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EXECUTIVE SUMMARY

An eighteen-month intensive study of Ashumet Pond was
conducted under the Massachusetts Clean Lakes Program for the
Towns of Falmouth and Mashpee. The purpose of the combined
diagnostic/feasibility study was to define the current
condition of Ashumet Pond, identify the sources of nutrients
and organic contaminants which now enter it or may enter in the
future and to propose engineering (structural) and planning •
(non-structural) solutions to maintain a healthy pond. To
improve and maintain this valuable recreational water, four
factors must be considered.

1. The physical and chemical interaction between
groundwater and surface water has been poorly understood and
appreciated in the historical development of Ashumet Pond. The
critical limiting nutrient, phosphorus, can be transported long
distances horizontally and can upwell vertically along recharge
shorelines of the pond. Groundwater concentrations of
phosphorus above .020 mg/1 induce filamentous algal growths
along the shoreline which are predictable from waste-water
inflows. The pond serves as a nutrient sink, retaining an
estimated 70% of the phosphorus that it receives.

2. The pond is currently in a mesotrophic state,
moderately productive and conducive to good fishing, but
exhibiting stressed conditions from four controllable sources:

a) Otis Air National Guard (ANG) sewage plume

b) Abandoned bog

c) On-lot sewage

d) Lawns

Otis Sewage Plume: An upwelling of the Otis ANG Base
sewage plume in the Fisherman's Cove area has been implicated
in periodic fish kills. Despite cessation of the source of the
plume in 1984, the primary phosphorus load will continue to
move into the pond.

i
I
i
i
i
i
i
i

Abandoned Bog: Storm water flow from the abandoned,

I eutrophic cranberry bog to the north of the pond serves as the
second largest discrete source of nutrients. The phosphorus
levels are progressively lessening from actively-farmed areas
as the bog is being reclaimed by wetland vegetation. Heavy

I stormwater flows, however, discharge sediments and nutrient-
rich or bog waters to the trough at the north end of the lake
basin.
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Residential Development: Phosphorus migration through
groundwater from onsite sewage plumes and increasing frequency
of commercial care of lawns are causing moderate growth of
shoreline vegetation. Over 60% of the runoff phosphorus
loading in the immediate watershed (30 of 49 pounds P per year)
originates from lawn fertilizer (.2 kg or .5 Ibs per year per
lot). Annual groundwater loadings from the B and C zones (in
recharge zone and within 100 m of the shoreline) can be
estimated as .1 kg (.25 pounds) per person or .3 kg (.75
pounds) per three-person housing unit per year.

3. The sources of water inflow and phosphorus loading
fall naturally into three combined topographical and
hydrological zones which can be used for remediation and
maintenance strategies:

The A Zone: The principal recharge zone consists .primar-
ily of Otis ANG land, currently low in phosphorus loading with
the notable exception of the historical residues ofthe eastern
sand filter bed discharge from the sewage treatment plant.

The B Zone: The nearshore (100 m) region contains
exceptional groundwater flow velocities and relatively low
oxygen conditions. This region is very sensitive to onsite
sewage discharges which migrate through the nearshore lake
bottom, stimulating vegetative growth.

The C Zone: This region contains outward-flowing
groundwater, as well as surface discharges from land runoff

• into the near shoreline. Septic leaching units, if greater
I than 100 feet back of shoreline, are unlikely to discharge into
• lake waters. Lawn fertilization serves as the principal

nutrient source.
I
j 4. Monitoring of hazardous waste migration will be

necessary to assure high-quality cold waters for trout
populations and lake surcharge to nearshore wells. Organic

f contamination from petroleum products and solvents is present
I in groundwater sources impacting the abandoned bog area. At

present, the organic compounds in Ashumet Pond remain at trace
f levels not requiring action. However, over ten major sources
• of historical discharges, including the former bog activities,
i should be investigated further and mitigation programs should

be developed.

J The detailed documentation for the diagnostic study is
1 included in the first portion of the study. A second portion

contains the feasibility study and appendix for the entire

I project. The feasibility section contains comments on
recommended actions to improve and maintain the pond water
quality and recreational value. A summary of the feasibility
analysis is presented in the second volume with summarized

I costs of action.
I VIII
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1.0 INTRODUCTION

.1.1 BACKGROUND

Ashuroet Pond represents one of the classic kettle ponds on
Cape Cod. In the 1800's, the lake was named "Shumac" and was
known for its clear blue water and sandy shores. The lake is
split between the towns of Falmouth and Mashpee. It has a
minimal inlet from drained abandoned cranberry bogs along its
north shore and no apparent outlet. The pond is formed by the
intersection of the general groundwater table with a kettle
depression most likely created by past melting of a large
circular glacial block of ice. Groundwater flow through the
sand and cobblestone bottom provides the oxygenated cold water
that allows a prime trout population to maintain itself,
creating one "o'f the more attractive fishing spots on Cape Cod.
See Figure 1 for location of Ashumet Pond and delineation of
the recharge area.

The laKe reflects the following collective pressures
currently impinging on Cape Cod lakes:

1. Increasing shoreline development
2. Heavy and often conflicting recreational use
3. Sewage disposal impact
4. Hazardous material intrusion
5. Split political jurisdictions
6. Growing recognition as an economic asset

Most users agree with the asset value of a clean lake,
but would collectively feel that more should be done to improve
the first five areas. The Ashumet Pond Clean Lakes Project
represents a combination of efforts of the Lake Association
members, the young and old fishermen, the often-unheralded
State Fish and Game personnel who stock and monitor the pond,
and those who enjoy the beaches and water in numerous ways.
Many individuals in government have worked hard to foster an
increasing awareness of the fragile nature of the quality of
the pond.

One aspect of the lake project emerges clearly: For
successful future maintenance of the pond, there must be
cooperation between the governmental bodies which abut the pond
and occupy the land which supplies its water source.
Constructive cooperation can form an alliance concerned with
focusing on water quality and quality of life goals.
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Figure 1. Locus map of Ashumet Pond and surrounds showing
recharge area.



1.2 PURPOSE AND SCOPE OF THE STUDY

The Ashumet Pond Diagnostic/Feasibility Study has five
major objectives:

1. To fully meet all requirements of the Clean Lakes
Program Rules and Guidelines and the Substate
Agreement, providing a basic knowledge of the
limnology and functioning of Ashumet Pond;

2. To evaluate the existing and potential future impact
of the discharge into Ashumet Pond from a plume of
wastewater originating at the Otis ANG sewage
treatment plant;

3. To ev.aluate the existing and future impact of runoff
discharges from the Otis ANG Base region into a bog
drainage system discharging into Ashumet Pond in its
northeast corner; <

4. To evaluate the current impact of nonpoint sources,
such as on-site wastewater systems and road drainage,
and to develop guidelines for other, Falmouth and
Mashpee freshwater ponds to avoid accelerated cultural
eutrophication;

5. To evaluate alternatives and develop an equitable
strategy for protection, maintenance, and improvement
of Ashumet Pond.

Complaints of algal blooms began in the 1970's and
attached vegetation has become evident along the developed
northwestern shorelines, particularly in the region near the
Otis plume. The study concentrated on determining the sources
of nutrients which may promote such localized blooms. During
the course of the study two fish kills were investigated.
Deaths were due to oxygen depletion. Previous dissolved oxygen
profiling performed during the Barnstable County 208 program
had revealed reduced oxygen in the deep basin of the lake (EMI,
1978) .

In the Cape-wide study, Section 208 (areawide waste
treatment management) of the Federal Water Pollution Control
Act Amendments of 1972 (PL 92-500) , Cape Cod Planning and
Economic Development Commission (CCPEDC, 1978) stated that
problems in the nearby Mashpee area could be controlled by
"implementing a pond management program" and through "non-
structural solutions, including careful management of on-site
systems, water conservation, and innovative options."

A kettle pond management program will be crafted to
provide the following information for Ashumet Pond:
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I I. Delineation of the probable recharge area based upon

existing rates of discharge, direction, and rate of
entering flow and prevailing groundwater gradients.
The existing land use within the recharge area will be

( defined including the location of identified hazardous
waste sites.

• 2. A definition of the "carrying capacity" of the pond
I based upon its flushing characteristics, existing
• nutrient loading, the calculation of the trophic

"index" of quality of the pond, and projected loading
• at saturation development.

• 3. A computation of the "equitable loading" per acre
and per shoreline distance to maintain the lake at its

• " • current trophic status.

4. An assessment of localized plume discharges or runoff
discharges, including hazardous waste.i

i
i
i
i
i

A ranking of the relative significance of problem sources
will be emphasized in the feasibility section and alternative
programs formulated for improving and maintaining Ashumet Pond
as a recreational and aesthetic resource.

1.3 HISTORICAL LAKE USES

Ashumet Pond was managed as a fisheries resource by the
Massachusetts Division of Fisheries and Wildlife. The pond was
originally stocked with trout, large-mouth bass, and perch in
the 1930's to 1950's. From the 1950's to 1970's, it was
stocked erratically with trout. The pond is currently stocked
with rainbow trout (Salmo gairdneri Richardson), brook trout
fSalvelinus fontinalis Mitchell), yellow perch (Perca
flavescens Mitchell) and recently, smallmouth bass (Micropterus
dolomieu Lacepede). It is stocked annually with trout and the
second stocking of smallmouth bass has just been completed
(personal communication, Joe Burgen, 1987). Figure 2 shows
trout fishermen populating the Fisherman's Cove region during
fall.

I Ashumet Pond has two public landings (Figure 3). The
Falmouth landing lies on Massachusetts Fish and Game property
and opens up to Fisherman's Cove. The Mashpee landing lies on

I the northeast corner of the pond. The Falmouth landing serves
as a developed boat ramp adjacent to a popular public beach.
Both landings provide access for a wide variety of contact

_ (swimming) and non-contact (power boating, sailboating,
I canoeing, fishing) recreational uses.
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Figure 2. Fishing on Ashumet Pond showing spinner bait fishing
and trout fly fisherman in waders (upper) . A small
boy gleefully displays his rainbow trout. Another
group shows off trout and smallmouth bass.
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Figure 3. Pufclic access areas in Falmouth and Mashpee



I
I

The Falmouth landing has a widened asphalted parking area
with granite and concrete curbings. Over twelve parking stalls
are available, with provision for boat trailers. During the
summer, toilet facilities are positioned near the launching
ramp. The concrete ramp slants down into about meter-deep
water above a sandy bottom for boat launching.

At present, the Mashpee landing is a narrow, steep roadway
ending in a slight dog-leg left. The area has room for only
one car, at best, and frequently requires a 4-wheel drive
vehicle for return to the roadway. The steep slope makes the
access treacherous during winter months.

2.0 LOCAL ENVIRONMENT

2.1 METEOROLOGICAL CONDITIONS

The climate in Falmouth/Mashpee is considered to be humid
continental that is modified by close proximity to the ocean.
The mean annual rainfall in the Ashumet region has been
recorded as 48 inches (102 FIW Weather Office) at Otis and 46
inches during gauging at Hatchville (Palmer, 1977). Net
precipitation (total rainfall minus evaporation and other
losses) is 21 inches. The one-year, 24-hour rainfall recurrent
event of .27 inches (U.S. Department of Commerce, 1961) has
been said (E.C, Jordan, 1986) to have a significant potential
for runoff and erosion. Occasional tropical storms
intersecting the Cape may produce 24-hour rainfall events of
five to six inches.

Prevailing winds are from the northwest in the winter
months (November through March), and from the southwest during
the remaining months. Wind velocities range from a mean value
of nine miles per hour from July through September to an
average of twelve miles per hour during the fall and winter
months.

During a normal year, rainfall is fairly evenly
distributed among the months. The precipitation record for the
Ashumet Pond region during this study is compared with the
normal pattern in Table i. An exceptionally high rainfall was
observed in August with the arrival of two tropical storms.

2.2 SOIL TYPES

Generally, the soil profiles in the Ashumet Pond watershed
show sandy topsoils with sandy loam to gravelly sand underlain
by .sand or gravel, similar to nearby Johns Pond (SCS data in
McVoy, 1980). The dominant soils of the pond region are
characteristic of the surficial deposits of the Mashpee pitted
plain. The dominant soil types are of the Agawam or Enfield



TABLE 1

ASHUMET CLIMATOLOGICAU DATA

00

Temperature (F°)

Month

Jan
Feb
Mar
Apr

May
Jun
Jul
Aug
Sep
Oct
Nov

Dec
Annual

Daily Moan
Max Min

38
38
43
53

64

73

78

77

70

62

52

41

57

24

23

30

38

47

57

63

' 62

55

46

'. 37

27

' 42

Extreme
Max Min .

60

59

6B

79

86

97

96

99'

89

82

74

65

99

-7

-9

1

IS

28

41

47

44

36

22

15

-10

-10

Precipitation (in)

Mean

4.8

4.1

4.3

4.7

3.4

2.0

3.3

4.8

3.9

3.7

"4.5

4.3

47.8

1985

1.4

1.3

3.0

.8

5.7

3.5

2.7

9.5

.1.08

1.98

4.75

3.5

39.2

Surface
Prevailing
•Direction

. NW

NW

NW
SW

SW

SW'

SW

SW

SW

SW

NW

NW

wsw

Winds
* Mean
Speed

11
11
12
11
10

10

9

9

9

12

11

12
11

Source: 102nd FIW Weather Office: E.G. Jordan, 1986
Period of Record: October, 1942-April, 1944, November, 1948-December, 1971

* Wind.speed in miles per hour
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series. The Agawam series are well-drained and are capped with
a sandy loam surface soil extending one to two meters (three to
six feet) beneath the surface. Gravel commonly occurs below
about one meter (three feet). The Enfield sandy loam soils
have a more distinct crumbly, silty loam surface soil of wind-
blown origin. The silty, loamy sand can become sufficiently
compacted if driven on during rain events to cause local
ponding/ The substratum of both soils is a stratified sand and
gravel. Often, cobblestone layers will occur in a finger-like
pattern, predominantly following a north-south direction.

The soil composition surrounding a pond can affect water
quality and preferred use. The common problems are a) erosion
with sedimentation or siltation, b) pollution of surface water
bodies as a result of septic systems being located in
unsuitable sails for bacterial and nutrient removal, resulting
in shoreline releases, and c) contamination of. a non-point
source seeping into the groundwater supplies of the lake.

The shoreline of Ashumet Pond is ringed on the east,
south, and west by residential development. The progressive
development has only recently entered the recharge regions on
the west (Tritown Circle and Horseshoe Bend) and on the
northeast (Briarwood region). The soils of these regions
(Figure 4 and Table 2) are the Merrimac fine sandy loam and the
Hinckley coarse sand. These are droughty soils formed in deep
deposits of acid sandy and gravelly material. A soil pH of 4
to 5.5 is commonly found.

The northern end of the pond contains high hills of Carver
(37C on Figure 4) and Hinckley (136D) soils with excessive
drainage capacity and exceptional coarse sand and gravel
deposits. These surround an abandoned cranberry bog of
Freetown coarse sand (7), a very poorly drained soil with
natural peat deposits which had been developed for cranberry
production. The drainage channels from the cranberry bog
connect between two shallow ponds and lead to a single
discharge channel through muck deposits (l) to discharge into
Ashumet Pond.

The long channel (6) above the bog region contains one of
the major drainage channels from the Otis ANG Base. The storm
sewers beneath the flight line area carry runoff from the
runways, ramps, hangar deck, drains, and shop drains into three
open drainage ditches (E.G. Jordan, 1986). The western drain
discharges periodically (one to four times per year) into the
abandoned bog region under exceptional storm events.

Many of the soils north of Ashumet Pond (roughly 60%)
consist of urban land (260) and Agawam-Udipsamments urban
complex, general categories for stripped land with partial
loamy remnants, characteristic of the relatively flat Otis ANG
Base.
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Figure 4. Soil types surrounding Ashuinet Pond.
(Department of Agriculture, Cape Cod Extension Service)

I
10



TABLE 2

SOIL TYPES SURROUNDING ASHUMET POND
(KEYED TO FIGURE 4)

Soil
Map
Symbol Field Soil Name

Soil
Map
Symbol Field S6il Name

1 Freetown and Swansea Muck
6 Udipsamments, smooth
7 Freetown coarse sand
9 Stripped land, sand, and gravel
37C Merrimac fine sandy loam,

8 to 15 percent slopes
51A . Carver coarse sand, 0 to

3 percent slopes
51B Carver.coarse sand, 3 to

8 percent slopes

51C Carver coarse sand, 8 to
15 percent slopes

SIDE Carver coarse sand, 8 to
35 percent slopes

52A Windsor loamy sand, 0 to
3 percent slopes

52B Windsor loamy sand, 3 to
8 percent slopes

53A Agawam fine sandy loam,
0 to 3 percent slopes

53B Agawam fine sandy loam,
3 to 8 percent slopes

53C Agawam fine sandy loam,
8 to 15 percent slopes

63A Enfield very fine sandy loam,
0 to 3 percent slopes

63B Enfield very fine sandy loam,
3 to 8 percent slopes

136C Hihkley coarse sand, 5 to 15
percent slopes

136D Hinkley coarse sand, 15 toj25
percent slopes

136DE Hinckley coarse sand, 15 to 35
percent slopes

260 Urban land
262 Agawam-Udipsamments-Urban

complex, 1 to 5 percent slopes
Agawam soils - 30%
Udipsamments - 3021

GP Pits, gravel

U Water
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- 2.3 GEOLOGY

Geology of Inner Cape Cod:

The surficial geology of Cape Cod has been mapped recently
on a 1 cm = 1 km scale (Oldale and Barlow, 1986). Figure 5
(legend on Figure 6) is a geological map of the Falmouth/
Mashpee area. The relative ages of the map units are given on
the map.

Most of the area consists of sands and gravels which are
of glacial origin. These deposits on Cape Cod appear to have
been derived from three different ice lobes: The Buzzards Bay
lobe, the Cape Cod Bay lobe and the South Channel lobe which
came from the northwest, north, and northeast, respectively.
Oldale (1976) and Mather £t. .aJL. (1940, 1942) should be
referred to for more specific details of the origin of glacial
deposits on Cape Cod and the glacial history of this area. The
following description is abbreviated from Palmer (1977).

Nantucket Sound Ice Contact Deposits (Qnd):
These deposits are mostly found in the Great Neck area of

Mashpee near Popponesset along the shore of Nantucket Sound and
at Falmouth Heights along the shore of Vineyard Sound. They
are believed to have been deposited 15,000 years before present
(B.P.)- These deposits consist mostly of gravelly sand and
pebbly to cobbly gravel, but include some till and boulders,
probably derived from the Cape Cod Bay lobe which advanced from
the north. Mather et. al. (1940) referred to these deposits at
Falmouth Heights simply as older outwash sand and gravel.

Mashpee Pitted Plain (Qmp):
This broad, fan-shaped concave plain blankets most of the

study area and covers most of the eastern half of Falmouth, the
southeastern end of Bourne, the southern end of Sandwich,
almost the entirety of Mashpee, and extends further east into
the southern half of Barnstable. The apex of this outwash
plain is located about three miles southeast of the Cape Cod
Canal between the Buzzards Bay and the Sandwich moraines. The
material is chiefly gravelly sand and pebbly to cobbly gravel,
but is known to contain a few boulders. The material at the
apex is coarser-grained than that near the coast (Mather et.
al.f 1940. The outwash plain is believed to have been
deposited from meltwater from the Cape Cad Bay lobe. The plain
is dotted with kettle holes up to 1 1/2 miles long and 70 feet
deep, many of which are filled with groundwater forming the
many freshwater ponds in the area. These depressions were
formed by isolated blocks of ice left by the retreating glacier
that were eventually buried by outwash deposits during its
retreat. Later, as these ice blocks melted, the overlying
sediments collapsed leaving a depression. Also present on the
outwash plain are long, narrow, but continuously-sloping
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GEOLOGY OF THE FALMOUTH AREA

OF CAPE COD, MASSACHUSETTS
41

41*30*
70*4O'

.\

70*35' 70*30'

0 4 8 12 16 thou*cnd ft

C I 2 3 4 kilometers

70* 25'

Figure 5 Geology of the Falroouth/Mashpee area of Cape Cod,
Massachusetts (map redrawn from Oldale, 1976, and
Palmer, 1977). Contours indicate depth in meters
to bedrocX.
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Qb

Qs

Qbo

Qsm

Qgm

Qbm

L E G E N D

Beach and Dune Deposits

(Contemporaneous with Qs)

Marsh Deposits

(Contemporaneous with Qb)

Cape Cod Bay Glacial Lake

Deposits

Buzzards Bay Outwash Deposits

(Contemporaneous with Qsm)

Sandwich Moraine Deposits

(Contemporaneous with Qbo)

Buzzards Bay Ground Moraine

Deposits

> Holocene

., ,e ,,JWoodfordlan

s Buzzards Bay Moraine Deposits

Qnd :-~~r---

Mashpee Pitted Plain Deposits

Nantucket Sound Ice-Contact

Deposits

v^i.,,. „ «) Pleistocene

Cape Cod Wastewater Renovation

Experiment Site (north of sewage treatment plant)

Bedrock Elevation Contour

(Contour Interval = 25 m)

Figure 6. Legend to geological map.
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depressions beginning halfway down the outwash plain and
heading into Vineyard Sound. The likely products of erosion
reach up to about 1000 feet wide and 25 feet deep (Mather et.
al., 1940, 1942).

Post-Glacial Deposits - Undifferentiated Sand and
Gravel (Qsu):

Mostly sand and gravel, including some silt and clay.
It is generally formed in floors, kettle holes and valleys,
particularly along the Ashumet Valley.

Buzzards Bay Moraine (Qbm):
This moraine is a ridge which is one to one-and-a-half km

wide, running from Woods Hole northeast to about one-and-a-half
km southwest of the Bourne Bridge. It consists mostly of till,
with some glaeiofluvial material and locally some silt. The
terrain is hummocky and dotted with many depressions and
boulders. It is believed to have been deposited by meltwater
from the Buzzards Bay lobe either as an accumulation of debris
on the snout of the glacier (Schafer and Hartshorn, 1965) or by
a re-advance of the Buzzards Bay lobe (Mather et. al.. 1940,
1942) .

Buzzards Bay Ground Moraine (Qgm):
Found as hills and knobs in areas west of the Buzzards Bay

Moraine, it consists mostly of sandy till and boulders
overlying glaeiofluvial gravels (Mather et. al., 1940). This
ground moraine material is believed to be ablation till.

Sandwich Moraine (Ssm):
These deposits form a mile-wide ridge trending towards the

southeast from the Cape Cod Canal along the northern side of
the inner Cape. The moraine consists mostly of gravelly sand,
but includes clay.

Marsh Deposits (Qs):
Marsh deposits consist mostly of salt-marsh peat with

interbedded sand, silt, and clay. They may reach depths of 30
feet. They are marine in origin and Holocene in age.

Beach and Dune Deposits (Qb):
Beach and dune deposits consist of sand and gravel derived

from glacial deposits and are largely Holocene in age.

Quaternary History of the Inner Cape Cod Area:

The study area has been glaciated a number of times.
However, all that is seen on the surface in the Falmouth area
are deposits resulting from Late Wisconsin (Woodfordian)
glaciation. During this glaciation, the Laurentide ice sheet
advanced across New England and reached its maximum extent on
Martha's Vineyard and Nantucket by about 27,000 years B.P.
(Ziegler et. .al. , 1964. During this advance over the inner
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I Cape Cod area, it apparently removed any deposits left by
preceding glaciations. By about 15,000 years B.P. the ice
sheet had retreated from Martha's Vineyard (Kay, 1964). During
this retreat across Vineyard and Nantucket Sounds, the
Nantucket Sound ice contact unit was deposited. The ice lobes
eventually retreated, leaving many isolated blocks of ice
behind, until they reached a position of the present Sandwich
and Buzzards Bay moraines. Meltwaters originating from the
Cape Cod Bay lobe then deposited sand and gravel in a fan-
shaped, concave plain which is the Mashpee Pitted Plain. This
sand and gravel surrounded and buried the isolated blocks of
ice left by the retreating ice sheet. With a change in
climate, the ice sheet again advanced, but only a short
distance and unevenly along its border. Apparently, the
Buzzards Bay lobe advanced first and retreated, resulting in
the formation^of the Buzzards Bay Moraine. With continued
warming, the isolated ice blocks in the Mashpee Pitted Plain
and the moraines melted, leaving the many kettle holes now seen
there. Many of these have since been filled with groundwater
and are the ponds scattered across the Cape, of which Ashumet
Pond is one example.

Geological Characteristics of the Pond:

Ashumet Pond is located in the broad Mashpee pitted
glacial outwash plain. Geologically, the region is very young.
The underlying aquifer is composed predominantly of sand and
gravel with some silt and clay deposited during the retreat of
the Pleistocene ice sheets from southern New England over
14,000 years B.P. (Oldale, 1976).

