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PROJECT SUMMARY

Silver Lake and its watershed was the subject of a Phase I
Diagnostic/Feasibility Study, conducted under the M.G.L. Chapter
628 Clean Lakes Program. This study was performed by the firm of
Baystate Environmental Consultants, Inc. for the Town of
Wilmington. The Diagnostic/Feasibility study's primary goals
were to determine the historic and present water quality
conditions in the lake, identify the major sources of nutrient
loadings in the watershed and provide appropriate recommendations
for improvement of the water resource. The major problems of
concern were decreasing water quality and recreational impairment
caused by increasing aquatic macrophytes. The period of sampling
and data collection was from February 1987 to January 1988.

The results of the Diagnostic portion of the study indicated
that Silver Lake is a mesotrophic lake, moderately impacted by
its urban setting. Phosphorus was the most important limiting
nutrient for primary production in Silver Lake. Phosphorus was
found to be entering from all a number of sources. The three
most important being a surface tributary (22%), groundwater (31%)
and stormwater runoff (22%). The biological community which
exists under these conditions contains an abundant, low-growth
habit macrophytes and a mediocre fish population.

The Feasibility portion of the study considered and
eliminated lake management options not appropriate or feasible
for Silver Lake. The recommended options were education on
groundwater management and protection, storm drain redesign, bank
stabilization, and selected macrophyte/sediment removal.
Implementation of all the management options would reduce the
phosphorus budge by 20 to 39%. A detailed description and cost
estimate for each recommended alternative is provided. Costs of
the recommended management options total to $105,000 with local
support (Wilmington) of $31,700. The majority of the funds are
being sought from the MA Clean Lakes Program.



11



TABLE OF CONTENTS

PAGE

PART I; DIAGNOSTIC EVALUATION 1

Introduction 3

Data Collection Methods 5

Lake and Watershed Description and History 9
Lake Description 9
Watershed Description 13
Watershed Geology and Soils 17
Historical Lake and Land Use 17

Limnological Data Base 23
Flow and Water Chemistry 23
Supplemental Water Quality Sampling 40
Bacteria 43
Phytoplankton 44
Macrophytes 49
Zooplankton 52
Macroinvertebrates 52
Fish 52
Storm Water Assessment 54
Sediment Analysis 57
Comparison with Other Studies 60
Questionnaire Survey 61

Hydrologic Budget 65

Nutrient Budget 73
Phosphorus 73
Nitrogen 80

Diagnostic Summary 83

PART II : FEASIBILITY ASSESSMENT 85

Evaluation of Management Options 87
Available Techniques 87
Evaluation of Viable Techniques 92



PAGE

Ground water Management and Protection 97
Reducing the Numbers of Septic Systems 97
Mitigation of Impacts by Existing Septic Systems 99
Anticipated Impact of the Groundwater Management

and Protection Program 101
Costs, Permits and Summary 102

Storm Water Treatment 103
Prioritization of Storm Drain Improvements 105
Repair of broken pipe at Grove and Burnap Streets 106
Installation of an Infiltration Trench 106
Water Quality Inlets 109
Catch Basin Cleaning and Operational Costs 109
Related Storm water Management Issues 110
Anticipated Impact of System Improvement on Silver Lake 110
Costs, Permits and Summary 111

Bank Stabilization 113
Elements and Anticipated Impacts of Program 113
Costs, Permits and Summary 113

Macrophyte and Sediment Removal 119
Elements and Anticipated Impacts of

Hydro-raking Program 119
Costs, Permits and Summary 120

Recommended Management Approach 123
Discussion of Recommended Options 123
Anticipated Impacts of Proposed Management Actions 124
Monitoring Program 124

Funding Alternatives 129

Contact Agencies . 133

Environmental Evaluation 137
Environmental Notification Form 137
Comments by Interested Parties 137
Relation to Existing Plans and Projects 137

Feasibility Summary 139

References 141

IV



PAGE

APPENDICES :

Appendix A - Educational Information About Land
and Wastewater Management for
Minimization of Ground Water Pollution 147

Appendix B - Environmental Notification Form 157

Appendix C - Comments by Interested Parties and
Sample Survey Questionnaire 169

Appendix D - Data and Calculations 187
1. Water Quality Data 189
2. Biological Data 199
3. Calculation Sheets and Useful

Conversions 211

Appendix E - General Aquatic Glossary 223

v





LIST OF- TABLES

PAGE

Table 1 Characteristics of Silver Lake and Its Watershed 10

Table 2 Values of Monitored Parameters in the Silver Lake
System 25

Table 3 Supplementary Water Quality Data from the Silver
Lake System 42

Table 4 Stormwater Water Quality Data 55

Table 5 Chemical Characteristics of Silver Lake Sediment 59

Table 6 Summary of Questionnaire Responses for the Silver
Lake Study Area 62

Table 7 Precipitation Data for the Wilmington, Mass. Area 66

Table 8 Hydrologic Budget for Silver Lake 71

Table 9 Nutrient Export Coefficients 74

Table 10 Nutrient Load Generation 75

Table 11 Equations and Variables for Load Derivation 76

Table 12 Phosphorus Load to Silver Lake Based on Models 77

Table 13 Phosphorus and Nitrogen Mass Flows in the
Silver Lake System 79

Table 14 Nutrient Loads to Silver Lake Based on
Emperical Data 81

Table 15 Lake Restoration and Management Options 88

Table 16 Costs Associated with Storm Drain System
Improvement s 112

Table 17 Costs Associated with Bank Stabilization
Program 116

Table 18 Costs Associated with Macrophyte/Sediment
Removal by Hydro-raking 121

Vll



Table 19 Anticipated Impacts of Proposed Management
Actions on the Phosphorus Budget for Silver Lake

Table 20 Costs of Three Year Monitoring Program
Associated with Management Options

Table 21 Local Costs of Recommended Management Options

Table 22 Potential Funding Sources

Table 23 Permits and Approvals

Table 24 Summary of Management Actions, Implementation
Schedule and Associated Costs

PAGE

125

127

130

131

134

140



LIST OF FIGURES

PAGE

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure lla

Figure lib

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Regular Sampling Stations at Silver Lake,
Wilmington, Mass.

Bathymetric Map of Silver Lake

Hypsographic Profile of Silver Lake

Silver Lake Watershed

General Features of the Silver Lake Watershed

Land Use in the Silver Lake Watershed

Soil Types in the Silver Lake Watershed

Nitrate Nitrogen Levels in Silver Lake

Temperature and Dissolved Oxygen Depth
Profiles; 1987-88.

Supplementary Water Quality Sampling Sites
in Silver Lake Watershed

Silver Lake Phytoplankton - Cell Numbers

Silver Lake Phytoplankton - Cell Volumes

Secchi Disk Transparency Depth - Seasonal Trends

Distribution of Aquatic Macrophytes in
Silver Lake

Benthic Cover by Aquatic Macrophytes in
Silver Lake

Soft Sediment Depth in Silver Lake

Comparison of study year precipitation to
thirty year average

6

11

12

14

15

16

18

29

31

41

46

47

48

50

51

58

67

IX



PAGE

Figure 17

Figure 18

Figure 19

Figure 20

Figure 21

Location of sanitary sewers in the Silver Lake
vicinity

Location of proposed improvements to storm
drain system

Typical design of infiltration trench
and oil separator

Location of proposed actions in Silver Lake

Typical Bank Stabilization Plan

98

107

108

114

115



PART i.
DIAGNOSTIC EVALUATE





INTRODUCTION

The establishment of the Massachusetts Clean Lakes Program
under Chapter 628 of the Acts of 1981 enabled many municipalities
to acquire funding for study and restoration of their lakes. As
an environmentally aware and concerned community, the Town of
Wilmington applied for a grant for a phase I
Diagnostic/Feasibility study of Silver Lake. After being awarded
the grant, the Town contracted Baystate Environmental
Consultants, Inc. to conduct the study.

Concern over the present and future status of Silver Lake has
prompted the request for a study. The water quality impacts of
development activities in the Silver Lake watershed were not
quantified. The recreational status of Silver Lake has been
perceived to have deteriorated over the past years. Mitigation
of present negative influences on the lake and planning to
preserve recreational value to this heavily used water resource
were desired.





DATA COLLECTION METHODS

Previous studies of Silver Lake and water bodies in the
watershed were reviewed, as were historical records of lake water
quality. Maps prepared by the United States Geological Survey
(USGS) and the Soil Conservation Service (SCS) were used to
initially assess watershed characteristics and establish
hydrologic connections. Of particular use -were the USGS (1979)
Wilmington Quadrangle Sheets from the 7.5 minute series, the
Public Works Bedrock Geologic Map (Zen, 1983), and the soil
survey reports prepared by SCS. Land use and vegetation cover
maps were obtained from the (University of Massachusetts, 1975)
Massachusetts Map Down program. Contemporary land use
information was provided by infrared (1985 survey) aerial
photography obtained from the National Cartographic Information
Center (NCIC). Additional information came from maps provided by
the Wilmington Planning Board, Department of Public works and
Conservation Commission. Areal measurements were made with a
Planix Electronic Planimeter. Determinations made from maps were
verified by field inspection by staff engineers and biologists.

Historical lake and land use were investigated through
conversations with watershed residents, newspaper and technical
and field inspection. "Captain" Lars Neilson of the Town Crier
was particularly informative. Ms. Bigwood provided information
on the old Middlesex Canal. Other useful history was found in
the Town Bicentennial pamphlet. Ms. Pat Ward and Mr. Jeffrey
Hull provided excellent liaison with the Town of Wilmington.
Coordination with the Wilmington Conservation Commission was
through Ms. Elizabeth Sabounjian. Mr. Ron Swazey of the
Recreation Department was most helpful in allowing us access to
boats at Silver Lake. Other helpful persons were Dan Stewart of
the Fire Department and Greg Erickson of the Board of Health.

The Silver Lake bathymetric map was prepared by an Uniden
fathometer and compared to that made by the Massachusetts
Division of Water Pollution Control (MDWPC) 1984) . Soft sediment
depth was assessed visually by teams using SCUBA and snorkeling
gear and by driving a probe to first refusal. Notes were made
about the underlayment and other characteristics. These
measurements were performed by divers in conjunction with the
macrophyte check.

A comprehensive monitoring and investigative research program
was instituted to assess the physical, chemical, and biological
characteristics of Silver Lake. Regular sampling stations were
selected from field inspection. These stations are described and
shown in Figure 1. The in-lake stations were regularly sampled
at surface and bottom stations and at the metalimnion when
stratification was in evidence. All stations were sampled



Figure 1; Sampling Stations for the Silver Lake Study.
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approximately biweekly between spring and fall turnovers and
monthly thereafter until the following late winter.

Fifteen parameters were routinely assessed at all sampling
locations. Temperature and dissolved oxygen levels were measured
with Yellow Springs Instrument (YSI) model 57 meter, with
vertical profiles obtained at the in-lake stations (0.5m
intervals) . The pH was measured with an Orion model SA250 pH
meter. Conductivity was assessed with a YSI model 33 meter. A
four liter water sample was taken at each sampling location and
transported to Arnold Greene Testing Laboratories in Natick, MA
for analysis of suspended solids, turbidity, total alkalinity,
chlorides, total Kjeldahl nitrogen, nitrate nitrogen, ammonia
nitrogen, total phosphorus, and orthophosphorus by accepted
standard methods (e.g., Kopp and McKee, 1979; APHA et al., 1985).
Separate bacterial samples collected for fecal coliform and fecal
streptococci analyses were performed by Arnold Greene Testing
Laboratories by standard methods (membrane filter technique).

Flow was assessed at all stream stations, using either the
float method or Gurley Standard flow meter where appropriate, A
20 cm Secchi disk was lowered on the shady side of the boat to
evaluate water transparency at the in-lake stations. Analyses of
chlorophyll concentration and features of the phytoplankton and
zooplankton communities were made for those locations as well.
Phytoplankton samples were obtained from a depth integrated
epilimnetic composite sample, while zooplankton samples were
collected by oblique tow on an 80 micron mesh net. Phytoplankton
samples were preserved with Lugol's solution and zooplankton
samples were preserved with a formalin solution. Plankton
samples were analyzed microscopically for species composition,
relative abundance and biomass. The size distribution of the
zooplankton was also assessed, and all data were recorded and
tallied using a microcomputer routine developed by BEC and
Cornell University personnel.

Sediment samples were obtained from the in-lake stations with
an Ekman benthic dredge. Samples were analyzed by Arnold Greene
Testing Laboratories for total Kjeldahl and nitrate nitrogen,
total phosphorus, organic/inorganic fraction, heavy metals (Cd,
Cr, Cu, Fe, Mn, Pb, Zn), and oil and grease.

Macrophyte species composition and areal extent of cover were
assessed by visual inspection during bottom transects by SCUBA
divers. The distribution of summer bottom cover was mapped,
noting dominant species in each area. Qualitative notes were
made on the subsurface density, composition, and distribution of
macrophyte stands by the diver. Determination and mapping of
macrophyte characteristics were made in August, 1987.



Ground water seepage measurements were made with seepage
meters, according to the method outlined in Mitchell et al.
(1988) . These seepage meters are essentially portions of standard
55-gallon drums which are fitted with a spout and bags to measure
the incoming or exiting water in the bounded benthic area. The
seepage meters were placed in transects at regular intervals (75-
123 m) around the lake to determine the actual amount of inflow
or outflow. By fitting transect flow values to a linear equation
and integrating, the inflow or outflow per unit of shoreline
length can be computed for each segment of shoreline.
Alternatively, an average flow value per transect was sometimes
employed. Total inflow and outflow were calculated as the sum of
appropriate shoreline segments (see Appendix for calculation
sheet). Seepage at Silver Lake was sampled during three periods
: May-June 1987, September 1987 and April 1988.

Pore water for chemical analysis was obtained by inserting a
littoral interstitial porewater (acronym - LIP) sampler into a
substrate and gently suction pumping the pore water out of the
sediment with flexible tubing, an intermediate trap and a hand
pump. The apparatus is a modified pointed stainless steel tube
mini-well with sampling ports and protective brass screens.
Water was extracted from six sites at regular intervals around
the periphery of Silver Lake. At each location, 3-5 sub-samples
were taken and composited. Sampling of the porewater was done in
September 1987 and April 1988. The porewater was analyzed for
the nutrient and general parameters outlined above.

Storm water samplings were made in April 1988 to assess the
potential contributions of these inputs to water quality.
Stations at SW-1, SW-3 and SW-4 were sampled. Water samples were
taken and flows recorded for half hour intervals for a total of
two hours. Composite samples were made and analyzed for the
usual water quality parameters as well as heavy metals (Cd, Cr,
Cu, Fe, Pb, Mn, Zn) and oil and grease,

A questionnaire survey was performed to assess the
preferences and practices of watershed residents. Questionnaires
were prepared and distributed by EEC personnel. Emphasis was
placed on properties near the lake, but all Wilmington and
Tewksbury residences up to 1000 m from Silver Lake and additional
households in the watershed were surveyed. Responses were
tallied and interpreted by BEC personnel.



LAKE AND WATERSHED DESCRIPTION AND HISTORY

Lake Description

Silver Lake is located in the Town of Wilmington, Middlesex
County, Massachusetts. It lies in the Ipswich River Basin at
latitude 42 degrees and 34 minutes and longitude 71 degrees and
12 minutes (MDWPC, 1986). The shape of Silver Lake is
essentially circular and contains no islands (Figure 1) . The
lake has an area of 11.5 hectares (28.5 acres). The shoreline
length is approximately 1,220 m (4,000 ft). The regularity of
the shoreline is reflected by the very low value for shoreline
development of 1.01 (Table 1). [Note that a perfect circle would
have a value of 1.0]. The greatest distance in any one direction
(or longest fetch) is 400 m (1,312 ft).

The current lake consists of two deep basins connected by
shallow littoral areas (Figure 2). The deepest point in the lake
was determined to be 9.0 m (29.5 ft), located within the eastern
deep basin. The depth-areal relationship shown by the
hypsographic curve projects a rather uniform decrease in area to
6 m (20 ft), and a rapid decrease at greater depths (Figure 3).
The full volume of the lake was calculated to be 410,680 cu. m
(or 333 acre-feet). The lake level drops about 0.3 to 0.5 m.(l-2
ft) over the course of a season, producing an average minimum
pool of 376,000 cu. m (or 305 acre-feet) The inlet was observed
flowing for the in the spring (March through May) and late fall
(November and December) only. Outlet flow was recorded for the
months of December through June. Based on available data about
surface water and ground water flows, an annual average input of
0.746 cu.m/min (0.439 cubic feet per second) is expected (for
details consult Hydrologic Budget section). Thus, the average
detention time for water in Silver Lake is 1.05 yr or 382 days.

The inlet "stream" (SL-1) consists of a 9" vitrified clay
pipe entering the lake at about waterline. Water enters this
pipe from a drainage ditch directly behind and to the west of the
pipe. This ditch drains an extensive wetland area in the western
watershed (Figure 4) . An earthen bridge and lack of a direct
connection suggests that the flow percolates from the ditch to
the pipe. Water entering the lake from SL-1 is very apparent due
to its tea-color. The color is apparently derived naturally from
tannic and humic acids in the water. The outlet consists of an
simple channel which takes overflow from the lake under Main
Street (Route 38) and ultimately into Lubbers Brook. There is no
existing structure on the outlet to regulate water level, nor any
evidence of prior attempts to control level.

Silver Lake is accessible to the public through town-owned
land on Route 38. There is a unimproved boat launch off of Lake
Street. There are two swimming beaches for residents. The



TABLE 1

CHARACTERISTICS OF SILVER LAKE AND ITS WATERSHED

Location: Wilmington and Tewksbury Townships, Middlesex County;
42°34' latitude 71°12' longitude.

Area:
Depth:

Volume:
Detention time

Mean
Maximum

Length
Greatest Width
Shoreline Length
Shoreline Development

11.5 ha-
3-9 m
9.0m
4.1M05ms

1.05 yr

0.40km
o.40km
l.22km
1.01

Watershed Area 53.50 fca
Watershed Area/Late Area 5: 1
Land Use:

Urban/Residential
Forest
Open
Marsh/Wetland
Recreational

(2&5 acres)
(12.6ft)
(29.5ft)

(333-2 acre-It)
(366 days)

(0.25 mi)
(0.25 mi)
(0.76 mi)

(0.21 sq mi)

of Total
74.6
10.7
7.3
5.9
1.3
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Figure 2. Bathymetric Map of Silver Lake.
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Figure 3. Hypsographic profile of Silver Lake.
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larger of these two is located in the southwest quadrant, and is
accessible via Burnap Street. The other is located off of Grove
Ave. This is the only natural swimming facility in the Town of
Wilmington.

Watershed Description

The watershed of Silver Lake covers an area of 53.5 ha (132.2
ac) , which is located in the towns of Wilmington and Tewksbury
(Figure 4) . Measurements were based on information from the
United States Geological Survey topographic map (7.5 minute
series) of Wilmington (USGS, 1979). The surface watershed area
to lake area ratio is approximately 5:1. The small watershed
area means that much of the nutrient load is derived from local
sources. In this highly urbanized watershed, the functional
watershed boundaries are Route 38, Grove Street, Lake Street, and
south of Vernon Street (Figure 5).

While information from the topographic map can delineate the
surface drainage area, the area of ground water influence is not
so easily traced. The general topography of the surface
watershed is very flat (0-3% slopes) with mostly loamy sands
(Deerfield, Hinckley, Windsor). Infiltration of surface
precipitation into the ground water is likely to be appreciable.

The ground water watershed of Silver Lake is unlikely to
differ substantially from the surface watershed. The heavily
developed region in the vicinity of Silver Lake forms a rough
triangle; with the three sides formed by Route 38, Grove Avenue,
and South Street (Figure 5) . This area with elevation greater
than 100 feet above sea level is hydrologically bounded by
wetlands to the west and north and Lubbers Brook (and old
Middlesex Canal channel) to the east and south. Ground water
flow in shallow strata moving toward Silver Lake would be
intercepted by these hydrological features and redirected around
the lake. Further, ground water to the north of Vernon Street is
more likely to go into the adjacent wetlands to the west (into
the Shawsheen River drainage) or the east (into the Lubbers Brook
drainage) than to enter Silver Lake. It is quite possible that
the movement of the ground water in the deeper strata is
different (overall regional drainage moves in a northeasterly
direction). However, influence of this deep ground water on
Silver Lake is apt to be slight, as the region of contribution to
a lake is usually located in the 0 to 2 m water depth.

The nature of most of Silver Lake watershed is highly
developed (Figure 6} . The majority of land use is medium density
residential, with single family units placed on lots of 0.25 to
0.5 ac. This constitutes 74.8% of the watershed (Figure 5).
Other important land uses and their respective percent of the
watershed are : forested, 10.7%; open area, 7.3%; wetland areas,
5.9%; and recreational, 1.3%.

13



Figure 4. Silver Lake watershed
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Figure 6. Land use in the Silver Lake watershed.

Land Use Types :

F = Forested
MR = medium density residential

0 = open
RC = recreational

SW = swamp-wetland

SCALE : 1" = 780'.
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There are five storm drains directly routed into Silver Lake
(Figure 5). The land surrounding the lake is flat and poorly
drained. Flooding of small depressions in streets is chronic
after rainfall in many residential areas, with the impervious
surfaces providing considerable depression storage. Population
density in the watershed appears to be increasing, based on the
many on-going enlargements and additions made to pre-existing
structures.

Watershed Geology and Soils

The Silver Lake watershed is largely the result of late
Pleistocene (i.e., Wisconsin) glaciation. The local bedrock tend
toward high-grade migmatitic schists and gneisses of the
"Nashoba" group (Stone and Pepper, 1983). However their effect
on water quality is largely reduced by their depth and the
influence of the Quartenary geology of the area. The features of
the Silver Lake morphoseguence are dictated by the extent and
location of glacial meltwater deposits in a pitted, outwash
plain.

The meltwater deposits in question are primarily
glaciolacustrine (lake-derived) in origin. In the Wilmington
area, the Shawsheen-Merrimack Basin lakes were the predominant
influence. These were lowland glacial lakes impounded by the
north-sloping valleys along the margin of the retreating ice
sheet. Typical deposits resulting from these features consist of
1 to 4 m of fluvial topset gravel and sand, which overlie 5-12 m
thick layers of sand, pebbly sand and silt (Stone and Pepper,
1983). These deposits are responsible for the largely sandy
composition of the watershed soils.

The soil classifications for this portion of Middlesex County
are still unpublished. However, the major soil groups in the
Silver Lake watershed were identified by personnel of the Soil
Conservation Service. The soil types and their locations are
shown in Figure 7. The major soils and their percent coverage in
the watershed are as follows : Deerfield loamy sand, 63.0%;
Hinckley loamy sand, 16.6%; Windsor loamy sand, 12.4%; and
Freetown muck, 8.0%. The sands are characterized by their
extreme permeability, which can be 50 cm/hr or more {SCS, 1986).
This has two important implications for the Silver Lake system.
There is considerable percolation of precipitation into the
ground water and nutrients can move rapidly within the ground
water zone.

Historical Lake and Land Use

The origins of the Town of Wilmington arose from the need of
the inhabitants to have a more convenient place to worship than
distant neighboring towns (Passmore, 1980}. The town was

17



Figure 7. Soil types in the Silver Lake watershed.

Soil Types :

DeA = Deerfield loamy sand.

Fm = Freetown muck.'

HgA = Hinckley loamy sand.

WnA = Windsor loamy sand.

SCALE : V - 825.
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incorporated in September 1730 by an act of the Massachusetts Bay
Colony. Land was taken from the towns of Woburn, Reading,
Charlestown and Billerica to create Wilmington, which has the
general shape of a hand. At the crook between the imagined thumb
and forefinger of this hand is Silver Lake.

Silver Lake was originally known as Sandy Pond and is
depicted as such on the earliest official map of the town, dated
1794 (Passmore, 1980). This map locates Joshua Thompson's saw
mill to the south of the lake, powered by a small mill pond
supplied by the waters of Silver Lake and Lubbers Brook. The
small dug ditch, (the present outlet of the lake) is reported to
have been in place as early as 1704 or 1705 to supply water for
the mill on Glen Road (Neilson, 1988). The mill site was
occupied and in use until about 1875.

One of the more important features of Wilmington's history is
the building of the Middlesex Canal. This not inconsiderable
engineering feat was started in 1795 and the canal opened in
1803. Following the pre-glacial route of the Merrimack River,
this canal stretched from Boston to Lowell and provided an
impetus to economic development and expansion in the region,
although not necessarily in Wilmington. The canal was located
about 1/3 mile southwest of Silver Lake. Although adjacent, the
lake never was a source of the waters in the canal. Building of
the Boston and Lowell (currently the Boston and Maine) railroad
in 1835 led to the eventual demise of the canal and its
abandonment shortly before the Civil War.

The railroad had a profound effect on the development of
Wilmington and the history of Silver Lake. The clean waters of
Silver Lake provided excellent quality ice. The nearby railroad
allowed easy transportation of bulk ice to the pantries of
Boston. Subsequently the cutting and storage of ice became a
major activity on Silver Lake. Records indicate that the pond
was leased for commercial purposes in June of 1870 for 20 years
(MDFW, 1912). These rights were probably sold to Union Ice
Company, along with the outlet by Henry Harnden, the last
operator of the sawmill mentioned above.

The ice industry lasted from the 1870's until after World War
I. At one time 17 ice houses stood on the shores of Silver Lake
(Neilson, 1988). Most were located in the southwest corner of
the lake, at the present location of the public beach. A
preferred location for the cutting of ice was the shallower
waters along the northern half of the lake. Aquatic weeds were
harvested here by horse drawn mowers during the fall of the
season {Neilson, 1988}. This was to prevent the contamination of
the ice with plant fragments, which would have lowered the market
value of the ice. Other than this plant harvesting, there are no
other records of lake management techniques being practiced at
Silver Lake.
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The other major influence the railroads had on Silver Lake
was the promotion of the waterbody as a summer resort.
Development of the Boston and Lowell Street Railway or trolley
car in 1895 followed the present Route 38 and passed just by the
lake on the eastern side (Passmore, 1980). Holiday and summer
excursions from Boston and the suburbs became popular. Bathing
beaches, dance pavilions and ice cream parlors soon followed.
Swimming at that time was very popular and very proper. As noted
in a report from 1912 : "The worthy selectmen of the town of
Wilmington permit bathing but require a suit to be worn
consisting of shirt and drawers, a sanitary precaution" (MDFW,
1912} . During the Roaring Twenties, a more casual, resort
atmosphere permeated the area around the lake and it was the
location of several popular "speakeasies" (Passmore, 1980).

The popularity of Silver Lake as a vacation spot led to rapid
development of the area. Real estate developers sub-divided
larger tracts into small lots which they sold for summer homes.
These undeveloped lots were widely advertised and could often be
purchased relatively cheaply. The name "Silver Lake" was coined
by one of these developers, doubtlessly to provide more
distinction to the waterbody than Sandy Pond could provide.

It was during these period (1900's to the 1920's) that many
of the buildings in the watershed were built. Primitive "camps"
were improved by their owners into summer cottages. However, as
there were few building codes or standards for sanitary
facilities during those days, these cottages were built with
insufficient concern or acreage for protection of the ground
water. In this somewhat haphazard fashion, Silver Lake developed
as a popular summer resort. The lands surrounding the lake were
converted from agriculture (mostly pasturage) to part-time
residential. [Note : An interesting room mural depicting Silver
Lake at the turn of the century is located in the large white
house on Lake Street presently occupied by the White family.]
One feature of the lake at this time (which no longer exists) was
a stone fence which ran around the northern part of the
shoreline. The fate of this stone fence is not known, but it is
interesting to note that this same area is now subject to bank
erosion and shoreline tree destabilization. A condition which
was reportedly exacerbated by the near-miss of the hurricane in
fall 1985 (E. White, pers. comm.).

The Great Depression caused a fundamental demographic change
to the Silver Lake watershed. Economic circumstances forced the
conversion of many of the summer cottage to full time homes (a
trend which continues to this day). These conversions only
proved how woefully inadequate the existing sanitary systems were
to year-round usage, particularly in the flat, wet soils
characteristic of the watershed. The need for municipal service
for water, electricity and road maintenance led to the formation
of the Wilmington Planning Board in 1930 and the first zoning
bylaws in 1934 (Passmore, 1980). Unfortunately these
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authorizations were too late to alter the basic patterns of land
use and population density in significant portions of the Silver
Lake watershed. The need for sanitary sewers was very acute in
this portion of town but was forced to await the extension of the
sewer lines in the mid-1980's. As will be discussed later the
hook-up of houses to sewers has not been completed in this area.
With the introduction of paved streets, storm drains were
installed to prevent chronic flooding. These drains route water
into the lake at four locations. Both the lack of sanitary
sewers and the introduction of storm drains are two factors which
have led to a degradation of the waters, both surface and ground
water, which pass into Silver Lake.

The present uses of Silver Lake are mainly swimming, skating,
fishing and boating. The most popular activity is swimming, as
this is the only natural swimming facility in the Town of
Wilmington, and there are two beaches maintained on the lake.
The larger is the Town Beach, on the southwest shore. The beach
and bathhouses are opened for use during the summer months. The
Wilmington Parks and Recreation Department holds swimming
classes, and there are boats and canoes available for rental.
The area just to the south of the bathhouse is the former site of
the Mildred Rogers Elementary School. This school, opened in
1938, was demolished in the early 1980's. The present bathhouse
occupies a site that was once an outdoor dance floor (L. Neilson,
pers. comm.). The second beach is located near the intersection
of Grove Avenue and Route 38 (Figure 5). This smaller beach,
locally nicknamed "Baby Beach", is used only for bathing. To the1

north of this beach, a parcel of land flanking the outlet is -:

owned by the town. This is the former site of an ice house owned
by a Mr. Hale, which served local needs (Neilson, 1988) .

Activities during the winter center upon skating and ice-
fishing. The good accessibility to the lake makes this a
popular, if not too productive ice fishery. Skating and hockey
rinks are established on the ice during the winter months.

Fishing is a popular spring activity, due to state stocking
and the easy access to the lake off Route 38. A preferred
fishing location is off the steep dropoff near the rip-rapped
section of the shoreline. A fishing derby is held around
Memorial Day each year. Shoreline fishing for panfish is popular
throughout the summer (for greater detail consult Fish section).

Boating is generally done in rowboats or canoes. Old
photographs indicate that this was once a more popular activity
than it is now (Passmore, 1980). Motors are not allowed on
Silver Lake, thereby excluding waterskiing as an activity. Small
sailboats are occasionally seen on the lake.

While the lake was and continues to be the center of many
recreational activities, little attempt has been made to manage
the lake. The records indicate that the seasonal harvesting of
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aquatic weeds in conjunction with the ice business (see above)
was the only organized attempt to reduce the weed growth.
Individual abutters may have practiced some management of their
shorelines. Rotenone was sprayed in 1954 to reduce some of the
rough fish population as part of a reclamation effort (MDFW,
1957) . No other chemicals were knowingly introduced into the
lake as part of any subsequent program. While the lake is a
source of good quality water, the use of the lake as an emergency
water source is precluded by the slow recharge of the lake (pers.
comm., H. Gilliam, Town Engineer).
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LIMNOLOGICAL DATA BASE

Limnological data were collected for one year in an effort
to assess lake conditions and evaluate temporal and spatial
variability in physical, chemical and biological parameters.
Through this data collection, Baystate Environmental Consultants,
Inc. (EEC) seeks to understand the Silver Lake ecosystem and to
identify those factors which are critical to its maintenance. A
considerable data base is generated through the course of this
yearlong monitoring, not all of which is of equal importance. It
is necessary to distinguish between the critical items and those
of more general interest or minimal utility in the management of
the system. Therefore, in the interest of brevity, most raw data
has been incorporated into the appendices of this report.
Included in these appendices are calculation sheets which detail
the derivation of useful values and other information of
secondary importance.

Flow and Water Chemistry

The waters of Silver Lake are a composite of the dilute
mixture of chemical substances introduced by the weathering of
rock in the watershed, from seasonal precipitation, and from
cultural use of the landscape (e.g., housing) including the
infrastructure (e.g., roads) which supports this culture. The
importance of these various sources to Silver Lake is dependent
on both their concentration and the measured volume of water
containing these substances which flows into the lake. Flow
characteristics are thus of major potential importance in any
system.

Silver Lake is a kettlehole lake and the amount of surface
waters draining into the lake are slight. There is only a single
seasonal tributary (SL-1) consisting of a drainage ditch, the
waters of which enter Silver Lake via a pipe along the west
shoreline (Figure 1). The pipe is blocked at the end of the
ditch, so water percolates through a plug of soil before entering
the lake. Water from this source was distinctively tea-colored,
reflecting the tannic and humic compounds typical of wetland
drainage. Flow at this source was only measured in spring (March
to May) and late fall (November to December). The annual mean
for SL-1 (time-weighted to compensate for the different amount of
days between sampling dates) was 0.113 cu. m/min. (0.65 cfs).
Additional water enters the lake from precipitation, ground water
and storm runoff. Losses from the lake include evaporation and
an outflow (SL-4) , which was active from early winter to early
summer (December to June) . The raw, time-weighted annual mean
for the outflow was 0.896 cu. m/min. (0.53 cfs). Correction for
the effect of wind action lowered this mean to 0.589 cu. m/min
(0.35 cfs). Derivation of ground water, precipitation and storm
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water inputs, as well as evaporative losses, are detailed in the
Hydrologic Budget section of this report.

The chemical constituents of water samples were assayed and
summary statistics, including mean (average) value, minimum and
maximum value, were established (Table 2) . To compensate for
differences in flow volumes and sampling intervals; the annual
mean of the following chemical parameters were appropriately
flow- and time-weighted (SL-1, SL-4) or time-weighted (all other
stations) : total phosphorus, orthophosphorus, ammonia nitrogen,
nitrate nitrogen, kjeldahl nitrogen, total suspended solids,
conductivity, total alkalinity, chloride and turbidity. These
values were used in calculating nutrient or sediment loadings to
the lake (kg/yr). Other instantaneous measurements such as
dissolved oxygen, temperature, pH, chlorophyll a, and secchi disk
transparency are given as unweighted averages of sampling dates,
as were the derived values of percent saturation and nitrogen to
phosphorus ratios. Means values of fecal coliform and fecal
streptococci were reported as log geometric means instead of
arithmetic means.

In discussing the chemical composition of Silver Lake, it
makes sense to start with the elements that are considered
critical ones for lake productivity, namely phosphorus and
nitrogen. Phosphorus is the element "limiting" primary
productivity in temperate zone lakes, as it is most often the
element in shortest supply in relation to the needs of plants
(phytoplankton or rooted aquatic plants) . It is also more easily
controlled than most of the other essential plant nutrients. The
level of total phosphorus in a lake is a good indicator of the
degree of fertilization or eutrophication that the lake is
experiencing (Wetzel, 1983; Goldman and Home, 1983) .

Total phosphorus, as the name implies, refers to all the
phosphorus in a volume of water, including dissolved and
particulate forms. Total phosphorus in Silver Lake exhibited
spatial variations (Table 2). Total phosphorus in the surface
waters (SL-2, SL-3) had annual means of approximately 30 ug/1, as
did water leaving the system (SL-4) ; while the seasonal tributary
(SL-1) had a much higher mean value of 208 ug/1. There was a
faint seasonal pattern of diminished phosphorus during the
winter. The bottom stations had slightly higher means (34 to 36
ug/1) than the surface waters, which may reflect the effects of
particle settling and some phosphorus reniineralization occurring
under anoxic bottom conditions. The higher means of the mid-
water stations (47 to 49 ug/1) are indicative of both summer
conditions and areas of mid-water accumulation of epilimnetic
debris and metalimnetic production. It should be noted that this
lake exhibited distinct metalimnetic oxygen maxima during the
summer, suggesting the thermocline transition depth was a
favorable environment for phytoplankton growth.



Table 2. Values of monitored parameters in the Silver Lake system.

PARAMETER

FLOW

TOTAL PHOSPHORUS

ORTHQPHOSPHORUS

AMNIA NITROGEN

NITRATE NITROGEN

TOTAL KJELDAHL NITROGEN

MTRDGEN:PHOSPHORU£ RATIO

TEMPERATURE

DISSOLVED OXYGEN

D.O. SATURATION

TOTAL SUSPENDED SOLIDS

TURBIDITY

CONDUCTIVITY

pH

TOTAL ALKALINITY

CHLORIDE

UNITS

CU.M/MIN

UG/L

UG/L

MG/L

MG/L

MG/L

NONE

CELSIUS

MSA

7.

MG/L

N.T.U.

LMHOS/CM

S.U.

MG/L

MG/L

VALUE TYPE

MEAN
mxiMir?
MINIMUM

MEAN
MAXIMUM
MINIMLM

MEAN
mXIMUM
MINIMIM

MEAN
MAXIMUM
MINIMUM

MEAN
mXIMLM
MINIMUM

MEAN
MXIMUM
MINIMLW

MEAN
KW1MUM
MINIMUM

MAXIMIM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN
mXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

MEAN
MAXIMLM
MINIMUM

MEAN
WlXItfLW
ttlNWIW

MEAN
MAXIMUM
MINIMLM

MEAN
MAXIMUM
MINIMLM

MEAN
MAXIMUM
MINIMLM

SL-1

.11
,65

0

208
600

BO

56
160

10

.06

.10

.01

.18

.74

.02

.78
1.70
.3?

