

(CCC)
(2) U.S. Army Corps of Engineers - Dredge/Fill

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

6. Dredging;

(1) Notice of Intent/Order of Conditions
(CCC)

(2) U.S. Army Corps of Engineers - Dredge/Fill
Material permit/wetland permit.

(3) DEQE/DWPC Water Quality Certificate

Funding

Based on the recommended project components, the city

will need to appropriate $19,125 for the local share of the

Stage I project prior to May 15, 1988. This assumes that the

city will, receive the maximum available funding of 75 percent

of the project cost under a Clean Lakes Program grant except

for ineligible costs. The expenditure of these funds will be

over a period commencing in the fall of 1988. The Stage II

project will require an additional appropriation of $46,500
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to match a second Stata grant. This would include expenditures

on construction, monitoring and an update of the Diagnostic/

Feasibility study and final report.

C. Monitoring Program

A monitoring program should be employed after the

completion of each" project within the restoration program.

This would serve two purposes. First, monitoring would

evaluate actual nutrient loading reductions to the pond, a

major goal of the restoration plan. Secondly, it would be

used to modify restoration efforts, if deemed necessary. The

monitoring program should specifically be geared to assess

the following:

1. Dilution/Flushing and Level Manipulation - Monitor
the outflow from the pond for total phosphorus,
TKN, ammonia nitrogen, nitrate aitrogen and chloro-
phyll a. Samples should be taken at commencement
of flushing, mid-point and the end of the operation.
An overall composite of the flush water should also
be taken. This should be conducted at all three
annual flushes for two years.

2. Dredging - Sediment samples should be collected at
two locations prior to dredging and after dredging
to assess the phosphorus recycling capability of
the sediments and overall sediment quality. The
outflow, if any, should be monitored for turbidity,
suspended solids, total phosphorus and total
nitrogen. Macrophyte mapping should be conducted
for a before and after survey. Analysis should be
as required under the Chapter 628 program.

3. D/F Update - Seasonal sampling should be conducted
for the m-pond station on four occasions over a
one year period. Quantity of samples and analysis
should be compatible with Chapter 628 D/F study
requirements. Also, DO profiles should be conducted
twice monthly during June, July, August a-nd September
An update of the D/F study should be completed to
assess improvements based on the above.
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The cost of the monitoring program will be approximately

$20,000 over the duration of the project as shown on Table

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

trophic state of the pond.
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TABLE 34
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

MONITORING ACTIVITY
1989 1990 1991

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

1. Dilution Flushing

2. Dredging

3. D/F Update

4. Monitoring Cost $ 4,000 $ 6,000 $10,000



SECTION III. ENVIRONMENTAL EVALUATION

pter 10, ENVIRONMENTAL EVALUATION OF SELECTED POND RESTORATION TECHNIQUES

Each selected pond restoration technique will be evaluated in terms of its potential for adverse
environmental impact on all resource areas identified in the Massachusetts Environmental Policy Act (MEPA)
(301 CMR 10.00) Environmental Notification Form (ENF). Wherever possible, mitigation techniques will be
examined to curtail the potential for negative impacts. The discussion's format will follow that of an ENF.

Project Description: Dilution/Flushing of Black's Nook Pond

Requires ENF: Yes ______ No X

Assessment .of Potential Adverse Environmental Impacts.

A. Open Space and Recreation
1. Might the project affect the condition, use or access to any open space and/or recreation area?

Yea ___ No X The visual condition of the pond would be minimally affected by the presence
of the portable pump and flexible hose. This would be a short term impact. No other impacts are
anticipated.

B. Historic Resources
1. Might any site or structure of historic significance be affected by the project? Yes No X

No known historic site or structure will be affected by the project. Additional consultation with the
Massachusetts Historical Commission and local historic societies is recommended.

2. Might any archaeological site be affected by the project? Yes No X
No known archaeological site or structure will be affected by project- Additional consultation with
the Massachusetts Historical Commission and local historic societies is recommended.

C. Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes X No ___. It is unlikely that fish or wildlife inhabiting the pond would
find it an unsuitable habitat after dilution and flushing operations. It is the intent
of the project to increase the likelihood that the pond will support a healthier fish" and
wildlife population than ic now does. Additional consultation with the Mass. Natural Heritage
Program is recommended to determine impacts to rare or endangered species.

2. Might the project significantly affect vegetation, especially any rare or endangered species of plant?
Yes X No ___a_ ^ It is the purpose of the project to reduce the amount of aquatic vegetation
in the pond by diluting and flushing Che pond with water much lower in nutrient content. While in the
long run the amount of aquatic plants should decrease, this is not considered to be a negative impact.
In regards to endangered and rare species, the Mass. Nat. Heritage Program should be consulted.

3. Might the project alter or affect flood hazard areas, inland or coastal wetlands (e.g., estuaries,
marshes, sand dunes and beaches, ponds, streams, rivers, fish runs, or shell fish beds)?
Yes X No •

4. Might the project affect shoreline erosion or accretion at the project site, downstream or in nearby
coastal areas? Yes No X The outlet channel will be rip-rapped for protection against
erosion.

5. Might the project involve other geologically unstable areas? Yes No X

-153-



D. Hazardous Substances
1. Might the project involve the use, transportation, storage, release, or disposal of potentially

hazardous substances?
Yes No X

£. Resource Conservation and Use
1. Might the project affect or eliminate land suitable for agricultural or forestry production?

Yes No X

2. Might the project directly affect the potential use or extraction of mineral or energy resources
(e.g., oil, coal, sand & gravel, ores)? Yes _ No X

3. Might the operation of the project result in any increased consumption of energy? Yes X No _____
Energy will be required to run the water pump.

F. Water Quality and Quantity
1. Might the project result in significant changes in the drainage patterns? Yes _ No X

1. Might the project result in-the introduction of pollutants into any of the following:
(a) Marine Waters Yes No X.
(b) Surface Fresh Water Body Yes ______ No X_
(c) Ground Water Yes No X_

3, Will the project generate sanitary sewage? Yes No X

4. Might the project result in an increase in paved or impervious surface over an aquifer recognized as
an important present or future source of water supply? Yes _ No X

5, Might the operation of the project result in any increased consumption of water? Yes X'. ^___ No _
It is suggested to flush the pond three times a year and this will involve the use of the city's
water supply.

6. Does the project involve any dredging? Yes _ No X

G. Air Quality
1. Might the project affect the air quality in the project area or the immediately adjacent area?

Yes No X

2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any pollution emissions caused by the project, including construction dust?
Yes No X

H. Noise
1. Might the project result in the generation of noise? Yes X No The pump will generate

some noise during dilution/flushing operations.

2* Are there any sensitive receptors (e.g., hospitals, shcools, residential areas) which would be
affected by any noise caused by the project? Yes .. No X
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I. Solid Waste
1. Might Che project generate solid waste? Yes _____ No X

J. Aesthetics
1. Might the project cause a change in the visual character of the project area or its environs?

Yes No X During the actual flushing process, the pump and hose will be seen but
this is considered to be a minimal visual impact.

2. Are there any proposed structures which may be considered incompatible with existing adjacent
structures in the vicinity in terms of size, physical proportion and scale, or significant

. differences in land use?
Yes _____ No X No structures are proposed.

3. Might the project impair visual access to waterfront or other scenic areas? Yes __ No I

K. Wind and Shadow

1. Might the project cause wind and shadow impacts on adjacent properties? Yes No X
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Project Description: Weed Harvesting/Raking

quires ENF: Yes _____ No X Would not require ENF filing because less Chan 10 acres of wetland area
are involved.

Assessment of Potential Adverse Environmencal^mpacts.

A,. Open Space and Recreation
1. Might the project affect the condition, use or access to any open space and/or recreation area?

Yes X No _____ Ihe purpose of the project is to affect the condition of Black's Nook Pond
by making it a more valuable recreational resource to Cambridge residents.

B. Historic Resources
1. Might any site or struccure of historic significance be affected by Che project? Yes _____ No X

2, Might any archaeological site be affected by che project? Yes No JC

C. Ecological Effects
1. Might che project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes _ No X Although there is a potential chat some fisheries/wildlife habitat will be
eliminated by weed removal, the project will make che pond more suitable for other fish and wildlife
species.

2. Might the project significantly affect vegetation, especially any rare or endangered species of plant?
Yes X No Ihe project aims at removing the excessive vegetation in the pond. However,
this is not viewed as a negative impact.

3. Might the project alter or affect flood hazard areas, inland or coastal wetlands (e.g., estuaries,
marshes, sand dunes and beaches, poods, streams, rivers, fish runs, or shell fish beds)?
Yes No X The project will alter che pond by removing some of its vegetation but this
will not have a significant, impact on these resource areas.

4. Might the project affect shoreline erosion or accretion at the project site, downstream or in nearby
coastal areas? Yes __^ No X Shoreline vegetation will not be disturbed. This will help
keep the shoreline stable.

5. Might the project involve other geologically unstable areas? Yes n No X

D. Hazardous Substances
1. Wight che project involve Che use, transportation, storage, release, or disposal of potentially

hazardous substances?
Yes No X

E. Resource Conservation and Use
1. Might the project affect or eliminate land suitable for agricultural or forestry production?

