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INTRODUCTION

This report follows water quality studies done by the Massachusetts
Division of Water Pollution Control on Johns Pond from April 1978
through April 1979 and from July 1980 through August 1980. The
objectives of these studies were to:

1. Satisfy the request made by the Town of Mashpee for a
diagnostic water quality study of the pond;

2. estimate and characterize the lake's trophic level and limnology;

3. collect data for a restoration/preservation program in fulfillment
of Section 314 (Clean Lakes Program) of the 1977 Amendments to the
federal Water Pollution Control Act (PL95-217) ;

4. develop a basis fcr evaluating lake problems; and

5. develop and evaluate new lake water quality sampling techniques.



HISTORY OF THE AREA

The Cape Cod and Plymouth area was originally home to the Wampanoag Indians,
a tribe of the great Algonquin nation (Wood, 1973). A village called Massi-
pee, near present day Mashpee, served as the traditional seat of Wampanoag
authority on Cape Cod (Bingham, 1970). Consequently, Massipee became the
last refuge for the Indians on Cape Cod once the Pilgrims and other European
settlers began acquiring land. It was only through the efforts of Richard
Bourne, the first missionary to Indians on Cape Cod, that the Massipees
were able to retain any land. In 1671, Bourne convinced the Plymouth govern-
ment to recognize ancient Indian land deeds. That act established the first
Indian reservation in the New World. The reservation was transcribed into
the records as "Marshpee."

For the next two centuries relations between settlers and Indians were
continually strained as rights were denied to the Indian people of the
Mashpee area. Finally, in 1961, the United States legislature granted
citizenship to the Mashpee Indians. Less than a decade later, on May 28,
1870, the Town of Mashpee was incorporated (Bingham, 1970).

In keeping with its Mashpee Indian heritage the town re-established an
annual powwow in 1919. That celebration has continued to the present time.

Until the mid-1930s hunting and fishing were the primary occupations of
people in the Mashpee area (Massachusetts Department of Commerce and Develop-
ment, 1972). After that, employment in the cranberry bogs became the
prevalent occupation* Today, cranberry bogs still support a portion of
Mashpee's economy along with fishing and the Otis Air Force Base. Mashpee,
however, is known mainly as a summer resort and retirement community.
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WATERSHED CHARACTERISTICS

Physical Description

Size and Location

Because of the potentially complex hydrology associated with Johns Pond,
the watershed can be delineated into two areas (Figure 1). One, based on
surface topographic highs in the area immediately around the pond, and
including the pond, covers an area of about 4.9 square kilometers
(about 1.9 square miles). Most of that area is in the east-central por-
tion of Mashpee, Massachusetts. One small part of the southwestern corner
is located within Falmouth and another small part, in the northwestern
corner, is located in Sandwich.

The second watershed (Figure 1) has seemingly artificial boundaries through
Weeks Pond and Ashumet Pond based on groundwater contours for Cape Cod. It
encompasses an area upgradient from Johns Pond that represents the maximum
area contributing recharge to Johns Pond. This area covers about 9.3
square kilometers (about 3.6 square miles) and overlaps the surface water-
shed on the western and northwestern sides of the pond. The. northern por-
tion is primarily in Sandwich.

Climatology ;

The general climate of Cape Cod is influenced by sea breezes which act ;to
keep summer temperatures low and winter temperatures high relative to in-
land regions. Atmospheric disturbances and weather patterns tend to pass
in a west to east direction because of the prevailing westerlies.

According to the Massachusetts Department of Commerce and Development (1972)
the average monthly temperatures in Mashpee range from -0.2°C (31-7°F) in
January to 21.7°C (71.1°F) in July. The mean annual temperature .'is about
50°F or 10°C (United States Department of Agriculture, 1978).

A mean annual precipitation of about 111 centimeters (43.7 inches, Department
of Commerce, 1981) is evenly distributed throughout the year. Snowfall
averages 76 centimeters per year (30 inches, United States Department of
Agriculture, 1978).

The average annual evapotranspiration has been calculated using the
Thornthwaite method (Dunne and Leopold, 1978) to be from 55-58 percent of
the annual precipitation. Precipitation reaching the water table for re-
charge has been estimated from 37 percent (16 inches of 43 inches of pre-
cipitation by Cape Cod Planning and Economic Development Commission, 1978)
to 45 percent (LeBlanc, personal communication, 1981). These values leave
a range from less than one percent to five percent of the annual precipita-
tion for surface runoff.

Geology and Topography

The basement layer on Cape Cod consists mainly of metamorphic and igneous
crystalline rock of the Paleozoic and Precambrian ages (Oldale, 1969). On
inner Cape Cod this layer is mainly covered by till and stratified glacial
drift from 25 meters (at the southwestern tip of the Cape Cod canal) to
150 meters thick (at the southwestern end of Mashpee).



The most Important factor determining the present surficial geology of
Cape Cod and the Islands was the advance and subsequent melting of glacial
ice. The glacial period (Pleistocene Epoch) was characterized by drastic
changes in climate and movement of vast sheets of ice from northern Canada
southward over most of New England. Retreat of the last glacier (Wisconsin
Age), about 12,000 years ago, left moraines and outwash plains that cover
much of Cape Cod and the Islands (Figure 2). Ice blocks left behind by
the glacier melted to form "kettle hole" lakes (such as Johns Fond).

The topography in and around Johns Pond directly reflects its glacial
origin. Low, rolling hills run in a north to south direction (Massachusetts
Department of Commerce and Development, 1972).

A maximum elevation of a little: over 150 feet above mean sea level occurs
at the northern tip of the watershed (Figure 1). Otis Air Force Base co-
incides with an artificially leveled area (about 100 feet above mean sea
level) north of Johns Pond in the central portion of the watershed.

Soil Types*

The Johns Pond watershed is located in soils of the Carver-Muck-H±nckley
association (United States Department of Agriculture, 1978). Soils in
this association are formed in water-sorted glacial outwash and pockets
of organic material. Eleven different soil types exist in the portions
of the watershed south of Otis Air Force Base (Figure 3 and Table 1).

Generally, soil profiles near Johns Pond show sandy topsoils with sandy
loam to gravelly sand subsoils underlain by sand or gravel (Table 1).
A majority of the soils are well-drained to excessively drained. A few
poorly drained soil types do exist (Pipestone, Saugatuck, Sand and Muck,
and Muck), but they represent only a minor portion of the area (Figure 3).
Soils associated with the Otis Air Force Base are primarily urban, indica-
ting paved areas with little to no permeability.

About one-third of the Johns Pond surface watershed (i.e., based on topo-
graphy) has undergone development (urban or residential). Eighty-eight
(88) percent of that development is associated with Otis Air Force Base
(urban; public grounds and urban; airport related land use classes) in the
northern portion of the surface watershed, a considerable distance from
Johns Pond (Figure A).

According to the Cape Cod Planning and Economic Development Commission
(1978), domestic waste disposal on the Otis Air Base is by sewering with
a treatment plant to the northwest of Ashumet Pond. Treated wastewater
from that plant has been discharged through rapid infiltration sand-filter
beds since 1936 to recharge the groundwater. The resultant plume is the
subject of a study recently completed by the United States Geological

*Soils information, including an aerial base soil map (Figure 3) and table
of descriptions (Table 1) was obtained from the files of the U.S.D.A.,
Soil Conservation Service in Yarmouth Port, Massachusetts.
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GEOLOGIC MAP OF CAPE COD
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TABLE 1

SOIL DESCRIPTIONS

A - Level or nearly level 0-3%
B - Gently sloping 3-8%
C - Moderately sloping 8-15%
D - Strongly sloping 15-25%
E - Steep 25-35%

fsl - fine sandy loam
cos - coarse sand
Icos - loamy coarse sand

s - sand
vfsl - very fine sand loam

MAPPING UNIT

37C.B

SOIL NAME

Muck

Sand & muck

Udipsamments,
smoothed

Merrimac fsl

51A,B,C,D,E Carver cos

53A,B,C

54A

Agawam fsl

Deerfield Icos

55A Pipestone Icos

SOIL DESCRIPTIONS

Very poorly drained organic soils
consisting of 12-36" of somewhat
decomposed organic material lying
over mineral soil.

Very poorly drained soils that
have been developed for cranberry
production.

Sandy soils stabilized by vegeta-
tion; soils too new to develop
a profile.

Somewhat droughty soil formed in
deep deposits of stone-free,
acid, sandy and gravelly material.
Friable, yellowish brown sandy
loam or fine sandy loam subsoil
underlain by sands and gravel.

Excessively drained, droughty
soil formed in deep, stone-free,
acid coarse sand deposits.
Yellowish* loose, loamy coarse
sand or coarse sand.

Well drained soil formed in deep
deposits of stone-free, acid,
sandy material. Friable, sandy
loam or fine sandy loam subsoil.

Moderately well drained soil
formed in deep, stone-free, acid,
sandy deposits. Loose, loamy
sand sub-soil.

Poorly drained soil formed in
deep, stone-free, acid deposits
of sand. Loose, dark brown or
reddish brown sand subsoil.



TABLE 1 (CONTINUED)

MAPPING UNIT

56A

SOIL NAME SOIL DESCRIPTIONS

Saugatuck s Poorly drained soil formed in
deep, stone-free acid sand
deposits, and has a very hard,
cemented, reddish brown layer
at depths of 10 to 20 inches.

63A,B Enfield vfsl

136C,D,E

260

Well drained soil developed in
wind deposited, stone-free, acid,
very fine sands and silts under-
lain at depths of 18 to 30 inches
by stratified sands and gravel.
Friable, silt loam or very fine
sandy loam subsoil underlain by
layers of loose sands and gravel.

Droughty soil developed in deep
deposits of acid, sand, gravel
and cobble material. Loose
yellowish brown gravelly and sandy
subsoil.

Urban land Areas associated with urban land
use types; very often paved.

Hiuckley
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Survey (LeBlanc, 1982). The study traces the plume from its source south-
ward, down a valley to the west of Ashumet Pond (Figure 1). A small portion
of the outer edge of the plume intersects Ashumet Pond, but there is no indi-
cation that the plume affects Johns Pond (LeBlanc, personal communication,
1980).

Surface runoff from the Otis Air Force Base potentially represents a greater
threat to Johns Pond. Because the soils next to the area are well drained
(Figure 3), stormwater runoff, carrying nutrients and other materials from
paved areas on the runways and associated grounds, sinks into the ground
rapidly to recharge the groundwater upgradient from the pond. Ultimately
a portion of this groundwater may enter the pond. The scope of this study
was not broad enough to trace such pollutants. Future study in this area
is advisable.

The remaining 20 percent of the residential development partially encircles
Johns Pond (Figure 4). The northeast shore and part of the western shore
still have only limited development. Comparison of the near-shore areas
with Figure 3 (septic system suitability) indicates that most of the de-
velopment on the northwestern and eastern shores has been on soils with
moderate or severe limitations. Homes there are susceptible to release of
septic leachates into Johns Pond. A study conducted by the Environmental
Management Institute (Marion, MA) in September 1975 (published in August
1976) found several suspected cases of septic system leachate pollution,
particularly in these susceptible areas (Appendix 3).

Hydrology

Conceivably, Johns Pond could receive drainage from as much as 10.6 square
kilometers (A.I square miles) of watershed (excluding the lake). As out-
lined in Figure 1, a watershed based on surface topography covers 3.6 square
kilometers (1.4 square miles, excluding the pond). Another, based on ground-
water contours, covers 9.6 square kilometers (3.7 square miles, excluding
the pond). A 2.6 square kilometer (1.0 square mile) portion of these two
areas overlaps.

As illustrated in Figure 1, the surface level of Johns Pond reflects the
groundwater elevation in that area. This indicates that groundwater is
of relatively great importance to the pond's hydrology. The groundwater
flow patterns in the watershed are somewhat irregular. In the upper water-
shed the groundwater flows primarily from north to south, but in the vicinity
of Johns Pond it moves from northwest to southeast.

Specific groundwater flow patterns close to Johns Pond have not been deter-
mined. Figure 5 indicates a few general scenarios of how groundwater could
interact with lakes based on numerical simulation models by Winter (1976).
Note that under some conditions groundwater may seep from a' lake (Lake #3),
while under other conditions all water flows into the lake (Lakes #1 and
2). Actual conditions are primarily controlled by the water table slope
downgradient of the lake's immediate drainage, height of the water table
on the downgradient side of the lake, characteristics of aquifers, hydraulic
conductivity ratios (horizontal to vertical), regional slope, and lake

17
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levels (Winter, 1976 and 1981). Knowledge in thesfe areas is a necessity
for future research on Johns Pond (or other "water-table" lakes) before
exact hydraulic and nutrient contributions to the pond can be computed.

The pond is fed by only one inlet. It runs south from Moody Pond, through
a small boggy area, and into Johns Pond at the north end (Figure 6). Even
though flow out of Moody Pond ceased during dry periods of this study, a
minimal discharge into Johns Pond was maintained. Presumably, this resulted
from groundwater flowing into and through the small boggy area. '

The pond has two man-made outlets (Figure 6); the Quashnet River (northeast
corner) and the Childs River (south end). After flowing out of Johns Pond
over a dam, the Quashnet River (Figure 6) travels east for about 0.6 kilo-
meters (0.4 miles) before turning south. The upper reaches include a series
of commercial cranberry bogs and the lower reaches connect two ponds before
flowing into Waquoit Bay. Waquot Bay empties into the Vineyard Sound. The
Childs River leaves Johns Pond via a subsurface control structure. On its
way south, the river flows through three small cranberry bogs before enter-
ing Eel Pond, a bay off the Vineyard Sound.

Development

Population

The importance of preserving Johns Pond is obvious when population trends
are examined for the Town of Mashpee. Population trends for Mashpee
and Barnstable County are shown in Table 2. Historically, growth in
Mashpee has been somewhat behind the rest of Barnstable County. In the
future, Cape Cod is projected to have substantial population increases
through 1995 (Cape Cod Planning and Economic Development Commission, 1978).
Mashpee, in particular, is expected to have an increase in its proportion
of winter population.

Residential pressures will increase, along with the projected population
growth. In particular,many seasonal dwellings will be converted to per-
manent ones. This will present special problems of increased groundwater
use and increased nutrient loading to the groundwater via septic systems.

Economic growth on Cape Cod has been and should continue to be in the areas
of leisure and retirement-related businesses (Cape Cod Planning and Economic
Development Commission, 1978). Recreational pressures on Cape Cod lakes may
increase due to rising transportation costs, but not to the extent of inland
lakes.

With such projections of development on Cape Cod it will be necessary to
implement strong management programs'to insure adequate groundwater supplies
and to minimize negative impacts to water quality in the groundwater and in
Cape Cod lakes such as Johns Pond.

Land Use

The distribution of land use types in Figure 4 is based on the MacConnell
Map Down maps (1972) for the Pocasset and Falmouth, Massachusetts quadrangles
(7.5 minute series). Land use percentages were calculated using a planimeter.
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TABLE 2

POPULATION TRENDS

MASHPEE AND BARNSTABLE COUNTY

MASHPEE DENSOT

YEAR

1910

1920

1930

1940

1945

1950

1955

1960

1965

1970

1975

1979

1995

POPULATION

270

242

361

434

343

438

524

867

665

1,288

2,492

3,700

6,000

**cb*L&A û

RATIO TO 1970

21. or
18.8%

28.0%

33.7%

26.6%

34.8%

40.7%

67.3%

51.6%

100.0%

193.52

287.3%

465.8%

(#/ml2)

11.3

10.1

15.1

18.2

14.4

18.0

22.0

36.0

28.0

54.0

104.4

155.1

251.0

RATIO TO 1970

28.5%

27.6%

33.4%

38. 6c

39.5%

48.4%

54.5%

.72.7%

76.1%

100.0%

132.12

153.0%

—

SOURCES: Massachusetts Department of Commerce and
Development (1972); Cape Cod Planning and
Economic Development Commission (1978 and
1980).
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The combined watershed of Johns Pond covers 11.9 square kilometers (4.6
square miles, including the pond). Of this area 15.5 percent is open water;
including Johns Pond (10.3%), Ashumet Pond (4.4%) and others (0.8%).

Figure 4 shows that the most prevalent land use type is forests (40.4%).
The forests are mixed with softwoods predominating over hardwoods in the
northern portion of the watershed. In the southern portion, particularly
around Johns Pond, the reverse is true. This type of forested area around
the pond (about 40% of the shoreline) results in a somewhat higher nutrient
contribution (via deciduous leaf litter) to the lake than an evergreen
(mostly softwoods) forest would (Wetzel, 1975).

Urban land use also represents a sizable portion of the drainage basin
(33.8%, Figure 4). It should be noted that 88 percent of the urban land
(i.e., about 30% of the total watershed) Is associated with Otis Air Force
Base (urban; public grounds and urban; airport-related land use classes).
The area forms a broad band through the center of the watershed about 1.2
kilometers (about 0.8 miles) north-northeast of Johns Pond. The threat of
nutrient addition to the pond by surface runoff from that area is via re-
charge to the groundwater. Once in the groundwater it may or may not enter
Johns Pond, depending on flow patterns.

Even though specific groundwater-lake interactions are not known for Johns
Pond, the preliminary findings of a United States Geological Survey study
(LeBlanc, 1982) on a plume from the Otis Air Force Base sand-filter beds
(Figure 1) give reason to believe that the runoff from the Air Force Base
could be an important nutrient source to the pond. The plume occurs just
west of the Johns Pond watershed so surficial geology of the two regions
should be similar. The findings show that a plume extends about 3.4
kilometers (at least 11,000 feet) downgradient from the source (sand-filter
rapid filtration beds). At a distance of about 0.9 kilometers (3,000 feet)
from the source, the plume measures about 0.8 kilometers (2,7000 feet)
wide, is about 20 meters thick (75 feet) and is about 11 meters (35 feet)
below the water table. These numbers support the possibility that surface
runoff from the Air Force Base recharges groundwater and ultimately enters
Johns Pond. .

A plume of Otis Air Force runoff recharge would have different downgradient
characteristics (than the Otis treatment facility plume) because its charac-
teristics differ at the source. Surface runoff provides more erratic re-
charge and probably a lower total hydraulic load than a treatment plant.
The recharge from runoff would have a more diffuse source and its chemical
characteristics would be quite different. These are all unknown variables
that would need to be addressed in future studies to determine how important
runoff recharge from Otis Air Force Base Is as a non-point source of nutrients
to Johns Pond.

The remaining (12%) urban land (residential housing) is In close proximity
to Johns Pond. Primarily, these areas represent a nutrient contribution
threat to the pond from septic system leachates. Localized conditions of
septic system effluents, soils, and groundwater flow control the magnitude
of these additions. Secondarily, only a few storm drains are present to
conduct stormwater runoff directly from these urban areas into the pond.

21



Other watershed land use types (recreational, open areas and agriculture)
comprise relatively insignificant areas (0.2%, 4.6%, and 5.5%, respectively).
Since 1972, when these land use data were collected, shifts in land-use near
the pond have been primarily toward urban (residential) and recreation (beach
areas). Based on personal observations these shifts have eliminated all of
the open area land use categories around the Johns Pond shoreline. Shifts
from the forest category to the urban category have also taken place, particu-
larly through the development of Johns Pond Estates in the western corner of
the watershed. That area also resulted in the connection of a small pond
(now Johns Pond West) to Johns Pond.

Zoning around Johns Pond is divided into three residential classes and one
industrial class (Town of Mashpee, 1980). The first residential class
(R-l) consists of lots with a minimum size of about 1400 square meters
(15,000 square feet). This class is found on much of the eastern shoreline
(east and south of Shorewood Drive; Figure 6), the southern shoreline and
the southwestern shoreline around Johns Pond West (the Johns Pond Estates
area). The second residential class (R-2) with minimum lot sizes of about
2100 square meters (22,500 square feet:) is found along the remainder of
the western shoreline and the northern shoreline up to the Moody Pond inlet.
This area is bounded to the north by Otis Air Force Base property. The last
residential class (R-3) has ninimum lots of about 3700 square meters
(40,000 square feet), and encompasses the remaining northern and north-
eastern shoreline areas. The one industrial class (1-1) is zoned for lots
of about 3700 square meters (40,000 square feet). Otis Air Force Base
makes up this class.

Land use types that provide the potential for erosion of soils are scarce
in this watershed. A few gravel pits exist, north of Moody Pond (Figure 6).,
but erosion there is likely to be confined to the pit. Erosion from other
sources is limited by the low gradient of the land and the high porosity of
the soils throughout the watershed.
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LAKE CHARACTERISTICS

Physical Description

Location

Johns Fond, an enhanced Great Pond of about 131 hectares (about 323 acres,
when the surface is at 38 feet above mean sea level), is located in the
Town of Mashpee, Barnstable County, Massachusetts. The approximate center
lies at 41037*39" N latitude, 70o31'14" W longitude.

Formation

Originally, Johns Pond was formed as two connected kettle hole basins in a
glacial outwash plain (Figure 2). Because of the permeable nature of the
outwash material, the lake level is markedly influenced by the groundwater
level in the region (Environmental Management Institute, 1976).

As Europeans settled the area and began to develop cranberry bogs near the
pond, control structures were built on the two outlet rivers (possibly as
early as the mid-1800s). The structure on the Quashnet River was rebuilt in
1968 and licensed for use to A.D. Makepeace Company by the Commonwealth of
Massachusetts Department of Public Works (1968). It consists of a combina-
tion channel, flume, and sluiceway structure which can draw the pond down to
approximately 10.4 meters (34 feet) above mean sea level.

The current structure on the Childs River was built to replace a flume in
1970 and was licensed to A.D. Makepeace Company (Commonwealth of Massachu-
setts, Department of Public Works, 1970). It consists of a 30-inch (76
centimeters) pipe and stop plank control structure which can draw the pond
down to about 10.4 meters (34 feet) above sea level.

Morphometry

A bathymetric map of Johns Pond (Figure 7) was provided by the Massachusetts
Division of Fisheries and Wildlife and confirmed in the field using a fath-
ometer (Ray Jefferson Fish Flasher "6006"). Morphometric data (Table 3) were
determined from this map and United States Geological Survey topographic maps
Falmouth (1972), Pocasset (1967), and Sandwich (1972) Quadrangles, 7.5
minute series) utilizing a planimeter and a rotometer according to Hutchinson
(1957) and Welch (1948).

