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A multi-phased approach to solving the problems of the Sudbury ponds
should be undertaken. First, nutrient inputs to the ponds must be cur-
tailed. Since 95 percent of the phosphorus loading to the ponds comes from
the MEWWTP, the nutrient levels in the effluent should be reduced. The
City of Marlborough should consider additional tertiary treatment
techniques, effluent redirection/reduction, and influent controls to
achieve a meaningful decrease in nutrient (especially phosphorus) loading
to Hop Brook.

Dredging portions of each pond to physically remove phosphorus-laden
sediments and decrease the area of the littoral zone should be considered.
The dredging alternative involves the mechanical removal of approximately
140,000 cubic yards of soft sediment at an estimated cost of $2.1 million.

Mechanical removal of vegetation (harvesting), or physically limiting
the area available for plant growth, show promise as an alternative to
dredging. These methods may result in a decrease in rooted plant
densities, but do not effectively remove sediments from the ponds or
increase pond depths.

Watershed management techniques and pond water-level manipulation
should also be part of the restoration plan for the three ponds. Lawn fer-
tilizers, unmonitored septic systems, and improper development techniques
add to the nutrient loadings to the ponds. Water-level manipulation can be
an effective tool in limiting the growth of aquatic macrophytes by removing
a portion of the biomass from the pond system.

In order to achieve the goal of cleaning up these ponds, it is essen-
tial for the City of Marlborough and the Town of Sudbury to cooperate in
these efforts. This is an effort that can provide a healthy and desirable
recreational and aesthetic asset to both communities.
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Previous STupies oF THE Hop Brook PONDS SYSTEM

Several studies have previously been conducted of the water
resources within the Town of Sudbury. Groundwater resource studies '
have been conducted by Motts (1977) and H0 Engineering Consulting
Associates, Inc. (1985 and 1986). Several surface water studies have
been conducted by the Massachusetts Division of Water Pollution Control
(1965, 1977, 1979, and 1986). Presented in these reports are the re-
sults of field and laboratory analyses conducted on the waters of the
Concord and Sudbury Rivers, including their main tributary, Hop Brook.
A synopsis of the MDWPC findings are as follows:

0 The 1imiting nutrient in these water bodies is phosphorus.
0 Most (90-99 percent) of the phosphorus comes from the MEWWTP.

0 Net phosphorus accumulation in the pond sediments accelerated over
the two decades in which the studies were conducted.

0 Influent phosphorus levels decreased by a factor of 2-3 since
phosphorus removal at MEWWTP began.

0 Summer phosphorus flushing has occurred in the ponds since
phosphorus removal at MEWWTP began. -

0 ' The current rate of phosphorus discharge from MEWWTP into Hop
Brook is perhaps 20 times the level needed to reverse the
eutrophication process (20 g/mé/year versus l/g/mz/year,
respectively).

o Once in-stream phosphorus levels are decreased, it will take some
time to realize the benefits since reductions often result in a
net release of phosphorus from sediment, prolonging the projected
recovery time of the lake.

0 "The water quality in Hop Brook has not improved since 1979,
although the MEWWTP has continued to be in compliance with its
permit limitations for phosphorus and ammonia-nitrogen (MDWPC,
1979)."

The most comprehensive study of of the Hop Brook pond system was
conducted by the United States Geological Survey (USGS) in 1984. The
purpose of that study was to determine if the pond system "was respond-
ing to the reduced concentrations of nitrogen and phosphorus after the
initiation of tertiary treatment" at the MEWWTP.
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Feasible methods are presented in terms of their potential effec-
tiveness, their engineering feasibility, costs, improved water quality,
and public acceptability. A1l methods and procedures necessary to
implement recommended alternative(s) are included in the study and are
directed towards long-term restoration and preservation of Hop Brook
and its ponds.

HISTORICAL REVIEW OF THE HOP BROOK WATERSHED

The Sudbury portion of the Hop Brook watershed has its origins in
colonial times as an agrarian community. Boston Post Road, in use since
the 1600’s, traverses the watershed in an east-west orientation. Along
this road, in 1702, David How build his home in South Sudbury in the
vicinity of what are now Grist and Carding Millponds. Licensed in 1716,
How’s Tavern (How Hotel) was established. It was renamed the Red Horse Inn
in 1746 by Colonel Ezekial How and, after publication in 1863 of Henry
Wadsworth Longfellow’s "Tales of a Wayside Inn," it became know as the
Wayside Inn.

Edward Rivers Lemon acquired the Inn in 1897 and officially changed
the name to the Wayside Inn. Much of the property surrounding Grist
Millpond, Carding Millpond, and the area to the east of Hager Pond (south
of Route 20) was owned by Henry Ford. The Grist Mill, fed by Grist
Millpond, was built in 1929 for Henry Ford. Likewise, Martha Mary Chapel
was built in 1939 by the Fords. The Ford farm occupied the land south of
Route 20 in the Grist and Carding Millpond watersheds. The remainder of
the Grist and Carding Millpond watersheds remain largely undeveloped to
this day.

Because of the extensive wetlands, the Stearns Millpond watershed was
largely undeveloped until modern times. Subdivisions, a portion of the
U.S. Army Natick Laboratories, cranberry bogs, and the Boston and Maine
railroad line which traverses the watershed are all of recent vintage.

The Marlborough Easterly Wastewater Treatment Plant was originally
constructed in 1896 in the Hager Pond watershed. The MEWWTP has been
discharging to the Hop Brook system since its opening (see Chapter V).
Development in the Hop Brook watershed is most intense along Route 20 to
the west of Hager Pond.
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TABLE 3-2
CLIMATOLOGICAL DATA

Average
Precipitation Temperature

Month in. (cm) OF
September, 1987  6.42 (16.3) © 61.5
- October 2.46 ( 6.2) 48.6
November 3,89 ( 9.1) 40.4
December 2.53 ( 6.4) 32.3
January, 1988 287 [ 5:.9) 23.9
February 4.00 (l10.2) 28.8
March 348 b '8:9) 331
April 218 | 8.58) 45.5
May 3.96 (10.1) 57.3
June 1.61 ( 4.1) 64.7
Julyl 7.62 (19.4) 3.1
August! 111 .(.2.8] 75.5

TOTAL  41.57 (105.6)

Source: NOAA, 1987-1988.

1From R.E. Lautzenheiser - N.E. Climatic
Service - Logan Airport.
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budget for the Hop Brook area (discussed in Chapter VIII of this report).
The hydrologic budget is also related to the nutrient budget. Hydrologic
and nutrient budget calculations were based on a September 1987 to August
1988 study period and were used to assess the overall trophic status of the

- ponds. The annual budget figures take into account various physical pa-

rameters within the watershed that impact its hydrologic cycle and the
ponds’ subsequent water quality.