The underlying strata are well-documented by numerous
studies (Oldale, 1969; Kerfoot and Ketchum, 1973 and 1975;
Guswa and LeBlanc, 1981; LeBlanc, 1984). The topsoil
surrounding the shoreline consists of Enfield sandy loam which
forms a two- to four-foot cap on top of roughly 150 feet of
well-sorted, light brown, medium to very coarse sand with some
gravel. Below this lies an additional 100 feet of very fine
sand with some silt. Underneath the unconsolidated sediments
at a depth of about' 200 feet is crystalline bedrock,
predominantly a granodiorite (Oldale, 1969) . Figure 7 shows a
cross-section running north to south adjacent to Ashumet Pond
(LeBlanc, 1984).

The westerly shoreline has a much lower profile than the
eastern bluffs. Three erosion valleys fan outwards above the
pond: the northwest-oriented Simpkins Road, the northern
valley in Sandwich, and the Mashpee channel. Extending
southwest of Fisherman's Cove lies the elongate Ashumet Valley,
from 500 to 900 feet wide and 30 feet deep. The valleys
contain scattered wetlands and a few ponds, but do not maintain
any flowing water or streams. Surface runoff is virtually
negligible, except under tropical storm conditions, because the
sandy soils are very permeable.
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Figure 7. Geologic section showing hydrogeologic units in the
study area (Leblanc, 1984).
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3.0 LAKE CHARACTERISTICS

THE CLASSIC KETTLE HOLE POND

Ashumet Pond stands forth as one of the most perfect
examples of the uniqueness and fragile nature of the Cape Cod
kettle hole pond. Its circular 203 acres of water lie in sandy
glacial outwash deposits between the towns of Falmouth and
Mashpee. The 65-foot deep pond has no surface inlet, save a
small flow from a cranberry bog region in its northeast
section, and no outlet. It is entirely dependent upon
groundwater movement to provide flushing action. The shoreline
consists of sand, gravel, and cobblestone deposits with rocky
bottoms often visible to a depth of ten feet (3.05 m) or more.
Table 3 gives "-morphometric data for Ashumet Pond.

3.1 MORPHOMETRY

A detailed bathymetric map was prepared based on extensive
field measurements, including a minimum of 40 transects, with
depth measurements made at 50-meter (approximately 150-foot)
intervals. Linear transects were run on ice in shallower
depths, using a rangefinder and time-of-travel methods to space
depth measurements. A fathometer and lead line were used to
make depth measurements in deeper regions. The points were

I plotted on an enlarged base map of the pond. The field survey
maximized detail in the shoreline areas, where shallow water
depths are more critical to growth of aquatic plants. The
bathymetric map indicates water depths in one meter (3.3 foot)
intervals (Figure 8).

The pond contains two basins, the northern basin extending
to 18 m (65 ft) deep and an isolated southern basin dipping to
5 m (18 ft) deep. A sandy shoal almost segregates the two
basins. The deep central hole is offset towards the eastern
shore, creating an east-west profile like a ladle with the cup
towards the east. The overall shape has been compared to a
conical depression (E.G. Jordan, 1987).
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Maximum Length

Maximum Width

Mean Width

Maximum Depth ."

Mean Depth

Surface Area

Volume

Shoreline Length

Watershed Area

Recharge Area

Retention Time

Flushing Rate

Groundwater Outflow

TABLE 3
ASHUMET POND

MORPHOMETRIC DATA

1,356 m

991 m

605 m

20 m

7 m

82 ha

5.916 x ,106.-m3

3,901 m

109 ha

488 ha

1.89 yr

.53 times/yr

4,450 ft

3,250 ft .

1,987 ft

65 ft

23 ft

203 acres

4,796 acre ft

12,800 ft

269 acres

1,207 acres

3,132,740 m3/yr 1.11 x 108 ft3/yr
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CONTOUR INTERVALS
IN METERS

Figure 8. Bathymetry of Ashumet Pond (depth below water
in meters)
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3.2 GEOHYDROLOGY

A detailed analysis of groundwater flow was prepared for
the porous-bottom kettle pond. The analysis combines
groundwater slope measurements with direct groundwater flow
measurements to characterize the local hydraulic conductivity
(see Table 4 and Figure 9). The lattice-work pattern was
determined by vertical profiling with direct groundwater flow
measurement. The rate and direction of flow was combined with
head gradient changes to compute hydraulic conductivity changes
across the site. The procedure determined flow characteristics
and defined the zone of contribution by projecting backward
from the vertical profiling and shallow measurements and taking
into account the daily rain water recharge rate across the
site.

The major inflow occurs along the northern 1/3 shoreline
of Ashumet Pond (Figure 9). Velocities above 10 feet per day
(fpd) were commonly found at the extreme northern and southern
ends of the pond. Due to the difference between the gravity-
leveled_lake water and the prevailing groundwater surface,
water upwells into the northern end and downwells (discharges)
at the southern end.

Groundwater Flow Measurements:

The survey team utilized the K-V Associates, Inc. Model 40
GeoFlo groundwater flow meter. To obtain flow measurements,
shallow holes were dug into the water table along the sandy
shores at spaced intervals around the lake. After a PVC casing
was inserted, the sensor unit of the probe head_was placed in a
glass-bead bag and was inserted about two feet into loose,
saturated sand substrate. The casing was then pulled back to
expose the sensor to the natural groundwater flow. The
battery-powered unit required about seven minutes to give
digital information of flow velocity from which direction was
resolved. The unit was calibrated in a simple flow chamber
using medium sand and glass bead packing.

For vertical flow profiling at selected installed PVC
wells, a Model 40 GeoFlo probe was placed into either fine
glass beads poured directly into the well screen or into a
fuzzy packer which had been filled with the fine glass beads.
The probe within the packer was then moved vertically within
the well screen with measurements being taken at discrete
intervals. A profile of horizontal velocities could be
obtained.
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TABLE 4

ASHUMET POND
GRGUNDVIATER FLOW DATA

Test Site

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

Flow Direction
(°MN)

86
270
231
264
273
234
222
211
192
197
166
116.5
. 98
133
66
76
90
110
259
229
200.3
168
99

.174
177
105

Flow Velocity
(ft/day)

1.02*
.23

9.1
• 8.65
37.7
0.16
17.31
20.48
11'. 16
8.33
19.77
2.34
15.77
4.64
4.03

12.72
16.54
9.89
1.08*
4.87*
9.50*
3.42*
5.73*
9.76*
6,29*
3.44*

Soil-Sediment Type

Coarse sand and gravel
Coarse sand, gravel and cobbles
Medium coarse sand and gravel
Coarse sand and gravel
Coarse sand and gravel
Gravel underlain by clay and silt
Medium-coarse sand and gravel
Coarse sand
Medium-coarse sand and gravel
Coarse sand with some dark silt
Sand and gravel, medium grey
Very coarse sand, medium grey
Coarse sand .and gravel
Very coarse sand and gravel
Medium coarse sand overlain by 1 ft silt layer
Very coarse sand, gravel and cobbles
Very coarse sand, gravel and cobbles
Very coarse sand and gravel
Coarse sand, gravel and cobbles
Medium coarse sand and gravel
Coarse sand and gravel
Coarse sand and gravel
Coarse sand and gravel
Coarse sand and gravel
Very coarse sand and gravel
Very coarse sand and gravel

'Denotes Recharge J = 9.38
Mean value of recharge - 5.01 ft/day
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GROUNDWATER FLOW SCALE
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Figure 9. Direct flow measurements. See Table 4 for
information on flow rates, directions, and soil-
sediment types.
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Monitoring Well Installation:

Monitoring wells were installed at seven locations within
the assumed recharge area of Ashumet Pond in order to establish
gradients into the pond and directly measure groundwater flow.
Five wells were installed in the vicinity of Fisherman's Cove
in the track of the Otis plume. Two wells were placed north of
the lake. The wells were installed with a Mobile 34 auger rig
operated by Richard W. Rose and Son. Wells consisted of 2"
schedule 40 PVC casing with five-foot long slotted Diedrich PVC
screen placed below the water table. Either .010 inch or .020
inch slotted screens were used, depending on the coarseness of
the aquifer materials encountered during drilling.

Upon completion of the seven monitoring wells, well head
elevations (measuring points) were surveyed to a nearby bench
mark and checked to elevations of nearby U.S. Geological
Survey (U.S.G.S.) wells. Water level elevations were measured
on January 8, 1986, coincident with a water level survey of^
nearby wells by the U.S.G.S. These combined water level
elevations were plotted and are shown on Figure 10.

Flow Measurements at Depth:

Two wells, AM-2 and AM-3, were installed along the north
shore of Fisherman's Cove in order to determine the variation
of groundwater velocity with depth entering Ashumet Pond. Well
screens at these locations were placed as far below the water
table as conditions allowed. Figure 10 shows the distribution
of velocity with depth. At both locations, groundwater
velocity reached a maximum of about 3.0 feet per day six feet
below the water table. Velocity over the measured interval
averaged 1.5 and 2.2 feet per day in wells AM-2 and AM-3,
respectively.

Calibration of the Model 40 GeoFlo groundwater flow meter
used during the profiling followed procedures outlined recently
in Kerfoot (1985 and 1986). The probe, inside a fuzzy packer,
was placed within a section of Diedrich well screen, and then
the formation material was used to fill the flow chamber. By
this procedure, the calibration automatically corrects for well
screen resistance and hydraulic conductivity differences
between the formation and the internal packer.

Additional measurements were obtained from a survey of
selected wells conducted by K-V Associates, Inc. for the
U.S.G.S. in 1982. Table 5 presents the results of the flow
measurements. Flow velocities were observed to range from .63
to 1.62 ft/day. To provide a calibration check, a salt tracer
was injected into the flow chamber. The arrival of the slug
coincided with the predicted time based upon .38 void volume
and fluid flow rate.
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TABLE 5

ASHUMET POND
GROUNDWATER FLOW DATA, 1982

Well " Depth to Water Screened Interval Direction Rate
USGS KVA (ft) (ft) (°HN) (ft/day)

SOW 313 27 10 57.7 - 60.7 120° SE 1.62

FSW 233 2S " 14 . 64.8 - 67.8 150° SE 1.40

236 29 52 103.9 - 106.9 215° SW .90

237 30 48 86.8.- 89.8 nc nc

239 31 6 62.1 - 65.1 213° SW 1,17

244 32 26 88.3 - 91.3 240° SW .63

245 33 10 21.7 - 24.7 174° S 1.00

nc = no clear fVow consistency
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I 3.3 HYDRAULIC BUDGET

Groundwater contributions to Ashumet Pond represent a
_ complex case of inflow estimation. Selected vertical profiles
I were performed along the shoreline to define the extent of
I bottom penetration of flow. Direct flow measurements to define

the recharge shorline were performed around the entire

( shoreline to define the velocities entering and exiting
since lakes with bottoms sealed with fine detritus often
exhibit inflow along the 0-5 meter depths with little inflow
through the deeper portions at 5-20 meters (Kerfoot, 1984). The
velocities found in the top foot of the sandy soil were high.i

i
i
i
i
i
i

The mean velocity within the recharge shoreline (9
measurements) was found to be 1.5 meters per day (m/d) or 5.0
ft/day. The roean velocity around the entire shoreline (26
measurements) was calculated as 2.8 m/d or 9.4 ft/d. If a field
porosity of .35 is used (LeBlanc, 1984), the inflow can be
estimated for the total recharge shoreline by multiplying the
mean velocities times the porosity and the cross-sectional area
of inflow (here mean depth time length of recharge shoreline.

1.5 to 2.8 x .35 X 7 m X 1,200 m X 365 =
1,610,000 to 3,004,680 m3/yr or a mean of
2,307,340 m3/yr

The mean bog inflow would be added to the estimates above
to. yield the total groundwater flow. The nonstorm bog inflow
averages about 500,000 m3/year, when the monthly baseline flow
is considered (details in section 5.5).

Observed inflow (1985-1986):

Bog Inlet (av. inflow) 500,000 m /yr

Groundwater (av. inflow) 2,307,340 m3/yr

I Total Groundwater 2,807,340 m3/yr

Another approximation can be obtained from McVoy's (1980)

I estimates of inflow into the adjacent Johns Pond. Considering
nearshore flow (0-1.5 m) around the entire shoreline and
regional flow as 50% of the intercepted basin, McVoy estimated

_ a minimum of 4,436,800 m /year for Johns Pond. If we assume
I the gross inflow is proportional to shoreline length for each
I pond, Ashumet has 39/70 of the shoreline of Johns Pond. A

direct portion would yield an estimated minimal flow of
• 2,472,931 m /yr for Ashumet Pond.

" A separate estimate of inflow was developed by LeBlanc
(1984) during calibration of a flow model for estimating

( dispersion. LeBlanc relied upon an empirical equation
(Kronbein and Monk, 1943) to obtain permeabilities from split
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I spoon samples taken near the site and on four aquifer-test

sites where pump tests were performed (Palmer, 1977). A

i
i
i
i
i
i
i
i
i
i

hydraulic conductivity of 170 feet per day was used initially,
then increased to 190 feet per day during calibration of the
model. LeBlanc used a mean value of field porosity of .35 from
shallow wells and Morris and Johnson's (1967) reported ranges
of .36 and .42 for undisturbed samples of sandy stratified
glacial deposits. Also assuming a recharge rate of 21.0 inches
per year, a balance of inflow and outflow was achieved at an
inflow of 9.21 x 10 ft per year or 2.61 X 106m3 per year into
Ashumet Pond. See Table 6 for a summary of estimated inflows.
Figure,11 depicts a cross-section of inflow to Ashumet Pond.

3.3.1. Three-Dimensional Analysis

All three estimates have an inherent difficulty; they are
based upon two-dimensional analysis. In reality, the flow
received by the pond is 3-dimensional and is entirely
predictable. The solution to a cylinder of finite permeability
with recharge can be used to depict the recharge zone and
explain the corresponding distortion expected on nearby
groundwater flow.

Figure 11 depicts the similarity between the flow by a
well as a permeable cylinder and a kettle pond. In a uniform
flow system, the flow around a cylinder is defined by the
hydraulic condictivity. For the first case, the hydraulic
conductivity of the well ratio Kr = K2/K1 (where K2 = the
hydraulic conductivity of the cylinder and Kl = the hydraulic
conductivity of the uniform strata (aquifer). Ashumet Pond, a
210 acre dettle pond, is shown in juxtaposition to the well
cylinder example. The groundwater and flow streamlines
contours are reconstructed based upon nearfield ,3m (1 ft.)
contours observed just below the lake. The groundwater
elevations and streamlines observed during 1985 are shown.

The portion of total flow to pass through the cylinder
(Fc) or pond can be calculated by finding the streamline which
is tangent to the cylinder.

For a uniform flow the equation for the streamline (Y) is:

Y = rsine (1 - K1)
r2

j and flow through the cylinder (F) is:

Fcu = 2 Kr/(l + Kr)

Where: r = Radius of cylinder

e = angle of radian triangle

K! = Hydraulic conductivity of outside material
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K2 = Hydraulic conductivity of inside material

K1 = 1-Kr/l+Kr

Figure 12 presents a plot of the flow passing through a
permeable cylinder in a uniform flow field relative to flow
passing through the cylinder when Kr = 1. With kettle lakes,
the resistance to flow approaches 0 when no bottom sealing from
deposits exists. Under these highly permeable conditions, the
boundary of intercepted water flow extends outwards to about
twice (Feu = 2.0) the original width of the lake or pond.

Assuming a cylindrical interception of 605 m wide (1,987
ft.) and 7 m (23 ft.) deep (Ashumet Lake dimensions), by
Darcy's equation, the intercepted flow by a cylinder of Fcu=l
would be 0.6 x 106 m3 per year if no enhancement of flow
occurred. Instead, the region of water drawn in extends
outward to a distance of 580 - 610 m. This corresponds closely
to a Feu ratio of 1.8 in tow dimensions (horizontal cross
section) and a horizontal region of capture which would extend
outwards 600 m from the center of the lake. The expected zone
of capture of the lake matches that expected on the basis of
hydraulic conductivity contrasts alone.

3.3.2. Computation of Recharge Zone:

The anticipated zone of contribution, groundwater
discharge, and movement across the region was estimated using a
modification of Darcy's equation (Kerfoot,: 1986):

ArR «= QGW = ACV = ACK g

where: Ar = land surface recharge area (ft )

R = recharge rate (ft /day)

Q = groundwater discharge (ft/day)

Ac = crossectional area of shoreline (ft )

V = velocity of groundwater (ft/day)
uncorrected for porosity

K = hydraulic conductivity of strata (ft/day)

dh/dl = slope of groundwater

With an inflow of 9.21 x 10 ft /year, a recharge area of
1,207 acres or 5.2 x 10 ft would be necessary to generate the
estimated groundwater inflow to Ashumet Pond. The boundary of

I the recharge area was projected upgradient using the
constructed flow network, substantiated by direct groundwater
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flow measurements.

Ar _ %W =
 9-21 K 10^ ft̂ /vr = 5.2 X 10

7Ft2 or 1,270 ACRES
R 1.75 ft/yr

The recharge rate of 1.75 ft/yr (21 inches) was obtained from
LeBlanc et. al. (1986). Over 78% of the recharge area lies
outside the Town boundaries of Falmouth and Mashpee and within
the Massachusetts Military Reservation (MMR). The associated
flow streamlines are shown in Figure 13 along with the
projected boundary of the recharge zone.

Surface gunoff:

Maximum surface runoff is estimated at 7% (CCPEDC, 1978;
Carter, 1964) ".of the precipitation on the land area within the
immediate surface watershed (see Figure 14 and Table 7),
following McVoy (1980). This amounts to 89,300 mj per year.

Potential evapotranspiration (ET) has been developed by
Carter (1964) for the New Bedford area and Palmer (1977) for
the Falmouth area. The calculated potential ET based upon
temperature data from the Long Pond (Falmouth) pumping station
for 1960 through 1961 was presented by Palmer (1977)
(See Figure 15). The data were then subtracted from the
precipitation data collected at Hatchville to give estimated
recharge values.; The average precipitation over this 17-year
period was 44.52 inches per year. The average calculated ET
over the same period was 25.27 inches, yielding an annual
average recharge of 19.24 inches. The normal precipitation for
the Hatchville station is 46.15 inches per year (1.17 m/y) and
this value was used in deriving the hydraulic budget. Palmer
(1977) assumed in a normal year 20.88 inches of recharge would
be expected.

The amount of water loss due to evaporation from the pond
surface was estimated from the Jons Pond Study (Mcyoy, 1980).
A value of -64 m/yr was considered annual evaporative loss.
The completed hydrologic budget is given in Table 7.
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TABLE 6

ASHUMET POND ESTIMATED INFLOW

I
I
I
I

Source Estimated Inflow

' K-V Associates, Inc., 1986 2.54 x 106 in3/yr

I LeBlanc, 1984 2.61 x 106 m3/yr

McVoy, 1980 (Johns Pond) 2.47 x 106 m3/yr

i
i
i
i
i
i
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Figure 11. Comparison of permeable cylinder (Kr=lo/l) in
uniform flow field with kettle hole pond. Breadth
of recharge zone is 1.7 times crossection (d).
Modified from Wheatcraft, 1985.
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Figure 12. Flow passing through a permeable cylinder in a
uniform flow field relative to the flow passing
through the cylinder when Kr = 1.
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RAINFALL
RECHARGE

LIMIT

1 1 \ I \ \ \ I

HYPOTHETICAL TILTED CYLINDER
IN UNIFORM FLOW WITH RECHARGE

4450 FT
RAIWFAM RECHARGE

CROSS-SECTION OF -ASHUMET POND
SHOWING STREAMLINE FLOW

I
I
I

, HORIZONTAL VIEW OF ASHUMET POND
.SHOWING "STREAMLINE FLOW

Figure 13 Comparison of permeable hemisphere (K- = 10/1) in
tilted uniform flow field with kettlerhole pond.
?,®S5Srge ̂ lon of .both is shown by intersection of
surface of revolution with flat plane of
watertable.
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TABLE 7

ASKUMET POND
HYDRAULIC BUDGET

Source:

precipitation

Surface Runoff

Groundwater

.Evaporation
Pond Surface

Groundwater

INFLOW

1.17 m/yr x 821,512 nr

.07 x 1.17 m/yr x 1,083,604- m2

3
.083 m /sec x 31,536,000 sec/yr

OUTFLOW

,64 m/yr -x 821,512-HI

= •5.61 x,.105 m3/yr

•-•3.92 x 104 m3/yr

= 2:61 x 106 m?/yr

3.65 x 106 m3/yr

- 5.26 x 105 m3/yr

= 3.13 x 106'.m3/yr

"= 3.65 X 106. n3/yr

i
i
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Figure 14. Immediate watershed region of Ashumet Pond
Table 7. Ashumet Pond Hydraulic Budget
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Figure 15. Water balance for Otis ANG Base area for a normal
year (Palmer, 1977).



I
3,4 BASELINE LIMNQLOGICAL DATA

Much of the sampling year was spent collecting baseline
data for evaluation of the pond's condition and identification
of sources of nutrients. Analysis of the collected information
is presented in this section. Some apparent observations are:

1. The lake is currently in a mesotrophic state,
conducive to fishing and recreational activities.

2. The central portion of the lake is well-mixed and
stirred by prevailing winds to a 30-foot depth,
forming a wind-driven gyre rotating clockwise from the
northwesterly-or northeasterly-directed winds. The
southern basin is somewhat isolated from this mixing
and reflects changes in the major northern basin
rather slowly.

3. The northern inlet and invading Otis groundwater
sewage plume have a pronounced impact on the pond.
Both are sizable phosphorus inputs.

4 Plant growth occurs primarily as phytoplankton
populations with only limited vegetative growth on the
shoreline regions.

5. The phytoplankton have included an early summer bloom
of the blue-green algae, Microcvstis sp., which
dominated the Fisherman's Cove station. Microcvstis
blooms are well-correlated with benthic releases of
ammonia (Goldman and Home, 1983,
p. 216).

6. Filamentous golden-brown algae (Tribonema sp.) occur
along the northwest shorelines where wastewater
intrusions from sewage treatment facilities and
residential dwellings penetrate the near-shore lake
bottom.

Figure 16 shows the locations of the four sampling
stations from which the limnological data were gathered.

Physical and Chemical Data:

Measurements for temperature and dissolved oxygen
concentrations were performed with a YSI (Yellow Springs
Instrument Model 17 oxygen meter. Transparency measurements
were made with a standard 20 cm Secchi disc. Water samples
from the deep stations were collected with a standard PVC
Niskin sampler triggered by a drop weight. Inlet and shallow
samples were obtained below the surface by hand. Samples were
transported within the same day to GHR Analytical Laboratories
in Lakeville and analyzed according to Standard Methods (APHA,
1976) . The following analyses were routinely performed:
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Figure 16. Water quality sampling stations:
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PH
Alkalinity
Specific conductance
Ammonia as N
Nitrate as N
Total Kjeldahl nitrogen
Total phosphorus as P
Dissolved phosphate as P
Total dissolved solids
Total suspended solids
Total coliforms
Fecal coliforms

Analytical procedures followed standard methods described
in "Methods for Chemical Analysis of Water and Wastes", Second
Edition, published by the Office of Technology Transfer,
Environmental'Protection Agency (see Table 8), with two
exceptions:

Chlorophyll a Technique:
Analysts: Dr. W. Kerfoot, S. Allen
Absolute Source: Chlorophyll a from spinach, Sigma

Chemical Co., P.O. Box 14508, St. Louis, MO
Methods: Taken from the procedures of Holm-Hamsen et.

al. (J. Conseil, Conseil Perm International Exploration
Her, 30:3,1965 - copy enclosed) and Strickland and
Parson (J. Marine Res. 21:155, 1963), and listed by
Duerring and Rojko (1984) as a modified U.S.
Environmental Protection Agency (EPA) fluorometric
procedure developed by the Division of Water Pollution
Control at Westborough, MA (Kimball, 1979

Chloride Analysis:
Chloride concentration was analyzed by silver titration.
Accuracy was verified by the method of additions (Table
8).

Discussion of Parameters:

Dissolved oxygen (D.O.) refers to the uncombined oxygen in
water which is available to aquatic life. D.O. is, therefore,
the critical parameter for fish propagation. Numerous factors
influence D.O., including organic wastes, bottom deposits,
hydrologic characteristics, nutrients, and aquatic organisms.
Saturation D.O., or the theoretical maximum value, is primarily
a function of temperature. Ideal or preferred D.O. values
range from 6.0 mg/1 (minimum allowable for cold water
fisheries) to saturation values. The latter ranges from 14.6
mg/1 at O C (32 F) to 6.6 mg/1 at 40 C (104 F) (McVoy, 1980).
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TABLE 8

ANALYTICAL METHODOLOGY

Constituent Methodology Equipment Precision

General
PH

Conductivity
EPA Standard Methods (S.M.)