Of specific note is the development of volume calculation for Johns Pond
(0.94, Table 3). This number indicates the lake basin regularity by compar-
ing the mean depth to the maximum depth. Values normally exceed 1.0 except
in cases where an isolated deep spot occurs In an otherwise shallow basin.
The submerged mound and generally shallow depth in the southern basin com-
pared to the deep northern basin contribute to the low development of volume
in Johns Pond.
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TABLE 3

JOHNS POND

MORPHOMETRIC DATA

Maximum Length

Maximum Width

Mean Width

Maximum Depth

Mean Depth

Surface Area

Volume:

Surface » 3.0m

3.0 m - 6.1 m

6.1 m - 9.2 m

9.2 m - 12.2 m

12.2 m - 15.2 m

15.2 m - 18.3 m

18.3 m - 18.9 m

Total Volume

(10 ft)

(20 ft)

(30 ft)

(40 ft)

(50 ft)

(60 ft)

(62 ft)

2.1 km (1.3 ml)

0.9 km (0.6 mi)

0.6 km (0.4 ml)

19.9 m (62 ft)

5.9 m (19.4 ft)

131 ha (323 acres)

3.25 X 106 m3 (1.2 X 108 ft3)

2.18 X 106 m3 (7.8 X 107- ft3)

1.32 X 106 o3 (4.7 X I07 ft3)

0.68 X 106 m3 (2.4 X 107 ft3)

0.26 X 106 m3 (9.3 X 106 ft3)

0.09 X 106 m3 (3.2 X 106 ft3)

0.02 X 105 m3 (8.6 X 10A ft3)

7.78 X 106 m3 (2.8 X 108 ft3)

Shoreline Length

Development of Shoreline

Development of Volume

Watershed Area (excluding pond)

7.0 km (4.3 mi)

1.73

0.94

10.6 km2 (4.1 mi2)

SOURCES; Data was computed (assuming a lake level of 38 feet above
mean sea level) using the Falmouth (1972), Pocasset (1967),
and Sandwich (1972), Massachusetts quadrangles (7.5 minute
series) from the U.S.G.S. and a bathymetrie map prepared by
the Massachusetts Division of Fisheries and Wildlife
(June 18, 1963).
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Lake Uses

Waters from Johns Pond have long been used to flood cranberry bogs on the
Quashnet and Childs rivers for irrigation, frost protection, and harvesting.
Presently, the control structure and flow rights for the Quashnet River
outlet are owned by A.D. Makepeace Company of Wareham, Massachusetts
(Marshall C. Severance, personal communication, November 18, 1981).-

The major uses of the pond itself have been and continue to be primary and
secondary contact recreational activities. Primary contact recreation
includes, "any recreation or other water use, such as swimming and water
skiing, in which there is prolonged and intimate contact with the water
sufficient to constitute a health hazard" (Commonwealth of Massachusetts,
1978). Swimming, scuba diving, and water skiing are the major summer
activities of this type on Johns Pond. Many private and community beaches
located around the lake service the lakeshore and near lakeshore residents.

Secondary contact recreation includes, "any recreation or other water use in
which contact with the water is either incidental or accidental, such as
fishing, boating, and limited contact incident to shoreline activities"
(Commonwealth of Massachusetts, 1978). Power boating is quite popular with
some users of Johns Pond, as evidenced by the number of high-powered motor-
boats visible around the lake. Sailboating and canoeing are also common
summer activities.

Prior to the 1950s Johns Pond was a fairly good smallmouth bass (Micropterus
dolomieui Lacepede) pond.* In the 1950s the Massachusetts Division of Fish-
eries and Wildlife ceased stocking and managing for warmwater fish in favor
of trout management. From 1956 to the present, the pond has been stocked
each year with trout and angling results have been good. Currently, brook
trout (Salvelinus fontinalis Mitchell), brown trout (Salmo trutta L.), and
rainbow trout (Salmo gairdneri Richardson) are stocked in Johns Pond (James
Kennedy, personal communication, November 9, 1981).

Public access to Johns Pond for boating or fishing is available at two loca-
tions (Figure 7). The first, on the eastern shore, allows launching of small
boats, but provides little area for parking. The second access was built in
1972 by the Commonwealth of Massachusetts Public Access Board on the north-
west shore off Hoophole Road. It allows for launching of larger boats as well
as a paved parking lot for 10-20 vehicles.

Automobiles are the chief mode of transportation to and from Johns Pond.
State Route 151, the nearest major route, runs just south of Johns Pond
(Figure 6). It is only 3.5 kilometers (2.2 miles) east or 7.6 kilometers
(4.7 miles) west to State Route 28, the major artery on southern Cape Cod.

From the open files at the Commonwealth of Massachusetts Division of
Fisheries and Wildlife Office in Westborough, Massachusetts.
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PROBLEMS AND MANAGEMENT PRACTICES

As development around Johns Pond has increased so have signs of eutrpphica-
tion. Complaints of algal blooms and large masses of attached algae (peri-
phyton) in shallow areas began in the early 1970s and continue today. A
Substantial decline in transparency from 4.6m (15 ft) to 1.5m (5 ft) was
noted between 1972 and 1975 (Hennigan, 1975). During the same time, aquatic
vascular plant growths were increasing to nuisance levels and blue-green algal
blooms occurred during the summer months (Hennigan, 1975 and Town of Mashpee,
1980b).

Several interest groups around the pond are represented by formal and in-
formal organizations, including Ashumet/Johns Pond Association, Briarwood-
Mashpee Association, Johns Pond Estates, and Otis Trailer Park. Personal
Communications with members of these groups and individual lakeshore resi-
dents suggest that various problems are of concern to them.

The pond level is a common complaint:. At least one interest group is con-
cerned when high water floods its beach area (Bowman, 1980). People from
Johns Pond Estates seem to prefer a high water level to maintain the canal
connecting their small pond to the larger one. A.D. Makepeace Company tries
to retain enough water within the lake to allow flooding of their bogs in
the fall and winter (Marshall Severance, personal communication, February
15, 1980).

Another complaint is use of high-powered motorboats, particularly in shallow
areas. Although this issue was not directly addressed in the diagnostic study,
a few comments ought to be made based on existing research and on conditions
at Johns Pond. Few nutrients are added to the water from outboard (or inboard)
motors, but substantial amounts of gasoline and related combustion by-products
are released into the water (Kuzminski et al,, 1973). In addition, use of
high horsepower motors (50 hp and above) acts to stir up sediments (possibly
nutrient rich) to a depth of at least 4.6 meters or 15 feet (Yousef, 1974).
At Johns Pond this represents about 55 percent of the pond surface area.
Once in the water column the sediments can spread horizontally to cut down
light penetration (transparency) and increase the extent of anoxia in the
hypolimnion (Rich, 1980a and 1980b).

Current practices on Johns Pond restrict motorboat speeds to six miles per
hour within about 45 meters (150 feet) of the shoreline. Along the northern
and northeastern shorelines this seems adequate to protect areas less than
4.6 meters (15 ft) deep (Figure 7). Other shoreline areas may need greater
distances—possibly as much as 150 meters, or about 500 feet—to protect
against sediment disturbance.

Addition of pollutants via leachates has been suggested for a number of
sites around Johns Pond. A leachate plume from the Otis Sewage Treatment
Facility was intimated as a nutrient source (Cape Cod Planning and Economic
Development Commisssion, 1973 and Ray E. Bowman, personal communication,
March 25, 1980). It has been traced to the west and south of Ashumet Pond
(LeBlanc, 1982) and apparently has little or no effect on Johns Pond. Proxi-
mal septic system leachates from the Otis trailer park on the northwestern
shore (Environmental Management Institute, 1976 and Cape Cod Planning and
Economic Development Commission, 1978) and individual lakeshore residences
(EMI, 1976) are more suspect than the Otis plume.
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Attempts to delineate the sources of the problems in Johns Pond have led to
a number of studies. At the request of the Ashumet-Johns Pond Association
the Water Quality Laboratory, Wellesley Hills, collected and analyzed samples
from 1973 to 1976 (Town of Mashpee, 1980c). Another study investigated the
water quality problems in Johns Pond along with other major ponds in Mashpee
(Hennigan, 1975). In 1975, a "septic snooper" and water quality survey was
conducted for the Town of Mashpee (Environmental Management Institute, 1976)
to locate septic system leachate plumes along the shoreline (Appendix 3).

In early spring 1978 the Division of Water Pollution Control accepted a re-
quest from the Town of Mashpee to undertake a diagnostic water quality study.
The initial part of that study was conducted from spring 1978 to spring 1979.
A Phase I (diagnostic/feasibility) grant was issued under the federal Environ-
mental Protection Agency's 314 (Clean Lakes) Program to update the Division
of Water Pollution Control study to meet current regulations. Work for that
study was carried out during the summer of 1980. This report is a combina-
tion of the 1978-1979 and 1980 studies.

In a study funded under Section 208 (Areawide Waste Treatment Management)
of the federal Water Pollution Control Act Amendments of 1972 (PL92-500)
the Cape Cod Planning and Economic Development Commission (1978) designated
most of the area around Johns Pond as having slight wastewater problems that
would become severe if not remedied. The report suggested that problems in
that 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 innovated options...."

Most of the feasibility analyses for watershed management alternatives
related to Johns Pond are included in a study by the Cape Cod Planning
and Economic Development Commission (1979). That study was designed to
develop a municipal facility plan for Mashpee, a community designated as not
requiring a sewerage system. The format of the study resembles a Step .1
Fa'cility Plan normally done under the Construction Grants Program (Section
201 of the federal Water Pollution Control Act Amendments of 1977, PL95-217).
Results from this diagnostic/feasibility study on Johns Pond have been
incorporated in that study by the CCPEDC.
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LIMNOLOGICAL DATA

Methods >

Sampling Stations

Locations of the regularly sampled stations on Johns Pond are indicated in
Figure 7. Station 1 was located in open water over the maximum depth (18.9m
or 62 ft) in the northern basin. Station 2 was a similar location in the
southern basin where the depth was 9.2m (30 ft). Conditions at the mouth
of a canal connecting "Johns Pond West" with Johns Pond were monitored as
Station 3. The pond's only inlet (from Moody Pond) was Station 4. The
northern outlet, the Quashnet River, was designated as Station 5 and was
sampled at the control structure.

A few other sites, sampled only as field investigators felt necessary, were
not numbered but are noted in Figure 7. These sites included the southern
outlet (Childs River) and the northern, western, and southern shorelines.
Seepage meters were placed as in Figure 8 (S1-S24) to sample groundwater flow.
Table 4 gives a full description of these placements.

Field Sampling

All sampling was done between 1000 and 1400 hours. No attempt was made to
study the diurnal characteristics of Johns Pond. Sampling occurred monthly
from April 1978 through Augut 1978. Samples were also taken in November 1978 .
and April 1979 during fall and spring circulation, and in August 1980 during
thermal stratification.

Temperature profiles were made "insitu" with a Tele-Thermometer (Yellow
Springs Instrument, Model 42 SC). Transparency measurements were made with
a 20 cm Secchi disc following standard procedures (Hutchinson, 1957). Field
pH tests were taken with a Hach Model 17N wide-range pH kit.

Surface chemical, bacterial, and dissolved oxygen samples were collected by-
hand. Depth sampling was conducted using a standard brass Kemmerer sampler.
Chemical samples were collected in pre-rinsed glass containers and stored on
ice in a cooler for transport to the Lawrence Experiment Station. Bacterio-
logical samples, collected in sterilized, screw-capped 200 ml glass bottles,
were also stored on ice for transport. Meteorological conditions, general
tributary flow conditions, and other notable observations were recorded rou-
tinely.

Limited testing of groundwater flowing into Johns Pond was done in July and
August 1980. This period represents a time when groundwater levels on Cape
Cod are usually declining from a spring maximum to an autumn minimum
(Frimpter, 1980). Sampling was done using seepage meters constructed after
Lee (1978) and Lee and Freeze (1978). Each meter was constructed by cutting
off the upper one-third of.a 55-gallon drum (steel or plastic) and drilling
a hole in the top. A rubber stopper with a plastic tube inserted in it was
placed into the hole. Meters were placed on the lake bottom in water from
0.5 to 1.0 meters deep (Figure 9). They were then left four to five days to
equilibrate. On sampling dates an evacuated, clamped plastic bag was at-
tached to each meter. Once the bag was attached, the clamp was released and
the bag allowed to fill. By leaving the bag attached for a known time inter-
val and then measuring the volume collected, a seepage rate could be determined,
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TABLE 4

JOHNS POND

DESCRIPTION OF GROUNDWATER

SAMPLING STATIONS

STATION WATER DEPTH (m) BOTTOM CHARACTERISTICS

SI

52

S3

S4

S5

S6

S7

S8

S9

S10

Sll

S12

S13

S14

S15

S16

S17

SIS

S19

S20

S21

S22

S23

S24

1.0

1.0

0.6

0.7

0.7

0,9

0,6

0.9

0.8

0.6

0.5

0.8

0.8

0.8

0.6

0.7

0.7

0.8

0.8

0.8

1.0

0.8

0.7

0.8

Rocks and sand

Rocks and gravel

Sand and vegetation

Rocks, gravel, sand, and
vegetation

Sand and vegetation

Sand and rocks

Rocks and vegetation; cold to
touch

Rocks and gravel

Gravel and vegetation

Gravel, sand, and vegetation;
cold to touch

Muck

Sand and rocks

Sand and gravel, overlain by
muck

Gravel and rocks

Sand and rocks

Rocks, gravel, and vegetation

Rocks and gravel

Rocks, gravel, and vegetation

Sand, gravel, rocks, and attached
algae; cold to touch

Sand and gravel

Vegetation in muck

Sand overlain by muck

Gravel and rocks

Sand
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If Che sample volume was sufficient, it was also used for chemical analyses.
More than eight times the meter volume is necessary to assure completely
reliable chemical results (Lee, 1976). Although none of thg meters in Johns
Fond were in place long enough to allow for that amount of flushing, two
meters flushed over three times. Chemical results for these are recorded in
Table 5 to show trends in samples believed to be from septic system leachate
plumes.

All samples for chemical and bacterial analyses were transported within one
day of collection to the Lawrence Experiment Station of the Department of
Environmental Quality Engineering, Division of Laboratories, and analyzed
according to Standard Methods for the Examination of Water and Wastewater
(APHA, 1976) and Methods for Chemical Analysis of Water and Wastes (U.S.
EPA, 1979). Water quality analyses included pH; total alkalinity; total
hardness; specific conductance; chloride; total phosphorus; total Kjeldahl,
ammonia, and nitrate nitrogen; iron; manganese; and silica. Bacterial anal-
yses were for total and fecal coiifora bacteria.

Phytoplankton

Phytoplankton samples were obtained using a standard procedure described by
the Maine Department of Environmental Protection, Division of Lakes and
Biological Studies (1974). Each sample consisted of a composite core taken
with a 0.64 cm (0.25 inch) I.D. plastic tube with a weight attached to one
end. The tube was lowered at each of the deep stations to a point above the
thermocline, pinched below the meniscus, and raised into the boat. The sample
was allowed to drain into a pre-rinsed glass collection bottle. This pro-
cedure was repeated until a volume of 500 ml had been collected.

The phytoplankton samples were normally analyzed on the day of collection
using a Whipple micrometer and Sedgewick-Rafter cell. Algal counts were
reported as cells per milliliter.

Aquatic Macrophytes

The aquatic macrophyton community in Johns Pond was located and mapped on two
dates (17 August 1978 and 22 August 1980) by slowly examining the entire
littoral zone from a boat. Where the bottom was not visible, it was dragged
for aquatic vegetation using a weighted grappling hook. Most plant identifi-
cations were "in situ." A few samples were taken back to the laboratory and
identified according to Fassett (1957), Weldon et al (1973), and Hotchkiss
(1972). Some plants could not be keyed to species because they were not in
flower or fruit.

Results

Physical

Temperature

Temperature profiles of Johns Pond (Figure 10) were characteristic of a
temperate, dimictic lake. Generally uniform water temperatures throughout
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TABLE 5

JOHNS POND

SEEPAGE METER ANALYSES

STATION

SI

S2

S3

S4

S5

S6

S7

S8

S9

S10

Sll

S12

S13

S14

S15

S16

S17

S18

S19

S20

S21

S22

S23

S24

SEEPAGE
FLUX

(ym/ sec)

0.137

0.133

0.140

0.189

BARREL

0.285

1.695*

0.288

0.367

0.497

0.184

0.023

0.345

0.350

0.276

0.448

0.313

0.473

2.000*

0.307

01706*

0.362

0.430

0.440

TOTAL P
FLUSHED (mg/1)

28

28

30

39

OVERTURNFD

59

352 0.03*

60

76

103

38

5

60

60

48

77

54

82

346 0.06*

53

122

62

74

75

SPECIFIC
TOTAL N NH -N N03-N CONDUCTANCE
(mg/1) (mg/1) (mg/1) (umhos/on)

1.78* 0.00* 1.4* 145*

1.16* 0.14* 0.6* 78*

* Probable septic system leachate plumes
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the water column during the April and November surveys indicated that the
pond circulated completely. During the April surveys (1978 and 1979) tempera-
tures ranged from 7.0°C to 7.8°C. On 20 November 1978 they were between
7.0°C and 7.5°C.

Because no winter surveys were attempted on Johns Pond it is not known if
inverse stratification occurred then. Summer thermal stratification had
been established by mid-June 1978 at Station 1 (Figure 10). At that time,
the thermocline was between 4.6 m (15 ft) and 7.6 m (25 ft) and epilimnetic
waters were at about 20°C.

The 20 C temperature level Is of particular significance in relation to the
trout populations in Johns Pond. That temperature is considered the upper
limit of "trout water" (i.e., water in which trout and other cold water fish
will live). When combined with the lower limit of dissolved oxygen for cold
water fish (6.0 mg/1, Commonwealth of Massachusetts, Division of Water Pol-
lution Control, 1978) a volume of "trout water" can be determined. This cal-
culation has been generally used in fisheries management to determine the
favorability of a lake for maintaining either natural or stocked populations
of cold water fish (particularly trout).

By early July 1978 the epilimnetic volume had increased, while the temperature
remained around 20°-21°C (Figure 10). The thermocline was between 10.7 m
(35 ft) and 15.2 m (50 ft). Presumably, wind-driven circulation of the epillm-
nion led to these conditions. By August 1978 the thermocline was between
7.6 m (25 ft) and 12.2 m (40 ft) but the epilimnetic waters had warmed consid-
erably to about 26°C. Water below 20 C was below the 9.1 meter (30 ft) depth.
The temperature profile obtained at Station 1 on 13 August 1980 was almost
identical to that of 17 August 1978. A profile at Station 2 on the August •
1978 date indicated no thermal stratification in the southern basin of Johns
Pond.

Secchi Disc Transparency

Secchi disc readings offer only a subjective estimate of the transparency in a
lake. Factors affecting the reading include water color, dissolved and parti-
culate matter, surface conditions, time of day, sky conditions, and observer
bias.

Readings were taken between 1000 and 1500 hours to minimize variations due to
time of observation. Observer bias could not be controlled. Sky conditions
also could not be controlled; but they are recorded in Table 6. Suspended
materials were not measured so their effect is not known.

Secchl disc readings for Johns Pond are presented in Table 6.. They were
always well above the 1.2 m (4.0 ft) minimum standard for bathing beaches set
by the Department of Public Health (Article 7, Regulation 10.2B of the Massa-
chusetts Sanitary Code, 1969). A transparency maximum of 5.5 m (18.0 ft)
occurred on 17 August 1980 and the minimum was 2.1 m (7.0 ft) on 12 April
1980. Phytoplankton counts on the latter date (Table 23) indicate that a
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DATE

STATION 1

12 Apr 78

13 Jun 78

6 Jul 78

17 Aug 78

29 Nov 78

17 Apr 79

13 Aug 80

STATION 2

13 Aug 80

TABLE 6

JOHNS POND

SECCHI DISC READINGS

METERS (FEET)

2.1

3.6

A.I

5.5

3.8

3.5

3.6

7.0

12.0

13.5

18.0

12.5

11.5

15.7

11.8

TIME

1130

1130

1200

1200

1200

1200

1400

1500

WEATHER

50% clouds, heavy winds

100% clouds, heavy winds

0% clouds, moderate winds

100% clouds, heavy winds

50% clouds, calm

90% clouds, heavy winds

50% clouds, moderate winds

50% clouds, moderate winds
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diatom bloom was occurring which would explain the low transparency. At no
time during this study did the transparency fall to the level of 1.5 m
(5.0 ft) described by Hennigan (1975). Although transparencies were generally
lower than the level of 4.3 m (14.0 ft) he described in 1972, they are not
adequate to predict any trend.

Color

Color values, reported as standard platinum units (American Public Health
Association, 1976), range from zero (clear water) to 340 (dark bog water).
The values for Johns Pond are reported in Table 7. In-lake stations (1 and
2) were always quite low in color. Slightly higher values at the canal
(Station 3) and the Moody Pond inlet (Station 4) were probably due to the
release of decomposition by-products (tannins, lignins, etc.) from organic
materials accumulating in those areas.

Chemical Data

Dissolved Oxygen

Annual fluctuations in epilimnetic dissolved oxygen (Tables 8 and 9, Figure
10) followed the temperature-related solubility properties of water. Cooler
waters of late autumn and early spring held the most oxygen (Station 1 -
11.3 mg/1 on 29 November 1978; 12.0 mg/1 on 12 April 1978; and 12.2 mg/1 on
17 April 1979). Warm summer waters held less (Station 1 - 8.6 mg/1 on 17
August 1978; Station 2 - 8.0 mg/1 on 13 August 1980).

Dissolved oxygen concentrations were relatively uniform at Station 1 on dates
sampled during spring and fall circulation (Figure 10). Percent saturations
were also high (between 90 and 102%) at these times. Saturations continued
to be high (above 70%) through the summer dates to a depth of 9.1 m (30 ft) in
1978 and 7.6 m (25 ft) in 1980. Below these depths the oxygen concentrations
and saturations dropped off rapidly.

With relation to the criterion for "trout water" discussed earlier (see page
37 ), dissolved oxygen concentrations above 6.0 mg/1 were recorded at all
depths on spring and fall dates (Figure 10). Oxygen-deficient water was
found at 16.8 m (55 ft) on 6 July 1978, at 15.2 m (50 ft) by 17 August 1978,
and at 15.0 m (49.2 ft) by 13 August 1980. Reduced oxygen levels (3.0 mg/1
or 36% saturation) were recorded in the hypolimnion at Station 2 (13 August
1980). These reductions Indicate extensive respiration-decomposition activ-
ity in organic sediments.

Comparison of the oxygen profiles from 17 August 1978 and 13 August 1980
shows that oxygen depletion begins at a shallower depth on the latter date
(Figure 10). This does not necessarily indicate a worsening condition within
the pond. It could result from a lower lake level or climatological varia-
tions between the two dates.

Phosphorus

The U.S. Environmental Protection Agency (1976) has suggested that to pre-
vent the development of biological nuisances (i.e., algae and aquatic
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TABLE 7

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

COLOR (Standard Platinum Units)

STATION

1

1

1

1

2

3

4

5

- Top

- 3.0 m (10 ft)

- Middle

- Bottom

- Top

12 APR 24 MAY

5

5

—
5

—
30

30

15 10

13 JUN

5

—
5

10

20

10

20

5

1978

6 JUL

5

—
10

10

10

10

20

10

17 AUG

5

—
5

5

5

10

20

5

29 NOV

5

—
5

5

5

5

5

5

1979

17 APR

10

—
5

5

5

5

5

5

NOTE: Where one sample was taken In each range:

Top was between the surface and 1.5 meters (5 feet)

Middle was between 9.1 and 12.2 meters (30 and 40 feet), and

Bottom was between 15.2 and 19,8 meters (50 and 65 feet)



TABLE 8

JOHNS POND

TEMPERATURE AND DISSOLVED OXYGEN DATA 1978-1979

STATION 1

DEPTH

(Meters) (Feet)

0

1.5

3.0

4.6

6.1

7.6 -

9.1

10.7

12.2

13.7

15.2

16.8 .

18.3

( 0)

( 5)

(10)

(15)

(20)

(25)

(30)

(35)

(40)

(45)

(50)

(55)

(60)

12 APR

TEMP. D.O.
(OC) (mg/1)

7.8 12.0

—

7.5 11.8

—

7.5 12.0

—

7.2 12.0

—
7.2 11.9

__ .

7.2 12.0

7.2 12.1

1978

PERCENT
SATURATION

101

—

98

—
100

—

99

—

98

-- '

99

100

TEMP.