89
392

8

11.5
-2.0

5.1
8.7
1.5

39
60
11

14.7
24.8

.8

3.42
6

.6

56
78
43

5
5.2
4.7

.72
11
.6

14.8
30.2

9

SL-25

31
6?
10

11
20
10

.05

.20

.01

.68
1.40
.13

.3?
1.02

.20

101
246

5

27.2
-1.0

10.9
15.2
8.4

99
117
76

3.1
23
.4

.66
2

.18

219
900

190

7
7.4
6.5

23.2
27.7

20

50.5
63.5

43

SL-2m

47
69
13

10
10
10

.04

.08

.01

.58

.98

.28

.48

.66

.31

78
223
22

25.0
14,1

8.3
12.8
4.0

86
124
41

2.4
4.8

.4

.75
1.2
.6

205
241
185

7.1
7.3
6.4

24.6
70.4

20

49.6
55.5
46.7

SL-2b

34
86
10

10
10
10

.06

.19

.01

.62
1.53
.15

.37

.53

.23

100
319
14

17.1
0.0

5.6
11.7

.4

47
91
4

5.6
24.5

.4

.85
2

.2

197
299
180

6.9
7.1
6.4

2.4
31.7

19

48.8
55

42.6

SL-3s

29
82
23

10
10
10

.05

.13

.01

.65
1.38
.15

.36

.50

.23

114
303

7

27.6
-1.0

10.8
15.5
8.7

97
114
73

2.3
23
.4

.71
2

.25

219
2196

185

7.1
7.4
6.5

22.7
29.6
19.5

49.5
59
44

SL-3m

49
86
24

10
10
10

.05

.15

.01

.53
1.10
.16

.49

.82

.25

59
142
21

25.1
12.4

6.8
11.2
1.1

70
116

10

3.3
6.7

2

1.05
2.2
.1

202
276
180

7
7.3
6.3

25
33.2

21

49.5
54.2
45.5

SL-3b

36
84
30

10
10
10

.08

.15

.01

.56
1.18
.07

.37

.68

.19

B7
324
11

18.2
-.1

4.8
11.2

.2

41
88
2

8.2
35.5
0.4

1.21
4.2
.1

217
298
180

6.9
7.4
6.3

24.5
34.9

19

48.5
55
44

SL-4

.59
1.7

0

30
62
10

10
10
10

.06

.13

.01

.84
1.30

.37

.37

.79

.17

131
301

58

18.5
-2.3

11.7
15.4
6.9

97
115
71

1.4
12
.4

.74
2.8
.28

210
234
195

7
7.4
6.6

22.5
25
19

47.9
51
43
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Table 2

FECAL COLIFORM

FECAL STREPTOCOCCI

CHLOROPHYLL A

K/IOOHL MEAN* 13
MAXIMUM 200
MINIMUM 0

N/100ML MEAN* 339
MAXIMUM 80000
MINIMUM 6

ua/L

SECCHI DISK TRANSPARENCY METERS

MEAN
MAXIMUM
MINIMUM

MEAN
MAXIMUM
MINIMUM

4
20
0

21
4000

0

1.6
3.6
.5

5
7.6
3.7

4
20
0

19
410
0

10
?000

0

47
6000

0

5.3
8.35
3.75

* BEOMETRIC MEAN APPLIED INSTEAD OF ARITHMETIC MEAN.
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Another pattern noted in the total phosphorus data is a
quasi-cyclical increase and decrease in the lake over the summer
months (Appendix D). This may be due to analytical error or some
unknown factor. Part of the pattern may be due to rainfall
events. Comparison of the sampling dates and precipitation in
the local area (Reading, MA) over the preceding three days (NOAA,
1987; 1988), indicates that low phosphorus values are found on
days with appreciable rainfall before the sampling. For example,
low phosphorus values were seen on 5/27, 6/23, and 8/5/87.
Corresponding rainfall in the three days prior to the samplings
were 0.24", 0.59" and 0.44", respectively. In comparison, 6/10,
7/8, 7/21 and 8/20/87, dates with high phosphorus, had 0.02",
0",0.03" and 0" of precipitation, respectively, in the three day
period before the sampling. The lowered values following the
rain may indicate the effect of dilution by rainfall and ground
water recharge.

Orthophosphate is the form of phosphorus most readily
available for biological assimilation, and the turnover
(recycling) rate of this fraction is important in determining
levels of lake productivity. In Silver Lake, levels rarely rose
above the level of detectability (10 ug/1); not uncommon for an
inland lake. The seasonal tributary had about a quarter of the
total phosphorus as orthophosphate (56 ug/1). In general, these
levels of phosphorus would classify the lake as mesotrophic
(Wetzel, 1983) .

Nitrogen is another important plant nutrient, and occurs in
three major forms in aquatic systems : ammonia, nitrate and
organic compounds (Table 2). Ammonia and nitrate can be measured
directly, while organic nitrogen is taken as the difference
between Kjeldahl nitrogen (a digestion-based test result) and
ammonia nitrogen. Ammonia and nitrate are readily available for
uptake by plants. Both forms can cause toxicity problems at high
concentrations. Ainmonia nitrogen is toxic to most animals at
concentrations dependent on temperature, pH, and dissolved solids
levels. Nitrate can be toxic to humans at concentrations above
10 mg/1 (as N) . Nitrogen inputs to aquatic systems are very
difficult to control as a consequence of high nitrogen
concentration in the atmosphere and the high mobility of nitrogen
in the soil (Martin and Goff, 1972). The interconversion of
various forms of nitrogen is readily accomplished by bacterial
action as well.

Ammonia is rapidly converted to nitrite and then nitrate in
the presence of oxygen by naturally occurring bacteria, but the
decline of oxygen during the summer in the deeper depths or
wetland areas may promote the buildup of ammonia through decay
processes. In Silver Lake the mean ammonia levels (time-
weighted) were fairly consistent throughout the stations at about
0.05 - 0.06 mg/1; the range of values was 0.01 to 0.20 mg/1. The
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highest values were routinely found in the bottom waters (SL-2b,
SL-3b). This is due to the lack of oxygen in the hypolimnion
during summer months. Generally, levels at the surface stations
were highest during the non-growing season and indicative of the
decomposition of organic material in the water column. Based on
the levels of ammonia, in conjunction with pH and oxygen values,
ammonia toxicity is not a threat to vertebrates found in Silver
Lake.

Nitrate nitrogen was found in high concentrations in Silver
Lake during the study year. Mean values for the year ranged from
0.53 to 0.68 mg/1 within the lake. The inlet displayed the lowest
value at 0.18 mg/1, while the outlet averaged 0.84 mg/1. Note
that both inflow and outflow values are time- and flow-weighted
means. The high outflow value is due to the intermittent nature
of flow. A large portion of the annual flow volume occurred in
the spring, when nitrate levels were very high. For comparison,
an approximate value below 0.30 mg/1 is considered useful when
low algal density is desired (Sawyer, 1947). However, in Silver
Lake it appears that nitrogen is not the limiting factor for
algal growth. Rather it is probably the availability of
phosphorus which is the critical chemical constituent (see
below).

Nitrate nitrogen underwent a rather pronounced decline
during the study year. There is no analytical reason for this
decline (e.g,, analyses by different laboratories). Very high
levels (greater than 1.0 mg/1) were found in the water column
during the spring. These declined with the advent of summer, as
would be expected with a chemical necessary for plant growth, but
did not recover to the former levels during the fall months
(Figure 8). The source of these high nitrate levels is not
known, but two likely sources are either atmospheric deposition
and/or septic system effluent plumes. Since sewer hook-up within
the watershed is relatively recent (within last three years) and
incomplete, and the movement of ground water is relatively slow,
some of this nitrate may be residual. The lake's relatively long
retention time would mean a slow "clearing" time. As less
loading to the ground water would occur, the nitrate levels would
show a progressive decline superimposed on the pattern of
seasonal variation. [Nitrogen dynamics and loading are more
fully discussed in the Nutrient Budget Section.]

Total Kjeldahl nitrogen (TKN) exhibited in-lake values in
the range of 0.36 to 0.49 mg/1. The highest values came from SL-
1 which is consistent with this highly organic source of water
(swamp drainage). In Silver Lake, Kjeldahl nitrogen exhibited
slightly higher values during the summer, indicative of the
increased phytoplankton and macrophyte biomass.
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Figure 8. Nitrate nitrogen levels in Silver Lake.
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The nitrogen : phosphorus ratio, calculated as {(TKN +
nitrate nitrogen / total phosphorus ) x 2.21}, indicates
potential shifts in the chemical resources important to the
primary producers. The annual mean surface in-lake ratio was
between 101 : 1 and 114 : 1., and only dipped below 17 :1 on one
occasion in September 1987. Bottom N : P values were slightly
lower, due to the greater amount of phosphorus available there.

These ratios have important implications for the lake and
its biological community. Concentration of chlorophyll a. is
generally dependent on total phosphorus at TN : TP ratios greater
than 17 ;l, while the converse is true for ratios of 10:1 or
less. (Smith, 1982). In themselves nutrient ratios do not
indicate whether phosphorus or nitrogen-deficiency will limit
phytoplankton, as other factors need to be considered such as
nutrient quantity, light availability, grazing, flushing rate,
etc. The high ratios of Silver Lake would tend to support the
hypothesis that this is a phosphorus-limited lake, however.

While nutrient ratios do not provide conclusive proof of
limiting factors, other potentially limiting factors, such as
light availability, flushing rate or grazing appear unlikely to
be the primary control of biological growth in this system.
Thus, phosphorus remains the most appropriate target element for
control in a lake management program. It is far easier to reduce
or eliminate phosphorus inputs than to attempt to control other
possible influences.

The temperature of water in Silver Lake demonstrated a
typical temperate zone seasonal pattern (Figure 9a-d). The study
year started with ice-covered conditions (25-30 cm) in February.
The thermal profile indicated inverse stratification (colder
water on top of warmer water) under the ice, but fairly uniform
below 1 m (Figure 9a). The ice cover had melted and the lake was
in a state of vernal or spring turnover (mixing) at the time of
the March sampling. Temperature was uniform from top to bottom
(isothermal) as expected.

With the increasing solar insolation (April through June),
the upper waters of Silver Lake begin to warm and become
increasingly differentiated from the bottom waters. This is
clearly shown for both lake stations (SL-2,SL-3) in Figure 9b.
This process of seasonal thermal stratification produces a warm
upper layer of water (epilimnion) separated from cold bottom
waters (hypolimnion) by a region of rapid temperature change with
depth (thermocline). By the end of May, thermal stratification
was well developed in Silver Lake.

During late summer and early fall (July through September) ,
the temperature of the upper waters continued to climb, reaching
a seasonal maxima in late August (Figure 9c). The lake began to
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Figure 9a. Temperature and Dissolved Oxygen Depth Profiles; Feb.-Mar. 1987.
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Figure 9b. Temperature and Dissolved Oxygen Depth Profiles; Apr.-June 1987.
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Figure 9b. Temperature and Dissolved Oxygen Depth Profiles; Apr.-June 1987.
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Figure 9c. Temperature and Dissolved Oxygen Depth Profiles; July-Sept. 1987.
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Figure 9c. Temperature and Dissolved Oxygen Depth Profiles; July-Sept. 1987.
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Figure 9d. Temperature and Dissolved Oxygen Depth Profiles; Oct.-Dec. 1987.
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Figure 9d. Temperature and Dissolved Oxygen Depth Profiles; Oct.-Dec. 1987.
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rapidly cool off in September, aided by higher than normal levels
of precipitation (see Hydrologic Budget). The erosion of the
summer thermocline was complete by late September and isothermal
conditions denote the autumnal turnover.

Cooling of the lake waters continued in October through
January (Figure 9d). The temperature profile remained isothermal
throughout this period. Ice cover returned by the time of the
last sampling (mid January) and the yearly cycle was complete.

Oxygen in the water column of Silver Lake displayed
considerable seasonal variation, due to water temperature change
and biotic activity (Figure 9a-d). The amount of oxygen which
will dissolve in water is dependent on temperature, dissolved
substances and atmospheric pressure. The relation of the actual
oxygen level to the maximum possible concentration is called the
percent saturation and reveals much about lake metabolism.

During periods of ice cover in late winter, an oxygen debt
was created in the bottom waters due to decompositional activity
(Figure 9a). With ice-out and the vernal turnover, oxygen is
well mixed throughout the water column. As temperature and the
degree of thermal stratification increased over the growing
season, the amount of oxygen in the hypolimnion declined,
reaching a minimum of 0.2 mg/1, or 2% saturation (Figure 9b-c).
During the same period the epilimnion stayed at approximately
100% saturation, or even slightly above.

An interesting phenomenon was the development of an early
summer oxygen maxima at the thermocline depth. Density
differences at this layer produce stable water conditions.
Accumulation of particulate matter and remineralization produces
localized abundances of nutrients. The transmission of light to
this depth is more than sufficient to sponsor plant growth.
Subsequently, these conditions lead to an accumulation of active
phytoplankton. Photosynthetic activity by these algae account
for greater than expected levels of oxygen.

With the breakdown of thermal stratification in the fall,
oxygen is again uniformly distributed throughout the water
column, except at the bottom station (Figure 9d). With the
return of the ice cover, an increasing oxygen deficit in the
bottom waters is evident.

Other chemical parameters monitored on a routine basis
included total suspended solids, turbidity, specific conductance,
pH, total alkalinity and chloride (Table 2) . Chlorophyll _a and
secchi disk transparency are discussed in the phytoplankton
section and bacteria is considered separately.
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Total suspended solids exhibited in-lake means of 2.3 to 8.2
mg/1, with the bottom samples more likely to contain higher
totals of particulate matter from sinking, etc. The surface
inlet had a mean of 14.1 mg/1, but the low volume of flow over
the year meant that little real input of settleable material was
accomplished. Overall, these levels of suspended materials are
considered low to moderate.

Turbidity in the Silver Lake system was relatively low
throughout the study year. The inlet (SL-1) had the highest mean
(flow and time-weighted) turbidity of 3.42 JTU, The outlet had a
value of 0.74 JTU. The in-lake turbidity ranged from 0.66 to
1.21 JTU, with a tendency for increase with depth.

Specific conductance (conductivity) is an indirect measure
of the dissolved solids and chemical fertility of water. Low
fertility is usually indicated by conductivity values less than
100 umhos/cm (USEPA, 1976). Only the inlet was below 100
umhos/cm, and represented the less fertile waters draining the
marsh area. Otherwise lake values in the range of 197 to 219
umhos/cm were recorded.

Total alkalinity provides a measure of the buffering
capacity of Silver Lake. Values were consistently in the range
of 22 to 25 mg/1. The lone exception was the inlet, which had
buffering capacity (flow and time-weighted mean = 6.4 mg/1)
typical of wetland drainage. The amount of buffering capacity,
the ability of the lake to withstand acidic or basic additions
without pH change, would be considered moderate. The nature of
the soils found in the watershed would make it difficult for
"acid rain" to reduce lake pH down to unacceptable levels.

The pH values from Silver Lake ranged from 6.6 to 7.4 over
the study year. This range is essentially circumneutral, that
is, about the midpoint (7.0) of the pH scale. There is a
tendency towards slightly basic (>7.0) values for midsummer
readings at the surface, but not to the extent characteristic of
highly productive systems . In contrast, the inlet water was
very acidic (range = 4.7 to 5.2), and characterized by tannic and
humic acids produced by organic decomposition.

Chloride was measured in the Silver Lake system. With the
exception of the relatively low mean value in the inlet (15
mg/1), most stations reported means at about 50 mg/1 or slightly
less. This is well below the limits recommended for drinking
water (250 mg/1).
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Supplemental Water Quality Sampling

Routine water quality sampling was supplemented by sampling
of local wells and the interstitial porewater in littoral
(shallow water) sections of Silver Lake. Positions of these
additional water quality sampling stations are indicated in
Figure 10. Wells were sampled in summer-fall 1987. Street
locations of the well sampling sites are shown on Figure 5. One
of the wells was resampled in April 1988. The interstitial
porewater samples were taken in September 1987 and April 1988.
Water quality data from these sample stations are presented in
Table 3.

Wells sampled in the lake watershed displayed higher levels
of total phosphorus than the lake. The highest total phosphorus
value came from a non-drinking water well on Burnap Avenue, about
1/5 mi from Silver Lake. Values associated with wells close to
Silver Lake (GW-A,GW-D) did not exceed 65 ug/1, however. The
interstitial porewaters contained more phosphorus, but the
pattern was highly variable. The availability of the
biologically mobile phosphorus is dependent on incoming (or
outgoing) ground water concentration, season (accumulation), soil
type (adsorption), the degree of oxygenation (remineralization)
and the bacterial flora connected with the layer. The
relationship of porewater phosphorus to lake loading is poorly
understood, so it is not possible to equate high interstitial
values with contributions to the overlying water. However, it
can be noted that porewater areas with high phosphorus levels in
September had high phosphorus values in April and vice versa.

Ammonia values in the wells ranged from 0.15 to 0.68 mg/1
and in interstitial porewater from 0.03 to 1.3 mg/1. Very high
levels of nitrate were found in wells (8.3, 2.35 mg/1) and
interstitial porewater (5.96, 2.31 mg/1) from the western side of
the lake. These concentrations, coupled with the high seepage
inflows measured in this shoreline section, indicate ground water
as an important nitrate loading source to Silver Lake. There was
good correspondence between neighboring wells and pore water
samples (Figure 10 and Table 3), indicating that both are
sampling the same general ground water plume.

Total Kjeldahl nitrogen ranged from 0.11 mg/1 to 0.88 mg/1
in the well samples, with an average of 0.55 mg/1. The
interstitial porewater ranged from 0.10 to 3.0, with an average
of 1.33 mg/1. As expected, there is clearly more organic
nitrogen in the porewater.

Conductivity averaged 285 umhos/cm in the well samples and
266 umhos/cm in the porewater samples (in-lake is around 210
umhos/cm). Values for pH in well samples ranged from 5.7 to 6.5,
as compared to 5.7 to 7.3 in porewater samples. Alkalinity in



Figure 10. Supplementary water quality sampling sites in the Silver Lake watershed.
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Table 3. Supplementary water quality data from the Silver Lake watershed.

A. 6ROIJNDWATER WELL StflPLES

STIFLE CODE
PARtfETER

STIFLE DATE

PH (S.LU
COND. (UMHOS/CM)
NH3-N (MG/L)
N03-N (MG/L)
CHLORIDE (MG/L)
ORTHO-P (UG/L)
TQT-P (UG/L)
TKN (MG/L)
FC (N/100 ML)
IRON (MG/L)
MANG. (MG/L)
ALKALINITY (MG/L)

W/GW-A

Q?/23/87

5.7
203
.15

2.83
30
10
64

.11
20

.26

.24
.

U/GU-B

09/23/87

6.5
295
.56
.24

46
20
60

.85
100

16.00
.21
-

U/GU-C

09/23/87

5.?
260
.16

4.90
43

190
354
.15

10
.02
.11
-

U/GU-D

06/10/87

5.6
249
.68

8.30
63
10
30

.77
0

3.21
.36
-

U/GW-D

04/14/88

5.8
420
.60

2.35
72
12
23

.88
-

.44
-
17

B. INTERSTITIAL POREltfTER SAMPLES (09/22/87)

SMPLE CODE
PARAMETER

PH (S.U.)
COND. (UMHOS/CM)
NH3-N (MG/L)
N03-N (MG/L)
CHLORIDE (MG/L)
ORTHO-P (UG/L)
TOT-P (UG/L)
TKN (MG/L)
FC (N/100 ML)
SULFATE (MG/L)

W-PU-1

6.9
245
.48
.03
51

740
1670
1.50

60000
5

W-PW-2

6.5
230
.30
.06
51

650
292

1.50
1000

18

W-PU-3

6.1
244
.68

2.18
47
15
74

1.30
100
29

W-PW-4

5.7
323
.08

5.96
68
87

116
.10
100
28

W-PW-5

6.7
243
.32
.02
51

150
211
.43
100

15

SAMPLE CODE
PARAMETER

PH (S.U.)
COND. (UMHOS/CM)
NH3-N (MG/L)
N03-N (MG/L)
CHLORIDE (MG/L)
ORTHO-P <UG/L)
TQT-P (UG/L)
TKN (MG/L)
IRON (MG/L)
ALKALINITY (MG/L)

U-PW-1

6.7
25?
.91
.03
52

180
350

1.20
7.7

41

U-PIJ-2

6.9
3G3

1.30
.02
51
75

175
1.90
13.0

52

U-PW-3

5.7
242
.03

1.01
44
79
84

.71
1.5

13

U-PU-4

6.2
215
.41

2.31
30
87

160
l.DO
3.9

21

U-PU-5

7 OI > t1

ilDO
.91
.03
49

260
700

2.00
5.4

45

W-FU-6

6.4
'-.A >"TJ-UD
.02

2.35
51

220
430

3.00
4.7
22
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the porewater samples ranged from 13-52, with lower values
registered in the stations nearer the inlet (PW-3, PW-4). This
pattern was also true for iron concentrations; which ranged from
1.5 to 13.0 mg/1 in the LIP samples. The iron content in
wellwater ranged from 0.02 to 16.0 mg/1.

Measurement of fecal coliform in well water indicated
potential violation of drinking water standards in wells GW-A
and GW-B. Manganese and sulfate were measured in some of the
samples, but no conclusions can be made from this data (Table 3).

Bacteria

Fecal coliform (FC) and fecal streptococci (FS) were
assessed during this study (Table 2). These bacteria come from
the digestive tract of all warm-blooded animals, human and non-
human, and do not in themselves represent a serious health
threat. However, as they are occasionally accompanied by
pathogens, they are considered indicators of potential health
hazard if present in substantial numbers. The FC values obtained
during this study were below the Massachusetts standards for
contact recreation, which are 200/lOOml for multiple geometric
means and 400/100 ml for single samples (or 10% of monthly
samples). Geometric mean of in-lake stations was 3/100 ml. - The
inlet and outlet were higher at 13/100 ml.

Values for fecal streptococci were higher than coliform
counts, but there are no bathing standards for streptococci.
Geometric means in the lake were 21-22/100 ml; while the inlet
and outlet were at 351 and 47/100 ml. Potential sources of
bacteria in the latter stations could be wild and domestic
animals. Higher values of FS were seen during the fall and
winter months at all stations.

FC : FS ratios may give some indication of the origin of
observed bacteria, as ratios associated with human-derived
bacterial assemblages are considerably higher than those
associated with non-human sources. THe FC:FS ratio for humans is
more than 4.0, whereas the ratio for domestic animals is less
than 1.0 {Tchobanolgous and Schroder, 1985) If ratios are
obtained in the ranges of 1 to 2, interpretation is less certain.
The confidence of this interpretation is also less sure when FC
counts are low (<200/100 ml). This would exclude all of the
routine Silver Lake data from consideration. However, the low FC
counts and tendency towards much greater FS counts in the same
sample yield the conclusion that the raw human septage is not
coming into the lake.
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Phytoplankton

Phytoplankton, or microscopic algae suspended in the water
column, are an important component of aquatic food webs, but may
also impart detectable color, odor, and taste to lake water as
well as a reduction in water clarity. Phytoplankton abundance is
often approximated by measuring the concentration of chlorophyll
a., a pigment used in photosynthesis. It is the same pigment that
makes grass and leaves green. Chlorophyll a. usually represents
0.5 to 2% of total phytoplankton biomass and has been correlated
with production and standing crop at various levels of the food
web, water clarity, and phosphorus concentration ( e.g., Jones
and Bachmann 1976, Oglesby and Schaffner 1978, Hanson and Leggett
1982, Vollenweider 1982) .

Measured chlorophyll a. concentrations in Silver Lake ranged
from 0.5 to 4.1 ug/1 at station SL-3S, and from 0.5 to 3.6 ug/1
at station SL-2S. The mean value at both stations was 1.6 ug/1.
Based on equations which relate chlorophyll a_ concentration to
total phosphorus concentrations, expected chlorophyll a. values at
station SL-3S would range from 2.6 to 19.2 ug/1, with a mean
value of 8.0 ug/1 (Jones and Bachman 1976, Oglesby and Schaffner
1978) . Correspondingly, at station SL-2S expected chlorophyll a.
values would range from 2.6 to 16.3 ug/1, with a mean of 7.8
ug/1. For calculations see Appendix.

These predicted values are substantially greater than those
observed in Silver Lake. A possible explanation for the lower
values observed in Silver Lake may be that a large portion of the
total phosphorus pool is refractory (i. e., unavailable).
Substituting the mean orthophosphorus value observed at SL-3S (10
ug/1) into the equation yields an expected chlorophyll
concentration of 2.6 ug/1. This agrees more closely with observed
values.

Chlorophyll a. values are often considered indicators of the
trophic state of a lake. Fitting a lake or reservoir into any
classification system is a subjective process with no single
parameter capable of fully "defining" the trophic status of a
lake. However, chlorophyll a. levels are among the more telling
parameters. The mean and range of chlorophyll a. values from
stations SL-2S and SL-3S correspond to a meso-oligotrophic or
moderately fertilized condition (Wetzel 1983).

Chlorophyll and non-living suspended solids are important
determinants of water clarity. Secchi disk transparency, a
measure of water clarity, ranged from 3.7 to 7.6 m at SL-2S with
a mean depth of 5.0 m, and 3.75 to 8.35 m at SL-3S with a mean of
5.26 m (Table 2). The greatest readings recorded for both
stations occurred on the same date. In both cases the Secchi
disk touched the bottom sediments indicating increased
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transparency, but preventing an accurate assessment of water
clarity on this date. The predicted mean value for transparency,
based on the observed mean chlorophyll values, was 7.3m for both
SL-2S and SL-3S (Oglesby and Schaffner 1978, Vollenweider 1982).
Discrepancies between predicted and observed values, although not
especially large, are likely a function of the rather low-
chlorophyll values observed in Silver Lake and the sensitivity of
the model equations at these low values.

The nature of the phytoplankton community at SL-3S varied
with time over the course of the study year and included members
from six major algal divisions. The seasonal patterns of
abundance (cell numbers and cell biomass are shown in Figures lla
and lib. Secchi disk transparency exhibited a similar pattern
(Figure 12), but was inversely related to algal abundance.

The circular basin and central location of the two sampling
sites would suggest a homogeneous exchange of plankton between
the two stations. Comparison of phytoplankton data from W-2S and
W-3S on four separate dates (one per quarter) confirmed the
similarity of phytoplankton data from the two stations.
Accordingly, phytoplankton populations from one station (SL-2s)
were taken as representative, and form the basis for the
following discussion. Sample count and biomass data are provided
in Appendix D.

The most numerous taxa were diatoms (Bacillariophyceae),
green algae (Chlorophyceae) , blue-green algae (Cyanophyta),
cryptophytes (Cryptophyceae), and golden-brown algae
(Chrysophyceae). Dinoflagellates (Pyrrophyta) were present, but
their numbers were not significant. The seasonal progression of
dominants was chrysophytes (winter), cryptophytes (late winter to
early spring), diatoms (spring to early summer), green algae
(late spring to winter), and blue-green algae (summer through
fall). This pattern is common to many temperate lakes, and
reflects the response of the phytoplankton community to changing
physical, chemical, and biotic factors (Wetzel 1983, Reynolds
1980).

Some of the more numerous algal genera were: diatoms,
Cyclotella; chrysophytes, Dinobryon, and an unidentified genus;
cryptophytes, Cryptomonas; chlorophytes, Scenedesmus, Eudorina,
and Coelastrum; and the cyanophytes, Anabaena and Microcystis.
The late summer-early fall blue-green bloom was dominated
primarily by Microcystis, a non-nitrogen-fixing genus which
depends on ammonia-nitrogen from animal and bacteria excretion in
the water or from the sediments when nitrogen limits summer
growth (Goldman and Home 1983) . In Silver Lake, however,
Microcystis attains great numbers as the nitrogen:phosphorus
ratios rarely are such that nitrogen is the limiting nutrient
(Table 2).



Figure 11a. Silver Lake Phytoplanklon - Cell Numbers.
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Figure 11b. Silver Lake Phytoplankton - Ceil Volumes.
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Figure 12. Secchi Disk transparency depth - seasonal trends.
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Overall, the phytoplankton community structure and abundance
are representative of a meso-oligotrophic system. The limiting
factors in Silver Lake are likely to be nutrients (primarily
phosphorus) and, less importantly,light (ice-cover in winter).
Grazing by zooplankton may also subtlety influence algal
community structure through size-selective grazing.

Macrophytes

An extensive in-lake macrophyte and sediment survey was
conducted on August 5, 1987. A team from EEC visually inspected
the lake bottom via snorkel and SCUBA diving. Macrophytes
(rooted plants) were identified and the density of their
concentration was mapped.

The taxonomic composition of the macrophytes of Silver Lake
is shown in Figure 13. A total of 23 submerged and wetland
species were found in or on the shoreline of Silver Lake.
Identification was according to Fassett (1957). The most widely
distributed genera were Eleocharis, Potamogeton, Typha, Najas and
Nuphar. Shallower areas were generally dominated by beds of
Eleocharis, while the prevailing flora of the deeper basins
shifted to Najas flexilis. Areas where shoreline erosion or a
storm drain outfall had introduced sediment into the lake were
colonized by Typha and Nuphar

The density of these plants is indicated in Figure 14.
Macrophyte density was generally 75-100% coverage around the
periphery of the lake to about 50-75 m offshore. Major
exceptions to this pattern were the two beaches, and the deeper
regions. There were no macrophytes at the very bottom of the
deeper eastern basin. Interestingly, many isolated patches of of
the lake bottom were discovered to be barren of plants. This
phenomenon did not seem to be strictly a function of either depth
or distance from shore.

The biomass of macrophytes was measured by setting a large
ring (0.25 sq. m) on the bottom of the sediments and harvesting
(by diver) all the plants thus enclosed. Depending on the amount
of coverage, the macrophyte biomass in Silver Lake ranged from 0
to 9.85 kg/sq. m. The type of dominant macrophyte influenced the
amount of biomass present, even in areas of high coverage (75-
100%). If Eleocharis was the dominant plant, a virtual carpet of
short stems would prevail, but not much biomass. In contrast,
areas with high coverage of Potamogeton richardsonii would yield
copious biomass.

Wetland species were generally confined to the outlines of
the Silver Lake high water mark. No contiguous wetlands were
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1 cm = 32 m

Distribution of Aquatic Macrophyte
Taxa in Silver Lake, Wilmington MA

Rip Rap
Houses

Baby
Beach

Species List

Ec = Elodea canadensis
El = Eleocharls 3p.
Et = Elatinesp.
F = DreD8nocl8d03 sp.
G1=Greticle lutea
J = Juncus sp.

Jv= Impatiengcenadensis
Ly = Lythrum gp.
N = Nitellasp.

Nf = Naj83 flexilis

Nm= Nuphar microphgllum
PC = Pontederiacordata
Pg = Potamogetonsp.

(thin-leevedtype)
Pr = P. richardsonii
S - Scirpus gp.
Sb = Clethra3p.
Sm= Asclepias 3p.
Sp = Sparganium gp.

T = T y p h a s p .

Figure 13. Distribution of Aquatic macrophytes in Silver Lake.
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Figure 14. Benthic cover by aquatic macrophytes in Silver Lake.
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identified. However, there is an extension of a swamp wetland
about 100 m to the west of the lake.

Zooplankton

Zooplankton are of interest because they represent the
linkage between the bottom of the food base and higher trophic
levels, namely planktivorous fish. Zooplankton were sampled three
times during the year, at periods corresponding to early spring
(March), mid-summer (June) and fall (late September). The
zooplankton community of Silver Lake includes primarily copepods
and cladocerans at moderate densities (see Appendix). The most
important zooplankter genus was the copepod Diaptomus. It
dominated both in numbers and biomass. The cladoceran community
included Daphnia, Ceriodaphnia, and Bosmina.

There is an expected increase in biomass from early spring
(29.2 ug/1) to summer (41.1 ug/1). Fall biomass (42.6) is very
similar to summer levels. The mean size is consistent throughout
at 0.64 to 0.71 mm. The overall impression is that of a
relatively stable zooplankton community that is not impacted
heavily by fish predation. The consistent moderate size
indicates that Silver Lake is neither dominated by small panfish
nor had a particularly strong young of the year class (Mills et
al.,1987). This leads to the conclusion that the size of the
zooplankton community is more likely limited by food availability
(phytoplankton) than by removal by fish grazing.

Macroinvertebrates

The invertebrates of Silver Lake were qualitatively sampled
by dip net and visual observation. The most conspicuous
invertebrates were extensive beds of fresh water mussels
(Unionidae), which occupied the northerly shallow sections of the
lake to great profusion. A variety of snails were also found,
including representatives of Lymneidae, Physidae, and
Viviparidae. Insects found in Silver Lake included dragonfly
nymphs (Odonata), caddisfly larve (Trichoptera), and midge larve
(Chironimidae). Other invertebrate inhabitants included
amphipods (Gammaridae) , leeches (Erpobdellidae)', oligachaetes
(Oligochaeta) and crayfish (Cambaridae).

Fish

Records of the Massachusetts Division of Fisheries and
Wildlife (MDFW) on Silver Lake go back to 1912. Fish mentioned
in that report include brown bullhead (Ictalurus nebulosa), chain
pickerel (Esox niger), yellow perch (Perca flavescens), and
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largemouth bass (Micropterus salmoides). Fishing was not a
popular pastime and was considered poor; as noted by the remark
that "piscatorial pursuits ... are seldom rewarded with
respectable catches of fish" (MDFW, 1912).

Sampling was conducted again in July 1952, when the above
species, as well as smallmouth bass (Micropterus dolomieui),
pumpkinseed (Lepomis gibbosus), johnny darter (Etheostoma
nigrum), golden shiner (Notemigonus crysoleucus), american eel
(Anguilla rostrata), and lake chubsuckers^XErimyzon succeta) were
found. The panfish were 43% of the community and rough or trash
fish comprised 55% (MDFW, 1952). The report recommended that the
entire fish population be "rehabilitated" for chain pickerel
management.

Silver lake was "reclaimed" in August, 1954. This process
consisted of attempting to eliminate the existing fish population
with the chemical biocide rotenone, and restocking with more
desirable fish species. This reclamation attempt produced an
incomplete kill and most species present before the treatment
were still there (MDFW, 1957). In the years following (1954-56),
smallmouth bass and largemouth bass were stocked. Alewive (Alosa
pseudoharengus) were stocked in 1955 as a forage fish.

The fish populations were recently sampled by the MDFW in
June 1985 using electrofishing and experimental gillnets. Of the
116 fish collected, nine species were represented : largemouth
bass, chain pickerel, yellow perch, white perch (Morone
americana), bluegill (Lepomis macrochirus), pumpkinseeds, brown
bullheads, white sucker (Catastomus commersoni) and golden
shiner.

Analysis of the gamefish sampled indicated that the bass had
less than average growth (MDFW, 1986). Fishing prospects were
rated as poor, since no legal size bass were captured or
observed. Chain pickerel growth was rated as slightly better
than average. Yellow perch were noted as being numerous but
small. The lack of cover (large rocks, submerged stumps or
overhanging trees) was noted as being unfavorable for larger
fish. The lack of natural cover in the littoral area would also
reduce habitat for sunfishes (bluegills, pumpkinseeds, etc.).
Overall, the habitat of Silver Lake favors an open water or
pelagic species such as yellow perch (MDFW, 1986).

Recommendations in the 1986 report include protective length
limits for largemouth bass, stocking of northern pike to reduce
yellow perch population, and a possible stocking of 300 trout
each spring to encourage fishing. Records indicate that both
recommendations were followed. In May 1986, 200 nine inch
northern pike were stocked in Silver Lake. The last reported
stocking of trout was in May 1988 when 500 rainbow trout (9"+)
were stocked (pers. comm., R. Madore, MDFW).
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Observations by BEC personnel during the study year indicate
that fishing is a moderately popular activity. Ice fishing
activity was very much in evidence during the February 1987
visit. Conversations with fishermen indicated that smallmouth
bass and chain pickerel were being taken. Veteran Silver Lake
fishermen indicated that rainbow trout and white crappie were
favored game fish during the open water season. American eel
were reported in Silver Lake and the absence of "hornpout" (brown
bullhead) was remarked upon.

Throughout the year, the most popular fishing mode was
shoreline fishing at the rip-rapped area adjacent to Route 38.
Usually four or five fishermen could be observed there during the
spring and early summer. Otherwise, shoreline fishing was more
confined to children fishing for sunfish at various areas around
the lake. Fishing from a boat was rarely observed during the
study year. Most fishermen reported local residence.

Storm Water Assessment

Silver Lake is topographically situated within a rather flat
watershed. This means that extended storm drainage systems are
difficult to engineer due to the general lack of gradient. As a
result Silver Lake receives only moderate amounts of storm water
flow from the watershed. The vicinity of the lake is served by
five storm drain systems, two of which are very restricted in
coverage. These five storm drains and the areas they service are
shown on Figure 5.

A site visit by BEC, Inc. personnel during a storm event
(March 31, 1987) following appreciable prior precipitation
allowed observation of storm drainage flow under wet weather
conditions. A composite sampling of a storm event was made on
April 18, 1988, with three of the five drain systems active.
Another storm sampling was made on August 25, 1988, when time-
series samplings from two storm drains (SL-SW1, SL-SW4) were
made. Water quality data from these last two events are shown in
Table 4.

Six pipes empty directly into Silver Lake,, five of which are
street runoff and the other a simple overflow from a wetlands
area near the lake (Figure 5). Four catch basins near the
corner of Grove and Burnap Streets at the town beach area are
active (Figure 5). The area serviced by this system (SL-SW1) was
estimated at 1.5 ha (3.7 ac). Flow from these basins discharges
from a half-buried 9" corrugated metal pipe adjacent to the
beach's southeast fence and about eight feet from the lake's
waterline. The storm water goes into shallow surface channels
before entering the lake near emergent macrophytes (Typha).
There was some "breakout"flow from the gentle slope to the south
of the discharge point noted during storm events. This may
indicate broken connections between the catch basins on Grove
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Table 4. Storm water quality data from the Silver Lake watershed.