Yes No X

2. Might the project directly affect che potential use or extraction of mineral or energy resources
(e.g., oil, coal, sand & gravel, ores)? Yes No X

3. Might the operation of che project result in any increased consumption of energy? Yes X No __
Weed harvesting requires the use of diesel fuel to operate the hydrorake.
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Water Quality and Quantity
1. Might the project result in significant changes in the drainage patterns? Yes _^ i No X

2. Might the project result in the introduction of pollutants into any of the following:
(a) Marine Waters . Yes No _X_
(b) Surface Fresh Water Body Yes Ho _JC_
(c) Ground Water Yes No —X_

3. Will the project generate sanitary sewage? Yea ____ No X

4. Might the project result in an increase in paved or impervious surface over an aquifer recognized as
an important present or future source of water supply? Yes .._ Mo X

5. Might the operation of the project result in any increased consumption of water? Yes _.__ No X_

6. Does the project involve any dredging? Yes No X

Air Quality
1. Might the project affect the air quality in the project area or the immediately adjacent area?

Yes No X

2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any pollution emissions caused by the project, including construction dust?
Yes No X

Noise
1. Might the project result in the generation of noise? Yes X No

The hydrorafce will generate noise during weed harvesting.

2. Are there any sensitive receptors (e.g., hospitals, shcools, residential areas) which would be
affected by any noise caused by the project? Yes No X
Golfers may experience some noise impacts during harvesting operations but this would be short term
and is considered a minimal noise impact.

Solid Waste
1. Might the project generate solid waste? Yes X No ____ Plant material will be generated and

will be disposed of at a municipally approved site.

Aesthetics
1. Might the project cause a change in the visual character of the project area or its environs?

Yes X No __r.__^_ The project will enhance the visual character of the pond by removing unsightly
weed masses.

2. Are there any proposed structures which may be considered incompatible with existing adjacent
structures in the vicinity in terms of size, physical proportion and scale, or significant
differences in land use?
Yes Ho X

3. Might the project impair visual access to waterfront or other scenic areas? Yes No X

Wind and Shadow

1. Might the project cause wind and shadow impacts on adjacent properties? Yes No X
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Project Description: Construction of an outlet control structure to facilitate manipulation of the pond's
•rater level.

Requires Efff: Yes __ No X > Would not require preparation 'of ENF because base area of outlet control
scucture will not exceed 1000 square feet and project cost will not exceed MEPA threshold.

of Potential Advrse Environment al

Open Space and Recreation
1. Might the project affect the condition, use or access to any open space and/or recreation area?

Yes X No '_ During construction, the project will affect the visual condition of the pond.
This impact is short term in nature. Oace the outlet control structure is in place, the pond's
water level can be manipulated to positively affect the pond's trophic state.

Historic Resources
1. Might any site or structure of historic significance be affected by the project? Yes _ __ No X

2. Might any archaeological site be affected by the project? Yes __ No K_^

Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes _ No ̂ JĈ  Drawdown of the pond should be implemented in consultation with the Mass. Div,
of Fisheries and Wildlife. Water level should not be reduced to a point that would strand fish or
eliminate a majority of their habitat area.

2. Might the project significantly affect vegetation, especially any rare or endangered species of plant?
Yes __ No X The project should aid in destroying nuisance aquatic weeds,

3. Might toe project alter or affect flood hazard areas, inland or coastal wetlands (e.g., estuaries,
marshes, sand dunes and beaches, ponds, streams, rivers, fish runs, or shell 'fish beds)?
Yes X_ Ho __ The outlet control structure will be used to manipulate the pond's water level
thereby allowing water to leave the pond as required. However, the amount of water to be discharged
will not significantly affect the above-listed resource areas.

4. Might the project affect shoreline erosion or accretion at the project site, downstream or in nearby
coastal areas? Yes _ _ No X_ The discharge channel will be lined with rap-rap to prevent
erosion and/or downstream 3 il tat ion effects.

5. Might the project involve other geologically unstable areas? Yes . No X

D. Hazardous Substances
1. Might the project involve the use, transportation, storage, release, or disposal of potentially

hazardous substances?
Yes _ No X

E. Resource Conservation and Use
1* Might the project affect or eliminate land suitable for agricultural or forestry production?

Yes _ No X

2. Might the project directly affect the potential use or extraction of mineral or energy resources
(e.g., oil, coal, sand & gravel, ores)? Yes ___ No • X

3. Might the operation of the project result in any increased consumption of energy? Yes _ No __ X
The outlet control structure will be hand-operated and will therfore not require any increased
consumption of energy.
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K. Wind and Shadow

.1. Might the project cause wind and shadow impacts on adjacent properties? Yes __ No X_

Project Description: Watershed Management. This would involve management of the use of
fertilizer on the golf course,

Requires ENF: Yes __ No X

In accordance with MEPA regulation 301 CMR 10.32:2 (a), planning, design, policy development, research,
surveying and sampling, information gathering, evaluation and giving of technical advice are excluded from
MEFA. These exclusions cover a broad range of activities, allowing the municipality wide scope in the
application of a watershed management program. In general, watershed management practices are put into
effect to protect the watershed's natural resources and when implemented would have little, if any, negative
Impact upon them.
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F. Water Quality dad Quantity
1. Might the project result in significant changes in the drainage patterns? Yes X No

2. Might the project result in the introduction of pollutants into any of the following:
Ca) Marine Waters Yes No _____
(b) Surface Fresh Water Body Yes m No X
(c) Ground Water Yes No X_

3. Will the project generate sanitary sewage? Yes No _ _ T i

4. Might the project result in an increase in paved or impervious surface over an aquifer recognized as
an important present or future source of water supply? Yes _______ No X

5. Might the operation of the project result in any increased consumption-of water? Yes No X

6. Does the project involve any dredging? Yea X No
If Yes, indicate:

Quantity of material to be dredged 5000 cubic yards
Quality of material to be dredged see sediment analysis In D/F study Sediment Analysis.
Proposed method of dredging hydraulic dredging
Proposed season of year for dredging fall

G. Air Quality
1. Might the project affect the air quality in the project area or the immediately adjacent area?

Yes No X

2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any pollution emissions caused by the project, including construction dust?
Yes . No X Soil material will be wet and will not generate construction dust.

H. Noise
1. Might the project result in the generation'of noise? Yes X No

Dredging operations will generate noise.

2. Are there any sensitive receptors (e.g., hospitals, shcools, residential areas) which would be
affected by any noise caused by the project? Yes _ir.__._L_tj_ No X
the dredging project will be short-term and noise Impacts are minimal.

I. Solid Waste
1. Might the project generate solid waste? Yes X No _____ The project will generate dredge spoil,

J. Aesthetics
1. Might the project cause a change in the visual character of the project area or its environs?

Yss X No __IBI_U- Presently the pond has low aesthetic appeal because of its extensive aquatic
weed growth and dead wood debris. Eventually, the pond will be open water on one side and a
vegetated wetland on the other, separated by a filter berm. This should be a visual improvement
over the present degraded condition of the pond.

2. Are there any proposed structures which may be considered incompatible with existing adjacent
structures in the vicinity in terms of size, physical proportion and scale, or significant
differences In land use? ,
Yes No X

s

3. Might the project impair visual access to waterfront or other scenic areas? Yes No __X_,_
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Project Description: Dredging of Black's Nook Pond

iRequires ENF: Yes X Mo g ENF required because more Chan one acre is being dredged.

Assessment of Potential Adverse Environmental Impacts.

A. Open Space and Recreation
1. Might the project affect the condition, use or access to any open space and/or recreation area?

Yes _JC No mu _m During dredging operations, the pond will not be accessible for recreational
purposes. However, the ultimate goal of the project Is to increase the recreational potential of
the pond.

B. Historic Resources
1. Might any site or structure of historic significance be affected by the project? Yes ___ No X

2. Might any archaeological site be affected by the project? Yes __^ No L_X__.

C. Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes X No .. Dredging the pond would have a negative effect on fisheries and benthic organisms.
However, the pond is a small, hypereutrophlc system and does not appear to support an abundant fish
community.

2. Might the project significantly affect vegetation, especially any rare or endangered species of plant?
Yes No X The project will remove vegetation in the pond. This is not considered to be a
negative impact because excessive weed growth now prohibits recreational usage of the pond.

3. Might the project alter or affect flood hazard areas, inland or coastal wetlands (e.g.» estuaries,
marshes, sand dunes and beaches, ponds, streams, rivers, fish runs, or shell fish beds)?
Yes No X

4. Might the project affect shoreline erosion or accretion at the project site, downstream or in nearby
coastal areas? Yes ___ No X this project will be construced concurrently with the filter berm
project. After the pond has been drawndown, silt screens will be placed at the outlet. This will
control downstream ailtation effects. The gravel berm will then be constructed and dredged material
will be pumped from one side of the pond to the other. During dredging operations, the receiving side
of the pond will act as a setting basin for sediments. An extensive silt screen arrangement will be
required during dredging to contain particulates in the wetland portion of the pond.

5. Might the project involve other geologically unstable areas? Yes _^^__ No __X_

D. Hazardous Substances
1. Might the project involve the use, transportation, storage, release, or disposal of potentially

hazardous substances?
Yes No X

£. Resource Conservation and Use
1. Might the project affect or eliminate land suitable for agricultural or forestry production?