20.0

20.0

20.0

20.5

19.9

12.8

12.8

12.2

11.6

10.6

9.4

—

13 JUN

D.O.
(rag/1)

9.3

9.0

9.3

9.3

8.6

9.4

8.4

7.1

4.4

3.0

1.5

—

1978

PERCENT
SATURATION

102

99

102

103

94

89

79

66

40

27

13

•

„

TEMP.

20.0

21.1

21.1

20.6

20.6

20.6

20.6

15.3

14.4

12.8

12.8

12.2

4»— -

6 JUL 1978

D.O.
(rag/1)

8.6

8.9

8.8

8.9

9.0

8.5

8.5

6.5

3.1

0.8

0.3

0.0

— —

PERCENT
SATURATION

94

100

99

99

100

94

94

65

30

7

3

0
__
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TABLE 8 (CONTINUED)

17 AUG 1978 29 NOV 1978 17 APR 1979

DEPTH
(Meters) (Feet)

0

1.5

3.0

4.6

6.1

7.6

9.1

10.7

12.2

13.7

15.2

16,8

18.3

( 0)

( 5)

(10)

(15)

(20)

(25)

(30)

(35)

(40)

(45)

(50)

(55)

(60)

TEMP.

26.5

26.5

26.0

26.0

25.5

25.0

21.0

16.0

13.0

12.0

11.5

11.0

11. 0

D.O.
(mg/1)

8.6

8.3

8.4

8.4

8.4

8.4

7.9

5.1

1.0

0.4

0.0

0.0

0.0

PERCENT
SATURATION

108

104

104

104

102

101

89

52

10

4

0

0

0

TEMP. D.O. PERCENT
(°C) (mg/1) SATURATION

7.5 11.3 94

7.0

7.0 10.9 90

7.0

7.0 11.1 92

7.0

7.0 11.1 92

7.0

7.0 11.2 93

7.0

7.0 11.2 93

7.0

7.0 11.2 93

TEMP. D.O. PERCENT
(°C) (mg/1) SATURATION

7.0 12,2 101

—
7.5 12.0 100

—
7.5 12.2 102

—
7.5 11.9 99

—
7.5 12.1 101

—
7.5 12.0 100

—
7.5 11.8 98



TABLE 9

JOHNS POND

TEMPERATURE AND DISSOLVED OXYGEN DATA

13 AUGUST 1980

DEPTH
(Meters) (Feet)

0.5

2.5

5.0

7.0

9.0

11.0

13.0

15.0

( 1.6)

( 9.8)

(16.4)

(23.0)

(29.5)

(36.1)

(42.6)

(49.2)

TEMP.

26.5

26.0

26.0

26.0

21.5

16.0

13.0

12.0

STATION 1

D.O.

9.5

8.0

7.9

7.1

3.9

0.4

0.1

0.0

PERCENT
SATURATION

119

99

98

88

44

4

1

0

STATION 2

TEMP . D.O. PERCENT
(°C) (mg/1) SATURATION

26.5 8.0 100

26.5 7.6 95

26.0 7.9 98

25.5 7.4 90

25.0 3.0 36

—

—
__ — — —

43



microphytes) and to control cultural eutrophicatlon, total phosphorus should
not exceed 0.05 mg/1 in any stream entering a lake, or 0.025 mg/1 within
the lake. The phosphorus levels at Moody Pond inlet (Station 4, Table-10)
were below the suggested criterion on all dates except 29 November 1979.
In-lake concentrations were always above the criterion at Station 1 and
only below the criterion at Station 2 on 13 August 1980. The ubiquitous
high values recorded on 17 April 1979, being totally inconsistent with
other data, were attributed to technical error (either during transport
or laboratory analysis).

Total phosphorus concentrations showed no prominent rise with depth during
summer months. Thus, even though the hypolimnion was anoxic for a long
period, little internal phosphorus loading was apparent.

Data provided by the Barnstable County Health Department (Scott Borsley,
personal communication, March 17, 1981; Appendix 4) indicates that background
phosphorus levels in groundwater (0.007-0.039 mg/1) are in the same range
as inlet and surface waters (Table 101. Even the two suspected leachate
plumes (Sites S7 and 319) were within that range (0.03 mg/1 and 0.06 mg/1,
respectively).

Under oxygenated groundwater conditions phosphorus is sorbed readily to
soil particles close to an application point (fieek, et al. 1977 and Sawhney,
1977) and then more gradually as distance from the source increases. Anoxic
groundwater does not allow soil to retain phosphorus well so It moves more
easily with the groundwater. Low values for the two suspected leachate
plumes that were sampled could be related to the distance of their source
from the pond, the initial strength of the source, the degree of phosphorus
saturation in the soil between the source and the pond, the amount of oxygen
available in the groundwater, or inadequate flushing in the samplers.

Nitrogen

Nitrogen is found in freshwater systems as a dissolved gas, as inorganic
nitrogen (i.e., ammonia, nitrite, and nitrate), or as organically bound
nitrogen (e.g., araino acids and proteins). Nitrate and ammonia ions are
the most important forms as nutrients for phytoplankton and aquatic macro-
phytes.

Ammonia-nitrogen concentrations (Table 11) in Johns Pond ranged from 0.00
mg/1 to 0.47 mg/1. Low ammonia-nitrogen levels (Table 11) were recorded in
the upper strata of the pond and in the tributary waters. Higher values
were observed in the hypolimnion at Station 1 during summer thermal strati-
fication periods. This situation results when end-products (HE.) from de-
composition of nitrogenous organic matter accumulate under anoxic conditions.
Without oxygen, the ammonia will not be oxidized to the nitrate form. These
results indicate that internal nitrogen loading probably occurs in Johns
Pond.

With a tew exceptions nitrate-nitrogen concentrations remained low on all
dates at Stations 1, 2, 3, and 5 (Table 12). At each of those stations on
29 November 1978 the values were noticeably higher. This sampling date fell



TABLE 10

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

TOTAL PHOSPHORUS (mg/1)

Ui

STATION 12

1

2

3

4

5

- Top 0.

0-

- Middle

- Bottom 0.

- Top

- Middle

0.

0.

o.

NOTE: At Station

Top was

APR

01

01*

01

01

03

01

1 where

between

24 MAY

—

—

—

—

—

—
0.04

0.03

1978

13 JUN

0

0

0

0

-

0

0

0

.04

.03

.06

.03

-

.03

.04

.03

one sample was taken

the surface

Middle was between 9.1 and

Bottom was between 15.2 and

At Station

Top was

2

from the

Middle was at 5.

Bottom was at 9.

6

0

0

0

0

-

0

0

0

in

JUL

.03

.04

.05

.03

-

.03

.04

.03

17

0.

0.

0.

0.

—
0.

0,

0.

AUG 29 NOV

04 0.08

03 6.10

05 0.06

03 0.05

—
03 0.08

03 0.09

04 0.04

1979 1980

17 APR 13 AUG

0.23 0.07

0.03**

0.03

0.20 0.04

0.24 0.01

0.01

0.18

0.19

0.20 0.06***

each range;

and 1.5 meters

12. 2 meters

19.8 meters

surface and

0 meters (16.

0 meters (29.

0.5 meters

4 feet)

5 feet)

(30

(50

(1-

(5 feet)t

and 40 feet) , and

and 65

5 feet),

feet).

, and
.

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 11

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

AMMONTA-NTTROGEN (mg/1)

STATION 12

1

1

1

2

2

2

3

4

5

- Top 0

0

- Middle

- Bottom. 0

- Top

- Middle

- Bottom -

0

0

0

NOTE: At Station

Top was

1978

APR 24 MAY 13 JUN

.03

.02*
_

.02

-

-

-

.04

.05 0.00

.03 0.00

0.

—
0.

0.

0.

—

—
0.

0.

0.

1 where one sample was

between the surface

01

03

20

02

03

04

01

taken

6

0

-

0

0

0

-

-

0

0

0

In

JUL

.01

-

.13

.41

.01

-

-

.01

.05

.01

17

0

-

0

0

0

-

-

0

0

0

1979 I960

AUG 29 NOV 17 APR 13 AUG

.00 0.02 0.05 0.05

0.13**

.01 0.03 — 0.05

.47 O.'OS 0.17 0.45

.01 0.01 0.07 0.05

0.03

0.09

.01 0.03 0.04

.01 0.07 0.02

.01 0.04 0.05 0.09***

each range:

and 1.5 meters

Middle was between 9.1 and 12.

Bottom was between 15.2 and

At Station

Top was

2

from the surface and

Middle was at 5.0 meters (16

Bottom was at 9.0 meters (29

19

0

.4

.5

2 meters

.8 meters

.5 meters

feet),

feet) .

(30

(50

(1.

(5 feet),

and 40

and 65

5 feet)

feet), and

feet) .

,

and

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 12

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

NITRATE-NITROGEN (mg/1)

STATION 12

1

1

1

2

2

2

3

4

5

- Top 0

0

- Middle

- Bottom 0

- Top

- Middle

- Bottom —

0

1

0

NOTE: At Station

APR

.0

.1*

.1
•**

-

-
.2

.1

.2

1978

24 MAY 13 JUN

—

—

—

—

—

—

—

—
1.0

0.1

0.

—
0.

0.

0.

—

—
0.

0.

0.

1 where one sample was

Top was between

Middle was

Bottom was

At Station

the surface and

between 9.1 and 12.2

between 15.2 and 19

2

Top was from the

Middle was

Bottom was

at 5.

at 9.

surface and 0.

0 meters (16.4

0 meters (29.5

1.

0

0

0

1

1

9

0

taken

6

0

-

0

0

0

-

-

0

1
0

in

5 meters

meters

.8

(30

1979

JUL 17 AUG 29 NOV 17 APR

.0

-

.0

.0

.0

-

-

.0

.1

.0

0.0 0.6 0.1

.

0.0 0.5

0.0 0.5 0.1

0.0 0.6 0.1

—

—
0.0 0.5 0.1

0.9 0.7 1.3

0.0 0.5 0.3

1980

13 AUG

0.0

0.0**

0.0

0.1

0.0

0.0

0.0

—

—
0.0***

each range:

(5 feet),

and 40 feet) , and

meters (50

5 meters (1.5

and 65 feet).

feet),

feet) , and

feet).

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



within the fall circulation period, which suggests mixing and nitrification
of previously trapped hypolimnetic waters (high in ammonia nitrogen).

Another exception was Station 4 (Moody Pond inlet) which had consistently
high nitrate-nitrogen concentrations. These values were within the range
(0.92-3.2 mg/1) recorded in the Barnstable County Health Department data
(Scott Horsely, personal communication, March 12, 1981; Appendix 4) for
groundwater to the northwest of Johns Pond. A small bog area just upstream
from the station and septic system leachate additions from the Otis Trailer
Park into the stream are two probable contributors.

Organic nitrogen concentrations (Table 13) were calculated by subtracting
ammonia-nitrogen values from total Kjeldahl-nitrogen values on any given
data. Because organic nitrogen data were incomplete for this study, few
conclusions can be drawn. Higher values in the photic zone (upper strata)
of the pond on the summer dates of 1978 are consistent with the expectation
that maximum conversion of nitrogen to organic forms would occur in that
biologically productive portion of the year. The summer 1980 data seem low
in comparison to 1978, but no other data were available that year for com-
parison.

Inlet organic nitrogen concentrations were not unusually high (Table 13).
Outlet concentrations were always lower than the surface waters.

As with total phosphorus, nitrogen data from the two suspected leachate plumes
(Table 5) showed some variability. Site S7 had no detectable ammonia-nitrogen
but high nitrate-nitrogen (1.4 mg/1). This was supported by the Barnstable
County Health Department records for an area near the site (Scott Horsley,
personal communication, March 12, 1981: Appendix 4). The organic nitrogen
value was relatively low (0.38 mg/1). Site S19 had a moderate ammonia-
nitrogen level (0.14 mg/1), a moderate nitrate-nitrogen level (0.6 mg/1) and
a relatively low organic nitrogen level (0.42 mg/1).

A brief description of inorganic nitrogen reactions in soil can explain the
differences in the groundwater data. Ammonia is the primary end-product from
the decomposition of nitrogenous organic materials in domestic wastes. Once
the ammonia-nitrogen reaches the soil (via leach field or other application)
it may be bound to clay or organic particles under anoxic conditions (Lance,
1972). If anoxic conditions persist, ammonia-nitrogen loads will eventually
exceed the binding capacity of the soil and ammonia-nitrogen will be exported
in the groundwater.

If the soil is oxygenated, ammonia-nitrogen will undergo nitrification to
form nitrates which are more rapidly leached in groundwater (Lance, 1972).
Site S7 seems to represent a situation where the groundwater has traveled far
enough from the nutrient source under oxygenated conditions to convert all
ammonia-nitrogen to nitrate-nitrogen. Site S19 seems to be an intermediate
condition either due to less distance from the source to the pond (than
Site S7) or a more extensive area of anoxic soil between the source and the
pond.
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TABLE 13

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

ORGANIC-NITROGEN (mg/1)

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

12. APR

0.27

0.33*

—
0.31

—•

—
0.28

0.40

0.27

1978

24 MAY 13 JUN 6 JUL 17 AUG 29 NOV

1.49

—
0.66

0.28

0.86

—

—
0.49

0.48

0.49

At Station 1 where one sample was

Top was between the surface and

Middle was

Bottom was

At Station 2

between 9.1 and 12.2

between 15.2 and 19.

Top was from the surface and 0.

Middle was

Bottom was

at 5.0 meters (16.4

at 9.0 meters (29.5

0.68

—
0.84

0.42

0.41

—

—
0.54

0.63

0.66

taken in each range:

1.5 meters (5 feet),

meters (30 and 40 feet), and

8 meters (50 and 65 feet).

5 meters (1.5 feet),

feet) , and

feet).

1979 1980

17 APR 13 AUG

0.69 0.38

0.36**

0.50

0.22 0.23

0.46 0.28

0.37

0.39

0.25

0.40

0.34 0.42***

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



pH and Salinity Parameters

In-lake surface water pH values (range 6.0-7.5, Table 14) were within the
range of values cited for groundwater on Cape Cod (4.2-7.6 by Frimpter and
Gay, 1979). Lower values (5.2-6.8) at Moody Pond "inlet (Station 4) are
reasonable in waters that flow through a wetland area. Fluctuations in
pH due to depth or seasonal factors were negligible.

Value ranges of total alkalinity (5-23 rag/1, Table 15), total hardness
(12-21 mg/1, Table 16), specific conductance 72-90 mg/1, Table 17), and
chloride (8-12 mg/1, Table 18) were all in the low to middle range of those
in Cape Cod groundwater (Frimpter and Gay, 1979). None of these parameters
showed any seasonal variations. Total alkalinity and specific conductance
showed only slight increases due to respiration-decomposition in the hypo-
limnion during periods of thermal stratification. Total hardness and chlo-
ride values showed no change with depth.

Specific conductance (Table 5) was noticeably higher than groundwater levels
in one of the two seepage samples taken. The high value (145 ymhos/cm from
meter S7) was associated with a large leachate plume down gradient from the
Otis Trailer Park. .

Iron, Manganese, and Silica

Iron and manganese (Tables 19 and 20) concentrations were within the range
of values found in the Cape Cod groundwater. Surface waters and oxygenated
hypolimnetic waters had low concentrations. Anoxic hypolimnetic conditions
allow release of ferrous and manganous ions from the sediments (Wetzel, 1975),
so the high iron and manganese concentrations recorded in the summer hypolim-
nion samples were expected.

High iron concentrations were recorded at the Moody Pond inlet (Station 4,
Table 19), particularly during the summer months. The small bog area up-
stream from that station makes it reasonable to assume these additions are in
the form of organic complexes with irons (Hem, 1975)* For manganese, a
similar pattern was less evident.

Silica concentrations (Table 21) were usually lower than the minimum values
(3.2 mg/1) recorded by Frimpter and Gay (1979) for Cape Cod groundwater.
Only Station 4 (7.6-10 mg/1) was consistently within their range. The con-
centrations were particularly low at the in-lake stations in the spring and
summer. These observations indicate probable utilization of silica by
diatoms in the spring (Table 23) and removal of the bound silica from the
epillmnion to the hypolimnion via settling over the summer or inhibition of
silica utilization because diatoms would not colonize the anoxic hypolimnion.

Biological Data

Bacteriological

The Massachusetts Division of Water Pollution Control (1978) has stated that
the occurrence of fecal coliform in Class B waters "...shall not exceed a
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TABLE 14

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

pH (Standard Units)

STATION

1 - Top

12 APR 24 MAY

6.8
—

1978

13 JUN

7.5

6

6.

JUL

9

17

6

1979

AUG 29 NOV 17 APR

.8 6.4 6.6

6.6*

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

—
6.8

—

—

—
6.5

5.6

6.7

At Station

Top was

Middle

Bottom

At Station

Top was

Middle

Bottom

—

—

—
—

—

5.7

6.7

where one sample

7.

7.

7.

—

—
7.

6.

7.

2

2

1

1

8

0

6.

6.

6.

—

—
6.

5.

6.

was taken In

between the surface and

was between 9.1 and 12.2

was between 15.2

2,

from the surface

was at 5.0 meters

was at 9.0 meters

and 19.

and 0.

(16.4

(29.5

6

5

9

9

9

9

each

1.5 meters

meters (30

8 meters (50

5 meters (1.

feet),

feet).

and

6

6

6

•-

--

6

5

6

.4 6.5

.5 6.6 6.7

.8 6.6 6.8_

-

.5 6.0 6.5

.8 5.2 5.5

.4 6.3 6.2

1980

13 AUG

6.5

6.9**

6.6

7.3

6.9

7.3

6.8

—
--

7.2***

range :

(5 feet),

and 40 feet) , and

and 65 feet).

5 feet),

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 15

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

TOTAL ALKALINITY (mg/1 as CaC03)

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

12 APR

8.0

9.0*

—
8.0

.

—

—
5.0

6.0

9.0

24 MAY

—

—

—

—

—

—

—

—
6.0

11.0

1978

13 JUN

11.0

—
12.0

16.0

11.0

—

—
10.0

8.0

10.0

At Station 1 where one sample was

Top was between the surface and

Middle was

Bottom was

At Station 2,

between 9.1 and 12.2

between 15.2

Top was from the surface

Middle was

Bottom was

at 5.0 meters

at 9.0 meters

and 19.

and 0.

(16.4

(29.5

6 JUL

9.0

— •

11.0

16.0

9.0

—

—
8.0

6.0

9.0

17 AUG

7.0

—
9.0

19.0

8.0

—

—
8.0

6.0

8.0

29 NOV

7.0

—
7.0

6.0

7.0

—

—
6.0

5.0

7.0

1979 1980

17 APR 13 AUG

8.0 6.

5.

10

9.0 15

9.0 6.

10

23

8.0

9.0

9.0 8.

0

0**

.0

.0

0

.0

.0

o***

taken In each range:

1.5 meters

meters (30

8 meters (50

5 meters (1.

feet), and

feet).

(5 feet),

and 40 feet),

and 65 feet)

5 feet),

and

.

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 16

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

TOTAL HARDNESS (mg/1 as CaC03)

OJ

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

1978

12 APR 24 MAY 13 JUN 6 JUL

18 — 14 17

18*

14 17

18 -- 15 18

14 16

—

—
16 — 13 15

12 18 17 19

21 14 14 17

At Station 1 where one sample was taken In each

Top was between the surface and 1.5 meters

Middle was between 9.1 and 12.2 meters (30

Bottom was between 15.2 and 19.8 meters (50

At Station 2,

Top was from the surface and 0.5 meters (1.

Middle was at 5.0 meters (16.4 feet), and

Bottom was at 9.0 meters (29.5 feet).

17 AUG 29 NOV

15 15

—
14 15

16 15

16 15

—

—
14 13

20 19

14 15

range :

(5 feet),

and 40 feet), and

and 65 feet).

5 feet),

1979 1980

17 APR 13 AUG

18 15
15**

16

16 16

17 15

15

16

15

20

18 15***

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



Oi

TABLE 17

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

SPECIFIC CONDUCTANCE (ymhos/cm)

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

12 APR

80

84*

—
80

.

—

—
82

90

82

At Station 1

24 MAY

—

—

—

—

—

—

—
—
90

76

1978

13 JUN

75

—
77

80

76

—

—
77

86

75

where one sample was

Top was between the surface and

Middle was between 9.1 and 12.2

Bottom was between 15.2

At Station 2,

Top was from the surface

Middle was

Bottom was

at 5.0 meters

at 9.0 meters

and 19.

and 0.

(16.4

(29.5

6 JUL

82

—
85

87

80

—

—
82

90

82

17 AUG

75

—
76

86

76

—

—
78

87

75

29 NOV

74

—
74

74

76

—

—
74

85

76

1979 1980

17 APR 13 AUG

72 82

82**

80

72 86

70 80

80

80

74

84

76 80***

taken in each range:

1.5 meters

meters (30

8 meters (50

5 meters (1.

feet), and

feet).

(5 feet),

and 40 feet),

and 65 feet)

5 feet),

and

.

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow
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TABLE 18

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

CHLORIDE (mg/1)

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

12 APR

11

11*

—
11

—
1

—
12

11

11

1978

24 MAY 13 JUN

10

—
10

10

9

—

—
10

12 9

11 10

At Station 1 where one sample was

Top was between the surface and

Middle was

Bottom was

At Station 2,

between 9.1 and 12.2

between 15.2 and 19.

Top was from the surface and 0.

Middle was

Bottom was

at 5.0 meters (16.4

at 9.0 meters (29.5

6 JUL

11

—
10

10

10

—

—
10

9

10

17 AUG

10

—
11

11

10

—

—
11

10

10

1979

29 NOV 17 APR

9 10

—
10

9 10

10 10

—

—
10 11

8 10

9 10

1980

13 AUG

11

11**

11

11

10

10

10

—

—11***

taken In each range:

1.5 meters

meters (30

8 meters (50

5 meters (1.

feet) , and

feet).

(5 feet),

and 40 feet),

and 65 feet)

5 feet),

and

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 19

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

IRON (mg/1)

Ln

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

12

0,

0.

—
0.

'

—

—0.

0.

0.

APR

01

00*

00

05

06

03

At Station 1

1979

24 MAY 13 JUN 6

0.

—
0.

0.

0.

—

—
0.

0.24 0.

0.05 0.

00

00

70

03

02

31

06

where one sample was

Top was between the surface

Middle

Bottom

was

was

and

between 9.1 and 12.2

between 15.2 and

0.

—
0.

1.

0.

—

—
0.

0.

0.

JUL

13

06

40

05

13

25

05

17

0

-

0

1

0

-

-

0

0

0

AUG

.10

-

.05

.20

.05

-

-

.10

.40

.03

29 NOV

0.00

—
0.00

0.00

0.00

—
—
0.03

0.05

0.00

1979 1980

17 APR 13 AUG

0.00 0.

0.

0.

0.00 0.

0.02 0.

0.

0.

0.03

0.03

0.00 0.

00

00**

03

45

00

00

00

03***

taken in each range:

1. 5 meters

meters (30

39.8 meters (50

(5 feet),

and 40 feet),

and 65 feet)

and

•

At Station 2,

Top was from the surface and

Middle

Bottom

was

was

at 5.0 meters (16

at 9.0 meters (29

0.

.4

.5

5 meters (1.

feet),

feet).

and

5 feet),

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 20

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

MANGANESE (mg/1)

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Middle

2 - Bottom

3

4

5

NOTE:

1979

12 APR 24 MAY 13 JUN

0.01 -- 0.00

0.03*

0.00

0.02 — 0.53

0.00

—

—
0.05 -- 0.01

0.06 0.05 0.04

0.03 0.01 0.02

At Station 1 where one sample was

To_p_ was between the surface and

Middle was between 9.1 and 12.2

Bottom was between 15.2 and 19.