STORMUATER WATER QUALITY DATA IN THE SILVER LAKE SYSTEM ON 04/18/88

STATIONS
AREA <ha)
FLOW (CU.M/MIN)
PARAMETER
PH (S.U.)
COND. (UMHOS/CM)
ALKALINITY (M6/L)
TOT. SUSP. SOLMG/L)
NH3-N (M5/L)
N03-N (MG/L)
TKN (MG/L)
DRTHD-P (UG/L)
TOT-P (UG/L)
CHLORIDE (MD/L)
FC (8/100 ML)
FS (tt/100 ML)
OIL/GREASE (M6/L)

HEWY METALS

SWPLE CODE

PARtflETER

CADMIUM (MG/D
CHROMIUM (MG/L)
COPPER (MG/L)
IRON (MG/L)
LEAD (MG/L)
MWGtfJESE <MG/L)
ZINC (MG/L)

SL-SW-1
1.5
.10

6.0

7.40
44

.47
1.20
1.8
HO
170

14
1000

29000
.40

SL-SW-1

.02

.02

.03
2.15

.10

.12

.23

SL-Sy-2
.6

-

NOT
FLOWING

-
-
-
-
-
-
-
-
-
-
••

SL-SW-2

NOT
FLOWING

-
-
-
-
-

SL-SW-3
.5

.09

6.1

7.40
134

1.40
2.00
2.7
145
440

39
100

82000
.30

SL-SW-3

.02

.04
.10

6.82
.10
.11
.26

SL-SW-4
1.7

5.9

16.00
560
.17

4.26
1.7
310
370

35
400

29000
.20

SL-SW-4

.02

.04
.15

14.00
.12
.23
.14

SL-SU-5
.9

1.10

NOT
OBSERVED

-
-
-
-
-
-
-
-
-
-
"

SL-SU-5

NOT
OBSERVED

-
-
-
-
-

STORMWATER WATER QUALITY DATA IN THE SILVER LAKE SYSTEM ON 08/25/88

PARMETER WITS SL-SW-1 SL-SW-1 A SL-SW-1 B SL-SWL1C SL-SW-4 SL-SW-4A SL-SW-4B

TIME
FLOW <c*s)
flMM-W (rog/i )
NITRATE-N <mg/l)
miTRO <mg/l )
ORTHO-P (uo/1)
TOTAL P <ug/l)
PH (S.U.)
TALK (mg/1 )
TSS (mo/1)
TURB (NTU
COND Cu mhos/ cm
CHLORIDE (mo/1)
FEC.COLI (H/lOOml)
FEC.STREP(#/100ml)

FROM COMPOSITE:
CADMIUM (MG/L)
CHROMIUM (MG/L)
COPPER (MG/L)
IRON (MG/L)
LEAD (MG/L)
MtfJGflNESE (MG/L)
ZINC (MG/L)

.02

.35
1.10

150
280
5.7

4
40

20.0
27

1.4

SL-SW-1
.02
.02
.03

1.65
.10
.08
.12

11:45
.01
.01
.61

1.4Q
160
470
5.8

4
69

25.0
28

1.1
73000
12000

SL-SW-4
.02
.02
.05
.66
.10
.07
.06

12:02
.61
.01
.13

1. 10
126
260
5.8

4
17

19.0
27

1.1

12:15
<.01

.01

.17
1.40

120
280
5.8

4
39

17.0
27

1.4
63000
76000

.21

.16
2.5Q

280
850
6.2

12
11

5.8
65

6.9

11:50
.02
.18
.13

2.50
270
650
6.3

12
11

4.8
67

6.9
9000

100CQ

12:09
.61
.20
.10

2.60
260
660
6.3

12
10

5.2
65

6.9
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Street and the outfall pipe. Measured flow during storm events
has ranged between 0.51 and <0.09 cu. m/min. (0.3 - < 0.05 cfs).

A second storm drain on Grove Street (SL-SW2) services a
single catch basin inlet which enters the lake via a 12"
corrugated metal pipe (Figure 5}. Flow during the March 1987
storm was less than 0.17 cu. m/min. (0.1 cfs) . The amount of
area serviced was estimated at about 0.6 ha (1.5 ac). This basin
is very deep (> 6ft) and the elevation of the outlet pipe very
high, so that significant storage is possible within the basin
before detectable outflow would occur. During both the 4/18/88
and 8/25/88 storms no flow came from this outlet. The uneveness
of the road near the drain permits significant pooling
(depression storage) which delays flow into the catch basin.

Continuing in a counterclockwise fashion, a single 9"
corrugated metal pipe (SL-SW3) discharges overland into Silver
Lake at the northwest region (Figure 5) . This drain does not
service a series of catch basins, rather it routes runoff
directly from Route 38. A short 6" macadam berm along the
western margin of the road surface helps to direct water into
this pipe. The area serviced by the drain is restricted to about
0.5 ha (1.2 ac). The storage capacity of this storm drain is
negligible, so that runoff to the lake commences almost
immediately after the beginning of a storm event and ends nearly
as quickly upon the storm's conclusion. The flow in this pipe
was about 0.09 cu. m/min. (0.05 cfs) during the April 1988 storm.

The largest and most important storm drainage system is (SL-
SW4) which services Dexter Street and Silverhurst Avenue and
enters the lake as a submerged pipe at Silverlake Avenue (Figure
5) . The area serviced by this system was approximately 1.7 ha
(4.2 ac). In the lake, at the point of entry, a sediment delta
has been formed and colonized by wetland species. The actual
pipe was buried under debris and wetland plants so that direct
measurements were impossible. Storm samples were taken below the
surface in the little pool where the storm flow "bubbles up" (the
pool is separated from the lake by sand) and measurement of flow
was deduced from the size of the watershed, using runoff
coefficents derived for hydrologic calculations (see Hydrologic
Budget). The estimate for the mean flow for the April 18 (0.15")
storm was 1.1 cu m/min. (0.65 cfs)

The fifth storm pipe (SL-SW5) enters the lake just to the
north of the Town beach into a cattail stand. This system
consists of 12" CMP servicing a catch basin on Pond Street and
one on Grove Ave. This services an area of about 0.9 ha (2.1
ac). This pipe was originally judged to be inoperable during an
earlier survey, but was identified as active by the abutting
property owner at a public meeting.

The other pipe entering the lake is a 6" metal pipe set in a
concrete structure located near a private beach off Pond Street.
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This pipe drains the wetland area located between Fitz Terrace,
Dunlap Road and Pond Street. Flow here was about 0.3 cfs and
vigorous during the March sampling event. As this was not a true
storm drain, samples were not taken.

The water quality of storm water in the Silver Lake
watershed was assessed during the April and August storm events
(Table 4). High levels of most nutrients were measured.
Ammonia values in storm water ranged between 0.01 and 1.4 mg/1;
while nitrate was measured at between 0.1 and 4.2 mg/1. Total
kjeldahl nitrogen was 1.1 to 2.7 mg/1. Total phosphorus ranged
from 170 to 850 ug/1)/ with much of this available as
orthophosphate (110-310). Results show that SL-SW4 was an
important source of nutrients, many of them associated with
particulates.

Other pollutants were at elevated concentrations as well.
Total suspended solids were moderate to high, ranging from 10 to
560 mg/1. Chloride levels were at 1.1 to 39 mg/1. The spring
storm water was greater in chloride content with the highest
level coming off Route 38. Alkalinity and pH were relatively low
in both cases. Fecal coliform and fecal streptococci were both
extremely elevated. Higher fecal coliform counts were seen in
the summer storm.

Seven heavy metals (Cd, Cr,Cu, Fe, Pb, Mn, 2n) were analyzed
in the storm water samples. Cadmium levels were less than 0.02
mg/1 and chromium was less than 0.05 mg/1 in all samples. Copper
was at 0.15 mg/1 or less and lead was at 0.12 mg/1 or less.
These levels are fully consistent for the Class B water
classification of Silver Lake. Other metals such as iron,
manganese and zinc are not excessive for Class B receiving
waters.

Sediment Analysis

The depth of the soft sediment in Silver Lake was mapped in
August 1987. The sediment layer was measured by a diver pushing
a metal rod into the bottom to the depth of first refusal. Notes
were made about the nature of the underlying substratum. The
depth of the sediments is shown in Figure 15. A typical transect
of the lake bottom would show a shallow, sandy layer at the
shoreline giving way to increasing depths of silty sand and
eventually deep layers of muck in the central "holes".

Sediment samples were taken from the lake at the two deep
basins (positions indicated on Figure 15) via an Eckman benthic
dredge. The chemical characteristics of the samples are shown in
Table 5. Overall, the sediment properties were very similar
between the two locations. The heavy metal contents were
compared to the USGS (1977) flag limits for sediment contaminants
and to the MDWPC (1979) criteria for sediments. The values for
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Figure IS. Soft sediment depth in Silver Lake.

t

Substrate Key

Sand

Silt-Sand

Hydrosoils (Gyrtja)

Silver Lake
Wilmington, MA

Approximate scale
1 cm = 32 m
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TABLE 5

CHEMICAL CHARACTERISTICS OF SILVER LAKE SEDIMENTS.

(COLLECTED ON MARCH 31.1987)

Parameter Value at :

Cadmium (mg/kg)

Chromium (mg/kg)

Copper (mg/kg)

Iron (mg/kg)

Lead (mg/kg)

Manganese (mg/kg)

Zinc (mg/kg)

Nitrate-nitrogen (mg/kg)

TKN (mg/kg)

Phosphorus, Total (mg/kg)

Total Volatile Solids (%)

Oil and Grease (mg/kg)

SL-S2

<15.2

15.2

60.7

11,069

379

159

318

530

16,347

1,325

23.6

1,607

SL-S3

<10.9

16.4

65-6

9,727

437

153 :.

372

462

12,222

1,229

22.6

1,3*7
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cadmium and lead exceed the USGS flag limits and fall into
Category III under Massachusetts state criteria. Iron values
were high and exceed flag limits, and zinc levels fall into
Category II sediments. Total volatile solid content exceeded
state criteria and place the sediments into Type C material.
Other values failed to exceed either Federal or State criteria.

The reason for the abundance of cadmium and lead in the
sediments is not known, but the close proximity of Route 38 and
other neighboring roads (Lake Street, Grove Street) to the lake
make it likely that street runoff containing automotive pollution
(leaded gasoline, car paint) is responsible. According to a
local source, no attempt to chemically treat the lake {other than
a fish reclamation project using rotenone) has ever been made
(pers. comm. - L. Nielson).

Comparison with other studies

Silver Lake has been assessed for water quality in an
informal sense by the observations and data reported in
conjunction'with the many Fisheries and Wildlife reports (MDFW,
1912; 1941; 1957; 1986) . The earliest (1912) reports greenish
water and a Secchi disk transparency of 11 ft. By 1941, the
transparency was down to 5 ft, and "all types of aquatic
vegetation are common" (MDFW, 1941), The most recent fishery
survey reported a pH of 7.35, alkalinity of 20.7 mg/1 and a
hardness of 47 mg/1. The transparency was high at 14 ft (MDFW,
1986) .

Silver Lake was surveyed by the Massachusetts Division of
Water Pollution Control (MDWPC, 1984) in July of 1984, to obtain
necessary information related to priority ranking of lakes and
ponds for which Phase I (Diagnostic/Feasibility) study funds had
been requested. Two sampling stations were established, one at
the western deep hole (comparable to SL-2 in the BEC study), and
the other at the outlet (SL-4). A temperature profile indicated
that the lake was stratified at about 4 to 6 m with a
metalimnetic oxygen maxima at 4 m (MDWPC, 1984). Oxygen
decreased rapidly below 5 m and the bottom was anoxic. Specific
conductance was greater in the hypolimnion. The outlet values
were comparable with the in-lake surface sample.

Nitrogen values, particularly nitrate-nitrogen, were high in
the epilimnion and metalimnion (>1.0 mg/1) and decreased with
depth (the hypolimnion was 0.3 mg/1). This is probably due to
the anoxic and reducing conditions found at the bottom, as
ammonia and total phosphorus showed a reversed pattern. Total
kjeldahl nitrogen was about the same throughout the water column.
The phosphorus levels found in the upper waters (50-70 ug/1)
indicated a well fertilized lake.
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Other chemical parameters were measured throughout the
system; chloride ranged from 47 to 50 mg/1, hardness from 33 to
41 mg/1; and total alkalinity was 22 to 37 mg/1, increasing with
depth. The pH values ranged from 7.7 on the surface to 5.2 at
the bottom. The acidic values were confined to the hypolimnion.
Comparison of these values with the present study does not
indicate any significant changes in these parameters. Fecal
coliform was not detected at the in-lake station and was found at
low levels (10/100ml) in the waters exiting the lake.

The macrophyte survey conducted by the State identified 19
aquatic and wetland species (MDWPC, 1984). The more important
genera were : Typha, Pontederia, Nitella/ Eriocaulon, Eleocharis
and Nymphoides. The pattern of density was generally littoral
with greatest coverage found on the western half of the lake with
extension on the northern side.

Comparing these results with the EEC study conducted in
August 1987; a greater density of macrophytes was found in the
interior of the pond. This finding is probably due to the
differences in methodology employed in the two surveys. The
latter survey was based on in situ observations, employing
snorkel and SCUBA apparatus when appropriate, while the former
was conducted from a boat. A total of 19 species were identified
in the BEC study, with general but not complete agreement with
the previous survey. The important plant genera found in the BEC
study were Eleocharis, Nitella, Najas (in the deeper areas),
Potomogeton, Pontederia and Nuphar. Differences in species
dominance are more likely related to differences in study
methodology by the MDWPC and BEC Inc., rather than shifts in
plant composition.

Questionnaire Survey

A watershed resident questionnaire was distributed
throughout the Silver Lake watershed. Responses to this
questionnaire are helpful in evaluating the preferences and
practices of potential pond users. Approximately 150
questionnaires were distributed and 22 responses were completed
for a 12% return rate. Interest in responding.appeared to be a
function of distance from the lake. Eighteen of the twenty-two
respondees lived on the five streets in close proximity to the
lake : Burnap, Grove, Lake, Pond, and Fitzgerald Terrace. Thus,
the survey has a high representation of the abutting residences
which are likely to have the greatest influence on the lake.

Approximately 91% of the responding households were permanent
year-round residences (Table 6). Two-thirds of the houses are
within 500 ft of Silver Lake. The usage rate of Silver Lake was
about 90%, with frequency of use divided between daily (21%),
weekly (37%) and monthly (41%). The average occupancy rate was
3.5 persons per household. The range of householders was from 1
to 7 persons per dwelling.
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TABLE 6

SUMMARY OF QUESTIONNAIRE RESPONSES FOR THE SILVER LAKE STUDY AREA

# responding 22
% responding 12%

Lake usage rate
Daily 21%
Weekly 37%
Monthly or less 41%

Preferred activities
Swimming 36%
Skating 23%
Fishing 19%
Boating 14%
Sailing/Walking/Sunbathing 8%

Persons/household
Mean 3.5
Range 1-7

Residency (months/yr)
9-12 91%
6-9 . 9%

Property distance from lake (ft)
Q'-1QG' 33%
100'-500' 33%
500'-l/4 mi 19%
1/4 mi-1/2 mi 9%
1/2 mi-3/4 mi 5%

Drinking water source
Town water 59%
Bottled 27%
On-site well 14%

Washing water source
Town water 84%
On-site well 16%

Waste disposal system
Town sewer 50%
Cesspool 32%
Tank and leachfield 18%
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TABLE 6 (Continued)

On-site disposal system
Age (yrs)

Mean 15 yr
Range 1-27 yr

Distance from lake (ft)
O'-lOO' 10%
100'~500' 40%
500'-l/4 mi 30%
1/4 mi-1/2 mi 10%
1/2 mi-3/4 mi 10%

Years since last inspection/pumping
Mean 3.6 yr
Range 1-13 yr

On-site wells
Depth (ft)

<20 100%

Distance from lake
500-1000 25%
250-500 25%
100-250 50%

Well location relative to waste
disposal system

N/A*

Distance from upslope disposal
system from well N/A*

Fertilizer used on lawn 65%

Washing machine used 86%

Garbage disposal used 9%

Phosphate detergent used
Clothes 66%
Dishes

N/A* = too few responses to be considered representative
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The clearly preferred recreational activity was swimming
(37%), followed by skating (23%) fishing (19%), and boating (8%).
Other recreational activities identified were canoeing, sailing,
walking, and sunbathing.

Drinking water needs were met by town (59%), bottled (27%) or
well water (14%). Washing water needs were met by either town
water (84%) or on-site wells (16%). These wells tended to be
shallow, rarely exceeding 20 ft in depth, and were generally
within 500 ft of the lake.

Half of the respondees had sanitary sewer connections while
half relied on on-site wastewater disposal systems, the majority
of which are a tank and leachfield system (64%) . Alternatively,
cesspools were used for disposal of wastes. These septic systems
tended to be older, with a mean of 15 years and a range of 1 to
27 years. About half were within 500 ft of the lake, although
only 10% were within 100 ft. The average time span since the
systems have been inspected or pumped was 3.6 years with a range
of less than one to greater than thirteen years. Problems
associated with the septic systems included slow drainage and
rust.

Fertilization of private lawns was practiced by about a third
of the respondees (36%). Garbage grinders were relatively rare
(9%), but a majority of the households did have washing machines
(86%). Of those using washing machines on the premises, about
two-thirds used a phosphate-containing detergent. About 44% of
the dishwashing detergents reported were phosphate-containing
brands.
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HYDROLOGIC BUDGET

The hydrology of Silver Lake is determined by runoff from the
watershed, direct precipitation onto the lake and contributions
from ground water seepage. Losses to the lake occur through
outlet flow and evaporation. Both the surface inlet and the
outlet were dry at least part of the study year.

Several different methods were used to determine flow in the
Silver Lake system. One estimate of mean flow was determined by
using the area of the watershed and applying yield coefficients,
factors which relate the amount of flow to the unit area. The
yield coefficients of Sopper and Lull (1970) suggested a mean
flow ranging 0.36 to 0.53 cu.m/min. (0.21-0.31 cfs) . Runoff
production in New England Averages between 51-61 cm/yr or 20-
24"/yr (Higgins and Colonell, 1971). If this amount of runoff is
derived from the Silver Lake watershed (53.5 ha); flows of 0.52
to 0.62 cu.m/min. (0.31-0.36 cfs) are expected. Several factors
need to be taken into consideration when evaluating these
estimates. The watershed is characterized by very flat relief
(topography), medium residential density land use and very
permeable soils. These site factors and direct observations
suggest that the lower end of the range of surface flows is more
likely. However, the highly permeable nature of the watershed
suggests that loss of surface flows is likely to translate into •
additional ground water flux into the lake.

Actual measurements of water inputs to Silver Lake included
assessment of the flow in the inlet (Figure 1), determination of
direct precipitation inputs, calculation of watershed runoff and
estimate of ground water seepage. Each of these inputs is
considered below.

The time-weighted average flow of the inlet was 0.113 cu.
m/min. (0.066 cfs). This inlet was essentially the termination of
a drainage ditch which issued from the swampy area in the western
part of the watershed (Figure 1). This input was only flowing
during the periods March through May 1987, and October through
December 1987. Flow in this input was never vigorous,but highly
visible due to its highly colored nature.

Precipitation data reported to the National Oceanic and
Atmospheric Administration (NOAA) is routinely tabulated and
provided to requesting parties. Using precipitation data (NOAA
1987;1988) for nearby (5.1 miles away) Reading, MA, precipitation
of 107.3 cm (42.2") was measured for the period February 1987 to
January 1988 (Table 7). Since the pond area is 11.5 ha, the
average contribution of direct precipitation is estimated at
0.235 cu.m/min. (0.138 cfs). The total for the study year is
compared to the long-term, thirty-year average (NOAA, 1986) in
Figure 16.
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TABLE?

PRECIPITATION DATA FOR THE WILMINGTON, MA AREA,
(centimeters of precipitation as rain during 1967-661)

Month
F
M
A
M
J
J
A

S

0

N

D

J

Reading. MA
0.64

11.05
25-65

3-66
4.37
2.54
9.45

19.64
7.01

6.71
7.21

Total =107.27 cm

1 = Source, HOAA, 1987,1988
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Figure 16. Comparison of study year precipitation with thirty year average.
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Watershed runoff was calculated using the area (42.0 ha,
without lake), the amount of rainfall (107.3 cm), and a watershed
runoff coefficient of 0.18 cm runoff/cm rainfall. The watershed
runoff coefficient was a composite calculated by weighting
coefficients for areas adjacent to the lake (coefficient = 0.3;
area = 9.8% of the watershed), areas served by storm drains (0.6;
12.4%), and the remaining watershed (0.1, 77.8%). Coefficients
were assigned from literature values (ASCE, 1969). This
composite coefficient, low for a mostly urban area, was deemed
representative due to the highly permeable soils, the flat
topography of the watershed and the resulting large volume of
depression storage (small, poorly-drained depressions) noted in
many areas. Using these factors, a total of 0.154 cu.m/min
(0.091 cfs) was estimated for the study year.

The measured outflow as surface water averaged 0.896 cu.
m/min. (0.527 cfs) This seemed rather large when compared to
other estimates of watershed flows (see above). A careful
inspection of field notes revealed that wind was probably a
factor leading to an overestimate of the outflow. The outflow is
located in the southeast corner of the lake. Prevailing winds
out of the northwest routinely create wave action which spills
over the "lip" of the lake into the outflow. When wind was
noted, outflows were much larger than outflows when wind was not
significant. It appeared that the wind tends to "pile" up water
near the outlet. This temporary imbalance would exist until the
wind ceased (at night) and the water return to its normal
elevation. Flows at that time would be much lower than those
observed when windy. To correct this apparent bias, the outflows
that were measured during the periods of wind action were
arbitrarily halved. The specific dates affected by this
treatment are shown in Appendix D. This correction produces a
time-weighted average of 0.589 cu. m/min. (0.345 cfs); which is
in better agreement with other watershed flow estimates.
Therefore this value was used for subsequent determinations in
both the hydrologic and nutrient budgets.

Evaporation was calculated at 0.157 cu. m/min. (0.092 cfs)
based on an average evaporative rate of 71.1 cm/yr. (Higgens and
Colonell, 1971). The long fetch (wind) and lack of cover would
provide excellent opportunities for evaporation/ so this value is
likely to be a minimum.

Groundwater was assessed by three different methodologies :
direct observation with seepage meters, calculation via Darcy's
equation, and as the difference of totaled inputs and outputs.
Seepage was measured in meters placed around the periphery of the
lake (Figure 10) following the procedure of Mitchell et al.
(1988). Seepage was measured during a period of May through June
1987, in September 1987, and in an abbreviated form in April
1988. The ground water fluxes measured were 0.21 to 0.31 cu.
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m/min (0.12-0.18 cfs) for the intensive (24 meters) surveys and
0.11 cu. m/min (0.065 cfs) for the abbreviated (6 meters) survey.
Seepage out of the lake was noted only in the May sampling, with
most outseepage occuring near the outflow. Since the abbreviated
survey may have failed to detect seepage at deeper depth (only
shallow depth meters used), it may not have been representative.
Thus, based on the first two surveys, a median value of 0.26 cu.
m/min (0.153 cfs) was assumed as the seepage rate. For sample
calculations and derivation of seepage totals see Appendix.

Another method of calculating ground water involving Darcy's
equation (flow — hydraulic permeability x hydraulic gradient x
area) uses information about the soil types, water table, and the
area of potential seepage to estimate fluxes. There are four
soil types in the Silver Lake watershed (see Soils and Geology
section); Deerfield (63% of area), Hinckley (16.6%), Windsor
(12.4%) and Freetown (8%). The first three are loamy sandy soils
and the last a muck soil. Estimated hydraulic permeability
ranges from greater than 15.2 cm/hr to greater than 50.8 cm/hr or
6" to 20 "/hr (SCS, 1986). The hydraulic gradient was assumed to
be the difference in elevation (3 m) from the most distant part
of the watershed, divided by the distance from the lake (648 m) .
This value is equal to 0.0.046. The area of potential seepage was
assumed to be the western half of the lake (due to the narrowness
of the watershed in the eastern half) . The length of the
shoreline there is approximtely 610 m. The distance of the
seepage into the lake was assumed to be 20 m; the average length
of the transects calculated for the seepage meters. Calculating
ground water flow using Darcy's equation produces a range of
0.142 to 0.475 cu. m/min. (0.084-0.279 cfs), with a median value
of 0.309 cu. m/min. (0.182 cfs).

The last way to calculate ground water is the most direct,
simply add all the inputs and subtract them from the summed
outputs and the difference is ground water. This assumes that
the hydraulic budget is balanced (inputs = outputs) for the study
year. This may or may not be a valid assumption, as lake level
fluctuated throughout the study year and may not have returned to
initial starting conditions. Groundwater levels fluctutated
about 0.55 m (1.8 ft) during the 1985 water year at a monitoring
well located 1.3 miles to the east (USGS, 1987),. During the
study year, water levels in Silver Lake had about this range of
fluctuation (0.3-0.6 m) as well. However, the return of outflow
to the lake in December signaled return to a "brimful" condition
similar to the spring. Therefore, the lake can be assumed to be
roughly in balance.

Assuming a balanced water budget ground water is measured by
difference. The total inputs and outputs of Silver Lake were,
respectively, 0.502 cu. m/min. (0.295 cfs) to 0.746 cu. m/min.
(0.438 cfs). The difference between the two, attributable to
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ground water input, is 0.244 cu. m/min. (0.144 cfs) . Taking the
median value from the first two calculations, the three estimates
of ground water are : 0.260, 0.309 and 0.244 cu. m/min. For the
purposes of calculation of nutrient loading a ground water flux
of 0.271 cu. m/min. (0.159 cfs) was assumed. A summary of the
hydrologic inputs and outputs of Silver Lake for the study year
is shown in Table 8.

Based on the average flow through the system in 1986 (0.746
cu. m/min.), the detention time for water in Silver Lake is 1.05
yr, or 382 days. Basically the water in the lake is exchanged or
flushed once a year. For calculations of detention times see
Appendix.

The response time, calculated according to Dillon and Rigler
(1975) indicates how much detention time is needed for the
potential impact of an episodic pollutant load to be completely
realized. For Silver Lake, the response time ranges from 0.591
to 0.985 yr, or 216 to 360 days. These values are within the
range for detention time for Silver Lake. This suggests that
most if not all of the impact of a pollutant will be felt by the
system before it passes out. Pollutants will have sufficient
time to evoke a biological response. There is some variation
associated with the pollutant response time, and it should not be
strictly applied in a management content. However, it is clear
that nutrients and other substances entering Silver Lake in the
summer experience sufficient residence time to have maximal
impact on water quality of the system.
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TABLE 6

HYDROLOGIC BUDGET FOR SILVER LAKE

ni Tn/miti % of Total

Unnamed inlet (SL- 1) 0.1 13 15
Groundwater 0.244 33
Watershed Runoff 0. 154 21
Direct precipitation 0.235 31

Total Inflow 0.746 100

Outputs
Outlet (SL-4) 0.569 79
Evaporation 0.157 2J.

Total Outflow 0.746 100

Years Days
Detention Time 1.05 362

Response Time 0.591-0.965 216-360
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NUTRIENT BUDGET

Phosphorus

Export coefficients for phosphorus can be used in conjunction
with land use data to estimate the load generation in the Silver
Lake watershed. The best of a wealth of literature values for
areal phosphorus export have been summarized by Reckhow et al.
(1980), and values can be selected from the range presented after
evaluation of specific watershed traits such as vegetative
features, soil types/ and housing density.

Chosen export coefficients and corresponding justification
are presented in Table 9. The coefficients, corresponding land
areas and the results of their multiplication are given in Table
10. Based on this analysis 280 kg of phosphorus are generated in
the watershed each year. Very little of this phosphorus reaches
Silver Lake, as much of the load passes through the soil and its
adsorptive properties. The detention of water in wetlands will
diminish phosphorus export (via biological uptake), as well.

Another modeling approach to quantifying inputs involves use
of empirical equations which rely on in-lake concentrations and
.hydrological parameters of the system to estimate the load to the
lake. A set of five equations was applied to the Silver Lake
system (Table 11). Appropriate values for corresponding
variables and the calculated phosphorus loads are presented in
Table 12. Loads ranged from 14.7 to 88.6 kg P/yr, with most
equations predicting from 26 to 59 kg/yr. It should be
recognized that these models are applicable to a large number of
lakes, and do not presume to describe the behavior in any one
lake (Wetzel, 1983). One assumption of the models rarely
approached in real lakes is that of complete and instantaneous
mixing of the nutrient load throughout the lake. However, the
simple morphometry of Silver Lake and the long detention time
suggests that this lake is more likely than most to approach
these conditions. Another factor which may detract from the
applicability of the models to Silver Lake is the relatively
small importance of the surface tributary to the hydrologic
budget (15%).

Vollenweider (1968) established loading criteria based on
system morphology and hydrology; a phosphorus load of less than
21.6 kg/yr would be considered permissible under this scheme,
while a load in excess of 43.1 kg/yr would be deemed critical.
Of the five models considered above, four predict a load above
the permissible and two predicted loadings exceed the critical
load. This suggests that the mesotrophic conditions prevalent in
Silver Lake could easily worsen with little additional
phosphorus.
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Table 9.

NUTRIENT EXPORT COEFFICIENTS FOR LAND USES AND OTHER SOURCES IN THE UATERSHED OF SILVER LAKE.

EXPORT COEFFICIENT (KG/Hft/YR)

NUTRIENT SOURCE

LAND USE:
Residential
Forested
Recreation/Park
Open
Wetland
Water

OTHER SOURCES:
Atmospheric Deposition
Waterfowl (kg/bird/year)
Internal Loading
Septic Units <Kg/cap/yr

NITROGEN

5.50
2.86
4.50
5.19
2.46
0.00

12.80
1.00

*4.61

PHOSPHORUS

1.50
.11

1.50
.BO
.20

0.00

.50

.20

*2.20

SELECTION CRITERIA

Medium residential, small lots.
Mostly deciduous fringing woods.
Town beach area, seasonal usage.
Border area, public access area.
Swamp wetland, seasonal drainage.
See below for loading factors.

Suburban neighborhood.
Assume density of 1/2 bird/ha/yr.
See nut. budget for calculations.



Table 10.

NUTRIENT LOAD GENERATION BY SOURCES IN THE WATERSHED OF SILVER LAKE.

EXPORT COEFFICIENT (KG/HA/YR) LOAD GENERATED (KG/YR)

NUTRIENT SOURCE

UWD USE:
Residential
Forested
Recreat ion/Park
Open
Wetland
Hater

OTHER SOURCES:
Atmospheric Deposition
Aquatic Birds
Internal Loading
Septic Units <kcj/cap/yr

>&ULIHttU HKtH

(HECTARES)

31.4
4.5

.5
3.1
2.5

11.5

11.5
6

1.5
98

NITROGEN

5.50
2.86
4.50
5.19
2.46
0.00

12.80
1.00

*4.61

PHOSPHORUS

1.50
.11

1.50
.80
.20

0.00

.50

.14

*2.2

NITROBEN

172.7
12.9
2.2

16.1
6.2
0.0

147.2
6.0
0.0

451.8

PHOSPHORUS

47.1
.5
.8

2.5
.5

0.0

5.8
.8

6.5
215.6

TOTAL 815.0 280.0
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TABLE 11

EQUATIONS AND VARIABLES FOR DERIVING PHOSPHORUS

LOAD ESTIMATES FROM IN-LAKE CONCENTRATIONS.

Kirchner and Dillon, 1073
TP-L(l-Rp)/Z(F)
L=TP(Z)(F)/(l-Rp)

Vollenweider, 1975
TP - L/<ZXS»F)

Chapra, 1975
TP-L(i-R)/(Z)(F)
L=TP(Z)(F)/(1-R)

Larsen and Merrier, 1975

L = TP(Z)(F)/1-RLM)

Jones and Bactunann, 1976
TP = 0.64 L/C) (0.65 + F)
L = TP(Z) (0.65 + F)/0.64

TP = Total P as ug/1 in spring

L = P load as

Z = mean depth in meters

F = flusmng /yr

S = effluent TP/influent TP

qs = areal water water = Z(F) as m/yr

R = retention coefficient for phosphorus
»(Pin-Pout)/Pin

Rp = retention coefficient (water load)
= Vs/(Vs + qs) (Vs set by authors at 132)

* 1/1+ CF05)
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TABLE 12

PHOSPHORUS LOAD TO SILVER LAKE BASED ON MODELS

EMPLOYING IN-LAZE CONCENTRATIONS.

Variable Parameter Value

TP (Ug/1) 30

2 (m) 3.9
F (yrl) 0.95
S=Pout/Pin 0.144
qs = Z(F)(m/yr) 3-71
R= (Pin-Pout)/Pin 0.656
Rp» 13-2/03-2 + qs> 0.761
RLH=l/(UF°-5) 0.506
Pin (Ug/l> 206

30

Predicted Load By Each Model fe/m2/yr)
Kirc&ner and Dillon 0.507
Vollen welder 0.126
Chapra 0.794
Larsen and Mercier 0.225
Jones and Bachmann 0.2 2 3

Predicted Load By Each Model (kg/yr)
Kirchner and Dillon 56-3
Vollenweider 14.7
Chapra 66.6
Larsen and Mercier , 25.9
Jones and Bachmann 25.6

Vollenw&ider criteria
Permissible Load

g/m2/yr 0.166
kg/yr 21.6

Critical Load
g/m2/yr 0.3?5
kg/yr 43-1
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The most reliable approach involves direct measurement,
although not all inputs are amenable to this approach. A
combination of empirical data or export coefficients was
therefore applied. The mass flow of total phosphorus past
monitored stations was calculated based on sample concentrations
(Table 13) with appropriate time- and flow-weighting. Total
phosphorus from the inlet was 12.4 kg/yr and accounted for
greater than 22% of the total phosphorus entering Silver Lake.

In addition to the surface water inputs, ground water,
atmospheric deposition and wildlife, principally waterfowl, must
be considered. Using a value for phosphorus (0.50 kg P/ha)
representative of a suburban land use area (Scheuler, 1987), a
direct precipitation-induced load of 5.8 kg/yr is calculated.
Wildlife inputs are hard to quantify, but a density of 1/2 bird
equivalent per hectare of lake (a bird equivalent equals a year
long residence by a waterfowl) is assumed since this lake is not
a major nesting/feeding ground and the lack of secluded coves or
embayments discourages many wading birds. Given an average
figure of 0.135 kg P/bird/yr; this density adds another 0.8 kg
phosphorus altogether (Brezonik, 1973). For calculations of
deposition and wildlife inputs see Appendix.

The amount of phosphorus entering via ground water was not
directly monitored, but can be estimated from available
information. The likely area for ground water phosphorus
contribution is the western shore of Silver Lake. The amount of
phosphorus generated from this portion of the watershed can be
estimated using residential unit density, average unit
population, average span of residency and per capita phosphorus
loading values. Most of these factors can be fine-tuned to the
Silver Lake situation by adjusting the factors according to the
survey responses from the lake abutters. The predicted estimate
of phosphorus entering the lakes is between 8.6 to 25.9 kg/yr.
The assumptions and calculations are explicitly stated in the
Appendix. If a mid-range figure of 17.3 kg P/yr is used, this
constitutes about 31% of the total P loading to the lake.

The amount of phosphorus entering the water column via
remineralization in the bottom sediments was calculated. Oxygen
levels in the bottom waters of the two deep basins were
sufficiently low enough to produce the reducing conditions
required for phosphorus release to the water column. In
addition, there was a trend of increasing phosphorus with depth
such as would be expected with phosphorus release from sediments.
The amount of phosphorus realized from this benthic
remineralization was estimated to be 6.5 kg/yr. For all
calculations see Appendix.
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TABLE 13

PHOSPHORUS AND NITROGEN MASS ROWS IN THE SILVER LAKE SYSTEM

Mass Flow Past Sampling Station (kg/yr)

SL-1 SL-4
Parameter

Total Phosphorus 12.4 9.3
Orthophosphorus 3.3 3.1

Ammonia nitrogen 3.5 17.7
Nitrate nitrogen 10.8 260.9
Total Kjeldahl nitrogen 46.4 115.2
Total nitrogen 57.2 376.1
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Storm water inputs of phosphorus into Silver Lake were
considered. The amount of phosphorus entering the lake from
these sources was estimated at 12.4 kg/yr. This constitutes
about 22% of the phosphorus load to the lake.

A summary of the phosphorus inputs is shown in Table 14.
The inputs contributed from all the various sources considered
above account for a loading of 55.2 kg/yr. Comparing this value
to the amount of phosphorus leaving the outlet (9.3 kg/yr), there
is a sizeable discrepancy {45.9 kg); indicating that Silver Lake
is a sink for phosphorus. This is not too surprising as the lake
is a closed system (no outlets) for much of the summer.

The "standing stock" of phosphorus in the water column is
estimated at 12.7 kg P (in-lake concentration x lake volume x
flushing rate). Thus, it appears the lake is removing some of
the phosphorus inputs before they are fully mixed into the lake
waters. Wetland extensions on sediment deltas near the outfall
of storm drains or the inlet may reduce nutrient inputs. The
dense macrophyte cover may act as a living "biofilter" removing
phosphorus from ground water as it passes through root systems.
The biological availability of phosphorus from SL-1 may be
reduced by complexation with tannic and humic compounds.
Phosphorus can also leave the lake in seasonal outseepage, be
removed as caught fish or settle out' as particles.

The levels of phosphorus found in Silver Lake are important
for the overall trophic level of the lake. Silver Lake is
generally clear with a minor summer blue-green algal bloom. It
would be classified as a mesotrophic lake based on its nutrient
status. However, its biological characteristics do not show the
full impact of the nutrient loadings (perhaps due to the
mitigating factors discussed above). However, reduction of
phosphorus inputs is still a key to the maintenance and
improvement of water quality in Silver Lake.

Nitrogen

Derivation of the nitrogen budget was approached in the same
manner as the phosphorus budget. Lack of analogous equations for
calculating nitrogen loads from in-lake concentrations precluded
the use of that method. Export coefficients and resulting loads
are given in Table 9 and 10. Mass flow of three nitrogen forms
and total nitrogen past monitored stations are presented in Table
13. A breakdown of the total nitrogen loadings by the source is
shown in Table 14.

From export coefficients it is estimated that 815 kg of
nitrogen are generated in the Silver Lake watershed each year.
The fraction of this load reaching the pond is largely dependent
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TABLE 14

NUTRIENT LOADS TO SILVER LAKE BASED ON EMPIRICAL
DATA AND SELECTED EXPORT COEFFICIENTS

Total Phosphorus Total Nitrogen

Source kg/yr % of total kg&r % of total

Unnamed inlet (SL-1) 12.4 22 57.2 9

Groundwater 17.3 31 299-0 49

Storm Runoff . . 12.4 22 104.2 17

Benthic remineralization 6.5 12 -

Atmospheric deposition 5.6 11 147.2 24

Aquatic wildlife Oft -1 -&Q _L
TOTAL 55.2 100 61J.6 100
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on the form of nitrogen generated; nitrates move rapidly through
sandy soils, while organic nitrogen (TKN - ammonia nitrogen) is
relatively immobile where surface runoff is slight. Nitrates are
the most important form of nitrogen in the system.

With the addition of atmospheric deposition, wildlife inputs
and ground water contributions, the total nitrogen load to Silver
Lake was 613.60 kg/yr. This range is comparable for the amount
of predicted nitrogen generated by the watershed. The amount of
nitrogen retained by the watershed is approximately 25%. The
measured output of total nitrogen was slightly lower at 376.1
kg/yr. Thus the lake apparently retains a portion of the
nitrogen going through the system (38%). However, unlike
phosphorus which has no atmospheric form, nitrogen can be lost to
the system by bacterial metabolism and production of nitrogen
gas.

On an annual basis, the magnitude of the nitrogen load
suggests that phosphorus will be in relatively shorter supply for
plant growth in Silver Lake. Therefore, phosphorus would be the
logical target of lake management actions. This does not mean
that nitrogen should be ignored. The tendency of nitrogen
sources to be linked to other pollutants suggests that an overall
management program should address nitrogen inputs. It is
unlikely, however, that control of nitrogen alone (if possible)
would yield any detectable benefits in Silver Lake.
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DIAGNOSTIC SUMMARY

Silver Lake is sited in a small watershed with sandy soils,
low-relief topographic differences, and mostly residential land
use. The high residential density, small lot size and widespread
use of septic systems may have overburdened the ground water in
the past, leading to nutrient input to the lake. Recent
extension of and hook-up to municipal sewer lines appear to be
reducing this flux.