As previously noted, the "study area" is divided into four subwater-
sheds based on surface topography and drainage. Figure 3-1 depicts these
subwatershed delineations and Table 3-3 provides pertinent watershed data.

GENERAL SOILS INFORMATION
Soil composition in the watershed is important because of erosion
potential and absorption of water and nutrients. The following discussion
provides background information regarding soil properties, soil groups, and
soil mapping, as well as specifics about soil characteristics in the Hop
Brook watershed.
1. SoiL PROPERTIES
Soil properties are important in estimating the total volume of
precipitation which may infiltrate, runoff, or evaporate. Soil infil-
tration and percolation rates indicate their potential to absorb rain-
fall and thereby reduce the amount of direct runoff. Soils having high
infiltration rates (sand, gravel) have low runoff potentials. Con-
versely, soils having.low infiltration rates (clays, muck) exhibit high
runoff potentials. Some soils are seasonally wet or subject to flood-
ing. Other soils are unstable and not suitable for use under buildings
or roads. Clayey or wet soils are poorly suited to use as septic tank
absorption fields.
2. SorL Groups
Hydrologic soils groups are used in estimating runoff from hrecip-
itation. Soils are placed in one of four groups on the basis of intake
of water after the soils have been wetted and have received precipita-
tion from long-lasting storms. These groups were established by the
United States Department of Agriculture Soil Conservation Services
(SCS) in 1986.
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The four hydrologic groups are:

Group Description
A - Soils having high infiltration rates even when thoroughly

wetted, consisting.chiefly of deep, excessively-drained sand
and/or gravel. These soils have a high rate of water trans-
mission and result in a Tow runoff potential.

B - Soils having moderate infiltration rates when thoroughly
wetted, consisting chiefly of moderately-well to well-drained
soils with coarse-to-medium textures. These soils have a
moderate rate of water transmission.

C - Soils having slow infiltration rates when thoroughly wetted,
consisting chiefly of (1) soils with a layer that impedes
downward movement of water, or (2) soils with high water table
at or near ground surface for 7 to 9 months of the year.

These soils have a slow rate of water transmission. This
group may include bedrock outcrop.

D - Soils having very slow infiltration rates when thoroughly
wetted, consisting chiefly of (1) soils with a permanent water
table for most of the year, or (2) shallow-to-bedrock, ex-
tremely rocky at ground surface. These soils have a very slow
infiltration rate (high runoff potential). This group may
include bedrock outcrop.

SorL MapPING

Soil information was assembled by the Middlesex County Office of
the Soil Conservation Service (1986). Currently, the data is in its
preliminary form and has only been published in an interim Soil Survey
Report. Table 3-4 provides an approximate percentage of the soils
within each hydrologic group in the four subwatersheds.

The dominant soils in the Hager Pond, Carding, and Grist Millponds
subwatersheds are classified as hydrologic group B. In these water-
sheds, Carlton-Hollis rock outcrop complex (Charlton series) and
Narragansett-Hollis rock outcrop complex (Narragansett series) are the
most abundant soils in hydrologic group B.
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The predominant soils in the Stearns Millpond subwatershed are
classified in hydrologic group A. Throughout the watershed the major-
ity of hydrologic group A is composed of Hinckley loamy sand. The
Hinckley series consists of nearly-level and gently-rolling, deep,
well-drained soils on glacial outwash plains, terraces, and ridges.
The surficial soils in the Hinckley series are friable or loose. They
are generally gravelly, and sandy loam-to-loamy coarse sand soils. The
subsoil is very permeable being composed of loosely stratified sands
and gravels. The substratum (hardpan) lies 12 to 30 inches deep and
its composition makes it very permeable. The major limitations that
prevent these soils from being suitable for development are related to
slope and droughtness.

The southwesterly portion of the Stearns Millpond Watershed is
predominantly comprised of Windsar soils, which are classified hydro-
logically in group A. The physical characteristics of Windsor soils
mirrors those which describe Hinkley soils and this series is also
composed of rapidly permeable soils. The Windsor and Hinkley series
differ in that the Windsor has a substratum to a depth of 60 inches or
more whereas, as previously mentioned, the Hinckley has a substratum of
10 to 30 inches deep. However, 1like Hinckley’'s, Windsor’s limitations
are also related to slope and droughtness.

RELATIONSHIP TO SuBSURFACE WASTEWATER DISPOSAL AND
AcuiFer AREAS

As noted above, certain soil hydrologic groups function better
than others to subsurface wastewater disposal. Clayey or perpetually
wet soils do not function well as absorpotion fields for septic
systems. The developed portions of the Hop Brook watershed study area
generally have high infiltration rates, and, therefore, are well suited
to receive septic system contributions.

Most of the study area is not within the aquifer protection dis-
trict for the groundwater resource that provide potable water to the
area (Motts, 1977; H20 Engineering, 1985 and 1986). The extreme
northeastern portion of the Stearns Millpond watershed is the excep-
tion. Stearns Millpond is the only one of the four ponds studied that
lies within the aquifer protection district.
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considered wetland. The pond is situated immediately north of Route 20
and south of 01d Boston Post Road at Tatitude 420 21’ 17" and longitude
710 21 51", '

Grist Millpond has two minor tributaries: one which flows south
from the Prides Crossing Road area and the other which flows north from
Parmenter Road in Framingham. Grist Millpond has two outlets at its
northeastern end. A surface outlet powers the Gristmill, while a sub-
surface outlet at approximately 3.3 meters (10 feet) below surface
level drains the excess water flow. No direct storm drains enter the
pond. :

Grist Millpond is almost completely covered with Hydrodictyon, a
thick algal growth which makes boating difficult, if not impossible,
along its dammed northern end. As a result of both wind and water
flow, the area closest to the popular Gristmill is choked with macro-
phyton and algal growth. The southern 3 to 4 acres of the pond have
virtually become wetland, while open water is found in the pond’s mid-
section.

The pond is rarely used for recreational purposes, and thus has no
formal public access. However, an occasional angler is seen on shore’s
edge, and many sightseers walk the elongated man-made dam.

2. PonD MORPHOLOGY

The bathymetric map of Grist Millpond (Figure 4-2) was developed
in June 1987, by use of a sounding chain and a Raytheon DC 200
Fathometer. Transets were run parallel to the dams at widths of
approximately 50. meters. Morphometric data were determined from the
bathymetric map, the DWPC’s studies (as previously noted), and from the
USGS (1979). Data from these sources are shown in Table 4-2.