At Station 2,

Top was from the surface and 0.

Middle was at 5.0 meters (16.4

Bottom was at 9.0 meters (29.5

6 JUL

0.08

—
0.13

1.20

0.02

—

—
0.05

0.09

0.03

1979

17 AUG 29 NOV 17 APR

0.05 0.00 0.00

—
0.03 0.02

1.00 0.00 0.00

0.02 0.00 0.00

—
•

0.01 0.02 0.02

0.10 0.05 0.03

0.02 0.00 0.00

1980

13 AUG

0.02

0.01**

0.07

1.00

0.00

0.00

0.00

—

—
0.03***

taken in each range:

1.5 meters

meters (30

8 meters (50

5 meters (1.

feet) , and

feet).

(5 feet),

and 40 feet), and

and 65 feet).

5 feet),

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)
*** - No flow



TABLE 21

JOHNS POND

RESULTS OF CHEMICAL ANALYSES

SILICA (mg/1)

Ln
CO

STATION

1 - Top

1 - Middle

1 - Bottom

2 - Top

2 - Bottom

3

4

5

NOTE:

1978

12 APR 24 MAY .13 JUN 6 JUL 17 AUG 29 NOV
\

0.2 -- 0.6 0.5 0.4 2.0

0.3*

0.0 0.5 0.0 1.3

0.5 — 1.6 2.0 2.4 1.7

0.4 0.5 0.0 1.0

—
1.8 — 1.2 1.0 0.2 2.1

8.2 9.5 7.8 9.0 7.6 10.0

1.4 0.1 0.4 1.2 0.6 3.1

At Station 1 where one sample was taken In each range:

Top was between the surface and 1.5 meters (5 feet),

Middle was between 9.1 and 12.2 meters (30 and 40 feet), and

Bottom was between 15.2 and 19.8 meters (50 and 65 feet).

At Station 2,

Top was from the surface and 0.5 meters (1.5 feet),

Middle was at 5.0 meters (16.4 feet), and

Bottom was at 9.0 meters (29.5 feet).

1979

17 APR

0.5

—

—
1.0

0.7

—
1.0

, 7.8

2.0

* - 3.0 meters (10 feet)
** - 5.0 meters (16.4 feet)

*** _ NO flow



log mean for a set of samples of 200 per 100 ml." This standard sets the
limit for fecal coliform bacteria based on concern for public health. If
numbers reach this level, a ratio of fecal to total coliform greater than
0.1 is believed to generally indicate sewage (Geldreich and Kenner, 1969).

Past samplings done on Johns Fond have never indicated any coliform problems
(Hennigan, 1975 and Town of Mashpee, 1980). During this study, the Class B
standard was never exceeded at Johns Fond (Table 22). A slightly high total
coliform count (1,800/100 ml) was noted at the south inlet on 24 May 1978.

Usually, total coliform counts at the Moody Fond inlet were above other
stations on any given date. Fecal coliforms were higher on two of the seven
dates. These data support the nitrate-nitrogen data which indicate that the
Otis Trailer Park is a possible septic system leachate source in that area.

Fhytoplankton

Phytoplankton counts in Johns Pond (Table 23) were usually within the range
of values (0-2,000 cells/ml) indicative of oligotrophic lakes (Weber, 1974).
On two dates (12 April 1978 and 17 April 1979) the populations rose into the
range (2,000-15,000 cells/ml) indicative of mesotrophic lakes. Fluctuations
in phytoplankton populations are normal for lakes. It is also common to have
peaks in the spring when nutrients become circulated to the photic zone and
day length begins to increase (Wetzel, 1975). The fact that populations
remain low throughout much of the summer indicates that the pond may still be
in between the oligotrophic and mesotrophic stages or in the early mesotro-
phic stage according to the above algal density criteria.

Both of the high spring phytoplankton populations were dominated by the
diatom genus Asterlonella. During the rest of the year dominance shifted
between green algae, diatoms, and flagellates (in "other" category, Table 23)
Table 24 is a complete list of the phytoplankters that were identified in
Johns Pond.

Blue-green algae never comprised a prominent fraction of the phytoplankton.
The limited frequency of sampling during the summer months may have resulted
in the omission of blue-green population growths from the data. The total
absence of this group on the July and August 1978 sampling dates make it un-
likely that "blooms" were occurring that year. To more accurately document
the phytoplankton population changes, future studies ought to require more
frequent sampling (possibly weekly from spring through autumn).

Aquatic Macrophyton

Figures 11 and 12 indicate the approximate locations of aquatic macrophytes
on 17 August 1978 and 13 August 1980, respectively. In 1978 only five rooted
emergent types were noted. On the 1980 survey 10-12 emergents (depending on
interpretation) and four types that prefer terrestrial habitats were found.
The latter survey date listed more genera primarily because more time was
spent in locating shoreline macrophytes as well as inlake ones. Some varia-
tion in location is also attributable to differences in observer biases.
Even considering these factors, the macrophyte distribution seems to have
increased over the two-year span.
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TABLE 22

JOHNS POND

BACTERIOLOGICAL ANALYSES (tf/100 ml)

STATION

//I Surface

//2 Surface

#3 Canal

//A Moody Pond
Inlet

South Outlet

#5 North
Outlet

Northwest Shore

Southend Houses

North Shore

12 APR 78 24 MAY 78

TOTAL

<10

-

20

80

*

<10

FECAL TOTAL FECAL

<5 - -

-•

<5

<5 320 <5

* 1,800 50

<5 60 <5

13 JUN 78

TOTAL

<10

10

50

320

-

10

FECAL

<5

<5

20

60

-

<5

6 JUL 78

TOTAL FECAL

<10 <5

<10 <5

10 <5

320 10

_

60 10

17 AUG 78

TOTAL

10

5

160

520

-

160

FECAL

<5

<5

5

20

-

10

29 NOV 78

. TOTAL FECAL

<10 <5

<10 <5

10 <5

<10 <5

-

<10 <5

17 APR 79

TOTAL FECAL

<10 <5

<10 <5

<10 <5

240 <5

-

20 <5

30

60

250

<5

<5

10

* no flow

- no sampling



TABLE 23

JOHNS POND

PHYTQPL&NKTQN (cells/ml)

Station 1

GROUP 12 APR 78

Cyanophyta 0

Chlorophyta 0

Bacillariophyceae 13,985

Others 773

Total Phytoplankters 14,758

Cyanophyta

Chlorophyta —

Bacillariophyceae

Others

Total Phytoplankters

13 JUN 78 6 JUL 78 17 AUG 78 29 NOV 78 17 APR 79 13 AUG 80

72 0 0 0 0 14

143 629 0 0 1,301 42

329 129 0 501 3,146 28

29 816 72 43 529 84

573 1,574 72 544 4,976 168

Station 2

28

„ „ — -- 112

0

197

337



TABLE 24

JOHNS POND

LIST OF PHYTOPLANKTERS

Cyanophyta (Blue-Green Algae)
Microcystis sp., Nostoe sp., coccoid form

Chlorophyta (Green Algae)
Ankistrodesmus sp., Chlorococcum sp., Pic tyo shaer ium sp.,
Oocystis sp., Fediastrum sp., Scenedesmus sp.,
Sphaerocystis sp., Tetradesmus sp., coccoid form

Bacillariophyceae (Diatoms)
Asterionella sp., Cyclotella sp., Fragillaria sp.,
Melosira sp. , Nitzschia sp., ,S_vnedra sp., Tabellaria sp. .

s
Chrysosphaerella sp., Cryptomonas sp., Dinobryon sp.,
Peridinium sp., Phacus sp., Mallomonas sp.

Others
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P

JOHNS POND

AQUATIC MACROPHYTES

17 AUGUST 1978

LEGEND

Sooittorjg sp. (Arrowheod)

Chore sp.(Muskgress)

Nitetta 30. (Stonewort)

SaoJhora csiojiam (Natdtt Rush)

. E. Smgllii (Spike Rush)

EnocouPn saprongutorw (Pipewart)

Elodeo sp. (Wdtenwod)

Myrrgjhyllum sp.fWWar Milfoil)

No)n sp. t Bushy Pondiwdl

Juncus sp. ( Rush )

CaUitriche sp. (Water Stonwrt)

Hypertg^n sp. ( St. John's Wort)

Nuphar sp. (Yellow Water Lily)

Potomodttqn sp.fPondimed)

P. crispus (Curly Pondweed)

Utrieulario so. (Bloddsnwrt)

Filamentous Algoe

MILE 0.5

FIGURE it
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JOHNS POND

AQUATIC MACROPHYTES

13 AUGUST I960

LEGEND

sp.( Bulrush)

sp.(Mutkarese)

Eleochgrfe ap.lSpik* Rush)

Eriocouton sp.(Pfpewort)

Gfaftota sp. (Hedge. Hyaop)

Phfooninn rgBftgjs (Reed Grass)

ÎfenetTq qmeriqono (Wild Celery)

EJfidjg sp.(Woterwed)

MffiooftvHum ruraJp (Water Milfoil)

M. fsnejlumf Water Mitfoil)

Naje sp. (Bushy Pondweed)

Iris sp. ( Iris)

Juneue sp. (Rush)

Callitriche sp.( Water Starvwrt) f

EjfltiOft sp.(Woterwort)

Decodon sp.(S«nmp Loosestrife)

Ludwioig sp.(False LoosestrifB) .

Brosenio Sehreberi ( Water Shield)

Lobelia Port manna (Water Lobelia)

Potomooeton ep« ( Pondveed }

p> (Sffiortweed)

OtncutoriQ sp.(BlodiJerwort)

Euoolorium oerfeliolum (flonesefl

Zs Solidooo so. (Goldenrod 1

^ Filamentous Algae

FIGURE \Z
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Macrophyte densities were greatest in Johns Pond West, the southwest bay,
and the northwest corner (near the public access). Of these areas however,
only Johns Pond West had populations of a potentially nuisance species
(Btasenia Schreberi Gmel. or water shield). Water shield tends to colonize
areas with mucky substrates. Other areas ranged from moderate to sparse in
density and incidences of nuisance types were rare.

The mature forms of terrestrial and emergent macrophytes found along the
shore of Johns Pond included Decodon sp. (swamp loosestrife); Eleocharis spp.
(spike rushes); Eriocaulpji sp. (pipewort); Eupatorium perfoliatum L.
(Boneset); Gratiola sp. (hedge hyssop); Iria ap.; Juncua sp. (rush); Phrag-
mites maxjjnus (Forsk,) Chiov. (reed grass); Polygonum sp. (smartweed);
Pontederia cordata L. (pickerelweed); Sagittaria sp. (arrowhead); Scirpus sp.
(bulrush); and Solijagg sp. (goldenrod). Floating and submerged forms
included Brasenia Schreberi Gmel. (water shield); Callitrlche sp. (water
starwort); Chara sp. (muskgrase); Elatine sp. (waterwort); Elodea sp.
(waterweed); Hypericum sp. (St. John's-wort); Lobelia Dort"a""a L. (water
Lobelia); Lud.wj.eia cp. (false loosestrife); moss; Hyrippjiyllum spp. (water
milfoil); Najas s;j. (bushy pondweed); Hitella sp. (stonewort); Suphar. sp.
(yellow water lily); Potamogeton spp. (pondweed); and Vallisneria americana
Michx. (wild celery). One non-rooted, submerged macrophyte, U.tricularia sp.
(bladderwort), was also found in Johns Fond.

Fish Populations

Johns Pond has been stocked by the Massachusetts Division of Fisheries and
Wildlife since 1922. The species introduced included Micropterus dqlomieui
Lacepede (smallraouth bass); Morone americana Gmelin (white perch); Perca
flayescens Mitchill (yellow perch); Salmo gairdneri Richardson (rainbow
trout); Salmo trutta L. (brown trout); and Salvelinus fontinalis Mitchill
(brook trout). Management of Johns Pond for smallmouth bass was curtailed in
the 1950s in favor of trout management (Commonwealth of Massachusetts, Divi-
sion of Fisheries and Wildlife, 1980). In 1956 the Massachusetts Division
of Fisheries and Wildlife began annual stocking of trout (brook, brown, and
rainbow). Even though in recent years dissolved oxygen values have decreased
(below 6 mg/1) at depths where the temperature la tolerable for trout (below
20 C), annual stocking continues and angling remains excellent (James Ken-
nedy, personal communication, November 9, 1981).

A more immediate concern to fisheries management officials for the stocking
of Johns Pond (and other Cape Cod lakes) is the problem of pH (James Kennedy,
personal communication, November 9, 1981). The current guidelines used to
gauge lakes for successful stocking on the Cape is 6.0 (standard pB units).
Over the duration of this study, pH values within Johns Pond were well above
this criterion. As with other Cape Cod lakes, the low alkalinity (buffer
capacity) of Johns Pond makes it susceptible to the effects of acid deposi-
tion.

Information from open files at the Commonwealth of Massachusetts, Division
of Fisheries and Wildlife Office in Westborough.
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Other fish found in Johns Fond include Cataatomus commersoni Lacepede -
(white sucker); Esox niger Lesueur (chain pickerel); Fundulus dlapharms ,
Lesveur (banded killifish); Lepomis gibbosus L. (pumpkinseed); and Notemi-
gonus crysoleucas Mitehi11 (golden shiner).

Water Balance and Hydraulic Budget

Water Balance

Ultimately, the water balance of the Johns Pond watershed is controlled by
the amount of precipitation received. This, along with other cllmatological,
soil, and vegetative conditions, controls the amount of evapotranspiration
lost from the system. These two factors (precipitation and evapotranspira-
tion) , in turn, affect storage conditions (both soil moisture and groundwater)
and runoff (both surface and groundwater).

A simple mass balance equation can be written to describe the above relation-
ships, as follows:

P - E « Storage + Runoff (1)

where P is precipitation and E is evapotranspiration. The storage and runoff
components of Equation 1 can be further divided based on relationships with-
in the system. Water storage occurs basically as two functions; soil moisture
(SM) and groundwater storage (GS). Water runoff is over the soil surface
(SR) or through the groundwater (GR).

Individual soil particles above the water table have the ability to hold
moisture via capillary attraction. The amount of moisture in this soil zone
continually changes depending on the amount of moisture added by precipita-
tion and removed by evapotranspiration. Thus, the soil moisture term is
written as a changing term, ASM. •

Groundwater storage (GS) is also continually changing. Moisture from precipi-
tation that is not lost to evapotranspiration and surface runoff or tied up
as soil moisture provides a surplus to the goundwater. A part of that surplus
runs into the lake as groundwater runoff (GR). The remainder accounts for
fluctuations in groundwater storage (ACS).

Using the above terms equation 1 can be expanded to:

P * E + ASM + ACS + GR + SR (2)

where P is precipitation, E is evapotranspiration, ASM equals change in soil
moisture, AGS is change in groundwater storage, GR is groundwater runoff,. ,
and SR equals surface runoff. All terms are expressed in units of water • .
depth (i.e. millimeters, inches, etc.).

Actual values for precipitation (Table 27, Appendix 5) were available from7,
the Hatchville recording station in Falmouth, Massachusetts (United States-:.
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Department of Commerce, 1978-80), about 3.2 kilometers (two miles) east of
Johns Pond. Potential evapotranspiration estimates for the watershed
(Table 27, Appendix 5) were calculated using the Thornthwaite method based
on temperature data from the nearest suitable recording station—West Falmouth
(United States Department of Commerce, 1978-80).

As described by Dunne and Leopold (1978) the Thornthwaite method uses air
temperatures to estimate the amount of energy available for evapotranspira-
tion. Thus, the formula for potential evapotranspiration is developed as
follows:

a
E - 1.6 ""a (3)

where E = potential evapotranspiration in cm/month

T • mean monthly air temperature ( C)

12 f T - 1 1.5I ai II = annual heat index « £ —•=— (4)

a « 0.49 + 0.01791 - 0.0000771I2 + 0.000000675I3 (5)

Potential evapotranspiration can now be translated into actual evapotranspira-
tion (E in Equation 2) based on variations in rainfall, temperature, and
soil moisture content. This is done (Table 17, Appendix 5) using general
water budget calculations, according to a method described by Carter (1964),
for the original study period (May 1978-May 1979), for the update study period
(July and August 1980), and for the interim period. The budget (Figure 13)
compares potential evapotranspiration with the precipitation received each
month to determine whether surplus or deficit soil moisture conditions exist
(ASM in Equation 2).

A water surplus occurs after soil moisture demands have been met. The surplus
may be released as surface runoff (SR in Equation 2) and/or recharge to the
groundwater (ACS and GR in Equation 2) depending on the watershed. During
this study water surpluses were present in May 1978, from November 1978 through
May 1979, and from November 1979 through April 1980 (Figure 13). These periods
correspond to the periods of groundwater recharge generalized for Cape Cod
by Frimpter (1980).

Water deficits result when soil moisture has been exhausted and evapotranspira-
tion demands cannot be met by the precipitation inputs. During these times
surface and groundwater runoff (SR + GR, Equation 1) from the system (i.e.
effluent from Johns Fond) would stop. The change in groundwater storage (ACS,
Equation 1) would be negative because evaporation would still draw from lake
surfaces, and cranberry bogs are usually irrigated during those periods.

Water deficits were not recorded in 1978, but occurred in July and August of
both 1979 and 1980 (Figure 13). These months represent a time when groundwater
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levels are generally declining Coward a minimum in October or November
(Frimpter, 1980). Thus, when groundwater sampling was done in July and
August 1980, groundwater flow would have been close to its annual minimum
(i.e., hydraulic "worst case" conditions). Possibly the flow values ob-
tained from the sampling (Table 5) represent only infiltration into the lake
to compensate for evaporation and losses to bogs for irrigation.

Flow Model

General

From the water budget calculations (table 27, Appendix 5) two annual periods
have been selected for determination of the hydraulic budget conditions of
Johns Pond. The first period, May 1978 through April 1979 encompasses most
of the initial study. The second period, September 1979 through August 1980
includes the update study. Precipitation, evapotranspiration, and surplus
values for these two periods will be used in a simple flow model (Figure 14)
to estimate hydraulic loads to and from Johns Pond. Once determined,, these
values will be incorporated to estimate the nutrient loading conditions for
the pond. .

Figure 14 describes the potentially important hydraulic inputs, outputs,
and pathways associated with Johns Pond system. The terms used in Equation 1
are also used in this diagram.

The methods for determining precipitation, evapotranspiration, and soil mois-
ture changes have been described. The remaining outputs from the system
(i.e., ACS, SR, and GR) and the various elements within the system remain to
be calculated.

Watershed and Groundwater Storage

The potential watershed (excluding Moody Pond and Johns Pond) includes a
groundwater watershed of 9.3 square kilometers (3.6 square miles) and a
partially overlapping topographic watershed of 3.6 square kilometers (1.4
square miles, excluding Johns Pond). It is impossible to outline exactly
which portions contribute to Johns Fond without a better delineation of the
groundwater flow characteristics. This would require extensive well instal-
lations and monitoring which was beyond the scope of this project. However,
estimates of maximum and minimum contributing areas can be used.

The non-overlapping portion of the topographic watershed (0.5 square kilo-
meters or 0.2 square miles, excluding the Moody Pond watershed) is included
in both the maximum and minimum areas based on the results of the groundwater
seepage measurements obtained during July and August 1980 (Table 5). These
results suggest that inflow of groundwater was occurring on all sides of the
lake at least at shallow depths. Numerical simulations by Winter (1976 and
1981) show that this is true in cases where downgradient groundwater mounds
exist. Further study is necessary to verify their existence around Johns
Pond.
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The maximum area would include the entire 9.3 square kilometer (3.6 square
miles) groundwater watershed, thus assuming that any precipitation that
reaches the groundwater up gradient of Johns Pond would eventually enter the
pond. Judging from the characteristics of the Otis plume (LeBlanc, I960),
this area of influence would be severely exaggerated.

The mlTilTmm area would include only about 40 percent (or 3.6 square kilo-
meters) of the groundwater watershed. This figure is extrapolated from the
slope of the precipitation recharged zone laying on top of the Otis plume
(LeBlanc, 1982). This layer was about 11 meters (about 35 feet) thick at
about 900 meters (3,000 feet) downgradient from the plume source. Thus, if
Johns Pond intercepts groundwater to its Tnayjminn depth (18.9 meters or 62
feet), it would recharge from about 1.6 kilometers (one mile) upgradient.
This minimum area of groundwater recharge is also likely to be an exaggera-
tion because actual groundwater flow patterns in the vicinity of a lake do
not run in a line. Rather, they bend from below the lake bottom up into the
lake (see Figure 5).

Setting maximum and minimum groundwater recharge areas for Johns Pond in
effect eliminated the groundwater storage factor (ACS) from Equation 1.
Any water recharge that travels below the pond (under the minimum watershed
area condition) is lost to groundwater storage and is not accounted for in
further calculations. Under ™*-vtmim waterhsed conditions all recharge is to
the pond and there is no change in groundwater storage.

Moody Pond Watershed

The Moody Fond watershed (including groundwater and topographic) is relatively
small; covering an area of about 0.6 square kilometers (0.2 square miles).
The pond makes up about 0.1 square kilometers (less than 0.05 square miles)
of that area. No attempt was made to differentiate between the groundwater
and topographic watersheds of Moody Pond because of its relatively small size
and shallow depth. Any groundwater added to the stream flow between the
Moody Pond outlet and Johns Pond was considered to be part of the contribution
from the other watershed area.

Water Use

Most domestic and commercial water in the Johns Fond area is obtained from
private on-site wells. Likewise, the entire area has on-site septic facili-
ties. Other water uses such as automobile washing and lawn watering are also
on-site. Thus, for hydraulic purposes it can be assumed that water withdrawal
from the groundwater is compensated by recharge from the same area. Any loss
due to evapotranspiration or other causes will be negligible relative to the
volumes being calculated in this study.

For purposes of the nutrient budget determination an estimated per capita
water use can be used. The population in the area immediately surrounding
Johns Pond (i.e., within about 300 meters of the shore) is estimated at
1,470 (Kerr and Associates, 1970). Using an average water use figure of 0.21
cubic meters/capita/day (55 gallons/capita/day, Fair, et al., 1971) the
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water use around Johns Fond calculates to be about 100,000 cubic meters per
year. This is a high number because it does not account for seasonal changes
in the population. This number can, therefore, be used as a maximum in deter-
mining septic system contributions.

Johns Food

Now that the other elements of the flow model (Figure 14) have been defined,
the hydraulic load to and from Johns Fond can be calculated. Major hydraulic
inputs to the pond are from Moody Fond via a stream, other watershed areas
via surface and groundwater runoff, and direct precipitation.

The output from Johns Pond includes cranberry bog use, natural streamflow,
groundwater seepage, and evaporation. Evaporation from the pond surface is
easily calculated from potential evapotranspiration values (Table 27, Appen-
dix 5). The remaining elements of the flow model left uncalculated from
Equation 1 are surface runoff (SR) and groundwater runoff (GR) from the Johns
Pond system.

A value for bog use can be obtained by using bog acreage information from
A.D. Makepeace's outlet permits (Commonwealth of Massachusetts, Department of
Public Works, 1968 and 1970) and estimates of annual water use for an average
commercial cranberry bog (Feterson, et al., 1968). The bogs downstream from
Johns Pond have a combined area of about 190,000 square meters (48.5 acres);
140,000 square meters (35.5 acres) on the Quashnet River and 50,000 square
meters (13 acres) on the Childs River. It is assumed that these bogs are
still in use, so that maximum volumes can be determined. In fact, the bogs
on the Childs River are not still used.