Silver Lake is a kettlehole lake with no permanent surface
inlets or outlets. The major surface tributary is an unnamed
drainage ditch (SL-1), which contributes about 15% of the total
input. Groundwater is estimated to account for 33% of the
inflow. Watershed runoff and direct precipitation contribute 21%
and 31%, respectively, of the total. Flow through the system
results in a very long mean hydraulic retention time of 382 days.

On an annual basis, phosphorus is in relatively shorter
supply than nitrogen in Silver Lake. Phosphorus enters the lake
through a number of routes. The surface tributary (SL-1) is
responsible for 22% of the phosphorus loading. Groundwater
provides about 33% and storm runoff another 22% of the total..
Benthic remineralization accounts for 12% of the phosphorus
budget, while other inputs include atmospheric deposition (11%)
and wildlife (2%). Nitrogen loadings are higher, approximately 10
times greater, but phosphorus still remains the element of best
control for water quality. The overall nutrient status of Silver
Lake would be considered mesotrophic.

Growths of aquatic macrophytes are extensive with the high
densities occurring peripherally in the shallow littoral zone.
However, the nature of this cover does not especially interfere
with surface recreation and may serve as a "biofilter", removing
nutrients from the water column and especially from incoming
ground water. While overall plant cover is high, the
unstructured bottom provides little fish cover.

Summer phytoplankton blooms are minor and water quality is
generally good. Bottom dissolved oxygen is at.levels that allow
benthic remineralization, but this condition is restricted to the
deepest basins. Water transparency is generally good to
excellent throughout the year.

Presently, swimming is the most popular activity on the lake,
and will be in the future, based on present water quality trends.
The fishery at Silver Lake provides modest recreational
opportunities. Angling is mostly limited to areas where deep
water is accessible from shoreline.
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Silver Lake provides an accessible water resource for
Wilmington. The phosphorus load entering the lake is above a
desirable level, but factors within the lake mitigate the
biological impact of this load. The need for ground water
management, in particular the need to encourage the hook-up of
residents to available sewers and good watershed practices are
essential for any management plan that hopes to protect and
enhance the quality of the waters of Silver Lake.
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PART II.

FEASIBILITY ASSESSMENT
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EVALUATION OF MANAGEMENT OPTIONS

Available Techniques

The number of techniques available for lake and watershed
management is not limitless (Table 15). However, the potential
combination of these techniques and level of their application do
result in a great number of possible management approaches. Each
lake must be considered a unique system, thus an effective
restoration and management program must be tailored to a specific
waterbody (Wagner and Oglesby, 1984).

Improvement to conditions in Silver Lake will be linked to
control of nutrient inputs to the lake. Since this can be done
in many ways, there exists many potential lake management options
that need to be evaluated. The lake and watershed
characteristics of Silver Lake and nature of problems there
immediately eliminate some alternatives from further
consideration, however. These easily rejected alternatives are
considered below.

Biocidal chemicals and dyes are inappropriate here. Biocides
are considered by EEC to be an ecologically unsound management
tool in all but a very restricted class of applications. Recent
literature on lake management does not even consider biocides as
management tools (e.g., Cooke et al., 1986). The low level of
phytoplankton, the usefulness of the existing plant cover as a
biofilter and the popularity of swimming area are factors arguing
against application of herbicides.

Water level control is often an inexpensive way to check
nuisance macrophyte populations in the shallower littoral zone of
a lake. For Silver Lake this is not a current option due to the
lack of an outlet structure on the lake. Building an outlet
structure would be costly and require recontouring the lake
bottom, deepening the existing drainage channel and re-
engineering and building the passage under Route 38 to provide
much drawdown capability. The utility of such of drawdown is
very limited and made somewhat redundant by the seasonal water
level drop. Very little benefit to Silver Lake is afforded by
this costly option and it can be eliminated from further
consideration.

Dilution and flushing are also not viable solutions for
Silver Lake. It is doubtful that the pond's eutrophication
problems would be significantly lessened from quicker movement of
its waters, particularly in the summer. However, other sources
of good quality water are not easily diverted or obtainable for
such a scheme, particularly since water levels are seasonally
quite low. This solution is simply not practical for Silver Lake.
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TABLE 15

LAKE RESTORATION AND MANAGEMENT OPTIONS

Descriptive NotesTechnique

A. In-Lake Level

1. Dredging

2. Macrophyte Harvesting

3. Biocidal Chemical Treatment
And Dyes

4. Water Level Control

5. Hypolimnetic Aeration
Or Destratification

6. Hypolimnetic Withdrawal

7. Bottom Sealing/Sediment
Treatment

8. Nutrient Inactivation

9. Dilution And Flushing

10. Biomanipulation/Habitat
Management

B. Watershed Level

1. Zoning/Land Use Planning

2. Stormwater/Wastewater
Diversion

3. Detention Basin Use
And Maintenance

Actions performed within a water body.

Removal of sediments under wet or dry
conditions.

Removal of plants by mechanical means.

Addition of inhibitory substances
intended to eliminate target species.

Flooding or drying of target areas to
aid or eliminate target species.""

Mechanical maintenance of oxygen levels
and prevention of stagnation.

Removal of oxygen poor, nutrient rich
bottom waters.

Physical or chemical obstruction of
plant growth, nutrient exchange, and/or
oxygen uptake at the sediment-water
interface.

Chemical comlexing and precipitation
of undesirable dissolved substances.

Increased flow to minimize retention of
undesirable materials.

Facilitation of biological interactions
to alter ecosystem processes.

Approaches applied to the drainage area
of a water body.

Management of land to minimize
deleterious iinpacts on water.

Routing of pollutant flows away from a
target water body.

Lengthening of time of travel for
pollutant flows and facilitation of
natural purification processes.
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TABLE 15 (continued)

4. Provision Of Sanitary
Sewers

5. Maintenance And Upgrade
Of On-Site Disposal Systems

6. Agricultural Best
Management Practices

7. Bank And Slope Stabilization

8. Increased Street Sweeping

9. Behavioral Modifications
a. Use Of Non-Phosphate

Detergents.

b. Eliminate Garbage Grinders

c. Minimize Lawn Fertilization

d. restrict Motorboat Activity

e. Eliminate Illegal Dumping

Community level collection and treatment
of wastewater to remove pollutants.

Proper operation of localized systems
and maximal treatment of wastewater to
remove pollutants.

Application of techniques in forestry,
animal, and crop science intended to
minimize impacts.

Erosion control to reduce inputs
of sediment and related substances.

Frequent removal of potential runoff
pollutants from roads.

Actions by individuals.
Elimination of a major wastewater
phosphorus source.

Reduce load to treatment system.

Reduce potential for nutrient loading
to a water body.

Reduce wave action, vertical mixing, and
sediment resuspension.

Reduce organic pollution, sediment loads
and potentially toxic inputs to a water
body.
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Hypolimnetic aeration or destratification is the mechanical
introduction of oxygen or warmer waters into the bottom layers in
an attempt to increase the oxygen level of those waters. While
Silver Lake does have oxygen poor waters in the deeper basins,
this constitutes a small portion of the total lake volume. The
amount of anoxic phosphorus remineralization that oxyg.enation
would prevent is a small proportion of the total phosphorus
budget (see Nutrient Budget section). The costs associated with
either this option or hypolimnetic withdrawal (selective removal
of bottom waters) will be high due to the need for sophisticated
aeration or siphoning technology. Neither is justifiable in
terms of the improvements imparted to the lake.

Nutrient inactivation could be used to help prevent
remobilization of phosphorus from the bottom sediments. The
technique relies on the use of aluminum salts to induce
phosphorus precipitation from the water column or binding
(inactivation) in the sediments. This technique may require
repetitive applications to be effective. This treatment is most
successful for lakes in which the tributary nutrient inputs have
been much reduced and the recycling of nutrients from phosphorus-
rich sediments continues to supply large amounts of the growth-
limiting factor (Cooke et al., 1986). At first glance, this is
not too . far removed from the situation in Silver Lake, where
ground water seepage is a major source of phosphorus. However,
there appears to be little translocation of the ground water-
derived phosphorus to the water column through macrophyte
"pumping" of the phosphorus. Since the water column is low on
dissolved phosphorus, application of alum would provide little
quantitative reduction. Further, the low growing macrophytes
appear to be locking up the incoming phosphorus in their biomass
very effectively. It makes little sense to substitute an
expensive, repetitive chemical treatment to produce the same
sequestering of phosphorus that is being done by the natural
flora.

Biomanipulation is an attempt to influence lake conditions
through the removal or introduction of more favorable species.
It is a new and still largely experimental technique, and not
without risk to the ecosystem (Wagner, 1985) . The nature of
conditions at Silver Lake do not make it a good candidate for
improvements following biotic manipulations. Replacement of
the nuisance macrophytes with more desirable types is uncertain
and a loss of their functional utility may result. While long
range improvement in Silver Lake might be aimed at improving the
recreational fishery, the basic conditions under which Silver
Lake exists would not be changed by biotic introductions.
Biomanipulation attempts are therefore not recommended at this
stage.
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Often the most effective lake management options are those
which are applicable to a lake's watershed and not directly to
the lake. This is also the case in Silver Lake, particularly in
light of the small watershed area. Of course, not all watershed
options make'sense for the Silver Lake system. Considering these
watershed options (Table 18), it is apparent that several of t
these management techniques would be inappropriate or ineffective
for Silver Lake.

Zoning and land use planning is often a very effective way to
guide and control the extent and density of development in a
watershed. In the case of Silver Lake, very little non-developed
land exists that is still buildable under the present wetland
protection laws. The major patterns of land use and
accompanying infrastructure have already been determined.
Therefore, major revisions to existing zoning bylaws would have
little positive effect on the impacts already expressed in Silver
Lake. Watershed control thus becomes a function of reducing or
mitigating existing loadings to the lake and not the outright
prevention of these loadings by restrictions on development.

The use of a detention basin to increase the time available
for sedimentation and purification is not practical in this
watershed. There is very little land available for this purpose
and the nature of the soils would allow for the very rapid
percolation of the water out of the basin and into the ground
water seeping into the lake. Further, the existing wetlands in
the western portion of the watershed already provide natural
detention. Finally, very little surface flow occurs during the
summer months, the one season when the detention basin would have
greatest effect. For these-reasons, the use of a detention basin
is not recommended for treatment of watershed flows.

Development of a sanitary sewer in the Silver Lake watershed
is not needed due to the recent extension of sewer lines in the
major thoroughfares of the area. What is necessary is the
encouraged or mandated hook-up of households with these sewer
lines. Further discussion of this matter is included in the
section on septic systems {see below).

Agricultural best management practices are not needed in a
watershed that has no land devoted to that purpose. in the same
vein, restrictions on motorboats is another moot point, due to
the restriction on gasoline motors currently enforced on the
lake.

Thus, at a first cut, the following techniques are eliminated
from further consideration: biocides, water level control,
hypolimnetic withdrawal or aeration, nutrient inactivation,
dilution and flushing, biomanipulation, zoning by-law changes,
detention basins, building of sanitary sewers, agricultural best
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management practices, and restriction of motorboat activity. A
critical examination of the remaining techniques will further
reduce the number of viable options.

Evaluation of Viable Techniques

The techniques considered at this stage are ones that are
somewhat appropriate for improving conditions in Silver Lake, but
may be rejected for not being as effective as other alternatives
or prohibitive in cost for the final results. These techniques
include dredging, macrophyte harvesting, bottom barriers, storm
water treatment, septic system improvements, bank stabilization,
and behavorial modifications. Whenever possible, it is
preferable to spend dollars to reduce or remove factors leading
to lake degradation rather than merely treat lake conditions in
isolation.

Dredging is an effective means to reduce macrophyte
infestation by removal of existing plants and organic sediment
layers and help limit future growth by increasing depth. The
importance of the additional depth is in the reduction of light
penetrance to the bottom dwelling plants; limiting or severely
reducing their growth. By fundamentally changing the lake's
morphometry, dredging provides a restoration that is relatively
long lasting. The increased storage capacity affects hydraulic
and physical relationships such as flooding and thermal
stratification. This alters nutrient loading, budgets and
recycling within the waterbody, with accompanying changes in the
trophic levels of the biota.

In the case of Silver Lake, dredging to a hard bottom would
entail removal of thousands of cubic yards of material. In many
areas this removal would not deepen the lake enough to impose
light-limitation on bottom-dwelling plants, due to the excellent
clarity in the lake. Removal of the sediment layer would not
necessarily curtail plant nutrition as the ground water carries
much of the nutrient load. Disturbance of the underlying peat
layers may increase turbidity. The expense of dredging
(hydraulic dredging because of the lack of a drainable outlet
structure) is high, with typical rates of $15-20 per cubic yard
of material. Due to this cost factor and the limited improvement
to the lake, general dredging is not a recommended way of
restoring Silver Lake.

In Silver Lake there is extensive coverage of the bottom by
macrophytes (Figure 14), but reduction or removal of most of
these plants would yield neither appreciable nutrient reduction
or recreational utility. In fact, their removal is not
recommended due to their suspected role in the nutrient budget.
These macrophytes are the submerged low-growing species such as
Eleocharis, which has proliferated throughout much of the
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littoral area. However, there are selected emergent and floating
macrophyte beds whose removal would be beneficial. This includes
the cattail and lily pads found near accumulated deposits of
eroded sediment, typically clustered around storm drains or
erosion areas. These beds have been reported to be spreading in
Silver Lake during the last ten years. Reduction in the numbers
of these plants and removal of the eroded sediment in which they
thrive is desirable.

One relatively inexpensive technique to allow some measure of
relief from these nuisance aquatic plants would be the deployment
of bottom barriers. A bottom barrier consists of a layer of
synthetic material that is laid directly over the bottom and
weeds.---It effectively-compresses and shades aquatic macrophytes ..
such as to suppress their growth. The screen is positioned in

•• shallow- water by hand,-but--a diver-may.be necessary., for .............
application to deeper waters. It must be weighted (e.g., cinder
blocks) or staked down. A major advantage of these screens is
that they are reusable. They can be retrieved from the water,
washed, dried and stored for use in succeeding years. With
proper care, five seasons of use can be expected. Given the
costs associated with this short-term management plan, lack of
effect on overall trophic state and present availability of large
areas of relatively open water, this technique does not provide
much benefit and is not recommended.

Macrophyte harvesting refers to the direct mechanical removal
of nuisance aquatic vegetation to permit the desired use of the
water or littoral area. Basic types of harvesting include
mowing, tillage, and suction and diver-operated dredging and
hydraulic washing equipment (Cook et al., 1986) . The
conventional (and least costly) method used is the cutting and
harvesting of the summer'growth of macrophytes. More recently a
more selective method referred to as hydro-raking has been
utilized.

Briefly, harvesting has the advantages of immediate removal
of the nuisance plants and the nutrients they contain, which are
subject to release upon plant senescence, as well as direct
targeting of problem areas with little hazard to other biota.
The harvesting activities do not preclude concurrent lake use in
other areas and are usually acceptable to local lake ordinances.
Further, the operating costs are less expensive than many other
forms of physical control.

The disadvantages of harvesting need to be considered as
well. These include the labor and energy to remove the cut
vegetation from the lake. Effective harvesting is usually
delayed until the nuisance plant biomass is maximal and
carbohydrate storage in the roots has already peaked (producing
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the following year's growth). A high cost can be associated with
mobilization (just getting machine to and from the lake), and
there are operational costs and delays connected with machinery
breakdown. Obstacles in the water may prevent conventional
harvesting in those areas, and only a relatively small area can
be treated by an individual machine. Conventional harvesting is
effective at removing present vegetation but does little to
affect the roots and seed beds which are the source of future
problems.

Given these considerations, the preferred method of plant
removal is hydro-raking. A hydro-rake is a pontoon mounted crane
which combines features of a dredge and mechnical harvester. It
differs from a conventional harvester by removing aquatic plants
(foliage and roots) along with the sediment in which they are
rooted. It is also more maneuverable and able to. operate in
areas containing tree stumps. It typically works from the
shoreline out into the lake, providing removal of macrophytes in
areas of highest usage.

As a relatively new lake treatment, the long-term
effectiveness of hydro-raking has yet to be evaluated.
Observations have suggested that its effectiveness is greater
with macrophytes with extensive root stocks (e.g., water lilies).
Turbidity associated with this method could be a problem as
bottom sediments are disturbed and destabilized.

In Silver Lake, this type of equipment could be used to
remove both the plants and accumulated sediments. At the same
time, this technique is somewhat effective in removing other man-
made objects from the water, as well. Thus, it could, in a small
way, also address the concerns of the local residents (see notes
on Public Meeting) for removing some of the debris in the shallow
waters. Given the small amount of acreage involved, this option
allows much benefit. An alternative way of removing the
macrophyte-sediment accumulation is by siphoning or pumping down
the lake several feet and allowing conventional construction
equipment into the lake bottom. While some opposition to this
idea was expressed at the public meeting, the option should be
considered if the hydro-raking is either impractical due to
shallow depths or more costly than anticipated. If this option
is exercised, a full evaluation of the effects of the drawdown on
neighboring wells and adjacent wetlands will be required.

Stormwater manangement refers to either treatment or
diversion of flows into Silver Lake from the storm drain system.
The negative impacts of storm water pollutants on water quality
of the recieving water body is well documented (USEPA, 1988) . In
Silver Lake, the impact of storm drainage accounts for about 22%
of the total phosphorus budget. Reducing this loading improves
the water quality and eliminates potentially harmful discharges
to a lake whose primary recreational function is swimming.



In addition, sediment is introduced into Silver Lake through
storm water discharges and the subsequent settling out of
suspended solids. Using flow parameters and mean total suspended
solids concentrations for the storm drain system an estimated
4,600 kg of suspended solids is loaded to the lake each year.
This accounts for about 2.3 CY of material (as sand) coming into
the lake. This is a relatively small amount but total suspended
solids concentration usually do not reflect the tractive or bed
load that often accompanies major storm events. Proper storm
water management would prevent much of this material from
entering the lake.

The two most important storm drain systems are SW-1, Grove
and Burnap Sts; and SW-4, Silverlake Ave and Dexter St. (Figure
5). It would be desirable from a lake water quality standpoint
to either reduce or eliminate-these discharges. Elimination or-
diversion to an adjacent water body (e.g. SW-1 into Lubber's
Brook) would take extensive engineering, construction, and may
not be feasible under current wetland ordinances. Even if
viable, this approach is not cost-effective, given the
anticipated amount of phosphorus to be removed. In addition, the
hydrologic input to Silver Lake would be decreased and the
flushing rate decreased; not necessarily a desired effect.
Diversion is thus not a recommended means to reduce nutrient
loading.

It may be possible to reduce the storm water-associated
nutrient load to the lake by increasing the performance of the
existing storm drainage system. Treatment of storm water, either
as it enters, transits or leaves the system is more reasonable
and can be accomplished in a variety of ways. These would
include everything from installation of water quality inlets,
introduction of precipitating agents (alum, iron, etc), repair of
existing pipe, and allowing the storm water to pass through soil
layers before entering the lake.

Examination of the physical lay-out of the two major storm
drain systems suggests that improvements are possible for the
Grove and Burnap Sts drains (SW-1). The Silver Lake Avenue
system (SW-4) is less amenable to improvement due to its
submerged entrance into the lake, low invert elevations along the
pathlength, and lack of land near the entry point. Best
management practices (BMP's) that can be incorporated into the
SW-1 system include: repair of existing piping, installation of
oil/grit separators, and use of an infiltration trench to remove
dissolved and particulate pollutants.

The importance of ground water in the Silver Lake system
dictates that any nutrient loading of this hydrologic input be
strictly regulated. The most important source entering this
component is the effluent from septic systems in the watershed.
The availability of sewer lines in major thoroughfares suggests
that this nutrient loading can quickly and permanently be
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eliminated by the connection of non-complying households with the
sewer line. The response of the public in doing so since the
sewer's availability since the mid-1980's has been far from
complete. Since this is the greatest source of nutrients to the
lake, this area is the one in which most attention should be
paid.

One way in which this source of nutrients can be reduced or
eliminated is through passing a by-law which makes hook-up
mandatory. However, given the potential unpopularity of mandated
sewer connections, alternative means should be explored. An
educational program designed to explain the relationship between
septic systems and the lake is advisable. The importance of
upgrading and maintaining septic systems in a regular fashion
would be included. In a similar fashion, environmentally-wise
practices, -~<i .e ..,. using phosphorus-free-detergents,, reduced .lawn
fertilization, etc.) should be popularized, since these also help
reduce non-point sources of pollution.

There are several sites along the shoreline of Silver Lake
which are heavily eroded or show signs of future failure (e.g.,
undercut banks, collapsing trees). These problems are
exacerbated by wave action and the fluctuating seasonal water
level of Silver Lake. As these banks slump, eroded sediment
falls into Silver Lake, leading to decreased depth and
transparency (from suspended materials) . Bank stabilization is
required to check present erosion, prevent future erosion
(particularly in areas where roadways abutt the lake) and retain
existing buffer vegetation.

Thus, after reviewing viable techniques and in light of the
characteristics of the system, the recommended in-lake management
techniques is macrophyte harvesting. At the watershed level the
preferred options include: maintenance/upgrade of septic
systems, storm water treatment or diversion, bank stabilization
and behavorial modifications of watershed occupants.
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GROUNDWATER MANAGEMENT AND PROTECTION

Reducing the Numbers of Septic Systems*

In considering all the sources of nutrients to Silver Lake,
particular attention must also be paid to the ground water
inputs, including the wastewater disposal systems in use within
the watershed. The amount of phosphorus entering Silver Lake via
this route is estimated to be 17.3 kg P/yr (see Nutrient Budget).
This constitutes about 31% of all contributions to the overall
phosphorus budget. The best way to eliminate this loading is to
encourage or mandate household hook-up to the existing sanitary
sewer lines in the vicinity of Silver Lake. Alternatively, two
ways to reduce or mitigate the effects are the use of non-
phosphorus detergents and proper maintenance and inspection of
septic--systems (Lee- and Jones, -1986)-. .— •••- .

The present residential density in most of the Silver Lake
watershed is quite high, and the average lot .size is less than
one acre. This is due, in part, to their original development as
summer camps (see Historical section). Given the small lot size
and the region's soils, this area was plagued by septic system
failures. In the early 1980's the towns of Wilmington and
Tewksbury developed and extended sewer lines into the Silver Lake
area.

A map of the sanitary sewers in the area around Silver Lake
(Figure 17) shows that sewer service is readily available to most
streets. Hook-up to these sewers has been voluntary and
incomplete. As a result there is a mosaic of households which
still rely on either cesspools or tank and leachfield systems.

Various" legal "means" are "possible"to" increase'the' pace" of
hook-up to the current sewer system. Currently, new construction
in the Wilmington portion of the watershed is required to hook-up
to the sewer if the abutting street is sewered. Unfortunately,
the number of new houses being constructed is small relative to
the number of existing dwellings in the area. Older units cannot
be legally required by the local board of sewer commissioners to
tie into the sewer; only the local board of health has such
authority to do so, in the case of a septic system failure (see
comments from Wilmington Town Engineer in Appendix) .

The typical cost of a residential connection to an existing
sewer is approximately $3,000. This estimate assumes a
connecting sewer in the middle of the street the house is
abutting, approximately 75 feet away, and $40 per linear foot of
6" pipe. It is important to note that this cost is the
responsibility of the individual howeowner, and is not fundable
or recoverable under the Clean Lakes Program. Further, a town
plan or schedule for the eventual conversion of all septic
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Figure 17 Location of sanitary sewers in the Stiver Lake vicinity

Shaded areas indicate streets served with sanitary sewers.

Scale : 1" = 475'.



systems to town sewers is recommended and may, in fact, be
required for other Clean Lakes funding.

The estimated cost of completing sewer connections throughout
the Wilmington watershed is the number of houses on septic
systems (20%) times the number of houses (234) times the
estimated cost of a residential sewer connection ($3,000) or
approximately $140,000. This cost is assumed by the individual
homeowners. Residential connections in the town of Tewksbury
should also be required for complete compliance within the
watershed.

Another approach is for the town to pass a by-law requiring
sewer hook-up when a property is sold or transfered to new
owners. This would not penalize present septic systems, but
would mean that new owners would assume some of the cost of -
cleaning up and maintaining water quality in Silver Lake. This
does not seem unreasonable, as the new owners .were likely
attracted to the area by the proximity of the lake, and
improvements in this resource are likely to appreciate local
house values. Inducement for sewer hook-up can be made by an
escalating cost schedule. If sewer connection fees are projected
to rise, there is more incentive to assume the costs at an
earlier rather than later date. By connecting early, the
homeowner will have a more saleable house, with no expensive
hook-up fee included in the price of the house.

The legal methods described above are effective but may not
be palatable to the local population. People resent or resist
efforts to force an expense on them, regardless of its ecological
benefit. Education of the local residents will be required to
popularize this idea. In the case of Tewksbury residents, there
is the additional problem of restriction of the use of the major
facilities at Silver Lake to town residents. Enforcement of
mandatory sewer connections may be easier if Tewksbury residents
(those on restricted streets which are in the watershed) are
allowed free access to Silver Lake.

Mitigation of Impacts by Existing Septic Systems.

Even if septic system usage continues, there are ways to
mitigate some of the negative effects. Decreasing the use of
phosphorus-containing detergents is one of those ways. The
Massachusetts Coalition of Lake and Pond Associations is
currently promoting legislation on the state level which will ban
the sale of phosphorus-laden detergents in Massachusetts.
Unfortunately, similar legislation has failed to pass in the
past. However, this does not preclude lake abutters from
actively promoting this idea among their neighbors. Educational
information that will facilitate is available from several
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sources; for example, several booklets are available on the
relationship of detergents and fertilizers to lake quality (Lake
Cochituae Watershed Association 1984 a, b, c) .

Another reduction is possible from improved efficiency in
existing on-site wastewater units. Improving the operation of
on-site wastewater disposal systems has been the subject of
considerable recent literature (e.g., Veneman 1986). The two
most critical site variables related to the performance of in-
ground disposal systems are the depth to ground water and the
type of soil below the system (Veneman 1986). The greatest
possible vertical distance to ground water and an intermediate
percolation rate are desirable. While dilution by ground water
may be substantial, conversion of pollutants to harmless or
immobile forms is often minimal once a substance enters the
saturation zone. • Slow- movement of effluent through a large
aerated zone of soil with high adsorptive capacity is the optimal
situation, but these conditions are not .often achieved in
practice.

One major stumbling block is the need for the disposal system
to handle the volume of waste delivered to it without causing a
back-up of flow. The slower percolation rates associated with
•some soils preclude their use for on-site systems, and most
states have laws which set the minimum acceptable percolation
rate. Not many states set standards for the maximum percolation
rate, however, and this causes many systems to be underdesigned.
The actual percolation rate will be determined by the
permeability of the biofilm layer which forms in the aerated soil
below the leaching area (Lavigne 1986), not just the soil
permeability. When sized according to the percolation rate of
highly permeable soils, leaching areas may be insufficient to
pass the design flow. Further, effluent passing into the highly
permeable soil may move into the ground water too quickly for
effective removal of contaminants through soil adsorption
processes.

Other important operational considerations are the detention
time in the settling tank {preferably >1 day) , waste delivery
rate (preferably continuous enough to maintain the microbial
community but with breaks to regenerate soil capacities), and
available leaching area (preferably as great as possible). Both
system design and maintenance affect these parameters. The
movement of liquid through the pipes, chambers, and soils of the
system is critical to operation; clogging or flow restriction
must be avoided. This involves not only proper design and
maintenance, but control over what is placed in the system as
well. Solids such as disposable diapers and liquids such as
greases should not be routed into on-site wastewater disposal
systems (DiLibero 1986).
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If ground water quality is to be improved and preserved, it
is imperative that all disposal systems be properly maintained
and upgrades be encouraged. While regulatory procedures are
typically inadequate to deal with enforcing maintenance codes
(Janaros 1986), it is possible to mandate maintenance and enforce
the statute. Mandating system upgrades is usually more difficult
as a consequence of grandfather clauses and a lack of appropriate
data on the impact of inadequate systems.

Currently, the average maintenance interval for the units at
Silver Lake is about 3,6 years. DiLibero (1986) has recommended
an inspection interval of six months to two years, with cleaning
and maintenance as warranted by inspection. Stricter inspection
and maintenance of septic systems might improve efficiency
(Veneman and Wright, 1986). These inspections would probably
fall under the duties of the Town of Wilmington Health
Department.

One approach to implementing an effective disposal system
maintenance program involves taxing all residences for the cost
of an annual inspection and pumping, and having the Town arrange
for the service (much as with trash collection or sanitary sewer
operation. The cost of an annual inspection and cleaning ranges
from $50.00 to $150.00 in the northeastern United States
(DiLibero 198.6) , depending on geographic area and the distance
over which septage must be transported for ultimate disposal.

The likely return in decreased nutrients to the lake has to
be weighed against an additional burden being placed on the
Health Department. This is not to imply that some improvement is
not possible, simply that it is likely to most cost-effectively
accomplished by educational means that by attempting revision of
existing town by-laws. What is more important is that the ' '
relationship between septic systems and lake quality be made
exceedingly clear to the lake abutters, so that they understand
that how their actions affect the lake resource. Again, this is
best addressed by the use of educational materials and the
efforts of a group to actively promote such knowledge.

Anticipated Impact of the Ground water Protection and Management
Program

The amount of phosphorus reduction that can be expected from
this option is difficult to precisely predict. Over the long
term, hook-up to sewer lines would eliminate the bulk of the
ground water loading due to septic systems. However, it is
unrealistic to expect that household connection to available
sewer lines will be immediate or complete unless mandated. As a
process, it is likely to stretch over a long period of time (5-15
yrs}. Educational brochures and information can be expected to
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increase public awareness and watershed performance in the short
run (1-2 yr), but will need to be vigorously and continually
pursued to keep the public participation viable. Given these
factors an estimated range of between 5 and 10% of the phosphorus
would be eliminated due to sewer connections.

Improvement of septic system performance from 92.5% to 95%
phosphorus retention produces an additional slight reduction to
the phosphorus budget. The apparent existing high efficiency of
phosphorus retainage may be a joint product of septic system
performance and interception by the macrophyte cover. Using the
95% efficiency estimate, a reduction of 8.7 kg of phosphorus is
projected. While this is a small amount it is an appreciable
portion of the Silver Lake phosphorus budget (17%). This option,
by itself, will not necessarily change water quality in Silver
Lake, but would bring the lake closer to the projected critical
loading. Further if improvements in existing systems could be
coupled with removal of some of the cesspools in the area, a
reduction of from 15 - 25% may be possible, with a best possible
figure of 34% (total elimination of all septic systems).

Cost, Permits and Summary

An education program emphasizing the connection between the
watershed and Silver Lake is recommended. The elements of this
program should include information on the effects of septic
systems on ground water quality, the expected response of the
lake (already seen) to decreased nutrient loadings, and the
potential benefits (or loss thereof) accruing to the local
residents around Silver Lake. Educational information regarding
the impact of development on ground water and good practices
which minimize that impact are included in the Appendix. Similar
pamphlets are available from state or national sources. These
can easily be tailored to be specific to Silver Lake.

Other watershed resident practices that are potentially
detrimental to water quality in Silver Lake should be similarly
addressed. Such practices include: heavy lawn fertilization;
unwise storage or disposal of waste oils, paints, solvents, etc.
into local storm drains; sweeping leaves, grass clippings etc.
into wetland corridors which drain into the lake, using the lake
as a convenient dump for trash.

All the programs identified above are interrelated. It is
probably most cost-effective to address these concerns with
information packages available from one or two central sources.
The real desire, however intangible, is to instill a sense of
responsibility for the water leaving one's property, be it in a
stream, a curb gutter or a septic waste.
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Costs of such an educational program revolve around printing
of additional pamphlets and distribution of this material. In
addition, a slide presentation can be put together that
illustrates the message. Town meetings, publicity connected with
the fishing derby, school excursions, poster boards at the
swimming beach, and Conservation Commission public meetings are
appropriate occasions to promulgate these concepts. A series of
informational articles that address relevant issues of watershed
management can be prepared. The release of these articles can be
timed to coincide with town meetings and summer recreational
season. These articles are often worth republishing at regular
intervals to refresh older residents and inform newer ones.

The costs of this education program include preparation of
three lake-related brochures (lake metabolism, ground water
education, and storm water education) at $1,000 each, as well as
printing 1,000 copies of each brochure (total of 3,000} at
approximately $0.80/per brochure. Preparation of an educational
slide show and/or video (with additional copies) can be expected
to cost $3,500. Preparation of news articles is estimated at
about $600. Making an education poster board and appropriate
signage for the town beach is slated at about $lfOOO. The
cumulative cost of this educational program is s$lO,500.

The educational program does not require environmental
permits, per "se, except those routinely required in the Clean
Lakes Program for granting of Phase II Implementation Funds. For
these agencies and their addresses consult Table 23.

In summary, ground water protection and management is the
most important facet for the management of the Silver Lake, as it
holds the greatest potential for reducing phosphorus loadings in
the important ground water component. Since mandated sewer
connections often prove both unpopular and unenforcable, an
educational program is recommended. This educational packet
should address not only the ground water to septic system
relationship, but include information on a variety of related
environmental topics, stressing the impact common practices can
have on nearby lakes and ponds.
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STORM WATER TREATMENT

Prioritization of Storm Drain Improvements

The effect of storm drains on Silver Lake's nutrient budget
is sufficient {Table 14) to merit reducing these inputs through
improvements in the performance of these systems. Systems SL-SW2
and S3>SW3 are limited in the areas they serve, and have a lessor
impact on the lake. Therefore, they probably do not merit
attention at this time.

The other systems (SL-SW4, SL-SW1 and SL-SW5) were
.considered for improvement. The largest area is served by SL-
SW4, which provides 4.1 kg P/year to the lake." The geographical
constraints of the Dexter Street system and outfall suggest that
improvement can only be expected with significant redesign of the
system. Some limited improvement may be possible by installation
of a deep catch basin on Silver Lake Avenue. This structure
would collect particulate matter and sediment prior to its
entering Silver Lake. This installation would probably involve
the destruction and reconstruction of the street surface. As the
amount of resulting improvement is probably rather small, and the
costs high, this should be considered a secondary priority or
future opt ion.

Improvement monies would seem better spent in improving the
SL-SWl system, which has available land nearby and existing
problems which can be remedied. This includes installation of an
infiltration trench and oil separator, which are detailed below.

The other system in question, SL-SW5, is more limited in
available land than SL-SWl. One possible solution would be to
route water from both SL-SWl and SL-SW5 to an infiltration
trench. This would involve destruction and repaving of the town
beach parking lot to place an access pipe. The grade of this
access pipe would require lowering the depth of the infiltration
trench, an undesirable feature. Alternatively, the SL-SW5 system
could be routed through the SL-SWl system, although this also
would require piercing the street surface. This tie-in should be
considered a future option, after careful evaluation of the
performance of the proposed infiltration trench. Installation of
a separate oil/grit separator for SL-SW5 does not seem merited by
its small area (0.9 ha) and less traveled nature. More
economical results would be achieved through abutter education,
enforcement of hazardous waste disposal regulations, and timely
catch basin cleaning. At this time, improvement suggested for
SL-SW5 are restricted to increased catch basin cleaning and
increased educational awareness (see below).
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Repair of broken pipe at Grove and Burnap Streets

It was noted that storm runoff into the catch basins at Grove
and Burnap Sts. was not matched by flow entering Silver Lake (SL-
SW1), at a time when the catch basin was full. At the same time,
water was observed "breaking out" of the ground in the general
vicinity of the presumed location of the pipe connecting the
catch basins and the outlet. This suggests that the pipe is
either blocked and/or broken; in either case it is not
functioning as needed.

This 250' length of pipe will need to be replaced (Figure
18). Replacement will involve trenching, connecting the pipe
with catch basins and filling. If the present pipe is replaced
with a 9" polyvinyl chloride pipe, and provided the roadway does
not need extensive repaving, costs are estimated at $3,000
(Robert S. Means Co., 1987).

Installation of an infiltration trench

Currently, storm water from the SL-SW1 system is piped.to the
shoreline and passed overland a short distance into the lake. An
alternative way of delivering the water to the lake is through
the use of trench infiltration. Trench infiltration is a BMP
that removes both soluble and particulate pollutants (Schueler,
1987) . Trenches also provide groundwater recharge and prevent
shoreline erosion. Trenches have limited routine maintenance
requirements. Some typical designs of infiltration trenches are
shown in Figure 19. This technique is often applied in tandem
with a grit separator (see below) to screen out the coarse
sediments which may decrease the infiltration of the system.

An infiltration trench system is applicable for the
discharge from the Grove and Burnap Sts. catch basins. The
highly permeable sandy soils are amenable to this application.
The same volume of water is routed to the lake as before, but
benefits from passage through the soil. The location envisioned
for the trenches is the cleared area formerly occupied by the
Mildred Rogers School, shown in Figure 18. This area comprises
sufficient land for placing of an infiltration 'trench to deal
with storm flows from SL-SW1.

The size of an infiltration trench is dependent on the
anticipated flow volume from the drainage system. A need for
2600 cu ft of storage is necessary to hold a 0.5" storm from the
watershed. This amount of storage could be met by a trench 125'
long by 4' wide by 6' deep. An approximate cost based on the
total void volume (40% of the total volume) has been suggested
(Wiegand et al, 1986) where : Cost (in 1985 dollars) = $26.6 x
(void volume x 0.63). Assuming an inflation rate of 7% the cost
of the required basin is estimated at $21,000.
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Figure 19, Typical Design of Infiltration Trench and OH Separator.
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The impact of this infiltration trench can be estimated.
Removal of total phosphorus has been estimated at 50-55% for
these types of trenches (Schueler, 1987). Given the amount of
drainage area 1.5 ha (3.7 ac) and the anticipated flows from SW-
1, a loading of 3.6 kg P/yr is expected. Placement of the
trenches would reduce this to 1.8 kg P/yr or eliminate 1.8 kg
P/yr or about 3% of the total phosphorus budget.

The reduction of phosphorus to Silver Lake is not the only
advantage of this system as the following pollutants are also
reduced: suspended solids, 75%; total nitrogen, 45-55%; trace
metals, 75-80%; and bacteria, 75% (Schueler, 1987). The last two
.components^are potentially hazardous and thus important to
reducer "since'the'present out fail" 'of "the" SL-SW1" systenTis '
adjacent to a popular swimming beach. SL-SW5 is similarly
situated, but here reduction could be achieved through non-
constructive methods {catch basin cleaning and abutting
education).