Yes No X

2. Might the project directly affect the potential use or extraction of mineral or energy resources
(e.g., oil, coal, sand & gravel, ores)? Yes ___ ______ No X

3. Might the operation of the project result in any increased consumption of energy? Yes No X
After the fuel expenditure needed for dredging operations, no further energy consumption will be required,
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2. Might che project directly affect the potential use or extraction of mineral or energy resources
(e.g., oil, coal, sand & gravel, ores)? Yes ______ n No X

3. Might the operation of the project result in any increased consumption of energy? Yes _ _ No X
The only energy that would be expended would be that required for construction.

7. Water Quality and Quantity
1. Might the project result in significant changes in the drainage patterns? Yes ___ No X

2. Might the project result in the introduction of pollutants into any of the following:
(a) Marine Waters Yes No X
(b) Surface Fresh Water Body Yes .... No X_
(c) Ground Water Yes No X_

3. Will the project generate sanitary sewage? Yes No X

4. Might the project result in an increase in paved or impervious surface over an aquifer recognized as
an important present or future source of water supply? Yes _ No X

5. Might the operation of the project result in any increased consumption of water? Yes _ No X

6.. Does the project Involve any dredging? Yes _.i._rX r̂i_i No
Dredged material from one portion of the pond will be used to create wetland marsh area*
See Dredging Environmental Evaluation. . -

Air Quality
1. Might the project affect the air quality in the project area or the immediately adjacent area?

Yes No X

2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any pollution emissions caused by the project, including construction dust?
Yes No X

H. Noise
1. Might the project result in the generation of noise? Yes X No

Construction noise will be generated. However, it will be minimal and short term in nature.

2. Are there any sensitive receptors (e.g., hospitals, shcools, residential areas) which would be
affected by any noise caused by the project? Yes m No X _ai

I, Aesthetics
1. Might the project cause a change in Che visual character of Che project area or its environs?

Yes X No •_ The proposed project will ultimately improve Che visual character of the pond.

2. Are there any proposed structures which.may be considered incompatible with existing adjacent
structures in the vicinity in terms of size, physical proportion and scale, or significant
differences in land use?
Yes ___ No X

3. Might the project impair visual access to waterfront or other scenic areas? Yes ._.. ii_ No X

Wind and Shadow

1. Might the project cause wind and shadow Impacts on adjacent properties? Yes __^_ No X
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Project Description: Inflow Management consisting of the construction of an earthen benn across the pond,

squires ENF: Yes X No _ Requires ENF because base area of earthen benn exceeds 1000 square feet.

Assessment o£ Potential^Adverse Environmental Impacts.

A. Open Space and Recreation
1. Might the project affect the condition, use or access to any open space and/or recreation area?

Yes X No _ During construction, siltation control fences and slope stabilizing materials
will be used to mitigate potential erosion/turbidity impacts to the pond and its shoreline, the
earth benn will reduce the size of the pond but will ultimately retain nutrients and sediments that
now enrich the pond and stimulate extensive aquatic plant growth. These weeds reduce the recreational
potential of the pond.

B. Historic Resources
1. Might any site or structure of historic significance be affected by the project? Yes No X _

2. Might any archaeological site be affected by the project? Yes No X

C. Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered species?

Yes _ . No X The project would create two habitat areas, a wetland pond and an open water
body, that could potentially increase the animal diversity of the pond.

2. Might the project significantly affect vegetation, especially any rare or endangered species of plane?
Yes ____ No X The project will potentially increase the plant diversity of pond (in the portion
that would become a wetland).

3. Might the project alter or affect flood hazard areas, inland or coastal wetlands (e.g., estuaries,
marshes, sand dunes and beaches, ponds, streams, rivers, fish runs, or shell fish beds)?
Yes X No The project will create an inland wetland by building a benn across the pond.
The amount of flood storage lose from construction of the benn will be replaced by an equal area of
compensatory flood storage.

4. Might the project affect shoreline erosion or accretion at the project site, downstream or in nearby
coastal areas? Yes __ No X During construction every attempt will be made to mitigate
shoreline erosion. This can be achieved by using siltation control fences, temporary flow diversion
and hay bale arrangements. Silt screens could be used in-pond to prevent downstream siltation effects.

5. Might the project involve other geologically unstable areas? Yes _____ No X

D. Hazardous Substances
1. Might tne project involve the use, transportation, storage, release, or disposal of potentially

hazardous substances?
Yes No X

E. Resource Conservation and Use
1. Might the project affect or eliminate land suitable for agricultural or forestry production?

Yes No X
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F. Water Quality and Quantity
1. Might Che project result in significant changes in the drainage patterns? Yes __ No X

2. Might the project result in che introduction of pollutants into any of the following:
Ca) Marine Waters Yes No X
(b) Surface Fresh Water Body ,. Yes So X
(c> Ground Water Yes ̂_^ No X

3. Will the project generate sanitary sewage? Yes No X

4. Might the project result in an increase in paved or impervious surface over an aquifer recognized as
an important present or future source of water supply? Yes _. No X

5. Might the operation of the project result in any increased consumption of water? Yes _ No __X__v

6. Does the project involve any dredging? Yes _ No X

G. Air quality
1. -Might the project affect the air quality in the project area or the immediately adjacent area?

Yea No X

2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which would be
affected by any pollution emissions caused by the project, including construction dust?
Yes No X

H. Noise
1. Might the project result in the generation of noise? Yes X No _^_

Construction equipment will generate noise but this impact is minimal and short terra in nature.

2. Are there any sensitive receptors (e.g., hospitals, shcools, residential areas) which would be
affected by any noise caused by the project? Yes ____ No ^j^

I. Solid Waste
1. Might the project generate solid waste? Yes X No _ The project will generate some

solid waste (i.e. excavated earth and scrub vegetation removed at che outlet control structure site).

J. Aesthetics
1. Might che projecc cause a change in che visual character of the project area or ics environs?

Yes X No ^_ The outlet control structure, while small and in scale with its surroundings,
will be a man-made element in Che pond's natural getting. However, it will be an unobtrusive
element and ultimately will be used to reverse che eutrophic condition of the pond.

2. Are there any proposed structures which may be considered incompatible with existing adjacent
structures in Che vicinity in terms of size, physical proportion and scale, or significant
differences in land use?
Yes No X

3. Might Che projecc impair visual access Co wacerfront or other scenic areas? Yes _ No X

K. Wind and Shadow

1. Might the project cause wind aod shadow impacts on adjacent properties? Yes No X^
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K. Wind and Shadow

1. Might Che project cause wind and shadow impacts on adjacent properties? Yes No X

Project Description: Watershed Management. This would involve management of the use of
fertilizer on the golf course.

Requires ENF: Yes Ho X

In accordance with MEPA regulation 301 CMR 10.32:2 (a), planning, design, policy development, research,
surveying and sampling, information gathering, evaluation and giving of technical advice are excluded from
MEPA. These exclusions cover a broad range of activities, allowing the municipality wide scope in the
application of a watershed management program. In general, watershed management practices are put into
effect co protect the watershed's natural resources and when implemented would have little, if any, negative
impact upon them.
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WHITMAN ft HOWARD, INC.

October 14, 1986

Cambridge Conservation Commission
57 Inman Street
Cambridge, MA 02139

Attn: Mr. Nancy Lin

y RE: Black's Nook Pond
Diagnostic/Feasibility
Study - Draft

Dear Commission Members:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility
Study on Black's Nook Pond in Cambridge, Massachusetts. This
study was funded through the Massachusetts Clean Lakes Program
(Chapter 628, Acts of 1982) and under the statutory authority of
the Massachusetts Division of Water Pollution Control and the City
of Cambridge. A draft of the final report is enclosed.

We would appreciate it if you would review the report and
forward your written comments to this office by November 17,
1986. All letters of correspondence will be included in the
final report.

Thank you for your assistance in the restoration of Black's
Nook Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/lf
Enclosure
cc: Mass. Historical Comm.

Mass. NationaJ. Heritage Program
. Mass. Div. of Fisheries & Wildlife

85-081



CITY OF CAMBRIDGE

CAMBRIDGE. MASSACHUSETTS O21 39

498-9O1 1

EXECUTIVE DEPARTMENT
ROBERT W. HEALY

City Manager

RICHARD C. ROSSI
Deputy City Manager November 13, 1986

Ms. Dorothy Altman, Chair
Cambridge Conservation Commission
57 Inman Street
Cambridge, MA 02139

Subject: Black's Nook Pond Diagnostic/Feasibility Study and Restoration
Recommendations

Dear Ms. Altman:

I have reviewed the Executive Summary of the Diagnostic/Feasibility Study of
Black's Nook Pond, dated October 1986, and wish to lend my support for the
restoration of Black's Nook Pond as it will benefit the citizens of
Cambridge by increasing our recreational and environmental resources.

In support of this goal, I will continue to work with the Conservation
Commission and other City departments to implement the recommendations
outlined in the feasibility study. I look forward to working with you to
ensure the future of this valuable public resource.

Very triily yours.

^>^o
Robert W. Re
City Manager



CAMBRIDGE CITY COUNCIL
CITY HALL, CAMBRIDGE, MASSACHUSETTS 02139

(617)498-9094

Alice K. Wolf
City Councillor

November 12, 1986

Members of Che Conservation Commission
City Hall Annex
57 Inman Street
Cambridge, MA 02139

Dear Honorable Members of the Conservation Commission:

Thank you for informing me of the meeting on the 13th with regard to
Black's Nook pond. Unfortunately I am unable to attend the meeting due to
a previous meeting commitment

I very much support the effort of the Conservation Commission to restore
Black's Nook. With the continual assault on our open space from many sides,
this is a very worthwhile project.