Peterson, et al. (1968) describe four use conditions associated with bog
management. First, a winter flood requires 0.28 cubic meters of water per
square meter of bog (about 300,000 gallons/acre). This occurs only once a
winter on Cape Cod (Marshall Severance, personal communication, February 15,
1980) which means about 50,000 cubic meters for the bogs associated with
Johns Pond. Second, shallow floods in the spring and autumn require 0.14
cubic meters per cubic meter of bog (150,000 gallons/acre). They may be used
from eight to ten times a year (Peterson, et al., 1968). Third, bogs require
about 2.5 centimeters (one inch) of rain per week in the summer. Any deficit
would have to be made up from the pond. Lastly, fall harvesting requires
about 0.28 cubic meters per square meter of bog when the bogs are water-
picked, as are these.

For the bogs associated with Johns Pond, water use was calculated based on
one winter flood, nine shallow floods (i.e., intermediate use), one harvest
flood, and deficits figured from the precipitation data in Table 27 (Appen-
dix 5). The deficits amounted to 9.4 centimeters over 17 weeks from June
1978 through September 1978 and 16.7 centimeters from June 1980 through
August 1980 (13 weeks). During both study periods the water use for bogs
amounted to 400,000 cubic meters.
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Hydraulic Budget

Elements of the flow model (Figure 14) have been presented in Table 25
along with their contributions to the hydraulic load for Johns Fond. Pre-
cipitation, evapotranspiration, and water surplus values (Table 27, Appendix
5) were used from the periods May 1978 through April 1979 and September 1979
through August 1980 in order to establish this budget.

Of the hydraulic inputs to Johns Fond, groundwater represented 58 to 76
percent of the total from May 1978-April 1979 and 50 to 73 percent from
September 1979-August 1980. Precipitation additions were from 18 to 31 per-
cent (1978-1979) and 22 to 38 percent (1979-1980). The Moody Pond inlet re-
presented the lowest relative input at 4 to 7 percent (1978-1979) and 4
to 6 percent (1979-1980).

Evaporation outputs from the lake were in the ranges from 8 to 15 per-
cent (of the total input) in 1978-1979 and from 15 to 25 percent in 1979-
1980. Commercial bogs used from 4 to 7 percent of the total input
from May 1978-April 1979 and 7 to 12 percent frmo September 1979-August
1980. The remaining values for natural streamflow and groundwater seepage
amounted to 78-88 percent of the inputs in 1978-1979 and 62-78 percent in
1979-1980.

Pond retention time results presented in Table 25 range from 0.9 years to
1.7 years for the May 1978-April 1979 period and 1.7 to 3.2 years for the
September 1979-August 1980 period. The lower range represents conditions
during a period of somewhat higher than normal precipitation and groundwater
recharge, while the high range spans a drought period. It seems that an
intermediate retention time of about two years is a reasonable estimate for
Johns Pond.

An important concept that may now be estimated, using the above range of
retention times, is the "response time" of the pond. This term, described
by Dillon and Rigler (1975) is calculated using the equation:

In 2/(l/T + 10/z) (.6)

where t_ is the half-life of the change in concentration of a given

nutrient, T is the retention time in years, and z is the mean depth in
meters. Three to five times the half-life is a good indicator of the res-
ponse time of a pond.

For Johns Pond the half-life times range from 0.25 to 0.30 years for May
1978-April 1979 and 0.30 to 0.35 years for September 1979-August 1980.
These translate into response times of 0.8 to 1.8 years, meaning the pond
will reflect changes in nutrient loading rather quickly. Thus, increases
in nutrient additions from unmanaged development will be rapidly reflected
in the pond's water quality. But, decreases in nutrient loading from
management of septic systems and other non-point sources would also be
reflected quickly.
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SOURCE

Moody Fond Watershed

Land Area (0.5 km )

Annual Surplus

Moody Pond (0.1 km )

Precipitation

Evaporation

Annual Surplus

Total Surplus

Other Watershed Areas
2

Maximum Land Area (8.8 km )

Annual Surplus

Water Use (Septic Systems)

Surface Runoff (1-5% of Surplus)
2

Minimum Land Area (4.1 km )

Annual Surplus

Water Use (Septic Systems)

Surface Runoff (1-52 of Surplus)

Water Areas (0.5 km2)

Precipitation

Evaporation

Annual Surplus

Total Maximum Groundwater Input to Johns Pond
Total Minimum Groundwater Input to Johns Pond

TABLE 25

JOHNS POND

HYDRAULIC BUDGET
VOLUME (meters )

May 1978-April 1979 September 1979-August 1980

3.6 X 10'

1.3 X 10'

0.6 X 10*

0.7 X 10!

4.3 X 10!

7.1 X 10"

0.1 X 106

0.07-0.36 X 10*

3.0 X 10"

0.1 X 106

0.03-0.15 X 10*

0.7 X 106

0.3 X 106

0.4 X 10'

7.0-7.3 X 10
3.2-3.3 X 10

2.0 X 10'

0.9 X 10'

0.6 X 10"

0.3 X 10*

2.3 X 1CT

4.0 X 10°

0.1 X 106

0.04-0.2 X 10*

1,7 X 10

0.1 X 106

0.02-0.08 X 10*

0.4 X 10'

0.3 X 10*

0.1 X 10*

3.8-4.0 X 10
1.6-1.7 X 10



TABLE 25 (CONTINUED)

SOURCE

Johns Pond

Inputs

Precipitation

Moody Pond Inlet

Other Watershed Areas

Maximum

Minimum

Total Inputs (Maximum)

Total Inputs (Minimum)

Outputs

Evaporation

Bog Use

Natural Streamflow and Groundwater
Seepage* - Maximum

- Minimum

Retention Times (Lake Volume/Discharge Out**)

Maximum

Minimum

VOLUME (meters )

May 1978-Aprll 1979 September 1979-August 1980

1.7 X 10'

0.4 X 10*

7.5 X 10l

3.4 X 10*

9.6 X 10*

5.5 X 10*

0.8 X 10'

0.4 X 10*

8.4 X 10(

4.3 X 10*

0.9 yrs.

1.7 yrs.

1.2 X 10

0.2 X 10*

4.1 X 10*

1.8 X 10*

5.5 X 10*

3.2 X 10*

0.8 X 10*

0.4 X 10*

4.3 X 10*

2.0 X 10*

1.7 yrs.

3.2 yrs.

* Natural Streamflow and Groundwater Seepage is the remaining volume after subtracting Evaporation
and Bog Use from the Total Inputs.

**Discharge Out = Bog Use + Natural Streamflow and Groundwater Seepage



Nutrient Budget

Because of data limitations, some of the nutrient concentrations used in
the Johns Fond nutrient budget are taken from literature. Included in that:
category are precipitation, surface runoff from various land use types, and:
some groundwater values (Table 28, Appendix 5). Nutrient loads from septic
system leachates, bog use waters, and some groundwater are determined using
observed values.

In setting up this nutrient budget, an initial hypothesis has been made
that nearshore septic system leachates are an important cultural source of
nutrients. Assumptions were then used to establish a purposely high loading
value for nearshore septic system leachates. If these conditions support the
hypothesis, then lesser—possibly more realistic—loads might he analyzed.

Emphasis is placed on the leachate additions by assuming that all dwellings
are releasing nutrient strengths comparable to those observed using seepage
meters (total phosphorus: 0.03-0.06 mg/1 and total nitrogen: 1.16-1.78 mg/1).
These levels are considerably higher than those recorded by Environmental
Management Institute (1976, see Appendix 3), so they should give "worst
case" estimates for septic system leachate additions. Actual concentrations
from septic system leachates vary considerably depending on system efficiency,
system loading strengths, soil retention capacity, and distance from the pond.

It is also assumed that all residences are used year-round so these levels
are released all year. Actually, some residences are used seasonally.

Groundwater total phosphorus values measured by the Barnstable County Health
Department (Scott Horsley, personal communication, March 12, 1981), from private
wells upgradient to Johns Pond on the northwest side are used for the ground-
water input concentrations (total phosphorus: 0.01-0.04 mg/1). These values
fall into the low end of a range recorded by Frimpter and Gay (1979) for Cape Cod,

Total nitrogen concentrations were not tested by the Barnstable County Health De-
partment (Scott Horsley, personal communication, March 12, 1981), but using their
nitrate-nitrogen values (0.92-1.9 mg/1) would be more representative than using
total nitrogen values from another site on the Cape which are lower (0.18-0.42
mg/1 in Valiela and Caraco, 1980). Using the nitrate-nitrogen concentrations
instead of a total nitrogen concentration (which would be higher) further empha-
sizes the importance of septic system leachate loads (relative to other ground-
water and total loads).

Figures 15 and 16 and Table 26 give a breakdown of the major nutrient loads
to and from Johns Pond during the periods May 1978 through April 1979 and
September 1979 through August 1980. Specific calculations for each of the
sub-groups are in Appendix 5 (Table 28). Percentages are obtained by com-
paring each source load to its respective total load and shown diagrammatically
in Figure 17.

With respect to total phosphorus loads, using maximum hydraulic loads (from
the groundwater), groundwater contributed 54-58 percent to the pond from
May 1978-April 1979 and 50-51 percent from September 1979-August 1980.
Using minimum hydraulic loads, the contributions were 34-39 percent and 30-
31 percent, respectively. Precipitation contributions ran from 12-28 percent
(using the maximum groundwater load or MxGL) to 17-41 percent (using the

76



JOHNS POND NUTRIENT LOADS
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JOHNS POND NUTRIENT LOADS
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SOURCE

May 1978 - April 1979

Inputs

Precipitation

Moody Pond Inlet

Other Watershed Areas

Groundwater (Maximum)

(Minimum)

Septic System Leachates

Surface Runoff

Total Ranges

Outputs

Bog Use

Streamflow and Groundwater (Maximum)

(Minimum)

Total Ranges

TABLE 26

JOHNS POND

NUTRIENT BUDGET

TOTAL
PHOSPHORUS

34-68 kg

13-19 kg

71-296 k£

32-132 kg

3.0-6.0 kg

0.7-144 kg

83-553 kg

11 kg

84-840 kg

43-430 kg

54-851 kg

TOTAL
NITROGEN

2040-2210 kg

645-744 kg

6532-14,060 kg

2944-6270 kg

116-178 kg

63-590 kg

5808-17,782 kg

210 kg

2520-12,600 kg

1290-6450 kg

1500-12,810 kg

September 1979 - August 1980

Inputs

Precipitation

Moody Pond Inlet

Other Watershed Areas

24-48

10-21 kg

1440-1560 kg

345-398 kg



TABLE 26 (CONTINUED)

oo
o

Inputs (Continued)

Groundwater (Maximum)

(Minimum)

Septic System Leachates

Surface Runoff

Total Ranges

Outputs

Bog Use

Streamflow and Groundwater (Maximum)

(Minimum)

Total Ranges

TOTAL
PHOSPHORUS

38-160 kg

17-68 kg

3.0-6.0 kg

0.5-80 kg

54-315 kg

11 kg

43-430 kg

20-200 kg

31-441 kg

TOTAL
NITROGEN

3496-7600 kg

1564-3230 kg

116-178 kg

61-429 kg

3526-10,165 kg

216 kg

1290-6450 kg

600-3000 kg

816-6666 kg



LOAD RANGES INTO JOHNS POND

LAKESHORE SEPTIC

SYSTEM LEACHATES

Load

00

o
c:o
m

WATER < I - 2 *X

TP 1-4%

TN 1-3 %

1978-79 1979-60
< | - 2 % 2-3%

1-3%

GROUNDWATER

Load 1978-79 1979-80
WATER 58-16%

TP(UnGL) M-M%

TP(MnGL) 34-39%

TN(MiGL) 7D-79 %

80-75%

80-51 %

30-31%

IU-63%

TN(MnGL) 64-75 % 44-66 %

PRECIPITATION

Lood 1978-79 1979-80
WATER »-» % 22-36%

TP(MiGL) B-2«% 15-32%

TP(UnGL) 17-41% 22-44%

TNlMiOL) 12-22% 22-50%

TN(MnOL) 19-26% 2T-41 %

MOODY POND INLET

Lood 1978-79 1979-80
WATER 4-7 % 4'« %

TPlNiOLlT-ll % 7-13 %

TMMnGt) b-K% t-l*%

TN(ftta6L)4-7 % 7-11%

TN(MnOO4-A % 7'IO%

LEGEND

TP Total Phosphorus

TN Total Nitrogen

MxGL Maximum Groundwater toad

MnGL. Minimum Groundwater Load

Loads expressed as a precentage ol total loads

SURFACE RUNOFF.

Lood 1978-79 1979-60
WATER 41-4 % <|-4 %

Forest Land Use
TP < i - « %
TN n-4%

Urban Land Use
TP(MlGL) < l -22%

TP(UnOL) 1-31 %

TH l'4 %

(1-6%

1-22%

t -30%

1-4 %



minimum groundwater load or MnGL) in 1978-1979 and from 15-32 percent (MxGL).
to 22-44 percent (MnGL) in 1979-1980. Total phosphorus loads from the Moody
Pond inlet ranged from 7-11 percent (MxGL) to 10-16 percent (MnGL) in 1978-
1979 and from 7-13 percent (MxGL) to 9-19 percent (MnGL) in 1979-1980. Surface
runoff from forested and open lands contributed reltatively little (<l-6
percent) in either year. Urban and recreation land runoff had a broad range
of possible contributions; from <l-22 percent (MxGL) to 1-31 percent (MnGL)
during 1978-1979 and 1-22 percent (MxGL) to 1-30 percent (MnGL) during
1979-1980. The phosphorus loads from nearshore septic system leachates was
from 1-4 percent in 1978-1979 to 2-6 percent in 1979-1980.

Total nitrogen loads show that the largest contribution was from the ground-
water—70-79 percent (MxGL) to 51-63 percent (MnGL) in 1978-1979 and 64-75
percent (MxGL) to 44-56 percent (MnGL) in 1979-1980. Precipitation contributed
from 12-22 percent (MxGL) to 22-35 percent (MnGL) in 1978-1979 and 15-26
percent (MxGL) to 27-41 percent (MnGL) in 1979-1980. The Moody Pond inlet
was responsible for 4-7 percent (MxGL) to 7-11 percent (MnGL) in 1978-1979
and 4-6 percent (MxGL) to 7-10 percent (MnGL) in 1979-1980. Total nitrogen
in surface runoff contributed little to the load in either year (<l-4 per-
cent for forested and open lands and 1-4 percent for urban and recreation
land). As with total phosphorus, the nearshore septic system leachates con-
tributed only small amounts (1-3 percent) of the total nitrogen load.

It seems obvious from the above calculations (based on observed groundwater
nutrient concentrations) that nearshore septic system leachates from the
presently existing dwellings on Johns Pond are only a minor source of nutrients.
As stated previously, however, the groundwater results had limitations as
to their accuracy. To provide accurate values for septic system leachates
entering Johns Pond, further sampling is necessary. The importance of the
above analysis is in showing that both nearshore septic systems and more
distant nutrient sources represent threats to Johns Pond's water quality.

More remote non-point sources which affect eutrophication in Johns Fond
could include septic systems or surface runoff that recharge the groundwater.
The groundwater concentrations used in the above calculations are possibly
conservative. Because of the hydraulic importance of groundwater to Johns
Pond, increases in the groundwater nutrient concentrations above current
levels would markedly increase loading to the pond.

Another category of nutrient addition that has been altered by man's activi-
ties (cultural) is surface runoff—both directly to the pond and indirectly
through groundwater recharge. A small amount of runoff (1-15 percent) has
a direct impact on the pond, as calculated in Table 28. Notice that these
load calculations are based on areas immediately around the shoreline where
the land use is residential. Roadways, driveways, and rooftops represent
the major impermeable surfaces in these areas.

A more important effect from surface runoff may occur at a greater distance
from the pond where runoff from the urban (transportation) land at Otis
Air Force Base would recharge the groundwater. This could increase nutrient
concentrations in the groundwater. The importance of this source needs to
be delineated further in a future study.
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A third major concern of nutrient additions is from precipitation. Although
cultural activities have altered nutrient concentrations in precipitation,
local management of this source is nearly impossible. Management of this
source is part of a growing concern related to acid deposition (wet and dry)
which is not within the scope of this study.
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CONCLUSIONS

1. Johns Pond, located in Mashpee, Massachusetts, is a thermally strati-
fied mesotrophic pond of 131 hectares (323 acres). Although phosphorus
and nitrogen levels are low in the surface waters, moderately high
algal and aquatic macrophyte populations during the summer and extensive
oxygen depletion in the summer hypolimnion are possible indicators that
the eutrophication (enrichment) process has accelerated in recent years.

2. Johns Fond is categorized as a water table lake (i.e., reflects the
water table level). The relatively small land area, the .gentle slope
and the rapid permeability characteristic of the sandy soils in the
Johns Pond surface drainage combine to decrease the importance of direct
surface runoff and increase the importance of groundwater flow in the
pond's hydrology. Calculations indicate that even during the drought
period from September 1979 through August 1980, groundwater contributed
from 50-73 percent of the hydraulic input to Johns Pond. Precipitation
added 22-38 percent and the Moody Pond inlet 4-6 percent over that same
period.

3. Nutrient budget calculationss biased to enhance the importance of load-
ing from nearshore septic systems, indicate that nutrient loads from
remote non-point sources affecting the groundwater were more important
than proximal sources by at least an order of magnitude. Groundwater
contributed 30-58 percent of the total phosphorus load and 44-79 per-
cent of the total nitrogen load, depending on annual climatological and
hydraulic load conditions. Nearshore septic system leachates contributed
only 1-6 percent of the phosphorus load and 2-3 percent of the nitrogen
load. Other contributions were from precipitation (12-4A percent of
total phosphorus and 12-41 percent of total nitrogen), Moody Pond inlet
(7-11 percent of total phosphorus and 4-11 percent of total nitrogen),
and surface runoff 1-37 percent of total phosphorus and 1-8 percent
of total nitrogen).

4. A low response time of 0.8-1.8 years combined with the importance of
groundwater contributions to its budget mean that changes (positive or
negative) in the groundwater nutrient loads should be manifested rather
quickly in Johns Pond.

5. About 40 percent of the land area in the combined Johns Pond watershed
has already been developed (urban land use). A majority of that de-
veloped area (70%) is removed from the pond. It is likely that surface
runoff from that area recharges the groundwater, raising its nutrient
concentrations before at least a portion of it enters Johns Pond.
Development pressure on Cape Cod, including the Mashpee area, is pro-
jected to be heavy in the future. Such pressures will continue to
increase nutrient loads (from septic systems and surface runoff). Pri-
marily to the groundwater, which ultimately will affect the surface
waters such as Johns Pond. Secondarily, such development will increase
direct nutrient additions to surface waters via surface runoff.
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6. Based on research from other sources, high horsepower motorboats (50
tip and above) can disturb lake sediments to a depth of 4.6 meters
(15 feet) leading to a reduction in transparency and possible circula-
tion of nutrients. Although no data specific 'to Johns Pond were col-
lected, current restrictions of high horsepower motor use on the lake
(6 mph or less within 150 feet of the shore) seem adequate to protect
against sediment mixing along the north and northeast shores. Other
areas of the lake are shallower than 4.6 meters at a distance of 45.7
meters (150 feet) from shore.

7. Aquatic macrophyte growths seem to have increased in density in recent
years. The species involved in the major basins are generally not the
type that produce nuisance conditions. One species (Brasenia Schreberi
Geml. or water shield) in Johns Fond West could represent a problem in
that area.

8. Several interest groups exist around Johns Pond. Each group seems to
have its own interest in how f.he pond should be used and who is respon-
sible for various problems. I'o date, the Town of Mashpee has been
primarily responsible for initiating studies and management projects on
Johns Pond.
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RECOMMENDATIONS

1. Management of subsurface septic systems and groundwater recharge,from
urban land use runoff on a regional basis should be of the utmost concern
in light of the importance that groundwater plays in lake and pond con-
ditions and in light of proposed future development on Cape Cod. Near-
shore septic systems should not be excluded from such a program even
though this study suggests that they represent a small part of the total
load to Johns Fond. Previously noted problem septic systems, such as
the Otis Trailer Park and individual homes, should be upgraded imme-
diately. An analysis of feasible watershed management techniques for
septic systems and urban (residential) development, both near Johns
Pond and within Hashpee, has been addressed in a cooperative report by
the Cape Cod Planning and Economic Development Commission. A summary of
that analysis is attached to this report in Appendix 6.

2. Any future groundwater studies on Cape Cod should be designed to account
for the importance of groundwater in affecting the trophic status of
lakes and ponds.

3. The Town of Mashpee should discourage or restrict future development on
lots as small as those currently around much of Johns Pond. Similar
development, both nearshore and regionally, would mean a more rapid
increase in nutrient loading to the groundwater.

4. The Town of Mashpee and the Cape Cod Planning and Economic Development
Commission should be the lead agencies in designing and implementing local
and regional management programs. If lakeshore residents of Johns Pond
intend to have a voice in any restoration/preservation efforts, some
attempt ought to be made to organize the various interest groups so as
to present a united effort.

5. Areas for restricting the speed limit (6 mph or leas) of high-powered
motorboat use ought to be revised to coincide with areas having depths
of less than 4.6 meters (15 feet).

6. No currently utilized inlake restoration techniques would be feasible in
reducing the symptoms of accelerated eutrophicatlon in the main basins
of Johns Pond. Internal loading of phosphorus from deep sediments was
not a problem, so hypolimnetic aeration, basin sealing, or dredging tech-
niques would be useless. Although internal nitrogen loading was sug-
gested, these techniques would be technically and economically imprac-
tical for reducing that loading. Inlake nutrient levels are too low
to warrant nutrient inactivation techniques. Macrophyte harvesting
would be both ineffective and costly for the species and densities
currently present. Small-scale dredging or macrophyte harvesting
projects may continually be necessary in the Johns Pond West area to
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keep it from filling in with decaying organic matter and silt. Be-
cause of the limited and private usage of Johns Pond West, implemen-
tation of such projects could best be handled by those around that
area or those responsible for connecting it to the main body of Johns
Pond,

7. Completion of this report suggests some areas where future study would
be helpful in defining the conditions associated with Johns Pond and/or
other Cape Cod lakes. These studies include:

a. More accurately defining groundwater heights and flow patterns
in the immediate vicinity of Johns Pond;

b. tracing surface runoff from the Otis Air Force Base to determine
how its recharging the groundwater may ultimately affect Johns
Pond;

c. more extensive sampling of the quantity and quality of ground-
water (including septic system leachates) as it enters Johns
Pond; and

d. more extensive sampling of phytoplankton in Johns Pond to de-
lineate successianal features.
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APPENDIX 1

A NOTE ON LIMNOLOGY AND LAKE RESTORATION PROJECTS

Limnology is the study of inland fresh waters, especially lakes and ponds
(lentic water vs. lotic water for streams and rivers). The science encompasses
the geological, physical, chemical, and biological events that operate together
in a lake basin and are dependent on each other (Hutchinson, 1957). It is the
study of both biotic and abiotic features that make up a lake's ecosystem. As
pointed out by Dillon (1974) and others before him, in order to understand lake
conditions, one must realize that the entire watershed and not just the lake, or
the lake and its shoreline, is the basic ecosystem. A very important factor,
and one on which the life depends, is the gravitational movement of
minerals from the watershed to the lake. Admittedly, the report contained herein
concentrates mainly on the lake itself. Yet the foremost problem affecting the
lakes and ponds today is accelerated cultural eutrophication, which originates
in the watershed and is translated into various non-point sources of pollution.
A great deal of lake restoration projects will have to focus on shoreland and
lake watershed management.