Water quality inlets

Water quality inlets (oil/grit separators) are designed to
remove sediment and hydrocarbon loadings from impervious surfaces
before they are conveyed to the storm drain network or
infiltration trench (Schueler, 1987). These inlets provide for
moderate removal of coarse/sediment, oil/grease and debris;
efficiency of removal being limited by the brief retention time
for most storm flows. Initial settlement of urban sediment is
quite rapid, with reported rates of 20-40% removal in the first
hour (Schueler, 1987). Oil and gas float to the surface but are
readily adsorbed by particles in the water column and settle out.
Other advantages of these inlets are their unobtrusiveness,
compatability with existing drains and easy access. Water
quality inlets should be cleaned at least twice a year, and the
accumulated sediments disposed of.

At the Grove and Burnap Sts site, installation of a water
quality inlet is recommended for protection of the infiltration
trench. If coarse particles are not removed prior to application
to the trench, its void spaces are soon clogged and its pollutant
removal efficiency reduced if not destroyed. The water quality
inlet should be considered part of the infiltration trench
system. Costs associated with installation of standard sized
water quality inlets are approximately $5-15,000, with averages
about $7-8,000 (Schueler, 1987).

Catch Basin Cleaning and Operational Costs

Reports from an abutter (2nd Public Meeting) about oils and
greases being discharged by the SL-SW5 system suggests both abuse
by users and some oversight by the catch basin cleaning schedule.
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While an oil/grit separator can be put into this system (SL-SW5),
the low number of catch basins do not merit it. More emphasis
should be placed on regular cleaning of this and all the catch
basins around Silver Lake. Further, if the recommended
infiltration trench and oil separator is installed at SL-SW1,
scheduled cleaning will be very necessary.

The annual operational and maintenance costs for cleaning
catch basins is estimated at $3,000 per year. This is based on a
three man crew at $50/hr and a rate of 1.2 catch basins per hour.
Several of the catch basins are adjacent to one another, so some
efficiency in time can be expected. The vehicle costs are
$200/day using town equipment. The costs are estimated at $1,400
per cleaning session. Since the catch basins need to be cleaned
at a minimum of twice a year (in late spring, just after the
thaw; late fall, after the leaves have fallen), approximately
$3,000 is required. This money is not available from the Clean
Lakes Program, as it is considered as operational .and maintenance
costs that the town must assume.

Related Stormwater Management Issues

'Performance"of a storm drain system can be improved, but
equally important is the reduction in the practice of using the
storm drain system as a convenient dumping place by watershed
residents for oils, chemicals or related liquid waste. This
practice is often widespread and was specifically commented upon
at the public meeting. Thoughtless introduction of noxious or
hazardous materials into storm drains can undo most of the
benefits that are proposed. These negative impacts will be
especially bad if drains around the beach area are made the
repositories of waste oils and chemicals, as reported.

These practices should be addressed with educational
materials that can be included in the "packet" produced for the
groundwater protection and management program. Compliance of the
public with environmentally-sound practices will not be complete,
but these materials inform those residents who would observe the
proper measures, if only they were aware of them. Costs
associated with this education are already assumed under the
groundwater program.

Anticipated Impact of System Improvement on Silver Lake

As noted above, the reduction in phosphorus through
installation of an infiltration trench provides a small reduction
(3%) in the phosphorus budget. In itself this will not
significantly improve Silver Lake's water quality. However, a
distinction should be made between the ways in which the total
phosphorus load is delivered to Silver Lake. The lake's
phosphorus budget is estimated at 55 kg, but it is apparent that
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interception of groundwater by plants). The "standing stock" in
the water column is about 14-15 kg P. Since stormwater is
delivered directly to the lake and is high in orthophosphate, it
is likely that this source of phosphorus is more available to
sponsor growth in the water column. Therefore, the functional
importance of the reduced phosphorus is more important than the
3% value would imply. Further, since the total amount of
phosphorus entering Silver Lake is small in the absolute sense,
any other reduction in loading will make the option of treating
stormwater increasingly important. In addition, use of an
infiltration trench will help to screen out heavy metals and
bacteria before they are delivered directly to the lake and
.within .50. ft,of. a public_bathing beach. ___ _

Costs, Permits and Summary

The costs associated with implementing the suggested
improvements to the storm drainage system are listed in Table 16.
The amount needed for repair of the existing broken pipe is
estimated at $3,000. Installation of an infiltration trench will
cost approximately $21,000. Placement of an oil/grit separator
in-line prior to the trench is estimated' at $8,000. The location
of the trench (former site of the school) is owned by the town
and already cleared of vegetation. Site restoration costs of.
$2,000 are allotted. Costs for design is estimated at $3,000.
Operation and maintencence costs are estimated at $3,000 per
year. The total for all suggested improvements is $41,000. Note
that permits and operational costs required for this option are
not fundable under the Clean Lakes Program.

Permits and/or certificates that are likely to be retired
(excluding those automatically required for any Clean Lakes
Program involvement, i.e.. Fair Housing, Discrimination, etc.)
are a Notice of Intent (Wetlands Protection Act), a permit for
Groundwater Discharge, and a Water Quality Certificate. The
agencies from which these permits are obtained and are filed are
listed in Table 23.

Treatment of stormwater is always important in a lake with
limited hydrologic inputs. The impact on water quality is often
severe, while a need for the incoming water makes diversion less
applicable. Treatment of stormwater by use of an infiltration
trench allows both screening and purification of the stormwater
without loss of recharge to the lake. The amount of phosphorus
removed by this method is deceptively small, given the
availability of the phosphorus inputs. The location of the
drainage outfalls near the popular public bathing beach makes
treatment more imperative.

Future options for storm drain renovation should involve the
SL-SW4 system. Should monies or technologies become available
(or the street surface is broken for some other purpose),
improvements in SL-SW4 should be sought.
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TABLE 16

COSTS ASSOCIATED WITH STORM DRAIN SYSTEM IMPROVEMENTS

.Item or. Task _. .. _ ^ „ Estimate Cost

Design $ 3000

Replacement of broken pipe
at SL-SW1 2500

Installation of infiltration
trench at SL-SW1. 21000

Installation of sand/grit
separator 8000

Site Restoration 2000

Operational and
Maintenance Costs 3000

Permits 1500

Maximum Percent
Reimbursable Under
Clean Lakes Program

75

75

75

75

75

Total $41,000
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BANK STABILIZATION

Elements and Anticipated Impacts of Program

Portions of the Silver Lake shoreline have deteriorated and
are eroding sediment into Silver Lake. Encroachment of roadways
and removal of historical boundary structures (stone fence) have
placed increasing stress on current banks. Fluctuations of
seasonal water levels, heavy ice cover, storm and wave action
have all contributed to the present state. Stabilization of
several hundred feet of shoreline is needed to check current
erosion and prevent future breakdown. Regrading the undercut

. portions and.replantingfwith buffer_vegetation is recommended.

The proposed plan would include removal of existing (often
failing) vegetation and topsoil in approximately 600 non-
contiguous feet of shoreline. The two areas to be treated
include shoreline surrounding the access point off Lake Street
and an area to the west of this access point (Figure 20). The
width, would be limited to a 10 foot expanse of shoreline, with
the lower limit placed about 1-2 ft below the seasonal low water
level. This area would be regraded to give a more gradual slope,
reso<3ded, temporarily stabilized by jute mesh and planted with
buffer vegetation. Details of this program are shown in the
profile given in Figure 21. Due to the use of heavy equipment in
the vicinity of the shoreline, careful attention should be given
to prevent excess turbidity and sediment being displaced.
Sediment fences should be emplaced and the entire project done
during a period in which the lake water level is low and the
outlet stream is dry, such as in September or October.

The bank stabilization program will not detectably decrease
the nutrient budget. Some of the phosphorus associated with
eroded materials will be removed or prevented in the future.
More importantly, unless checked, future erosion will lead to
increased phosphorus and suspended loadings to the lake.
Compaction of shoreline has led to overland flow from adjacent
street surfaces, thus short-circuiting the storm drain system.

Costs, Permits and Summary

The costs associated with the bank stabilization program are
listed in Table 17, based on an assumption of a 600 ft shoreline
length and a 10 ft width. Mobilization and removal of the
topsoil and clearing and grubbing should require $2,000.
Regrading the area, reinstalling the topsoil and reseeding the
area will require $18,000. To temporarily stabilize the
shoreline, jute mesh is recommended at $3,000. Sediment controls
would cost approximately $2,000. Design costs are estimated at
$3,500 and $2,500 is alloted for environmental permits. The
total cost of the bank stabilization program is $31,000.
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Figure 21, Typical Ipank stabilization plan.
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TABLE 17

COSTS ASSOCIATED WITH BANK STABILIZATION PROGRAM

Item or Task

Design

Equipment Mobi1i z at ion

Clearing and Tree Removal

Regrading and Topsoil
Installation, Reseeding

Temporary Cover (jute mesh)

Sediment Control

Permits

Total

Estimate Cost

3500

1000

1000

21000

3000

2000

2500

$31,000

Maximum Percent
Reimbursable Under
Clean Lakes Program

75

75

75

75

75

75

1 i



The environmental permits required by the bank stabilization
program are a Notice of Intent and (Wilmington Conservation
Commission), Water Quality Certificate (DWPC). Determination of
applicability will need to be made by the US Army Corps of
Engineers (Section 404 permit) and the DEQE (Chapter 91 Waterways
License). The addresses of the agencies from which these permits
are obtained and are filed are listed in Table 23. Application
and filing of these permits are costs not covered by the Clean
Lakes Program.

The bank stabilization program is designed to remove undercut
and unstable boundaries of the lake before they fail and put
additional sediment into Silver Lake. Regrading of these slopes
into more gradual and gentler profiles and replanting with buffer
vegetation provide for future protection of the shoreline
integrity of Silver Lake.
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MACROPHYTE AND SEDIMENT REMOVAL

Elements and Anticipated Impacts of the Hydro-raking Program

Macrophyte growth in Silver Lake has been noted since the
earliest MDFW report (MDFW, 1912), particularly the submergents.
More recently there has been an expansion of emergent
macrophytes, notably cattail and water lily, noted by abutting
residents. Removal of at least some of these macrophytes was
considered useful for regulation and control of this vegetation.
However, not all of these macrophytes should be removed, as they
provide important function as wildlife habitat and biological
filters for human pollution.

Since not all macrophytes were to be removed, critera were
developed for selecting some macrophyte beds for hydro-raking and
others for preservation in their present state. These critera
included storm water treatment, wildlife use, recreational
function, and aesthetic considerations. Given the importance of
storm water in the nutrient budget, the wetlands provide an
important nutrient and sediment filter. Thus, wetland areas that
have developed just below storm drain outfalls are recommmended
to be retained (Figure 20). This includes the two areas flanking
the large town beach. In addition, both of these provide habitat
for aquatic waterfowl, and enhance aesthetic enjoyment of the
lake. These functions were considered to be cumulatively more
important than the expansion of recreational swimming area their
removal would create. Similarly, the wetlands near the junction
of Route 38 and Lake Street have been identified by the
Wilmington Conservation Commision as an important habitat for
young fish, as well as helping to filter runoff from Route 38.
They also provide some aesthetic screening of street traffic to
lake users.

Wetland areas of lesser importance were found along Lake
Street, centered roughly on the outfall of storm drain SL-SW4.
Sediment from this drain has built up a small delta, which is
exploited by cattail and bordered by water lilies. This
extensive shallow littoral area is a depository for miscellaneous
man-made debris. It is suggested that this area be trimmed to
limit macrophyte bed to just around the outfall of SL-SW4.
Another macrophyte bed which should be reduced in size is found
on the western shore, not far from the inflow of the intermittent
tributary, SL-1. These plants appear to be prospering on the
increased nutrients available at this point. It is recommmended
that this patch of plants be reduced in size for aesthetic
purposes, and for checking the circumferential expansion of these
macrophytes.
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The preferred method to remove selected macrophyte and
sediment accumulations in Silver Lake is with a hydro-rake. The
cost of hydro-raking is figured on a per foot of shoreline basis.
A hydro-rake will reportedly clear a 50 ft section of shoreline
to a distance of 75 ft in one hour of operation. This means that
under ideal conditions a hydro-rake will clear 400 ft of
shoreline per eight hour workday. Factors that lower this rate
include maintenance, shoreline obstructions (e.g., docks, boats),
submerged obstructions (e.g., stumps, stones), and transportation
to an off-loading site. Hydro-raked material needs to be dried
and disposed of so loading and transportation costs need to be
included. Given the shallow nature of Silver Lake and the
littoral areas to be raked, work should be scheduled in the
periods, of.the-year- when.- deeper., water.. is..expected., (spring) .„••.-.._,. ....

The anticipated impact of this hydro-raking program is a
reduction in the nuisance macrophyte and sediment accumulations
found in portions of Silver Lake. The positive impacts include
better aesthetic appearance and regulation of expanding
macrophyte accumulations. This program is not expected to alter
the nutrient budget. While some increase turbidity will occur in
the short-term due to resuspension, the long-term impact will be
for reduced turbidity due to the removal of sediment
accumulations. Loss of wildlife habitat will be mitigated by the
retention of preferred habitats (see above).

Costs, Permits and Summary

The projected costs of hydro-raking to improve Silver Lake
are shown in Table 18. The total length of shoreline to be
worked is estimated at 400 ft. The position of the areas to be
treated are shown in Figure 20. Due to the presence of
underwater obstructions and the transportation distance to
potential off-loading points (town beach or public access
points), the efficiency of production would be assumed to be less
than ideal and is conservatively estimated at 50%. This suggests
that production rates will be approximately 400 x 0.50 or 200 ft
of shoreline per day. Given the 400 ft of shoreline, 2 work days
are estimated. Removal of obstructions may require 2 additional
work days. Included in the hydro-raking cost is a mobilization
fee and a disposal fee. To hydro-rake the indicated areas
(Figure 20) would cost approximately $6,000. Most expenses would
be covered by the Clean Lakes Program except the environmental
permit *

The permit requirement is likely to be a Notice of Intent
under the Massachusetts Wetlands Protection Act with an Order of
Conditions from the Wilmington Conservation Commission. The
address of the the Commission is given in Table 23.
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TABLE 18

COSTS ASSOCIATED WITH MACROPHYTE/SEDIMENT REMOVAL BY HYDRO-RAKING

Maximum Percent
Reimbursable Under

Item or Task Estimate Cost Clean Lakes Program

Mobilization Fee $ 750 75

Hydro-raking of 1,000 ft
of Shoreline (4 days
@$1000/day) 4,000 75

Transportation and Disposal
of Plant/Sediment Material 1,000 75

Permits 250

Total $6,000
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Removal of emergent and floating leafed macrophytes will
check the progressive expansion of these plants in the lake. At
the same time the accumulated sediment which has both been
trapped and sponsored this growths will be removed. Selected
macrophyte beds will be reduced while other stands will remain
untouched to provide wildlife habitat and pollution filtration
(Figure 20). Treatment of the problem at the present state is
recommended before serious reductions to recreational access
occur.
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RECOMMENDED MANAGEMENT APPROACH

After consideration of the lake and watershed characteristics
and the available options for improving or preserving the
existing conditions, the following actions are recommended for
the management of Silver Lake.

1. Institute'a ground water protection and management plan
for the watershed. Encourage or mandate the hook-up of
existing on-site sanitary systems to available sewer
lines. Promote idea of sound "urban housekeeping".

2. Improve performance of storm drain system. Repair broken
connections in existing system and provide for regular
cleaning of catch basins. Consider use of alternative
methods of pollutant removal.

3. Stabilize and regrade sections of lake shoreline that are
eroding into the lake. This can be done in conjunction
with option #4.

4. Remove areas of nuisance sediment and macrophyte
accumulations by use of a hydro-rake. Alternatively, low
ground pressure machinery may be used.

Discussion of Recommended Options

It is recommended that funding for the management options be
sought together. Option #1 involves the education of the general
public to the potential problems caused by unwise watershed
practices. Promoting full sewer hook-up by legal or educational
means is recommended. Reducing or eliminating the remaining
septic systems in the watershed will help lessen the nutrient
content of the ground water entering the lake. Due to the highly
permeable nature of the soils in the watershed, the use of lawn
fertilizers should not be encouraged. Distribution of
educational materials and rewriting of town by-laws should be
encouraged and supervised by the Wilmington Conservation
Commission, who should act as a liason with the town of
Tewksbury.

Option #2 looks to improve stormwater management with regard
to removal of pollutants. Immediate improvements include repair
of broken connections, replacement of the present outfall of one
system by an infiltration trench and the installation of an
oil/grit separator. Additional removal of pollutants might be
gained through education of local residents on the proper usage
of storm drains.
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Option #3 acts to reduce introduction of suspended material
into the" lake and stabilize eroding shorelines. This would
require the stripping and regrading of approximately 600' of
shoreline and reseeding/replanting to form a protective
vegetative buffer strip.

Option #4 involves the removal of macrophyte-sediment
accumulations in areas where these materials have been introduced
into the lake (areas near storm drain outlet and other areas).
Removal of these features is anticipated with a hydro-rake or low
ground pressure construction equipment. Timing of this removal
should be during the high water period of the year if a hyrdro-
rake is used and the low water period in early fall if other
excavation equipment is used.

Anticipated Impacts of Proposed Management Actions

The expected changes in the phosphorus budget of Silver Lake
following various management options is shown in Table 19. The
largest reduction (34%) can be expected if full sewering takes
place through legal mandate. A lower reduction (15-25%) is
anticipated through voluntary sewer connections and/or increased
maintenance of septic systems in the watershed. The
reconstruction of storm drain system SW-1 is expected to
eliminate 3% of the budget. Increased catch basin cleaning can
be expected to reduce phosphorus loadings another 2%, The bank
stabilization and macrophyte/sediment removal are not expected to
have an impact on the phosphorus budget. Depending on the
intensity with which these legal, educational and monitoring
options are pursued, a reduction of somewhere between 20 to 39%
is expected.

This would place the lake below or near the Vollenweider
critical value for phosphorus loading. Since the lake is already
functioning as if some of the phosphorus budget is not impacting
on the biological community, this amount of reduction will likely
give improvements in water quality more commensurate with
achievement of the permissible loading level.

Monitoring Program

A monitoring program will be necessary to assess the success
of remedial actions and aid in the formulations of appropriate
management policies. Specific objectives of the monitoring
program for Silver Lake and its watershed include monitoring
progress of the ground water management and protection program,
evaluation of the effectiveness of the infiltration trench in
removing phosphorus, and determination of water quality during
and after the macrophyte/sediment removal and the bank
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TABLE 19

ANTICIPATED IMPACTS OF PROPOSED MANAGEMENT ACTIONS ON THE
PHOSPHORUS BUDGET OF SILVER LAKE

Total phosphorus load (kg/yr) 55.2
Calculated critical load (kg/yr) 1 43.1
Calculated permissable load (kg/yr) 2 21.6
Reduction necessary to reach critical load (%) 22
Reduction necessary to reach permissable load (%) 61

Anticipated reduction (%) resulting from:

Full mandated sewer hook-up 34%
Groundwater management and protection 15-25%
Stormwater system improvements 3%
Catch basin cleaning 2%
Bank Stabilization Program 0%
Macrophyte/Sediment Removal 0%

Total anticipated phosphorus load reduction 20-39%

1 - Load above which excessive productivity is expected on a
frequent basis.

2 - Load below which excessive productivity is expected only
very rarely.
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stabilization. A post-restoration monitoring period of three
years is recommended. The elements of the program and associated
cost estimates are presented in Table 20.

Macrophyte density should be expressed as both percent cover
and biomass per unit area for covered and uncovered locations.
Field investigations in May (pre-treatment) and late August
(post-treatment) are recommended.

Assessment of the quality of the ground water following
institution of the ground water management and protection
educational program requires the sampling of local wells. The
parameters to be sampled include nutrient fractions (NH^, N03'
TKN, TP, TSP), alkalinity, pH, Cl , conductivity, and fecal
coliform. These wells would provide standard locations at which
the ground water quality could be assessed seasonally. The
precise location of these wells can be determined later.

Storm water monitoring will be essential to evaluate the
impact of the infiltration trench, as well as the combined
effects of increased catch basin cleaning and educational
efforts. There should be a composite sampling of each of the
five major storm drains for two events in the first year, and one
in each of the following two years. Parameters measured include
those mentioned above, as well as total suspended solids, fecal
streptococci, and heavy metals.

Monitoring of the macrophyte/sediment removal and the bank
stabilization operation will include surface water quality
sampling during operations, as well as post-treatment monitoring
of the lake. The number of water samples and stations reflects
sampling at the two deep basins at Silver Lake. The timing
should coincide with the bank stabilization operations to insure
that excess suspended solids and turbidity are prevented from
passing downstream. It is expected that most work will be done
when the outlet is not flowing to avoid any passage of suspended
solids. Prevention of downstream problems is best accomplished
by the cooperative planning of the project between the contractor
and the environmental monitoring body, probably the Wilmington
Conservation Commission, which sets the Order of Conditions under
which work may proceed.

Following treatment, a sampling program of two in-lake
stations should be maintained to ascertain resultant water
quality. The timing of the samplings should be quarterly.
Parameters of interest include nutrient fractions (NH3, NCU, TKN,
TP, TSP), gross characteristics (alkalinity, pH, total suspended
solids, conductivity, Secchi disk transparency) and biological
parameters (fecal coliform, chlorophyll), Temperature-dissolved
oxygen depth profiles should be made.
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TABLE 20

COSTS OF THREE YEAR MONITORING PROGRAM
ASSOCIATED WITH MANAGEMENT OPTIONS

Estimated
Item or Task Cost ($)

First Year

1.) Macrophyte Monitoring
Field Evaluation of plant density;
May and August @ $400/inspection. 800

2.) Ground water Assessment
Sampling of 4 wells (existing) @ 4 times/ year
Analysis for- NOVNEU,TKN,TP,TSP,
alkalinity, Cl, cond, pH and FC; @ $150/sample. 2,400

3.) In-lake water quality monitoring
Sampling at 2 site @ 4 times/year.

TSS, cond, pH, FC; @ $175/sartple. 1,400
4.) Storm water monitoring

Composite samples for 5 drains, 2 times
Analysis for NO?,NEi,,TKN, TP,TSP, alkalinity,
Cl,FsH,TSS/FC,FS,Cd,Cr,Cu,Fe,Pb,Mi,Ni,Zn 3,500

First year total 8,100

Second Year

1.) Macrophyte Monitoring
1 inspection @$500. 500

2.) Ground water Assesment
Sampling of 2 wells @ 4 times/yr
Analysis as above 1200

3.) In-lake WQ monitoring
Sampling at 1 site @ times/yr.
Analysis as above 700

4.) Storm water monitoring
Composite samples for 5 drains, one storm
Analysis as above 1800

Second year total 4200

Third Year

1-4) Same as second year

Third year total 4200

Total Costs $16,500
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FUNDING ALTERNATIVES

Several sources of funding may be available for management
activities in the Silver Lake watershed, but the Clean Lakes
Program represents the single most important and versatile source
of support. The initial funding needs of the proposed project
could best be met through the Massachusetts Clean Lakes Program.
Other potential funding sources include the Federal Land and
Water Conservation Fund or the Massachusetts Self Help Program.
These might be used for improvement of recreational facilities.
Notes on potential funding sources are given in Table 22.

Up to 75% of the costs associated with capital investments in
the management of the lake are reimbursable under the Clean Lakes
Program. Maintenance and operation expenses are not
reimbursable, a real consideration in the choice of management
alternatives. Expenses associated with actions covered by other
programs are not reimbursable unless it can be demonstrated that
funds could not be obtained from the appropriate programs. The
proposed groundwater and watershed education program is eligible
for Clean Lakes funding.
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TABLE 21

LOCAL COSTS OF RECOMMENDED MANAGEMENT OPTIONS FOR SILVER LAKE

Options

Full Sewer
Connections

Groundwater
Managemt &
Protect. Prgm

Stormwater
Redesign

Catch Basin
Cleaning

Available Funding

Individual Homeowners

Chap. 628 (MA Clean Lakes)

Chap. 628

N/A
(Annual cost)

Bank Stabil. Chap. 628
Program

Macrophyte/
Sediment
Removal

Monitoring

Total

Chap. 628

Chap. 628

Total of options without mandated
sewer hook-up

State funds requested under Chap. 628

Cost

$ 140,000

$ 10,500

$ 38,000

$ 3,000

$ 31,000

$ 6,000

$ 16,500

$245,000

$105,000

Wilmington' s
Share

0

$2,625

$10,625

$3,000

$9,625

$1,700

$4,125

$31,700

$31,700

$73,300



TABLE 22

POTENTIAL FUNDING SOURCES FOR THE PROPOSED
RESTORATION OF SILVER LAKE

Source

Massachusetts Clean Lakes
Program (Ch. 628 of the
Acts of 1981, DEQE)

Federal Clean Lakes Program
(Sec. 314 of PL 92-500, USEPA)

Small Watershed Protection
Program (PL 83-56, SCS)

Rivers and Harbors Program
(Division of Waterways, DEM)

Federal Land and Water
Conservation Fund;
Division of Conservation
Services, EOEA (Federal
Pass Through)

Mass. Self Help program
M.G.L. Chap. 132A, Sec. 11
(DCS/EOEA)

Funding
Level

75%

50%

50%

50%

50%

Notes

Sound Program; July 1
application deadline;
likely source.

Financially deficient.
Future funding possible.

Requires high cost
ratio.

benefit

(up to)
80%

Jan. 15 deadline; can be
applied to recreational
enhancement.

Acquisition of lands for
outdoor recreation. Need to
have up-to-date open space
plans. Funds available.

Grants to Conservation
Commissions for Land
Acquisition; need approved
open space plan. Funds
available.
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CONTACT AGENCIES

Funding by the Massachusetts Clean Lakes Program requires the
review and approval of this document by the Division of Water
Pollution Control, Division of Fisheries and Wildlife, and
Massachusetts Historical Commission. The petitioning
organization (Town of Wilmington) must provide evidence of public
access and a certificate of title to the project site. Zoning or
land use actions resulting from consideration of the information
in this report may be subject to approval under Executive Order
215 (Fair Housing). Most activities would be coordinated by the
Wilmington Board of Selectmen and/or Conservation Commission.

Permit requirements necessitate review and action by the
Executive Office of Environmental Affairs (MEPA Unit) and the
Wilmington Conservation Commissions (regarding actions in water
resource areas). Other agencies and the likely permit
requirements are indicated on Table 23.
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Table 23.

PERMITS AND OTHER APPROVAL PROCESSES ASSOCIATED WITH THE PROPOSED MANAGEMENT ACTIONS

PERMIT/CERTIFICATE/LICENSE/APPROVAL
WHICH MUST BE OBTAINED

CONTACT AGENCY
AND ADDRESS

Title to Project Site

Intergovernmental Agreement

Fair Housing (EO 215)

Commission Against Discrimination

Wage Rate Compliance

HA Env. Policy Act (ENF Review)

Natural Heritage Program

Historical Coimission

Div, Fisheries and Wildlife

US Army Corps of Engrs (Sec 404)

Div. Waterways (Chap. 91)

Lakes Section, DWPC, DEQE
Lytnan School, Westview Bldg,
Westborough, MA 01581
508-366-9181
Lakes Section, DWPC, DEQE
Lyman School, Westview Bldg.
Westborough, MA 01581
508-366-9181
Exec. Office Comtunities/Devel.
100 Cambridge St., Rm 1404
Boston, MA 02202
617-727-7824
MA Cairo. Against Discrimination
1 Ashburton Place
Boston, MA 02108
617-727-7309
Dept. Labor and Industries
100 Cambridge St., llth Floor
Boston, MA 02202
617-727-3454
Exec. Off . Env. Affairs (MEPA)
100 Cambridge St., 20th Floor
Boston, MA 02202
617-727-5830
MA Natural Heritage Prcg., DFW
100 Cambridge St.
Boston, MA 02202
617-727-9194
MA Historical Cormission
80 Boylston St.
Boston, MA 02116
617-727-8570
Div. Fisheries and Wildlife
Field Headquarters
Westborough, MA 01581
508-366-4470
Regulatory Branch, USACOE
424 Trapelo Rd.
Waltham, MA 02254
1-800-362-4367
Div. of Wetlands and Waterways
DEQE, 1 Winter St.
Boston, MA 02108
617-292-5519

REVIEW TIME APPLICABILITY TO MANAGEMENT ACTIONS
(DAYS) Sewer Stormwater Bank Plant/Sedimt Fish

Connection Management Reconstruct. Removal Cover

None, submit w/appl. X X X X

Local approval req'd

None, Contact OECD
for determination

120

None, submit within
15 days after work
done.

30 *

Approx. 30 **
Submit letter of
finding w/appl.

Approx. 30 **
Sutmit letter of
finding w/appl.

15 **

120
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PERM IT/CERTIFICATE/LICENSE/APPRDVAL
WHICH MUST BE OBTAINED

CONTACT AGENCY REVIEW TIME APPLICABILITY TO MANAGEMENT ACTIONS
AND ADDRESS (DAYS) Sewer Stormwater Bank Plant/Sedijnt Fish

Connection Management Reconstruct. Removal Cover

DWPC Water Quality

Wetlands Protection Act

Div. Solid and Hazardous Waste

Groundwater Discharge

Sewer Extension/Connection

Permits Section, DWPC, DEQE
1 Winter St.
Boston, MA 02108
617-292-5673
Wilmington Conservation Ccnroiss.
121 Glen Road
Wilmington, HA 01887
617-658-8238
Div. Solid Waste, DEQE
5 Ccnmonwealth Ave.
Woburn, MA 01801
617-935-2160
DWPC, DEQE, Groundwater Section
1 Winter St.
Boston, MA 02108
617-292-5673
Regulatory Branch, DM?C, DEQE
1 winter St.
Boston, MA 02108
617-292-5673

90

42

180

90

X Permit required by agency.

1 Permit may or may not be required; agency makes determination.

* If EIR required, final approval will not be given until EIR is reviewed.

** Review of project by appropriate agency initiated by this report.

*** No statutory limit, longest when EIR is required.



136



ENVIRONMENTAL EVALUATION

Environmental Notification Form

Appendix B contains the Environmental Notification Form (ENF)
which must be filed under the Massachusetts Environmental Policy
Act (MEPA). The MEPA unit will evaluate the proposed actions and
their potential impacts and make a determination regarding the
need for an impact study prior to implementation. The ENF also
serves as a useful summary document for the project. Preparation
of a detailed Notive or Intent, which is filed with the
Conservation Commission under the Wetlands Protection Act, may
satisfy questions likely to be raised by the MEPA unit staff.

Comments by Interested Parties ,

Copies of this report were sent to the Wilmington Board of
Selectmen, the Wilmington Conservation Commission, the Wilmington
Department of Public Works, the Wilmington Planning Department,
the Wilmington Parks Department, the Division of Water Pollution
Control, the Division of Fisheries and Wildlife, the
Massachusetts Historical Commission, and the Natural Heritage
Program for review. Comments by these parties have been
addressed in this report or appended to it (Appendix), as
warrented. Written and verbal comments received by citizens and
agencies during the course of the project have also been
addressed and/or summarized.

Two public meetings were held by EEC, Inc. during the study
period to inform interested parties of progress and solicit
comments. Summaries of the comments and questions raised at the
first (6/13/87) and second (6/27/88) public meetings are given in
the Appendix. Comments made by meeting participants have been
incorporated into this report wherever possible. Review and
comments by officials of Wilmington have been similarly
incorporated.

Relation to Existing Plans and Projects

The proposed lake restoration and management plan is entirely
consistent with all stated objectives and community-sponsored
activities in the watershed. Review by the Conservation
Commission indicates that the recommended procedures are
consisitent with the Wilmington Open Space and Recreation Plan
(1987) and the intentions of the Commission (see comments).

The proposed in-lake actions will improve lake conditions
without impairment to downstream flows or water quality. Ground
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water quality inputs to Silver Lake will benefit by the
requirement or encouragement of residential sewer connections.
Storm water quality will be treated without loss of hydrologic
inputs. Bank stabilization will check present and prevent future
erosion into the lake. Macrophyte-sediment removal will provide
recreational enhancement without loss of critical habitats.
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FEASIBILITY SUMMARY

An evaluation of possible management options at Silver Lake
was conducted and those alternatives which were not appropriate
or feasible were eliminated. The remaining and recommended
options include: redesign of existing stormwater drain outfalls,
removal of selected sediment/macrophyte accumulations,
improvement of bank condition, and institution of a groundwater
education and protection program. The tentative implementation
schedule and associated costs are presented in Table 24.

The recommended options constitute a long-term lake and
watershed management program. The first step includes the lake
management options for the immediate future; the redesign of the
storm drains, removal of sediment/macophytes and bank
stabilization. The second and more lasting step is the reduction
in groundwater nutrient loading through a combined approach of
reducing the number of septic systems in the Silver Lake
watershed and educating the local residents in the fundamentals
of environmentally sound "urban housekeeping". The need for
groundwater management, in particular the need to encourage the
connection of resident households to available sewers, and good
watershed practices are essential for any management plan that
hopes to protect and enhance the quality of the waters of Silver
Lake. A three year monitoring program is included for checking
progress and restoration success.

Potential funding sources have been discussed, with the
Massachusetts Clean Lake Program targeted as the likely primary
source for the lake restoration options. Other funding sources
are available for improving access facilities. The recommended
options will improve lake water and recreational quality in
Silver Lake. Wilmington can apply for Phase II funding for one,
two or all of the options at its discretion and not disqualify
itself for future funding applications.
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Item/Task

Grant Arrangements
w/DEQE, Line up
Potential Additional
Funding Sources

Groundwater
Education Prgm

Stormwater System
Improvement

Catch Basin Cleaning
(* annual cost, first
implementation only)

Bank. Stabilization

Macrophyte/Sediroent
Removal

Permits

Monitoring

Total Cost ($)

TABLE 24

SUMMARY OF MANAGEMENT ACTIONS, IMPLEMENTATION
SCHEDu*I£,AND ASSOCIATED COSTS

Spring-
Fall Winter Spring Summer Fall
1989 1990 1990 1990 1990

X X X

$2,000 $1,000

$3,000 $31,500

$3,000*

$3,500 $25,000

$5,750

$4,250

$2,700 $2.700 $2700

X X $5,700 $21,200 $60,200

Total
Winter Spring Summer Fall Winter Costs
1991 1991 1991 1991 1992 Est. ($) j

Undetermined
Administrative
Costs

$1, 500 $2, 000 $1, 000 $1, 000 $2, 000 $10, 500

$1,000 $1,000 $36,500

$3,000

$28, 500

$ 5,750

$ 4,250

$1 050 $1,050 $1,050 $1,050 $4,200 $16,500

$3,550 $4,050 $2,050 $2,050 $6,200 $105,000



REFERENCES

American Society of Civil Engineers 1969. Design and construction of sanitary
and storm sewers. Manuals and Reports on Engineering Practices. No. 37.

APHA, AWWA, AND WPCF. 1985. Standard Methods for the Examination
of Water and Wastewater (16th Edition) . Published jointly
by the authoring associations.

Brezonik, P.L. 1973. Nitrogen Sources and Cycling in Natural Waters.
USEPA 660/3-73-002.

Brown, K.W. 1980. An Assessment of the Impact of Septic Leach Fields,
Home Lawn Fertilization and Agricultural Activities on Ground Water
Quality. K.W. Brown and Associates, College Station, TX.

Chapra, S. 1975. Comment on: "An Empirical method of estimating
the retention of phosphorus in lakes" by W.B. Kirchner and
P.J. Dillon. Water Resour. Res. 11:1033-1034.

Cooke, G.D., E.B. Welch, S.A. Peterson, and P.R. Newroth. 1986.
Lake and Reservoir Restoration. Butterworths, Boston, MA.

Crowder, L.B. and W.E. Cooper. 1979. Structural Complexity and Fish-Prey
Interactions in Ponds: A Point of View. In : Response of Fish to
Habitat Structure in Standing Water. D.L. Johnson and R.A. Stein
(eds) . North Central Division American Fisheries Society Special
Publication No. 6.

DiLibero, W. 1986. Operation and maintenance of conventional septic
systems. In: On-Site Sewage Disposal. Veneman and Wright (eds) .
The Society of Soil Scientists of Southern New England, Storrs, CT.

Dillon, P.J. 1975. The phosphorus budget of Cameron Lake, Ontario :
The importance of flushing rate to the degree of eutrophy of lakes.
Limnol. Oceanogr. 20: 28-39.

Dillon, P.J., and F.H. Rigler. 1975. A simple method for predicting
the capacity of a lake for development based on lake trophic
status. J. Fish. Res. Bd. Canada 31: 1519-1522.

Fassett, N.C. 1957. A Manual of Aquatic Plants; University of
Wisconsin Press Madison, wi.

Goldman, C.R., and A.J. Home. 1983. Limnology. McGraw-Hill Co.,
New York.

Hanson, J.M., and W.C. Leggett. 1982. Empirical prediction of fish
biomass and yield. Can. J. Fish. Aquat. Sci. 39:257-263.

HI



Higgins, G.R., and J.M. Colonell, 1971. Hydrologic Factors in the
Determination of Watershed Yields. Water Resour. Res. Ctr.,
Univ. Mass., Amherst, MA.

Janaros, P.M. 1986. Alternative systems, the regulatory viewpoint.
In : Qn-site Sewage Disposal. Veneman and Wright (eds) . The
Society of Soil Scientists of Southern New England, Storrs, CT.

Jones, J.R., and R.W. Bachmann. 1976. Prediction of phosphorus and
chlorophyll levels in lakes. JWPCF 48:2176-2184.

Kirchner, W.B., and P.J. Dillon. 1975. An empirical method of estimating
the retention of phosphorus in lakes. Water Resour.
Res. 11:182-183.

Kopp, J.F., and G.D. McKee. 1979. Msthods for Chemical Analysis of
Water and Wastes. USEPA 600/4-79-020, Wash., D.C.

Lake Cochituate Watershed Association. 1984a. Detergents and
Your Lake. MDWPC Publ. # 13,810-21-200-10-84-C.R.

Lake Cochituate Watershed Association. 1984b. Fertilizers and
Your Lake. MDWPC Publ. I 13,808-ll-200-10-84-C.R.

Lake Cochituate Watershed Association. 1984c. Septic Systems
- and Your Lake. MDWPC Publ. # l3,807-14-200-10-84-C.R.

Larsen, D.P., and H.T. Mercier. 1976. Phosphorus retention capacity of
lakes. J. Fish. Res. Bd. Canada 33:1742-1750.

Lavigne, R. 1986. System Design. In : On-site Sewage Disposal. Veneman
and Wright (eds) . The Society of Soil Scientists of Southern
New England, Storrs, CT.