I hope that the State will be able to support this project by supplying
part of the funding. I shall certainly support the City's share.

Sincerely yours,

Alice K. Wolf
City Councillor

AKW/smb



OFFICE OF THE WAT^R BOARD

Thomas J. Seglev

Walter Conlon

Ruth C. Sirkhoff

Donald Hornig

A. Paul Flynn

C I T Y O F C A M B R I D G E
250 FRESH POND PKY., CAMBRIDGE, MASSACHUSETTS 02138 . TEL. 498-9070

TO: Dorothy Altman, Chairman
Cambridge Conservation Commission

FROM: T)»^Donald F. Hornig, President
Cambridge Water Board

DATE: November 7, -1986

SUBJECT: BLACK'S NOOK POND CLEAN UP PROJECT

Pursuant to the request of your Secretary Nancy Lin, the Cambridge Water

Department ( C . W . D . ) has reviewed the "Diagnostic/Feasibility Study - Black's Nook

Pond", dated October 1986, prepared by Whitman & Howard, Inc. Based on the con-

tents of the report and the proposed scope of clean-up work outlined in the

"Executive Summary", the Water Board is pleased to endorse the recommended

Stage I Restoration Program. It is our understanding that the Stage I Improve-

ments will consists of the following components:

1) Installation of Outlet Structure to Control Water Surface Elevation

2) Dilution/Flushing Program to Reduce Nutrient Concentration

3) Weed Raking to Remove Existing Vegetation

4) Watershed Management to Reduce Nutrients

The C.W.D. is also prepared to offer technical assistance to the Conservation

Commission in implementing the Stage I Restoration Program.

JJC/mp

cc: City Manager Robert W. Healy



THE CAMBRIDGE PLANT AND GARDEN CLUB

N o v e m b e r 5, 1986

T h e C a m b r i d g e C o n s e r v a t i o n C o m m i s s i o n
C i t y Htt I I A n n e x
C a m b r I t iq r . MA 021 39

D e a r M e m b e r s o f t h e C o n s e r v a t i o n C o m m i s s i o n ;

I am w r i t i n g this le t ter in s u p p o r t of the p r o p o s a l ,
T h e B l a c k ' s Nook Pond D i a g n o s t i c F e a s i b i l i t y S t u d y , o f
O c t o b e r 1986 by W h i t m a n and H o w a r d . I b e l i e v e t h a t wise
i m p r o v e m e n t s t o t h e w a t e r a n d l a n d q u a l i t y a t B l a c k ' s
N o o k i s n e c e s s a r y .

T h e C a m b r i d g e P l a n t a n d G a r d e n C l u b h a s been w o r k i n g
w i t h t h e C i ty f o r o v e r 2 5 y e a r s a t t h e F re sh P o n d R e s e r v o i r .
We began ou r w o r k by r e c l a i m i n g B l a c k ' s N o o k f r o m b e i n g a
d u m p , r e m o v i n g over 93 t r u c k l o a d s o f l a r g e t r a s h s u c h a s
r e f r i g e r a t o r s , s o f a s , o l d cars , t i res . W e t h e n p r e p a r e d
t h e p o n d edges a n d s u r r o u n d i n g g r o u n d , p l a n t i n g t h e m a p l e s ,
p i n e s , b e e c h e s , . l a r c h e s t o s t a b i l i z e the a r e a . Because
B l a c k ' s N o o k i s p a r t o f t h e C a m b r i d g e R e s e r v o i r , a n d p a r t
of the w a t e r s h e d , i t s f i r s t p r i o r i t y i s to h e l p m a i n ta in
s a f e d r i n k i n g w a t e r f o r t h e C i ty . . T h e e n t i r e R e s e r v o i r a rea
h a s r e m a i n e d b a s i c a l l y a ' b e a u t i f u l , n a t u r a l i s t i c a r ea o f
n a t i v e trees a n d p l a n t s , w h i c h n o t o n l y e n d u r e u n d e r m u c h
u se , bu t look w e l l i n a l l seasons .

on o the r a r e a s s u r r o u n d i n g Fresh
r a i l r o a d t r ack o p p o s i t e t he Soz io
the w e t l a n d m e a d o w edqes to the
1 the w o r k has been w i t h i n the

T h e C l u b h a s w o r k e d
P o n d : the co rne r by the

s to re , L u s i t a n i a F i e ld ,
w e s t o f B l a c k ' s N o o k . A l
g u i d e l i n e s s e t f o r t h by t he Roy M a n n s t u d y . "We w i l l be
p l e a s e d to c o n t r i b u t e ideas and o the r h e l p to a id the
C i t y w i t h this n e w p l a n t o i m p r o v e B l a c k ' s N o o k ,

S i n c e r e l y you rs ,

Patricia
Chairman,

R. Pratt
Fresh Pond Project

11 Brown Street
Cambridge, MA 02138



City of Cambridge
Department of Human Service Programs
51 Inman Street, Cambridge, Massachusetts 02139, 498-9076

November 17, 1986

Nancy Lin
Cambridge Conservation Commission
57 Inman Street
Cambridge, MA 02139

Dear Ms. Lin:

Paul Ryder, the Director of Recreation for the City of Cambridge
and I have reviewed the diagnostic study of Black's Nook Pond
recently completed by Whitman and Howard. We are aware of the
recommendations concerning the elimination of phosphates in the
fertilizers used on Fresh Pond Golf Course.

At the present time, we are prepared to undertake an investigation
and analysis of alternative fertilizer applications which would
eliminate phosphates. We are not prepared at this time, however,
to comment on the feasibility of such a change. As we continue
with our analysis we will keep you informed and look forward to
working with you in this effort.

Very truly yours,

Jill Herold
Assistant City Manager

for Human Services

JH/fc

Community and Youth Services
498-9037/9072
Council on Aging/Elderly Services
498-9039

Recreation
498-9028
Community Learning Center
547-1589



CITY OF CAMBRIDGE

COMMUNITY DEVELOPMENT DEPARTMENT

City Mall Annex - Inman fi- Broadway - Cambridge, Mass. 02139

498-9034

To: Dorothy Altman, Chair
Cambridge Conservation Commission

From: Michael Rosenberg
Assistant City Mana"g'er~ for Community Development

Date: November 12, 1986

Subject: Black's Hook Pond Diagnostic/Feasibility Study and
Restoration Recommendations

The Cambridge Community Development (CCDD) has reviewed the Executive
Summary of the Diagnostic/Feasibility Study of Black's Nook Pond,dated
October 1986, prepared by Whitman & Howard, Inc. Based on the
recommendations outlined in the Stage I Restoration program, the CCDD
endorses the restoration of Black's Nook Pond.

Situated on the Fresh Pond Reservation, Black's Nook provides a
naturalistic setting and an oasis in an area that is undergoing
development changes. The planned restoration of Black's Nook Pond is
compatible with CCDD's vision for the area as a recreational and
educational resource for the public benefit.



WHITMAN a HOWARD, INC.

October 14, 1986

Massachusetts Division of
Fisheries and Wildlife

Field Headquarters
Route 9, Lyman School Grounds
Westborough, MA 01581

Attn: Mr. Peter Oatis

RE: Black's Nook Pond
Diagnostic/Feasibility
Study - Draft

Dear Mr. Oatis:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility
Study on Black's Nook Pond in Cambridge, Massachusetts. This
study was funded through the Massachusetts Clean Lakes Program
(Chapter 628, Acts of 1982) and under the statutory authority of
the Massachusetts Division of Water Pollution Control and the City
of Cambridge. A draft of the final report is enclosed.

We would appreciate it if you would review the report and
forward your written comments to this office by November 17,
1986. All letters of correspondence will be included in the
final report.

Thank you for your assistance in the restoration of Black's
Nook Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

Douglas E. Vigneau
Environmental Scientist

DEV/lf
Enclosure
cc: Cambridge Conservation Commission

Mass. Historical Commission
Mass. National Heritage Program

65-081
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October 29, 1986

Douglas F« Vigneau
Environmental Scientist
Whitman & Howard, Inc.
45 Willian, Street
Wellesley, MA 02181-4050

RE: Black's Nook Pond Draft D/F Study.