C. CARDING MILLPOND
1. OVERVIEW
Carding Millpond is the largest impoundment of Hop Brook in the
study area at 15.7 hectares (40 acres). This pond was formed by the
damming of Hop Brook. Carding Millpond has virtually no surrounding
development and has the most open water available for potential
recreation of the ponds studied. This pond has no formal public
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TABLE 4-2
GRIST MILLPOND
MORPHOMETRIC DATA

Dimension Metric English
1. Surface Areal 9.4 hectares 24 acres
2. Maximum Depthl 3.3 meters 10.0 feet
3. Mean Depthl 0.7 meters 2.5 feet
4. Volumel 74,000 cubic meters 60 acre-feet
5. Maximum Length : 789 meters 3100 feet
6. Maximum Effective Length 767 meters 2600 feet
7. Maximum Width 171 meters 580 feet
8. Maximum Effective Width 124 meters 420 feet
9. Shoreline Length 2181 meters 7392 feet

10. Development of Shoreline -- 1.9

11. Mean to Maximum Depth Ratiol -- 0.25

12. Drainage Areal 272 hectares 690 acres

1petermined by Whitman & Howard, Inc., all other values from MOWPC (1979).

2The Development of Shoreline Index is used to express fhe degree of

regularity or irregularity of the shoreline.

Very circular lakes

approach the minimum development of shoreline value of gne, the greater
the number above one the greater the potential effect of littoral
(shoreline) process (wind action, weed growth in shallow embankment
areas, etc.) on the pond,
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TABLE 4-4
STEARNS MILLPOND
MORPHOMETRIC DATA

Dimension Metric English
1. Surface Area 9.4 hectares 24 acres
2. Maximum Depth 0.9 meters 3 feet
3. Mean Depth 0.3 meters 1 foot
4. Volume 29,600 cubic meters 24 acre-feet
5. Maximum Length ‘ 988 meters 3350 feet
6. Maximum Effective Length 546 meters 1850 feet
7. Maximum Width 236 meters - 800 feet
8. Maximum Effective Width 227 meters 770 feet
9. Shoreline Length 2336 meters 7920 feet

10. Development of Shorelinel -- 2.2

11. Mean to Maximum Depth Ratio -- N -

12. Drainage Area2 1331 hectares 3380 acres

1The Development of Shoreline Index is used to express the degree of
regularity or irregularity of the shoreline. Very circular lakes
approach the minimum development of shoreline value of one, the greater
the number above one the greater the potential effect of Tittoral
(shoreline) process (wind action, weed growth in shallow embankment
areas, etc.) on the pond.

2Determined by Whitman & Howard, Inc., all other values from MOWPC (1979).
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solids, turbidity, and total dissolved solids. Bacteria (total coli-
form, fecal coliform, and fecal streptococcus) samples were collected
in sterilized 250-milliliter glass bottles. Bacterial samples were '
collected only from the surface of the in-pond station, inlet, and out-
let. These samples were iced in the field, as were all samples, and
among the first to be analyzed upon delivery to the laboratory.

Phytoplankton and chlorophyll a samples were collected by lowering
a weighted, hollow, polyethylene tube through the water column. Sampl-
ing in this way provided a depth-integrated sample of the entire water
column. Phytoplankton samples were preserved with a buffered, 10 per-
cent formalin solution.

3. SAMPLE ANALYSES

A11 chemical and biological analyses were conducted in accordance
with standard methods outlined by APHA (1980). All analyses were per-
formed in the Whitman & Howard, Inc. laboratory in Wellesley, except
the following:

0 phytoplankton identification was performed by IEP, Inc., Sandwich.

@ chlorophyll a was performed by Arnold Green Testing Laboratories,
- Natick.
4. COMPARATIVE ANALYSES
The results of our analyses of water quality data were compared
with study data compiled by state and federal agencies. The results
were also compared to the desired Class B water quality Tevel. Water
bodies assigned to Class B "are designated for the uses of protection
and propagation of fish, or aquatic 1ife and wildlife, and for primary
and secondary contact recreation" (MDWPC, 1985). Alse, current study
data was compared to information compiled from previous water quality
data collected by various researchers.

C. ANALYSES OF PHYSICAL DATA
1. WATER TEMPERATURE
One of the most significant determinants of the physical,
chemical, and biological interactions in a pond is its annual
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TABLE 6-2
POND TEMPERATURE, D1SSOLVED OXYGEN, AND PERCENT SATURATION
GRIST MILLPOHD

September 10, 1987 October 25, 1387 December 9, 1987
Dissolved Dissolved Dissolved
Depth Temp Oxygen Percent Temp- Oxygen Percent T Oxygen Percent
(m) (Celsius) (mg/L) Saturation {Celsius) L Saturation Celsius L Saturation
0.5 21.0 B.1 30 11.0 11.0 99 0.0 10.0 68
1.0 20.0 10.2 111 11.0 11.2 101 1.0 10.6 74
- 20.0 8.8 111 11.0 11.0 99 2.0 9.8 71
March 30, 1988 April 29, 1988 May 31, 1988
Dissolved Dissolved Dissolved
Depth Temp Oxygen Percent Temp Oxygen Percent Temp Oxygen Percent
(m) (Celsfus) (mg/L) Saturation (Celsius) {mg/L) Saturation (Celsius) (mg/L) Saturat ion
0.5 4.0 14.4 110 10.5 9.4 84 17.0 5.0 51
1.0 4.0 14.0 110 10.2 8.8 78 17.0 5.0 51
1.5 4.0 14.0 110 10.2 8.4 15 16.0 4.4 44
June 24, 1988 July 12, 1988 August 30, 1988
Dissolved Dissolved Dissolved
Depth Temp Oxygen Percent Temp Oxygen Percent Temp Oxygen Percent
(m) (Celsius) {mg/L) Saturation (Celsius) (mg/L) Saturation (Celsius) (mg/L) Saturatien
0.5 22.5 11.0 98 27.0 12.8 140 23.5 11.4 132
1.0 22.0 10.6 94 26.5 10.8 133 23.0 11.0 98
1.5 21:5 8.4 75 25.0 8.5 101 22.5 9.2 82





































TABLE 6-10
TOTAL SUSPENDED SOLIDS (mg/L)