Hynas (1974) sums up the science well in stating:

...The conclusions... are therefore that any interference with the
normal condition of a lake or a stream is almost certain to have
some adverse biological effect, even if, from an engineering point
of view, the interference results in considerable improvement. At
present, it would seem that this is little realized and that often
much unnecessary damage is done to river and lake communities
simply because of ignorance. It is of course manifest that some-
times engineering or water-supply projects have over-riding importance
and even if they have not, the question of balancing one interest
against the other must often arise. But, regrettably, even the
possibility of biological consequences is often ignored. It cannot
be emphasized too strongly that when it is proposed to alter an
aquacic environment the project should be considered from the bio-
logical as well as the engineering viewpoint. Only then can the full
implications of the proposed alteration be assessed properly, and a
reasonable decision be taken. Obviously this will vary with the
circumstances and the relative importance of the various consequences
involved, but,, at present, unnecessary and sometimes costly mistakes
are often made because the importance of biological study is unknown
to many administrators. Often, as for instance in drainage operations,
it would be possible to work out compromises which would satisfy both
engineering and biological interests.

Hynes, H.B.N., 1974. The Biology of Polluted Waters. University of Toronto
Press, Toronto, OntariP, Canada.
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EUTROPHICATION

The term "eutrophic" means well-nourished; chus, "eutrophication" refers to
natural or artificial addition of nutrients to bodies of water and to the effects
of added nutrients (Eutrophication: Causes, Consequences And Correctives, 1969).
The process of eutrapbicatlon~is~ nothing new or invented by man.it is the pro-
cess whereby a lake ages and eventually disappears. An undistributed lake will
slowly undergo a natural succession of stages, the end product usually being a
bog and, finally, dry land (see Figure A). These stages can be identified by
measuring various physical, chemical, and biological aspects of the lake's
ecosystem. Man can end often, does affect the rate of eutrophication. From a
pollutional point of view, these effects are caused by increased population,
industrial growth, agricultural practices, watershed development, recreational
use of land and waters, and other forms of watershed exploitation.

It might also be mentioned that some forms of water pollution are natural.
Streams and ponds located in densely wooded regions may experience such heavy
leaf fall as to cause asphyxiation of some organisms. Discoloration of many
'•jaters in Massachusetts is caused by purely natural processes. As pointed out
by Hynes (1974), it is extremely difficult to define just what is meant by
"natural waters, " which is not necessarily synonomous with "clean waters."

For restorative or preservative purposes of a lake and its watershed, it is
important to identify both a lake's problem and the cause of the problem.
Problems associated with eutrophication include nuisance algal blooms (es-
pecially blue-green algae), excessive aquatic plant growth, low dissolved
oxygen content, degradation of sport fisheries, low transparency, mucky bottoms,
changes in species type and diversity, and others. The pollutional cause is
identified as either point or non-point in origin. A point source of pollution
may be an inlet to the lake carrying some waste discharge from upstream. Or it
may be an industrial, agricultural, or domestic (e.g., washing machine pipe)
waste discharge which can be easily identified, quantified, and evaluated.

Non-point sources of pollution, which are the more common type affecting a lake,
are more difficult to identify. They include agricultural runoff, urban runoff,
fertilizers, septic or cesspool leakage, land clearing, and many more. They are
often difficult to quantify, and thus evaluate.

An objective of a lake survey is to measure a lake's trophic state; that is, to
describe the point at which the lake is in the aging process. The measure most
widely used is a lake's productivity. Technically, this involves finding out
the amount of carbon fixed per meter per day by the primary producers. Since
it is a rather involved procedure to determine the energy flow through a lake
system, the lake survey attempts to indirectly describe the lake's trophic
state or level of biological productivity.

During the process of eutrophication, a lake passes through three major broad
stages of succession: oligotrophy, mesotrophy, and eutrophy. Each stage has
its characteristics (Table A). Data from a lake survey can be analyzed for
assessment of the lake's trophic state. Although the level of productivity is



not quantified, Che physical, chemical, and biological parameters measured go
a long way in positioning the lake as to its trophic, status. The perimeter
survey helps locate and identify sources of pollution. It should be noted,
however, that at the present time, there is no single determination that is a
universal measure of eutrophication.

Figure B shows the various zones of a typical stratified lake. In addition to
the lake's life history mentioned above, a lake also has characteristic annual
cycles. Depending on the season, a lake has a particular temperature and dis-
solved oxygen profile (Figure B). During the summer season, the epilimnion, or
warm surface water, occupies the top zone. Below this is the metalimnion, which
is characterized by a thermocline. In a stratified lake, this is the zone of
rapid temperature change with depth. The bottom waters, or hypolimnion, contain
colder water. The epilimnion is well mixed by wind action, whereas the hypo-
limmion does not normally circulate. During the spring and fall seasons, these
regions break down due Co temperature change ,ind the whole lake circulates as
one body. !Tn shallow lakes (i.e., 10 to 15 feet maximum depth) affected by
wind action, these zones do not exist except for short periods during calm weather,

The summer season.(July and August) is the best time to survey a lake in order
to measure its trophic status. This is the time when productivity and biomass
are at their highest and when their direct or indirect effects can best be
measured and observed. The oxygen concentration in the hypolimnion is an im-
portant characteristic for a lake. A high level of productivity in the surface
waters usually results in low oxygen concentrations in the lake's bottom. Low
oxygen in the hypolimnion can adversely affect the life in the lake, especially
the cold-water fish which require a certain oxygen concentration. Organic
material brought in via an inlet can also cause an oxygen deficit in the hypo-
limnion. Hutchinson (1957) has amply stressed the importance of dissolved oxygen
in a lake.

A skilled limnologist can probably learn more about the nature
of a lake from a series of oxygen determinations than from any
other kind of chemical data. If the oxygen determinations are
accompanied by observations on secchi disc transparency, lake
color, and some morphometric data, a very great deal is known
about the lake.

Nitrogen and phosphorus have assumed prominance in nearly every lake investigation
in relating nutrients to productivity (eutrophication). Some investigators (Odun,
1959) use the maximum nitrogen and phosphorus concentrations found during the
winter as the basis of nutrient productivity correlation due to the biological
minimum caused by environmental conditions. Others use data following the spring
overturn as a more reliable basis for nutrient productivity correlation. In any
event, considerable caution must be used in transporting nutrient concentration
limits found in other lakes to the present situation.
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TABLE A

LAKE TROPHIC CHARACTERISTICS

1. Oligotrophic Lakes

a. Very deep, thertnocline high; volume of hypolitnnion large; water
of hypolimnion cold.

b. Organic materials oti bottom and in suspension very low.

c. Electrolytes low or variable; calcium, phosphorus, and nitrogen
relatively poor; humic materials very low or absent.

d. Dissolved oxygen content high at all depths and throughout year.

e. Larger aquatic plants scarce.

f. Plankton quantitatively restricted; species many; algal blooms
rare; Chlorophyceae dominant.

g. Profundal fauna relatively rich in species and quantity;
Tanytarsus type; Corethra usually absent.

h. Deep-dwelling, cold-water fishes (salmon, cisco, trout) common
to abundant

i. Succession into eutrophic type.

2. Eutrophic Lakes

a. Relatively shallow; deep, cold water minimal or absent.

fa. Organic materials on bottom and in suspension abundant.

c. Electrolytes variable, often high; calcium, phosphorus, and
nitrogen abundant; humic materials slight.

d. Dissolved oxygen in deep stratified lakes of this type minimal
or absent in hypoliranion.

e. Larger aquatic plants abundant.

f. Plankton quantitatively abundant; quality variable; water blooms
common, Myxophyceae and diatoms predominant.

g. Profundal fauna, in deeper stratified lakes of this type; poor in
species and quantity in hypolimnion; Chirononms type; Corethra
present.
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TABLE A (CONTINUED)

h. Deep-dwelling, cold water-fishes usualy absent; suitable for
perch, pike, bass, and other warm-water fishes.

i. Succession into pond, swamp, or marsh.

3. Dystrophic Lakes •

a. Usually shallow; temperature variable; in bog surroundings or
in old mountains,

b. Organic materials in bottom and in suspension abundant.

c. Electrolytes low; calcium, phosphorus, and nitrogen very scanty;
humic materials abundant.

d. Dissolved oxygen almost or entirely absent in deeper water.

e. Larger aquatic plants scanty.

f. Plankton variable; commonly low in species and quantity;
Myxophyceae may be very rich quantitively.

g. Profundal macrofauna poor to absent; all bottom deposits with
very scant fauna; Chironomujs sometimes present; Corethra present,

h. Deep-dwelling, cold-water fishes always absent in advanced
dystrophic lakes; sometimes devoid of fish fauna; when present,
fish production usually poor.

i. Succession into peat bog.

Source: Welch, P.S., Limnology, McGraw Hill Book Co., New York, 1952.
(Reprinted with permission of the publisher.)

98



Diagrammatic sketch showing thermal
characteristics of temperate lakes
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FIGURE B

99



Table B depicts concentrations of various substances and other data for two
hypothetical lakes, one eutrophic, the other oligotrophic. It is intended as
a guide for comparison to the data presented in this report. Each lake, of
course, is different from all others. There is no hard and fast rule as to
the critical concentrations for each lake. The morphology of. a lake (e.g.,
mean depth) plays an important part in its general well-being. A small, deep
lake will react differently to nutrient loading than a large, shallow lake.
In the final analysis-, each lake is found unique and must be evaluated on an
individual basis.
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TABLE B

SELECTED DATA FOR TWO HYPOTHETICAL LAKES

CONCENTRATIONS IN mg/1

DISSOLVED OXYGEN TRANSPARENCY PHYTOPLANKTON AQUATIC CHARACTERISTIC
TROPHIC STATUS' AT BOTTOM (SECCHI LEVEL) NH,-N NO--N TOTAL P ASSEMBLAGES VEGETATION FISHERIES

Lake A
(Oligotrophic)

Lake B
(Kutrophic)

High
>5.0

Low
<5.0

High Low
<.03

Low High
>0.3

Low
<0.3

High
X).3

Low
<0.01

High
>0.01

High diversity, Sparse
low numbers,
nearly complete
absence of
blue-greens.

Low diversity, Abundant
high numbers,

Cold water
types

Warm-water
types

abundance of
blue-greens.

Not established as State standards.
>
"Oligotrophic - nutrient - poor
Eutrophic - high concentrations of nutrients



DESCRIPTION OF TERMS

The terms related to limnology and other llmnological entities, as used in
this report, are defined below to assist the reader in interpreting some of
the data presented:

AREA of a lake refers to the size of the surface, exclusive of islands, measured
in square units by planimetry.

AQUATIC PLANTS or aquatic macrophyton can be defined as those vascular plants
which germinate and grow with at least their base in the water and are large
enough to be seen with the naked eye. The following three broad categories
are recognized:

!• Emergent types are those plants rooted at the bottom and projecting
out of the water for part of their length. Examples: arrowhoad
(Sagittaria spp.), pickerelweed (Pontederia spp.)

.2. Floating types are those which wholly or in part float on the
surface of the water and usually do not project above it.
Examples: water shield (Brasenia spp.), yellow water lily (Nuphar spp.)

3. Submerged types are those which are continuously submerged (except
for possible floating or emergent inflorescences). Examples:
bladderwort (Utricularia spp.),'pondweed (Potamogeton spp.)

CLINOGRADE is a stratification curve of temperature or of a chemical substance
in a lake that exhibits a uniform slope from the surface into deep water.

CULTURAL EUTROPHICATION refers to the enrichment or rapid increase in produc-
tivity of a body of water caused by man. It is an accelerated process as
opposed to natural, slow aging of a body of water. Visual effects include
nuisance algal blooms, low transparency, extensive aquatic plant growth, and
loss of cold-water fisheries due to oxygen depletion. It is caused by the
rapid increase In nutrient additions to a lake.

DEVELOPMENT OF SHORELINE is the degree of regularity or irregularity of a
shoreline expressed as an index figure. It is the ratio of the length of
the shoreline to the length of the circumference of a circle of an area
equal to that of the lake. It cannot be less than unity. The quantity can
be regarded as a measure of the potential effect of littoral processes on
the lake.

DEVELOPMENT OF VOLUME is defined as the ratio of the volume of the lake to
that of a cone of basal area equal to the lake's area and height equal to the
maximum depth.

DIMICTIC LAKE is one with spring and fall turnovers (temperate lakes).
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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. D.O. values in excess of saturation are usually the result of
algal blooms and therefore indicate an upset in the ecological balance.
Optimum D.O. values range from 6.0 rag/1 (minimum allowable for cold water
fisheries) to saturation values. The latter range from 14.6 mg/1 at 0 C
(32°F) to 6.6 mg/1 at 40°C (104°F).

EPILIMNION refers to the circulating, superficial layer of a lake or pond lying
above the metalimnion which does not usually exhibit thermal stratification.

HETEROGRADE is a stratification curve for temperature or a chemical substrate
in a lake which exhibits a non-uniform slope from top to bottom. It can be
positive (metalimnetic maximum) or negative (metalimnetic minimun).

HYPOLIMNION refers to the deep layer of a lake lying below the metalimnion and
removed from surface influences (i.e., not circulating).

LENTIC refers to still or calm water, such as lakes or ponds.

LOT1C refers to moving water, such as rivers or streams.

MAXIMUM DEPTH is the maximum depth known for a lake.

MAXIMUM EFFECTIVE LENGTH is the length of a straight line connecting the most
remote extremities of a lake along which wind and wave action occur without •-
any kind of land interruption. It is often identical with maximum length.

MAXIMUM EFFECTIVE WIDTH is similar to maximum effective length but at right
angles to it.

MAXIMUM LENGTH is the length of a line connecting the two most remote extremities
of a lake. It represents the true open-water length and does not cross any land
other than islands.

MAXIMUM WIDTH is the length of a straight line connecting the most remote trans-
verse extremities over the water at right angles to the maximum length axis.

MEAN DEPTH is the volume of a lake divided by its surface area.

MEAN DEPTH-MAXIMUM DEPTH RATIO is the mean depth divided by the maximum depth.
It serves as an index figure which indicates in general the character of the
approach of basin shape to'conical form.

MEAN WIDTH is the area of a lake divided by its maximum length.

103



METALIMMIOM is the layer of water in a lake between the epiliranion and the
hypolimnion in which the temperature exhibits the greatest difference in a
vertical direction.

MILLIGRAMS PER LITER (mg/1) is used to express concentrations in water chemistry
because it allows simpler calculations than the English System. The basis of
the metric system is the unit weight and volume of water at standard conditions
(20 C). At these conditions, one milliliter of water equals one cubic centi-
meter and weighs one gram. One milligram per liter is therefore essentially
equal to one part per million by weight or volume.

NON-POINT SOURCE POLLUTION can be defined as any pollutant which reaches a
water body by means other than through a pipe. Examples of non-point sources
include leachate from dumps and agricultural runoff from dairy farms.

NUTRIENTS^ are basically organic compounds made up of carbon, hydrogen, oxygen,
nitrogen, phosphorus, and sulfur. Small amounts are vital to the ecological
balance of a water body. Larger amounts can lead to an upset of the balance
by allowing one type of organism, such as algae, to proliferate. The most
significant nutrients in water bodies are those of carbon, nitrogen, and
phosphorus. Nutrients of carbon are measured indirectly in the BOD test;
separate tests are run to measure nutrients of nitrogen and phosphorus.

ORTHOGRADE is a stratification curve for temperature or a chemical substance
in a lake which has a straight, uniform course.

;p_H 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. Natural streams usually show pH values be-
tween 6.5 .and 7.5, although higher and lower values may be caused by natural
conditions. Low pH values may result from the presence of heavy metals from
acid mine drainage or metal-finishing waste. High pH values may result from
detergents or photosynthetic activities of phytoplankton.

POINT SOURCE OF POLLUTION refers to continuous discharge of pollutants through
a pipe or similar conduit. Primarily included are sewage and industrial waste,
whether treated or untreated.

refers to all the particulate matter suspended in the water.

SHORELINE is the length of a lake's perimeter, measured from a map with a
rotometerfmap measurer).

SILICA (SiSO-) is necessary for diatom growth. The concentration of silica is
often closely linked with the diatom population's growth. The limiting concen-
tration is usually considered to be 0.5 mg/1.
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THERMOCLINE is coincident with the metalimnion and relates to the lakes zone
with the greatest temperature change in a vertical direction.

VOLUME is determined by computing the volume of each horizontal stratum as
limited by the several submerged contours on the bathyraetric (hydrographic)
map and taking the sum of the volumes of all such strata.
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APPENDIX 2

CHLOROPHYLL _a

PROCEDURES

I. Reagents and apparatus

A. Flourometer

1. "Blue lamp" Turner No. 110-853
2

2. Excitation Filter: Corning CS-5-60, #5543, 2 in , 4.9 mm

polished
2

3. Emission Filter: Corning CS-2-64, #2408 2 in , 3.0 ram polished

4. R-136 photo multiplier tube

B. Tissue grinder and tube

C. Vacuum flask and pump

D. Millipore filter holder

E. Glass fiber filters: Reeve Angel, grade 934AH, 2.1 cm.

F. Centrifuge (Fisher Scientific Safety Centrifuge)

G. 15 ml graduated conical end centrifuge tubes with rubber stoppers

H. 90% acetone

I. IN HC1 (11.1 dilution of distilled water to.cone.;HC1)

J. Saturated Magnesium Carbonate solution in distilled E20

II. Procedure

A. Filter 50 ml (or less if necessary) of sample through glass fiber

filter under vacuum

B. Push the filter to the bottom of tissue grinding tube

C. Add about 3 ml of 90% acetone and 0.2 ml of the MgCO. solution

D. Grind contents for 3 minutes

E. The contents of the grinding tube are carefully washed into a

15 ml graduated centrifuge tube

F. Q.S. to 10 ml with 90% acetone

G. Tubes are then centrifuged for 20 minutes and the supernatant

decanted immediately into stoppered test tubes.

H. Test tubes are wrapped-with aluminum foil and stored in the

refrigerator for 24 hours.
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Chlorophyll _a
Page 2

I. The tubes are allowed to come to room temperature, the temperature

recorded, the samples poured into cuvettes, and then the samples

are read on the fluorometer. (The fluorometer must be warmed up for

at least % hr. before taking a reading.)

J. 0.2 ml of the 1 N HC1 solution is added to the sample in the

cuvette, the cuvette stoppered and inverted and righted 4 times

to mix thoroughly, and the sample is read again

K. Both values are recorded, along with the window orifice size and

whether the high-sensitivity or the regular door was used
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APPENDIX 3

ENVIRONMENTAL MANAGEMENT

INSTITUTE STUDY RESULTS
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JOHN'S POND, MASHPEE

ENVIRON MENTAL
MANAGEMENT INSTITUTE

9/30/76
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TABLE 1. Analyses of Water Receiving Groundwater Discharges from Domestic
Septic Units, Natural Bogs, or Inflows to Johns Pond, Mashpee

Station Volume CoHform
Ranking Count*

1/100 ml

5 13
10 17 20
12 19 900
14 22
16 23 200
18 19
19c 9 1800
28 24 10

32 7 —42 21
42a 3
51 10 neg.
52 4 90
53 5
58 12
72 2
88 8
89 16
92 15 -
109 (Moody Pd.)
112a
112b
112c
112d
112e
118 . 11 10
119 6 20
120 20 neg.
125 H
Muddy Pond

Nutrient Content (mg/1) .
NH4-N

.0042

.0095

.0195

.0032

.0074

.0192

.001
,0099
,0112
.03̂ ?
.0181
.002
,004
.002
,009
,0277
,0394
.0049
.0134
.0251
.002
,001
.002
.043
.003
.0760
,0141
.0141
.0132
.088

.003

.002

.001

.010

.003

.002

.001

.004

.000

.010

.002

.001

.001

.002

.002

.002

.004

.002

.002

.000

.001 , ,

.001

.002

.006

.001

.007

.002

.000

.003

.009

.012

.002

.163

.000

.006

.074

.001

.003

.003

.355

.008

.001

.002

.001

.002

.007

.049

.003

.002

.194

.020

.050

.249

.305

.079

.017

.016

.006

.054

.007

Background Levels (Mean)
North Pond (Deep Station)
South Pond (Deep Station)

,001
,001

.002

.002
.006
.003

+Bacterial analyses performed by Tim Hennigan Engineering, Inc. for the
Town of Mashpee Public Health Department.

*Chemical analysis following EPA "Methods for Chemical Analysis of Water
and Wastes," U.S. Environmental Protection Agency, Washington, 0. C.
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APPENDIX 4

BARNSTABLE COUNTY HEALTH

DEPARTMENT GROUNDWATER

STUDY DATA
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BARNSTABLE COUNTY HEALTH DEPARTMENT
SUPERIOR COURT HOUSE

BARNSTABLE. MASSACHUSETTS O263O

PHOMC: 362-2311

cxr. 331

GROUND-WATER STUDY UPGRADIENT
OP JOHN'S POND, MASHPEE, MASSACHUSETTS ^

Scott W. Horsley

A eutrophicatlon study of John's Pond was conducted by the Massachusetts
Division of Water Pollution Control during the 1979-1980 period. Preliminary
nutrient budget calculation suggests that the largest source of phosphorus and
nitrogen is groundwater input. It is unlikely that the relatively small number
of shoreline dwellings are responsible for this nutrient loading but rather that
the problem is more of r̂ 'jionaJ proportions (i.e<,, from a far greater number of
dwellings upgradient of the Pond).

To provide data to better document this thesis, ground-water samples were
collected from several private wells upgradient (to the northwest) of John*s Pond.
Sampling ground water for phosphorus can present significant problems. This is
because of reducing conditions which may exist in ground water where some oxygen
depletion has occurred* Under those circumstances phosphorus may be dissolved to
relatively large concentrations* When such a sample is drawn through a piezometer
oxygenation will cause the phosphorus to precipitate (possibly as ferric phosphate),
To take this into account, both dissolved orthophosphate phosphorus and total
phosphate phosphorus have been analyzed. The dissolved fraction should not be
assumed to be representative of the dissolved fraction as it existed, in the ground-
water environment.

The results are shown in the following table* The nutrient criteria from
the Massachusetts lake classification program have been included for comparative
purposes.

112



Water Quality Sample Results - Januray 20, 1981
(phosphorus samples were drawn on February 20, 1961)

Eutrophic conditions

Mesotrophic conditions

Oligotrophic conditions

Total Coliform
urganisms/100 mis)

0

6/0

0

0

0

r

i

PH
(pH units)

6.2

6.2

6.1

5.7

5.5

Iron
ppm

.82

1.6

.02

.16

.04

Conductivity
( m icromhos/cm )

82

88

94

66

148

Nitrate-N
(ppm)

.92

1.9

1.9

<; .04

3.2

'>.SO

.15 - .50

<-15

Ortho-
Phosphate-P
(ppm)

.007

.020

.013

.004

.017

.007

Total
Phosphate*

(ppm)

.020

.039

.027

.007

.020

.013

> .100 -

.010 - .100

<.010
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APPENDIX 5

CALCULATIONS
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TABLE 27

JOHNS POND

CARTER WATER BUDGET 1978-1980

0-s

PE

P

P-PE

AST

ST

AE

D

S

PE:
P:

P-PE;
AST:
ST:
AE:
D:
S:

APR MAY JUN JUL

68 112 122

184 65 111

116 -47 -11

0 -47 -11

100 100 53 42

68 112 122

— 0 0 0
116 0 0

potential evapotranspiratlon
precipitation
difference between P and PE
change in soil moisture storage
soil moisture storage at the end
actual evapotranspiratlon
water deficit
water surplus

1978

AUG

122

109

-13

-13

29

122

0

0

SEP

74

53

-21

-21

8

74

14

0

OCT

45

100

55

55

63

45

0

0

NOV

23

100

77

37

100

23

0

40

DEC

4

102

98

0

100

4

0

98

JAN

0

208

208

0

100

0

0

208

FEB

0

126

126

0

100

0

0

126

1979

MAR

17

49

32

0

100

17

0

32

APR

35

136

101

0

100

35

0

101

since previous month
of the month

NOTE: Potential evaporation calculated using the Thornthwaite Method (Dunne and Leopold, 1978) and temperature
records from West Falmouth, Mass. (USDC, 1978-1980) and precipitation records are from Hatchville,
MA (USDC, 1978-1980). All records are in millimeters.