Dear Mr, Vigneau:

As requested, the Division of Fisheries and Wildlife has
completed its review of the Draft Diagnostic/Feasibility Study
for Black's Nook Pond, Cambridge. This pond, lake many others in
the Commonwealth suffers from the effects of increasing eutrophi-
catiop and resultant degraded water quality. Recreational
activities here and at numerous other ponds have been restricted
or otherwise hindered from what was historically enjoyed. We
share the concern of the pub 1 ic and support this effort which
identifies and proposes corrective actions for the restoration of
Black's Nook Pond to a healthy condition*

We have no comprehensive data on the fish and wildlife
resources associated with Black ' s Nook Pond nor does this agency
actively manage the fishery. Personnel from our district office
who have some familiarity with the pond indicate that due to the
shallow eutrophic character of the pond, it" sustains a limited
population of warmwater fishes. Because of it urban setting, the
diversity of wildlife species is similarly restricted*

With respect to the recommended restoration plan the
Division of Fisheries and Wildlife offers the following comments:

° Pilut ion/Flush ing : water will be
the city's water supply reservoir,
Pond three times a year.

taken from Fresh Pond,
to flush Black's Nook

Is the water of Fresh Pond ever subjected to chemical
treatment to maintain certain water quality standards or
levels? If so, might the introduction of chemically
treated water pose a threat to aquatic life in Black's
Hook Pond?

o Weed __ Harves t ing/Raking; this action will cause consider-
able short- term negative impact to the aquatic system.
Measures to minimize or contain turbidity result ing from
the disturbance of bottom sediments should be utilized so
that fish will not have to be exposed to prolonged



-2-

excessive levels of turbidity,

iJ^n^ : the Division strongly encourages the
adoption of a sound watershed management plan for the
purpose of limiting the nutrient input to Black's Nook
Pond. The need for controlling the stormwater runoff
originating from the golf course is of extreme importance*

To the extent possible, shoreline areas should be left in
as natural a condition as possible. Diversity of habitats
along the shores of lakes and ponds will encourage a more
diverse fish and wildlife fauna to develop. While a
grassed and treeless perimeter zone may facilitate the
adsorption of nutrients, it will have only limited value
as wildlife habitat. Standing and fallen trees, including
dead trees, along tbe shore serve as important -wildlife
habitats, particularly in such an urban area as Cambridge.
Trees that have fallen into the water provide hiding
cover for fish, provide surface substrate for aquatic
invertebrates (potential fish food), and bask ing areas for
turtles .

0 Level, Manipulation: With such a limited depth, the
lowering of the water level during the winter may result
in a "winterkill" of fish if coincident with a heavy
ice/snow cover. As recommended, a me rhoclol eg y for
controlling levels and time/duration cf level ccuttrol
needs to be developed.

° l,n f l^pw ^Kana^eTi.en^t. : Pfige 137 illustrates the design of the
proposed Wetland Nutrient Uptake Area. Pased upon
this figure, this action will result in a substantial loss
of lentic habitat. From a fisheries stand p o i n t , MPFW can
not endorse the adoption of this action as it vi J J reduce
the area of the pond by approximately one fiftl to one
fourth. Directing efforts to control/ reduc e a major
nutrient input at its source (the golf course) is a
more environmentally sound approach.

0 Dredging: The extent of the pond bottom that will be
dredged is not specified. Certainly precautions to
minimize and control turbidity" should be used during this
process. Dredging should be timed such that it presents
the least conflict with fish spawning activities, egg
hatching, and tbe sensitive early life stages of fish.

MDFW strongly supports the development of a sound monitoring
program to assess the effec tiveness of the various recommended
actions. Page 4 of the Draft Study states that pheasant, grouse,
ducks and a variety of songbirds nest in the vicinity of Black's
Hook. Additionally, frogs turtles , muskrafs and a variety of
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aquat ic plants and wild flowers are present. Obviously Black' s
Hook Pond and its immediate surroundings constitute a valuable
conservation resource.. During this process of saving the pond
from further ecological deterioration care should be exercised
so that its inherent capacity as potential fish and v i l d l i f e
habitat is maintained.

Please contact me if you have any questions cone ern ing the
Division of Fisheries and Wildlife's review of this study.

Sincerely ,

Ŵ './- ' . ̂

Robert P. Madore
Aquatic Biologist

cc. MDWPC, Clean Lakes Program
Pete Jackson, MDFW



WHITMAN ft HOWARD, INC.

October 14, 1986

Massachusetts National
Heritage Program

Division of Fisheries and Wildlife
100 Cambridge Street
Boston, MA 02202

Attn: Ms. Joanne Michaud

RE: Black's Nook Pond
Diagnostic/Feasibility
Study - Draft

Dear Ms. Michaud:

D

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility
Study on Black's Nook Pond in Cambridge, Massachusetts. This
study was funded through the Massachusetts Clean Lakes Program
(Chapter 628, Acts of 1982) and under the statutory authority of
the Massachusetts Division of Water Pollution Control and the City
of Cambridge. A draft of the final report is enclosed.

We would appreciate it if you would review the report and
forward your written comments to1 this office by November 17,
1986. All letters of correspondence will be included in the
final report.

Thank you for your assistance in the restoration of Black's
Nook Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

fir Douglas E. Vigneau
Environmental Scientist

DEV/lf
Enclosure
cc: Cambridge Conservation Commission

Mass. Historical Commission
Mass. Div. of Fisheries & Wildlife

85-081



Massachusetts
Natural Heritage

October 30, 1986

Mr. Douglas Vigneau
Whitman & Howard Inc.
45 William St.
Wellesley, MA 02181-4050

Dear Mr. Vigneau,

Thank you for contacting the Massachusetts Natural Heritage Program regarding
rare species and ecologically significant natural communities at Dlack's
Nook Pone! in Cambridge, MA.

At this time, we are aware of two subpopulations of a rare plant along the
east and west shores of Black's Nook Pond. In September of 1981, Bruce
Sorrie, Program Botanist, observed a total of 15 plants of Cyperus
engelmannii , Engelmann's Umbrella-sedge, a plant designated as a Species
of Special Concern by the Massachusetts Division of Fisheries & Wildlife.
At that time, the plants were growing with grasses and sedges on the
exposed sandy - gravelly - muddy shore.

As a site visit has not been conducted in the past several years, the
present vigor of the population is unknown. However, since this species
has been known at Fresh Pond and adjacent pondlets since the 1880' s, we
assume the population is still extant. In 1981, severe trampling and
degredation of the shores of the pond were noted.

If Cyperus engelmannii is still extant at this site, careful planning must
be instituted to ensure that pond restoration efforts will not contribute
to it's decline. Of particular 'concern are the proposals of water level
alteration and dredging, since these actions will change the regime of physical
factors at the pond's edge.

Cyperus engelmannii is a fairly aggressive member of the pondshore flora,
occupying exposed sandy to peaty margins of the pond when the water table
drops during dry years. No growth occurs during high water cycles if no
shore or beach is exposed. Seed production is usually high and seeds are
dispersed along the shore by wind caused currents, waterfowl, etc. They
will germinate only where there is suitable exposed shore.

Division of Fisheries and Wildlife 100 Cambridge Street, Boston, Mass. 02202 (617) 727-Q194,-3151



Mr. Vigneau - 2 - October 30, 1986

Therefore, our recommendations are:

1) Conduct dredging operations (if necessary) away from the immediate shore.
Dumping of dredge spoil around the present shore and creation of a gravel
berm has unknown but likely very deterimental effects to pondshore plants.

2} If water levels are permanently raised, this may eliminate any exposed
shore or beach. We recommend maintaining a gradually sloping shore
contour, even if grading is. necessary, so that seasonal water fluctuations
can cover and uncover the beach in a natural fashion.

3} Unless allowed to drop naturally with dry weather cycles, raised water
levels would surely kill Cyperus engelmannii by 'preventing beach' exposure.

Please feel free to contact me if any of this information requires clarification
I look forward to working with you to ensure the continued health of the rare
flora of Black's Nook Pond.

Sincerely,

Joanne Michaud
Environmental Reviewer

JM/js



WHITMAN fit HOWARD. INC.

October 14, 1986

fa
Ms. Valerie A. Talmage
Executive Director
State Historic Preservation Officer
Massachusetts Historical Commission
80 Boylston Street
Boston, MA 02116

— .

RE: Black's Nook Pond
Diagnostic/Feasibility
Study - Draft

Dear Ms. Talmage:

Whitman & Howard, Inc. has completed a Diagnostic/Feasibility
Study on Black's Nook Pond in Cambridge, Massachusetts. This
study was funded through the Massachusetts Clean Lakes Program
(Chapter 628, Acts of 1982) and under the statutory authority of
the Massachusetts Division of Water Pollution Control and the City
of Cambridge. A draft of the final report is enclosed.

We would appreciate it if you would review the report and
forward your written comments to this office by November 17,
1986. All letters of correspondence will be included in the
final report.

Thank you for your .assistance in the restoration of Black's
Nook Pond.

Very truly yours,

WHITMAN & HOWARD, INC.

for Douglas E. Vigneau
Environmental Scientist

DEV/lf
Enclosure
cc: Cambridge Conservation Commission

Mass. National Heritage Program
Mass. Div. of Fisheries & Wildlife

85-081



The Commonwealth of Massachusetts
Office of the Secretary of State

Michael Joseph Connolly, Secretary

Massachusetts Historical Commission
Valerie A. Talmage
Executive Director
Slate Historic Preservation Officer ,

November 3, 1986

Mr. Douglas E. Vigneau
Whitman & Howard Inc.
45 William Street
Wellesley, Mass 02181-4050

RE: Diagnestic/Feasibility Study, Black's Nook Pond, Cambridge

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 archaeo-
logical 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
Act of 1982 (36CFR 71).

If you have any questions, please feel free to contact Jordan Kerber at this office

Sincerely,

Valerie A. Talmage
Executive Director
State Historic Preservation Officer
Massachusetts Historical Commission

VAT/JK/lk

80 Boylston Street, Boston, Massachusetts 02! I6 (617) 727-8470
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BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS

Tucked away in a remote corner of the Fresh Pond Reserva-

tion, the city owns a small pond named Black's Nook Pond.

This small water hole cover little more than two acres of

space but it reflects the woes of many urban lakes and ponds

in Massachusetts. Several different weed varieties have

taken over the pond. These weeds encroach on the available

habitat space for the fish and turtles in the pond. A casual

summer visitor can observe large carp attempt to swim across

the weed mat.