EPA S.M. specific conductance (25°C)
Orion ionanalyzer Model 231
Beckman (Model RC-19)
conductivity bridge

5.0 ± .1
100 - 8 jjmhos

Alkalinity
Total suspended
solids
Total dissolved
solids

Nutrients

N03-N

TKN

TP

Anions
C

Bacteria
Total coliform
Fecal coliform

EPA S.M. (alkalinity-electrometrical)

EPA S.M.

EPA S.M. residue, total

EPA S.M. (distillation with Nesslers reagent)
EPA S.M. (cadmium reduction)

EPA S.M. (digestion, Nesslers reagent)

EPA S.M. (single reagent)
EPA S.M. (single reagent after-digestion

Silver nitrate t i trat ion

MF and MPN

MF and MPN

Orion ionanalyzer Model 231 . 20-1.8

Evaporating dishes, muffle 5 * .1
furnace, drying oven

B & L Spectronic 100 1-00 - .12

B & L Spectronic 100 .30 * .02

B &'L Spectronic 100 *
B & L Spectronic 100 .100 * .01

B & L Spectronic 100 +

Po-tentiometric end point 30.0 * .67

Autoclave, incubator, filter flask
Autoclave, incubator, filter flask

* Similar to NHu-N
+ Similar to P04-P .



The D.O. levels recorded for Ashumet Pond showed a July
minimum of below .1 mg/1 in the hypolimnion at station 1 to
above 11.2 mg/1 in the epilimnion during November. The low
value can be stressful to fish populations, particularly cold
water fish like trout (see Figure 21).

pH is the measure of the hydrogen ion concentration of a
solution on an inverse logarithmic scale ranging from 0 to 14.
Values from 0 to 6.9 indicate acidic solutions, while values
from 7.1 to 14 indicate alkaline solutions. A pH of 7.0
indicates a neutral solution. Typically, streams show pH
values between 6.5 and 7.5, although higher and lower values
may be caused by natural conditions. Low pH values may result
from acid precipitation or acidic bog deposits. High pH values
may result fr.qm detergents or the photosynthetic activities of
phytoplankton (see Figure 17) .

The pH of the pond ranged from 5.1 to 7.1 units during the
year. Depression (more acidic) occurred in discharges from the
cranberry bog outlet or following snowmelt, reflecting the
temporary mixing of acid rain with the predominantly buffered
groundwater inflow. The drop in pH was apparent on 8-27 and
28-85 at all depths of the deep station (IE, M and H).

Alkalinity is the measure of bicarbonate plus carbonate
ions present in water, measured by neutralization with standard.
acid. The resulting value defines the buffering capacity of
the water system. The final value is reported as mg/1 of
calcium carbonate (see Figure 17).

The alkalinity of the pond water stayed relatively stable,
ranging from 8 to 25 mg/1 (as CaCO-j) , except showing a rise
from the bog discharge and in the nypolimnion of the deep
station. The surface waters appear well-buffered by the
groundwater inflow.

Suspended solids refers to the constituents of water which
can be removed by filtration with a .45 urn filter. All buoyant
floating particles that cannot be dispersed throughout the sam-
ple by vigorous shaking are not included as fundamental consti-
tuents of the water. The total suspended solids (SS) ranged
from 2 to 72. Only the hypolimnion and mesolimnion of station l
departed from a mean range of 3 to 5 mg/1 (see Table 9) . A
rise in SS often indicates turbulence in the water or high
production of float-ing algal cells. The highest SS values
occured at the deep station(1M). The fine particulates from the
bog outflow may create a density cloud which moves down a
channel to the deep hole.
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constituents is often used to determine if all major dissolved
elements are being analyzed. Salt intrusions or tidal mixing
is often apparent in the total dissolved solids.

The dissolved solids content of surface waters stayed
fairly stable in the major basin. Mean values ranged from 49
to 61 mb/l. Of note, the southern basin maintained a slightly
lower conductivity, indicating its different circulation
pattern and a tendency to avoid cycling of the northern bog
inflow.

Conductivity is the capacity of the water to conduct
electricity. The value is obtained by applying an electric
current across a Known distance defined as the reciprocal of
resistance in ohms (mhos) measured between opposite faces of a
centimeter cube of an aqueous solution at a specified
temperature. "The conductivity ranged from 83 to 91 Umhos. The
higher values were associated with the bog inflow (station 2)
and hydolimnion of the deep station (see Figure 18).

Chlorides refer to determination of chloride ion in water.
The chloride content of the water can indicate the extent of
saltwater, road runoff or septic system inflow. In the Cape
region, salt aerosolization from wind action on waves often
results in increasing background chloride concentrations in
water bodies as the coastline is approached.

The chloride content of the lake was rather stable, 9.96
to 10.9 mg/1, with the exception of:Fisherman's Cove, which
exhibited a distinct increase to 12 mg/1, probably associated
with the plume (see Figure 17).

Phosphorus is considered the most important nutrient in
fresh water systems. The most common forms analysed are total
phosphorus(made up of (a) soluble phosphate phosphorus, (b)
acid-soluble suspended phosphorus, (c) organic soluble and
colloidal phosphorus, and (d) organic suspended phosphorus) and
inorganic soluble phosphorus(orthophosphate). A close
relationship between total phosphorus concentration and
eutrophic(productivity)state often exists in freshwater
lakes (Vollenweider, 1968). Phosphorus changes form and
concentration with time and this dynamic process is commonly
refered to as the "Phosphorus Circle" within a lake.

Total phgosphorus mean values ranged from a low of .010 to
a high of .035 mg/1 (see Figure 20 and Table 9). Significantly
higher values occurred with the bog outflow (Station 2) and
hypolimnion (Station 1H). Further discussion occurs in
Sections 3.4.1.3, 3.4.1.4, 5.1.1., and 5.1.2.

Nitrogen is often the second most important nutrient in
freshwater lakes.- Nitrogen occurs in many common forms:
dissolved molecular N2, organic nitrogen such as amino acids
and refractory humic compounds, ammonia(NH4), and nitrate(N03).
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Certain algae {bluegreen algae) are also capable of insitu
nitrogen fixation, transforming gaseous nitrogen directly into
organic nitrogen. As with phosphorus, a dynamic nitrogen
circle exists within a lake.

Total nitrogen (TKN + NO3 - N) ranged between .71 and 1.13
at the four stations (see Figure 19 and Tables 9, 10, 11,

12, 13, 14, and 15). These values are more than 15 times the
low and high values, respectively, of the phosphorus values.
This indicates that the pond is phosphorus-limited instead of
nitrogen-limited. More detail on the forms of nitrogen can be
found in Sections 3.4.1.3, 3.4.1.4, 3.4,3, 3.4.3,2, 4.0, 5.0,
and 5.1.1.

Chlorophyll a is a photosynthetic pigment of microscopic
algae (phytopl'ankton) which constitutes the bulk of plant life
in Ashumet Pond. The analysis of chlorophyll a gives an
estimate of the standing crop of phytoplankton which is used to
assess the trophic classification of a lake (Vollonweider,
1979; Wetzel, 1983). Mean concentrations of 1.7, 4.7 and 14.3
mg/l-ppb are common with oligotrophic, mesotrophic, and
eutrophic conditions, respectively.

Figure 22 presents the annual cycle of chlorophyll a as
observed at various stations in Ashumet Pond. The mean content
of the lake stations was 2.43, indicative of mesotrophic
conditions. The abrupt rise in May, 1986 reflected a spring
bloom commonl'y starting under ice.

Table 9 summarizes the water quality data observed at the
four stations on Ashumet Pond.
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TABLE 9

SUMMARY OF THE WATER QUALITY DATA OBSERVED AT THE FOUR STATIONS*

Witer Quality
Pirinettr

Pit

Alka l in i t y
((I CaCOj)
hmonla ai K

Kltritt at H

Toll! KJeUihl H

Chloride

k Solid! :
i Total dliiolved

Total impended

Phoiphit* at Pt
Total

Dlftolvtd

Conductivity

Total Cotlfoni

Fieal Collfont

Chlorophyll a

Station
T MO

(1 twpUil

6.72 * .45 *
(14)

9.64 * 1.22
(14)

.H * .11
.00

.17 * .09
(14)

.56 i .10
(14)

. 10.63 * .53
(14)

53. S t 13.86
(")

3.21 * 1.67
(14)

.013 * .009 '
HO

.008 * .007
(14)

88.23 * C.71
(13)

29.43 t IS
(14)

15.71 * 13.79
' (14)

2.2B

It

Rlftgt

C.I

7

.05

.02

.26

9.5

23

2

.005

.005

84

10

t

1.05

- 7.5

- 11

- .33

- .36

- 1.74

- 11.5

- 80

- 7

- .038

- .032

- 110

- 130

* 50

- 5.94

('.Uu.)
6.22 * .43

(9)

10.33 * 5,55
(9)

.32 * .13
(9)

.16 * .10
(a)

.78 i .33
(9)

10.07 * .66
(91

57.0 * 10.17
(9)

3.89 * 3.25
(9)

.015 * .007
(9)

.011 * .006
(9)

88.75 * 4.fifl
(8)

25 t 21.21
(2)

25 * 21.21
(!)

4.70

1H

Ran

5.5 -

8 *

.05 -

.02 -

.31 -

10.2 -

30 -

2 -

.005 -

.DOS -

ftfi -

10 -

10 -

3.51 -

9"

7.1

25

.77

.34

l.»7

12.0

80

12

.028

.022

100-

40

40

8.65

I * SO

6.24 - .62
(12)

12.75 * 4.61
(1?)

.46 * .38
112)

.17 * .15tin

.90 * 1.47
(12)

10.88 - .99(in
51.08 * 17.8

(12)
13.92 -* 25.14

(12)

.035 * .037
(12)

.027 * .036
(12)

91.55 * 7.83
(ID

17.5 * 15
(4)

10 * 0
(4)

1.77

111

Range

5,5 - 7.5

8 - 2 2

.05 - 1.19

.02 - .12

.09 - 1.76

9.25 - 12.6

' 1 4 - 6 8

2 - 72

.005 - .073

.005 - .049

. as - no

10 - 40

10

Station 2

(I t»«plei) Ringe

5.97 * .52
(10.

15.43 * 4.36
(14)

»J6-*' 19
(14)

.24 * .12
(14)

.89 * .56
(")

9,03 * 1.87
.00

61.93 ± 18.18
(14)

11.64 * 13.53
(10

.015 t .015
(14)

.017 * .014
04)

88.23 * 8.44
(13) •

2263.2*6415.9
(14)

294.5 * 644.2
M41
3.27

S.I -

7 -

.05 -

.02 -

.44 -

5.5 -

22 -

2 -

..005 -

.001 -

60 -

10 -

10 -

1,75

6.8
,.

23

.63

.43

2.16

12.0

90

45

.046

.046 .

95

24,000

2200

- 7.03

S tit Ion 3

T* SO
(1 t inpltf)

6.39 * .48

9.75 i 1.36
(12)

M * .33
(12)

.17 * .08
(12)

.58 * .40
(12)

11.3 - 1.69
02)

49.25 * 19.63
(12)

3.58 * 2.91
(12)

.011 * .005
(12)

.009 * .004
(12)

8&.J7 * 5.5
• (H)

71.67 * 118.1
(12)

41.67 * 75.13
(12)
1.36

Kaitgt

5.8 -

8 -

,05 -

.02 -

.05 -

8.34 -

22 -

2 -

.005 -

.005 -

'74 -

10 -

10 -

r.i

\t

1,22

.33

1.63

15

78

12

.015

.015

9S

330

230

Stttlon 4
T * 5 0

(( ftaplei)

C.42 * .36
(5)

9.22 * .83
(9)

,14 * ,09
(9)

.14 t .11
(9)

.57 * .23
(9)

10.51 • l.OS
M

49.11 * 18.74
(9)

5.58 t 9.S«
(9)

.01 * .005
(9)

.008 * .004
(9)

83.88 * 5.14
(9)

81.11 * 147.93
(9)

29.44 > 43. I)
(9)

\,70

Rang*

5.9 -

8 -

.05 -

.02 -

.28 -

8.08 -

13 -

2 -

.005 -

.005 -

77 -

10 -

2 -

7.0

10

,26

.38

.92

11.5

71

31

.017

.015

90

460

140

* Logarithmic Mean
+ Values given as mg/1 with exceptions of pH

and coliform as counts/100 ml.
hydrogen ion concentration), conductivity as^unhos/cm



TABLE 10

EPILIMN10N.CONDITIONS AT THE DEEP STATION *

Water Quality
Parameter

PH
Alkal in i ty
(as CaC03)

Ammonia as N
Nitrate as N
Total Kjeldahl N

Chloride
Solids:

Total dissolved
Total suspended

Phosphate as P:
Total
Dissolved

Conductivity
Total Col i form

Fecal Col i form

00i
CO
CM

1
in

6.2

9.0

<.05

.36

.51

10.2

54

<2

.010

.006

88

<10

. 2

in
CO

CM

6.3

10
•

<.05
.24
.35

11.3

54

5.

.009

.005

87

10

0

in
. 00

i
CM
CM

1

6.3

7

.22

.13

.55

10.1

43

<2

.005

.005

-

20

20

in
00
i

CM

CO

7.2

10

.26

.10
1.74

11.0

48

< 2 -

.016

.008

110

40

40

*in
CO
i

00

6.1

10

.06

.05

.56

11.0

54

4

.007

<.005

85

130

50

in
COi
to
CM

t
en

6.7

10

.33

.16

.B5

11.5

80

3

<.005

<.005

85

<10

<10

in
CO
i

CM
i
o

6.5

10

.26

.18

.26

10.8

62

2

<.005
<.005
85
45

20

in
COi
to
CM

7.1

11

<.05

.24

.28

10.5

23

<2

.014

.008

89

18

«10

in
COi
o
CO

t
CM
t— 1

7.2

10

<.05

.19

.18

10.4

57

7

.038

.032

84

<10

<10-

ID
CO

CM
1

6.6 -

10

.29

.20

.67

9.5

50

3

.016

.015

88

<10

<10

to
CO

in
CM

1
CM

'7.5

10

<.05

.22

.33

11.0

42

2

.014

.005

87

<10

<10

10
CO

t-*
CM

r
ro

7.0

11

0.05

0.02
,37

10.7

46

6 .

.009

.005

87

18

<10

COi
r-t

7.1

10

.26

.08

.85

10.5

65
2

.010

.005

85

20

<10

ID
CO

r-4
1

6.3

7

.25

.18

.34

10.3

71

3

.019

.006

87

61

18

* Station fflE, Deep Basin, Epilimnion

All measurements in mg/1 except pH {-log hydrogen ion concentration), Conductivity (umhos), Coliforms (counts/lOOml)
** A seasonal disruption in the data evident on 8/27/85 in the epilimnion at the deep station, at Fisherman's Cove, and to

a lesser extent, at the South Basin, similar to that mentioned earlier for the North Inlet station. Most parameters
are affected. This appears due to cooler, low density, water discharge from the bop channel down thr.ouqh the deep
trough of the lake.



TABLE 11

HETALIHNION CONDITIONS AT THE DEEP STATION *

Water Quality
Parameter

PH
Alka l in i ty
(as CaC03)

Ammonia as N
Nitrate as N

Total Kjeldahl N

Chloride

Solids:
Total dissolved
Total suspended

Phosphate as P:
Total

Dissolved

Conductivity

Total Col i form

Fecal Col i form

in
00

CM
t

in

6:1

9.0

<.05

.34

.67

10.8

30

<2

.007

<.005

80

-

-

in
00

CM

ID

5.5

. 8

.24

.20

.63

11.2

57

3

.017 •

.Oil'

OR

-

-

in
00

t
CM
CM

6.1

8

.10

.14

.50

10.2

30

7

.016'

.016

-

-

-

in
00

i '
CM
r-t

00

6.3

9

.39

.24

1.27

12.0

70.

3

.028

.017

88

-

-

in
00

i
r-.
CM

t
00

6.0

8

.37

... -

.90

11.7

36

<2
.

.013

.013

05

• -

-'

in
00i
10
CM

crt

6.5

25

.77

.04

1.02

11.0

.00

12

.023

.022

100

-

-

in
oo
i

CM

O
r-l

6.1 "

8

.29

.10

.35

10.3

60

2

- <.005

<.005

00 '

-

-

UJ
00

t-t
<r

7.1

10

0.05

0.02

.31

10.3

76

2

.016

.005

06

<10

<10

ID
00

f
f-*
f-l

1

6.3

8

.59

.14

1.05

10.3.

' 74

2
.

.014

.006

07

40

40

* Station 01M, Deep Basin, Metalimnion



TABLE 12

HYPOLIMNION CONDITIONS AT THE DEEP STATION *

00

Water Quality
Parameters

PH
Alkal in i ty
(as CaC03)
Ammonia as N
Nitrate as N
Total Kjeldahl N

Chlor ide ,

Solids:
Total dissolved
Total suspended

Phosphate as P:
Total
Dissolved

Conductivity
Total Col i form
Fecal Col i form

in
00
. iro
CM

in

5.8 -
10

<.05

.60

.45

10.4.

39

5

.009

.005-

88

-

-

in
00

t
CM

to

5.5

12

.83

.14
1.31

11.3

48

3

.021

.021

95

-

-

in
CO

CM
CM

t

5.6

15

.80

<.10
1.24

9.9

30

<2

.042

.042

-

-

-

in
00

CM
f-<

• CO

6.1

18

.60

.08 '
1.47

11.5

68

<2

.015

.011

100

-

-

in
CO

CM
1

CO

5.5

19

1.29+

-
1.76

11.7
•

64

2

.133

.131

110

-

-

in
co
to
CM

i
en

6.6

22

.58

.06

.92

12.2

68

63

.059

.049

95

-

-

in
00

i
CM

o
r-»

6.1

9

'.29

.18

.56

10.1

58

2

'<.005

<.005

85.

-

-

to
00
i

CM
1

t-t

6.7

11

.38

.22

.68

9.2
•

14

6

'.016

..016

89

<10

<10

to
CO

in
CM

i
CM

7.5

• 10

<.05

.19

.09

10.4

4 9 ' .

<Z

.022

.005

R7

40

*<10

to
CO

rH
CM

1
fO

B.'l

9

.15

0.02
.97

12.6

39

72

.073

.033

86

<10

<10

CO
1

1— I

ff

6.9

10

0.05

.10

.76

10.8

68

4

.015

.005

85

-

-

10
00

6.5

8

.47

»16
.63

10.5

68

4

.013

.005

07

-=10

<10

* Station fflH, Deep Basin, Hypolimnion
+ Anoxi.c conditions likely.present



TABLE 13
CONDITIONS AT THE BOG fNFLOW (Station 2)

Water Quality
Parameter

PH
Alka l in i ty
(as CaC03)
Ammonia as N
Nitrate as N

Total Kjeldahl N
Chloride
Solids:

Total dissolved
Total suspended

Phosphate as P:
Total
Dissolved

Conductivity
Total Col i form
Fecal Col i form

in
00

ro
CM1
in

5.6

19
.05
.26

.44

7.0

45

7

.025

.015

90

<10

100 '

in
00
i

CM
i

- to

6.2

18
.37+

.16

1.19

8.4

71

10

.041

.041

90

>110

110

in
oc

t
CM
CM

1
r-s.

5.5

16

.39+

.20

1.0

7.9

22

39 •

.053

<.005

-

5400

2200

in
oo

i
CM
r-t
t

CO

6.-1

23

.59+

.10
-

8.5

67

9

.042

.033

'95

1170

220

in
oo

CM
. i

oo

5.1

7

.63*-

.27
1.96

5.5

90

15

.046

.046

60

*24,000

1,300

in
CO

to
CM

f

6.4

10

.16

.18

.70

12.0

60

2

.005

.005

05

490

78

in
00t
CM

O
i— 1

5 . 5 *

11
.20

.31

.46

9.1

74

2

<.005

<.005

90.

170

<ro

inoo
10
CM

1

»-i

e.n

13
.40

.23
2:16
11.2

41

3

.013

.000

90

20

<10

in
oo
i
o
ro

CM

6.6

10

.19

.42

.46
0.7

66

13.

.032

.020

94

<W

<10

u?
CO

1f-l
CM
1

r-t

6. '3

12

.23

.43

.60

9.0

41

45

.015

.014

00

170 '

<10

tooo
1o

CM
1

CM

5.3

16

<.05

.05

.72

11.2

67

2 .

.025

.006

00

<10

<10

to
oo

1•-I
CM

1to

5.9

19

.05

.02

.49

7.4

66

5

.016

.012

94

40
40

ID
00

1

1

6.5

19

.05

.30

.73

9.78

68

6

.014

.009

90

40

<10

to
00

1

1

5.0

15

.22

.36

.62

10.3

81

5

.021

.012

93

45

45

* Low pH indicates rainwater and stormwater discharge, reflected also in high coliform count.
+ Note elevated ammonia concentrations during summer conditions.
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TABLE 14-

CONDITIONS AT FISHERMAN'S COVE (Station 3)

Water Quality
Parameters

PH
Alkalinity
(as CaC03)
Ammonia as N
Nitrate as N
Total Kjeldahl N
Chloride
Solids:

Total dissolved
Total suspended

Phosphate as P:
Total
Dissolved

Conductivity
Total Col i form
Fecal Col i form

in
CO
i

n
CM

in-

6,2

10

<.05

.33

.49

10.8

23

3

.012

.005

87

80

18

in
CO

CM

to

6.2

11

.20

.24

.40

12.2'

52

2

.013

.011-

95

50

2

in
COi
CM
CM

1

6.3

9

1.22

.20

1.63

12.5

32

12

.023

.015

-

330

.170

in
CO

r-.
CM

1
CO

.5.9

8

<.05

o.'n
<.05

11.5

78

3

.011

.009

79

310

230

m
CO

. 10
CM

en

7.0
11

.19

.20

.19

.15.0

66

<2

.006

.006

87

<10

. <io

in
CO

CMio
r-l

6.0

9

.32

.18

.61

10.3

64

4

<.005
<.005
86

<10

<10

in
CO

i
to
CM

t-t
r-4

7.1

12

.10

.22

.54

12.9

22

3

.012

.011

89

<10

<ft

in

o

CM

/.I

10

.12

.12

.54

10.7

59

<2

.009

.009

88

<10

<IO

IQ
CO

1
r-t
CM

r-4

6.8
11

.07

.18

.57

10.0

31

2

.015

.015

87

- 20

<10

UD
CO

1
O
CM

1
CM

• 5.8
B

<:.05
<.05

.94

8.34
•

40
<2

•
.017

.610

74

<10

<10

CO
1

CM

6.1

10

.05

.02

.43

10.6

49

6

.014

.005

88

<10

<10

CO
1

6.2
a

.16

.16

.55

10.8

75
2

.014

.006

89

<10

<10

NOTE: Data for 8/12 not available.



TABLE 15

CONDITIONS AT THE SOUTH BASIN (Station 4)

or

Water Quality
Parameter .

PH
Alkal ini ty
(as CaC03)
Ammonia as N
Nitrate as N
Total Kjeldahl N
Chloride
Solids:

Total dissolved
Total suspended

Phosphate as P:
Total -
Dissolved

Conductivity
Total Col i form.

Fecal Col i form

. in
COin
OJ

in

6.4

'10

<-.05
.30

.40

11.0

13

<2

.008

.005

87

'<10

2

in
CO

OJ
OJ

i

6.3

8
.22

.13

.71

10.6-

30

<2

<.005
<.005

-

20

20

in
CO .

i

i
CO

6.1

9
.26

.04

.90"

•11.4

56

<2

.007

<.005
75

460

140

tncc
10
CM

1
en

• 6.7

10

.2d

.16

.65

11.5

60

<2

.017

.007

85

140

45

in
CO
i

OJ
i

O
«— i

6.1

9

.15

.18

.49

10.6

59

2

<.005
' <.005

85-

<10

<10

in
CO

i
o
CO

OJ
t-H

7.0

9
.20
.16

.39

10.2

67

3

.011

.009

86

20

<10

10
CO

f-l
OJ

1

6.8

10

.05

.13

.36

10.0

H Z
31

.016

.015

90

40 '

18

tD
CO

I
O
OJ

1
OJ

5.9

8

< .05
< .05

.20

8.. a .

44
2

..017

.014

77

20

<10

to
CO •
' 1
r-1
OJ

ro

6.5

10

.05 '

.02

.92

11.2

71
4

• .010

.005

86

<10

<10
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Figure 17. Temperature, alkalinity, and pH of Ashumet Pond
surface water sampled during 1985 and 1986. Month
indicated by 1st day: M = 1st day of May
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Figure 21. Recorded dissolved oxygen and phytoplanXton density
in Ashumet Pond surface water samples. Month
indicated by 1st day: M = 1st day of May.
Phytoplankton samples damaged by improper
preservation from June through August 1985.
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I 3,4.1 PHYSICAL CHARACTERISTICS

3.4.1.1 TRANSPARENCY - SECCHI DISC MEASUREMENT
! . . . .
| The Secchi disc is a simple measure of lake transparency.

The white disc, usually 20 cm in diameter, is lowered into the
water column until it disappears from sight and is then raised

? slowly until just visible. The distance halfway between the
1 points of disappearance and reappearance is taken as the Secchi

depth. In highly productive lakes, the Secchi depth may range
I from 0.1 to 2 m (.3 to 6 ft). In oligotrophic lakes with low
I productivity the transparency can be 10 to 40 m (32 to 128 ft).