TABLE 27 (CONTINUED)

1979

PE

P

P-PE

AST

ST

AE

D

S

MAY

80

126

46

0

100

80

0

46

JUN

103

41

-62

-62

38

103

0

0

JUL

137

53

-84

-38

0

91

46

0

AltG

118

111

-7

0

0

111

7

0

SEP

82

83

1

1

1

82

0

0

OCT

48

124

76

76

77

48

0

0

NOV

30

91

61

23

100

30

0

38

DEC

7

69

62

0

100

7

0

62

JAN

1

76

75

0

100

0

0

75

FEB

0

27

27

0

100

0

0

27

MAR

c_>

160

155

0

100

5

0

155

1980

APR

37

88

51

0

. 100

37

0

51

MAY

47

40

-7

-7

93

47

0

0

JUN

102

83

-19

-19

74

102

0

0

JUL

136

35

-101

-74

0

109

66

0

AUG

127

45

-83

0

0

45

74

0

PE: potential evapotranspiration
P: precipitation

P-PE: difference between P and PE
AST: change In soil moisture storage since previous month
ST: soil moisture storage at the end of the month
AE: actual evapotransplratlon
D: water deficit
S: water surplus

NOTE: Potential evaporation calculated using the Thornthwaite Method (Dunne and Leopold, 1978) and temperature
records from West Falmouth, Mass. (USDC, 1978-1980) and precipitation records are from Hatchville,
MA (USDC, 1978-1980). All records are in millimeters.



TABLE 28

JOHNS POND

NUTRIENT BUDGETS CALCULATIONS

Precipitation

Concentrations

Total Phosphorus - 0.02-0.04 mg/1

Total Nitrogen - 1.2-1.3 mg/11'2

'Loads

May 1978-April 1979

34-68 kg

2040-2210 kg

Nutrient

Total Phosphorus

Total Nitrogen

September 1979-August 1980

24-48 kg

1440-1560 kg

Moody Pond Inlet

Concentrations

Total Phosphorus - 0.03-0.09 mg/1

Total Nitrogen - 1.50-1.73 mg/16

Loads

Nutrient May 1978-April 1979

13-39 kg

645-744 kg

September 1979-August 1980

10-21 kg

345-398 kg

Total Phosphorus

Total Nitrogen

Other Watershed Areas - Groundwater (excluding septic system leachates)

Concentrations

Total Phosphorus - 0.01-0.04 mg/1

Total Nitrogen - 0.92-1.9 mg/15

Loads

Nutrient May 1978-April 1979

Maximum Total Phosphorus 71-296 kg

Maximum Total Nitrogen 6532-14,060 kg

Minimum Total Phosphorus 32-132 kg

Minimum Total Nitrogen 2944-6270 kg

September 1979-August 1980

38-160 kg

3496-7600 kg

17-68 kg

1564-3230 kg
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TABLE 28 (CONTINUED)

Other Watershed Areas - Septic System Leachates

Concentrations

Total Phosphorus - 0.03-0.06 mg/1

Total Nitrogen - 1.16-1.78 mg/16

Loads

Nutrient May 1978-April 1979 September 1979-August 1980

Total Phosphorus 3.0-6.0 kg 3.0-6.0 kg

Total Nitrogen 116-178 kg 116-178 kg

Other Watershed Areas - Surface Runoff

Concentrations - Forest and Open Land (40 ha or 56% of land area)

Total Phosphorus - 0.01-0.11 mg/1

Total Nitrogen - 0.3-1.8 mg/1

Concentrations - Urban and Recreational Land (32 ha or 44% of land area)
3

Total Phosphorus - 0.04-0.77 mg/1
4

Total Nitrogen - 1.8-7.1 kg/ha/yr

Loads

Nutrient .May 1978-April 1979 September 1979-August 1980

Total Phosphorus 0.2-22 kg 0.1-12 kg
(Forest + Open)

Total Nitrogen 5.0-363 kg 3.4-202 kg
(Forest + Open)

Total Phosphorus 0.5-122 kg 0.4-68 kg
(Urban + Recreation)

Total Nitrogen 58-227 kg 58-228 kg
(Urban + Recreation)

Bog Use

Concentrations

Winter Flood - ;

Total Phosphorus - 0.04 mg/1

Total Nitrogen - 0.60 mg/1

Shallow Floods

Total Phosphorus - 0.025 mg/1

Total Nitrogen - 0.59 mg/1
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TABLE 28 (CONTINUED)

Bog Use (continued)

Irrigation -

Total Phosphorus - 0.04 mg/1

Total Nitrogen - 0.56 mg/1

Harvest Flood -

Total Phosphorus - 0.04 mg/1

Total Nitrogen - 0.51 mg/1

Loads

Nutrients May 1978-April 1979 September 1979-August 1980

Winter Flood

Total Phosphorus 2 Kg 2 kg

Total Nitrogen 30 kg 30 kg

Shallow Floods (X9)

Total Phosphorus 6 kg 6 kg

Total Nitrogen 143 kg 143 kg

Irrigation

Total Phosphorus 0.8 kg 1.2 kg

Total Nitrogen 11 kg 17 kg

Harvest Flood

Total Phosphorus 2 kg 2 kg

Total Nitrogen 26 kg 26 kg

Natural Streamflow and Groundwater Seepage

Concentrations

Total Phosphorus - 0.01-0.10 mg/1

Total Nitrogen - 0.30-1.50 mg/1

Loads

Nutrients May 1978-April 1979 September 1979-August 1980

Maximum Total Phosphorus 84-840 kg 43-430 kg

Maximum Total Nitrogen 2520-12,600 kg 1290-6450 kg

Minimum Total Phosphorus 43-430 kg 20-200 kg

Minimum Total Nitrogen 1290-6450 kg 600-300 kg
-

"T-oehr, 1974 Browne and Grizzard, 1979
2 5
Faust and Aly, 1981 Horsley, 1981; nitrogen is nitrate only
3 6
CCPEDC, 1978 Observed values
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APPENDIX 6

SUMMARY OF FEASIBILITY STUDY

BY CAPE COD PLANNING AND

ECONOMIC DEVELOPMENT COMMISSION
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MASHPEE

A MUNICIPAL FACILITY PLAN

FOR A SMALL COMMUNITY

NOT REQUIRING SEWERS

Mark Fouhy
Water Resources Planner

Cape Cod Planning and
Economic Development Commission

1st District Court House

Barnstable, MA 02630

April 1981

122



I. SUMMARY. CONCLUSIONS. RECOMMENDATIONS

Summary

Federal programs embodied In the Federal Water Pollution Control Act Amend-

ments of 1972 contained goals to eliminate existing water pollution and prevent

future water pollution. This plan "A Municipal Facility Plan for Mashpee,"

involves bringing all existing septic systems up to a certain standard, setting

requirements for installation of new systems and repair of malfunctioning

systems and implementing policies to prevent the need for a sewerage system.

Such policies might limit intense development in the Town of Mashpee.

Since 1960 the town has been undergoing residential development at a pace that

has been considered critical by many town and local officials. The coastal areas

underwent drastic changes with the Implementation of the New Seabury Resort

Development Master Plan. Currently 650 dwelling units have been constructed and

some 4,000 dwelling units are projected for the year 1995. Inland areas have also

experienced significant development, particularly along the shorelines of lakes

and ponds.

The water quality impacts from utilization of Inland water and the encroaching

residential land use developments prompted a detailed pond study of Johns Pond

by the Department of Environmental Quality Engineering (OEQE), Division of Water

Pollution Control (DWPC) In 1980.

The impacts on ground-water-quality, from current land use, future development

and other environmental factors are examined here, Including an assessment

of wastewater management alternatives and recommendations.
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Conclusions

1. On-site wastewater disposal systems if adequately designed, constructed

and installed will work effectively with proper operation and maintenance

2. On-site system rehabilitation according to Title 5 criteria may nor be

feasible for many lots in Popponesset, Seconsett and Monomoscoy Islands,

the lower southeast shoreline of Johns Pond, Bryants Neck on Santuit Pond

and the northern shore of Mashpee-Wakeby Pond.

3. Degrading water quality of surface water bodies, particularly Johns Pond,

is attributed to high nutrient inflows via ground water and rainfall and

near-shore septic systems contributed less than 2% of the total nutrient

budget of the pond.

4. Continued use of private wells for domestic water supplies will result in

public health threats from high density development 1n Popponesset,

Seconsett, Monomoscoy and Popponesset Islands, Mashpee Neck, Johns Pond,

and Santuit Pond.

5. Septic systems located in the recharge area of a surface water body could

be contributing nutrients to that water body.

6. Most homeowners in the town are financially capable of rehabilitating

on-site systems in identified problem areas.

7. Most open space/cluster developments have adequate reserved open space

that has the potential for communal leaching facilities should land

requirements for individual on-site rehabilitation be lacking.
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8. Public water supply development is greatly needed in selected areas.

9. Approximatley 41* of the town still relies on cesspools for on-site waste-

water disposal, a majority of which are located near surface water bodies.

10. Nitrate loading within recharge areas for community water supply wells for

Highwood Water Company serving New Seabury are within acceptable limits.

Recommendations

The following actions are recommended for the Town of Mashpee:

. 1. Implement an on-site system management program town-wide.

2. Develop water resource protection districts and upgrade the zoning bylaw

to ensure adequate and safe future water supply for the town.

3. Appropriate funds for well-field exploration within proposed water

resource districts.

4. Engage engineering consultant services to develop plans for water supply

distribution systems for the following areas:

a. Popponesset (Present Needs)
b. Popponesset Island (Present Needs)
c. Johns Pond (Future Needs)
d. Santuit Pond (Future Needs)
e. Seconsett and Monomoscoy Island (Future Needs)
f. Mashpee Neck (Future Needs)

5. Implement a pond management program consisting of land use controls and

on-site system maintenance to protect the water resources of the town.

6. Establish a Memorandum of Understanding with the Towns of Sandwich and

Falmouth to accept and treat septage at their respective wastewater

treatment plants from the Town of Mashpee.
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D. Pond Management and Recommendations

Property owner cooperation is essential in setting up and maintaining an

effective pond management program. In the Johns Pond area there are

four main interest groups: Ashumet-Johns Pond Association, Johns Pond

Estates Association, Briarwood Association and Otis Trailer Village. For

pond maintenance programs to be effective a single entity should be declared

which can oversee and administer recommendations to identify, correct and

control pond management activities. Without a unified organizational

structure, goals and corrective actions may be d i f f icul t to achieve and

eventually may result in overlap of programs and confusion for the private

residential homeowners who may or may not be members.

Recommendations:

1. Properly functioning waste disposal systems are of utmost importance

around bodies of water. Septic systems and drainage areas should be

set at least 100 feet, preferably 200 feet, from shorelines and 100 feet

from drinking water supplies.

Responsibility: Town Board of Health

2. Inspection and Maintenance of on-site wastewater disposal systems wil l

result in properly functioning systems. An on-site system maintenance

program should be introduced where every homeowner has their system

pumped at intervals of three years for year-round residents and five

years if seasonal residents. When these systems are pumped an inspection
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should be complete^ by a qualified professional, either the Town Health

Agent or a private licensed individual. (For detailed plan see Section IX }

Responsibility: Town Board of Health
Pond Association

A maintenance program may be set up by the Pond Association to inform

homeowners when to pump and to structure the program to alTow for

inspections by dividing the residential areas into districts that are

pumped in alternate years.

3. Educate and publicize management techniques.

a. Avoid use of fertilizers or encourage low nitrogen and phosphorus

fertilizers on lawns and gardens.

b. Encourage proper landscaping of water frontage to allow less use

or need of fertilizers.

c. Avoid use of phosphate detergents.

Responsibility: Pond Association
Town Board of Health

4. Ban use of motorboats or require minimum horse power boats .to operate

on the pond.

Responsibility: Town Selectmen
Pond Association

5. Require or encourage cranberry bog owners to select and provide a

schedule of water needs of the pond to allow water conservation during

drought periods.

Responsibility: Town Selectmen
Town Board of Health
Pond Association

6. Encourage monitoring of water quality periodically (spring, summer,

fall, winter).

Responsibility: County Health Department
Town Board of Health
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7. Develop observation wells within the watershed to monitor ground water.

Responsibility: Town Board of Health

8. Require Otis Trailer Village to seek alternative method of on-site system

disposal.

Responsibility: Town Board of Health

9. Require zoning change to one acre lot size and adopt state mandated grand-

father clause, the Zoning Act, 1979, Massachusetts General Laws, Chapter 40A,

Section 6. This will result in less density within the watershed.

Responsibility: Town Planning Board
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IX ON-SITE SYSTEM MANAGEMENT

On-slte system management is a program that Involves a combined approach

of the Board of Health and town residents together to help alleviate the

present and future wastewater disposal problems that may occur in the town.

Proper operation and maintenance of these individual on-site disposal systems

should result in a continued reliance of on-site systems for many years to

come.

The Massachusetts General' Laws and Title 5 of the State Environmental Code

provide local boards of health with the authority to establish and enforce

regulations for septic system inspection and maintenance programs.

Recommendation: Encourage owners of problem systems to upgrade systems by

providing technical assistance and cost information.

Recommendation: The Town of Mashpee should reaffirm the board of health

authority be enacting a bylaw delegating the board of health to establish

and enforce regulations. A sample bylaw Is included in Appendix M.

Privately owned community on-si,te systems are being Installed (cluster systems

serving more than one unit) for multi-family developments (condominiums,

townhouse developments, apartments) throughout the town. There is, however,

limited assurance that adequate operation and maintenance will be performed

regularly and up to standards.

Recommendation: Sewage disposal permits Issued by the board of health should

have adequate provisions for proper operation and maintenance, timely repair

and replacement at the time of initial approval to construct and operate is

granted.
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Many subdivisions are developed without adequate planning for subsurface on-site

disposal units. Most developers propose individual systems for each building

they plan to build when a single community system or systems may prove to be a

better design.

Recommendation: Encourage developers to construct subdivisions to allow for

use of communal septic systems where applicable.

Septage haulers are licensed to operate in the town by the board of health.

Information on their activities is critical to the board's successful imple-

mentation of an'improved on-site system inanagement program. Pumpout records

would be used in the proposed program to identify systems which may be failing

and should be inspected by the board of health. Strict enforcement of this

reporting requirement will be necessary until the cooperation of all the

haulers in town has been gained. Model reporting forms are found in the

Appendix.

Recommendation: Septage haulers should be licensed to operate in town and

follow improved rules and regulations. Sample applications for septage haulers

license and regulations 1s included in Appendix N.

Recommendation: Require septage haulers to report septage source per load and

to fill out maintenance report Indicating reason for pumpout and service.

Recommendation: Perform spot checks on septage haulers and maintenance reports.

A. Maintenance

The design of a wastewater disposal system (septic tank and leaching facility)

allows for the accumulation of solids in a holding tank through settling

and the recycling of wastewater through a leaching facility into the ground

and water table below.
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Problems occur when the solids accumulate to a depth that creates overflow

into the leaching facility and/or ground surface above. Leaching facilities

may become clogged from this excess solids overflow creating inefficient

percolation and subsequent surface overflow or backups into the home.

Recommendation: A maintenance pumping program should be carried out at

intervals of 3 and 5 years depending on type of residence. Year-round

residences, homes occupied at least 9 months of the year, should have their

systems pumped once every three (3) years. Seasonal residences, homes

occupied less than four (4) months out of tha year, should have their systems

pumped once every five (5) years. The maintenance pumping program should

be a voluntary program for the residents and administered through the Board

of Health.

Homeowner and pond associations should encourage their members to partake

in a planned maintenance program and may be able to supplement the Board of

Health by mailing reminder notices or contacting homeowners individually.

Recommendation: Where homeowner associations exist, a committee should be

formed that will act as a liaison between the Board of Health and those

homeowners wishing to be Involved in a pumpout program. Such a committee

will have no authority or powers to force homeowner compliance and would

only encourage and promote on-site system maintenance.

Associations identified include:

Ashument-Johns Pond Association
Briarwood Association
Johns Pond Estates
Tlmberlane Association (Santuit Pond)
Peninsula Council, Inc. of New Seabury
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Recommendation: Board of Health should promote maintenance pumpout programs

through a public education program which would include pamphlet/leaflet

distribution by septage haulers and the Board of Health with all installation

and repair permits.

Approximately 12% of the disposal systems in town were pumped last year

according to Board of Health records (Table 5 ). The monthly volume of septage

received at the septage lagoons located at the town landfill is shown in

Figure 15. . This figure shows a peak pumping period during the summer months

for residential properties. Commercial pumpouts are insignificant due to the

small nature of enterprises in town.

According to U.S. Census figures approximatley 65% of the town is considered

seasonally occupied. However, residential areas such as New Seabury maybe

as high as 85-90% seasonally occupied. The seasonal nature of the town coupled

with the increased volume of septage during peak summer use creates a signi-

ficant load to be disposed of at the septage lagoon. Maintenance pumping

programs should allow for scheduled pumpouts to be spread out over a

period of time.

Recommendation: Encourage off season pumpouts (spring and fall) for seasonal

residents which may be accomplished through homeowner contracts with private

septage haulers.

A major problem with homeowners who encounter a problem with their on-site

disposal system is locating their system. Many residents have not had their

system pumped recently or for the most part at all. Locating the system may

take hours even days and only creates a worsening situation for the homeowner.
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The proposed maintenance program will also cause on-site systems to be ex-

cavated periodically (3 or 5 year intervals) and proper identification of

where the system is located is extremely important.

Recommendation: Every homeowner, regardless of inclusion in the voluntary

maintenance program, should locate and mark their respective on-site systems.

Diagrams showing exact location should be placed near the outlet pipe from the

home to the system or a waterproof marking on the outside foundation describing

the location.

Recommendation:' Homeowners should be encouraged to improve access to on-site

disposal systems by bringing manhole covers up to grade to ground surface

levels. This will allow easy access for pumping and inspection of the system

and may reduce the cost of a pumpout. System access should be required for

all systems serving more than one dwelling unit.

B. Inspection

In conjunction with the proposed maintenance program a town-wide inspection

program will determine system performance through voluntary inspections,

follow-up on pumpout reports and routine Inspections.

Inspections of systems to determine if a pumpout is needed by measuring the

sludge and scum levels in the tank should only be done by a qualified

professional. However, this type of inspection Is hot recommended. Pre-

liminary inspections of on-site disposal systems to determine proper operation

and design may be carried out by a licensed septage hauler at the time of a

pumpout. Appendix N shows a sample inspection form that may be used.

133



Board of Health Inspections

The Board of Health should encourage and require rehabilitation of identified

problem systems through various inspection procedures. On-site system

probe1ms wil l continue to develop as seasonal residences are converted to

year-round use and/or are over used during the summer months and the present

use of inadequate cesspools continues in the older sections of town. To

assure that present and future disposal system problems are corrected as

they develop, the following inspections are recommended:

1. Voluntary inspections - Encourage homeonwers to have their systems

voluntarily inspected by the Board of Health or a qualified pro-

fessional such as an engineer to determine if the system is properly

operating and designed.

2. Follow-up pumpout inspections - Presently the Board of Health records

septage pumpout locations and is in the process of fil ing by

street address. Any system that is pumped more than once in the pre-

vious 12 months should be inspected to determine reason for excess

pumping.

3. Routine inspections - To Inspect systems that are serving more than one

dwelling unit such as condominiums, multi-family housing developments

senior citizen centers, and commercial establishments (restaurants,

motels, stores). These Inspections should be carried out annually.

C. Repair of Qn-site Syterns

A major goal of the on-s1te system management program 1s to identify and correct

problem wastewater disposal systems and to ensure that future on-site disposal

system problems are prevented and corrected as they develop. On-site systems

as they fail to operate properly need to be upgraded and/or repaired to allow

improved use of such systems.
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The majority of repairs In Mashpee consist of adding an additional leaching

pit to the system acting as an overflow for an already inefficient system.

In most cases the old pit is left in place never to be used again or is

removed completely.

Reconmendation: Encourage homeowners and installers to continue using the old

leaching pit within the system by installing a switch valve at the distribution

box. This dual leaching system will allow one pit to rest while the other is

in operation, switching systems annually.

On most repair permits the Health Agent oversees the type of installation that

is installed. However, the permits lack adequate information concerning the

engineering and design of such system.

Recommendation: Board of Health should require more detailed drawings and

designs of repair systems and any repair that Involves adding more than an

additional overflow should constitute a new system and appropriate Title 5

drawings and designs.

Many systems in town still rely on cesspools for on-site wastewater dis-

posal and are considered inefficient in design and operation.

Recommendation: Encourage homeowners who are repairing cesspools or

continue to use such systems to replace them with septic tank systems,

especially homes located in sensitive environmental areas such as ponds

and coastal bays.

D. Design of On-site Systems

On-site wastewater disposal system designs are based on Title 5 requirements,

the most important requirement being the leaching area design. The minimum
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lot size required for• on-slte system rehabilitation is dependent on the area

available for installation. Since most of the town is supplied by

individual private wells for water supply this creates a critical problem

in sizing and locating leaching facilities, especially lots less than 10,000

suqare feet.

Leaching fields and pits are the two most common on-site systems being

installed presently in Mashpee. Leaching fields are more costly than

leaching pits and also require larger leaching area. Pits on the other

hand are much less expensive and require less leaching area (due to the

use of their deep sidewall area for leaching). However, leaching pits are

usually six feet or greater in depth and cannot be installed in areas prone

to high ground water.

Recommendations: Installation of new systems and repair of malfunctioning

on-site systems south of Red Book Road should consist of leaching fields qr

flow diffusers where applicable.

On-site systems designed at a perc rate of less than 10 minutes per inch is

considered too fast for adequate performance and the resulting design allows

for leaching areas considered too small for proper operation (see page 33 ).

Recommendation: Design of all new and repair systems in town should be designed

using a minimum perc rate of 10 minutes per inch.

As discussed earlier (Sect. IV), alternating leaching facilities provide

a flow diversion valve and dual leaching areas that can be alternated to

provide resting periods in which the disposal area restores itself thereby

increasing the useful life of the system.

Recommendation: Design of all new on-site systems where applicable should

include a dual leaching facility.
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Title 5 requires a 50% increase in septic systems if the dwelling has a

garbage grinder. Many homes have also installed grinders after their systems

were initially installed.

Recommendation: Educate homeowners and contractors concerning the increase

wasteload garbage grinders add to septic systems. Encourage homeowners to

do without, and/or actively partake in a planned maintenance program. Solid

buildup will occur more often and at a greater rate with a garbage grinder.

A 15-25% reduction in water use can be accomplished by installing water

reducing measures such as low flow shower-heads, low flush toilets, suds-saver

washing machine cycle.