At one time, this small pond was a part of the nearby

Fresh Pond Reservoir. Around 1900 the cove at the northern

end of the reservoir was separated from the main pond for •

disease prevention and created Black's Nook Pond. Since it

became a separate pond, it has suffered many abuses. After

the hurricane of 1938, the city used the pond to dump tons of

tree limbs and debris from the storm. Other work in the area

caused further reductions in the size of the pond until it

reached its present condition. No water enters the pond from

outside sources except rain water from the golf course and

the pond has become a stagnent "mud hole" .



However, not all is bleak in the life of the pond. Many

residents, visitors and nearby office workers have found the

pond to be a pleasant change of pace. The shoreline of the

pond is often the scene of group lunches during warm summer

days. Joggers use the dirt path along the pond to access the

Fresh Pond area from Concord Avenue. The weeds in the pond

are used as the basis of an ecology class for city children

Local office workers have even attended ecological sessions

designed around the pond.

As a result of the condition of the pond and the odor

from the decay of weeds on hot summer days, the city initiated

a state funded study to assess the pond's problems and review

possible solutions. Whitman & Howard, Inc. of Wellesely has

completed the study which details the source of the problems.

The study shows that the only water source to the pond is the

rainwater that runs off the golf course. This water contains

high levels of nutrients which serve to heighten the problems

in the pond. The lack of flow through the pond results in

its stagnation. Ultimately nutrients accumulate in the

sediment and eventually stimulate weed growth.

The consultant has proposed a two stage program to

improve the pond's condition. It is proposed to construct an

outlet structure on the pond that would allow for clean water
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to be added to the pond to dilute the pond's water. This

would also raise the level of water in the pond. Concurrently,

it has been recommended to clean out a portion of the weed

growth in the pond to improve the habitat of fish and turtles,

as well as, reduce odors. The estimated cost of this work is

$50,000. In the event that the city decides'to perform more

work on the pond, it has been recommended that dredging part

of the pond to increase its depth and remove weeds and

sediments. This would result in a two stage pond, one side

an open water body and one a wetland pond, separated by a

gravel berm. This extra work could cost as much as $139,000.

In order to present this to the people of the city, a

public meeting will be held on October 27, 1986 at 7:30 PM at

the Tobin School. Interested citizen's should attend to

support the restoration of the pond and comment on the study.
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BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM
Genus Species

MARCH 14, 1985 MARCH 27, 1985 APRIL 9, 1985 APRIL 26, 1985 MAY 9, 1985 MAY 29, 1985

Yellow-green or Yellow-brown Algae (Division Chrysophyta, Class-Chrysophyceae)

Dinobryon sertulari 1.4 14.0 655.3

Synura avella 9.8 4.2

55573SUB-TOTAL 11.2 18.2

Greer^Algae (Division-Chlorophyta)

Ankistrodesmus_
falcatus 5.6

Arthrodesmus sp.

Asterococcus superbus

Closterium sp. 5.6

Cosmarluni sp.

Crucigenia sp.

Kirchneriella sp.

Hougeotia sp. 1.4

Palmella mucosa 5.6

Pediastrum sp,

Scenedismus biiuea

2.8

40.0 7.0 28.0

5.6

16.8

1.4

5.6

4.2

2.8

1.4

50.4

18.2

15.4



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM MARCH 14, 1985 MARCH 27, 1985 APRIL 9> 1985 APRIL 26, 1985 MAY 9, 1985 MAY 29, 1985
Genus Species

Diatoms (Division z Chrysophyta( l^Iass - Bacillariophyceae)

Asterionella formosa 9.8 205.9 1,110.6 ' 7.0 5.6

Baclllaria sp. - - '- 21.0

Cymbella sp. - 1.4

Fragellaria
crotonensis 46.2 11.2 10.0 12.6

Frustula rhomboides - 1.4 -

Licmophora sp. - 2.8 15.0 - -.

Helosira granulata - 4.2 - 21.0

Navicula sp, - - 15.0 9.8 - 5.6

Nitzschia sp. - - 39.2

Pleuroslgma sp. - - 5.0

Synedra
del-icatissima - - 5.0 -

Synedra sp. - 36.4 25.0 37.8 8.4

Synedra ulna - 1.4 -

Tabellaria sp. - - 7.0

SUB-TOTAL 5lT."0 259?! 1,185.6 9378 14.0 72T8~"~~

(a) Analysis done by E.G.&G., Walthara, Massachusetts



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CEUS/ML)

ORGANISM
Genus Species

MARCH 14, 1985 MARCH 27, 1985 APRIL 9, 1985 APRIL 26, 1985 MAY 9, 1985 MAY 29, 1985

Green Algae (cotit.)

Scenedesmus
quadricauda

Shroederia setlgera

Sphaerocystis sp.

Sphaerocystis schroeteri

Staurastrum
subcruciatum

Tetrospora sp,

Ulothrix
yariabilHs

Unidentified
Chlorophyte

1,079.0

2.8

16.8

366.9

4.2

40.0

10.0

15.7

1.4

28.0

11.2

14.0

28.0

106.4

26.6

28.0

32.2

SUB-TOTAL 1,100.0 394.9 108.5 133.0 168.0 124.6

Blue-Green Algae (Divison-Cyanophyta)

Oscillatoria sp. 650.3 392.0 28.0

SUB-TOTAL 650.3 392.0 28.0

TOTAL 1,177.2 672.2 2,599.7
226.8 574.0 225-4

1 Analysis done by E.G.& G., Waltham, Massachusetts



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM JUNE 17, 1985
Genus Species

Green Algae (Division-Chlorophyta)

Arthrodesmus incus

Asterococcus sp.

Characium sp.

Closterium sp.

Cosmarium sp.

Cosmarium botrytis

Cosmarium granatum

Cosmarium lunatum

Crucigenia sp. 4,2

Euastrum binale

Kirchneriella sp. 5.6

Micrasterias sp.

Micrasterias arcuata

Scenedesmus bijuga 8,4

JUNE 29, 1985 JULY 11, 1985 JULY 26, 1985* AUG 16, 1985 AUG 28, 1985

- ' - - 2.7 -

168.0

8.1 14.0

1.4 - 75.4 126.0

9-6 - 80.8

10.8

5-6 - - 2,842.0

7.0

8.4 -

2.7 28.0

14.0

2.7

11.2 61,6



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION'(CELLS/ML)

ORGANISM JUNE. 17, 19B5
Genus Species

Green Algae (cont.)

Scenedesmus quadricauda 5.6

Sphaerocystis sp.

Spirogyra sp.

Straurastram sp. 1.4

Straurastrum cyrtocerum

Straurastrum elongatum

Straurastrum hexacerum

Straurastrum
margaritaceum

Staurastrum
subcruciatum

JUHE 29, 1985 JULY 11, 1985 JULY 26, 1985- AUG 16, 1985 AUG 28, 1985

11.2 30.8 - - 112.0

35.0 36.4

742.0

14.0

7.0 , 4 . 2 - - 70.0

1.4 - - -

- 1 1.4 - ' -

70. Q

2.7 308.0

SUB-TOTAL 2 5 T 2 S O 250^ - 18579 47494.0



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

SPECIES JUNE 17, 1985 JUNE 29, 1985 JULY 11, 1985

Blue-Green Algae (Division-Cyanophyta)

Anacystis sp. - - 25.2

Filament - - 1.4

Nodularia sp. - 14.0

Oscillatoria sp. -

Spirulina sp. 1.4

SUB-TOTAL 1.4 14.0 26.6

Diatoms (Division - Chrysophyta, Class - Bacillariophyceae)

Cymbella sp.

Fragellaria
crotonensis - 7.0 19.6

Licmophora sp. - - 1.4

Melosira granulata - -

Nitzschia sp. - - 1.4

Synedra sp . - 1.4

SUB-TOTAL 1.4 8.4 22.4

TOTAL 28.0 88.2 309.4

JUtY 26, 19&5* MiG \6, 19&S A\iG 28, 19B5

H.O

13.5

13.5 14.0

14.0

13.5

5.4 28.0

18.9 42.0

218.3 4,550.0

Sample lost



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM SEPTTT271985 SEPT. 30, 1985 OCTTTT7T5&5 OCT. 31, 1985
Genus Species

Green ATgae" QH^sion-Chlorophyta^)

Ankistrodesmus
f a l c a t u s - 16.2

Characium sp. -

Clostetium cornu - -

Closterium sp. 11.7 16.2 - 39.5

Cosmarlum sp. 7.8 4.0

Crucigenia sp. 7.8

Elakatothrix
viridls 7.8

Excentrosphaera
viridis - -

Gleocystis botryoides - - 6.0

Palmellopsis
gelatlnosa - _ _ -

Pediastrum duplex - - - 39.5



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

O R G A N I S M S E P T . 12, 1986SEPT. 30, 1 9 8 5 O C T . 17, 1 9 8 5 O C T . 31, 1985
Genus Species

Green"Algae (coutTj *~

Scenedesmus bijuga - 32.3 18.0

Scenedesmus
quadricauda 15.6 - - -

Selanastrum
bibfaianum - -

Sphaerocystis
schfoeteri - - 39.0

Unidentified spherical 77.8
green

SUBTOTAL 1 2 O 5 8 7 ? 6376; TO

Yellow-green or Yellow-brown Algae(Division -Chrysophyta, Class-Chrysophyceae)

Dinobryon sertularia - - 7.5 311-8

Synura sp. - 12.1 - 19.7

SUB-TOTAL - 12.1 7.5 331.5



BLACK'S NOOK POND
MICRSCOPIC EXAMINATION (CELL/ML)

ORGANISM SEPT. 12, 1985 SEPT. 30, 1985 OCT. 17, 1985 OCT. 31, 1985
Genus Species

Diatoms (Division-Chrysophyta, Class-Bacillariophyceae)

Asterionella formosa

Cyclotella sp.