I
I

In Ashumet Pond the central Secchi depth decreases to 3 m
(9 ft) during-.summer and increases to 5 m (16.7 ft) during
winter (see Figure 23 and Table 16). The mid-lake transparency
is consistent with a moderately productive lake with localized
nutrient impacts. Fisherman's Cove decreases to 2 m (6 ft)
during March and July. The low values coincide with the
observed spring and late summer algal blooms. Often
Microcvstis colonies (a blue-green alga) become sufficiently
thick to form a green stain immediately off the shoreline in
July along the "black rocks" shoreline.

3.4.1.2 THERMAL STRATIFICATION

Thermal stratification occurs in Ashumet Pond and is an
important physical event in the lake's annual cycle. Direct
heating and the depth of the pond lead to stratification into
three regions: a light upper layer -the epilimnion; a cool,
dense deep layer - the hypolimnion; and a transitional zone
between - the thermocline or metalimnion.

The thermocline in Ashumet Pond does not occur at a fixed
depth. Rather, it gradually descends to a depth of about 30
feet, becomes very pronounced during the summer and then decays
until the fall overturn (see Figure 24). The pond waters
generally mix completely twice a year, during spring and fall.
During winter, ice may fully cover the pond for relatively
short periods of time, making Ashumet Pond fall between a
monomictic (nonfreezing) and a dimictic (winter ice cover) pond
classification. When ice is partially present or altogether
absent winter is often a single continuous wind-stirred event.

I During the fall overturn, mixing occurs from top to bottom
and is said to be holomictic (holo - whole; mixis -mixing).

. The extent of mixing is usually substantial and results in
I transfer of significant amounts of oxygen from the surface air
• to bottom sediments. Because of the prolonged mixing time

between autumn overturn and ice cover, "winter kills" of fish
• are extremely rare on Cape Cod ponds.
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"I SEASONAL SECCHI DISK DEPTHS

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

[ 1 - Deep Hole 9 10 12 12.2 - 14 15.7 15 10 9 10

2 -' Inlet *

I 3 - Fisherman's Cove 7.5 9 11 10.5 8 11 - 6 8

' 4 - South Basin 9 10.5 13.5 14.2 11.9 11 11.6 10 -

I * Too shallow

TABLE 16

HI DIS;

1985 1985
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Two other conditions result from the strong top-to-bottom
mixing. Chunks of certain methane-laden bubbly bottom
sediments (some with old weathered oil products) break off and
float .to the southeastern beaches. Also, strong winter winds
and cold air temperatures during January often produce water
column temperatures below 4 C just before ice formation.

3 . 4 .1 ._3 OXYGEN CONTENT

Depending on the season and depth of a pond, each water
body has a particular temperature and dissolved oxygen content.
Ashumet Pond has a distinct stratification during summer which
disappears during winter months (see Figure 24). During the
summer the epilimnion, consisting of less-dense water warmed by
the sun and circulated by wind action, occupies the 0-10 m (0-
32 ft) depths; Below this region is the metalimnion,
characterized by a distinct drop in temperature and poor
circulation. During the fall, winter, and spring seasons, the
stratification breaks down and the whole pond circulates as one
body.

The oxygen content during summer provides valuable
information on the pond's condition. The oxygen content of the
hypolimnetic waters is due to the level of productivity (algal
growth) in the pond and organic content supply (through
deposition and groundwater inflow) to the bacteria in the
bottom sediments. Organic material transported into the pond
from the north inlet can also promote low oxygen conditions.

The low oxygen condition of the hypolimnion occurs during
June and persists through October, usually being destroyed by
the mixing of the upper and lower waters (overturn). This
occurs when the ambient air temperatures dip below 12 C (53 F).
Of significance, the average temperature of groundwater on the
Cape is 15 C (59 F), and this appears to set the upper
temperature limit of the late-summer bottom waters.

Low oxygen in the hypolimnion during summer can
potentially impact fish populations, particularly trout. At
dissolved oxygen levels of less then 4 mg/1, trout are
adversely affected. One of the effects is the elimination of
their capacity to reproduce. The low oxygen level also
promotes the release of phosphorus from bottom deposits into
solution.

The hypolimnetic waters also were found to contain
elevated levels of H2S (rotten egg gas) and ammonia-N, both
toxic chemical agents to trout. Samples of the hypolimnion
revealed ammonia-N concentrations of .80 to 1.29 ing/1 and
dissolved phosphorus of .024 to .133 mg/1, which indicate
internal loading of these nutrients to the pond.
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3.4.1.4 MOTION OF THE HYPOLIMNION

Wind shear and the influence of Coriolis force may combine
to create a Kelvin wave (an internal gravity wave) in Ashumet
Pond during late summer conditions. As the wind force occurs
in mid-afternoon towards the north, the thermocline begins a
clockwise rotation about a center-lake node. As an off-balance
disc, it creates a surging of the water mass below the
thermocline north and thentsouth (Figure 25). Note that the
actual shoreline water motion is clockwise.

This phenomenon could explain the irregular distribution
of the bottom sediments to the north and south of the center of
the pond with little thickness in the central region. The
internally-induced surges would cause accumulation of sediment
more in the north and south central areas in the vicinity of
the more stable "nodal" regions.

The discharge from the northern abandoned bogs contains
high phosphorus and organic material, presently found in the
northern bottom sediment deposits. Because of its lower-
temperature groundwater, this inlet pumps phosphorus- and
oxygen-demanding materials into the trough leading to the
hypolimnion.

Motion-Induced Anoxic Breakout:

During summer stratification, the northern inlet combined
with lake production serve to lower oxygen levels of the
hypolimnion. The extent of favorable northerly winds may then
begin to rock the thermocline. if a large storm occurs,
abruptly increasing the discharge at the northern inlet, the
bottom (hypolimnetic waters can break out, circulating westward
towards Fisherman's Cove.

Four observations of conditions during August, 1985,
following the summer fish kill are consistent with this
explanation:

1. A three-step temperature profile at the deep station,
indicating oscillation of the thermocline (Figure 24).

2. Exceptional rainfall which occurred during late July
and early August (9.53 inches in one month).

3. A chloride content of the hypolimnetic waters similar
to a mixture of inlet and bottom waters (9.9 mg/1).

4. The abrupt occurrence of high ammonia-N (1,20
mg/1), total phosphorus (.023 mg/1), and low dissolved oxygen
conditions (less than 4.0 mg/1 D.O. ) offshore of Fisherman's
Cove during late July.
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Goldman and Home, 1983).

64



I
I

I
I
I
I
i

The existing discharge of the groundwater-based sewage
plume in this region can be sufficient alone to cause localized
fish kills. However, the extent and abruptness of this
observed event argues for a combined explanation.
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3.4.2 BIOLOGICAL CHARACTERISTICS

3.4.2.1 PHYTOPLANKTON AND ZOOPLANKTON

The strong seasonal contrasts in temperature and light
cause seasonal cycles of abundance in floating microscopic
plants (phytoplankton). The density of the phytoplankton and
the species type can provide a great deal of information about
the condition of a pond.

Water samples were depth-integrated at the four stations
to obtain identification and species density data. Each water
sample was shaken and a 50 ml subsample was obtained for
countino;. The fractions were concentrated down to 1 ml and
placed in a gridded cell for counting. The cell density was
then converted to numbers per ml and recorded. Figure 26 plots
the relative frequency of four algal groups: blue-green, green,
diatoms, and other (miscellaneous like golden-browns).

The most common populations were diatoms: Asterionella
formosa. Fracrilaria sp., and Tabellaria sp. Asterionella is a
common diatom in the spring bloom of most temperate lakes. At
the deep station (Station 1) , a distinct spring bloom was
present. The density of the .diatoms falls within the W.P.C.
guideline of "algal blooms", i.e., greater than 2,500 units/ml
(See Section 4.0). No evidence of a fall bloom was apparent.

The colonial coccoid blue-green (Microcvstis sp.)
phytoplankton occurs in the summer and fall in more productive
lakes. It is held together with mucus. The blue-green algae
may form spectacular blooms. At Ashumet Pond in the late
summer they occurred in equally-spaced dot patterns which
appear to phosphoresce to the naked eye. In a transect towards
Fisherman's Cove, a noticeable increase occurred in late July,
just before the major fish kill.

Tribonema sp. is a free-standing filamentous alga found
commonly in spring on shorelines and clinging to emerging
vegetation. The low levels of phytoplankton found during the
spring bloom in Fisherman's Cove reflect the dominance of
attached filamentous algae such as Tribonema occurring in
vertical columns and attached as periphyton to emergent
vegetation.

At Station 3, there is a higher proportion of blue-green
algae (Microcvstis sp.) than at the deep station. Both have
predominantly diatom blooms during spring. Unfortunately, the
filamentous algal bloom (Tribonema) was not counted in the
spring (March) period.
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PhvtOP!arikton Diversity:

Ashuroet Pond is characterized by a high diversity of algae
in a well-balanced species assemblage. Diatoms are present
even during August, demonstrating lack of silica depletion
during mid-summer, although the bottom substrate (exposed
cobbles, much sand) may contribute to dissolved silica levels.
Phytoplankton net samples taken during mid- to late-August
include:

Blue-greens (Cyanophyta)
Anabaena sp, (filamentous, may accumulate in down-

wind sites)
Microcvstis aeruginosa (irregular globs, accumulates

in down-wind sites, clumps may exceed 1-4 mm in
Diameter)

Chroococcus sp.
Coelosphearium sp.

Diatoms (Bacillariophyta)
Asterionella formosa
Fraailaria crotenensis
Tabellaria fenestrata
Svnedra sp.
Melosira sp.

Green Algae (Chlorophyta)
Gelatinous & hard-coated species
Sphaerocvstis schroeteri
Coelastrum sp.
Gloeocystis sp.
Oocvstis sp.
Kirchneriella sp.

Desmids
Staurastrum sp.
Arthrpdesmus sp.
Xanthidium sp.

Golden-browns (Chrysophyta) .
Mallomonas

The mix of small gelatinous greens and blue-greens,
diatoms, yellow-greens, flagellates, and hard-coated (thick-
walled) greens is common in oligotrophic to slightly
mesotrophic New England lakes. The presence of Microcystis and
Anabaena. however, suggests possible late-August nitrogen
limitation at the deep station epilimnion (see Table 10), a
characteristic of lakes receiving accelerated phosphate inputs.
Since both algae are relatively scarce in the water column as a
whole, and only concentrated in down-wind areas on certain
days, they represent a symptom and not a nuisance at this time.
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Algae identifiable at the sediment-water interface also
indicate a diverse assemblage. Composed mainly of well-
preserved diatoms, there are several genera:

Diatoms
Asterionella formosa
Fraailaria crotenensis
Melosira qranulata
Melosira sp, (large, ca. roseana)
Navicula sp, (small sp.)
Stephanodiscus niagarae
Eunotia sp.
Hitzschia sp. (several)
Amphora ovalis?
Tabularia fenestrata
Pinnularia sp.
Stephanodiscus sp. (common)
Cyclotella commensus (not common)
Chrysophycean cysts (small glass spheres with holes)

Green algae
Staurastrum sp.
Arthrodesmus sp.

These diatoms generally indicate a slightly mesotrophic
environment with some indications of eutrophication abundance
of large AStephanodiscus^. Eunotia and Pinnularia are
acidophilic genera, often indicative of bog environments.

Zooplankton Diversity;

Zooplankton are also suggestive of a moderately productive
environment, with a diverse, balanced assemblage. August net
samples (125 urn Nitex) include the following groups, in
addition to numerous rotifers:

Copepods (Copepoda)
Epischura nordenskioldi (large, omnivorous calanoid)
Diaptomus sp. (large-bodied sp.)
Diaptomus minutus (small-bodies sp.)
Mesocyclops edax (large-bodied cyclopoid)
Cyclops bicuspidatus (only a few)

Cladocerans (Cladocera)
Paphnia catawba (moderate-sized, round head, combs on

postabdomen pectin)
.Daphnia dubia (smaller, pointed helmet, fine-toothed

pectin)
Diaphanosoma brachvurum
Eubosmina longispina
Bosmina longirpstris
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The presence of two moderate-sized Daphnia characteristic

of modest fish- and invertebrate-predation environments is also
positive. Spine lengths of Bosmina suggests a diversity of
invertebrate predators, as indicated by Epischura and
Mesocyclops. The Bosmina phenotype (morphology) is not the one
characteristic of eutrophic pond environments (i.e., short-
featured forms) . The Daphnia are abundant in the water
column, as are the diaptomid copepods. The zooplankton
assemblage is characteristic of New England coastal lakes
without alewifes (&losa)(see Brooks and Dodson, 1965; Brooks,
1957, 1968).

Interpretation of Results;

In general, the impression from water chemistry,
phytoplankton, and zooplankton is one^of an initially nutrient-
poor lake undergoing beginning signs of cultural
eutrophication. The sediments, flora, and fauna are
characterized by a diversity of algae (variety of diatoms,
desmids, gelatinous greens, gelatinous and filamentous blue-
greens) and zooplankton (two to three species of Daphnia, two
species of Bosminidae, four to five species of copepods, and
several rotifers). Yet there are several indications of
accelerating eutrophication:

1. Rapid deoxygenation of hypolimnetic waters during the
spring, followed by accumulation of toxic hydrogen
sulfide as a by-product from anaerobic decomposition
(sulfur bacteria);

2. increase in certain diatoms, e.g., Stephanodiscus
niagarae. in post-clearance sediments (since 1700
A.D.);

3. Appearance and accumulating of two blue-greens,
Anabaena sp. (filamentous) and Microcvstis aeruainosa.
during August.

3.4.2.2 MACROPHYTE SURVEY

Using Department of Water Pollution Control (DWPC) field
sampling procedures, a detailed macrophyte (aquatic plant)
survey was undertaken in September. The extent of vegetative
development was found to be limited to shoreline 'regions. The
vegetative biomass is quite low along most beach areas. The
only aquatic vegetation observed was six species of emergent
plants around the shoreline and occasional filamentous algae
(Table 17). Figure 27 shows the areal distribution and
relative density of macrophyton growth in Ashumet Pond.
The sand bar island located in the southern portion of the pond
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TABLE 17

ASHUMET POND
AQUATIC VEGETATION INVENTORY, 9/12/85

Species

Cyperus rivularis (Shining Cyperus)

Polygonum pennsylvam'cum (Pink Knotweed)

Gratiola aurea (Goldenpert)

Gerardia purpurea (Purple Gerardia)

Verbena hastata (Blue Vervain)*

Cyperus strigosus (Straw-colored Cyperus)

Filamentous algae

Relative
Abundance .

' D

D

C

c •

0

0

. 0

Maximum
Depth
(Feet)

<0.5

0.5

<0.5

<0.5

.0.5

<0.5

2

Substrate
Preference

. ' sandy

sandy

sandy

sandy

sandy

sandy

sandy

Mode of
Reproduction

seeds

rhizomes

seeds, stolons,
rhizomes

seeds

seeds

seeds

celluar divisio

D = dominant
C - common

0 = occasional

* = semi-terrestrial
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Genera/Species
Observed

C ~ Cyperus rivularis (shining cyperus)
K - Polygonum pennsyI va ni cu m (pink knotweed)
g - Cratigla aurea (goidenpert)
P - Gerard la purpurea (purple gerardta)
V - Verbena has tat a {"blue vervain)
S - Cyperus strigosus^ (straw-colored cyperus]
F - Filamentous algae

Pcpcpcc

0

0

500 1000 FEET

150 300 METERS

Figure 27. Vegetation relative density and distribution
9/12/85
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and approximately 80% of the pond's shoreline is covered by
limited emergent vegetation.

The most abundant macrojphytes were Cyperus rivularis and
Polvqonum pennsvlvanicum (Shining Cyperus and Pink Knotweed),
which dominated the shoreline of Ashumet Pond. Gratiola aurea
(Goldenpert) wastcommonly observed along the northeast and
northwest shorelines, whereas Gerardia purpurea (Purple
Gerardia) was common in the cove on the southern end of the
pond, and the eastern and western shores. Verbena hastata
(Blue Vervain) occurred occasionally in patches along the
southwest shoreline and the island. Cyperus strigosus was
found in patches along the southwest shore, whereas filamentous
algae were occasionally seen near the northwest shoreline of
the pond.

All of these macrophytes, with the exception of algae, are
emergent plants that are not considered to be nuisance species.
They were all found in sandy substrates, as no organic
substrates were noted close to shore. All species were found
in less than 0.5 feet of water near the pond's edge with the
exception of the filamentous algae which were noted in depths
of up to two feet. No vegetative biomass plots were done as
there was no pronounced macrophyton growth in the pond itself.

3.4.3. FISH KILLS

During the study, two fish kills were observed. The first
occurred during the late summer of 1985, and the second during
the spring of 1986. Both had their own distinct
characteristics.

3.4.3.1. SUMMER _FISH KILL

From the period of July 14 through July 31, 1985, a fish
kill was recorded for Ashumet Pond. An estimated 200 fish,
mainly yellow perch (Perca flavescenŝ  with about 10% bullheads
(locally, horned pouts) flctalurus nebulosus) and rainbow trout
(Salmp gairdneri) were observed on beaches and in shallow
water. The majority of beachings were observed on the
southeast beaches, although dead fish were found in Fisherman's
Cove and the northern beaches near the bog inflow.

Thirty specimens were obtained through the assistance of
residents in the southeast sector. These were transported to
Dr. Louis Liebowitz, a fish pathologist at the Marine
Biological Laboratory in Woods Hole. Most of the fish were too
decomposed to analyze. The remaining specimens of fish
appeared, however, to have died from anoxia (i.e., oxygen
depletion) . Bacterial ulcers found iri the postanal regions of
many of the fish are secondary infections on dead or dying fish
and are associated with the physiological condition of oxygen
starvation.
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I The fish kill originated in the waters off Fisherman's

Cove (Station 3) and rotated around the lake in a clockwise
manner (Figure 28). There was a clear drop in dissolved oxygen
which occurred in the shallow western water. Yellow perch
typically inhabit the top five feet of the water column. Trout
are usually found at mid-depths at the time of year, and
bullheads are bottom dwellers. Three explanations of the fish
kill are considered possible:

1. wind-induced tilting of the deep station hypolimnion
layer containing hydrogen sulfide which broke free and
invaded shallow depths;

2. A release of ammonia nitrogen from groundwater in the
vicinity of Fisherman's Cove which resulted in toxic
conditions to fish and algae;

3. A decaying algal bloom stimulated by groundwater
discharge.

A combination of the three conditions most likely gave
rise to the observed fish kill. Due to wind-driven circulation
and substantial inflow from the north inlet, a mass of
hypolimnion (deep) water from the deep basin hole broke out of
its boundary at the south end of the deep basin.. Initially it
traveled westerly and invaded the Fisherman's Cove shallow
region. Its arrival coincided with a strong inflow of aipTaonia-
nitrogen from the groundwater resulting in a localized fish
kill (KVA observer, July 14: dead fish appeared in shallow
water off Fisherman's Cove).

The deep water invasion would help explain the rise in
Kjeldahl nitrogen, but should also be accompanied by a rise in
specific conductance. The elevated chloride, however,
indicates that the predominant water volume is still being
influenced by the Otis plume water mass and is clearly not
replacing it, but instead probably mixing. From Table 14 the
ammonia-nitrogen concentration (1.22 mg/1) accounts for 75% of
the TKN (1.63 mg/1) on July 22, 1985. On this date, the
nitrogen concentration was higher at Fisherman's Cove than all
other sampling stations, strengthening the basis for the plume
alone (#2) to be the responsible agent.

The dying fish then circulated northward with the lower
dissolved oxygen mass, bringing dying and dead fish to the
north inlet region (IEP observer, July 22: smelly water,
scattered dead fish and oil on water from decomposing fish in
northern waters off beach). The mass of fish then continued
circulating and began beaching in the southeast section from
July 20 through July 31. See Figure 28. At this point, Mashpee
town officials received the most calls concerning dead fish
coming ashore. Samples obtained at the time show a high
percentage of decomposed fish along with a few still
struggling, but with advanced bacterial lesions.
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Figure 28. Summer fish kill showing pathway of impacted fish
along shoreline.
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This scenario would also appear to be consistent with the
ammonia-N peaking first at Fisherman's Cove, at the onset of
the fish kill, the rise during later July in the north end, the
early August peak at the central station, then the mid-August
peaking at the southern station.

Reduced swimming speed and changes in blood and serum
constituents of fish occur at dissolved oxygen (D.O.) levels of
2.5 to 3 mg/1 (FWPCA, 1968). It has been found that D.O.
levels between 5.3 and 8 mg/1 are satisfactory for survival and
growth. The lowered levels of D.O. (2 to 4 mg/1) observed
during the fish kill episode are sufficient to result in fish
mortality.

The toxicity of ammonia has been studied by several
investigators -(Doudoroff and Katz, 1950; Wuhrmann, et. al..
1974; Wuhrmann and Woker, 1948; and more recently WQRC, 1968).
The toxicity is dependent primarily on undissociated NH^OH and
nonionic ammonia. WQRC (1968) state that 2.5 mg/1 total
ammonia expressed as N is acutely toxic. McKee and Wolfe
(1963) state that toxicity is increased markedly by reduced
dissolved oxygen. Immediately prior to the observed fish kill,
a marked rise in ammonia-N was observed in the vicinity of the
Fisherman's Cove region, along with lowered D.O. levels.
Within the western shoreline, ammonia-nitrogen levels of 1.22
mg/1 were observed with D.O. levels of 4 mg/1. Whether
associated or coincidental, the combination of both appears
sufficient to bring about toxic conditions and cause perch die-
off in the shallow waters.

3.4.3.2 SPRING FISH KILL

A second fish kill was observed in Fisherman's Cove and
along the northwest shore during May 30 through June 1, 1986
(Figure 29). During the previous week, a substantial growth of
filamentous algae occurred in the region of discharge of the
Otis plume. Tribonema sp. extended from the bottom (about one
meter depth) to the surface. A second growth region was found
just around the bend, downgradient of the Tritown Circle
development. On May 30, the wind changed direction from the
west to the south. The wave chop visually began to shred the
filamentous algae and raft it ashore. On June 1, inspection of
the shoreline revealed numerous dead fish, predominantly
bullheads with some perch. Midday dissolved oxygen readings
were 5.0 to 6.0 mg/1, which may have dropped below 4.0 during
the night oxygen sag period.

The localized kill originated off the cove. The depressed
oxygen conditions extended over the breeding area of the
catfish. The distribution of affected fish followed the wind
and northward circulation. Algae and dead fish first occurred
in the cove proper, then piled up on the nearest northern
shoreline, rounded the bend and then beached on the northwest
section of the north shore. Continuing current dispersal
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Figure 29. Spring fish kill and algal bloom locations.
Filamentous algal blooms are indicated by shaded
areas; c = catfish; p = perch.
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spread the dead bullheads along the beach to just past the
inlet. Other beaches along the lake were inspected for dead
fish, but none were found. Bullheads in the northern inlet
were being caught by fishermen and were quite healthy.

The filamentous algae occurred in two locations,
predominantly in the region of intrusion of the Otis plume, but
secondarily along the shoreline directly downgradient of the
Tritown Circle development north of the known plume emergence.
Analysis of the algae species was performed at the Great Lakes
Research laboratory in Ann Arbor, MI, by Dr. Charles Kerfoot
(ref. Prescott, p, 852, Algae of the Western Great Lakes^. The
alga was Tribonema sp., an unbranched single filamentous,
yellow-green alga not known to release any toxic by-products
upon decomposition. It often has a mucilage as well as iron
bacteria associated with it. The plant profits from the
association by-product of carbonate which acts as a local
buffering agent while the bacteria obtain an oxygen supply
(Fritsch, 1977, p. 493).

The kill and its associated events were significant in
two aspects:

1. The low oxygen levels caused by the shredding and
decomposing algae are sufficient to explain the fish
kill.

2. Thermal stratification of the basin was only partially
developed at the time and could not have been
implicated in the kill (i.e., via hypolimnetic
"tilting").

During the supplementary study conducted from 1988 to
1989, dissolved oxygen readings were observed below 4.0 mg/1
under ice and immediately following ice breakup in Fisherman's
Cove (Station 3). Three sets of samples were taken under ice
near shore regions of the plume emergence on January 23, 1988.
The results showed total phosphorus levels of .116 mg/1.
Abundant filamentous algae were in bloom. Since 5.0 to 6.0
mg/1 dissolved oxygen is sufficient to sustain most fish,
including game species, we speculate that local depressed
oxygen conditions caused the fish kill, although as motile
organisms, fish could normally migrate away from polluted
sites, unless.perhaps if the instinct to spawn overrides normal
behavior. The catfish are known to spawn in the cove region.