Sampling Date Station

Station 9/10/87 12/9/87 5/31/88 7/12/88 Average
1 1 2 5 7 4
2 2 12 8 7 7
3 1 4 7 8 5
4 9 4 8 4 6
5 2 13 12 9 9
6 2 - 10 14 13 10
7 3 < 15 12 8
8 1 12 10 10 8
9 1 4 9 8 6
10 5 17 6 9 9
11 N/R* 8 4 9 7
12 N/R 2 N/R N/R 2
13 N/R 4 N/R N/R 4
14 N/R 15 N/R N/R 15
15 - N/R 3 N/R N/R 3

*N/R = Not Required

Sampling Station Identification

Grist Millpond Inlet
Grist Millpond In-Pond
Grist Millpond Outlet
Carding Millpond Inlet
Carding Millpond In-Pond
Carding Millpond Outlet
Stearns Millpond Inlet
Stearns Millpond In-Pond

O~ B R
' DR [ ST T U R A

9
10
11
12
13
14
15

Stearns Millpond Outlet

Hager Pond Inlet

Upstream of MEWWTP

Carding Millpond - Boston Post Rd. @ Rte. 20
Stearns Millpond - Surrey Lane Inlet
Gristmi1ll Pond - Prides Crossing Road
Stearns Millpond - off Moore Road
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TABLE 6-12
TURBIDITY (NTU)

. Sampling Date Station

Station 9/10/88 12/9/88 5/31/88 7/12/88 Average
1 1.0 2.5 3.6 2.3 2.4
2 1.3 3.0 2.4 1.6 2.1
3 1:8 2.3 2.4 4.1 2.5
4 Bt 35 2.4 1.2 1ad
5 1.6 3.0 4.7 4.2 3.4
6 1.7 2.6 4.0 5.4 3.4
7 1.8 1.8 3.4 2.6 2.4
8 ey 1.8 4.3 1.4 23
9 A 1.9 2.5 1.5 1.9
10 1.8 3.8 2.0 2.5 2.5
11 N/R* 5.1 9.0 4.1 6.1
12 N/R 0.9 N/R N/R 0.9
13 N/R 1.2 N/R N/R 1.2
14 ~N/R 4.0 N/R N/R 4.0
15 N/R 2.0 N/R N/R 2.0

*N/R = Not Required

Sampling Station Identification

1
2
3
4
5
6
7
8

Grist Millpond Inlet
Grist Millpond In-Pond
Grist Millpond Outlet
Carding Millpond Inlet
Carding Millpond In-Pond
Carding Millpond Outlet
Stearns Millpond Inlet
Stearns Millpond In-Pond

9
10
11
12
13

14
15

F yr4w-% §Fo3

Stearns Millpond Outlet

Hager Pond Inlet

Upstream of MEWWTP

Carding Millpond - Boston Post Rd. @ Rte. 20
Stearns Millpond - Surrey Lane Inlet
Gristmill Pond - Prides Crossing Road
Stearns Millpond - off Moore Road
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6. NITROGEN

Nitrogen exists in several forms within the Hop Brook ponds sys-
tem: as dissolved gas, as inorganic nitrogen (ammonia, nitrite, and
nitrate), and as organically bound nitrogen (nitrogen complexed in
carbon-containing molecules formed by plants and animals). Organically-
bound nitrogen compounds are broken down by heterotrophic bacteria into
ammonia. Ammonia is converted by bacteria to nitrite and then to
nitrate in the presence of oxygen. This conversion of organic and
inorganic nitrogen from a reduced state to a more oxidized state is
known as nitrification.

The most important forms of nitrogen for the growth of phytoplank-
ton and aquatic macrophytes are nitrate and ammonia. The highest
growth rates occur with ammonia, followed by nitrate, and then nitrogen
(Ward and Wetzel, 1980); ammonia, therefore, is an energy-efficient
source of nitrogen for plants (Wetzel, 1983). In waters of high pH,
the nitrate form of nitrogen may induce better algal growth rates than
ammonia which produces ammonium hydroxide, which in turn increases the
water’s toxicity to organic organisms. The moderate-to-high pH and
oxygen levels of the Sudbury ponds indicate that ammonia is probably
the most important form of nitrogen for algal production in the spring,
while nitrates induce growth more in the summer. .

The oxidation of ammonia-to-nitrite and nitrite-to-nitrate via the
action of certain aerobic bacteria is known as nitrification. Oxygen
is used during the transformation which contributes to oxygen depletion
in bottom waters. Under anaerobic conditions, denitrification occurs
whereby nitrite is formed as an intermediary with free nitrogen, which
becomes the principal end-product form (Reckhow and Chapra, 1983).
Denitrification occurs most rapidly under low oxygen conditions and
high water temperatures. Horne and Goldman (1974) estimated that
nearly one-half of the available nitrogen in a eutrophic lake is
available to the less desirable blue-green algae. If blue-green algae
populations are extensive, objectionable floating mats and odors
develop. Fortunately, green algae dominated the phytoplankton
communities of the Sudbury ponds.
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TABLE 6-14
AMMONIA NITROGEN (ma/L)

Sampling Date Statioen
Station 9/10/87 12/9/87 2/26/88 3/30/8BB  4/29/88 5/31/88 ©/24/B8 7/12/88 8/30/88 Average
1 0.35 0.38 0.75 0.64 0.75 0.50 0.57 0.11 0.16 0.47
2 0.78 0.33 0.73 0.61 0.38 0.58 0.50 0.12 0.15 0.46
3 0.21 0.35 0.70 0.45 0.30 0.57 0.53 1.10 0.16 0.48
4 2.38 0.41 0.51 0.60 0.64 0.40 0.13 0.10 0.21 0.60
5 1.75 0.40 0.36 0.54 0.31 0.05 0.14 0.11 0.50 0.46
6 0.59 0.38 0.31 0.56 0.42 0.50 0.15 0.11 0.14 0.35
7 0.72 0.36 0.85 0.56 0.33 0.46 0.11 0.20 0.14 0.41
8 0.862 0.27 0.27 0.56 0.32 0.50 0.13 0.11 0.42 0.36
9 0.49 0.30 0.31 0.50 0.28 0.53 0.13 0.11 0.12 0.31
10 1.35 0.57 0.29 0.81 0.58 0.48 0.50 0.11 0.15 0.54
11 H/R* 0.25 0.29 0.68 0.45 0.40 0.12 0.12 0.17 0.31
12 N/R 0.16 0.33 N/R 0.32 N/R N/R 0.13 0.12 0.21
13 N/R 0.16 0.28 N/R 0.26 N/R N/R 0.17 0.12 0.20
14 N/R 0.18 N/R K/R 0.30 H/R N/R N/R N/R 0.24
15 N/R 0.15 N/R K/R 0.31 N/R N/R N/R 0.12 0.19