Melosira granulata 13.6

Navicula sp.

Nitzcheia sp. 3.9

Synedra sp. 1.9

SUB-TOTAL 19.4 '

15.8

10.5 19.7

59.2

1.5

8.1 • 4.5

8.1 16.5 94.7

Blue-green Algae (Division-Cyanophyta)

Anabaena sp. 1.9

Small coccoid
blue-green

SUB-TOTAL 1.9

Euglenopjiytes (Division-Euglenophyta)

Phacus sp. 33.1 157.5 - 7.9

SUB-TOTAL 3 3 7 1 1 5 7 7 5 : 7 7 T

TOTAL 18279 ' 2 4 T 7 4 8 7 7 0 S l T T T



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM NOV. 28, 1985 DEC. 23, 1985 'JAN. 29, 1986 FEB. 17, 1986
Genus Species

Green Al&ae (DivTsion-Chlorophyta)

Akinstrodesmus
falcatus

Closterium cornu

Closterium sp.

Coccoid chlorophyte

Excentrosphaeca
viridis

Scenedesmus bijuga

Scenedesmus
quadricauda

Sphaerocystls
schroeteri

SUB-TOTAL

1.5

1.5 11.5

1.5

12.0

12.0

28.5 11.5

2.7 1.5

9.3 7.5

6.0

6.0

11.0 15.0

23.0 36.0

Dinoflagellates (Division-Pyrrhophyta)

Peridiniura sp. 2.9 3.0

SUB-TOTAL - - 2 . 9 - 3.0



BLACK'S NOOK POND
MICROSCOPIC EXAMINATION (CELLS/ML)

ORGANISM NOV. 28, 1985 DEC. 23, 1985
Genus Species

Yellow-green or Yellow-brown Algae (Division-Chrysophyta,

Dinobryon sertularia 1.5

SUB-TOTAL 1.5

Diatoms (Division- Chrysophyta, Class-Bqcillariophyceae)

Asterionella formosa - 496. 2

Cyclotella sp. - 2.9

Melosira granulata

Nitzschia sp. 1,5 5.8

SUB-TOTAL 1.5 504.9

Blue-green Algae (Division-cyanophyta)

Lyngbya sp.

Spirulina sp. - 2.9

Small coccoid
blue-green 1500.0 18,173.1

SUB-TOTAL 1500.0 18,176.0

Euglenophytes (Division-Euglenophyta)

Phacus sp.

SUB-TOTAL

TOTAL 1531.5 18,695.3

JAN. 29, 1986 FEB. 17, 1986

Class-Chrysophyceae)

7.5

7.5

126.5 63.0

1.5

1.5

1.1 7.5

127.6 67.5

1.5

2165.3

2164.3 1.5

1.5

1.5

2314.9 117.0
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INTRODUCTION

Sampling of aquatic plants was performed on August 5, 1985, at

Black's Nook Pond, Cambridge, Massachusetts in order to determine

the standing crop and composition of the aquatic vegetation.

Surrounding emergent vegetation was also collected to provide a

description of the area around the pond.

METHODS

The pond vegetation was described using a combination of stand

mapping and species occurrence and an analysis of two one square

meter plots, selected as representative of the vegetational

structure of the pond (Figure 1). Stand mapping was done by

observation from a boat, and by systematic dragging of the bottom

with a grappling hook. Quantitative sampling was done along the

shore where weeds were most abundant, although the entire pond

exhibited significant weed growth. Vegetation was quantified at the

sample plots by placing a m2 frame on the bottom of the pond at a

depth of 1.2m to 1.8m and removing all the vegetation enclosed with

a metal rake. The vegetation was then washed and sorted by species

so that the wet weight per m2 could be measured.

RESULTS

The results are presented in Table 1 and Figure 1. Five species

of aquatic weed occurred in significant quantities in the pond:

Anacharis canadensis, Ceratophvllum demersum, Polygonum sp., Trapa

natans and Potamocreton sp. Dominance and biomass estimates from the

two samples reflect the plant compositions found in the pond (Table

1). Plot locations and density maps are found in Figure 1.



RESULTS (Continued)

Anacharis canadensis was found in high densities in both of the

m2 samples and a large stand, 400 m2, occurs in the center of the

pond. Ceratophvllum demersum was found in both of the samples, and

again appeared well distributed in the pond. Trapa natans was found

at the edges of the pond, concentrated primarily along the eastern

shore; Potamogeton sp. was also most evident in this area.

Polycronum sp. grows in scattered clumps throughout the pond.

A. canadensis appears to be the dominant species in the pond,

although C. demersum was found at a slightly higher density in the

second sample (Table i). While the density of T. natans appears low

in these two samples, it does appear abundant in certain areas of

the pond. Polycronum sp. is also an important constituent of the

pond, although it was not present in the samples.

The entire pond is relatively small and shallow and supports a

dense weed growth. As noted in Table 1, the average density of

weeds in the two (2) m2 samples selected as representative of the

vegetation of the pond is 3.95 kg/m2. The area of the pond is

approximately 10,000 m2. A conversion factor of .08 was used to

convert the wet weight of the weeds to dry weight. Table 2

indicates the macronutrient percentage of the total plant dry weight

in Anacharis sp., the dominant macrophyte species. By multiplying

the approximate dry weight of the vegetation in the pond by the

appropriate percent composition of the three macronutrients, (N,P,C)

the following estimates of the quantities of nutrients contained in

the vegetation of the pond can be calculated as follows:

Nitrogen 101 kg.
Phosphorus 12 kg.
Carbon ' 853 kg.



SUMMARY

This pond has had abundant weed growth for many years, as can be

seen in earlier studies. Black's Nook Pond has a serious aquatic

weed problem, and extensive corrective measures will have to be

taken to allow for its use for most recreational activities.

Table 1. Distribution and composition of aquatic macrophytes,
Blacks Nook Pond, Cambridge, Massachusetts in two

m2 plots, sampled August 5, 1985

Species

Anacharis canadensis
kg/m^

Percent of total

CeratophYllum demersum
kg/m^

Percent of total

Trapa natans
kg/m"2~

Percent of Total

*Other
kg/m2

Percent of total

Total
kg/m2

Sample Plot Number

1

4.08
91%

.36
8%

0
0

trace**
1%

4.49

2

1.29
39%

1.69
51%

.23
7%

.17
3%

3.38

average

2.69
67%

1.03
26%

.12
3%

.11
2%

3.95

* Miscellaneous vegetation gathered in sample

** Less than 0.05 kg/m2



Table 2. Macromitrient percentage of total plant
dry weight in Anacharis sp.

From: Weed Harvest and Lake Nutrient Dynamics. Anon
N. S. E. P. A. Ecological Research Series,
EPA-660/3-73-001. July, 1973. Table 6.

Nutrient Percent Composition

Nitrogen 3.2%

Phosphorus .37%

Carbon 27%



Anacharis
canaaens

A. canadensis and C. demersum
dense throughout the pond.

SA
PR
Py
T
C
L

Im

Salix babylonica
Fraxin'ua pennsylvanica
Polygonum sp.
Trapa natens
Ceratophyllum demersum
Lythrum sp.
Pot.amoge'ton sp.
Impatiens capensis

Figure 1. Aquatic macrophyte structure and composition
Black's Nook Pond, Cambridge, Massachusetts
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APPENDIX E

BLACK'S NOOK POND WATERSHED HYDROLOGIC BUDGET
SUMMARY OF DETERMINATIONS

PRECIPITATION: Source: National Oceanic and Atmospheric
Administration - March 1985 -
February, 1986.

PRECIPITATION = 40.29 inches
= 28.99 million gallons/year
= 0.11 x 10 cubic meters/year

GOLF COURSE WATERING; Source: Industry Standard Practice

WATERING = 26.0 inches
= 10.17 million gallons/year
= 0.038 x 10 cubic meters/year

RUNOFF: The amount of direct runoff from the
watershed was determined by an
assessment of the physical character-
istic of the watershed, which yields
a runoff coefficient. Runoff coef-
ficients were determined based on an
evaluation of watershed character-
istics (soils, slope, land use,
etc.). The Hydrologic Notations at
the end of this appendix contain this
evaluation. Total precipitation
falling on the watershed was multiplied
by the runoff coefficient to determine
the annual runoff, as noted in Table
E-l. Precipitation falling directly
on the pond is included in the runoff
catagory, for budget calculations, as
it contributes to the total watershed
outflow. The calculation for pond
runoff is precipitation minus direct
evaporation as noted in Table E-l.
Total runoff includes the watershed
and the surface of the pond. The
total runoff was:

RUNOFF = 10.55 million gallons/year
= 0.04 x 10 cubic meters/year

EVAPOTRANSPIRATION: Determining potential svapotranspira-
tion by the Thornthwaite method as
described by Mather and Rodriguez



(1978) utilizes mean monthly air
temperatures to estimate the amount
of energy available for evapotrans-
piration. Actual monthly evapb-
transpiration is estimated based on
the energy potential and the availa-
bility of precipitation and soil
moisture content. Table E-2 depicts
the monthly breakdown for potential
evapotranspiration. Specific method-
ologies and equations for this
calculation are contained in Mather
and Rodriguez. Table E-3 is the
summary of the methodology used to
determine actual evapotranspiration.