Lee. G.F., and R.A. Jones. 1986. Evaluation of detergent phosphate bans
on water quality. Lakeline, Vol. 6, II. MALMS, Washington, D.C.

Martin, D.M., and D.R. Goff. 1972. The Role of Nitrogen in the Aquatic
Environment. Contribution |2. Academy of Natural Sciences of
Philadelphia, PA.

Massachusetts Division of Fisheries and Wildlife. 1912. -Fishery
Survey of Silver Lake. MDFW, Westborough, MA.

Massachusetts Division of Fisheries and Wildlife. 1941. Fishery
Survey of Silver Lake. MDFW, Westborough, MA

Massachusetts Division of Fisheries and Wildlife. 1952. Fishery
Survey of Silver Lake. MDFW, Westborough, MA.



Massachusetts Division of Fisheries and Wildlife. 1957. Fishery
Survey of Silver Lake. MDFW, Westborough, MA.

Massachusetts Division of Fisheries and Wildlife. 1986. Fishery
Survey of Silver Lake. MDFW, Westborough, MA..

Massachusetts Division of Water Pollution Control. 1984. Baseline
Water Quality Studies of Silver Lake. MDWPC, Westborough, MA.

Massachusetts Division of Water Pollution Control. 1986. Baseline
Water Quality Studies of Silver Lake. MDWPC, Westborough, MA.

Massachusetts Division of Water Pollution Control. 1979. Certification
for Dredging, Dredged Material Disposal, and Filling in Waters.
314 CMR, Vol. 12-534.

Massachusetts Division of Water Pollution Control. 1985.
Massachusetts Surface Water Quality Standards. Publication
#14371-115-100-3-86-CR.

Mills, E.L., Green, D.M. and A.S. Schiavone. 1987. Use of zooplankton
size to assess the community structure of fish population in
freshwater lakes. Trans. Am. Fish. Soc. 116 : 369-378.

Mitchell, D.F., Wagner, K.J. and C. Asbury. 1988. Direct Measurement of
groundwater flow and quality as a lake management tool. Lake and
Reservoir Management 4 : 169-178.

National Oceanographic and Atmospheric Administration. 1986. Climatography
of the United States, Number 20, Climatic Summaries for Selected
Sites, 1951-1980. NQAA, Asheville, NC.

National Oceanographic and Atmospheric Administration. 1987. Climatography
of the United States, Number 21, Massachusetts. NQAA, Asheville, NC.

National Oceanographic and Atmospheric Administration. 1988. Climatography
of the United States, Number 22, Massachusetts. NQAA, Asheville, NC.

Neilson, L. 1988. "Silver Lake once had 17 ice houses," Town Crier, April
13, 1988. Wilmington, MA.

North American Lake Management Society. 1985. A Layman's Bibliography
of Lake Management. NALMS, Merrifield, VA.

Numberg, G.K. 1984. The prediction of internal phosphorus load in lakes
with anoxic hypolimnia. Limnol. Oceanogr. 29:111-124.

Oglesby, R.T., and W.R. Schaffher. 1978. Phosphorus loadings to lakes and
some of their responses: Part II: Regression models of summer
phytoplankton standing crops, winter total phosphorus, and
transparency of New York lakes with known phosphorus loadings.
Limnol. Oceanogr. 23:135-145.

143



Passmore, A.C. 1980. 250th Anniversary. Wilmington, Massachusetts 1730-1980.
Hampshire Press, Wilmington, MA.

Reckhow, K.H., M.N. Beaulac, and J.T. Simpson. 1980. Modeling Phosphorus
Loading and Lake Response under Uncertainty: A Manual and
Compilation of Export Coefficients. USEPA 440/5-80-011, Wash., D.C.

Reynolds, C.S. 1980. Phytoplankton periodicity: its motivations,
mechanisms and manipulations. Ann. Report. Freshwater Biol.
Assoc. 50: 60-75.

Robert S. Means Company. 1987. Means Heavy Construction Cost Data, 1987.
E. Norman Peterson Publishers, Kingston, MA.

Sawyer, C.N. 1947. Fertilization of lakes by agriculture and urban drainage.
N.E. Water Works Assn. J. 61 : 109-127.

Schueler, T.R. 1987. Controlling urban runoff : A practical manual for
planning and designing urban BMP's. Washington Metropolitan Water
Resources Planning Board. Washington, D.C.

Smith, V.H. 1982. The nitrogen and phosphorus dependence of algal
biomass in lakes: an empirical and theoretical analysis.
Limnol. and Oceanog. 27:1101-1111.

Soil Conservation Service. 1987. Soils of Middlesex County, Mass.
Not yet published.

Sopper, W.E., and H.W. Lull. 1970. Streamflow Characteristics of the
Northeastern United States. Penn State Univ. Bull. 766, Univ. Park, -
PA.

Stone, B.D. and J.D. Pepper. 1982. Topographic control of the deglaciation
of Eastern Massachusetts : ice location and the marine incursion.
In : Late Wisconsin Glaciation of New England. G.J.Larson and B.D
Stone, (eds) . Symposium Proceedings. Kendall Hunt Publishing Company,
Dubuque, IA.

Tchobanoglous, G. and E.D. Schroeder. 1985. Water Quality. Addison-
Wesley Publishing Company, Reading, MA.

United States Environmental Protection Agency. 1976. Quality Criteria
for Water. USEPA, Wash., D.C.

United States Environmental Protection Agency. 1988. The Lake and Reservoir
Restoration and Guidance Manual. Office of Water Criteria and
Standards Division. Non-Point Sources Branch. Washington, D.C.

United States Geological Survey. 1979. Wilmington Quadrangle
Sheet, 7.5 Minute Series. USGS, Bethesda, MD.

United States Geological Survey. 1977. Limiting Values for Water
Quality Alert System. USGS Circular, August 22, 1977. USGS,
Trenton, NJ.

144



United States Geological Survey. 1987. Water Resources Data. Massachusetts
- Rhode Island Water Year. USGS Water-Data Report MA-RI-85-1.

University of Massachusetts (1975), Land use and vegetative cover
mapping. Wilmington Quadrangle. Massachusetts
Map Down Program. Department of Forestry and Wildlife Management
Amherst, MA..

Veneman, P.L.M., and W.R. Wright (Editors). 1986. On-Site Sewage Disposal.
The Society of Soil Scientists of Southern New England, Storrs, CT.

Vollenweider, R.A. 1968. Scientific Fundamentals of the Eutrophication of
Lakes and Flowing Waters, with Particular Reference to Nitrogen and
Phosphorus as Factors in Eutrophication. Tech. Rept. to OECD,
Paris, France.

Vollenweider, R.A. 1975. Input-output models with special references to the
phosphorus loading concept in limnology. Schweiz. Z. Hydrol. 37:53-62.

Vollenweider, R.A. 1982. Eutrophication of Waters: Monitoring, Assessment,
and Control. OECD, Paris, France.

Wagner, K.J. 1985. Biological Management of a Pond Ecosystem to Meet
Water Use Objectives. Pages 54-59 in Lake and Reservoir
Management. Proc. of the Fifth Annual Conf. MALMS. USEPA,
Washington, D.C.

Wagner, K.J., and R.T. Oglesby. 1984. Incompatibility of common lake
management objectives. Pages 97-100 in: Lake and Reservoir
Management. Proc. of the Third Annual Conf. MALMS. USEPA,
Washington, D.C.

Wetzel, R.G. 1983. Limnology. 2nd edition. Saunders Co.,
Philadelphia, PA.

Wiegand, C., Schueler, T., Chittenden, W., and D. Jellick. 1986. Cost of
Urban Runoff Controls. In : Urban Runoff Quality: Impact and
Quality Enhancement Technology. B. Urbanas and L.A. Roesner (eds) .
Am. Soc. Civil. Engr. New York, NY.

Zen, E. 1983. Bedrock Geologic Map. USGS and MA DPW, Boston, MA.

145



146



APPENDIX A

EDUCATIONAL INFORMATION ABOUT LAND AND WASTEWATER MANAGEMENT
FOR MINIMIZATION OF GROUND WATER POLLUTION
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AN ANNOTATED BIBLIOGRAPHY OF USEFUL PUBLICATIONS

Bolger, R.C. 1965. Ground Water. Educational Series #3. Commonwealth of
Pennsylvania, Dept. of Internal Affairs, Harrisburg, PA.

Although slightly outdated, this primer clearly explains processes and
phenomena associated with ground water. A discussion of well development
is included.

Brown, K.W. 1980. An Assessment of the Impact of Septic Leach Fields,
Home Lawn Fertilization and Agricultural Activities on Ground Water
Quality. K.W. Brown and Associates, College Station, TX.

This technical document discusses the results of ground water
investigations in sandy soils. The impacts of wastewater disposal, lawn
fertilization, and agricultural activities on ground water resources are
described in conceptual and experimental terms. A model for determining
the land area necessary to support a given activity without excessive
ground water pollution is presented and applied.

Connecticut Department of Environmental Protection. 1984. A Watershed
Management Guide for Connecticut Lakes. CTDEP, Water Compliance Unit,
.Hartford, CT.

The process of eutrophication is described and the importance of
control ing phosphorus is emphasized. Sources of information for evaluating
lake condition are presented. Sources of pollution are discussed and
recommendations for controling inputs are given, including tips on
minimizing residential contributions.

Klessig, L.L,, N.W. Bouwes, and D.A. Yanggen. 1983. The Lake in Your
Community. Univ. of Wisconsin Extension Service, Madison, WI.

This booklet describes lakes and lake processes, including natural
aging and accelerated eutrophication. Management techniques, limitations,
and costs are given. The formation of lake management districts is
discussed, and additional sources of information are listed.

Lake Cochituate Watershed Association. 1984a. Detergents and
Your Lake. MDWPC Publ. # 13,810-21-200-10-84-0.R.

The role and behavior of phosphates in the environment are discussed
in layman's terms. The composition of detergents and the use of phosphate
as a builder are described. Alternatives to phosphate detergents and
associated limits are discussed, and possible approaches to reducing
detergent phosphorus inputs to the environment are described. Attempts at
legislating detergent phosphorus reductions are reviewed. The publication

149



concludes with a long (although incomplete) list of cleaning products and
their phosphorus content.

Lake Cochituate Watershed Association. 1984b. Fertilizers and
Your Lake. MDWPC Publ. f 13,808-11-200-10-84-0.R.

The use of fertilizers, their composition, and natural processes
affecting them are described in layman's terms. Interactions with the
hydrologic cycle and the role of fertilizer in the eutrophication of
surface waters are explained. Fertilizer requirements for typical lawns
are given, and the hazards of overfertilization are described. The
substitution of natural landscaping for maintenance-intensive lawns is
recommended wherever possible, and tips are given for achieving an
attractive residential setting through appropriate plantings and selective
controls.

Lake Cochituate Watershed Association. 1984c. Septic Systems
and Your Lake. MDWPC Publ. # 13,807-14-200-10-84-C.R.

The proper management of septic systems and problems resulting from
improper design or lack of maintenance are described in layman's terms.
Alternatives to conventional wastewater disposal systems are discussed and
techniques are suggested for repairing poorly functioning systems which
represent a health hazard or threat to environmental quality. The relation
of system design and maintenance to ground water quality is emphasized.

North American Lake Management Society. 1985. Starting and' Building and
Effective Lake Association. NALMS, Washington, D.C.

This booklet describes types of organizational arrangements for
managing a lake. Discussions include the formulation of objectives, fund
raising, and organizational by-laws.

North American Lake Management Society. 1985. A Layman's Bibliography of
Lake Management. NALMS, Washington, D.C.

A lengthy list of popular articles and technical papers relevant to
the management of lakes is presented. A breakdown by key words is
provided.

Pastor, D., and C. Alleva (editors)."1986. Water: Life Depends On It.
Reprints from the Citizens1 Bulletin. CTDEP, Hartford, CT.

This collection of articles deals with water and man's influence on
it. One very informative article lists facts and fiction regarding water
supplies and notes conservation/pollution prevention methods. Other
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articles introduce components of aquatic systems and describe their role in
system ecology.

Strahler, A.N. 1972. The Environmental Impact of Ground Water Use on
Cape Cod. Assoc. for the Preservation of Cape Cod, Orleans, MA.

This detailed treatise on the geology and hydrology of Cape Cod is
written largely in layman's terms or with explanation of terms. Many
useful diagrams aid understanding of the processes that determine the
quantity and quality of ground water on Cape Cod. Detailed appendices
describe phenomena and models of interest to laymen and professional alike.

Veneman, P.L.M., and W.R, Wright (Editors). 1986. On-Site Sewage Disposal.
The Society of Soil Scientists of Southern New England, Storrs, CT.

This collection of papers from a recent symposium covers the range of
technical, economic, social, and regulatory issues associated with on-site
wastewater disposal. Conventional and advanced on-site treatment systems
are described, maintenance recommedations are made, and the legal and
regulatory options for dealing with ground water pollution are discussed.
While technical in nature, most presentations are clear and comprehensible.
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SUMMARY OF KEY POINTS RELATING TO MAN'S INFLUENCE ON GROUND WATER

Detergents and Other Cleaning Agents

1. Except where water contains excessive quantities of dissolved
substances ("hard" water), phosphorus is an unnecessary
component of cleaning agents; clothes and dishes are unlikely
to be detectably cleaner, and no health hazard is created by
the elimination of phosphorus from cleaning agents.

2. Cleaning agents can contribute up to 75% of the phosphorus
entering disposal systems, and usually provide at least 30% of
the phosphorus input from households where phosphate
detergents are used.

3. If a detergent does not contain phosphorus, it usually will
state this on the container. Most phosphate detergents list
the weight fraction comprised by phosphorus. Liquid cleaners
tend to contain less phosphorus than powdered forms.

4. Legislation calling for a ban on phosphate detergents or a
restriction of the allowable phosphorus content is currently
being considered by the Commonwealth of Massachusetts.
Support is needed.

Garbage Grinders

1. Garbage grinders cause unnecessary loading of solids and
nutrients to wastewater disposal systems, resulting in a need
for more frequent maintenance and a higher potential for
system failure and ground water pollution.

2. Composting of garbage is a much more environmentally sound
method of disposal, if done properly.

Lawn Fertilizers

1. If properly applied at an appropriate dosage, fertilizer can
enhance a lawn without gross ground water pollution, but some
addition of contaminants to the ground water must be expected.

2. Overfertilization or improper application of fertilizer can be
a major source of ground water contamination by phosphorus,
nitrogen, and biocidal compounds, resulting in a health hazard
in many instances.

3. Maintenance of a lush green lawn of one or a few species
represents an unnecessary expenditure of time and resources to
satisfy a questionable perception of beauty or order.
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4. The use of many species of natural vegetation maintains
potentially valuable diversity and requires less money and
effort to maintain. To the discerning eye, a natural
landscape is far more attractive than a close-cropped grass
lawn. Recycling of nutrients in a natural landscape results
in lass ground water contamination.

On-Site Wastewater Disposal

1. Improper placement of systems (choice of sites) is a major
cause of system inefficiency and resultant ground water
contamination.

2. Improper installation or settling/upheaval can negate proper
design and siting of a system; care and forethought are
critical elements of installation.

3. A vertical distance of at least 6 ft between the point of
discharge to the soil and the ground water table is necessary
to minimize environmentally tolerable performance of a system.

4. Cesspools provide considerably less treatment of wastes than
conventional systems, require more maintenance to operate
properly, are more prone to failure, and can no longer be
legally installed.

5. For cesspools and conventional tank and leachfield systems,
treatment will be insufficient to control nitrogen release
into the ground water. More than 90% of the nitrogen put into
the system will enter the ground water as potentially
hazardous nitrate. Dilution of effluent by percolating rain
water or the ground water supply itself is necessary to avoid
a health hazard.

6. Alternative treatment methods include systems which separate
blackwater (toilet wastes and garbage) and greywater (shower,
sink, and washing machine water) and treat each appropriately,
systems that recirculate effluent for further treatment, and
systems which have no effluent (holding tanks). While more
expensive to install or maintain, these systems have less
environmental impact than conventional systems. Their use
should be encouraged in environmentally sensitive or densely
populated areas not served by a community sewerage system.

7. An on-site wastewater treatment system functions in the same
capacity as a municipal wastewater treatment plant, only at an
individual site level. As with large treatment plants,
maintenance of an on-site system is essential to its proper
operation. Failure to spend a little time and money on system
inspection and maintenance can result in the need to repair or
replace the system at a much larger cost to the owner and
environment.
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8. On-site systems should be inspected every 6 months to 2 years,
depending on the intensity of use. If the lower limit of the
floating scum layer or upper limit of the settled sludge layer
exceed design specifications (too close to outlet port),
removal of accumulated solids is needed. If the available
volume in the settling tank provides less than a one-day
detention time, solids removal is needed.

9. To avoid clogging of pipes, large solids and solidifying
substances should not be put into the system. Problem
materials include diapers, sanitary napkins, cigarette butts,
garbage, and greases. Clogging of leaching areas by such
materials is a major cause of system failure.

10. To avoid upsetting the biological balance of the system (an
active microbial community is essential to proper function),
caustic solutions, cleaning agents, and other potentially
biocidal compounds should not be put into the system.

11. Water conservation results in longer detention times in the
settling tank, greater breakdown of inputs, less build-up of
sludge, and lower maintenance costs.

12. There are many alledged remedies and products available for
the restoration of failed systems and for improving system
treatment efficiency. Despite some potentially valid claims,
there is no hard evidence that any of these actually works.
The best solution to septic system problems is to prevent
their occurrence.

Ground Water in General

1. There is no magic underground river or lake that supplies
ground water. Percolation and infiltration of rain water is
the only substantial source of replenishment. Contaminants on
the surface of the land or in the soil may be carried with
percolating water into the ground water supply.

2. Ground water moves and is replaced much more slowly than most
surface waters. Creation of a ground water problem will
therefore have a longer-term impact than pollution of surface
waters.

3. Where wells and septic systems are employed, some portion of
the water consumed in each household is certainly derived from
the wastewater of other households in the same subsurface
drainage basin. Renovation of wastewater prior to its entry
into the ground water is therefore critical to the prevention
of health hazards.
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Placement and depth of a well and the water demand placed on
it will determine the corresponding zone of contribution. A
shallow well with a relatively great demand may have a zone of
contribution that extends into the wastewater discharge area
of the same or neighboring properties. Even proper treatment
of wastes prior to discharge into the soil may be insufficient
to maintain appropriate ground water quality in such wells.

Major sources of contamination (e.g., large motels, housing
complexes, and landfills) may create an expanding, attenuating
plume of polluted ground water which moves vertically and
horizontally away from the source in the down-gradient
direction. The surface location and intake depth of wells in
the area will determine which ones become contaminated.
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ENVIRONMENTAL NOTIFICATION FORM

I. SUMMARY

A. Project Identification
1. Project Name SILVER LAKE MANAGEMENT PROJECT

Address/Location TOWN OF WILMINGTON

WILMINGTON, MA 01187City/Town
2. Project Proponent BOARD OF SELECTMEN

Address 121 GLEN RD. WILMINGTON. MA 01187
3. Est. Commencement SUMMER 1990 Est. Completion WINTER 1992

99,000 . Status of Project Design 20 Complete.Approx. Cost S
4. Amount (if any) of bordering vegetated wetlands, salt marsh, or tidelands to be dredged,

filled, removed, or altered (other than by receipt of runoff) as a result of the project.
acres square feet.

5. This project is categorically included and therefore requires preparation of an E1R.
Yes No X ?

B, Narrative Project Description :
Describe project and site.

The project is a Phase II Implementation Project for the restoration
of Silver Lake, Wilmington, MA. The plan includes educational
programs to promote better groundwater protection and management;
installation of new piping and an infiltration trench to an existing
storm drain, bank stabilization of 600' of shoreline; removal of
nuisance macrophytes along 1000' of shoreline

Copies of the complete ENF may be obtained from (proponent or agent):
Name: Mr. Reginald Stapczynski Firm/Agency: Town Manager, Wilmington
Address- 121 Glen Rd. Wilmington, MA Phone No' 508-658-3311

01887 .

1986 THIS IS AN IMPORTANT NOTICE. COMMENT PERIOD IS LIMITED.
For Information, call (617) 727-5830
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P.2

C. List the State or Federal agencies from which permits or other actions have been/will be sought:
Agency Name Permit Date filed; file no.

U.S . Army Corps of Engineers Sec. 404 Permit Applicability determination needed
MA. Division of Waterways Chapter 91
MA Division Water Pollution Water Quality
Control Certificate
MA OEQE Groundwater Divison Groundwater Discharge Permit

D. List any government agencies or programs from which the proponent will seek financial assistance
for this project:

Agency Name Funding Amount

MA Division Water Pollution Control $72,000 Funding sought under Chapter 628
(Clean Lakes Program)

E. Areas of potential impact (complete Sections II and III first, before completing this section).
1. Check all areas in which, in the proponent's judgment , an impact of this project may occur. Positive

impacts, as well as adverse impacts, may be indicated.

Construction Long Term
Impacts Impacts

Inland Wetlands 5 . -
Coastal Wetlands/Beaches i
Tideiands _
Traffic X

Open Space/Recreation * X—
Historical/Archaeological
Fisheries/Wildlife .................................. _ £ _ - —
Vegetation/Trees ................... ............... - £ - - —
Agricultural Lands
Water Pollution X X_
Water Supply/Use
Solid Waste X
Hazardous Materials
Air Pollution ,
Noise • X
Wind/Shadow ,
Aesthetics % X-
Growth Impacts
Community/Housing and the

Built Environment
Other

2. List the alternatives which have been considered.

Water level control, hypolimactic aeration or discharge, nutrient inactivation,
biological control, dredging, dilution and flushing.
The major alternative is an extensive macrophyte harvesting program which has
temporary benefits, no long term improvement to water quality and may not be
fundable under current state guidelines.
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P.3

F, Has this project been filed with EOEA before? No X Yes EOEA No.

G. WETLANDS AND WATERWAYS

1. Will an Order of Conditions under the Wetlands Protection Act (c.I31s.40) or a License ur.c«r
the Waterways Act (c.9l) be required?
Yes — -̂J:̂  No

2. Has a local Order of Conditions been;
a. issued? Date of issuance - ; DEQE File No..
b. appealed? Yes ; No

3. Will a variance from the Wetlands or Waterways Regulations be required? Yes -
No

II. PROJECT DESCRIPTION

A. Map; site plan. Include an original 8l/2 x 11 inch or larger section of the most recent U-S.G-
7,5 minute series scale topographic map with the project area location and boundaries c!ea.-;
shown. If available, attach a site plan of the proposed project.

See figures 1,4,5,18 in BEG report

B. State total area of project: 1.9 acres.
Estimate the number of acres (to the nearest 1/10 acre) directly affected that are currer.:/.-.
1. Developed acres 6. Tidefands acres
2. Open Space/ 7. Productive Resources

Woodlands/Recreation . acres Agriculture acres
3. Wetlands 1-Q acres Forestry acres
4. Floodplain acres S. Other „ acres
5. Coastal Area acres

C. Provide the following dimensions, if applicable:
Existing Increase Tc:al

Length in miles .
Number of Housing Units . „

: Number of Stories ...' . __. "
Gross Floor Area in square feet .
Number of parking spaces
Total of Daily vehicle trips to and from site
(Total Trip Ends) -
Estimated Average Daily Traffic on road(s)
serving site . '- ,

1
2. _
3 •

D. TRAFFIC PLAN. If the proposed project will require any permit for access to local roads or
state highways, attach a sketch showing the location and layout of the proposed d
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III. ASSESSMENT OF POTENTIAL ADVERSE ENVIRONMENTAL IMPACTS

/nsfructions: Explain direct and indirect adverse impacts, including those arising f rom genera l
construction and operations. For every answer explain why significant adverse impact U
considered likely or unlikely to result. Positive impact may also be listed and explained.

AIso, state the source of information or other basis for the ansuers suppl ied. Such
environmental information should be acquired at least in part by field inspection.

Source of all Information unless otherwise noted: BEG, Inc. 1988 Diagnostic/
Feasibility Study for the management of Silver Lake.

A. Open Space and Recreation
1. Might the project affect the condition, use, or access to any open space and or recreation

area? Yes. Silver Lake is a public recreation area. Bank stabilization and
nydro-raking will temporarily distupt normal recreational activity.
Explanation and Source; improved recreational conditions are expected as a
result of the project.

2. Is the project site within 500 feet olany public open space, recreation, or conservation Land?

Explanation and Source: Yes* the area of activity is within Silver Lake
or at its shoreline, including town-owned levels.

B. Historic and Archaeological Resources
1. Might any site or structure of historic significance be af fec ted by the project? (Prior

consultation with Massachusetts Historical Commission is advised.)

Exp/anafibn ana1 Source:

None known (see letter from M.H.C. )

2. Might any archaeological site be affected by the project? (Prior consultation with
Massachusetts Historical Commission is advised.)

Explanation and Source:

None known (see letter from M.H.C. )

C. Ecological Effects
1. Might the project significantly affect fisheries or wildlife, especially any rare or endangered

species? (Prior consultation with the Massachusetts Natural Heri tage Program is advised).

ExpIanQtion and Source:

No rare or endangered species are reported for Silver Lake. (See letter
from MA Natural Heritage Program). Bank stabilization and hydro-raking
will not significantly adversely impact present fish population.
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2. Might the project significantly affect vegetation, especially any rare or endangered species
of plant? (Prior consultation with the Massachusetts Natura l Heritage Program is advised.)

(Estimate approximate number of mature trees to be removed: 5 )
£xp/anat*on and Source:

No, the project will result in the long-term reduction of aquatic
macrophyte abundence in Silver Lake.

3. Agricul tural Land. Has any portion of the site been in agricul tural use within the last 15 years?
If yes, specify use and acreage.

Explanation and Source:

No, no such levels are located on site.

D. Water Quality and Quantity
1. Might the project result in significant changes in drainage patterns?

Explanation and Source:

No, hydrologic inputs to Silver Lake will be the same.

2. Might the project result in the introduction of any pollutants, including sediments, into marine
waters, surface fresh waters or ground water?

Explanation and Source:

Yes, installation of an infiltration trench will route pollutants into
soil and groundwater, whereas previously they.were directly piped to
Silver Lake, Water in storm drain system goes to Silver Lake regardless
of delivery form.

3. Does the project involve any dredging? No x Yes Volume If 10,000
cy or more, attach completed Standard Application Form for Water Quali ty Certification,
Part I (314 CMR 9.02(3), 9.90, DEQE Division of Water Pollution Control).
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4. Will any part of the project be located in flowed or filled tidelands, Great Ponds, or other
waterways? (Prior consultation with the DEQE and CZM is advised.)

Explanation and Source:

be conducted

5. Will the project generate or convey sanitary sewage? No —± Yes
[f Yes, Quantity: gallons per day
Disposal by: (a) Onsite septic systems Yes . No

(b) Public sewerage systems (location; average and peak daily flows to
treatment works) Yes No

Expfanor/on and Source:

Some reduction of current load from septic systems in the watershed
is anticipated.

6. Might the project result in an increase in paved'or impervious surface over a sole source
aquifer or.an aquifer recognized as an important present or future source of water supply?

Explanation and Source:

No

7. Is the project in the watershed of any surface water body used as a drinking water supply?

Explanation and Source:

No

8. Are there any public or private drinking water wells within a 1/2-mile radius of the proposed
project?

Explanation and Source:

Yes, some lake abutters receive their drinking water from private
water wells. The project should not lead to a disruption in service
or adverse water quality:in the wells.
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9- Does (he operation of the project result in any increased consumption of water?

Approximate consumption . gallons per day. Likely water source(s) _

Explanation and Source:

NO

E. Solid Waste and Hazardous Materials
I, Estimate types and approximate amounts of waste materials generated, e.g., industrial,

domestic, hospital, sewage sludge, construction debris from demolished structures. How/
where will such waste be disposed of?

Explanation and Source:

With hydroraking operation disposal of accumulated plant debris and
associated sediment will be necessary. Temporary storage at Town
beach or public access with removal and disposal by Town DPW is
recommended.

2. Might the project involve the generation, use, transportation, storage, release, or dispo-.al
of potentially hazardous materials?
Explanation and Source:

No

3. Has the site previously been used for the use, generation, transportation, storage, release,
or disposal of potentially hazardous materials?
Explanation and Source:

F. Energy Use and Air Quality
1. Will space heating be provided for the project? If so, describe the type, energy source, and

approximate energy consumption.

Ejrp/anafion ancf Source;

;No
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2. Will the project require process heal or steam? If so, describe the proposed system, th« fuel
type, and approximate fuel usage.

Explanation and Source:

No

3. Does the project include industrial processes that will release air contaminants to th€

atmosphere? If so, describe the process (type, material released, and quant i ty released).

Explanation and Source:

NO

4. Are there any other sources of air contamination associated with the project (e.g. automobile
traff ic , a i rcraf t t raf f ic , volatile organic compound storage, construction dust)?

Explanation and Source:

Yes,"construction dust may be associated with infiltration trench
installation and bank stabilization, but only for a few weeks duration,

5. Are there any sensitive receptors (e.g. hospitals, schools, residential areas) which would W
affected by air contamination caused by the project?

Explanation ancf Source:

Yes, infiltration trench construction will abut a public bathing beach,

G. Noise
I. Might the project result in the generation of noise?

(Include any source of noise during construction or operation, e.g., engine exhaus t , pi te
driving, traffic.)

Explanation and Source:

Yes, construction noises associated with storm drain system
improvements and bank stabilization. Operation of hydrorake will
also cause temporary noise.
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2. Are there any sensitive receptors (e.g., hospitals, schools, residential areas) which uould b«
affected by any noise caused by the project?

Explanation and Source:

Yes, nearby beach and houses will receive greater noise, but level
of noise not high nor sustained for greater than a month.

3. Is the project a sensitive receptor, sited in an area of significant ambient noise?

Explanation and Source:

No

H. Wind and Shadow
1. Might the project cause wind and shadow impacts on adjacent properties?

Explanation and Source;

No

I. Aesthetics
1. Are there any proposed structures which might be considered incompatible u-ich existing

adjacent structures in the vicinity in terms of size, physical proportion and scale, or
significant differences in land use?

Exp/anad'on and Source:

No, project will result in improved aesthetic appearance in the
lake.

2. Might the project impair visual access to waterfront or other scenic areas?

Exp/anorion and Source;

Temporary and negligible visual impairment during hydrorake
operations and bank stabilization operations.
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IV. CONSISTENCY WITH PRESENT PLANNING

Discuss consistency with current federal, state and local land use, transportation, open space,
recreation and environmental plans and policies. Consult with local or regional planning
authorities where appropriate.

None known. Project is consistent with water quality and
recreational goals.

V. FINDINGS AND CERTIFICATION

A. The public notice of environmental review has been/will be publ ished in the foilo^in;
newspaper(s):

-<NAME) (Date)

B. This form has been circulated to all agencies and persons as required by 301 CMP. 1121.

Date Signature o/ Responsible Officer
or Project Proponent

Date Signature of person preparing
ENF (if d i f f e ren t f rom above)

Name (print or type)

Address

Telephone Number

Narne {print or type)

Address _

Telephone Number
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COMMENTS BY INTERESTED PARTIES AND SAMPLE SURVEY QUESTIONNAIRE

169



170



COMMENTS OF FIRST PUBLIC MEETING

The first public meeting for the Silver Lake
Diagnostic/Feasibility Study was held on May 13, 1987 at the Town
Offices at the Glen School Road in Wilmington. In attendance
were representatives from EEC, Inc. Drs. Mitchell and Wagner;
from the Town of Wilmington, Ms. Ward; as well as 15 other local
residents. Dr. Mitchell gave a slide presentation and brief
overview of the aims of the study and some of the preliminary
results. Then the meeting was opened up for comments and
questions from the public. The following is a listing of the
comments and questions raised at this meeting.

- Concerns were expressed about the weeds and their
possible influence in a recent drowning were discussed.

- What effect does the "pollution" have on algae and
health?

- What effects does the road salting have on the lake ?

- What is the schedule for the study process and when are
the recommendations due to come out ?

- Where are the public access points ? (Some town property
aside from the beaches was identified).

- The refuse problem in Silver Lake was discussed (Trash
identified included refrigerators, barrels leaves,
bottles, cans, carts, wood, and metal scrap).

- The profusion of algae near the inlet tributary was
mentioned.

- The discontinuity between the sand and underlying muck
soils was discussed along with possible reasons for it
(Mr. L. Neilson was identified as a local expert on
Silver Lake).

- The cause of the occasional white foam in the lake was
discussed.
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COMMENTS OF SECOND PUBLIC MEETING

The second public meeting for the Silver Lake
Diagnostic/Feasibility Study was held on June 21, 1988 at the
Town Offices at the Glen School Road in Wilmington. In
attendance were representatives from BE'C, Inc. Drs. Mitchell and
Wagner; from the MA DWPC, Ms. E. Hartman; from the Town of
Wilmington, the Board of Selectmen, R.Stapcznski, Town Manager,
Ms. E. Saboujian, Conservation Administrator; H. Gillian, Town
Engineer; as well as about 35 residents. Dr. Mitchell gave a
slide and overhead presentation of the results and
recommendations of the study; outlining possible courses of
action for protection and restoration of Silver Lake. The
meeting was opened up for comments and questions, initially from
the Board of Selectmen and then from the public. The need for
input from the audience was stressed. The following is a listing
of the comments and questions raised at this meeting.

From the Board of Selectmen :

- Are there any new buildings scheduled in the watershed ?
Can hook-up to the sewer be mandated. (Town Engineer
Gillian explained that new construction is required to
hook into sewer if street is sewered. Further, he
mentioned that the Water/Sewer Board cannot force
connection of older dwellings, but the Board of Health
can) .

- Would the lake ever be used for a drinking supply ? (it
could theoretically be used, but unlikely it will as it
has both a small volume and limited recovery relative to
the Town's needs).

- Is the lake safe for swimming (Yes).

- How is grant process pursued, who fills out the forms and
what is implementation schedule ?

- What is the role of the town at this point - do they need
to go through the application process (Yes) .

- When will the final report be available ?

From the audience :

- What is a watershed ? (Explanation of term).

- Storm drain to the north of town beach noted by resident
(Storm drain initially identified by BEC, but appeared
blocked and inactive).
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2nd Public Meeting - Silver Lake D/F Study
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- How can the town force sewer hook-ups ? (see above
comments by town personnel).

- The importance of Silver Lake as the habitat of birds and
amphibians was stressed by abutter. Balance restoration
plans oriented for people with consideration for animal
use.

- Who owns the lake ? (Technically the state as a great
pond, but the town owns the property on it) .

- Concern expressed over the litter and debris in the lake
(Potential ways it can be cleaned up or prevented were
presented) .

- Importance of "natural" approach to lake restoration
stressed, using neither chemical treatment or wholesale
construction.

- Concern over storm drains going into the lake. Should
"they" be allowed to route poor water quality into the
lake (Problem of engineering and dealing with storm
drainage discussed). Have caused problems with water
level fluctuation and quality.

- Concerns expressed over the relationship between septic
systems and wells. Are the wells safe ?

- Does the town possess the expertise to evaluate the
report and decide the best course of action ? (Might get
different opinions from different firms, but should have
similar main approach).

- Some questions were raised on the cost and funding
arrangements.

- Weed removal options discussed - how much of the
shoreline and what about the effect of spawning fish ?
Fish cover options discussed.

- Is acid rain a problem for Silver Lake ? (No) .

- Debris level rated as poor, much of the debris is not
good habitat for fish.
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How to clean up debris ? (Drawdown by pumps suggested
but not preferred by some abutters. Weed raking is an
alternative but less effective. Line item in budget for
clean-up recommended by Board of Selectmen).

Storm drains to be managed as part of study under Clean
Lakes funds. Infiltration desired to avoid direct
inputs.

Storm drain catch basins clean monthly (Water quality is
not due to a lack of maintenance).

Are septic systems really impacting the lake ? Aren't
they supposed to allow percolation/infiltration ?

174



OF1

MASSACHUSETTS O1867

OFFICE OF THE

TOWN MANAGER September 2, 1988
AREA CODE 617

656-3311

Mr. David Mitchell
Bay State Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01028

Re: Diagnostic/Feasibility Study for the
Management of Silver Lake, Wilmington, MA

Dear Mr. Mitchell:

I have reviewed the Silver Lake Diagnostic/Feasibility Study and I have found
it to be very thorough. Attached you will find the comments from the Town
Engineer and the Conservation Administrator.

In particular, I found that your analysis of the local cost for the
recommended managemerit options were very good. These numbers will be helpful
in preparing the Town's request for funding at the next Annual Town Meeting.
However, I will need your assistance to explain and justify the cost per each
option.

The Town Engineer made good comments regarding the oil/gas separator design
shown on figure 19 of the report. He is recommending a more simplified design
which would be easier to construct and maintain by our D.P.W. personnel.
Please give his suggestion serious consideration. Perhaps the design of the
infiltration trench system can be altered to include the oil/gas separating
system as lie is recoir^en.ling.

I would be very nappy to meet with you and members of your staff to review the
report in detail. In particular, I would like to review the management
options with the D.P.W. Superintendent, Town Engineer and Conservation
Administrator and to discuss a work plan for implementing these management
options. Thank you very much for your valuable assistance. I look, forward to
working with you in the future.

Very truly yours,

eginald S, Stapczynski

nSS/sas
Attachment
cc: D.P.W. Superintendent

Town Engineer
Conservation Administrator
Town Clerk

175



TO.

WILMINGTON, MASS.
INTER-DEPARTMENTAL COMMUNICATION

Tbwn Manager FROM Town Engineer

Silver Lake DATE Ancms+-.-'7fi.
Diagnostic/Feasibility Study
Comments on

The subject study has been reviewed in accordance with your request
of August 15th. . .

The report is an excellent historical review of the lake, and its
subsequent development. Of primary interest to the Town Engineer are the
observations with respect to the storm drain system and the impact of ex-
isting septic systems. There is no question that known broken elements of
the "collection" system should:be repaired, however, there are no plans
which I have been able to locate with details of the "system" around Silver
Lake. It will be necessary to.conduct a walk-through inspection to locate
and place on a plan, drawn to scale, all storm collection structures, i.e.,
catch basins, drain manholes, pipe headwalls, etc. Following the above to
determine the flow line to the-lake, and develop a "Master Plan" of the
existing system. The gas/oil separator scheme depicted in the report
{Pig. 19} appears to be an exotic and ideal structure excepting the needs
of the Town. A more simplified unit design is attached herewith which, in
my opinion, would be easier to construct and be maintained by in-house
personnel.

With respect to on-site waste disposal systems refer to AIM GL c83 § 11
which designates who may require connections to common sewers (case note:
"local board of health, but not local board of sewer commissioners, has
authority to require property owners to connect building to common sewer".)