3.4.4 SEDIMENT ANALYSIS

Due to the lack of complete ice cover, sediment thickness
measurements could not be taken along all the bathymetry
transects approved by the DWPC. Instead, measurements were
made around the perimeter of the lake, using shoreline features
and the bathymetric map to locate the points of measurement on
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I a map. A second effort involved a transect across the pond

center (1-31)(See Figure 30). Sediment thickness was measured
by driving a metal probe to first refusal. Probing of the
sediment was done in areas where the water depth was less than

I or equal to 6m (approximately 20 feet). The type of substrate
{ encountered, such as sand, cobble, or muck was also recorded.

The sediment thickness map prepared from data obtained by the
above method is shown in Figure 30.

I The principle substrate type is densely-packed sand or
gravel that refuses any penetration (0.5 m). This type of

- substrate is encountered all around the perimeter of the lake.
I Areas that have accumulated sediment greater than 0. 5m are
» limited to the northeastern corner at the mouth of the bog

inlet and within the deeper portion of the southern end of the

I lake. The sediments accumulated in these areas consist of
sand. The greatest thickness encountered was 21 m (7 feet) at
the mouth of the bog inlet.

Although the deep water sediment thickness was not
determined by steel rod probing, coring attempts with a Phleger
corer revealed a distribution of sediments to the north,
extending from the bog discharge southward down the deep
trough. A second thick sediment deposit occurs on the southern
side of the trough. Since the precise locations are still
poorly understood, their approximate boundaries are dashed.
Both regions have been noticed on transects with ground-I DUtn i:egj.ujit> imvt: jjtseii jiuL.j.L;tJu un ui.aiiseuus wj. til gt uuiiu-
penetrating radar. Much of the pond bottom sediment was
imT-iono'f-i-ftVil o hw rrrM-ove Vi^naiie;^ nf r-nVihT o canrl r*v m-aveunpenetrable by corers because of cobble, sand, or gravel.

A sample of the sediments and a core were obtained in the
northern deposits. The sediments are well-preserved, showing
coarse sand overlain by dark grey clay which grades into rich
organic deposits. The underlying gravel was of pine period
deposition, whereas the overlying top organic sediment reached
into the cultural horizon (ragweed horizon, ambrosia zone).
Precultural horizon samples indicated a diversity of diatoms
and cladocerans.

The upper middle region of the core shows a distinct sand
layer, probably representing either the original sanding of the
cranberry bogs or the time of completion of the storm runoff
swales and discharge from the Otis ANG Base (The Otis Air Force
Base) runways into the just-abandoned bog (1950's. The core
appears readily dateable with distinct anoxic layers ranging 14
cm above the distinct sand layer.

Sediment analysis has revealed a noticeable volatile
organic content of the upper organic material. Fluorescent
scanning indicates possible weathered oil in the upper-
sediments. During fall overturn, segments of the sediment
containing methane-filled bubbles break off the bottom. A
brown mousse-like foam comes ashore and is a nuisance to
homeowners.
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Figure 30. Sediment thickness measured and observed in Ashumet
Pond. Two distinct deposits of lake sediments
occur in the pond: one inn the northern end
extending from the bog discharge and a central
zone. Most bottom area is comprised of sand,
gravel, or cobblestones.
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Three lake sediment samples were obtained: 1) the
aforementioned coring between Stations 2 (inlet) and 1 (deep
station), 2) a grab sample at the deep hole (Station 1) ,
and 3) a grab sample at the southern basin (Station 4).

The Station 1 sediments show a significantly higher volatile
fraction and total Kjehdahl nitrogen content than the southern
basin. The sediment distribution in the central lake basin is
unusual with the deposition on the southwest side of the deep
trough extending towards the southwest section of the lake.
Little or no sediment has been found on the central east slope
of the deep trough.

TABLE 18
SEDIMENT CHEMICAL ANALYSIS OF ASHUMET POND

Concentration - mg/Jcg sediment
(except where noted)

Station 1 Station 4
Northern Basin Southern Basin

Total phosphorus (TP) 23 2.2
Total volatile solids 15.8% 1.9%
Nitrate-N (N03-N) 59 1
Total Kjeldahl (TKN) 11,000 960
Cadmium 13 2.7
Chromium 19 4.1
Copper 39 9.6
Iron 10,900 1,910
Lead 62 27
Manganese 578 303
Zinc 130 32

3.4.5 SUPPLEMENTAL STUDY OF SEDIMENT CORES

The sediment record approach was undertaken to provide
historical data documenting the rate of eutrophication (lake
aging) of Ashumet Pond. Since the predominant algae are
diatoms which leave their silicon walls behind in the sediments
when they perish, the concentration changes in algal population
through time was thought to be measurable. In the summer of
1986, a deeply grooved channel in the northern lake region was
found to have thick sediments capable of dating. The sediment
was dated by the cesium radioisotope procedure and compared
with diatom density (Figure 31).

A phleger gravity core was used to obtain a deep core of
sediment in a suspected region of high sedimentation. The
location would have received inflow from the northern bog ditch

81



I
I

12.00

9.60 J

7.20 J

O
"s.

0.
O

4.80-^

2.40 i

0.00
0.0

.1964

ASHUMET POND
DISTRIBUTION OF Cs-137

IQ.Q ZQ.O 30.0

SEDIMENT DEPTH (cm)

40.0 50.0

Figure 31. Distribution of Cs-137 in Sediment-Core. The dates
mark advent of atmospheric testing (1952) and
cessation (1964).
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and from circulated water receiving groundwater inflow from the
Otis sewage plume. The corer retrieved 10 cm of silty organic
bottom mud within its thin plastic liner, including the intact
mud-water interface. The tube was corked and transported to
the University of Michigan campus for x-rays and analysis.

The core was extruded, sliced into 1 cm sections, and
split. One ml of wet sediment was taken for pollen and diatom
studies, while the remaining fraction was dried, pulverized,
and counted for cesium activity (Dr. John Robbins, NOAA GLERL
Laboratory, Ann Arbor, Michigan).

The microfossils are present as pollen and diatoms.
Ragweed pollen is present in percentages of between 5-10% in
all samples from 55cm to the core top, suggesting that the
entire retrieved core is post-clearance (ca. 330 years ago,
Winkler, 1985). European settlement of the Cape is indicated
by a marked increased in ragweed (Ambrosia) and other
herbaceous pollen percentages. Pine (predominantly white pine,
jack pine, pitch pine and red pine) and oak pollen dominate the
arboreal pollen spectra, together usually exceeding 50% of all
tree pollen grains. Absolute pollen deposition rates range
between 13,000 - 24,000 grains/cm2/yr in other analyzed Cape
Cod cores (Winkler, 1985), but seem more variable in the
Ashumet Pond core, presumably because of resuspended material.
For this reason, the ratio of diatom frustules to ollen grains
was used as an indicator of increased diatom production, rather
that absolute deposition rates per se. Since the regional
vegetation has remained similar over the past 50 years,
absolute pollen deposition rates were assumed similar and used
as a background against which to contrast diatom deposition
rates. The assumption here is a simple one, namely that pollen
and diatom microfossils are not resorted during redeposition of
sediment. Thus the ratio remains free of artifacts due to
different yearly accumulation rates of sediment at the core
site.

Over the interval analyzed in the preliminary core, the
diatom stratigraphy is relatively simple (Table 19). Between
50-22 cm, two genera dominate the assemblage, Melosira and
Cvclotella. Frustules from Melosira are tentatively assigned
to a very distinctive, colonial form , M. distans. whereas the
dominant small, solitary Cvclotella is tentatively assigned to
C. stelligera. Other rare taxa include Fraailaria,
Pinnularia, and Tabellaria. At 20-19 cm, there is a
qualitative shift in the diatom assemblage, as two additional
forms (Tabellaria fenestrata. T. flocculosa; a large centroid,
Cyclotella comtal and several additional taxa (Anomoeoneis.
Asterionella, Eunotia, Navicula, Svnedra. Cymbella, Achnanthes,
Surirella, Fracrilaria brevistriata) become relatively more
abundant. Beginning at 18 cm and extending to the surface,
there is an abrupt 6x increase in absolute deposition rate,
expressed as a much larger ratio of diatoms to pollen grains.
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TABLE 19

00

Percentages o£ diatom frustules, Ashuraet Pond Preliminary'Core. Total frusculcs niven ac

bottom. (For species fraction)

Melosira distans
Melosira sp.
Asterionella sp.'
Fragllaria brcvistriata
Fragilaria sp.
Eunotia sp.
Tabellaria fenestrata 4-
T. flocculosa.

Tabellaria sp.
Pinnularia
Cyclotella stelligera
Cyclotclla comta
Naviculn sp.
Syncdra -sp.
•Cymbella sp.
Surirella sp.
Stauronels sp.
Frustulia sp,
Anomoeoneis sp.
Achnanthes

total counted:
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60 233 190 237 . 220 16/. 266

Diatom density (diatoms per pollen groin) found in sediment samples at di££oring depths.

TOTAL DIATOMS BETWEEN POLLEN GRAINS
(10 measurements) {depth in cm)

3cm 5cm Ocm ' lOcffl 20cm 22cm 26cm 35cm 48cm

59.1*12 34.1410 60.5±14 14.7*7 11.1*7 7.0*5 0.1±6
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The diatom assemblage remains diverse, dominated by a mixture
of Melosira sp., Cvclotella comta, Tabellaria sp., Pinnularia,
and Eunotia sp.

Measurements of a black sapropel layer, presumably
indication the presence of anaerobic conditions, on five cores
ranged between 12-19 cm deep, averaging 14 cm deep.
It is note-worthy that the increase in diatom deposition occurs
at 19-18 cm, prior to the black layer. This indicates the
logical order of increased productivity followed by increased
oxygen demand in hypolimnetic waters.

The diatom/pollen ratios were determined by simultaneous
count at high power (See Table 19 and Figure 32). Pre-
treatment of sediment included only KCH treatment (boiling for
30 minutes in 10% KCH) to deflocculate sediment. Treated
sediment was -mixed via magnetic stirrer for 15 minutes and
subsamples pipetted onto glass slides, than covered with a
coverslip. Transects across slides were done under a Zeiss
Universal compound microscope at 700x, with lOOOx for
identification if there was any uncertainty. Only intact
frustules were tabulated, with results based on several
averages. This ratio may be of great value in Ashumet Pond,
and can be checked against values from the more centrally
located field of bottom deposition.

The major questions concerning cesium-137 were: 1)would it
be retained in Ashumet sediment, or flush out, 2)would levels
be high enough for dating, 3)would redeposition at the fast
deposition site smear out the standard pattern to an
uninterpretable mess, and 4)would there be a clear peak of
activity? Fortunately, Cs-137 seems a reasonable tool for
dating of Cape Cod lake sediments. Activity in the preliminary
core is high, reaching a peak of SOX - 100X above detection
limits, despite the relatively small volume of total sediment
(1-2 grams). There is also a clear peak, with decline to
background levels at 35 cc depth.

Whereas there are indications of some smearing,
consistent with mixed layers observed in x-rays, valuable
information is obtained from the preliminary dating. In the
standard C-137 curve, the initial rise occurs in the early
1950's (around 1952) and reaches a peak by 1962. Thus the
major episode of eutrophication recorded in the preliminary
core occurred between 1952 and 1962, with linear interpolation,
around 1958. Given the rather high activity levels of Cs-137
activity, in all probability even the central sediment core can
be dated for cross-correlation with the northeastern site,
adding a correction for any increased stream deposition
locally.

Calculated mean deposition rates from the preliminary core
are approximately ,4cm/yr. Given that the black layer in the
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central core is only 4cm deep, deposition in the central region
is probably around O.lcin/yr (i.e. 4cm/14cm = .29; .29 x ,4cm/yr
=0.11 cm/yr),

Of significance, the peak of diatom number appeared to
coincide with two events. The first (prior to 1940) may
represent normal operation of the bog and discharge of
fertilizer to the northern end of the pond. The second peak
(1958) coincides with the time the Otis stormwater channel was
connected across the roadway to discharge into the abandoned
bog region. The final increase matches with the time observed
since the eastern sewage bed plume has been invading the pond.
The pond appears to have recovered in between the two events,
suggesting that if the plume invasion were removed, some
recovery would be observed.

4-,_0 TROPHIC STATUS OF ASHTJMET POND

Eutrophication, or "the lake aging process", is the
response of lakes to over-enrichment by nutrients (primarily
phosphorus and nitrogen) and can occur under natural or man-
made conditions. "Man-made" eutrophication, in the absence of
control measures, proceeds at an accelerated rate compared to
the natural phenomenon. The OECD cooperative program on
eutrophication of lakes and impoundments developed the firm
scientific engineering foundation for inter-comparison between
bodies of water and assessment of the status of lake
eutrophication (Vollenweider and Kerekes, 1980).

Conceptually, eutrophication and its characterization is a
very specialized aspect of biological productivity applied to
defined water bodies. The status of any observed lake
(limnological) situation is assumed to be deductively
compatible to general properties of the system, characterized
by specific conditions of the water body considered. Lakes can
be subdivided into three stages of productivity: oligotrophic,
mesotro^hic, and eutrophic. The level of lake impairment can
be qualitatively stated or compared to diagnostic
characteristics.

Oligotrophic lakes are characterized by low nutrient and
organic matter levels and usually maintain high hypolimnetic
and benthic oxygen levels throughout the year whether they
stratify or not. There is little or no rooted vegetation.
Phytoplankton density is low and production is limited at
higher trophic levels.

Mesotrophic lakes tend to have moderate biological
productivity with variable oxygen levels, lower in summer and
higher in winter. Fish populations are abundant, providing a
mixture of sportfish with some bottom fish.
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Eutrophic lakes are apt to be shallow with gradual sloping
basins and a large drainage area to lake surface area ratio.
Nutrient and organic matter levels are high and, in temperate
lakes, hypolimnetic oxygen is likely to be depleted both in
summer and under ice cover. Because of the high production of
algae, light penetration is limited, but there is often rooted
and emergent vegetation around the lake margin. Fish
populations tend toward low oxygen, warm water tolerant species
(trash fish).

The Water Pollution Control (WPC) Division of the
Commonwealth of Massachusetts has developed a ranking system
for trophic analysis of a lake which allows a measure of degree
of severity. Table 20 presents a listing of the observed
conditions of Ashumet Pond. Table 21 presents the ranking
categories and the current status of the pond. The pond
receives eleven points on the trophic level index, placing it
in the upper zone of mesotrophic. The conditions of
vegetation, epilimnetic phosphorus, and transparency are good.
The hypolimnetic dissolved oxygen, phytoplankton, and
epilimnetic nitrogen are indicative of a stressed condition.
No ranking is given in the WPC system for attached algae,
chlorophyll a, fish kills, or groundwater phosphorus level.
Relative to the OECD categories, the chlorophyll a mean value
is mesotrophic, falling between 1 and 6 mg/m (ppb). Fish
kills are occurring, but are restricted to spring and summer
incidents, not winter conditions. Control of groundwater
plumes and the storm drainage at the northern inlet should
curtail these localized occurrences. Groundwater phosphorus
appears mid-range, between .010 and .020 at present (with the
exception of the Otis plume intrusion) , and will have to be
controlled through watershed management to maintain this
desirable range.

Previously Ashumet Pond was considered mesotrophic with
signs of stress (Duerring and Rojko, 1984). Our detailed
twelve-month investigation has confirmed this status. This
represents a considerable change from the 1969 condition of
oligotrophy (McCann, 1969).

The sum total of severity points for all parameters for
Ashumet Pond is eleven, which is defined as the Trophic Level
Index of the pond, and is interpreted as follows:

Trophic Level Index Trophic Condition of Pond

0-6 Oligotrophic
6-12 Mesotrophic
12 - 18 Eutrophic

Ashumet Pond would be classified as mesotrophic (11
points), showing signs of eutrophication, as localized fish
Kills and lower-than-anticipated dissolved oxygen levels in the
hypolimnion indicate.
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TABLE 20

CONDITION OF ASHUMET POND

Factor

Nutrients

Phosphorus

Nitrogen

Oxygen

Biota

Transparency

Sediment

Chlorophyll a

Observed Condition

* Lake water P-limited
* Below .025 mg^l in center epilimnetic waters
* Shoreline regions with localized increases

* Mean level of .33 ag/1 in center
* Shorelines with elevated NH4-N in groundwater

* Oxygen depression in hypolimnion (0-20%)
* Localized shoreline depressions (<4 mg/1)

* Increasing densities of phytoplankton,
filamentous algae, and emergent vegetation

* Blue-green algae a significant percentage of
population

* Fish population high? increasing trash fish
* Observed fish kills

* Water increasingly cloudy with phytoplankton
* Light penetration moderate
* Secchi depth 3 to 5m

* Depth of deposits limited except north-
central and south of center

* Center station 1 to 6 mg/m3 (ppb)
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TABLE 21

DEGREE OF SEVERITY SCALE

Parameter

Hypolimnetic
dissolved
oxygen

Transparency

PhytopTankton

Epl limnetic
NH3 -*• .N03 -

Epilimnetic
total
phosphorus

Aquatic
vegetation

Concentration or
Degree of Severity

">5.0 mg/1
< 5.0 - 3.0 mg/1
< 3.0 - 1.0 mg/1
< 1.0 mg/1

>15 ft
< 15 - 10 ft
< 10 - 4 ft

* < 4 f t

. 0 - 500 aerial standard units (ASU)
or natural units/ml

>500 - 1000 ASU or .natural units/ml
>1000 - 1500 ASU or natural units/ml
>1500 ASU or summer "blooms"

0 - <0.15 mg/1
N >0.15 r 0.3 mg/1.

>0.3 - 0.5 mg/1
>0.5 mg/1

0 - 0.01 mg/1
>0.01 - 0.05 mg/1 •
>0.05 - 0.10 mg/1
>0.01 mg/1

Sparse
Medium
Dense
Very Dense

Points

0
1
2
3

0
1
2
3

0
1
2
3

"0
1
2
3

0
1

'2
. 3

0
1
2
3

Ashumet

3

2

3

2

1

0

Sum 11
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5.0 SOURCE CHARACTERIZATION

The following section deals with detailed investigations
of the three dominant sources of nutrients to Ashumet Pond:

1. The Otis plume
2. Storm drainage
3. Nonpoint sources - septic and lawn

5.1 THE OTIS PLTOE

In 1974, sampling along an area referred to as Fisherman's
Cove in Ashumet Pond during the WHOI (Woods Hole Oceanographic
Institution) study of sewage treatment performance (Kerfoot and
Ketchum, 1975) showed suspicious rises in near-shore
orthophosphate levels. Since then, studies conducted by the
U. S. G. S. (LeBlanc, 1982; Barber, Thurman, and Schroeder, 1984)
have shown that infiltration of sewage through the Otis ANG
sand beds into the underlying unconfined sand and gravel
aquifer has resulted in a plume of contaminated groundwater
that is 2,500 to 3,500 feet wide, 75 feet thick and more than
11,000 feet long (LeBlanc, 1982).

A two-dimensional modeling of the groundwater flow was
originally interpreted to suggest that the plume may pass
beneath Ashumet Pond, but recent investigations indicate that
the plume is pulled up into the pond shoreline due to natural
"pumping" phenomena common to recharge shorelines of kettle
ponds (KVA, 1983).

Based upon recent digital modeling, LeBlanc (1984)
indicated as much as 65 percent of the treated sewage may
discharge to the pond, or an estimated .47 ft /sec (.32 mgd) .
The mean concentration of chloride ion in the sewage plume was
30 mg/1, compared to the observed mean content of about 8 mg/1
in the background northern groundwater. Using a simple
dilution equation, we can run a computation to see if the
observed difference between the average background chloride
content of the fully-mixed central lake water (11 mg/1) can be
accounted for by the sewage addition:

Vgcg + VcCg = rog/1 chloride

Where:

VG = Volume of Groundwater
CG = Concentration in Groundwater
Vs = Volume of Surface Water
Cs = Concentration in Surface Water

1.9(3mg/l) + .32(30 mg/1) = -,, 2
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At this time, some caution should be observed since the
chloride balance does not contain elements of precipitation,
watershed runoff, or nonpoint sources such as individual septic
systems. However, the observed chloride concentration of
fully-mixed lake water (11 mg/1) could be accounted for by such
a percentage of fully-mixed sewage leachate as calculated
above.

During the drought of 1981-1982, the exposed cobblestones
along the shoreline contained black coatings of manganese
deposits as the reduced plume waters intercepted the oxygenated
surface waters. "Fingerprints" of the fluorescent organics
from the Otis sewage treatment plant effluent matched a broad
patch of discharges observed along the shoreline with septic
leachate detectors (KVA, 1983). Groundwater samples obtained
from the central area of the emerging plume showed ammonia-
nitrogen (KĤ N) concentrations of 7.3 and 5.0 mg/1 which, when
combined with low dissolved oxygen and hydrogen sulfide, can be
toxic to fish (WQRC, 1968). The observed concentrations of
total phosphorus were found to be between .035 and .230 mg/1,
sufficient to explain the abundant algal growth (Tribonema sp.)
on the rocks. A concentration in excess of .020 mg/1 total
phosphorus has generally been accepted as promoting excessive
(eutrophic) conditions in surface waters.

Figure 33 indicates the region of groundwater discharge to
the pond. The region falls within the area anticipated as the
plume pathway by LeBlanc (1982, 1984). Using an EM earth
resistivity meter, LeBlanc (1984) also confirmed the extent of
the shoreline discharge. The region contains rocks blackened
by manganese deposits precipitating from the infiltrating
groundwater under reduced conditions as the up-flow mixes with
oxygenated surface lake water.

The blotchy appearance of the regions within the plume
envelope probably reflect the reality that the sewage seepage
is not uniform in its origin or source. The sand filter beds
are clumped sources which receive water intermittently. The
actual recharge event creates large "bubbles" of ammonia-N rich
water with considerable organics and associated nitrate-N
trailing masses (Kerfoot et. al., 1975).

In 1984, discharges of wastewater to the upgradient filter
beds were discontinued at the base sewage treatment plant. A
considerable mass of material still resides in the intervening
aquifer region and will continue to seep into the lake
shoreline. For time of travel, see section 5.1.3.
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Conductivity Survey

Specific conductance has proved to be an excellent
tracking mechanism for sewage plumes such as the Otis plume
(LeBlanc, 1984). A previous investigation in the vicinity of
Fisherman's Cove indicated that the Otis plume was being pulled
up into this shoreline area of Ashumet Pond (KVA, 1983) . In
January, 1986 a specific conductance survey was conducted over
the suspected contaminated shoreline area and adjacent pond
bottom to determine the point of entry of the plume into
Ashumet Pond.

Transects were spaced at 100-foot intervals along the pond
shoreline just north of the boat landing ramp to a position
just 100 feet north of the Falmouth-Mashpee town boundary
(Figure 34) . A sample was taken at the pond edge and at 50-
foot spacing-away from the shoreline along each transect.
Samples were collected with a K-V Associates, Inc. Model 12
miniature well point sampler. The sampler was driven one foot
beneath the pond bottom and after evacuating several well
volumes of water, a sample of groundwater was collected and
analyzed for specific conductance.

Specific conductance measurements ranged from a background
of approximately 115 umhos to a high of 480 umhos in a
groundwater sample taken 50 feet away from shore on transect G
(Figure 34). See Table 22 for a summary of conductivity
readings. These high values of groundwater conductance compare
to a high value of 405 umhos found in the center of the plume
during the 1978-1979 survey by the U.S.G.S. (LeBlanc, 1984).
Figure 34 shows the areal distribution of specific conductance
of groundwater samples collected. A prominent zone of higher
conductance (greater than 400 umhos groundwater) is seen in the
area between transect D and transect G. This represents the
entry of the plume along the shoreline and the upwelling locus
from beneath the pond.

At a distance of over 100 feet from the shore, conductance
levels in pond water approach that obtained from the core of
the plume over an area about 400 feet long and up to 100 feet
wide. The adjacent region of shoreline corresponds to the
"black rocks" beach, previously found to contain granite
cobblestones coated with manganese and iron. Beneath the
shallow lake bottom, groundwaters exhibited a distinct odor of
hydrogen sulfide, consistent with low dissolved oxygen (anoxic
conditions), despite the paucity of bottom sediments. Coring
in this region was not possible due to the heavy gravel and
cobblestone bottom.
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ANALYTICAL RESULTS OF BORON ANALYSES
OBTAINED WITH WELL POINT SAMPLER

ON TRANSECTS ACROSS PLUME EMERGENCE IN FISHERMAN'S COVE

Sample
Location

B2

C2

D2

E2

F2

G2

Background

Otis plume core

Boron
(mg/1)

0.05

0.33

0.75

0.77

0.58

0.48

0.05

0.41

Specific
Conductance
(umhos/cm)

126

210

350

405

405

480

80*

400*

*LeBlancf 1984
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5.1.1 SOURCE IDENTIFICATION

The source of this emerging wastewater plume is most
likely the easternmost pair of sand filter beds (Figure 27).
Photographs and operational data obtained from sewage treatment
plant personnel during the period of 1970 to 1982, when the use
of the eastern beds was discontinued, indicated that a majority
of the plant effluent was discharged to these beds. Water
samples obtained from the core regions of the plume have shown
phosphorus levels ranging from .030 to .250 mg/1, quite
sufficient to maintain the algal covering on the cobblestones
in the region. Relatively high ammonia N concentrations are
also found associated with the plume core regions (1 to 10
mg/1).