EVAPOTRANSPIRATION = 17.69 million gallons/year
= 0.067 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 evapo-
transpiration as shown on Table E-3
as surplus.

INFILTRATION = 9.09 millign gallons/year
= 0.034 x 10 cubic meters/year

BLACK'S NOOK POND EVAPORATION: Direct evaporation from the pond
is approximately equivalent to 27
inches for Massachusetts lakes and
ponds (Linsley et. al. 1975).

Direct Evaporation =1.83 million gallons
= 0.007 x 10 cubic meters/yr.



1ABLE E-l
BLACK'S NOOK POND

SUMMARY OF WATER BALANCE TOTALS BY SUBWATERSHED

Infiltration
Surface Evaporation or Groundwater

Area Precipitation* Runoff Evapotranspiration Runoff
(Acres) (Acre-Feet) (Acre-Feet) (Acre-Feet) (Acre-Feet)

Watershed 24.0 111.78 29.62 54.28 27.88

Pond 2.5 8.39 2.76** 5.63 N/A

TOTALS 26.5 120.17 32.38 59.91 27.88

* Precipitation Value adjusted for Golf Course Watering
** Direct precipitation on the pond less direct evaporation is included in the runoff column

Conversion from Acre-Feet to Gallons (x 3.259 x 10 ) _,
Conversion from Gallons to Cubic Meters (x 3.785 x 10 )



TABLE E-2
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS
POTENTIAL EVAPOTRANSPIRATION CALCULATIONS

Month

March

April

May

June

July

August

September

October

November

December

January

February

Heat Index

Temp .

40.4

49.3

59.3

64.8

73.5

70.4

65.4

55.4

45.4

31.3

31.4

28.9

Unadjusted
P.E.T. . Day Length

i1 J (47.5) ( ' Factor1

0.90

2.69

5.37

7.08

10.12

8.99

7.28

4.25

1.82

0.00

0.00

0.00

48.5

=48.5 Adjusted Reading

Evapo transpiration = 27

0.02

0.05

0.09

0.11

0.15

0.14

0.11

0.07

0.04

0.00

0.00

0.00

- Appendix II

30.8

33.6

37.8

38.3

38.6

35.9

31.2

28.5

24.5

23.4

24.5

24.6

« 47.5

Potential . .
ET (inches) ( '

0.62-

1.68

3.40

4.21

5.79

5.03

3.43

2.00

0.98

0.00

0.00

0.00

27.14

.14 inches/year

1. Mean Monthly Temperatures - N.O.A.A. (1985-1986)
2. Monthly Heat Index (i) - Appendix I - Mather & Rodriguez
3. Unadjusted Potential Evapotranspiration - Appendix II -

(1978)
Mather &

Rodriguez (1978)
4. Daylength Correction Factor - Latitude 42.0° - Appendix III -

Mather & Rodriguez (1978)
5. Column (3) Multiplied by Column (4)



TABLE E-3
BLACK'S NOOK POND

CAMBRIDGE, MASSACHUSETTS
WATER BALANCE

COMPONENTS (IN.)

Mean Monthly
Temp (°F)

Potential (PET)
Evapotranspiration

Precipitation (P) *

Direct runoff
(C = 0.265)

Effective
Precipitation (EP)

EP-PET

Storage
(Max = 5.00")

St. Change

Actual Evapo.

MAR. APR.

40.4 49.3

0.62 1.68

2.29 4.54

0.61 1.20

1.68 3.34

1.06 1.66

5.00 5.00

0.00 0.00

0.62 1.68

MAY

59.3

3.40

6.04

1.60

4.44

1.04

5.00

0.00

3.40

Surplus 1.06 1 . 66 1 . 04
Potential Evapotranspiration = 27.14 inches/year
Actual Evapotranspiration = 27.14 inches/year

JUNE

64.8

4.21

6.54

1.73

4.81

0.60

5.00

0.00

4.21

0.60

JULY

73.5

5.79

6.11

1.62

4.49

-1.30

3.70

-1.30

5.79

0.00

AUG.

70.4

5.03

'9.27

2.46

6.81

1.78

5.00

1.30

5.03

0.48

SEPT.

65.4

3.43

5.60

1.48

4.12

0.69

5.00

0.00

3.43

0.69

OCT.

55. 4

2.00

1.65

0.44

1.21

-0.79

4.21

-0.79

2.00

0.00

NOV.

45.4

0.98

6.39

1.69

4.70

3.72

5.00

0.79

0.98

2.93

DEC.

31.3

0.00

1.21

0.32

0.89

0.89

5.00

0.00

0.00

0.89

JAN.

31.4

0.00

3.42

0.91

2.51

2.51

5.00

0.00

0,00
•

2.51

FEB.

28.5

0.00

2.83

0.75

2.08

2.08

5.00

0.00

0.00

2.08

* Precipitation Data is amended to include a 2.6 inch value for monthly golf course watering between April 1 and
September 30.
This value is based on 4.33 inches spread on 14.4 acres versus the 24 acre wateshed.



TABLE E-4
GENERAL HYDROLOGICAL BUDGET SUMMARY

FOR
BLACK'S NOOK POND WATERSHED

As noted previously, the equation for the hydrologic
budget is:

0 = ( R + I )

WHERE:

P = Precipitation
W = Golf Course Watering
R = Runoff
I = Infiltration

ET = Evapotranspiration
E = Direct Evaporation
o = Outflow

PRECIPITATION:

GOLF COURSE WATERING

INFILTRATION:

RUNOFF:

EVAPOTRANSPIRATION

EVAPORATION:

OUTFLOW:

= 28.99 million gallons/year,o- 0.11 x 10 cubic meters/year

= 10.17 million gallons/year
= 0.038 x 10 cubic meters/year

= 9.09 million gallons/year
_. i n D= 0.034 x 10 cubic meters/year

= 10.55 million gallons/year
= 0.04 x 10 cubic meters/year

- 17.69 million gallons/year. i «o= 0.067 x 10 cubic meters/year

= 1.83 million gallons/year
= 0.007 x 10 cubic meters/year

= 19.64 million gallons/year
= 0.074 x 10 cubic meters/year



HYDROLQGIC NOTATIONS

In order to approximate that portion of precipitation

that constitutes direct runoff, a runoff coefficient was

selected for the watershed. The selection of a runoff coefficient

varies on the basis of land use, soil type (s) and degree of

impervious surface in any watershed area. These factors

have been considered in selecting runoff coefficients for

various land uses as presented in Design and Construction

of Sanitary and Storm Sewers, prepared by a joint committee

of the American Society of Civil Engineers and the Water

Pollution Control Federation, 1979. This reference was used

in conjunction with soils and land use data to calculate a

runoff coefficient for the watershed as follows:

Step 1 - Calculate weighted hydrologic soil group for the
watershed.

Hydrologic Soil % of Watershed Weight Product
A 0 4 0
B 80 3 24
C 10 2 20
D 10 1 10.

260 : 100 = 2.7
or Soil Group B/C



Step 2 - Based on hydrologic soil group and runoff coefficients
(A.S.C.E. and W.P.C.F., 1979, pg. 51), determine weighted
runoff coefficient for the watershed.

Chosen Runoff
Land Use Coefficient

Commercial (Golf)
Open Space
Forest
Wetland
Agriculture
Residential

Hence, the runoff

0.3
0.20
0.15
0.30
0.20
0.30

coefficient

% of '
Land Product

60
20
10
10
0
0

for the

18.0
4.0
1.5
3.0
0.0
0.0
26.5 :100 = 0.265

watershed is 0 . 265 .

Another component of the water balance calculation is

determination of the potential soil moisture content. This

value will vary with soil type as noted in Urban Hydrology for

Small Watersheds, Technical Release Number 55, U.S.D.A. Soil

Conservation Service (1975). Utilizing a "Curve Number or

CN" value based on land use and soils, a weighted CN value

can be determined, as follows:

Hydrologic Soil Curve
Land Use Group Number (CN) Acres Product

Commercial
Open Space
Forest
Wetland

B
C
B
D

61
79
60
80

14.4
4.8
2.4
2.4

878.4
379.2
144.0
192.0

24.0 1593.6

CN = 66.40



Upon determination of the weighted Curve Number and

referencing the Soil Conservation Service - National Engineers

Handbook Section 4 - Hydrology, (1972) Table 10.1, maximum

soil storage potential (Smax) can be determined as follows:

Watershed . Curve Number Smax (Inches)

1 66.40 5.0



Appendix F



APPENDIX F

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
as having a certain capacity for the renovation of polluted
waters. There are four apparent mechanisms at work in the
wetland system. These are: physical entrapment; microbial
utilization; plant uptake; and absorption (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
E>ase by allowing industry, but 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 photo-synthesis 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) .

pilution 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 and
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-
tion 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.'s 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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