*N/R = Not Required

Sampling Station Identification

Grist Millpond Inlet 9 - Stearns Hillpond Qutlet

Grist Hillpond In-Pond 10 - Hager Pond Inlet

Grist Millpond Outlet 11 - Upstream of MEWWTP

Carding Millpond Inlet 12 - Carding Millpond - Boston Post Rd. @ Rte. 20

Carding Millpond In-Pond 13
Carding Millpond Outlet 14
Stearns Hillpond Inlet 15
Stearns Millpond In-Pond

Stearns Millpond - Surrey Lane Inlet
Gristmi1l Pond - Prides Crossing Road
Stearns Millpond - off Moore Road
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On several occasions during the summer, samples from inlet waters
showed high fecal coliform counts (Table 6-17). This may have been due
to many other conditions on the days immediately preceding the sampling
dates because rain directly affects the quality of any water body re-
ceiving storm drainage. Hence, the "cleaning effect" of rain on
streets, fields, etc...will dislodge animal feces, possibly cause sep-
tic system ponding and generally increase the potential for increased
pollutant Toads to receiving streams. Other possible reasons include
(1) increased water consumption which introduces more wastewater and
(2) freshly deposited waterfowl droppings which cause higher coliform
bacteria levels. However, overall health impacts may be minimal.

Fecal streptococcus bacteria counts are presented in Table 6-18.
Tchobanoglous (1979) reports that fecal coliform (FC) and fecal strep-
tococcus (FS) counts eminating from human and nonhuman sources differ.
Typical FC:FS ratios for humans exceed 4:1, whereas the ratio is
usually Tess than 1:1 for other animals. The data for the Sudbury
ponds vary greatly from pond-to-pond and season-to-season. Therefore,
no one source or type of fecal pollution was identified.
PHYTOPLANKTON AND CHLOROPHYLL A
a. Results of Chlorophyll a Studies

Chlorophyll a is a principle photosynthetic pigment of all
oxygen-evolving photosynthetic organisms and is present in all
algae (Wetzel, 1975). Chlorophyll a concentration is closely
related to the density of algae and rate of production of organic
matter in the pond, and is used as an indicator trophic Tevel. As
a general guideline; chlorophyll a concentrations greater than 6-10
milligrams per cubic centimeter are indicative of eutrophic
conditions (USEPA, 1980).

Chlorophyll a concentrations for the Sudbury ponds are shown
in Table 6-19. As with the results of the bacteria analyses, great
variation in the data was observed. In general, all three ponds
exhibited concentrations typically seen in eutrophic water bodies.

Peak chlorophyll a concentrations did not necessarily corres-
pond to peak periods of counts of phytoplankton. This is evident
when comparing chlorophyll a data to phytoplankton sample cell
counts (Table 6-20).
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TABLE 6-19

CHLOROPHYLL a CONCENTRATION
(milligrams per cubic meter)
SUDBURY, MASSACHUSETTS

Date

Grist Millpond

Stearns Millpond

Carding Millpond

September 10, 1987
April 29, 1988

May 31, 1988
August 30,1988

5.31
192 .

18

5.8

0.9312
156
32
4

61.518
126
9.07
55
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B. RESULTS OF PHYTOPLANKTON STUDIES

Phytoplankton concentrations within the three ponds (Table
6-20) showed some seasonal variation but not the marked four-season
variation which deeper ponds normally exhibit. This is Tikely due
to the general lack of thermal stratification within the ponds and
their very high flushing rates. Similarly, class dominance which
"normally" would tend to show diatoms dominating in the winter/
early spring, green algae dominating in the late spring/mid-summer,
and blue-green algae dominating in the late summer/early fall was
not pronounced in- the Sudbury ponds. Lack of thermal stratifica-
tion and high flushing rates combined with nutrient availability
probably caused this.

The concentrations of algae cells in the water of the ponds
was moderate-to-high. Combined with the amount of macroscopic
algae and macrophytes present, all three ponds appear to be
eutrophic, very productive, systems.

3. AQuATIC MACROPHYTES

On August 29-31, 1988, a macrophyton survey was conducted for the
purpose of identifying dominant genera and quantifying the areal extent
of aquatic vegetation. Preliminary surveys of the ponds were conducted
during preceding limnological sampling trips. The purpose of the pre-
liminary surveys was to improve efficiency during the first portion of
the vegétative survey. Plants which were not readily identified in the
field were brought back to the laboratory. The taxonomic guide used
was Fassett (1957).

The survey was performed by the line-intercept method. By slowly
examining shoreline areas and selecting sampling points at intervals of
approximately 50 feet, and then moving perpendicular to these sampling
points, transects were made across the pond. Once on the opposite side
of the pond, the procedure was repeated. Emergent plants were identi-
fied in-situ, while submerged and bottom-growing plants were collected
with a grappling hook. Density determinations of overall macrophyte
growth for each pond were estimated and individual species type was
identified. For each of the three ponds, a macrophyte density and dis-
tribution map was compiled (Figures 6-1 to 6-6).
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Excess aquatic plant growth makes swimming, boating, and fishing
unpleasant, and at times, nearly impossible. Fish reproduction is
hindered because excess plant growth eliminates spawning areas. Plant
decay depletes dissolved oxygen concentrations and water becomes stag-
nant, providing breeding habitat for mosquitos. Therefore, it is often
necessary to control plant growth to the extent the uses of the water
body demand.

Aquatic macrophyte control techniques include Tong-term source
reduction measures, mechanical and cultural harvesting, and short-term
chemjcal eradication. _ One of the most important factors to proper
aquatic weed control is realizing the reasons for weed propagation,
including the means by which the particular macrophyte reproduces. The
factors necessary for aquatic plant growth are present in the Sudbury
ponds. These factors are water, light, nutrients (such as nitrogen and
phosphorus in the water and sediment), and a suitable bottom substrata
for rooted vascular plants.

Filamentous algae grow in long, stringy, hair-like strands that
are predominantly attached to other objects. In the case of the
millponds, it is often attached to Nitella and Chara. Nutrient-rich
waters cause filamentous algal growth, so source reduction of nutrient
levels is the best long-term control method. However, another control
method is chemical application using copper sulfate or Cutrine(R),

Duckweed and Wolffia, being completely free-floating, are diffi-
cult to control. They are most susceptible to chemical control but may
also be raked off. They will quickly reinfest an area unless nutrient
sources are reduced.