The Ttown Engineer will endeavor to develop a plan, drawn to scale,
showing the existing storm collection system surrounding Silver Lake, and
if desired will develop and propose recommendations for improvements to the
system.

H.R. Gillam P.E

cc: Supt. of Public Wbrks
Conservation Administrator
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WILMINGTON CONSERVATION COMMISSION
TOWN HALL

WILMINGTON, MASSACHUSETTS

August 26, 1988

Elaine Hartinan, Project Manager
DEQE-DWPC
Westview Building
Lyman School
Westboro, Massachusetts 01581

RE: Diagnostic/Feasibility Study for the Management of Silver Lake, Wilmington, MA.

Dear Ms. Hartman,

The Wilmington Conservation Commission requested that Jean Locicero (member) and
myself review the July, 1988 draft of the above referenced report and that I submit
comments to you.

The study scope and methodology proved excellent and inclusive of all areas of major
concern to the Conservation Commission. The resulting suggestions include a very
important monitoring plan which the Conservation Commission strongly encourages" 'for this
project as well as others, both public and private, proposed in Wilmington. •*-

• '•:

Although the Commission agrees that hydro-raking is the best method for "v<"
macrophyte: control, the justifications for such a program need to be expanded upon
within the report to support the need for this activity. Additionally, reasons"for
permitting particular areas to remain, while others are targeted for removal, need to
be clarified in more detail.

The Commission has identified the area of.vegetation near the junction of' Route 38
and Lake Street as possibly being important cover for fry, especially since the
northern shore is less disturbed by human swimming activity. It also appears that this
stand of wetland vegetation would function to filter stormwater from Route 38.

Generally, the Conservation Commission supports all of the management options
outlined in the report. They are consistent with Wilmingtons7 Open Space and
Recreation Plan (August 1987) and the intentions of the Board. Therefore, the
Commission recommends that the Town seek furthur funding for implementation and offers
its assistance in the planning and administration processes.

The Conservation Commission and staff look forward to partisipating in the
improvement of Silver Lake as a water resource that the Town will always be proud of.

Sincerely,

Elizabeth E. Sabounjian, M.S
Conservation Administrator

cc/ Town Manager
Baystate Environmental Consultants
Town Engineer
Recreation Director
Director of Public Health
Planning Board 177



September 1, 1988

David F. Mitchell
Baystate Environmental Consultants, Inc.
296 Worth Main Street
East Longmeadow, MA 01028

RE: Diagnostic Feasibility Study for Silver Lake, Wilmington

Dear Mr. Mitchell:

Thank you for providing the Massachusetts Historical Commission with
information concerning the above mentioned project.

Review of the Inventory of Historic and Archaeological Assets of the
Commonwealth indicates that one known prehistoric archaeological site, one
historic archaeological site and an historic structure are located within the
study area.

MHC requests the opportunity to review further information on any proposed
upland work.

Please feel free to contact Mandy Shear of this off ice if you have any
questions.

Sincerely,

W\tfwL ̂  vw-<n \̂
Brona Simon
State Archaeologist
Director, Technical Services Division
Massachusetts Historical Commission

BS/kh

Massachusetts Historical Commission, Valerie A. Talmage, Executive Director, State Historic Preservation Officer
80 Boylston Street, Boston, Massachusetts 02116 (617) 727-8470

Office of the Secretary of State, Michael J. Connolly, Secretary
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Massachusetts
Natural Heritage

Program

September 2, 1988

David Mitchell
Baystate Environmental
Review Consultants
296 North Main St.
East Longmeadow, MA. 01028

Dear Mr. Mitchell:

RE: Rare species in vicinity of
Silver Lake, Wilmington, MA.

Thank you for contacting the Natural Heritage and Endangered Species Program
regarding rare species and significant natural communities in the vicinity of
the proposed restoration of Silver Lake.

While we do not know of any current rare species occurring at the site at this
time, we are aware of an important nationally rare plant which was found
around Silver Lake in 1899. Historically, Calamagrostis j>ickeringii or Reed
Bentgrass, has been found in wetlands adjacent to lakes and ponds and may
still exist in this type of habitat in Massachusetts. Although there are no
current records of this plant documented in the state, additional fieldwork
and research may reveal its existence.

Please contact me if I can be of further assistance to you.

Sincerely,

Heather Davenport
Environmental Review Assistant

HD/hd

cc: C: /heatherwp: mitchell, town and chrono file

Division of Fisheries and Wildlife 100 Cambridge Street, Boston, Mass. 02202 (617) 727-3160,-3151
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Commonwealth of Massachusetts

Diviiionof
FiiiiCMO A Wildlife
Richard Cronin, Director

September 1, 1983

David Mitchell, Ph.D.
Baystate Environmental Consultants, Inc.
296 North Main Street
East Longmeadow, MA 01O28

RE: Diagnostic/Feasibility Study for Silver Lake,
Wilmington, Massachusetts

Dear Dr. Mitchell:

Thank you for providing the Division of Fisheries and
Wildlife with a copy of the "Diagnostic/Feasibility Study for
Silver Lake, Wilmington, MA" for review and comment.

With respect to the recommended management approach, we
offer the following comments:

o institution of a groundwater protection and
manaqement p1an - MDFW supports this action which is
directed at lessening the nutrient content of the
groundwater.

o improve the performance of the storm drain system -
also supported by MDFW as it is an effort at further
controlling the quality of water entering the pond.

o stabilize and _re_g_rade. sections of laj<e shoreline -
this component should consider retaining and
utilizing existing structure, where applicable, to
serve as fish cover in the littoral zone. For
example, the report mentions that some trees have
fallen or are in danger of falling into the pond.
Fallen trees, especially large ones, provide
excel lent near shore cover for fish. The potential
for leaving fallen trees as is for cover should be
evaluated. Since no power boats are allowed ,
submerged or partly submerged trees would present no
danger.

o hydro-rakino of selected areas - this agency should
be notified at least a month before scheduled hydro-

Field Headquarters
Westborough, Massachusetts 01581 (617) 366-4470
An Agency of the Department of Fisheries, Wildlife &. Environmental Law Enforcement
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raking to facilitate possible adjustment in the trout
stocking schedule.

o enhancement of the existing fishery by placing fish
cover (artificial structures into the lake) - this
agency has experimented with artificial "reefs" or
fish attractors using a variety of materials (brush,
wooden stakes, concrete culvert pipe, and automobile
tires). Our best success, or at least one where
scientific evaluation was used, involved the use of
tire pyramids in Great Herring Pond (395 acres),
Plymouth. It did demonstrate that smal1mouth bass
and pumpkinseeds concentrated around such devices and
made them more susceptible to angling.

During the 1950's MDFW did limited experimentation with
brush shelters. This was not a formal project,
consequently there was never any evaluation or even
documentation summarizing procedures, waters involved,
materials, methods or results.

The literature generally agrees that pelagic species,
such as the yellow perch and white perch do not
concentrate around fish attractors. Since yellow
perch are the primary species in Silver Lake, I don't .
see how the addition of brush shelters will improve
the fishery. In fact, brush shelters or similar fish
attrators, especially if clearly marked, could very
well concentrate largemouth bass and make them more
vulnerable to angling.

In view of the low productivity of the pond and the
present indications of an overfished bass population,
concentration of these centrarchids, in effect,
making them more available to angling mortality, may
be unwise. Better management of the bass population
and of chain pickerel could be achieved through
special regulations, such as protective slot limits.

Present management of the fishery, aside from regulations
prescribing creel limits and minimum lengths for
selected species includes the annual stocking of 300
catehable-size trout. In an effort to increase
predation on the slow growing and abundant yellow
perch, 200 northern pike year 1 ings were recently
stocked.

We would be glad to discuss present or future fishery
management programs/options for Silver Lake should
you desire.
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Again, thank you. for providing the Division with the
opportunity to review and comment on this study. If you have any
questions concerning any of these comments do not hesitate to
contact me.

Sincerely ,

"P.

Robert P. Madore
Aquatic Biologist II

cc. MDWPC, Clean Lakes
EQEA, Mepa Unit
MDFW - NEWD
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SAMPLE SURVEY QUESTIONAIRE
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SILVER LAKE

Dear Watershed Resident:

As part of our effort to assess conditions and their causes
in your lake and watershed, BEG requests that you fill out the
attached questionnaire and return it to either the BEC office
(296 N. Main St., East Longmeadow, MA D1028, Att. Lakes Section)
or the designated representative in your area. Your cooperation
will be greatly appreciated, and will contribute to our analysis
of the lake and the development of a management strategy for it.
All information will remain confidential; we ask for a name and
address only for follow-up/clarification purposes, and will not
release this information to anyone outside our office. If you
are uncomfortable providing a name and address, simply leave that
space blank. The results of the questionnaire survey will be
tallied and presented as a table in which responses to specific
questions will be expressed as a number or percent of the total.
For example, listings will include the percent of respondents
favoring each listed lake use, the average age of waste water
disposal systems, and the percent of households using washing
machines. No individual data will be given. Again, it is very
important that we receive enough questionnaires to perform a
valid analysis. Please assist us by taking the time to fill out
this form and returning it.

Thank you for your cooperation,

for the BEC staff
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Q U E S T I O N N A I R E FOR WATERSHED RESIDENTS

SILVER LAKE

Name Phone

Street Address (Not Mailing)

Nearest Lake or Waterway

1. Number of people in household?

2. Number of months in full time residency?

3. Distance of property from lake?

4. Do you make use of Silver Lake

At Least Daily? At Least Weekly? Monthly or Less?

5. Preferred activities on Silver Lake?

1.
2.
3.

6. Where do you get your drinking water?

7. Where do you get your washing water?

8. Do you have an in-ground waste disposal system?
(If not, where are wastes disposed?}

9. If you have a well and/or in-ground waste disposal syste-:

a. What kind of disposal system do you have (i.e. cesspool, tank
and leachfield, pipe to lake, etc.)?

b. Approximate age of disposal system?

c. Distance of disposal system from lake?

d. What kind of well do you have?

e. Approximate depth of well?

f. Distance of well from lake?
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g. Distance between well and disposal system?

h. Is well upslope, downslope, or alongside of
disposal system?

i. When was well water last tested?

j. When was disposal system last inspected/maintained?

k. Any known problems (quantity or quality) with
well or disposal system?

10. Do you use a washing machine on th.e premises?

11. Do you use a garbage disposal on the premises?

12. What kind of detergent do you use?
a. For clothes?

b. For dishes?

13. Do you fertilize your lawn?
a. What brand of fertilizer do you use?

b. How often do you fertilize?

14. Do you have any questions or comments? please feel free to use
space on this page or an additional sheet to respond.
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APPENDIX D

DATA AND CALCULATIONS

1. WATER QUALITY DATA
2. BIOLOGICAL DATA
3. CALCULATION SHEETS AND

USEFUL CONVERSIONS
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WATER QUALITY DATA
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FLOW <CFS) IN THE SILVER LAKE SYSTEM FLOW (CU.M/HIN) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/22/87
07/08/87
07/21/87
08/05/87
0 a/20/87
09/01/87
09/23/87
10/22/67
11/19/87
12/17/67
01/13/88

fttXIMUM
MINIMUM
MBN

SL-1

0.00
.50
.10
.30
.05

0.00
0.00
O.DO
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.10

.10
0.00

.50
0.00

.06

SL-4

.40
1.00

.95

.80

.50

.55

.28

.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.60

.75

1.00
0.00

.33

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/22/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

ÎMUM
MINIMLM
MEAN

SL-1

0.00
.85
.17
.51
.09

0.00
O.DO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.17

.17
0.00

.85
0.00
.11

SL-4

.68
1.70
1.61
1.36
.85
.94
.48
.07

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.02
1.27

1.70
0.00

.55

TEMPERATURE (C) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
OV27/87
06/10/87
06/22/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

mXIMUM
MINIMUM
MBW

SL-1

8.0
8.2
1.5

11.5

3.9
-2.0

11.5
-2.0
5.2

SL-2S

-1.0
3.2
7.5
6.5

12.8
14.7
16.7
19.2
20.0
20.8
22.3
27.2
16.9
14.1
8.9
3.0
0.0

-1.0

27.2
-1.0
11.8

SL-2M

14.1
16.0
18.9
14.3
16.3
25.0
16.0

25.0
14.1
17.2

SL-2B

7.0
3.0
5.1
6.1
7.5
8.4

10.5
10.1
10.0
11.0
13.2
17.1
14.5
13.3
8.8
2.5
0.0
0.0

17.1
0.0
8.2

SL-3S

0.0
3.0
7.5
6.5

12.8
14.8
16.9
19.2
20.0
20.8
21.5
27.6
17.1
13.8
8.9
3.1
0.0

-1.0

27.6
-1.0
11.8

SL-3M

14.8
15.2
18.9
14.3
12.4
25.1
15.8

25.1
12.4
16.6

SL-3B

2.0
3.0
5.0
6.2
7.2
8.0

11.5
9.9
9.9

10.0
10.8
18.2
13.4
13.4
8.9
3.0
0.0
-.1

18.2
-.1
7.8

SL-4

-1.5
3.5
7.5
6.8

13.8
16.3
18.5
18.0

-2.3
-1.0

18.5
-2.3

8.0
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DISSOLVED OXYGEN (MG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/1 5/B7
04/29/87
05/13/87
05/27/87
06/10/87
06/22/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

IttXIMUM
MINIMUM
MEAN

SL-l

4.8
5.5
7.3
2.9

1.5
B.7

8.7
1.5
5.1

SL-2S

12.1
10.2
13.4
12.2
10.7
10.5
,9-7

9'.4
9.2
9.5
9.7
9.4
8.4
8.9

10.6
12.7
15.0
15.2

15.2
8.4

10.9

SL-2M

12.8
11.4
10.1
5.9
4.0
5.4
8.2

12.8
4.0
8.3

SL-2B

11.2
8.9

11.7
8.8
6.1
8.3
4.2

.4
1.1
.8
.8
.6

1.8
4.5
7.6

10.6
9.8
4.4

11.7
.4

5.6

SL-3S

11.4
9.8

13.4
11.8
10.8
10.6
9.5
9.3
9.2
9.5
?.6
9.1
8.8
8.7

10.6
12.6
14.8
15.5

15.5
8.7

10.8

SL-3M

11.2
11.2
10.1
2.2
1.1
4.1
7.6

11.2
1.1
6.8

SL-3B

5.1
8.9

10.7
10.?
5.1
3.0
1.6

.4
1.2

.4

.2

.2

.6
4.5
9.7

11.2
10.4
2.5

11.2
.2

4.8

SL-4

12.Q
9.9

14.0
12.2
11.0
11.0
6.9
9.7

15.4
15.2

15.4
6.9

11.7

PH (S.U.)IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/22/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

NWIMlfl
MINIMUM
KEW

SL-l

5.0
5.0
5.0
5.2

5.2
4.7

5.2
4.7
5.0

SL-2S

6.8
6.5
6.9
7.0
7.0
7.1
7.1
7.2
7.2
7.3
7.4
7.2
7.2
7.0
7.1
7.0
6.6
6.8

7.4
6.5
7.0

SL-2M

7.1
7.2
7.2
6.4
7.3
7.1
7.1

7.3
6.4
7.1

SL-2B

6.8
6.7
6.9
7.0
7.0
6.8
7.0
7.0
6.4
6.4
6.9
6.8
7.1
7.1
7.1
7.1
7.1
6.9

7.1
6.4
6.9

SL-3S

6.9
6.5
7.0
7.0
7.1
7.1
7.1
7.2
7.2
7.2
7.4
7.2
7.2
7.1
7.1
7.1
7.3
7.0

7.4
6.5
7.1

SL-3M

7.1
7.3
7.2
6.3
7.1
7.1
7.1

7.3
6.3
7.0

SL-3B

6.9
6.4
6.9
7.0
7.1
6.8
7.1
6.9
6.3
6.7
6.6
6.9
7.0
7.1
7.1
7.1
7.4
7.0

7.4
6.3
6.9

SL-4

6.9
6.6
6.9
7.0
7.1
7.2
7.1
7.1

7.4
7.0

7.4
6.6
7.0
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PERCENT SATURATION IN THE SILVER LAKE SYSTEM.

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
Od/10/87
06/22/87
07/08/87
07/21 /B?
08/05/87
OB/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

MEW
MflXIMlH
MINIMLM

SL-1

40
46
52
25

11
60

3?
60
11

SL-2S !

83
76in
99

100
102
101
102
100
105
111
117
90
86
91
94

103
104

99
117
76

5L-2M

124
94

108
100

41
64
73

86
124

41

SL-2B

81
66
91
71
69
71
38

4
10
7
8
6

17
43
85
77
66
30

47
91

4

SL-3S !

78
73in
96

101
103
97

101
100
103
108
114
91
83
91
94

101
106

97
114
73

5L-3M

109
116
106
21
10
49
76

70
116

10

SL-3B

37
66
84
88
56
25
IS

4
11
4
2
2
6

80
83
83
71
17

41
88

2

SL-4

82
74

115too
106
112
71

102

105
104

97
115
71
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NITROGEN <MG/L AS N) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/67
04/15/87
04/29/87
05/1 V87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
Q8/DVB7
08/20/87
09/01/87
09/23/87
10/22/87
li/19/87
12/17/87
01/13/88

raXIMLM
MINIMUM
MEftl

SL-1

.10

.01

.02

.03

.01

.02

.10

.01

.03

SL-2S

.10

.10

.01

.02

.01

.01

.04

.02

.01
,02
,01
.03
.03
.08
.06
.07
.01
.04

.10

.01

.04

SL-2M

.05

.01

.01

.05
.03
.08
.04

.08

.01

.04

SL-2B

.13

.10

.01

.02

.01

.01

.03

.03

.05

.04
.05
.19
.06
.09
.05
.07
.04
.05

.19

.01
.06

SL-3S

.13

.10

.01

.02

.01

.01

.04

.02

.01

.03
.01
.01
.04
.12
.06
.07
.05
.04

.13

.01
.04

SL-3M

.04

.02

.01

.05

.04

.05

.15

.15

.01

.05

SL-3B

.15
.10
.01
.02
.01
.01
.02
.02
.06
,09
.15
.12
.06
.14
.07
.09
.04
.06

.15

.01

.07

SL-4

.13

.10

.01

.02

.01

.01

.04

.03

.03

.06

.13
,01
.04

NITRftTE NITROGEN <MG/L AS N) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/23/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/1V87
12/17/87
Q1/1V88

mxmitf
MINIMUM
MEAN

SL-1

.25

.74

.03

.04

.02

.02

.74

.02

.18

SL-2S

1.17
1.12
1.40
1.17
1.27
1.25
1.10

.67
1.10

.13

.48

.36

.23

.15

.30

.28

.36

.46

1.40
.13
.72

SL-2M

.95

.77

.98

.36

.48
,28
.28

.9B

.28

.59

SL-2B

1.53
1.27

1.06
.99

1.04
.77
.64
.29
.20
.30
.20
.17
.15
.28
.28
.36
.60

1.53
.15
.60

SL-3S

.84
1.15
1.30
1.09
1.38
1.00
1.20

.86

.91

.63

.45

.36

.17

.15

.28
.29
.36
.47

1.38
.15
.72

SL-3M

1.10
.67
.78
.43
.45
,25
.16

1.10
.16
.55

SL-3B

1.12
1.02

1.0?
I. IB
1.04
.93
.67
.14
.16
.07
.1?
.16
.19
.30
.31
.37
.54

1. 18
.07
.56

SL-4

.84
1.03
1.30
1.08
1.23
1.02
1.00
.9?

.37

.46

1.30
.37
.93
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ORTHDPHDSPHDRUS CUG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/23/87
D7/OB/87
07/21/87
08/05/87
OB/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/B8

MAXIMUM
MINIMUM
MEAN

SL-1

62
40
66

160

10
40

160
10
63

SL-2S

10
10
10
10
10
10
10
10
10
I D
10
10
10
10
ID
10
20
10

20
10
11

SL-2M

ID
10
10
10
10
10
10

10
10
10

SL-2B

10
10
19
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10

SL-3S

ID
10
10
10
10
10
ID
10
10
10
10
10
10
10
10
10
10
10

10
18
10

SL-3M

10
10
10
10
10
10
10

10
10
10

SL-3B

10
10
10
10
10
10
10
10
10
ID
10
10
10
10
10
10
10
10

10
10
10

SL-4

10
10
10
10
10
10
10
10

10
10

10
10
10

TOTAL PHOSPHORUS (UG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
OV29/B7
05/13/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
OS/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

SL-1

186
90

120
290

600
80

SL-2S

23*
24-
40
24^
41
26-
52
10'
35
37
35
41
34
69
17^
2EK
20"
31

SL-2M

64
13
52
69
22
43
65

SL-2B

13
23
80
26
74
23
73
10
57
86
35
47
71
25
14
20
30
15

SL-3S

10
16
30
23
21
24
45
10
46
82
40
54
51
48
22
20
30
17

SL-3M

59
24
38
B6
41
35
57

SL-3B

10
37
40
IB
81
37
84
10
54
82
40
53
46
41
37
40
20
14

SL-4

14
38
40
17
62
27
59
10

20
27

mXIMUM
MINJMLM
MEAN

600
80
228

69
ID
32

69
13
47

86
ID
40

82to
33

86
24
49

84
10
41

62
10
31
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KJELDAHL NITROGEN (MG/L AS N) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/1 5/87
04/29/87
05/13/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

mXIMlM
MINIMUM
MEW

SL-1

.39

.56
1.08
.93

1,70
1.20

1.70
.39
.98

SL-2S

.20

.25

.37

.65

.25

.32

.50

.41
1.02
.51
.4?
.40
.38
.38
.37
.27
.36
.38

1.02
.20
.42

SL-2M

.53

.50

.39

.31

.66

.55

.41

.66

.31

.48

SL-2B

.29

.23

.28

.38

.27

.32

.53

.51

.36

.42

.52

.52

.41

.37

.42

.38

.40

.34

.53

.23

.39

SL-3S

.28

.23

.44

.47

.30

.40

.25

.47

.26

.40

.49
.50
.36
.38
.37
.38
.39
.31

.50

.23

.37

SL-3M

.51

.82

.32

.37

.25

.51

.66

.82

.25

.49

SL-3B

.30
,21
.19
.27
.32
.41
.45
.40
.34
.36
.38
.68
.40
.46
.43
,43
.36
.39

.68

.19

.38

SL-4

.79
,23
.17
.30
.36
.44
.74
.33

.37

.33

.79

.17

.41

NITROGEN TO PHOSPHORUS RATIOS IN THE SILVER LAKE SYSTEM.

STATION
DATE SL-1 SL-2S SL-2M SL-2B SL-3S SL-3M SL-3B SL-4

02/25/87
03/31/87
04/15/87
04/29/87
0 VI 3/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

MBW
MAXIMUM
MINIMUM

8
33
21
8

392
70

89
392
8

136
130
101
173
85
138
70
246
138
39
63
42
41
5
40
226
82
62

101
246
5

53
223
60
22
118
49
24

78
223
22

319
149

126
39
135
41
262
26
16
53
35
19
14
46
226
58
143

100
319
14

255
197
132
155
182
133
73
303
58
29
53
36
24
7
29
227
57
105

114
303
7

62
142
66
21
39
50
33

59
142
21

324
76

172
42
89
37
243
20
14
25
37
28
11
18
115
83
151

87
324
11

265
76
84
185
58
123
67
301

84
67

131
301
58
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CONDUCTIVITY (LMHOS/CM) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
04/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

MAXIMUM
MINIMUM
HEW

SL-1

43
72
72
78

75
55

78
43
66

SL-2S

195
199
199
196
200
215
200
195
200
195
190
263
210
211
29?
239
236
227

299
190
215

SL-2M

195
195
195
185
190
261
215

261
185
205

SL-2B

205
200
197
199
200
200
190
180
190
180
185
252
215
229
299
240
234
220

299ieo
212

SL-3S

196
199
200
200
200
205
200
195
200
185
190
262
210
230
2?6
239
233
223

296
185
215

SL-3M

195
190
180
180
185
276
210

276
160
202

SL-3B

202
201
189
191
200
215
190
180
160
190
185
247
215
230
29B
240
233
220

296
180
211

SL-4

202
200
198
197
210
200
200
195

234
225

234
195
206

TURBIDITY <N.T.U.) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

MAXIMUM
MINIMUM
MEAN

SL-1

6.00
1.10

.70

.60

.70

.62

6.00
.60

1.62

SL-2S

.18

.30

.50

.20

.80

.65

.95

.42

.72
,90
.50
.50

1.00
.44

2.00
.60
.70
.60

2.00
.18
.66

SL-2M

.80

.62

.70
1,20
.75
.60
.60

1.20
.60
.75

SL-2B

.23

.40

.60

.80
1.15

.70

.60

.70
1.10
1.70
.50

1.70
.60
.65

2.00
.20
.65

1.50

2.00
.20
.88

SL-3S

.46

.25

.40

.30
1.75

.70

.35

.80

.70

.60
1.20

.60

.50

.62
2.00

.30

.50
.75

2.00
.25
.71

SL-3M

.10

.95

.82
1.70
.85
.40

2.20

2.20
.10

1.00

SL-3B

.23

.35

.90
1.30
3.45

.10
1.00

.95
1.00
1.20
1.50
4.20

.80

.85
2.00

.80

.75
2.10

4.20
.10

1.30

SL-4

.28

.40
1.00

.80

.40

.50
1.90
2.80

.95
1.00

2.80
.28

1.00
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TOTAL ALKALINITY (HB/L AS CAC03) IN THE SILVER LAKE SYSTEH

STATION
DATE

02/25/87
03/31/87
04/15/87
0V29/B7
05/13/87
OV27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
OB/20/87
09/01/87
OV23/87
10/22/87
U/19/87
12/17/87
01/13/68

MAXIMUM
MINIMUM
MEAN

SL-1

11.0
1.0
2.7
.6

1.0
1.0

11.0
.6

2.?

SL-2S

23. 0
21.4
23.0
21.0
20.0
22.0
21.0
21.6
21.8
23.0
26.7
25.8
27.7
25.0
21.0
23.0
24.2
25.0

27.7
20.0
23.1

SL-2M

20.0
21.0
23.3
26.0
25.2
26.3
29.4

29.4
20.0
24.5

SL-2B

24.0
21.6
19.0
20. 4
19.0
21.0
21.0
22.7
25.0
26.0
28.1
31.7
27.7
24.0
22.0
21.0
23.7
24.0

31.7
19.0
23.4

SL-35

22.0
22.3
21.0
19.5
20.0
20.0
21.0
21.0
21.8
22.0
24.1
24.6
29.6
25.0
21.0
23.0
23.1
24.0

29.6
19.5
22.5

SL-3M

21.0
21.0
21.6
25.6
25.8
25.2
33.2

33.2
21.0
24.8

SL-3B

24.0
21.2
24.0
19.5
20.0
21.0
19.0
22.7
29.8
29.0
34.7
34.9
28.9
25.0
23.0
23.0
22.9
24.0

34.9
19.0
24.8

SL-4

23.0
21.2
24.0
19.3
19.0
20.0
20.0
21.0

24.2
25.0

25.0
19.0
21.7

TOTAL SUSPENDED SOLIDS (MG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
0 VI 3/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
OVOI/B7
OS-/23/87
10/22/87
11/19/87
12/17/87
01/13/88

MAXIMLM
MINIMUM
MEAN

SL-1

24.8
6.8
8.0
4.0

31.0
.8

31.0
.8

12.6

SL-2S

.5
,5

1.2
.5
.4

3.6
2.4
1.2
2.4
2.4

.8
1.5
.4

4.8
1.2
3.0
.8
.6

4.8
.4

1.6

SL-2M

1.6
2.4
3.2
4.8
2.0
3.0

.4

4.8
.4

2.5

SL-2B

6.0
.5
.8

4,5
.8

5.2
4.4

15.2
8.8
5.3
4.8

24.5
.4

3.2
2.0

20.0
0.0
1.2

24.5
0.0
6.0

SL-3S

1.2
.5

3.2
.5

6.8
3.6
2.4

.4
2.4

.7
2.8
1.0
.4

4.0
.4

5.0
1.2
.8

6.8
.4

2.1

SL-3M

2.8
2.4
3.6
6.7
4.0
2.0
2.0

6.7
2.0
3.4

SL-3B

20.0
.5

1.6
8.0
8.0
4.8
5.6

10.0
4.8
6.0
6.0

35.5
.4

8.0
.4

9.0
2.8
.4

35.5
.4

7.3

SL-4

.5

.5
1.2
.5

2.4
6.0

12.0
2.8

.8

.4

12.0
.4

2.7
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SECCHI DISK TRANSPARENCY (M) IN THE SILVER LA

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/22/87
07/OB/87
07/21/87
08/05/87
08/20/87
07/01/87
09/23/87
10/22/87
11/19/87
12/17/87
61/13/88

WKIMUM
MINIMUM
MEW

SL-2S

3.75
4.20
5.15
5.15
4.90
4.70
5.30

~4.2Q
4.20
4.30
3.70
4.10
4.10

"5.80
7.25
7.40
5.50
6.70

7.60
3.70
5.03

SL-3S

4.00
4.00
5.20
3.75
5.00
5.80
5.50
4.70
4.30
4.30
4.20
4.50
4.70
5.70
7.20
8.35
5.90
7.50

8.35
3.75
5.26

CHLORIDE (MG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
05/27/87
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87
01/13/88

mXIMUM
MINIMUM
MEAN

SL-t

9.0
18.0
19.7
26.0

30.2
13.0

30.2
9.0

IP. 3

SI-2S

50.0
45.0
55.0
43.0
44.0
46.0
49.0
46.7
48.0
50.0
65.5
51.0
49.9
48.0
51.0
51.7
49.0
59.0

65.5
43.0
50.1

SL-2M

48.0
47.6
46.7
48.0
55.5
48.0
52.6

55.5
46.7
49.5

SL-2B

52.0
45.5
47.0
42.6
45.0
45.0
45.0
43.3
45.1
46.0
47.6
46.7
53.4
50.0
47.0
51.3
52.0
55.0

55.0
42.6
47.8

SL-3S

47.0
45.0
59.0
44.0
46.0
47.0
48,0
46.7
50.1
49.0
48.4
49.7
58.4
51.0
49.0
47.6
49.0
55.0

59.0
44.0
49.4

SL-3M

48. 0
45.5
47.2
48.4
54.2
51.3
51.3

54.2
45.5
49.4

SL-3B

51.0
44.7
45.0
45.0
45.0
45.0
44.0
46.7
44.2
44.7
52.6
47.6
50.9
49.0
47.0
49.7
51.0
55.0

55.0
44.0
47.7

SL-4

51.0
46.0
43.0
44.0
47.0
46.0
48.0
47.2

51.0
51.0

51.0
43.0
47.4
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CHLOROPHYLL (UG/L) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/21/87
04/15/87
04/29/87
05/1 3/B7
05/27/87
06/10/87

"06/23/67
07/08/87
07/21/87
08/05/87
06/20/87
09/01/87

~0?/23/8?
10/22/87
11/19/87
12/17/87
01/13/88

SL-2S

1.0
3.1
3.6
1.1
1.2
1.0
1.0
1.8
1.3
2.2
2.3
2.2
2.1

.9

.5
1.1
.6

1.2

SL-3S

1.1
3.6
1.?
.9
.9
.5

1.2
2.5
1.3
2.4
1.8
2.3
4.1
1.0
1.0
.7
.8

1.4

MAXIMUM 3.6 4,1
MINIMUM .5 .5
MEAN 1.6 1.6
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FECAL COLIFORMS (N/ML) IN THE SILVER LAKE SYSTEM

STATION
DATE

02/25/87
03/31/87
0 VI 5/87
04/29/87
0 VI 3/87
05/27/87
06/10/87
0(5/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/67
12/17/87

MAXIMUM
MINIMIM
MEW
(GEOMETRIC)

SL-1

0
0

200
140

20
10

206
0

62
13

SL-2S

0
0
0
0
0

13
0
8
3
6
4
2

20
10
20
10
10

20
0
6
3

SL-3S

0
0
0
0
0

20
0
6

10
2
5
9

10
10
10
10

. 10

20
0
6
3

SL-4

0
35

0
33
3

151
0

900

30

900
0

128
13

FECAL STREPTOCOCCI (N/100 ML) IN THE SILVER LAKE SYSTEM

STATIGN
DATE

02/25/87
03/31/87
04/15/87
04/29/87
05/13/87
D5/27/B7
06/10/87
06/23/87
07/08/87
07/21/87
08/05/87
08/20/87
09/01/87
09/23/87
10/22/87
11/19/87
12/17/87

mXIMUM
MINIMUM
MEAN
(GEOMETRIC)

SL-1

100
&

55
23

25000
80000

80000
6

17531
351

SL-2S

0
9
1
5
0
0
4

24
6

12
62
15
80

4000
230

60
240

4000
0

279
22

SL-3S

5
1
0
3
6
2
3

38
20
10
51
46

140
330
280

50
410

410
D

82
21

SL-4

0
28

0
83
3

153
19

3700

6000

6000
0

1110
47
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Fecal Coliform : Streptococci Relationship (from Tchobanoglous and Schroeder, 1985

Th* Ratio of F*coJ Colifocmt to Fecal Streptococci

It has been observed that the quantities of fecal coliforms and fecal
streptococci that are discharged by humans are significantly different
from the' quantities, discharged by animals. Therefore, it has been sug-
gested that the ratio of the fecal coliform (FC) count to the fecal
streptococci (FS) count in a sample can be used to show whether the
suspected contamination derives from human or from animal wastes
[3.14J. Typical data on the ratio of FC to FS counts for humans and
various animals are reported in Table 3.8. The FC/FS ratio for humans
is more than'4.0, whereas the ratio for domestic animals is less than 1.0.
If ratios are obtained in the range of 1 to 2, interpretation is uncertain.

The foregoing interpretations are subject to the following con-
straints:

1. The sample pH should be between 4 and 9 to exclude any adverse
effects of pH on either group of microorganisms.

2. At least two counts should be made on each sample.
3. To minimize errors due to differential death rates, samples should

not be taken farther downstream than 24 hr of flow time from the
suspected source of-pollution,

4. Only the fecal coliform count obtained at an incubation temperature
of 44°C is to be used to compute the ratio [3.14].

TABLE 3.8

Estimated Per Capita Contribution of Indicator Microorganisms from Human
. Beingi and Some Animals

AVERAGE INDICATOR AVERAGE
ORGANISM DENSITY PER g CONTRIBUTION PER

OF FECES CAPITA/24 hr

Fecal Fecal Feca] Fecal
coliform, streptococci, coliform, streptococci, RATIO

ANIMAL 106 106 106 106 FC/FS

Human 13.0 3.0 2,000 450 4.4
Chicken 1.3 . 3 . 4 . 240 620 0.4
Cow 0.23 1.3 5,400 31,000 0.2
Duck 33.0 : 54.6 11,000 18,000 0.6
P»g 3-3 84.0 8,900 230,000 0.04
Sheep 16.0 38.0 18,000 43,000 0.4
Turkey Q.29 2.8 130 1,300 0.1

Source: From Ref. [3.14].

3-14. Mara. D. D., (1976), Sewage Treatment in Hot Climates, John Wiley
and Sons. Chichester, England.
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SILVER LAKE PHYIOI l.fMlKfOM DATA
UILMINGTCTI, tlA.

STATION U~3

FEB. 25, 1987

TAXON CELLS/HL

RrtClLLARlOPIfYTA

Ailtr lontU* 1.2
C x c l o t e l U 1 .2

CRYPTOPHYTA

Cryplcmon*! 19
Qlbrr c r x p t o p h x t r i 104.4

BACILLARIOPHYTA 2.4

CRfPIOPHYTA 122.4

TOTAL 124.8

TAXOH UG/L

EAC1LLARIOPHYTA

j^ As le r ion f l l a .8
O C y c l o t f l l a 3
W

CRYPTOPHfTA

Cr-yp loni0n»S 18
Othe r crxptophyUs 20.8

BACRLARIOPHYTA 3.B

CRYPTOPHYTA 38.8

TOTAL 42.7

MARCH 31, 1987

TAXON CELLS/ML

BAC1LLAR \OPmi ft

Cyc lo t s lU 12.4

CIIRYSOPHYTA

Di nobrxon

CRYPTOPHfTA

Cryplcxnonas
Other c r yp tophx tes

CYANOPHYTA

Osci 1 tator fa

rMCftWfffaPfiYTO

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

TAXON

BACRLARIOPHYTA

Cxdote l la

CHRYSOPHYTA

Dinobrxon

CRYPTOPHYTA

Crxp tomonas
Other cryptophytes

CYANOPHYTA

Osc i l l a t o r ! *

BACRLARIOPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

'APRIL 15, 1987

TAXON

12.4

\

66.8
80. 4

B790

t2.<t

12.4

167.4

8990

91B2.2

UG/U

31

37.2

86.8

16.1

B?.?

31

37.2

102.9

B9.?

261.0

CELLS/HL

BACRLARIOPHYTA

Aster lone 1 la
Cyc lo te l l a
Fragilarla
Hhoi cosphrni a

CHLOROPHYTA

Scenedesnus

CHRYSOPHYTA

Dinobrxon

CRYPTOPHYTA

Cryp tomonas
Other cryptophxtes

CYANOPHYTA

Chroococcus
OscMlator ia

BACRLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANDPHYTA

TOTAL

TAXON

BACRLARIOPHYTA

Ast t r loncl la
Cx: lo te l la
FraQi 1 ar ) a
Rhoicosphtnla

CHLOROPHYTA

Scenedesraus

CHRYSOPHTTA

Dinobryon

POVDTflDUVTALKT r 1 UrHT IH

Cryp tomonas
Other cryptophytes

CYANOPHYTA

1.6
19.2

12.6

1.6

25.6

52.8

d 0•* . o

3.2

17.6
80

35.2

25. A

52.8

8

97.6

219.2

UG/L

1.1
48
25.6

I.?