Lee lysimeters were placed in the high conductance regions
to confirm the rate of infiltration and to estimate the total
phosphorus loadings recently entering the lake waters. The Lee
lysimeters were constructed by splitting 55 gallon barrels in
half and installing a rubber stopper at one edge of the upper
closed end. Four lysimeters were installed along the north
shore of Fisherman's Cove during March. Difficulties of
penetration and sealing were encountered in the lake regions
offshore where the main plume intrusion occurs. The heavy
cobblestone bottom does not allow good penetration of the
lysimeters. The best results were achieved with lysimeters
placed in the protected cove areas with sandy deposits.

Although only a smaller conductance rise was recorded in
two of the lysimeters installed, the phosphorus levels were
sufficient to sustain algal growth. If a ratio between the
observed increase and previously-measured conductance of the
groundwater at the point of emergence from the lake bottom is
used, the same constituents are found elevated as observed from
previous plume samples. Although ammonia is not as high,
samples of groundwater have shown levels of ammonia. See Table
23.

Our analyses of groundwater samples across the region of
emergence of the plume (Figure 34, Table 23) showed boron
concentrations ranging from .330 to .770 mg/1, consistent with
levels frequently encountered in center of the Otis plume
(LeBlanc, 1984).

Previous fluorescent scans of the emerging organics along
the cove also revealed an identical "fingerprint" signature to
that of samples taken from the sewage treatment plant discharge
to the sand filter beds (Figure 35).

There is no doubt, therefore, that the groundwater
discharge in the cove is part of the center core of the Otis
plume.
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TABLE 23

LEE LYSIMETER WATER SAMPLES, NOVEMBER 1986

Source

Background cove water

Lysimeter sample

Specific difference

Projected plume

Cond.

87

133 •

46

300

• Chloride

11.1

'16.9

5.8

38

Ammonia-N

.16

.16

0

0

Nitrate-N

.16*

• .03

.13

.85

TKN

.16

.1.62

1.46

9.52

TP

.013

.042

.029

.189

Diss. P

<.005

.019

.014

.091
concentration

Observed plume
concentration

300-377 27-34 .13-14 1-3.2 3.6-16 .01-2.0
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5.1.2 PHOSPHORUS TRANSPORT

The concentration of boron observed in the groundwater
discharge off Fisherman's Cove corresponds to that predicted by
LeBlanc's (1984) two-dimensional approximation of Otis
wastewater discharge to the eastern sand filter beds 1700 feet
from Ashumet Pond. This duplicates the prevailing practices
during the period 1970 to 1984. Under such simulations LeBlanc
estimated that up to 65 percent of the treated sewage plume
could discharge to the pond.

While the boron concentrations reflect the core of the
plume levels, it is important to recognize that the phosphorus
content of the plume is the critical factor in promoting algal
growth. Ashumet Pond is a phosphorus-limited lake. The normal
background level of phosphorus in the groundwater is quite low.
During the Otis project, conducted by Woods Hole Oceanographic
Institution (Vaccaro et, al. , 1982), the background ionic
concentration of phosphorus in groundwater was .005 mg/1 under
the pine-oak vegetated plots to the northwest of the sand
filter beds. Even with noticeable sewage loadings applied to
irrigated crops, the observed aerated groundwater levels were
.006 to .007 mg/1. Similarly, LeBlanc (1984) found background
groundwater concentrations of total phosphorus to range from
.00 to .01 mg/1.

However^ under the low dissolved oxygen conditions created
by the organic loading, phosphorus can become mobile. LeBlanc
(1984) has described an elevated phosphorus zone in groundwater
which extends from the sewage beds to about 2500 feet
downgradient. Most of the phosphorus applied to the sand
filter beds still lies relatively close to the discharge point
and is slowly moving outwards. Phosphorus levels in the anoxic
plume core range from .110 to 1.70 mg/1. The sampled regions
of the emerging plume in Fisherman's Cove suggest a phosphorus
level ranging from .035 to .20 mg/lf well above the
concentration (.020 mg/1) which can promote algal growth.

( How significant can this phosphorus loading be? We have
compared it with the critical loading level of the pond.
Based upon its phosphorous storage coefficient and assuming

i that 70% of the inflowing phosphorous is retained in the pond,
j an annual loading of 442 Ibs P per year is sufficient to
1 maintain the critical level of .020 mg/1 in the pond. LeBlanc

(1984) estimated that .3 mg could conceivably be leaching to

1 Ashumet Pond from the sewage plume. Depending on the
background mean phosphorus content the loading increases
proportionately:
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Concentration in Loading to Pond
Plume (assuming .3 mgd)

(Total P mg/1) Ibs P/yr

.020 19

.090 82

.200 190
critical 442

Based upon LeBlanc's estimated loss of boron upon
termination of discharges of sewage to the sand filter beds,
phosphorus likely accumulates in the pond system. At first, it
precipitates during winter and likely converts to biomass
during spring-and summer. Under the prevailing winds, the
organic detritus is slowly dispersed throughout the pond from
the location of entry. Eventually most will become bottom
sediments capable of regenerating annual algal growth on bottom
sediments which begin to cover the sandy and pebbly bottom.

Presently, the groundwater influx to Fisherman's Cove is
having a localized impact. If the discharge continues and
phosphorus levels continue to increase, the phosphorus levels
may significantly impact the lake. Cessation of the source may
not significantly retard the increasing phosphorus release into
Ashumet Pond unless sufficient aeration of the intervening
groundwaters occurs.

5.1.3 MODELING THE PLUME WITH A MASS TRANSPORT MODEL

A mass transport model Xnown as the "Random Walk" model
(Prickett, 1981) was employed. The model tracks the progress
of contaminant movement represented by particles across a
finite difference grid. During given time periods particles
are moved, based on advective transport vectors and dispersive
transport vectors, by normally distributed random movements in
the X and Y directions. At the end of a time period, the
number of particles at each node on the grid is summed and
particle mass is divided by volume of groundwater found in the
finite volume at the node.

U.S.G.S. Modeling Effort:

The plume from the Otis Treatment Plant has been modeled
in considerable detail by the U.S.G.S. (LeBlanc, 1984). This
effort has been supported by a substantial water quality
collection effort taken from monitoring wells downgradient of
the plume source.

The application of a mass transport model in the U.S.G.S.
study emphasized the tracking of three contaminants: chloride,
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methylene blue substances (MBA - chiefly associated with
detergents) and boron. These substances are thought to move
conservatively, in that there is relatively little chemical
interaction with the sand and gravel aquifer (such as
adsorption). Thus, the movement of these substances is mainly
controlled by the hydraulics of the aquifer system.

Modeling of mass transport of more reactive contaminants,
such as phosphorus, is more problematic. Results of the 1983
sampling by the U.S.G.S. showed no phosphorus concentrations
above background (thought to be 0.05 mg/1 phosphorus) farther
than 2500 feet from the infiltration beds. This can be
compared to the chloride plume which had moved over 11,000 feet
by that time. Phosphorus moves more slowly through the aquifer
because of its affinity to react with soil particles by 1)
adsorbing on ferric hydroxide which is an oxide commonly found
coating sand'and gravel particles and 2) precipitating as
compounds with iron and aluminum which have low stability.

Assumptions:

During the modeling process, many simplifying assumptions
must be made in order to approximate a very complex hydraulic
and chemically-reactive system. Despite the inherent
inaccuracies of making these generalized assumptions, models of
this type are useful predictive tools. The "Random Walk" model
employed here is intended to track the progress of the
phosphate plume from the Otis infiltration beds and predict its
future trajectory. We made the following assumptions:

1. The aquifer is of uniform thickness, isotropic and
homogeneous throughout. In other words, no
variability in hydraulic parameters is considered
across the modeling area.

2. No attenuation (decay function) is computed by the
model. Chemical interaction is only approximated by a
retardation factor.

3. Only the nearest infiltration beds are considered to
directly impact the pond. All of the plume emanating
from these beds is assumed to eventually reach Ashumet
Pond. These beds are assumed to receive 10% of the
total phosphorus load from 1936 to 1970 and 90% of the
total phosphorus from 1970 to 1984, following LeBlanc
(1982) and Vaccaro, et.al. (1979).

4. A recent tracer test has confirmed that the other
beds do not discharge to Ashumet Pond (U.S.G.S.,
1987).

102



I
Initial Data Input:

The modeled area was chosen to include the northeast set
of leaching beds and the northwest section of Ashumet Pond.
Although the phosphate plume may extend southwest of this area,
the major consideration was that area of the plume invading
Ashumet Pond. The grid consisted of ten columns by ten rows,
with block side length of 400 feet (see Figure 36).

A hydraulic conductivity of 1385 gpd per ft (196 ft/day)
was used, which was consistent with the average value estimated
by the U.S.G.S. (LeBlanc, 1984) in their modeling effort. A
range of between 140 and 220 feet per day was found based on
grain size and pump test analyses (Krumbein and Monk, 1943;
Palmer, 1977).

The value of .35 used by the U.S.G.S. for porosity was
also used for this transport model. This figure is consistent
with field tests made on samples from drilling in this area
conducted by K-V Associates.

In order to approximate mixing and molecular diffusion
between the sewage plume and surrounding groundwater, values of
longitudinal and transverse dispersivity are utilized. Values
of 40 feet and 13 feet were used in the model (again consistent
with the U.S.G.S,. model) for longitudinal and transverse
dispersivity, respectively.

Based on the hydraulic conductivity and aquifer thickness,
a value for transmissivity was adopted. Since the thickness of
the aquifer ranges from 130 feet to 90 feet between the area
north of the infiltration beds to south of Coonamessett Pond
(LeBlanc, 1984), a value of 120 feet thickness was used for
this smaller area grid. Hence, a value of 166,200 gpd per ft
(23,520 ft/day) was input to the model.

Groundwater velocity is a function of hydraulic gradient,
porosity and hydraulic conductivity as defined by the Darcy
equation. Velocities in outwash plain deposits may vary
considerably between .5 to 5 feet per day (KVA, 1985). A
velocity of one foot per day was used. The overall direction
of flow was 170° True North.

For the initial run, the phosphorus concentration of the
effluent was fixed at 7 mg/1 (following observation of Vacarro,
et. al.. 1979). In the "Random Walk" model, this is
accomplished by assigning a particle weight and number of
particles to approximate the weight of phosphorus per volume of
effluent over the time period employed. Particles are added to
the infiltration bed node continuously over that time period.
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Figure 36 Grid, sand filter bed, and lake locations for
model. Existing plume transect along section A to
A' shown in Figure 31.
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A retardation factor is herein used to approximate the
chemical reactions between phosphorus and the aquifer media.
Stated simply the retardation factor Rd equals

Rd = Vgw
Vc

which represents the relationship between groundwater velocity
(Vgw) and solute velocity (Vc). An initial value of one,
denoting no retardation, was assigned to this factor. Further
refinement was made during the calibration procedure.

Calibration;

Figure 36 shows the modeled 10 by 10 finite difference
grid with location of the infiltration beds, Ashumet Pond, and
the three U.S.'G.S. wells (233, 246, and 239) which were used as
index wells for calibration purposes (see also Figure 37,
vertical transect). The concentrations measured in these wells
during the 1983 sampling were as follows:

U.S.G.S. Well 1 Phosphorus
233 1.7
246 ,36
239 .11

The computer model calculates average concentrations at each
node. The values shown above may be higher or lower than
average depending on the vertical position in the plume where
the sample was extracted.

After the initial run, it was evident that concentrations
across the grid in the model were much lower than in reality.
There are several possible explanations for these variations,
which include:

1. Since concentrations in the model are determined by
dividing by the total volume of the node block area,
dilution is exaggerated. Much of the saturated zone
will not come in contact with the plume.

2. Additional phosphorus is being supplied by other
infiltration beds, which were not considered in this
phase of the solute transport model.

3. Concentrations in the model are average
concentrations, whereas sampled concentrations may
represent core concentrations.

4. Concentration of phosphorus loading may have been
underest imated.
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I
To compensate for these concentration discrepancies, two major
changes were made to input data. The initial value for
transmissivity was cut in half to 83,100. This is not out of
line with U.S.G.S. data, which shows that the plume, as it
plunges down into the aquifer (as driven by recharge on top of
it), occupies less than one-half of the saturated thickness.
This is demonstrated by results from nested monitoring wells.

To compensate for additional input from other infiltration
beds, the concentration was doubled by changing the individual
particle mass from 10 Ibs to 20 Ibs. This change, together
with the reduction in saturated thickness, results in 1983
concentrations which are well-matched with the index wells
described previously.

Further refinement of matching concentrations was achieved
during this calibration phase by increasing the retardation
factor from 1 to 4. It is well-known that phosphorus is easily
adsorbed on soil particles and precipitated in oxygenated
environments as the mineral hydroxyapatite and fluoroapatile.

Unevenness in concentrations at the plume boundaries may
be due to higher-than-actual dispersivity. No attempt was made
at this time to diminish either transverse or longitudinal
dispersiyity. Perhaps after reviewing further phosphate data a
closer fit might be made.

Simulation:

Subsequent to changes made during the calibration
described above, a simulation of the phosphorus plume was made
over the years 1970, 1980, 1984, 1990, and 2000. Figure 38
shows a typical particle track over the period 1938 through
1950. Concentrations of phosphorus over each time period are
shown in sequence (Figure 39). The simulation shows that the
core of the plume reaches a maximum concentration of over 2.0
mg/1 near 1980. Projected in time, this core concentration is
diluted as it moves towards the pond. The simulation shows
that between the years 1990 and 2000 concentrations greater
than 1.0 mg/1 will invade the pond. Certainly, more sampling
needs to be done and more index wells should be used to further
test these simulation results.

Since the initial observations were'performed in 1985
through 1986, the discharge has apparently worsened. A sizable
region of filamentous algae now occurs each spring under thin
ice just north of Fisherman's Cove. Sampling of the water
under the ice, 15 feet out from the shoreline in four feet of
water revealed a .116 mg/1 TP value on January 23, 1988. More
detailed results of the supplemental study are presented in the
Appendix. At present, there is no basis to reject the
simulation.
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Figure 38. Example model run of the sewage plume phosphorous
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plume is shown originating at the southeastern
filter beds.

I
108



I

1980 1984

1 ASHUMET

' POND

ASHUMET

POND

1990 2000
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I A separate analysis conducted by E. C. Jordan and

Associates (1987) reviewed the Ashumet Pond trophic state
preliminary data and compared the .protected phosphorus loadings
with Vollenweider and Dillon analysis of state. Phosphorus
background loading from groundwater -was estimated to fall
between 29 and 58 Ibs/yr with current MMR STP loading (1987) at
41 to 125 Ibs/yr. The future loading was estimated to increase
between 412 to 825 Ibs/yr with arrival of full loading under
sustained anoxic conditions (E. C. Jordan, 1987).

There are only two possibilities which would reduce the
loading to the pond: (a) natural reaeration of the backside of
the plume as it progresses forward to the lakeside, or (b) only
a portion of the plume core from the discontinued eastern bed
would invade the lake bottom while a larger portion would
continue down gradient. Unfortunately, the beachfront of
Fisherman's Coye continues to blacken in a broadening southern
direction, indicating widening anoxic groundwater condition
(1987 - 1989) . Once confined to the immediate shoreline (B to
G, figure 28), the darkening extends from beyond A to I.

5.2 STORM DRAINAGE

Storm runoff into Ashumet Pond was monitored at different
stations during 1985 and 1986. The soils surrounding Ashumet
Pond are highly permeable, usually allowing only minimal storm
runoff. Five regions of stormwater runoff were identified
during the project (see Figure 40 for locations). The areas
are ranked in Table 24 on the basis of their estimated volume
of discharge. The largest discharge volume comes from the
northern inlet, receiving storm discharge from the Otis ANG and
the abandoned bog area. The regions are also ranked on the
basis of organic contamination. The rankings are based upon a
storm event exceeding one inch in sixteen hours. The frequency
of such a storm is approximately four times per year.

Generally, the discharge from storm, road or drainage
runoff is minor compared with the cumulative impact of other

I nonpoint sources such as groundwater loadings (septic systems)
and lawn runoff along shorelines in the immediate watershed.
The noticeable exception is the northern inlet since the
secondary impact of the northern inlet storm discharge is to
increase sediment transport and displace hypolimnetic water as
described previously.

I Localized shoreline impacts from the road runoff can be
substantial if not controlled. At risk are primary beach and
swimming areas. The southeast beach, boat ramp at Fisherman's
Cove and Ashumet Valley beaches could have improved drainage if

I berm and catch basin improvements were made.

I
I
I
I
I
I
I
I
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Figure 40. Location of 5 storm runoff discharge sampling
stations.
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TABLE 24

ASHUMET POND
•RANKING OF STORMWATER RUNOFF LOCATIONS BY ORGANIC CONTAMINATION

Location (Station)

Northern Inlet (C)

Southeast Beach (F)

Boat Ramp, Fisherman's Cove(B)

Ashumet Valley Beach (A)

Oil/Water Separator (E)

Northeast Landing

Estimated
Volume of
Runoff
(ft3)

300,000
183,802

106,359

80,000

50,000

24,253

Total
P Cone
(mg/1) +

.250

.226

.250.

.250

.250

.072

Total P
Loading,
Ib kg

4.8 2.
2.6 1.

1.7

1.3

Ranking
P Org*

2
19

77

6

.8 .4

.11 05

1
2

3

4

5

6

1

3

4

5

2

6

* ORG - Refers to organic hydrocarbon content. The highest ranking (1) contains the greatest volume of
hydrocarbon discharge to the recieving water.

+ Composite of concentrations from earlier sampling (8/8/85) and later sampling 10/8/86.



_ Storm Event Sampling Methods:

I Storm event sampling at Ashumet Pond was done by project
personnel on 8 August 1985. The procedure at Stations A and B

I was as follows: a clean plastic cup was used to collect each
sample and the sample bottles were filled from this cup.
Sampling was done at ten-minute intervals for the first thirty
minutes, and then at fifteen-minute intervals until the end of

I two hours. This sampling schedule was interrupted slightly due
to unforeseen circumstances at Stations A and B, but was
maintained at Station C. Stations A and B have the correct
number of samples, but the total overall time was two hours

I fifteen minutes instead of two hours. Station E was sampled
I five times for an overall time of 45 minutes. This represents

two samples past the peak flow. At Stations C and E, the water
was drawn directly from the stream into the sampling bottles.

The velocities at Station A were measured by counting
seconds that it took to fill the plastic sampling cup. Station
B, being very similar to Station A, was assumed to have the
same velocities. The velocities at Station C were measured by
time of travel measurements over a distance of four feet. At
Station E, velocities were measured on a relative scale. (See
Appendix for description.)

The sampling period ended at approximately 12:30 p.m. on
8 August 1985. Composite samples were constructed that
afternoon and all samples were shipped to GHR Laboratories by
Express Mail and received there by 9:00 a.m. the following day.
See Table 25 for analytical results. The volumes of flow are
given in the Appendix.

To arrive at the annual phosphorus loading values, the
area of road and wooded areas were calculated for each runoff
point. The volume of annual runoff for each storm drain was
found based on an average precipitation rate of 46 inches per
year. Infiltration of precipitation was factored in using
curve numbers provided by the U.S. Department of Agriculture
Soil Conservation Service.

Once the volume of runoff was known, the annual loadings
for the boat ramp in Fisherman's Cove and the beach at the
southeast corner of the pond were figured based on the
concentrations of phosphorus that were found during the storm
drain analysis. For the access point on the northeast corner
of the pond, where there is no storm sampling information for
phosphorus, a literature value was used. This value was taken
from the water guality sampling program done by CCPEDC as part
of their draft "water Quality Management Plan/EIS for Cape
Cod". The value was taken from page 3 through 44 of this
report and is from a rural development area, John's Pond
Estates.
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8/8/85

4/4/86

TABLE .25

STORMWATER QUALITY IN THE ASHUMET POND WATERSHED (8/8/85)

Concentrations 'in Composite

Parameter

Ammonia nitrogen
Nitrate nitrogen
Total Kjeldahl nitrogen
Total1 phosphorus
Cadmium
Chromium
Copper
Iron
Lead .
Manganese-
Zinc

Ammonia nitrogen
Nitrate nitrogen
Chloride
Total phosphates as P
Total dissolved solids
Total suspended solids

Ashumet Valley
Beach

0.44
0.43
2.50
-

<0.010
<0.02

0.02
13.8

<0.01
0.20
0.07

Fisherman's Cove
Boat Ramp

0.90
0.16
2.41

.250
<0,010
•^0.02

0.04
1.01

<0.01
0.05
0.11

3.11
1.52

28.3
.245

137
39

Samples (mg/1)
Cranberry

Bog

0.49
0.28
1.74

< 0.010
<0.02

0.02
2.46

<0.01
0.64
0.05

Oil /Water
Separator

0.23
0.10
1.74
. -

<0.010
<0.02
<0.02

0.56
<0.01

0.04
0.07

Southeast
Beach

0.57
0.92

21.1
.226

. 89
56
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I General Notes:

1. Wind direction south to north.

2. The smell of dead fish evident at all sampling
locations.

3. Five decaying fish skeletons on the beach between
Stations C and E.

4. Eight-tenths of an inch of rain was received over the
sampling period of two hours and 45 minutes.

5. This storm event occurred after seven days of dry
weather.

6. The -outside air temperature was approximately 76° F.

5.3 WATERSHED NONPOINT SOURCE LOADING

Groundwater is the major source of water supply to Ashumet
Pond. The quality of that water determines the characteristics
of the lake: the extent of shoreline vegetation in its
recharge area, the clarity of its waters, the oxygen content of
its "springs". Since phosphorus is usually the critically
limiting nutrient, the "P" concentration in the groundwater
becomes one of the primary factors controlling water quality in
Ashuroet Pond.

Contrary to popular notion, the phosphorus content of
groundwater is directly related to the sewage phosphorus input.
On Cape Cod, the combination of acidic groundwater and oxygen
content of the groundwater from the organic loading of sewage
disposal makes the mobility of phosphorus dependent upon solid
and dissolved forms of iron. Figure 41 shows the dependency of
iron solubility on Eh (reducing condition) and pH for various
iron species. While a great deal of phosphorus does adsorb to
soil near septic leaching fields, a low level of leakage of
dissolved phosphorus occurs, protected by an enclave of the
lowered oxygen content and dissolved organics in the
wastewater.

Under natural vegetative cover, groundwater is well-
aerated. Where organic material is introduced into the
groundwater, soil bacteria use the oxygen to break down the
organic material, reducing the oxygen content of ferrous iron
(Fe++). Ferric iron (Fe+++) reacts with dissolved phosphorus
to form strengite, an insoluble precipitate. The ferrous form
is poorly reactive, allowing the dissolved phosphorus
concentration to increase, particularly under acidic
conditions. In the relatively acid Cape groundwaters (pH 4.2 -
7.6: Frimpter and Gay, 1979), the ferrous form is particularly
abundant. A more detailed description of the relationship
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Figure 41. Fields of stability for solid and dissolved forms
of iron as function of Eh and pH at 25°C and 1
atmosphere of pressure. Modified from Bacon (1981)
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between reducing conditions and groundwater conditions is
presented in the Appendix.

The relationship between phosphorus content in wastewater
plumes and soluble iron is shown in Figure 42 by the small
dots. This study was conducted as part of a septic leachate
study of Ottertail Lake in west-central Minnesota, a location
with numerous individual sewage plumes from on-site septic
systems in an acid-strengite soil water system (Kerfoot, 1980).
Each dot represents the concentration of iron (Fe) found in the
plume groundwater sample versus the observed phosphate-
phosphorus (as TP-filtered) concentration,

A significant positive correlation (+.86) was found
between the soluble iron concentration and total filtered
phosphorus concentration found in the plume samples.
Generally, the" soluble iron tends to be present at twice the
soluble phosphorus level, allowing sufficient excess to yield a
rapid precipitation of the phosphorus if the sample is oxidized
by exposure to air.