Recommendation: Encourage homeowners to use water conservation measures.

E. Manpower Requirements for Board of Health

At the present time, the board of health employs one full-time health

agent and acquires the services of a part-time summer Intern. Approxi-

mately two-thirds of the health agent's time is devoted to activities

relating to enforcement of Title 5. This work Includes reviewing plans

and inspecting all new system installations, (two Inspections/Installation),

processing permits and assisting in the design of system repairs, Inspecting

systems repairs (two Inspections/per repair Installation), investigating

complaints and enforcement actions. An analysis of the present Title 5

workload based on permits issued and Board of Health complaint records,

indicates that a full-time health agent is needed to carry out all of the

requirements of Title 5 enforcement.
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In addition to Title 5 enforcement, the health agent is responsible for

restaurant inspections, water well permits, public swimming pool inspections,

and other health related responsibilities (such as garbage complaints, etc.)*

Restaurant inspections constitute 90 percent of the temporary summer intern

responsibilities.

The present workload suggests that an additional one-half of a person-year

is needed to just meet present responsibilities. To carry out the recommended

on-site maintenance and inspection program, will require at least a % man year.

The Title 5 workload alone is sufficient to keep one full-time health agent

busy on a yearly basis.

Recommendation: The board of health should hire a competent secretary which

may also be used as a supplementary health agent to assist in the maintenance

program and other inspection services normally required of the existing full-

time health agent.

F- Septage Flow

Septage production from year-round dwelling units (TABLE 16, Column A) was

estimated at 1,000 gallons/unit with each being pumped every three (3) years,

195 days/ year {Sdays/week for the 39 off season weeks). Septage production

from the seasonal dwelling units was estimated at 1,000 gallons/dwelling unit

with each being pumped every five (5) years, 65 days/year (5 days/week for

the 13 summer weeks). Hotels, motels, cottages and camps are included in

the seasonal dwelling units.

Septage production from year-round dwelling units, (TABLE 16, Column B) was

estimated at 1,000 gallons/dwelling unit, with each being pumped every three

(3) years, 260 days/year (Sdays/week for 52 weeks). Septage production from
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the seasonal dwelling units was estimated at 1,000 gallons/dwelling unit

with each being pumped every five (5) years, 260 days/year. Hotels, motels,

cottages and camps are Included in the seasonal dwelling units.

TABLE 16
SEPTAGE FLOWS

(A) (B)

Mashpee - 1980 ' Mashpee - 1980

Winter 2150 gpd Winter 1615 gpd

Summer 6650 gpd Summer 1660 gpd

Hashpee - 2005 Mashpee - 2005

Winter 5650 gpd Winter 4240 gpd

Summer 21,640 gpd Summer 5410 gpd

Two septage flows were calculated to show how peak flows can differentiate

between seasons and how they may cause overloading of septage disposal

facilities. It is recommended that the town follow the pumping schedule

using the 260 days/year flow. . ...
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X. EVALUATION

A. Social

No significant Impact on the social characteristics of the planning area

will be affected from the alternatives and recommendations of this plan.

B. Technical

An engineering consultant will be needed to explore and develop a recommended

water distribution plan for the town.

On-site rehabilitation in accordance with Title 5 can be handled by present

health agent; however, in cases of communal septic systems or innovative

and alternative technologies it is suggested the board of health retain

a qualified professional's opinion for review.

C. Environmental

All alternatives and recommendations will have a direct impact on water

quality, water quantity and land use.

Zoning changes will have a positive impact on water quality by improving

land use density and limiting non-point source pollution. Rehabilitating

on-site systems will improve the environmental quality of the town by

reducing public health hazards and water quality threats from inadequate

septic systems.

D. Economics

All alternatives and recommendations will have a significant Impact on the

town economy. Water supply protection and development will be costly to

the town including: engineering services, land acquisition,well exploration,

and water distribution systems. Homeowners will be affected through the
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on-site system maintenance program ($17.00/year over 3-year pumping

schedule for year-round residents; $50.00 per pumpout) and rehabilitation

costs which have been estimated between $1,000-3,500 for a new system

and $300-1,500 for repair of on-site systems.

E. Political. Legal and Institutional

Effective communication between local town boards and commissions wil l be

essential for proper administration of alternatives and reconmendations

made within this plan. Reaffirming the statutory authority of the board

of health and enacting amendments to the town bylaws for on-site maintenance

and water resource protection wi l l be required.

The Water Quality Advisory Conmittee should be delegated the primary

responsibility to oversee any and all alternatives and recommendations

that have been proposed and also be the lead committee in developing the

final recommendations for the Town of Mashpee.
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Alternatives

Water Quality

I. Monitoring Program ?

A. Private well monitoring

1. Annual program to monitor rrltrates/bacteria in private wells

B. Surface water monitoring

1. Pond water quality monitoring

a. Johns Pond

b. Mashpee-Wakeby Pond

c. Santuit Pond

d. Ashumet Pond

e. Fells Pond

2. Coastal embayments

a. Ocway Bay

b. Popponesset Creek

c. Mashpee-Neck - Shoestring Bay

d. Little River - Hamblin Pond

e. Great River

f. Jehu Pond
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Alternatives

Board of Health

I. Record Keeping

A. Continued septage reporting practices

B. Set up file for pumpouts

1. Alphabetized street-by-street location file

2. Excess puropout questionnaires

C. Set up file for water quality

1. Alphabetized street-by-street location file for

water samples - private wells

2. Pond water quality file

3. Coastal water quality file

D. Set up file for repair permits

1. Encourage more accurate information on repairs and

file by street address

II. Repair Procedures

A. Require or encourage more detailed information or repair permits.

Such as cause for repairs, type of repair, condition of old system,

age of system, past history.

8. Require or encourage replacements of cesspools with new Title 5

designed septic system where applicable

C. Require or encourage repairs to on-s1te systems have manholes

brought to grade

III. New Installation Procedures

A. Require or encourage homeowners and installers to develop a

dual leaching system to alternate loading of systems periodically

B. Require or encourage homeowners and installers to develop dual

leaching systems utilizing old cesspool and/or leaching facility
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C. Require or encourage homeowners and installers to install leaching

trenches/fields in areas considered to have high water tables

D. Require or encourage homeowners and installers to design new and repair

systems utilizing USGS high ground water determination formula

IV. Septage Coupons

A. Require septage coupons to address reasons for pumpout and minor

Inspection of system

V. Inspection/Management of On-site Systems

A. Introduce inspection program

1. Pumpout follow-up

2. Critical areas

a. Shoreline of surface waters, ponds, coastal areas

b. High density areas

3. Voluntary requests

B. Identify Board of Health goals

1. To rehabilitate and upgrade all systems in town that are determined

to be performing inadequately due to poor design, installation, or

construction. .

2. To implement on-site system management program" "

a. Manadatory program - all systems in town pumped periodically

(1) Critical areas pumped periodically

b. Voluntary Program

Publi c education/information program

All systems in town

c. Critical Areas

Recommend home owner association/pond associations to .

publicize, educate, implement program



APPENDIX 7

REVIEW COMMUNICATIONS

Preliminary copies of the Johns Pond 1978-1980 Diagnostic/Feasibility Study
report were sent to federal, state, and local organizations for review. An
example of the letters sent appear on the following page. Letters containing
review comments and the responses to those comments follow that letter.

The organizations receiving copies for review were:

EPA, Region 1 Coordinator, Ron Manfredonia

Cape Cod Planning and Economic Development Commission

DEQE, Southeast Regional Office - Paul T. Anderson

DWPC, Southeast Regional Office

Town of Mashpee

Board of Selectmen
Board of Health
Conservation Commission
Planning Board
Library (2 copies of text for public review)

Ashumet/Johns Pond Association

Briarwood-Mashpee Association, Inc.

Johns Pond Estates

Otis Trailer Village

Mrs. Ethel Alper

Mrs. Nancy Cannata
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21. These comments about dissolved phosphate analyses are well taken,
except that our analyses were for total phosphorus. These problems are
not manifested in that test. The samples are not filtered during
analysis.

22. The author agrees with this suggestion. It has been included as a
recommendation for future study.
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Response to Che comments submitted by

the Cape Cod Planning and Economic Development Commission

1. Source documentation has been added In Figure 1 of the final report.

2. This has been changed.

3. These figures have been changed in the final report because of analysis
of a larger groundwater watershed area.

A. This has.been changed.

5. This has been changed.

6. The author believes that "intimated" is satisfactory.

7. Clarification has been added in the final report.

8. See comment #7.

9. This has been changed.

10. This statement has been omitted because of a rewriting of the hydraulic
budget section in the final report.

11. See comment #10.

12. See comment #10

13. See comment #10.

14. See comment #10.

15. This statement has been omitted because of a rewriting of the nutrient
budget section in the final report.

16. The scope of this study was too narrow to provide on-site data for all
aspects of the hydraulic or nutrient budgets. Such a study would be
quite expensive. The intent of this study is not to provide exact
analyses of the area, but to reasonably indicate the Important hydraulic
and nutrient sources to the pond. An attempt was made in the final
report to reduce the number of assumptions and utilize data sources
that were close to the Johns Pond watershed.

17. Further clarification of seepage meter techniques was added In the final
report. Some of the more questionable aspects of the techniques have
been replaced in the final hydraulic and nutrient budget analyses.

18., Clarification of transportation times has been added. Additional proce-
dure documentation would be far too cumbersome to Include in a report
of this nature.

19. The author agrees with this suggestion. It has been included as a
recommendation for future study.

20. The cranberry bogs are all downstream from the pond so they represent
a minimal to non-existent source of nitrogen.
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18. "Sampling procedures, elapsed tune between sample and analysis is not
appropriately documented. What methods were used in the analysis?"

19. A suggestion was made that the reality of runoff from Otis Air Force
Base as a nutrient source to the groundwater ought to be studied further.

20. Concern was expressed over cranberry bogs as a source of nitrogen.

21. "When sampling for dissolved phosphate much is lost through aeration and
a residue of ferric phosphate is often the result. Hence the sampling
and analysis techniques do not accurately reflect the true range of
phosphates entering the pond via groundwater. Were the samples filtered?
If so this would remove the ferric phosphate."

22. Concern was expressed that more indepth information on groundwater is
necessary.

148



The following comments were provided by the Cape Cod Planning and Economic
Development Commission. The first fifteen comments are from the Commission
and have been reproduced verbatim. In addition to their comments the Com-
mission solicited comments from private citizens whose names were not provided,
Those comments have been paraphrased by the author with permission from
CCPEDC•

1. Document source of information concerning groundwater flows.

2. Development. Barnstable County is Cape Cod!

3. "It should be noted that over 70% of the urban land..." Note page 14 -
4th paragraph "about 80% of that development is a northern portion of
the watershed." 70% and 80% conflict of figures.

4. "As whitemen settled..." Europeans or Pilgrims maybe a better noun to
use,

5. (Wellesley Hills Water Quality Lab) should state: Town of Mashpee.

6. Intimated: indicated.

7. "...Transported as soon as possible." Reference should be made
to length of time 24, 48 hours.

8. What was lapse time between sample and analysis.

9. Figure 9 Depth (mg/1) should it not read "feet".

10. "compare potential evapotransplration with the precipitation received
each month..." Is this monthly data or long term average?

11. "This was consistent with field observations that noted at least some
flow in and out of the pond." How much flow, etc?

3
mi i. 3,215,000 m /year
12. 1st paragraph 3]w]*QO**fa*

13. 2nd paragraph...69% to 98% of what?

14. Last paragraph - „
septic leachates from 3m for the pond is not carefully
documented, to many assumptions to determine total of
2900 m year

15. "Hydraulically input septic leachate..." Not sure, during drought
periods, the water table drops creating a larger zone of aeration,
more soil for F to go through before it reaches the water table
and groundwater into the pond.

16. A major concern was that too many assumptions and textbook values were
used in analyzing the hydraulic and nutrient budgets.

17. Concern was expressed as to the accuracy of the seepage meter sampling
of septic system,leachates and groundwater.
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February 10, 1982

Richard S. McVoy, PhD
Chief Aquatic Biologist
Division of Water Pollution Control
P. 0. Box 545
Westbrough, MA. 01581

Dear Dr. McVoy:

In response to the public comments on the "Johns Pond - Diagnostic/

Peasibility Study", it would be most advisable to condense and edit

those comments that may be lengthy and technical in nature to keep the

final report concise and readable.

Sincerely,

Scott W. Horsley
Water Resources Coordinator

SWHrbc
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April 16, 1981

Richard S. McVoy, Ph.D
Senior Chemist
Division of Water Pollution Control
P. 0. Box 545
Westborough, MA 01581

Dear Mr. McVoy:

At this time I would like to express my sincere appreciation and
gratitude for the information you have so willingly supplied to me
in my endeavors with the Mashpee Project. The timing of both projects,
John's Pond Study and the Mashpee Municipal Facility Plan, could not
have worked out better. It was educational to say the least to have
offered my assistance in your program this past summer and I hope
future projects on the Cape will also entertain such congeniality.

Water Resources Planner

MF:bg

Enc:
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March 17, 1981

Mr. Earle Marsters, Chairman
Planning Board
Town Hall
Mashpee, Massachusetts 02649

Dear Mr. Marsters:

The Division of Water Pollution Control has completed a diagnostic/
feasibility study on Johns Pond in Mashpee, Massachusetts in accordance
with the Clean Lakes Program (Section 314 of the 1977 Amendments to the
Federal Water Pollution Control Act, PL 95-217). Because of our budget
only a limited number of preliminary copies of the final report could
be printed. Copies are available through either the Board of Select-
men, Board of Health, or Conservation Commission.

I would appreciate it if you would review the report and forward your
written comments to me by 30 April 1981. Also, at that time, please
indicate if you wish to receive a copy of the final report. All letters of
correspondence will be included in the final report.

Thank you for your assistance and interest in the Clean Lakes Program.

Sincerely yours.

Richard S. McVoy, Ph.D.
Senior Chemist

BMcV/dg
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f fyfra
THOMAS c. MCMAHON

DIRECTOR

3Box 545 - 9f'6&$etouoAf <Ma&A. 04584

March 18, 1981

Mr. Mark Fouhy
Cape Cod Planning and Economic

Development Commission
1st District Court House
Barnstable, MA 02630

Dear Mr. Fouhy:

The Division of Water Pollution Control has completed a diagnostic/
feasibility study on Johns Pond in Mashpee, Massachusetts in accor-
dance wieh the Clean Lakes Program (Section 314 of the 1977 Amend-
ments to the Federal Water Pollution Control Act, P.L. 95-217). A
preliminary copy of the final report on the study in enclosed.

I would appreciate it if you would review the report and forward your
written comments to me by 30 April 1981. Also, at that time, please
indicate if you wish to receive a copy of the final report. All
letters of correspondence will be included in the final report.

Thank you for your assistance and interest in the Clean Lakes Program,

Sincerely yours, • ,
"" /' ''/ / •/• - .it

Richard S. McVoy Ph.D.
Senior Chemist

RMcV/dg

Enclosure
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M E M O R A N D U M

SUBJECT: Diagnostic/Feasibility Study
Johns Pond, Mashpee

TO: Richard S. McVoy, Ph
DWPC

THROUGH: Paul T. Anderson4-

FROM: Elizabeth Kouloheras

DATE: May 5, 1981

I have one suggestion on the presentation of the report. The graph of the
temperature and oxygen vs. depth over time (Fig. 9, pg. 39) was very confusing.
It was probably your intention to present the data by the date of the month rather
than by year. However, it might be easier to read and more accurate to present
the graphs of this data sequentially by date and station.

A conclusion drawn from the data is that Johns Pond is becoming eutrophic. It
was noted that blue-green algae never comprised a prominent fraction of the
phytoplankton population sampled. Blue-greens are an indicator species for
eutrophication. It seeded unusual that their reported concentrations were low. Is
this a result of sampling artifact or was the sampling regime (time § date) such
that it precluded sampling during their expected peak occurrence? The data also
indicates that the phytoplankton population predominately consisted of Myxophyceae
and diatoms. The bloom reported on April 12, 1978 may not have been their period
of peak occurrence. Any future sampling should include a more intense sampling
program prior to and following the above date, so that the population trends and
concentrations of these species may be more accurately documented. It may be found
that their concentrations are far greater than anticipated and that these particular
species contribute significantly to the eutrophication of the pond.

If in the future any further water quality studies are conducted on Johns Pond
an analysis of the BOD and pH may assist in clarifying the problem. In regards to
the discontinuation of trout stocking, the problem may not just be that of oxygen
limitation but it may also be a result of low pH acting synergistically with low
dissolved oxygen.

I realize it is unlikely future studies will be conducted at Johns Pond.
However, in the event of further analysis, sampling should be concentrated in and
around the Moody Pond Inlet (Station 4) and in the vicinity of the canal using the
present stations as controls. Influent from the vicinity of Moody's Pond and John's
Pond Nest may be a major source of pollutants.

In conclusion, after a review of the data presented in this report, I concur
with WPC's analysis of the data, their conclusions and recommendations. It is my
opinion that the report is thorough and well done.

A/jt/EK
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Response to the comments by Ms. Elizabeth Kouloheras

Paragraph 1: Figure 9 has been altered in the final report to avoid confusion,

Paragraph 2: It is agreed that a more intensive sampling program would more
accurately document phytoplankton succession (see Recommenda-
tions) . However, other signs (hypolimnetic oxygen depletion and
Increasing aquatic macrophyte populations) are also also useful
in assessing the rate of eutrophication.

Paragraph 3: Further research indicated that trout are still being stocked in
Johns Pond and that low pH is, in fact, a major concern of the
Massachusetts Division of Fisheries and Wildlife.

Paragraph 4: Although future studies of the Moody Fond inlet and Johns Pond
West areas would be good, priority should be given to studying
groundwater becausa of its importance in hydraulic and nutrient
loading to the pond.
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Qanra of
BOARD OF HEALTH

477-1777

Moshpce, Maa.u Apri*..??* 198!

Richard S. McVoy, PH.D
Chief Aquatic Biologist
Mass. Dept. of Environmental Quality Engr.
Division of Water pollution Control
Westborough, Ma.

Dear Mr. McVoy:

The Board of Health wishes to commend the members of the Division of Water
Pollution Control for the Johns Pond Report.

We thank you for the work done by you and accept th» report as written.

"Sincerely yours.
Boar

Charles H. Lawrence, Chairman

CHL/lgl
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Ray E. Bowman, President
Briarwood-Mashpee Assoc. Inc
P.O. Box 138
Mashpee, HA 0261*9

April 21, 1981

Dr. Richard S. Me Toy
Water Resources Commission
P.O. Box SUS
Westborough, MA 01581

Dear Dr. McVoy:

Ref: Johns Pond diagnostic/feasibility study May 1978-April 1979 and
July-August 1980.

As I mentioned during our telephone conversation in early April this
manuscript represents a substantial amount of work and contributes
much pertinent information concerning the characteristics of Johns
Pond. However, I leel the majority of data presented in the paper
are preliminary and should only be used as a source of information
to guide farther studies. For example, because grounduater Is the
main source of hydraulic input to Johns Pond, I feel as you do, that
future studies should address grounduater sources and nutrient loads
(especially fecal coliform bacteria counts) in much more detail.

Noted below by page number are several items I feel should be addressed
(or changed) in your final report,

1. Page 1li, lover. Please clarify the term "urban" used to describe the
watershed area located on Otis Air Force Base (Fig. 5) and document that
the sewered area represents no septic pollution threat to Johns Pond.

2. Page 30, upper. Last sentence must be deleted. There is presently
no data to confirm that "accelerated eutrophicatlon is occurring in Johns
Pond"especlaUy in light of the unusual weather patterns and water levels
noted in 1980. Farther, the stocking of trout in Johns Pond has never
ceased. Ton may check with Fishery Biologist Louis Hamdly of the
Southeastern Wildlife District, RJD 3, Boumedale Road, Buzzards Bay,
MA, 02$32 to confirm that Johns Pond is still being stocked with trout
(and that no plans have been made to the contrary). Because sport-
fishing generates income for the town and residents of Mashpee this
is of particular importance.

3- Page 32, lower. I feel you should include a figure or table summa-
rizing the results of the KHI (1976) study (septic snooper and water
quality surrey)conducted for the Town of Mashpee. The data would be
extremely useful for comparison purposes (witb your study). Since the
study was paid for by the taxpayers you should not feel hesitant to
present the data in conjunction with information you gathered, especially
when yon have used the data for your own calculations of discharge
(see page U9).

h. Page 3k9 lower. Field sampling was conducted between 1000 and 1500 .
hours as Indicated at the top of page 51 and at the bottom of Table 1.
Typographical error 7

5v Page $k> lower. The statement "This is one possible sign that the
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5. continued. pond's condition haa worsened" should probably be
removed aince this la a conclusion and Is also unfounded.

6. Page 67, lower* I would delete the wordlfacceleratedllslnce this has
not been established*

7- Page 79, middle. Ton should Include a statement aiailar to "Other
than the arttfically high reading obtained at the south inlet, the
fecal conform counts at Station Number k (Moody Pond 3nlet and Otis
Trailer Village area)were highest.

8. Page 79, lower. The statement "The (phytoplankton) populations rose
into the range (2,000-15,000 algaê l) indicatlTe of mesotrophlc lakes."
may need further clarification aince the tine of year the higher values
were recorded most likely represent the natural production cycle expected
in water bodies such as Johns Pond (wad are not necessarily Indicative
of a me so trophic lake).

9- Page 87, middle. Please remove the statement that trout stocking
of Johns Pond was stopped (refer to 2.).

10* Page 89, lower. There Is no indication from your data that the
visibility in Johns Pond has decreased as a result of high powered
outboard motor usage.

11 . Page 92, upper. Since it has not been established that high powered
outboard motor use on Johns Pond is adversely changing the transparency,
I feel banning their use is unwarranted at this time.

Finally, I would like to reiterate the importance of the pH of Johns Pond
as brought out during our telephone conversation* There is presently
International concern over acid rain and its affect on lakes, streams.
and rivers. Acid rain has recently become so threatening to our fisheries
that an International Symposium on Acidic Precipitation and Its Impact on
Fisheries In Northeastern North America Is scheduled for August 2-5, 1 981
at Cornell University. In fact, acid, rain Is the reason that the stocking
of some of the lakes on Cape Cod with trout has ceased (personal, communi-
cation, Louis Hamdly, see 2.). Trout are not stocked In Cape Cod lakes
whose pH la below 6,0- Fish In Cape Cod lakes are presently in much
more danger of being destroyed by acid rain tiian by eutrophication(I only
mention this to put things In perspective)*

I hope I have been complete In my review of your report and would remind
you that my critique la only meant to assist you In your preparation of
the final document.

I certainly wish to recieve a copy of the final manuscript.

Sincerely yours

Ray E. Bowman
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Response to the comments by Mr. Ray E. Bowman, President,

Briarvood-Mashpee Association, Inc.

6

7

3

9

10.

11.

The term urban has been clarified and the best available documentation
(from USGS) of the effects of the Otis sewage plume has been provided.

Further research into the question of trout stocking revealed that they
are, in fact, still stocked in Johns Pond annually.

A summary of the EMI (1976) results has been included as an appendix
to the final report.

This typographical error has been corrected.

The dissolved oxygen profile discussion has been modified in the final
report to iaclude other factors that may have influenced the results.

This term was removed in a rewriting of the nutrient budget section.

This section was also reworked to take into account Mr. Bowman's sug-
gestion.

Clarification has been added in the final report.

The statement has been removed (see response //2) .

Clarification of the author's position on outboard motor effects has
been made in the final report.

See response to
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