White and yellow water 1ilies are best controlled by repeated
cutting or raking. Eradication of these aquatic plants will not pose
any problem to aquatic wildlife since their food value is low. Chemi-
cal treatment may be plausible, but their thick fleshy stems are diffi-
cult to kill.

The algae which causes a problem within the ponds is a macroscopic
algae, Hydrodictyon. Hydrodictyon grows in long, hair-net-like
assemblages. It is also sponge-like, in that it holds much water.
Hydrodictyon was particularly problematic in Grist Millpond. The
remaining aquatic and semi-aquatic plants, such as pickerelweed, broad-
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TABLE 6-23
COMPARATIVE POLLUTIONAL STATUS
OF THE SUDBURY PONDS’ SEDIMENTS
(USING THE GREAT LAKES SEDIMENT RATING CRITERIA)

Grist Carding Stearns
Parameter Millpond Millpond Millpond
Total Kjeldahl Nitrogen H H H
Phosphorus (Total) H H H
Arsenic N N N
Cadmium M-H M H
Chromium N N N
Copper M H M-H
Iron N N N
Lead H H H
Manganese N N N-M
Mercury N-M ~ N-M N-M
Nickel ' N N N
Zinc M H M-H

H = Heavily polluted
N = Nonpolluted
M = Moderately polluted
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Regularity of septic system maintenance of those responding to the
questionnaire ranged from never to every year. The average system was
maintained every 3.5 years. Eighty-two percent of the maintenance
performed was pumping, while six homes had new leach beds, one home had
chemical treatment to the system and one home had installed a new septic
system.

Twenty-two percent of those surveyed have storm drains Tocated on or
near their property. Most of these people thought that the storm drains
were cleaned once or twice a year. Eleven percent of those responding
believe that their stormwater drainage is directly connected or discharges
to the pond, stream, or stormwater pipe.

Twenty-two percent of those replying to the survey have experienced
problems with aquatic vegetation. Fertilizers are used by 67 percent of
the respondents. Fifty-three percent of those surveyed using fertilizers
use Scott products. Herbicides were used by 9 percent and pesticides were
used by 31 percent.
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HAGER POND CALCULATIONS

Hager Pond is the headwaters of the Hop Brook system. To estimate
hydrologic budgets for Grist, Carding, and Stearns Millponds, an estimate
of the outflow from Hager Pond (inflow to Grist Millpond) had to be de-
rived. Due to a lack of gauged flow data from the Hager Pond outlet, a
series of calculations were made utilizing data from several sources.

These sources included: data previously collected by the United States
Geological Survey (USGS, 1977-1979) from the Hager Pond outlet for the
period September 1977 through August 1979; a correlation of average stream
flows from the gauging station and the average percentage of MEWWTP
effluent in the stream at the Hager Pond outlet (Briggs and Silvey, 1984);
and, the average daily flow (monthly basis) from MEWWTP during the study
period (City of Marlborough, 1987-1988). The results of the latter of
these three sources are presented in Table 8-1. The purpose of this
exercise was to calculate Hager Pond outflow and determine the contribution
of flow from sources other than the MEWWTP.

The findings of this approach and the details of the methodology used
are shown in Table 8-2. From these calculations it was determined that, on
a yearly basis, approximately 71 percent of the flow through Hager Pond was
contributed by the MEWWTP. To check the validity of these calculations,
the hydraulic retention time in Hager Pond was determined and compared to
values previously determined by the Massachusetts Division of Water Pollu-
tion Control (MDWPC, 1986). Hager Pond received 1072 million gallons of
MEWWTP effluent during the study year. Using the literature values of the
ratio of effluent to streamflow (USGS, 1984), and the historically measured
flow (USGS, 1977-1979), it was determined that Hager Pond received 449
million gallons of water from sources other than MEWWTP during the study
year. The total flow through the pond was approximately 1521 million gal-
lons. The volume of Hager Pond is approximately 94 acre-feet; therefore,
the hydraulic residence time is about 7.6 days (0.021 year). The value
reported by the MDWPC (1986) was 6.6 days.

GRIST MILLPOND CALCULATIONS

Runoff from watersheds in New England averages 2.1 inches per year
(Sopper and Lull, 1970; Linsley and Franzini, 1979). Runoff production can
be affected by a variety of watershed characteristics including soil types,
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TABLE 8-2
DETERMINATION OF WASTEWATER FLOW
VS
CONTRIBUTIONS FROM OTHER SOURCES ENTERING HAGER POND

Measured % of Total Actual Contributions From Total

Flow Flow Contributed WW Flow Other Sources Flow
Month (cfs)] From WWTPZ (cfs)3 (cfs)4 (cfs)S
September 3.79 88 3.88 0.47 4.35
October 4.89 79 4.03 0.85 4.88
November 6.00 66 4.03 1.37 5.40
December 7.82 59 4.34 1.78 6.12
January 14.25 18 4.03 2.90 6.93
February 8.51 55 5.74 2.58 8.32
March 11.20 29 5.43 3.86 9.29
April 10.85 35 5.12 3.33 8.45
May 8.50 55 5.89 2.65 8.54
June 5.48 69 4.34 1.35 5.69
July - 4.09 81 4.03 0.77 4.80
August 5.68 77 3.88 0.89 4.77

Averages 4.56 1.90

IMeasured Flow by USGS September 1977 through August 1979 at
Station No. 01098710,

2Percent of Total Flow Contributed by the MEWWTP Based on
USGS Report No. 84-4017 (1984) Figure 2, Page 7.

3pctual Wastewater Flow from MEWWTP from September 1987 through
August 1988 (City of Marlborough, 1987-1988).

4Column 3 + (1.0 - Column 4, Column 3)
i.e., September

(

(

1.0 - 0.88) (3.88)
0
= 0
3

.12) (3.88)
.4656 cfs.

5Total Flow = 3.88 cfs + 0.47 cfs = 4.35 cfs.
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D.

CARDING MILLPOND CALCULATIONS

Runoff production from the Carding Millpond watershed to the pond was
estimated to be 379 million gallons per year, based on the average of 21
inches per year reported in the literature. To check this, precipitation
input to the watershed was calculated and watershed characteristics
checked. Precipitation for the study year was approximately 751 million
gallons, based on a watershed area of 665 aces. As with the Grist Millpond
watershed, the slopes in this watershed are moderate and the dominant soil
types are classified as hydrologic Group B. Therefore, a runoff return
equal to 50 percent of the precipitation input was viewed as reasonable.

[t was assumed that the small wetland area between the Grist Millpond
outlet and the Carding Millpond inlet could cause a loss of 10 percent of
the upstream flow input to Carding Millpond. This loss would be due to
evapotranspiration in the wetland. Therefore, the upstream flow input was
reduced by 190 million gallons to a value of 1706 million gallons per year.