5.3.1 RELATIONSHIP OF GROUNDWATER FLOW RATE
AND PHOSPHORUS TRANSPORT

Groundwater flow provides the physical mechanism of
transport of mobilized phosphorus from underneath leaching
fields to the lake waters. Valiela and Caraco (1980) studied
Siders Pond in Falmouth, MA, and they found that groundwater
was by far the greatest source of phosphorus and nitrogen to
the pond, with 80% originating from leachates from septic
tanks. The localized condition of groundwater flow and
subsurface conditions which promote phosphorus movement are:

1. Low groundwater pH (4.2 - 5.9)

2. Low groundwater oxygen (0.0 - 3.5 mg/1)
dissolved O

3. Rapid groundwater movement (1-5 ft/day)

These conditions exist within the recharge region of Ashumet
Pond.

Even though the septic systems may be elevated some
distance above static water level, if the background flow is in
a substantially reduced condition, phosphorus is capable of
being transported laterally some distance to the shoreline.
The degree of transport would be dependent upon the oxygen
demand of the wastewater when it enters the groundwater and
upon oxygen concentration of the groundwater.
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5.3,2 SEPTIC SYSTEM INVENTORY AND LEACHATE SURVEY

5.3.2.1 ON- LOT INVENTORY

A septic system inventory was conducted with a shoreline
leachate survey to assess the status of on-lot nonpoint source
pollution. The inventory was designed to obtain information
on:

Type of septic system
Distance from lake shore
Number of people per unit
Age of system
Types of appliances used (dishwasher, washing

machine, disposal)
Lawn area
Type and. -frequency of fertilizer application

(commercial application, granular - owner
applied, organic - owner applied)

Table 26 summarizes the results of the inventory.

In general, the average home contained a septic tank-
leaching pit type of on-lot disposal system. The leaching
system was located over 160 feet from the edge of the water.
Although a number of homes are seasonal residences, most are
year-round. The average age of the system was 7.4 years and
was fed by a dishwasher and washing machine in addition to
toilet, bathing, and sink facilities. The size of lawns ranged
from 0 to 4000 sq. ft., with a mean area of 2250 sq. ft. The
average homeowner preferred to use a commercial company to

lawn fertilizer and pesticides four times per year.

5.3,2 .2 SEPTIC LEACHAT_E SURVEY

From August 31 through September 1, 1985, a septic
leachate survey was performed around the Ashumet Pond
shoreline. Two septic leachate detectors, the Model 12
"Peeper-Beeper" and the "Septic Snooper", were used. The
probes were placed at a depth of one foot of water and moved
horizontally along the shoreline using methods described in
Kerfoot and Skinner (1981) . As water was drawn through the
probe and through the detector, it was scanned for specific
fluorescent organics and inorganics common to septic leachate
No surface failures of septic systems were observed. The
leachate plumes originated from groundwater sources.

The major locations of detected plumes were:

1. Fisherman's Cove - Otis sewage plume
2 . Inlet - bog discharge
3 . Frog Pond - bog water
4. Selected on-site discharges off

Tritown/Horseshoe Bend
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The bog inlet and southern Frog Pond exhibited fluorescent
characteristics of bog water, whereas Fisherman's Cove and the
Tritown/Horseshoe Bend plumes were predominantly septic in
origin. The large area of discharge off Fisherman's Cove was
previously determined to be part of the Otis plume intersecting
the lake (KVA, 1983). Figure 43 shows the position of the
observed jplumes and their relative magnitudes. Samples of the
plume regions have contained phosphorus ranging from .030 to
.290 mg/1 in groundwater (see Table 27), sufficient to produce
algal growth on the rocky bottom. Table 23 contains analyses of
water samples taken from Lee Lysimeter samplers placed in
locations of septic plume discharges (Gl and G3).

120



TABLE 26
SUMMARY OF ONLOT SEPTIC AND LAWN INVENTORY
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TABLE 27

I ASHUMET POND
GROUNDWATER PHOSPHORUS (mg/1 -ppm)

[ . FROM SEPTIC LEACHATE PLUMES

f STATION TOTAL . DISSOLVED DATE

Gl .320 .290 Jan. 1, 1986

I G3 .030 .022 Oct. 27, 1985

I

I
I
I
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sewage effluent

bog

groundwater sample

Figure 43. Septic leachate plumes and bog discharges
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5.3.3 LAND USE CORRELATIONS AND EXTRAPOLATION TO PHOSPHORUS
LOADING FROM RESIDENTIAL HOUSING

One of the previous difficulties in applying land use
controls to lake management has been the assumption that 1) all
phosphorus input comes from runoff and 2) that groundwater
loadings are unquantifiable. Contrary to this, the
relationship between phosphorus content in the underlying
groundwater and sewage phosphorus loading appears to be readily
quantifiable. "With slight modifications, the relationship
between land use phosphorus loading and groundwater loading to
the pond can be treated similarly to the conservative nitrogen-
nitrate computations for municipal wells.

For example, if the iron system (strengite system) is
controlling phosphorus concentration in groundwater, then there
should be a correlation between sewage groundwater loading rate
and background filterable total phosphorus concentration.
Seven different locations were considered, ranging from heavy
sewage loading (infiltration beds - Otis ANG) to background
conditions (WHOI-Otis control plot) (Table 28):

1. Sewage infiltration beds - Otis ANG Base

2. Sewage infiltration beds - Ft. Devens, MA

3. Downtown Falmouth - commercial and resi-
dential development (See Figure 44C)

4. Craigville, MA - dense residential devel-
opment (.06 acre residential lots) (See Figure 44B)

5. Craigville, MA - moderately dense devel-
opment (.25 acre residential lots) (See figure 44B)

j 6. Ashumet Valley - rural development
(density about 1.0 acre, LeBlanc, 1978) (See Figure
44A)

I 7. Background with precipitation loading
(WHOI study, 1975; McVoy, 1980)

j The mean groundwater concentrations of filterable total
' phosphorus from each of these locations coincide with the

anticipated regression line (Figure 42). The concentration of

I phosphorus maintained in the groundwater by the strengite
reaction should not be confused with the saturated front
accompanying adsorption to soil in the unsaturated zone as
described by Ellis (1973), or employed by Tofflemire (1973).

I The phosphorus concentration is maintained by the oxygen demand
of the organic-rich fluid discharged into the aquifer,
controlling the soluble ferrous iron content.
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TABLE , 28

PHOSPHORUS LOADINGS FROM SEWAGE AND GROUNDWATER PHOSPHORUS CONCENTRATIONS

Ul

Station Area

Density
area/unit units/acre
(sq. ft.)

Observed P
Loading in Groundwater

(Kg/ha-day) (mg/1) Source

1 Sand filter beds

2 Sand filter beds

3 Downtown Falmouth 1,000

4 Craigville . 6,000

5 Craigville (Round Rd.) 25,000

6 Ashumet Valley 67,500

7 Otis - background

80

16

4

.7

100

12.8

2,0*

.378

.094

..024

.001 (McVoy)

' 8.0

3.7

1.4

.144, .13

.020, .049

.020 - .030

.002 - .007

Kerfoot, Ketchum

Satterwaite

Valiela

KVA/IEP (1988)

KVA/IEP (1988)

LeBlanc (1982)

Ketchum, et.al. (1976)

Assumes 8.35 ppm (mg/1) Po4-P in septic effluent; 300 gallons per day per unit (Ig = 3.781);
2.0-lbS'P per year: 1 hectare = 2.47 acres
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Figure 44. Locuses of residential monitoring wells.



i

i

Mathematically, the phosphorus concentration in the
ground-water (P̂ y) is related to the sewage phosphorus loading
(PL) by the empirical formula:

PGW = -42 PL -
67

where: PGW = phosphorus content in groundwater (mg/1)

PL = sewage phosphorus loading (Kg/ha day)

This is not a linear relationship, i.e., the higher the
phosphorus loading, the higher the proportion of leakage of
phosphorus.

The reaction can be decoupled by removing the oxygen
demand of the-wastewater and aerating the wastewater. During
the WHOI study{ the same effluent which went to the sand filter
beds was additionally treated by lagooning and spray
irrigating. No observable rise in phosphorus content in the
groundwater under the treated sites was observed (Deese et.
al., 1977).

On the other hand, in an already-maintained low oxygen
environment such as cranberry bogs, the mobile phosphorus in
the groundwater would be a direct consequence of phosphorus
loading. Normally, 30 pounds of phosphorus per year per acre
is added to operating cranberry bogs (Arthur Handy, personal
communication). This computes to an annual P loading of .09
Kg/ha day, which should yield a P content in groundwater of
.070 mg/1 (see Figure 42), A groundwater sample showed .092
mg/1 total P (filterable) in regions immediately downgradient
of bogs near Wequaquet Lake in Barnstable, MA. The measured
value of .035 mg/1 from the northern bog region reflects a
likely long-term decay of output from the time the bogs were
last active (late 1950's). Stormwater inputs cause the
nutrient-rich waters of the bog ponds to spill into the stream
and into Ashumet Pond. The cold groundwater-fed stream
discharge sinks down its lake bed channel and flows directly
into the hypolimnion of the pond.
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5.4 LAWN FERTILIZER LOADING

Generally, lawn care specialists recommend applying
bag chemical fertilizer twice during the year. When grass
starts to green up in the spring, usually 10 pounds of a
complete plant food is applied per 1000 square feet of lawn.
The Backed fertilizer comes identified by a ratio of percent
nutrient by weight. For instance, 20-10-10 is 20% nitrogen
(N), 10% phosphorus (P), and 10% potash (K). If the consumer
is applying this fertilizer, he is adding 2 pounds N, 1 pound
P, and 1 pound K for each 1000 square feet. With a 5000 square
foot lawn, 10 pounds N, 5 pounds P, and 5 pounds K are added. '

During the late summer or early fall, a 10-10-10 or 5-10-
10 nutrient ratio is recommended. To much nitrogen in the fall
results in excessive top growth which is susceptible to winter
damage. This "Would result in 5 pounds N, -5 pounds P, and 5
pounds K to a 5000 square foot lawn. The total annual
additions, spring and fall combined, would be 15 pounds N, 10
pounds P, and 10 pounds K. Around Ashumet Pond, the average
lawn is closer to 3000 square feet, which would have 9 pounds
N, 6 pounds P, and 6 pounds K being added.

The Long Island 208 study estimated a 60% loss of nitrogen
to groundwater based on an annual application of 15lb N. This
would result in about 5.4 pounds N per year to the groundwater,
a value estimated also by CCPEDC (1979). Chemical phosphorus
applied to lawns, on the other hand, is resistant to movement
to the groundwater. Most is usually lost by storm runoff.
Between 14% to 60% of the phosphorus may be taken up crops
(Deese et. al., 1977). The remainder stays on the top soil
and may be subject to erosion. A conservative estimate of the
migration (mainly runoff) from a lot is about one-half pound P
per lot with a 3000 square foot lawn area directly on the
shoreline, assuming a 10% runoff coefficient.

Unfortunately, there is a disturbing trend to more lawn
area and increased fertilization as the once-seasonal homes are

j converted to year round residences. Over 80% of the homes
1 surveyed receive professional lawn care. The switch from

fertilizer applied by the occupant to professional care
substantially increases the phosphorus loading. A normal tank

j mix consists of a 4.29 : 0.86 : 1.43 mixture in percent of urea
1 nitrogen : phosphorus as P2G5: potassium as K205 respectively.

The recommended application are four gallons per 1000 square
I feet. Assuming that twelve gallons are applied to each 3000

square foot lawn and each annual application consists of four
1 treatments, then 8 pounds N and 1.4 pounds P would be applied.

With over 60 homes currently on the water, the total loading
| would be 30 pounds P per year. See Table 29
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TABLE 29

FERTILIZER AND HERBICIDE APPLICATION TO LAWNS

Tank Mix Composition 1

Urea nitrogen

Phosphorus (P205)

Potassium (K2<>)

Bensulide

Chlorpyrifos

2,4-D dimethylamine

MCPP dimethylamine
salt

Dicamba

Application Rates*
3000 sq. ft. lawn
4 times per year

[%) lbs/1000 sq. ft. Ibs/yr

4.29

0.86

1.43

0.493

0.066

0.079

0.039

0.007

.66

,12

.4

.16

.022

.026

.013

.0023

8.0

1.4

4.8

2.0

.26

.31

.156

.027

*Application rate of 4 gallons per 1000 ft2 (Yeary, 1984)
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The runoff loading from lawns is comparable to the .25 Ibs
P/yr per person or .75 Ibs P per dwelling estimate for septic
systems (EPA, 1981). Information was not available for
commercial lawn spray application.

5.5 INLET FLOW AND LOADING

The northern inlet was monitored for thirteen months from
June, 1985 through July, 1986 (Figure 45, Table 30). The mean
flow during this period was 2,253 m3/day (80,000 ft3/day), or
795,500 m3/year. Of this, roughly 500,000 m3/year was
groundwater discharge and 295,000 ur/year occurred as
stormwater runoff. The discharge showed a characteristic rise
and fall coincidental with groundwater elevations. During the
late summer when evapotranspiration was greatest, it fell
(except in Jun'e and July, 1986) until October when recharge
increased, raising the mean flow to its maximum in April.

The monthly flow was particularly sensitive to rainfall.
During August, 1985 and July, 1986, exceptionally heavy rains
caused high outflows, 50,000 ft3 per day above expected
groundwater discharges. Rainfall is indicated in Figure 45 as
monthly precipitation at Barnstable Airport (NOAA) Station.

The mean total phosphorus and total nitrogen contents can
be multiplied by the flow to yield the total nutrient loading
to the pond from the inlet:

Phosphorus
800,000 m-Vyr * .025 gm P/m3 = 20,000 gm/yr or 20.0 kg/yr P

Nitrogen
800,000 m3/yr x (.890 gm TKN + .240 gm NO3-N)m

3 = 904,000 gm/yr
or 904 Jcg/yr

Total precipitation from August, 1985 through July, 1986
was exceptionally heavy, amounting to a total of 52.5 inches
compared to a normal 42 to 48 inches. The additional runoff of
300,000 cubic meters observed from the northern inlet
represents a noticeable storm contribution from Otis ANG Base
runway areas and from the poorly-permeable peat bog region,
well beyond the expected runoff estimated for the immediate
watershed. Since some uncertainty exists as to the storm
drainage anticipated during mean precipitation conditions, this
additional hydraulic inflow has not been included in pond
flushing calculations.
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TABLE 30

SEASONAL FLOW FROM ABANDONED BOG INLET

Date

1985

August 19

September 26

October 24 .

December 30

1986

January 21

February 20

March 21

April 11

June 14

July 8

ft3/day

94,176

16,128

69,120

35,999

107,519

86,142

55,656

78,802

101,952

131,160

Observed Flow
cfs

1.09

.19

.80

.41

1.24

.99

.64

.91

1.18

1.51

m3/day

2668

465

2030

1077

3076

2535

1648

2279

2953

3800

X = 2253
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5.6 WATERSHED LOADING - CUMULATIVE ANALYSIS

The Ashumet Pond recharge zone is divided into three
ownership regions: the towns of Falmouth and Mashpee, and the
Otis ANG. Within each of these regions exist subdivisions of
land for differing uses, primarily residential housing, traffic
(roads)t agriculture (bogs), storm runoff (flood zones), and
wastewater disposal. The total generated water inflow can be
broken down by source (groundwater, storm water, or
precipitation) and assigned a lake loading based upon the
phosphorus content under full.development.

I For instance, all residential lots falling within the land
use category of 10,000 to 20,000 square foot area could be
considered one group (C2, for instance). The expected

I concentration in the recharge is then multiplied times the
volume recharge expected from the lot area. The sum of
products (V̂ C-jJ + (V2,C2)

 vncn represent the total loading
to the water body. The computation formulae for groundwater
would be:

cw = CR x tvR-(v1+v2...vn)] + [(V-L.C!) + ... (V2.c2) + ... (vncnn

where: Cw = phosphorus concentration in fully-
mixed groundwater invading lake bottom

Vw = volume of groundwater discharge

Cp = phosphorus concentration in natural
recharge

C3/*"n = concentration in source

V^" • 'n = volume from source

and: C^ = PGW = .42 PL*
67 (from Figure 42)

The loadings and ultimate concentrations from the
cumulative approach represent eventual fully-mixed
concentrations. Because of the bathymetry of Ashumet Pond, the
fully-mixed condition would probably be more closely
approximated than in lakes with irregular shorelines and
multiple basins.

The stormwater runoff can be treated in a similar manner
to the immediate watershed area. The source areas can be
broken down into background runoff, road runoff, lot runoff,
and .runway runoff.
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The loading breakdown by land use category is presented in
Table 28. The future loading with full development of the
Falmouth, Mashpee, and Otis ANG regions is presented in Table
31. At present, only the northern pond regions (about 77 acres
in the recharge zone) have not been fully developed. If the 17
acres of Otis easement are removed as non-buildable due to
wetlands, about 50% of the developable land remains
unsubdivided. Certain parcels of these do have pending
subdivisions.

Table 31 compares the existing land use loadings to
desirable nutrient loadings. Comparing flow zones, despite the
size of the A zone, it has a relatively low residential home
phosphorus input. This is due to the MMR controls on land use
which place a minimum on groundwater loading sources. Most
septics are linked to the sewage treatment plant which,
unfortunately "does encroach on the edge of zone A (Fisherman's
Cove). The most noticable residential loading comes from the
horse bend area, most of which have 1/4 acre lots. Near shore
residential areas (zone B and C) do have a greater overall
loading to the lake shore. Again, 10,000-30,000 sq ft lots
prevail. Currently, the vast majority of the existing
subdivisions are within the 10,000 to 20,000 square foot lot
areas. These regions will develop phosphorus levels within
.035 to .070 mg/1 concentrations, sufficient to create nuisance
plant and algal growths along the shoreline. On the western
side, evidence of the algal growth is already apparent. These
may also be assisted by the pre-existing sewage plume discharge
which had reduced groundwater oxygen levels. Figure 46 shows
existing regions where elevated groundwater phosphorus will
lead to algae and vegetative growth along the shorelines.
Future regions with projected impacted shorelines based on full
development are stippled.

Full development of the northern region would be
detrimental to the pond, unless steps are taken to reduce
existing phosphorus loadings. The northern abandoned bog
regions have already established low groundwater dissolved
oxygen conditions. The seasonal benthic algal growth in the
southern basin appears aided by a redistribution of suspended
phosphorus and algae being physically filtered out by
groundwater outflow from the pond. Continual increase in the
phosphorus loadings is not desirable and will be distributed
throughout the basin by the north inlet discharge and by the
tendency for the colder groundwater to flow directly into the
hypolimnion.
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TABLE

CUMULATIVE LOADING FROM DEYELQPA8ILITY AND NOHPOINT SOURCE ANALYSIS

fiJIOUHOWATER LOADING

Town of Hashpee Recharge Area (A and B Zones] firoundwater Loading:

Groundwater
J» Loading*1 Concentration Volume

Lot Area (sq.ft.) * Lots Hectares Acres kg/ha-'day g/m3 n3/d

A. Existing Residential Lots:

0 - 9,999 2 .093 .23 .3 .23 .99
'10,000 . 19,999 66 9.3 23 .10 .10 33
20.000 - 29,999 7 1.6 ' 4.0 .OS .072 3.5
30,000 - 39,999 0
40.000 - 49,999 6 2.4 6.2 .035 .027 3.0

61
Agricultural:

cranberry bog (abandoned) 7 .035 47-9
open land _ . 70.5

TOTAL:

B. Future Residential Lots: + Existing

0 - 9.999 2 .093 .23 .3 .23 .93
10,000 - 19,999 £6 9.3 23 .10 . ,10 33
20,000 - 29,999 31 9.6 18.8 .06 .072 15.2
30,000 - 39,999 Q - - -
40,000 - 49.999 47 19.7 48.5 .033 .026 23.4

145
Agricultural:

cranberry bog (abandoned) 7 .035 47.?
open land 10

- TOTAL

PLUME LOADING ANALYSIS
(based on septic leachate survey and EPA loading per house)

B Zone: primary recharge, within 100 n (305 ft) of shoreline, groundwater Inflow

0 - 9.999 0
10,000 - 19,999 16
20,000 - 29.999 5
30,000 - 39.999 0
40,000 - 49.999 1
50,000 0

22 TOTAL

loading
-Ibs P/yr kg/yr

.22
3.6

.2*

.20

4.2

39

43

.22
3.6
1.1_

2.9

fT

39

47

3.5
. 5.7

0
1.1

11.3

.10
1.65

.11

,S9

1,95

17-5

19.5 20

,10
1-6

.48
„
1.3

T~43

17.5

11.0

0
3.3
** *•t.5

ct.52

11-4

C Zone: secondary recharge, within 100* R (305 ft) of shoreline, groundwater outflow

Hashpee*.
0 - 9,999 0

10,000 - 19.999 20
20.000 - 29,999 15
30,000 - 39,999 7
40.000 - 49,999 2
50,000 6

Fa 1 mouth:

Q - 9,999 0
10,000 - 19,999 0
20.000 - 29,999 11
30,000 - 39.999 6
40,000 - 49.999 4
50,000 4

75 ' TOTAL

0
13.2
9.9
4.6
1.3
4

0
0
7.3
4
2.6

•2.6

«7s

0
£
4.5
2.1
.6
1.8

0
0
3.3
1.8
1.2
1,2

22.5

I

* Assuming following Figure 41

+ Assume ,1 kg per person or .3 kg per septic plus .22 kg per dwelling
for lawns (.52kg/*HeUin9 total phosphorus).

++ Assume .3 kg per dwell ino (occasional septic encroachment).
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H = heavy vegetation
M = medium vegetation
L = light vegetation

\ *

Figure 46. Cumulative impact analysis by overlay of
groundwater flow regime by developable lot
analysis.
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6.0 POND NUTRIENT BUDGET

A simplified nutrient budget has been developed for
Ashumet Pond. See Table 32 and Figure 47. We used McVoy's
(1980) estimate of precipitation phosphorus loading for John's
Pond, but the Ashuraet precipitation loading was reduced
proportionately to correspond to the smaller surface area.
The background groundwater loading was based upon a natural
background phosphorus concentration of .005 mg/1, similar to
that reported by Deese et. al. (1978). With septic systems, a
per capita phosphorus loading of 25 pounds per year was assumed
for all residential housing in the recharge zone. Homes on
nearshore lots were also assumed to have .22 kg p/yr. for lawn
regions. Of note, only 37 homes currently exist in the
recharge region and a substantial number of these are occupied
seasonally. " the north inlet loading for groundwater was found
by multiplying mean flow (groundwater and surface) by mean
total phosphorus concentration. For storm runoff, the
estimated flow was multiplied by .250 mg/1 total phosphorus
commonly encountered in field samples of runoff (see Section
5.2 Storm Drainage). For convenience, the fraction of the
total loading is indicated by the individual source.

6.1 ITEMIZATION !Y SOURCE

The final nutrient budget reflects watershed use and
observed storm events which have been documented. As has been
preyiously observed by McVoy (1980), groundwater sources play
an important role in total phosphorus loading to the pond. In
the nearby John's Pond, 68% to 75% of the phosphorus loading
was attributed to groundwater sources. The second largest
source appears to come from surface runoff which includes
discharge from the northern inlet and immediate watershed.
See Table 32 and Figure 47.

The Otis plume (30%) represents the single largest source.
Precipitation (wet and dry) and the north inlet and storm
runoff all co-rank as second most important of phosphorus
sources. Individual septic systems appear to be lower in
value. A significant distance of shoreline (zone C) has
surface flow into the land.
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AshumetPondNutrientBudget

Storm Runoff ^Precipitation

Septic Systems

North Inlet

Groundwater Background

Otis Plume

Figure 47. Nutrient budget breakdown by source
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TABLE 32

ASHUMET POND
NUTRIENT BUDGET

1

I

Source

Precipitation

Groundwater

Background

Otis Plume

North Inlet (groundwater & storm)

Septic Systems

Storm Runoff (immediate watershed)

Phosphorus

Ibs P/yr kg

50

22

82

47

27

49

Loading

P/yr %

23

10

37

21

12

22

total

18

8

30

17

10

17

Total 277 125 100
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7.0 CARRYING CAPACITY OF ASHUMET POND

Every lake has a capacity to support a certain nutrient
loading without expressing undesirable conditions of heavy
vegetative growth, algal blooms, or low dissolved oxygen which
are often associated with eutrophic conditions. Complex models
have been used to relate the phosphorus loading to the level of
eutrophication (aging) of a lake. Two basic approaches have
been used in the analysis of lake eutrophication:

1. A complex lake-reservoir model simulating the
interactions occurring within ecological systems;

2. A more simplistic nutrient loading model which relates
the loading or concentration of phosphorus in a body
of water to its physical characteristics.