Direct evaporation losses from the pond surface equaled 29 million
gallons per year, based on a surface area of 40 acres. Therefore, the
outflow equation for Carding Millpond is:

0 =379 + 1706 - 29 = 2056 million gallons per year.

The retention time for Carding Millpond, based on a pond volume of
72 acre-feet, is 0.011 years (4.2 days). The MDWPC (1986) calculated the
retention time of Carding Millpond to be 5.1 days. The flushing rate for
Carding Millpond is approximately 88 times per year. As with Grist
Millpond, this high rate shows the influence of the inflow to the pond and
the small size of the pond.

STEARNS MILLPOND CALCULATIONS

Runoff production from the Stearns Millpond watershed to the pond was
estimated to be 1927 million gallons per year, based on the average value
of 21 inches per year reported in the literature. Precipitation input to
the watershed was estimated to be 3816 millions gallons per year, based on
a watershed area of 3380 acres. The groundslopes in the watershed vary
from moderate to gentle and there are extensive wetland areas throughout
the watershed. The dominant soil types are classified as hydrologic Group
A. This group has characteristically low runoff potential. Because of
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IX. LIMITI TRIENT (PHOSPHOR BUDGE

A water body nutrient budget is an attempt at quantifying the sources and
losses of nutrients as they move through the water body. One method of deter-
mining this budget is based on the hydrologic budget of a pond and the results
of a sampling program for the nutrient in question.

For the Hop Brook system ponds, the nutrient which Timits primary produc-
tion is phosphorus. Total phosphorus concentration data were collected over a
period of a year at 15 locations in the Hop Brook watershed. Calculations of
phosphorus loadings were based on the average concentrations found at specific
locations from this sampling program and elements of the hydrologic budget for
each pond. Atmospheric fallout of phosphorus onto the surface of the pond was
estimated from literative values (Wells et. al, 1972; Richardson and Merva,
1976; Frissel, 1978).

These calculations are shown in Tables 9-1, 9-2, and 9-3 for Grist,
Carding, and Stearns Millponds, respectively. The results of the phosphorus-
loading calculations show that most of the load to each pond comes from up-
stream sources. The total load entering Grist Millpond is the highest of the
three ponds, followed by Carding and then Stearns Millponds. Therefore, each
pond in the system is serving as a "sink" for upstream phosphorus. Some of
this phosphorus is removed by plants in the pond (macrophytes-and algae) and a
portion is directly deposited to the pond sediments. A1l three ponds have very
high phosphorus loading rates. For example, the annual phosphorus Toad enter-
ing Grist Millpond was calculated to be 3820 kilograms. An annual load of
approximately 200 kilograms of phosphorus would be a more appropriate load.

In terms of surface areal-weighted loading rates, Grist Millpond’s Toading
rate is twice that of either Carding or Stearns Millponds. The areal-loading
rates are used in spatial models of lake water quality. One such model, which
is extensively used in Clean Lakes programs throughout the country, is ‘
Vollenweider’s Model.

A version of this model (1974) is as follows:

Cp = Lp tw/2 (1 + tw0.5)
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TABLE 9-1
GRIST MILLPOND
EXISTING PHOSPHORUS LOADING RATES

am Sources:

121 MG/yr x 0.64 mg/L = 3680 kg/yr

13 MG/yr x 0.09 mg/L = 130 kg/yr -
vitation:

} acres x 1.00 kg/ha/yr = 10 kg/yr
Loading:

380 + 130 + 10 = 3820 kg/yr |

-‘Weighted Loading:

120 kg/yr = 39 qm/m2/yr
.’4 dCres g / /y
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TABLE 9-4
PHOSPHORUS LOADING RESULTS

Predicted Predicted Permissible Excessive
Pond L1 L2 L3 L4
Hager Pond> N/A 31.4 0.5 1.0
Grist Millpond 39 30.7 1.0 2.0
Carding Millpond 18 ) 18.9 0.7 1.5
Stearns Millpond 20 23.9 141 A

lEmpirically Derived Value
2yollenweider Model Calculated Value
3Rast and Lee, 1978

4Rast and Lee, 1978

SBased on MEWWTP DATA:

average daily Cp x average daily flow x 365 days
Hager Pond surface area
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Treatment Plant. Since the effluent from this facility contributes up to
90 percent of the flow coming into the ponds system, the characteristics of
its flow have a great effect on the quality of the pond’s water. The USEPA
has stated (1976) that in order to prevent cultural eutrophication of
ponds, phosphorous Tevels must be below 0.05 milligrams per liter (mg/L).
Reaching this level may not be practicable; however, phosphorous levels
must be reduced to the minimum practicable levels in order to restore and
maintain the ponds aesthetic qualities.

In order to éccump]ish the goal, the following alternatives should be
evaluated by the City of Marlborough:

1. Increase treatment efficiency. Marlborough’s current discharge permit
(NPDES) issued by the EPA and DEQE requires that the average weekly
discharge from the plant maintain a total phosphorous Tevel of 1.0
mg/L. This discharge 1imit must be met on a yearly basis. This 1.0
mg/L 1imit is an industry standard for advanced wastewater treatment
plants. Very few conventional wastewater treatment facilities have
limits which are more strict. However, other methods of treatment
should be studied to see if a more stringent limits can be consistently
met.

2. Relocate the discharge point of the treatment facility. MEWWTP cur-
rently discharges into a small stream which flows into Hager Pond.
Hager Pond, in turn, serves as the headwaters for Sudbury’s Hop Brook.
By diverting the discharge to another location, the source of the
nutrient addition would be eliminated. Since during dry months 90
percent of the flow to the Sudbury ponds is MEWWTP effluent, the effect
of reducing the flow to the ponds by such a significant amount must be
evaluated.

3. Limit the flow into MEWWTP. By limiting the number of connections, and
therefore the amount of flow into the Marlborough Easterly Wastewater
Treatment Plant, the total amount of phosphorous entering the ponds
system will be reduced. At the present time, Marlborough is allowed to
discharge 320,000 pounds of phosphorous per year into the ponds system.
With growth to full capacity of the plant (i.e., 5.5 mgd) the Tevels of
phosphorous into the plant could be increased by 57 percent.