In contrast to the complex reservoir models, the empirical

I nutrient budget models for phosphorus can be simply derived and
can be used with a minimum of field measurement. This approach
has formed the basis for the E.P.A. "Rural Lake Projects"
(1981). The nutrient budget models, first derived by

I Vollenweider (1968) and later expanded upon by him (1975), as
1 well as Dillon (1975a and 1975b) and Larsen and Mercier (1975,

1976), are based upon the total phosphorus mass balance. There

I has been a proliferation of simplistic models in eutrophication
literature in recent years (Bachmann and Jones, 1974; Reckhow,
1978). The Dillon model has been demonstrated to work
reasonably well for a broad range of lakes with easily

( obtainable data. The validity of the model has been
demonstrated by comparing results with data from the National
Eutrophication Survey (1975). The models developed by Dillon
and by Larsen and Mercier fit the data developed by the NES for

1 23 lakes located in the northeastern and north-central United
States (Gakstatter et. al., 1975) and for 66 bodies of water in
the southeastern U.S. (Gakstatter and Allum, 1975). The Dillon

- model (1975b) has been selected for estimation of eutrophica-
I tion potential for municipal ponds on Cape Cod and has been
* incorporated into the Falmouth, MA "Nutrient By-Laws". (KVA,

1983)

I Vollenweider (1968) made one of the earliest efforts to
relate external nutrient loads to eutrophication. He plotted
annual total phosphorus loadings (g/m /yr) against lake mean

I depth and empirically determined the transition between
oligotrophic, mesotrophic and eutrophic loadings. Vollenweider
later modified his simple loading mean depth relationship to
include the mean residence time of the water so that unusually
high or low flushing rates could be taken into account. Dillon
(1975) further modified the model to relate mean depth to a
factor that incorporates the effect of hydraulic retention time
on nutrient retention.
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The resulting equation, used to develop the model for
trophic status, relates hydraulic flushing time, the phosphorus
loading, the phosphorus retention ratio, the mean depth and the
phosphorus concentration of the water body as follows:

Lfl-Rl * ZP
P

where: L = phosphorus loading (gm/m /yr)

R = fraction of phosphorus retained

f* = hydraulic flushing rate (per year)

Z - mean depth (m)

p = phosphorus concentration (mg/1)

The graphic solution is presented as a log-log plot of
L(l-R) versus z.
P

The Larsen-Mercier relationship incorporates the same variables
as the Dillon relationship.

In relating phosphorus loadings to the lake trophic
condition, Vollenweider (1968), Dillon and Rigler (1975), and
Larsen and Mercier (1975, 1976) examined many lakes in the
United States, Canada and Europe. They established tolerance
limits of 20 ug/1 phosphorus above which a lake is considered
eutrophic and 10 ug/1 above which a lake is considered
mesotrophic. The basic equation can be expressed in
computation form as follows:

Lc = Critical limiting load

LC = (P) * (2) x (P) X 1 X 8.9
1-R

Lc = (flushing rate) x (mean depth in meters) x (.020) x 5 x
8.9 = Ibs p/year/acre of pond area

The factor 5 comes from an assumption of 80% retention of
phosphorus in the water body. 8.9 is a conversion factor of
units. For Ashumet Pond, the areal water load, q, is found by
dividing the flow by surface area.

Areal water load(q)=flow(m^/yr)=3,132,740 m^/yr = 3.81 m/yr
area(m2) 821,540 m2

In other words, 3.81 m3 of water pass through every square
meter of lake surface area per year. On the basis of the
empirical relationship observed between areal load (q) and
phosphorus retention (R), the estimated phosphorus retention
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1
for Ashumet Pond is 70.5% or .705 of that entering (Figure 4B)

' For Ashumet Pond the critical loading rates are as
follows:

j Lc = (.53) x (7) x (.020) x 3.3 x 8.9 = 2.18 Ibs P/yr/acre or
442 Ibs P/yr total
lake (203 acres)

I To maintain a .010 level, the loading would need to be
limited to 50% of critical, or 221 Ibs P/year.

I The critical loadings of 442 Ibs P/yr and 221 Ibs P/yr
calculated on this page can be compared to the 1987 computed
loading for Ashumet Pond of 277 Ibs P/yr. Dividing by the

I recharge shore-line and recharge area gives the criticcal values
listed below, assuming 70% retention:

CRITICAL LOADING

1 Total Water Body Shoreline Recharge Area(BEtC)
442 IbsP/yr 3.4 IbsP/yr .49 IbsP/acre

I To maintain a .010 level, the loading would need to be
limited to 50% of critical, or 221 Ibs P/year.

. The combined Vollenweider-Dillon model assumes a steady-
I state, completely-mixed system, implying that the rate of
• supply of phosphorus and the flushing rate are constant with

respect to time. These assumptions are not totally true for

I all lakes. Some lakes are stratified in the summer so that the
water column is not mixed during that time. Complete steady
state conditions are rarely realized in lakes. Nutrient inputs
are likely to be quite different during periods when stream

I flow is minimal or when nonpoint source runoff is minimal. In
addition, incomplete mixing of the water may result in
localized enrichment problems in the vicinity of a discharge.

I Ashumet Pond is a well-mixed kettle lake which approaches
! the assumptions of the model.
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phosphorus retention, R (Kirchner and Dillon,
1975).
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I Within the Otis ANG Base section of the recharge zone,

groundwater shows significant organic contamination (E.G.

( Jordan, 1986). Several wells show detectable concentrations of
volatile organic compounds, predominantly the solvents PCE,
TCE, and to a lesser extent, trihalomethanes. Additionally,
aviation gasoline, oil, and grease were detected in the IRP

I (Massachusetts Military Reservation Installation Restoration
Program) monitoring wells. Because of groundwater flow rate
ranging from one to two feet per day, there is a potential for
the identified contamination to migrate off-base. The MMR IRP

I program is planning additional study and evaluation of the
identified sources (E.G. Jordan, 1986).

- Table 33 itemizes the identified hazardous spill sites
I which pose a potential impact threat to the Ashumet Pond
* recharge zone. There are examples of spills in each category

(a through d) above. To evaluate the potential for migration

I of the material, a downgradient plume envelop was constructed
for each known source. The time of spill was noted and the
length of travel computed using .3 feet per day as a flow rate
for solvents and fuel (Figures 49 and 50) , A series of wells

( located inside the recharge region of Ashumet Pond, but outside
the Otis ANG base boundary, have exhibited organic
contamination (LeBlanc, 1984; Roy F. Weston, 1985; E.G.
Jordan, 1986). Table 34 details well numbers and the organic

I contaminants isolated from each well.

8.0 HAZARDOUS WASTE MANAGEMENT

8.1 HAZARD ASSESSMENT

Over 60% of the recharge area of Ashumet Pond lies within
the Massachusetts Military Reservation (MMR). At the present
time, the Department of Defense (DOD) has a program underway to
identify and evaluate past hazardous material disposal sites on
the MMR property, to control the migration of hazardous
contaminants, and to control hazards to health or welfare that
may result from past disposal practices. The E.G. Jordan Co,
Oak Ridge National Laboratory's (ORNL) Region I contractor, has
been charged with this responsibility, in coordination with
DOD, the Army Corp of Engineers, and base personnel. Prelim-
inary reports on the status of these ongoing investigations are
contained in'Tasks 1 through 7 (E.G. Jordan, 1986).

8.2 CHEMICAL SPILL/DISPOSAL SITES

The regions of interest are areas which lie within the
recharge zone or immediate watershed of Ashumet Pond. There
are four fates of historically-observed waste spills: Organic
contamination either a) remains on base, b) has a potential for
off-base migration, c) has migrated off base, or d) is
discharged off-base with runoff.

i
i
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TABLE 33
SUMMARY OF POTENTIAL HAZARDOUS SPILL CONTAMINATION

IN THE ASHUMET POND RECHARGE-AREA
(Adapted from E.C. Jordan, 1986)

M
.to.
Ul

Number

FTA-1

FTA-2

FS-5
FS-10,11
FS-15

FS-21
FS-22
CS-2
CS-6

CS-7

SD-1

SD-2
SD-5

LF-2

Source

Fuel spill
Fuel spill
Fuel spill

Fuel spill
Fuel spill
Chemical spill
Chemical spill

Chemical spill

Storm drainage
Storm drainage
Storm drainage
Rubble & debris

Location

Fire training area
(current)

Fire training area
(former)

Aircraft parking apron
Fuel storage area.
Runway #5

Product tank 90
ANG motor po'ol

E. Truck Rd. Motor' Pool
USCG maintenance shops

nrganiz; Malnt. Shops

Landfill

Date

1958-85

1948-56

early 60's
early 60' s
early 60's

1954-P
Sept. 1984
1941-46
1967-P
1965-P
1955-P

1955-P
1940-P
1940-44

Material

••Fuel , solvents, oil

Fuel , solvents

AVGAS

JP-4, oil
AVGAS
MOGAS

t JP-4 fuel
Waste oil, solvents
Waste oil, solvents
PCE to san. sewer, oil

Solvents, fuel
Solvents, fuel
TCE, JP-4
Solvents, paint, oil

Score

92.9

82.6

NR
See SD-2

. NR

61.9

NR

66.4.
44.4
NR

64.2

76.1
76.1

NR

NR=no ratings
AVGAS' = Aviation Gasoline
JP-4 = Aviation Fuel
MOGAS = Surface Vehicle Gasoline, Used in Motor Pools.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE 34

ORGANIC CONTAMINATION RECHARGE REGION OF ASHUMET POND

Well

233-67

239-64

RFW-10

Compound

1,1,1 trichloroethane
trichloroethene
tetrachloroethene
1,1 dichloroethane
trans-l,2-dichloroethene

1/1,1 trichloroethane
trichloroethene
tetrachloroethene
trans-1, 2-dichloroethene
1,1 dichloroethane
1,1 dichloroethene
1,2 dichloroethane
carbon tetrachloride
1 , 2 dichloropropane
1,1, 2-trichloroethane
chlorobenzene

ethylbenzene
M,O,P xylenes

Concentration
ug/1

0.5
4.4
5.1
0.1
1.6

0.1
95.0

134.0
34.0
5.0
0.2
0.2
0.1
0.2
0.1
0.2

59.0
78.0

From LeBlanc (1984), RFW (1985), and E.G. Jordan (1986)

146



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Figure 49.

KEY

FS « Fuel spill site

SO « Drainage swale

FTA = Fire training area

CY * Coal yard

IF * Land fill

CS « Chemical spill site

Identified potential spill contamination sites in
pond recharge area (schematic representation).
Refer to Table 32 for identification of hazardous
spill codes.
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Figure 50.

KEY

FS = Fuel spill site

SO = Drainage swale

FTA = Fire training area

CY = Coal .yard

LF = Land fill

CS » Chemical spill site

Plume regions and projected displacement of organic
zones from time of identified discharges in
recharge area of Ashumet Pond. Estimated travel
time in years (isobars) is shown from shoreline of
Ashumet Pond.
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ASHUMET

(BELOW DETECTION LEVEL
IN THIS REG/ON)

\
MASHPEE

PUBLIC
LANDING

Figure 51. Sample locations for volatile organic compounds in
abandoned bog area. The concentration in total BTX
is presented next to the sampling station.
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8.3 NORTH INLET STUDY

Additional funding allowed more detailed evaluation of the
north inlet region. A continuous flow of water issues from the
abandoned cranberry bog and two small ponds (Figure 50).
Initial sampling of the inlet indicated the presence of
volatile organics. Stirring of the bottom sediments has also
shown the release of an oily sheen, suggesting past inputs of
hydrocarbons.

A series of samplings of surface waters were performed on
December 16, 1985 and on November 30, 1986. The samples were
taken in sterilized 250 ml glass bottles with teflon caps and
transported immediately to a portable laboratory at the Mashpee
landing on Ashumet Pond. The water was transferred to VOC
vials which maintained 5 ml head space and was analyzed follow-
ing the procedures for head space analysis (Spittler, 1985).
The initial water temperature (2-5 C) was then raised to 20 C
and a 100 ul sample of air obtained. The sample was then inje-
cted into a Photovac 10A10 portable chromatograph for analysis.

Two standards were injected during sampling. The first
contained a mixture of trichloroethylene (TCE) and
tetrachloroethylene (PCE). A second standard contained
benzene, toluene, and xylene. Air blanks were also injected to
test the cleanliness of the syringe.

Sample 1 (see Figure 51 for sampling locations) taken near
the opening of the inlet, showed distinct peaks of volatile
organics. The twin peaks were tentatively identified as TCE
and toluene. See Figure 52. The apparent concentrations were
2.1 ppb TCE and 23 ppb toluene. These were rapidly diluted
when the creek mixed with the pond water, reducing to about

| 1/10 their discharge level in grabtsamples taken opposite the

i
- Separate analyses were run later on a laboratory
I chromatograph, and independent laboratory analysis has
• confirmed the nresence of benzene, ethvlbenzene, TCE, '

Mashpee landing. Their concentrations increased up the creek
and reached their highest level at Stations 8 and 9 in the
western small pond (Figure 51, Table 35). Well point samples
at Stations 10 through 14 did not contain significant
quantities of the contaminants.

and xylene in samples. Inspection of the chromatographic runs

I has revealed a variety of compounds, only a few of which have
been identified to date. Additional analyses should be
conducted to determine the extent of contaminated sediments and
soil in the abandoned cranberry bog region.

I Our tentative analyses indicate the likelihood of a source
of contamination located upgradient of the western pond.
Either oil spill FS-21 or an undrained abandoned leaking

I pipeline could be potential sources. The presence of toluene
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RESULTS

Chromatogram
Identification

11

#1B

#2

#3

14

#5

16

#7

#8

#9

#10

Shore Grab #1

Shore Grab #2

Shore Grab #3

TABLE 35

OF CHROMATOGRAPHIC STUDY AT NORTH

Trichloroethylene
(ppb)

2.1

3.0

2.8

2.0

4.5

4.3

3.3

0.0

5.0

9.0

0.0

0.2

0.1

0.1
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Toluene
(pPb)

23

33

31

23

53

52

43

3

54

93

0.0

2.3

1.3

1.2
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I6SED
35 T-FOIL

« SAMPLE

«4 SAMPLE

63.2

167^3

*38 SAMPLE pnmmnummmmuumiimnimiJ 867 10crr
MA SAMPLE iTiimiiiHi TTUsg surface
«2C SAMPLE IB 61.1 25cm

«2B SAMPLE im 82.3 10CID

SAMPLE ininil 147.3 surface
SAMPLE P29

0 100200300400500600700600900'

TOTAL BTXPPB

N. OF ASHUMET POND

SURFACE

WATER

SM SAMPLE
«T2A SAMPLE
£23 SAMPLE
$2C SAMPLE
#3A SAMPLE
»3B SAMPLE
«4 SAMPLE
#5 SAMPLE
*6 T-FOIL
#6 SED

BENZENE PPB
ND
5.3
3.3
1,1
26
62

4.7
2.2
ND
ND
ND

TOLUENE PPB I XYLENES PPB
29

142
79
SO

426
785
163

81
20
15
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TOTAL BTX PPB
29

147.3
82.3
61.1
452
967

167.3
83.2

20
15
0

TCE PPB ?
19
62
35
23

470
370

59
83
2

ND
0

Figure 52. Portable GC scans of interstitial water, surface
water, and a sediment sample in abandoned cranberry
bog pond.
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4. Become effective toxicants.

| These recommendations follow the FWPCA guidelines for water
quality of fresh waters (Federal Water Pollution Control

g Association, 1968).

I Figure 52 shows an example of a chromatograph obtained
from the northwest pond in the cranberry bog. Several distinct

( compounds exist in the sample of which only a few are
identified to date. Oil-contaminated sediments are clearly
present. The source(s) of these compounds may be historically
complex for the following reasons:

I 1. Cranberry bogs in the 1940's and 1950's were commonly
treated with Kerosene or kerosene plus Stoddard
solvent. Petroleum residues may persist for long

I periods of time in anaerobic bog/marsh sediments.

along with benzene and xylene is usually connected with
petroleum product leakage. The current level of benzene and
TCE contamination may be of concern for private well
emplacement downgradient of the bog region and should be
explored further. The diluted levels measured from mixed lake
water are currently below suggested MCL levels of concern (EPA
Superfund Evaluation Manual; EPA 540/1*86/060). However,
several levels are exceeded in the bog region and bog1 pond.
The extent of contamination, migration and distribution of the
sediments and their threat to fish populations should be
studied further.

Fish species, particularly trout, are especially sensitive
to certain organic and inorganic substances. Oil and many of
its soluble components, like benzene, toluene, and xylenes, are
toxic to adult and juvenile fish. Moreover, the residuals of
oil may taint -meat and leave certain compounds which may
undergo bioaccumulation. Table 36 presents several organic
compounds, including the herbicide 2,4-D, which may be toxic to
adult or larval fish.

In numerous cases, Figure 52 indicates some levels are
higher (See #1 A,B,C for toluene and 3A,B for benzene, toluene,
etc.) than recommended for trout.

In view of the available data, it is concluded that to
provide suitable conditions for the trout populations, oil and
petrochemicals should not be -added in such quantities to the
receiving waters that they will:

1. Produce a visible color film on the water surface;

2. Impart an oil odor to water or an oily taste to fish;

3. Coat pond or channel banks and the bottom of the pond
or taint any of the associated biota; or

i
i
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TABLE 36

SUMMARY OF THE ACUTE AND CHRONIC TOXICITY OF SELECTED
INORGANIC AND ORGANIC POLLUTANTS TO FRESHWATER FISH

(Spehar, et.al.f 1980)
• * » ^— l̂ ^^^^ -̂̂ v f f

Substance

Ammonia
Ammonia-ionized

Benzene

Crude oil

2a4-D

2,4-D(BE)

Toluene

m-xylene

o-xyl ene

p-xylene

Species

Rainbow Trout
juvenile
juvenile

Dolly Varden
(Salvenlinus rcalma)

juvenile
smolt

Dolly Varden
(Salvenlinus malma)

juvenile
smolt

Lake Trout
(Salvenlinus namay-
cush)

embryo-larvae

Goldfish

Goldfish

Goldfish

Goldfish

Results

96-hr LC50, 0.697 mg/1
96-hr LC50, 35.7 mg/1

96-hr LC50, 12.0 jjg/1
96-hr LC50, 11.9 ug/1

96-hr LC50, 2.8 mg/1
96-hr LC50, 2.7 mg/1

96-hr LC50, 600 ^g/1
96-hr LC50, 820 pg/1

61-day -MATC, 15-33 jug/1

24-hr LC50, 58 mg/1

24-hr LC50, 16 mg/1

24-hr LC50, 13 gm/1

96-hr LC50, 22 mg/1

Temp.
°C

10
10

8
8

8
8

5
15

11

20

20

20

20

PH

8.0
8.0

-
'-

-
~

-
-

-

6-8

6-8

6-8

6-8
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2. The relationship between groundwater and surface
I water;

3. The present condition of land use in recharge and
. watershed regions contributing nutrients and
I potentially toxic materials to the pond.

2. TCE/PCE from past storm discharges may be released
slowly after being trapped in sediments and may
represent a plume which has already passed through.

3. The ultimate fate and composition of groundwater
contamination from past historical spills is not fully
known.

The presence of petroleum products (POL) in the cranberry
bog sediments and the heavy release of dissolved fractions
suggest that careful consideration must be given to proposed
remedial actions for eutrophication control to assess potential

2. TCE/PCE from past storm discharges may be released
slowly after being trapped in sediments and may
represent a plume which has already passed through.

3, The ultimate fate and composition of groundwater
contamination from past historical spills is not fully
known.

The presence of petroleum products (POL) in the cranberry
bog sediments and the heavy release of dissolved fractions
suggest that careful consideration must be given to proposed
remedial actions for eutrophication control to assess potential
interferences which may exist between eutrophication control
and organic control/mitigation.

The presence of benzene in groundwater and the bog pond
was further substantiated with organic analyses obtained during
the supplemental study (See Olivera Laboratories, Inc.
Report). A low level of 3.84 ug/1 was confirmed. The presence
of numerous organic constituents (TCE, benzene) in quantities
near or above 5 ug/1 raises serious questions about use of
groundwater sources for drinking supplies in the region of the
northern bog.

9.0 DIAGNOSTIC STUDY SUMMARY

An intensive diagnostic study was conducted of Ashumet
Pond during 1985 and 1986. A supplementary study was conducted
from 1987 to 1989. The limnological study concentrated on:

1. Evaluating the condition of the pond, how it
physically, chemically, and biologically operates;

i
i
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Groundwater phosphorus concentrations as well as nitrogen
levels can be related to Otis ANG Base and on-site septic
loadings. A procedure was developed to evaluate shoreline
algal and vegetation impacts based on groundwater phosphorus as
well as to deal with fully-mixed lake concentrations. The
following conclusions were reached:

1. Physically, Ashumet Pond is a classic kettle pond
derived from glacial outwash deposits and dependent upon
groundwater flow for flushing. Groundwater is pulled up into
the pond by hydraulic conductivity contrasts and actively
discharged back. Two dimensional analysis proved
unsatisfactory but three dimensional analyses explained upflow
patterns and recharge zone configuration.

2. The lake is particularly sensitive to phosphorus
inputs since the lake volume is replaced by water inflow only
every 1.89 years and has an estimated 70% retention of
phosphorus.

I
I
I
I
I
I
I

3. Presently, Ashumet Pond is in a mesotrophic condition
conducive to fishing and recreational uses, but shows

I increasing signs of local eutrophication. The critical loading
on the pond was calculated as 442 Ibs P/yr. The 1986 loading
to the Lake was 277 IbsP/yr. Future loading is expected to

_ rise to over 500 Ibs/yr based upon intrusion of the sewage
I plume,

4, The central portion of the lake is well-mixed and

I stirred by prevailing winds during summer in a clockwise
direction to a depth of 10 meters (33 feet). A pronounced
thermocline develops during June and persists until November.

1 5. Low oxygen levels exist in the hypolimnion with
ammonia-N concentrations of .80 to 1.29 mg/1 and dissolved
phosphorus levels of .024 to .133 mg/1.

1 6. Wind shear force may create a Kelvin wave (an internal
gravity wave) in Ashumet Pond during late summer which leads to
oscillation of the thermocline.

1 7. The dominant algal populations were composed of
diatoms (Asterionella, Fragilaria, and Tabularia) common to
moderately productive lakes. Macrophytes were sparse except

• along shorelines.

8. The blue-green alga Microcvstis, which is common to
ammonia-N rich waters, and the filamentous alga Tribonema were

( found increasingly common in Fisherman's Cove and the offshore
waters.

9. Two fish kills occurred during the study. The first,
I during summer 1985, developed off Fisherman's Cove and appeared
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13. Watershed nonpoint source loading provides

( significant additional inputs of phosphorus to the pond. The
two major sources originate from on-site sewage disposal and
application of lawn fertilizers. The following breakdown of
contribution (by percent) to the pond was found:

I Precipitation 18
Groundwater
Background 8

I Otis Plume 30
North Inlet 17
Septic Systems 10

. Storm Runoff 17

I 14. Groundwater phosphorus concentrations were directly
related to sewage loading. A close correlation was observed

( ranging from background levels of .005 to concentrations above
1.00 mg/1. The statistical relationship was used to predict
groundwater phosphorus concentrations and shoreline impacts.

1 15. The average lawn area was found to be slightly under
3000 square feet. The lawn fertilizer addition is sufficient
to account for most of the watershed runoff phosphorus. A

' disturbing trend toward commercial care of lawns, along with
I more year-round residency, may be increasing the loading from
I this source. Reduction in phosphorus applications, perhaps with

i

to be the combination of a release of hypolimnetic water and a
local algal bloom. The second, in May, 1986, occurred before
pronounced thermal stratification and was related to a
filamentous algal bloom of Triboneiaa.

10. Both fish kills were initiated in a region identified
as groundwater intrusion of the Otis sewage plume.
Conductivity and boron concentrations in the inflowing
groundwater coincide with levels found in the central core of
the plume.

11. Modeling of the phosphorus in the intercepted portion
of the plume suggests that the major nutrient load has not yet
reached the pond, despite discharges to the source filter beds
having been stopped since 1984. Currently the plume incursion
represents 30% of the total phosphorus loading to the pond, the
single largest source. If it continues unabated, the source
will change the lake trophic state to eutrophic. Major loading
will occur between the years 1990 and 2000.

12. The northern inlet, which drains an abandoned
cranberry bog and receives flow from Otis ANG Base stormwater
drainage, serves as the second largest phosphorus source when
groundwater and stormwater contributions are included.

modifications of fractions towards iron (greening) and nitrogen
(slow release), may prove beneficial.
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16. The northern abandoned cranberry bog region contained
significant organic contamination. A dissolved hydrocarbon
discharge appears to originate from one of two ponds in the
ditched bog region. A variety of identified sources of
historical spills or storm runoff from the Otis ANG Base may
contribute organic pollution now, in the past? and in the
future, to the bog region. At present, emerging organics,
principally toluene or benzene derivatives, are diluted
considerably (400-fold) during discharge into Ashumet Pond.
Oil-containing sediments occur in both ponds and in the
ditchways.

1 17. The three dimensional model suggests that the sewage
plume entering the Lake could be deflected away from the
shoreline easier than originally thought with the 2-dimensional

I approach. Since the increasing blackness along the beach
reflects continual redeposit of manganese, whitening of the
beaches would become apparent immediately.

i
i
i
i
i
i
i
i
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