4. Use Hager Pond for treatment. As previously stated, all flow enters
Hager Pond prior to entering Sudbury’s ponds system. By using Hager
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The primary drawback to the removal of such large volumes of sedi-
ment is the availability of a disposal site in the area. Ideally, a
disposal site close to the ponds would be advantageous because the
further the distance from the disposal site from the ponds, the higher
the costs. Typical costs for dredging of this type is approximately
$15 per cubic yard making the costs for the three ponds:

0 Grist Millpond $ 432,800
0 Carding Millpond 1,091,400
0 Stearns Millpond 562,500

Total $2,086,700

Besides the cost and proper disposal of spoils issues, dredging
can also involve adverse environmental impacts. Short-term water
quality impacts in the water body being dredged are common. Sediment
suspension in the water column, removal of beneficial benthic organ-
isms, reduction of fish populations and downstream sedimentation are
all possible impacts of dredging.

The implementation of a dredging program would result in an
improved water body with increased depth and decreased macrophyte and
algal densities.

2. CHEMICAL TREATMENT

The use of various chemicals for the control of aquatic plants,
algae, and nutrients is commonly practiced. Chemical treatment is
considered a maintenance function with a short-term benefit of
"improved" water quality. However, chemical treatment does not elimi-
nate the problem, but it temporarily eliminates the symptoms. Also,
chemical treatment of any kind is a regulated activity under the juris-
diction of both local and state agencies due to its potentially adverse
environmental impacts. Because of the potential for environmental
impacts with chemical treatment, and the short-term benefit of their
use, chemical treatment is not recommended for the Sudbury ponds.

D. POND MANAGEMENT TECHNIQUES
1. WATER-LEVEL MANIPULATION
Water-level controls are available at Grist and Carding Millponds.
These structures have "stop logs" that can be used to regulate the
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bylaws and procedures should be reviewed to see if they adequately
address these items.

c. Fertilizer Substitution Program - Fertilizing of lakeshore lawns,
in turn, fertilizes the ponds. While the complete abolition of
common fertilizers is not practicable, minimization of fertilizer
applications or the use of special fertilizers designed
specifically for lawns in close proximity to water bodies is
encouraged.

d. Erosion Control Program - The Town should continue to strictly
enforce the requirements of the Wetlands Protection Act as it
relates to erosion control. Sediments entering the ponds through
tributaries or wetlands will accelerate the degradation of the
ponds.

@. Maintenance Practices - The three Sudbury ponds are controlled by
outlet structures. Keeping these structures free of debris and
operable will provide short-term relief from some of the aesthetic
concerns which befall the ponds during the summer months. Like-
wise, street sweeping and an aggressive stormwater catch basin
maintenance program will help to minimize nutrient and sediment
inputs to the ponds.

While it is difficult to quantatively assess nutrient loading
reductions due to watershed maintenance programs, it is our belief
that such a program will help extend the life of the ponds.

3. Aauatic MACROPHYTE HARVESTING ¥

Mechanical aquatic macrophyte control measures such as raking or
harvesting can be very effective in reducing the amount of rooted
vegetation in a pond. Harvesting methods can be as simple as hand
weeding or as mechanized as motorized boat/barge harvesters. These
methods are not effective at removing floating species such as Wolfia
or Lemma or at removing phytoplankton. The different mechanical means
have varying success at Hydrodictyon or filamentous algae removal.

Surrounding productive macrophyte beds and other shallow areas
with booms and turbidity curtains can help contain the spreading of
floating macrophytes to adjacent areas. Occasional seining of the
epilimnion can help reduce floating macrophytes and algal mats. Sheet-
ing'of the littoral-zone sediments in localized areas with plastic
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HOP BROOK POND SYSTEM STUDY
CONDUCTED BY WHITMAN & HOWARD, INC.
FOR THE
TOWN OF SUDBURY

WASTEWATER DISPOSAL QUESTIONNAIRE
APRIL, 1988

As part of the long-term environmental management of Hop Brook, the Sudbury
Board of Health has appropriated funds for the study of the Hop Brook Pond
System from the Marlborough Easterly Wastewater Treatment Facility to the
outlet of Stearns Millpond. The study is being conducted by Whitman &

Howard, Inc. of Wellesley under the direction of the Sudbury Board of
Health.

The main purpose of this study is to investigate the causes for the
accelerated aging process of the Ponds and to make appropriate
recommendations for inhibiting such cultural eutrophication. The gradual
filling in of a lake -- from pond, to marsh, to swamp, to dry land -- that
takes place over hundreds or even thousands of years, is a natural process
called eutrophication. Artificial, or cultural eutrophication, occurs due
to the increasing influx of nutrients from human activities. One of the
most visible and disagreeable aspects of such nutrient enhancement is the
rapid proliferation of weeds and algae.

The diagnostic portion of the study, now in progress, involves a detailed
description of the Pond and its watershed along with a year-long intensive
water quality testing program. This information is used to estimate the
level of nutrients in the Pond System and how they affect the
eutrophication process.

To this end, it is crucial to determine the potential impact on the
nutrient balance of the Ponds from such factors as wastewater disposal,

road runoff, and general land use. The following questionnaire is intended
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RESPONSES TO THE
HOP BROOK POND SYSTEM STUDY
WASTEWATER DISPOSAL QUESTIONNAIRE

If your property is used for dwelling:

Number of Family Units in Dwelling _1_
Total Number of People 3,178

What kind of wastewater disposal system do you have?
Cesspool , Septic Tank _45 , Town Sewerage »

(100%)
Unknown

To which body of water is your dwelling nearest?

Grist Millpond _2/44% , Stearns Millpond _23/51% ,
Carding Millpond _3/67% , Hop Brook _17/37.8% .

How far is/are your system(s) from the shoreline of the Pond or tributary
to the Pond?

1/13.3% 10-50 ft, 5/11% 50-100 ft, 6/13% 100-200 ft, 18/40%
200-300 ft, 15/33% Over 300 ft

When was the last maintenance done on your system? _3.5 yrs ago
(40 answered) .
Please indicate reqularity of maintenance needs. _3.5 (29 answered)

Type of maintenance performed? Pumping _36 , New Leach
Bed 6 , Unclog Leach Lines __, Chemical Treatments _1 ,
Bacterial Aids ___, New Septic Tank _1 .

Do you have water-saving devices on any of the following?
Shower Heads _33 , Bath Tub Spigots _1 , Toilets _5 .

Do you have any problems with your wastewater disposal system?

Yes 3 No _42 .

If the answer to question 8 is "Yes" please check the items below that
best describe your problem. Check as many blocks as are appropriate.

Spring Summer Fall Winter

Slow Drainage from Sinks and Tubs

Toilet Backups

Odors Outside of Residence 1 1 1

Standing Water on Property 1
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