2.5

792

4.8
,6

Chroococcus
Osc i 1 lator la

BACJLLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

1
APRIL 29, 1987

TAXON

BACRLARIOPHYTA

Cyc lo te l l a
Havicula
Synedra

CHLOROPHYTA

Chlarnxdomonas
Cruclgenia
Eudor ina
Oocxst ls
Scenvdesmus

CHRYSOPHYTA

Chromu) ln»
Dtnobryon

CRYPTOPHYTA

Cryp tomonas

PYRRHOPHYTft

Glenodiniun

BACRLARIOPKTTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

PYRRHOPHYTA

TOTAL

.1
.B

76.6

2.5

792

5.4

,9

877.6

CELLS/HL

60
2.5
5

5
40
40
12.5

65

5
17.3

2.5

2.5

47.5

162.5

22.5

2.5

2.5

257.5



TAXON

EACILLARIOPHYTA

C x c l o t t 1 la
M a w i c u l a
Sxnfdra

CHLDROPHYTA

Cf> lamydwnonai
Cruc Ig fn ia
Eudor ini
Oocys l ii

Scfned**mus

CHRYSDPIICTA

Chronul ina

Dinobrxon

CRYPTOPHYTA

Crxp t omonas

PYRRHOPHYTA

Cl * nod in ium

PAC1LLAR10PHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPT OP MY 7A

PYRRHOPHYTA

TOTAL

'MAY 13, 1987

TAXON

BACILLARIOPHYTA

Cyclof f l la
Synfdra

CHLOROPHYTA

Scenedesmus

CYANOPHYTA

Anabaena
Chroococcua

UO/L

150
2.3
4

2
4

16
5
6.5

3
32.3

2,5

62.3

156.5

33.3

37.3

2.5

62.5

312.5

,

CELLS/ML

106,2
3.6

151.2

81
27

BACILLARIOPHYTA

CHLOROPHYTA

CYANOPHYTA

TOTAL

TAX OH

BACILLAR10PHYTA

C x c l o t e l l a
Synedra

CHLOROPHYTA

Scenedesmus

CYANOFHYTA

Anabaena
Chraococcus

BACILLARIOPHYTA

CHLDROPHYTA

CYANOPHYTA

TOTAL

MAY 27, 1987

TAXON

BACILLARIOPHYTA

Cyclolel la

Synfdra
Tab* I la r ia

CHLORDPHYTA

Co* last rum
Sctnedesmus
Staurastrutn

CYANOPHYTA

Chroococcus

109. B

151.2

108

369

UG/L

265.5
28.8

75.6

32.4

.2

274.3

75.6

32.6

102.5

CELLS/ML

20. B
170.3

2.6
13

20.0
75.4

1.3

57.2

BACILLARIOPHYTA

CHLOROPHYTA

CYANOPHYTA

TOTAL

TAXON

BACILLARIOPHYTA

Aster ionel la
CxcloUl la
Sxntdra
Tabrl laria

CHLOROPHYTA

Coelastrum

Staurastrum

CYANOPHYTA

Chroococcus

BACILLARIOPHYTA

CHLOROPHYTA

rv AW n P w YT ALrJHriUrni IH

TOTAL

JUNE 10, 1987

TAXON

BACILLARIOPHYTA

Asttr ionf Ha
Cyclote lU
Fragi lar ia
Tabel lar ia

CHLOROPHYTA

Eudor ina

Sccnedesmus

CRYPTOPHYTA

Cryptoraonas

CYANOPHYTA

Anabacni

204.7

97.3

57.2

361 .4

UG/L

14.3

425.7
20. B

234

12.4

113.1
65

.5

695.1

190.3

.S

CELLS/ML

31,2
239,2

26
7,8

2 0 - 8

20,8

78

163.8

Chroococcus

PYRRHOPHYTA

Cerat ium

BACILLARIOPHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA

PYRRHOPHYTA

TOTAL

TAXON

BACILLARIOPHYTA

Aatpr loneMa
Cyc lo teUa
Fragj 1 ar i a
T a b f l t a r t *

CHLOROPHYTA

Eudor ina
Scenedesmus

CRYPTOPHYTA

Crxptomona*

CYANOPHYTA

Anabaena
ChroococcUi

PYRRHOPHYTA

Cera t ium

BACILLARIOPHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA

PYRRHOPHYTA

TOTAL

1092

2.6

304.2

41 .6

78

1255.8

2.6

UB2.2

UG/L

21.8

5?8
52

140.4

27.0

2.0

78

507.7
436.8

624

812.2

29.1

78

944.5

624

24B7.9



JULY 08, 1987

TAXON

BACILLARIOPHYTA

C x c l o t f l l a

CHLOROPHTTA

Clo* t*r ium

CRYPTOPHYTA

Cryp tofiionas

CYANQPHYTA

Aphanocapsa
Chroococcus
Her i smopf dt a
Mic rocys t is

BACILLARIOPHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA
NJ

g TOTAL

TAX Ot t

BACIUARIOPHYTA

C / c l o t f l l a

CHLOROPHYTA

Clos te r ium

CRYPTOPHYTA

Cryptcmonis

CYANOPHYTA

Aphanocapsa

Chroococcus
Her i smopedi a
Hi crocys l i s

BACILLARIOPHYTA

CHLQROFHVTA

CELLS/?1L

2.4

2.4

67.2

4B4
499.2

38.4

17040

2.4

2.4

47.2

18241.6

18333.4

UG/L

4

9.6

47.2

20.5
199.4

7.6
170.4

4

9.6

CRYPTOPHYTA

CYANOPHYTA

TOTAL

JULY 21, 1987

TAX DM

BACILLARIOPHYTA

Cyc lo te l l a
Tabel liria

CHLORQPHVTA

Cruc igeni a
Oocys t i s
Staurastrum

CRYPTOPHYTA

Cryp tomonas

CYANOPHYTA

Anabaena
Aphanocapsa
Aphanothece
Chroococcus
Coelosphaerium
H i c r o c y s t i s

BAC1LLAR1 OPHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

TAXON

BACILLARIOPHYTA

Cyc lo te l l a
Tabel larU

CHLOROPHYTA

Cruc Igeni t
Qocystis
Sliurastrura

CRYPTOPHYTA

47.2

37B.2

4B1.0

CELLS/HL

3.2
3.2

243.2
3.2
3.2

320

57.4

368
4BO
320

1744

5472

4.4

247.4

t^nJi!U

8441.4

9017.4

UO/L

8
57.4

72.7

53.7

140

Cryptomonas

CYANOPHYTA

Anabaena
Aphanocapsa
Aphanothtce
Chroococcus
Coelospharrium
Hicrocystis

BACILLARIOPHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPKYTA

TOTAL

AUG. 05 1987

TAXON

BACILLARIOPHYTA

Cyrtibel I a
Frag Mar la

CHLOROPHYTA

Eudor In*

Scenedesmus
0\h*r green itgae

CRYPTOPHYTA

Crxp tomonas

CYANOPHYTA

Anabatna
Aphanizomenon
Aphanocapsa
Chroococcus
Co*5osph»*r ium
Herismopedia
Hicrocyst is

BACILLARIOPHYTA

CHLOROPHYTA '

CRYPTOPHYTA

CYANOPHYTA

359.4

178.5
11.0

4.8
128

52.3

54.7

45.4

Z94.7

359.4

427.4

1141.4

CELLS/HL

2.5
87.5

70
10

132.5

20

375
25

775
75

925
55

3225

70

232.5

20

5485

TOTAL

TAXON

BAC1LLAR1DPHYTA

Cxmbe 1 1 a
fragiUrt*

CHLOROPHYTA

Eudw I ft*
Scenedesmus
Other green algae

CRYPTOPHYTA

Cryptomonas

CYANOPHYTA

Anabaena
Aphanizomenon
Aphanocapsa
Chroococcus
Coelosphatr lum
Meri smopedt a
Hicrocys t is

0ACILLARIOPKYTA

CHLOROPHYTA

.CRYPTOPHYTA

CYANOPHYTA

TOTAL

AUG. 20, 1987

TAXON

CKLOROPKT7A

Ankistrodesntu*
Coelastrura
Eudor ina
Staurastrum

CRYPTOPHYTA

Cryp tomonas

CXWWWIft

Aphanocapsa
Chroococcus

5827.5

UG/L

3.7
175

IT)
15

1325

20

1142.5
1.2

23.2

30
27.7

2.5
360

178. 7

1419

20

1407.3

3425.0

CELLS/HL

23. B
108.8
81.4
3.4

54.4

1B02

88.4



CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

TAXOtl

CHLOnOPHYTA

tfnfcislrocfes/tius

Cop las l rum

Eudor in»
Stauras t rum

CRYPTOPHYTA

Crxpfomonas

CYANOPHYTA

Aphanocapsa
Chroococcus

Microcys t is

CHLOROPHYTA

CRYPTOPHYTA

CfWOPHYTA

TOTAL

SEPT. 01, 1987

TAX ON

BAC1LLARIOPHYTA

Cyc lo te lU

CHLOROPHYTA

Ank I s trode smus
Coel as trum
Pandor ina
Staur aslrum

Tetraedron

cnypTOPif/TA

07 tQ

217.4

34.4

10844.4

11139.4

UG/L

2.3
43,2

104.0
170

58.1

54.0

35.3

483.8

343.7

59.1

573.2

975.1

CELLS/ML

2.9

14,3

92.8

44,4
2.7
2,?

HHHUh-rii m

Aphanocapsa
Mic rocys t is
Oscll litorii

BAC1LLAR10PHYTA

CHLOROPHYTfl

CRYPTOPHYTA

CYANOPHYTA

TOTAL

TAX ON

BAC1LLARIOPHYTA

C x c l o t t t l a

CHLOROPHYTA

Ank is t rod f smus
Coelastrum

Pandor ina
Staurastrum
Ttlraedron

CRYPTOPHYTA

Cryptomonas

CYATJOPHYTA

Aph»noc*psa
Htc rocys t Is

Osci 1 l a to r i a

BACILLAR10PHYTA

CHLOROPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

SEPT. 23, 1987

TAX ON

BAC1LLAP10PHYTA

1421

8120

2.9

2.9

J5?,5

72.5

9543.9

???e.B

UG/L

7.2

7.2
232

32.4

34.8

7.2

149.0

42. A
384.2

.0

7.2

313.7

149.0

424.?

897.0

CELLS/ML

C y c l o t f l l a

CHLOROPHYTA

Coelaslrum
Casaarttx*
Kirchn*r iel la
O o c y s t i s
Staurastrum
Tetraedron

CHRYSOPHYTA

Chronul ina

CRYPTDPHYTA

Crxptcmonas

CYANOPHYTA

Aphanocapsa
Chroococcus
M lc rocys t i s

BACILtARlOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

10TAV.

TAX ON

BACILLARIOPHYTA

Cyclott l la

CHLOROPHYTA

Corlastrum
Cosmarlum
kirchtieri«Ma
Oocyst is
St auras t rum

Tetrafdron

CHRYSOPHnA

Chroraul ina

CRYPTOPHYTA

Cryp Ic^o^as

2.2

70.4

2.2
33
8. fl
2.2
2.2

2.2

15.4

?79
24.4

2332

2.2

118.8

2.2

15.4

3337.4

347 i

UG/L

5.5

42.2

17.4

4.4
24.4

24.4

29.1

2.2

1 1 .8

CYANOPHYTA

Aphanocapsa
Chroococcus
Kicrocystia

BAC1LLAR10PHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

OCT. 22, 1987

TAXON

CHLOROPHYTA

Etaka to th r i x
Microspora
Scfnedf wnus
Xanthidium

CHRYSOPHYTA

Chrcmul ina

Cryploroonas 72.5

Chroococcus
Microcystls

CHLOROPHYTA

CHRYSOPHYTA

CYANOPHYTA

TOTAL

TAXON

CHLDROPHYTA

Elakatolhr ix
Wicrospor*
Sefnedesmus
Xanthidium

CHRYSOPHYTA

29.3
10.5
A9.3

5.5

J47 .4

2.2

11.8

109.2

274.2

CELLS/tIL

18.9
1S9

10.5
2.7

2.7

54
783

221.4

2.7

837

l O d l . l

1.9
74.5
14.2
10. B



o

CNromul In*

CYrtllfJPHf Trt

Chroococtii*
Hicrocystl*

CNLORDPHY1A

CHRYSQPITYTA

CYmOPHYTA

TOTAL

NOV. 19, 1987

TAX ON

BACILLARIOPHYTA

CxclotrH*

CHLOROPHrTA

Eudor ina

CHRYSOPHTTA

Chromul Ina

CRYPTOPHYTA

Cryplomona*

CYANOPHnA

Osc ( I ta to r ia

BACILLARIOPHYTA

CHLOROPHYTA

CHRYSOPIfYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

TAXON

BACILLARIOPHYTA

.3

21.6
7.B

123.3

.5

29.4

153.3

CELLS/ML

6.2

24.8

3.1

12.4

52.7

6.2

24,8

3.1

12.4

52.7

99.2

UG/L

Cxc lo te l l *

CHLOROPHYTA

Eudor ina

CHRYSOPHYTA

Chromul ina

CRYPTOPHYTA

Cryptoraona*

CYANOPHYTA

OtCi 1 latoria

BACILLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

TOTAL

DEC. 17, 1987

TAX OH

flAClLlARlQPHYTA

Cyclolella

CHLOROPHYTA

Chlorococcum
Quadrigula
Sphatrocyst i t

CRYPTOPHYTA

Cryptononas

BACILLARIOPHYTA

CHLOROPHYTA

CRYPTOPHfTA

TOTAL

15.5

9.7

3.1

9.9

1.0

15.5

9.9

3.1

9.9

l.Q

39.4

CELLS/ML

2.8

23.2

11.2
22.4

16.8

2.3

39.8

U.B

79.4

TAX ON

BACILLARIOPHYTA

Cyc lo te l la

CHLOROPHYTA

Chtorococcum
Quadrigula
p aprocxft f*

CRYPTOPHYTA

Crypl«»««

BAClLLARlOPtWTA

CHLOROPHYTA

CRYPTOPHYTA

TOTAL

' JAN. 13, 1987

TAX OH

BACILLARIOPHYTA

AsteriontM*
Cyclote l la

CHLOROPHYTA

Chlorococcum
Coelastrum
Scen*desmus

CHRYSOPHYTA

Other goldeo *lgae

CRYPTOPHYTA

Cryptomonas

BACILLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

TOTAL

UG/L

7

15.1

2.2
8.?

10.0

7

26.3

10.0

43.4

CELLS/ML

2.8
2.B

8.4
44.8

22.4

1058.4

3d. 4

5.6

75.6

1058.4

36.4

1176

TAX OH
BACILLARIOPHYTA .

Aster ionella
Cxclotc l la

CHLOROPHYTA

Chlorococcun
Coelastrum
Scenedcsmus

CHRYSOPHYTA

1 Other golden algae

CRYPTDPHYTA

Crrptononat

BACILLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

TOTAL

UG/L

1 .9
7

5.0
B.?

33.6

529.2

41.7

B.9

47.6

529.2

41.7

627.4



SILVER LAKE PHYTOPLAMKTOM DATA
STATION 2

APRIL 29, 1987

TAX Off

BACILLARIOPHYTA

C x c l o t e l l a
Fragi lar i*
Syn»dra

CHLOROPHYIA

Eudor Ina
Qocys t I i
Pediaitrutn
Scenedesmus

CHRYSOPHYTA

Dinobryon

CRYPT OP HYTA

Cryp tomon.is

PYRRHOPHYTA
NJ

03 Gl »nodi n i lira

-TOTAL

EACILLARIOPHYTA

CHLOROPHYCA

CHRYSOPHYTA

CRYPTOPHYIA

PYRRHOPHYTA

7AXOH

BAC1LLAR10PHYTA

C/c lo t * lU
Fragi I ar \ »
Synedra

CHLOROPHTTA

Eudor ina

Oocys t is
Pediastrum
Scenf dssrnus

CELLS/111

73.0

27.0

A , ?

19.6
4.9

78.7
48.8

19. &

17.2

2.4

317.3

105.7

172.2

l?.i

17.2

2.4

UG/L

184. 5
54.1

3.?

7.B
1 .?

70.8

4.8

CHRYSOPHYTA

Dinobryon

CRYPT OPHYTA

Cryp lomonas

FfffRHOPHYTA

Glcnodiniura

TOTAL

BAC1LLAR10PKYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPT OPHYTA

PYRRHOPHYTA

JULY 21, 1987

TAXON

BAG 1LLARI OPHYTA

CycloUHa
S/nrdra

CHLOROPHYTA

Scenedtsmus

CHRYSOPHYTA

Chromu) ina

CRYPT OPHYTA

Cryptomonas

CYANOPHYTA

Artabatna
Aphanocapsa

Chroococcus
Coelosphafr ium
M i c r o c y s t i s

TOTAL

BAC1LLARIOPHYTA

CHLOROPHYTA

CHRYSOPHYTA

2?5.2

23.8

61.5

710.6

242.3

87.5

293. 2

23. B

41.5

CELLS/ML

6.6
3.3

40.0

3.3

130.2

73.4
G6B.4

150.3
501

7481 .4

9258.4

10.0

40.0

3.3

CRYPTOPHYTA

CYANOPHYTA

TAXON

BACJLLARJ OPHYTA

C y c l o t c l l a
Syntdra

CHLOROPHYTA

Scrncdesmus

CHRYSOPHYTA

Chronul ina

CRYPTOPHYTA

Cryptononas

CYANOPimA

Anabatna

Aphanocapsa
Chroococcus
Coe I osphatr ium
Microcys t ls

TOTAL

BAC1LLAR1 OPHYTA

CHLOROPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

SEPT. 23, 1987

TAXON

BAG 1LLAR I OPHYTA

Fragi (ar ia

CHLOROPHYTA

Coelastrum
Mougeot is
Staurastrum

CRYPTOPHYTA

130.2

9074.7

UG/L

14.7

24.7

4.0

.6

138.6

227.7
24.0

40.1

15.0

74.8

590.5

43.4

4.0

.4

138.6-

403.8

CELLS/HL

10.2

40.9

5.1
2.5



Cryp lumonas

CYAHOPHYTA

Aphsnocapsa
Aphanothtce
Chroocoteu*
Microcys l i i

TOTAL

BACJLLARIOPHYTA

CHLOROPHYTA

CRYPTQPHYTA

CYANOPHYTA

TAXOfl

BACILURIOPKYTA

Fragi 1 a r ia

CHLOROPHYTA

hO CoeUitrum
O HougeolU
^° Staurastrun

CRYPTDPHfTA

Crxptwnonas

CYAHOPHYTA

Aphanocaps*
Aptianothcc*
Chroococcus
Microcy i t is

TOTAL

eACILLARIOPHYTA

CHLOROPKTTA

CRYPT DPHYTA

C*(«tOPHYTA

JAN. 13, 1988

TAXOH

BAC1LLARIOPHYTA

Cxc lo t t l l *

35.8

201. i
230.4
H3.3

2752

3502.0

10.2

A8.i

35.8

3407.3

UG/L

20.4

24.5
BO. 3
30.7

27. A

fl. 4
2.3

57,3
40.3

292.2

20.4

135.4

27.4

108.4

CELLS/ML

3

CHRYSOPHYTA

Other golden algae

CRYPTOPHYTA

Cryplomonis

CYANOPHYTA

Chroococcui

TOTAL

BACILLAR10PHYTA

CHHYSOPHYTA

CRYPT OPKYTA

CYANOPHYTA

TAX ON

BACILLARIOPHYTA

C y c l o t f l l a

CHRYSOPHYTA

Other golden algat

CRYPTOPlPfTA

Crypt onion as

CYATJOPHYTA

Chroococcus

TOTAL

BAC1LLAR1QPHYTA

CHRYSOPHYTA

CRYPTOPHYTA

CYANOPHYTA

507

37

42

409

3

507

57

42

UG/L

7.5

348

28.2

441

B24.7

7.3

348

28.2

441



SILVER LAKE MARCH 31, 1987 SILVER LAKE JUNE 06, 1987 SILVER LAKE SEPT. 23, 1987
inxun »/L

PROTOZOA

CfUophora 3.4

ROTIFERA

K t l t i coU l * 1.2

COPEPODA

Dlapltmus 3
tUupl II 1 .4

CtrtDOCERA

Bosmlna .4
Daphnia calawba 1 .4

TOTAL 13

PROTOZOA 3.4

ROTIFERA 1.2

COPEPODA 6.4

CLADOCERA l.B

TAXON UG/L

PROTOZOA

Cl 1 lophora .1

ROTIFERA

Ktmtott l i .1

COPEPODA

Dlaplomus IB. 5

Nkupli! 3.5

CLADOCERA

Bosmtn* .4
Daphnia catawb* 4.4

TOTAL 29. 2

PROTOZOA .1

ROTIFERA .1

COPEPODA 24.0

CLADOCERA 5.0

MEAN LENGTH (111) 0.71

TAXON

PROTOZOA

Cl t f option*

ROTIFERA

Aiplanchna
KdlicoItU

COPEPODA

Dlaptoraus
Naupl 1 1

CLADOCERA

Bosnlna
Ccrlodaphnla
Daphnia catawba

TOTAL

PROTOZOA

RDTIFERA

COPEPODA

CLADOCERA

TAXON

PROTOZOA

Cl 1 lophora

ROTIFERA

Asplinchna
Ktll I c o t t l a

COPEPODA

Dlaptornui

HauplM

CLADOCERA

Btrs îin*

Ctrlodaphnla
Daphnfi cataMba

TOTAL

PROTOZOA

ROTIFERA

COPEPODA

CLADOCERA

MEAN LENGTH (HI)

H/L

1.2

1.2
,B

7.9
.3

1.2
.8

1

14.5

1.2

2

8.3

3

UG/L

.1

1.2
.1

28.?
2.0

2.1
3.3

41.1

.1

1.2

30.8

f.O

0.44

TAX OH

PROTOZOA

Ct 1iophor*

COPEPODA

DUptoniu*

Nauplll

CLADDCERA

Bosmln»
Daphnla catawba

TOTAL

PROTOZOA

COPEPODA

CLADOCERA

TAXOM

PROTOZOA

Cl 1lophora

COPEPODA

Dlap tottiu*
Nauplf i

CLADOCERA

Bosralna
Daphnift catauba

TOTAL

PROTOZOA

COPEPDDA

CLADOCERA

MEAN LENGTH <m>

II/L

2.4

7.4
1

1.2
3.4

15.4

2.4

B.4

4.4

UG/L

27.4
2.7

J.2
11.3

4Z.4

.1

30.0

12.9

O.t fB

ZOOPLANKTON DATA

FROM SILVER LAKE



CALCULATION SHEETS
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Calculation of Groundwater inputs into Silver Lake
Based on Seepage Meter Measurements

Procedure and Assumptions:

1. Place seepage meters at regular intervals around the
periphery of the lake. Get groundwater seepage rates from
meters.

2. Measure distance (m) between adjacent seepage meter transect
locations. Determine shoreline lengths between the midpoints
between meter transects. This gives a shoreline distance with
the seepage transect approximately centered. Assume that all
seepage in this shoreline length is uniform.

3. Estimate distance from shoreline that seepage flows will
occur. This is somewhat subjective, but takes into account
shoreline relief, slope of bottom, and nature and depth of
bottom sediments.

4. Determine seepage flows along the transect into lake. This
can be done by assuming a linear or exponential function from
shoreline to farthest distance. Since this is usually based
only on 2 data points, an exponential function, although
theoretically better, can lead to extreme values, and is
usually not used. If a linear function is assumed, the
amount of seepage is integrated over the length of the
seepage distance. This value can be divided by the length of
the seepage distance to give an average seepage rate. Note
that if the two seepage meters are placed about equidistantly
from themselves and the ends of the seepage distance,
averaging of their seepage rates approximates the linear
function method.

5. Calculate the hydrologic contribution of each shoreline
length and convert to flow measurements. Sum flow
contributions from all shoreline lengths to get total yearly
groundwater seepage to the lake.

6. Calculations :

Shoreline length x transect length x average seepage rate x time units

= Groundwater seepage flow along shoreline length.

Sum all groundwater seepage from all shoreline segments.

= Groundwater seepage flow to the lake.

Sample Calculation :
3

75 m x 25 m x 5 1/sq. m/day x 1 cu.m/10 1 x day/24 hr x hr/60 min

= 0.0065 cu.m/min. [GW flow from one shoreline length].
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GROUNDWATER CALCULATIONS FOR SILVER LAKE, 5-6/1987

Tran SHORELINE DIST. TO AREA AVERAGE SHORELINE
sect Mtr LENGTH(M) MUCK <M> (SQ. M) SEEPAGE CONTRIB.

A
B
C
D
E
F
6
H
I
J
K
L

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

TOTAL
MEAN

75
118
123
75
78

105
98
85
95
90

103
98

1143
21

TOTAL

25
25
25
20
20
20
20
20
25
20
20

22.5

.875
SEEPAGE

1875
2950
3075
1500
1560
2100
1960
1700
2375
1800
2060
2205

25160

<CU M

5.0
4.0
6.5

-3.6
-6.8
6.7
4.8
0.0
3.0

10.4
12.8
89.6

11.0
./MIN.)

9375
11800
19988
-5400

-10608
14070

9408
0

7125
18720
26368

197568

298414

.207

GROUNDWATER CALCULATIONS FOR SILVER LAKE, 9/87

Tran SHORELINE DIST .TO AREA AVERAGE SHORELINE
sect Mtr LENGTH(M) MUCK (M) <SQ. M) SEEPAGE CONTRIB.

A
B
C
D
E
F
G
H
I
J
K
L

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

TOTAL
MEAN

75
118
123
75
78
105
98
85
95
90
103
98

1143
21

TOTAL

25
25
25
20
20
20
20
20
25
20
20

22.5

.875
SEEPAGE

1875
2950
3075
1500
1560
2100
1960
1700
2375
1800
2060
2205

25160

<CU.

4.3
4.3
7.8
22.7
8.3
55.4
6.3
15.1
29.8
19.0
26.6
15,3

17.9
M /MIN)

8062
12685
23985
34050
12948
116340
13328
25670
70775
34200
54796
33736

440576

.306

GROUNDWATER CALCULATIONS FOR SILVER LAKE, 4/88.

Tran SHORELINE DIST. TO AREA
sect Mtr LENGTHCM) MUCK CM) (SQ. M)

AVERAGE SHORELINE
SEEPAGE CDhfTRIB.

A-B I -A
C-D 5-24
E-F 7-10
G-I 11-16
J-K 17-20
L 21-22

TOTAL
MEAN

193
193
183
278
193
98

1143

TOTAL

20
22.5

20
20
20

22.5

21
SEEPAGE

3860
4455
3660
5560
3860
2205

23600

(CU.

4 . 4
16.1
5.1
5.6
4 .3
2.0

6.2
M/ MIN)

16984
71726
1B666
31136
16598
4410

159520

.111 213



SILVER LAKE SEEPAGE MEASUREMENTS (MAT-JUNE 198?)

(see accompanying figure for meter locations)

Date

5/27/67

6/10/67

6/23/67

meter*

1
2

3
4

5
6
7
6
9
10
11
12

13
14
15
16
17
16
19
20
21
22
23
24

Distance
to shore

(m)

4.9
11.4
5-2

11-3
3-4
7.6
4.9

11.6
6.1

12.0
4.7
7.6
6.4

14.6
16.6
34.6

9.9
17.1
4-3
9.2
5-6

11.3
5-6

11-3

Seepage
time
(hr)

4.23
4.22
3-65
4.13
3-60
4.00
4.26
4.22

4-53
4.50
4.23
4.23
4-25
4.25
4-75
4.70
4.22
4.20
4.05
4.03
4.00
4.00
4.10
4.07

Volume
change

(mD

+360
+200
+360
-30
+70
+ 190

-545
-230
-730
660
+240

0
0
0

+ 105
+210
+250
+ 1120
+640

+ 135
+ 1750
+3470
-1570
+500

Seepage
rate

(1/sq. m/day)

+6.40
+4.43
+9.74
-0.66
+ 1.72
+4.44

-11.91
-5.10

-15-06
+ 17.66

+5-31
0.0
0.0
0.0

+2.07
+4.16
+5-54

+24.94
+ 19.40

+3-13
+40.91
+61.12
-35-61
+ 11.49
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SILVER LAO SEEPAGE MEASUREMENTS (SEPTEMBER 1967)
(see accompanying figure for meter locations)

Date meter*

9/22/67 1
2
3
4
5
6
7
6
9
10
11
12

9/23/67 13
14
15
16
17
16
19
20
21
22

23
24

Distance
to shore

(m)

10.4
15-9
6.6

16.4
3-6
9-5
5-3

14.2

7.3
16.6
6.1

11-3
6.4

11.9
16.6
23-6
7.9

13-1
4-3

14.6
6.2

16.5
4.6

13-3

Seepage
time
(hr)

15-32
15-50
15-20
15-22
14.90
14.92
2.62
2.62
2.42
2.47
3-90
3-66
3-75
3-76
3-62
3-75
3-92
3-66
3-05
2.95
3-03
3-03
2.70
2.56

Volume
change

(mft

+660
+540
+760
+660
+540
+ 1990
+330
+ 140
+ 130
+2630
+260
+290
+490
+740

+ 1940
+260
+ 1140
+470
+ 1040
+690
+540
+460
+940
+370

Seepage
rate

(1/sq. mAJay)

+5-30
+3-22
+4.62
+4.00
+3-35

+ 12.31
+ 11.63

+4.93
+4.96

+ 105-76
+6.63
+6.90

+ 12.06
+ 16.07
+49-47

+6.40
+26.64
+ 11.16
+31-46
+21.59
+ 16.45
+ 14.62
+32.14
+ 13-24
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Silver Lake Detention Time

Assume that outflow equals flow through the system = 0.746 cu.m/min (Table 8)

Assume lake volume equals 410,680 cu.m (Table 1)

lyfean annual output = 392,098 cu.m/yr

410,680 cu.m = 1.05 yr x 365 day/yr = 382 days
392,098 cu.m/yr

Silver Lake Response Time

Half Life Response Time = t .. = _! + 10

Where: t 1/2 = half life concentration time (yr) for Silver Lake
T = lake residence time (yr) 0.6931
Z = average lake depth (m) t 1/2 = _! _10 = 0.197 yr

1.05 + 3.9

The lake's response time is estimated at 3x-5x the concentration half life of
Silver Lake or (0.197 x 3 or 5 = 0.591 or 0.985 yr) 216 days to 360 days.

Calculation of Phosphorus Loading by Atmospheric Deposition and Wildlife

Atmospheric Deposition

An atmospheric deposition factor of 0.50 kg P/ha/yr was used, due to the largely
urban land use in the watershed (Scheuler, 1987) . The area of the lake is equal
to 11.5 hectares. Thus, direct atmospheric deposition = 0.50 kg P/ha/yr x 11.5
ha = 5.8 kg P/yr.

Wildlife Deposition

The prevailing wildlife in the lake is likely to be waterfowl. Observations
during the study year noted few resident geese and ducks. Assume a density of If.
birds per hectare over the year, or 6 ducks. Using a mean value of 0.135 kg
P/duck/yr (mean of range from Brezonik, 1973) , the wildlife input = 6 bird x
0.135 kg P/duck/yr = 0.8 kg P/yr.
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Calculation of Phosphorus and Nitrogen Loading by Septic Systems
into Silver Lake

Assumptions:

1. 234 residences involved (1979 USGS map) but relatively few
with active on-site wastewater systems (mostly serviced by
sanitary sewer); estimated at between 10-15% of total
residences.

2. Average unit residency = 3.5 people /residency (Table 6, this
report).

3. Residency span factor = 0.96 mostly full time residences
(Table 6) .

4. Average P loading coefficient = 1.78 kg/resident/yr.
Selection of coefficient from range of 0.74-3.0
kg/resident/yr (Brown and Associates, 1980) .
(M$an value selected) .

Average N loading coefficient = 4.61 kg/resident/yr.
Selection of coefficient from range of 18.- 2.0
kg/resident/yr (Brown and Associates, 1980).
(Msdiam value selected) .

5. Septic system efficiency of phosphorus retention range from
60-95% but long distance of systems (average distance is 900
ft from the lake) makes high end of ranges (0.90-0.95)
likely.

Septic system efficiency of nitrogen retention ranges from
30-50%, but rapid percolation into groundwater would place
this into lower end of range.

calculations

Phosphorus-loading :

234 residences x 3.5 people/residences x 0.96 residency
factor x 0.10-0.15 septic system usage factor x 1.78
kgP/person/yr x 0.05 - 0.10 phosphorus retention factor =
range of 7.0 - 21.0 kgP/yr possible.

Nitrogen-loading :

234 residences x 3.5 people/residences x 0.96 residency
factor x 0.10-0.15 septic system usage factor x 4.61
kgN/person/yr x 0.60-0.70 nitrogen retention factor = range
of 217.5 - 380.5 kgN/yr possible.
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Calculation of Internal Phosphorus Load from Bottom Sediments

1. From information from dissolved oxygen profiles (Figure 9);
anoxia (assume for DO concentrations of 2.0 mg/1 or less)
persists at or below 6 m of depth between June 22 and September 1
(71 days) . Assume anoxia at depths at or below 6 m for this
period.

2. From hypsographic chart (Figure 3), estimate the area of
Silver Lake affected (> 6 m) as 13% of surface area:

0.13 x 11.5 ha x 10,000 sq. m ha = 14,950 sq. m

3. Range of measured benthic release rates for phosphorus are
6.0 to 28.0 mg P/sq. m/day

An empirical determination of phosphorus release from anoxic
sediments in Silver Lake was made using a period (June 27 - July
21, 1987) when water column is very stable. Assumptions are that
no diffusion, mixing or uptake is occurring. Total phosphorus
values in hypoliirnion increased from 10 to 84 ugP/1. Over a
square meter of deep water you have 2000 1 of hypolimnion.
Totaling increases in phosphorus gives you 148 mg P/sq. m/24 days
or 6.17 mg P/sq. m/day. Compare to literature values (Nurnberg,
1984) and assume 6.2 mg P/sq. m/day.

4. Total phosphorus load from bottom sediments is:

14,950 sq. m x 6.2 mg P/sq. m/day x 1 kg/1,000,000 mg x 71
days =6.5 kg/yr
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Calculation of Phosphorus and Nitrogen Loading
by Storm Drain Systems into Silver Lake

Assumptions:

1. Area served by storm drains = 12.85 ac or 5.2 ha

2. Assume runoff coefficient of 0.6 m/m for this area, (based on estimated
70% imperviousness of the watershed; Schueler, 1987) .

3. Assume that only 88% of the rainfall events generated runoff. The
88% is the fraction of annual precipitation volume that produces
measurable runoff. This fraction is based on the number of local storm
events greater than 0.2"/day (NQAA, 1987; 1988); storms less than
this size are often not sufficient to create runoff (Schueler, 1987) .

4. Study year (2/87-1/88) precipitation = 1.073 m (NQAA 1987; 1988).

5. Average TP concentration in runoff = 0.422 mg TP/1.
Average TN concentration in runoff = 3.54 mg TN/1.
Values are based on concentration in composite storm samples from
Silver Lake Watershed. [For comparison average values from the
National Urban Runoff Program : TP = 0.33 mg/1; TN = 3.3 mg/1
(Schueler, 1987).

6. Calculations :

Area x Runoff Coefficient x % Runoff Events x Ppt./yr X [TP or TN]

= Yearly Load from Storm Drain System.

Phosphorus - loading :

52000 sq. m x 0.6 m/m x 0.88 x 1.073 m/yr x 0.422 mg TP/1

x 103 m /cu.m x 1 kg/106 mg

= 12.4 kg TP/yr

Nit rogen-loading :

52000 sq. m x 0.6 m/m x 0.88 x 1,073 m/yr x 3.54 mg TN/1

3 6x 10 m/cu. m x 1 kg/10 mg

- 104.2 kg TN /yr
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Silver Lake Determination of Permissible and Critical Loading

Phosphorus Vollenweider Loading Analysis (Vollenweider, 1968)

z/ = 3.9 = 3.71 where: Z = mean depth (m)
td 1.05 td = detention time (yr)

Area of Silver Lake = 11.5 ha = 115,000 sq.m

for permissible (oligotrophic) loading:

0.188 g P/sq.m/yr x 115,000 sq.m = 21.6 kg P/yr

for critical (eutrophic) loading:

0.375 g P/sq.m/yr x 115,000 sq.m = 43.1 kg P/yr

Silver Lake Phosphorus/Chlorophyll/Secchi disk transparency

Prediction of chlorophyll (chl) from average in-lake total phosphorus (P)
concentration (Vollenweider, 1982)

[chl] = .28 [P] - 0.96 in-lake (SL-2,3) TP = 30 ug/1 (range = 10-82)

for TP = 30; chl a = 8.0 ug/1
TP = 10; chl a = 2.6 ug/1
TP = 82: chl a. = 19.2 ug/1

Compare with actual Silver Lake mean chlorophyll value of 1.6 ug/1 and a range of
0.5 - 4.1 ug/1

Prediction of Secchi disk transparency from chlorophyll a. values
[from Vollenweider (1982)]

-0.51
[Secchi] = 9.33 [chl] in-lake [chl a.] =1.6

range = 0.5 - 4.1

with chl a = 1.6; SDT = 7.3 m
chl a. = 0.5; SDT = 13.3 m
chl a. = 4.1; SDT = 4.5 m

Compare with actual Silver Lake mean Secchi disk transparency of 5.3 m and a
range of 3.7 - 8.35 m.
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Silver Lake Calculations

Soft

Area (ha)

12.8

13.7

2.9

0.63

0.22

30.25

Sediment Depth

Depth Range

0-0.3

0.3-0.7

0.7-1.1

1.1-1.5

XL. 5

of Silver Lake,

(m) Z

0.15

0.5

0.9

1.3

1.5

.41 •

Underlain

2m

128,000

137,001

29,388

6,267

2,161

by Sand

3m

19,200

68,501

26,449

8,147

3,241

125,538 m3 =

164,455 CY

164,455 to 165,000 CY

Sediment Types

Sediment type is very organic muck., rich in nutrients.

Very poor settling characteristics, still extremely turbid after
24 hours in settling test.
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USEFUL CONVERSIONS

Multiply...

Acre
Acre
Acre
Acre
Acre

(ac)
(ac)
(ac)
(ac)
Feet (af)

Centimeters (cm)
Cubic Feet (cu.ft)
Cubic Feet (cu.ft)
Cubic Feet (cu.ft)
Cubic Feet (sq.ft)
Cubic Feet/Second (cfs)
Cubic Feet/Second (cfs)
Feet (ft)
Feet (ft)
Kilograms (kg)
Kilometers (km)
Liters (1)
Liters (1)
Meters (m)
Milligrams/Liter (mg/1)
Micrograms/Liter (ug/1)
Square Kilometers (sq.km)
Square Meters (sq.m)

by. . .

0.4047
43f560
4,047
0.00156
1613.3
0.3937
0.0283
0.0370
7.4805
28.32
1.7
0.6463
0.3048
0.0001894
2.205
0.6214
0.2642
1.057
1.094
1.0
1.0
0.3861
0.0001

to obtain.».

Hectare (ha)
Square Feet (sq.ft)
Square Meters (sq.m)
Square Miles (sq.mi)
Cubic Yards (cy)
Inches (in)
Cubic Meters (cu.m)
Cubic Yards (cy)
Gallons (gal)
Liters (1)
Cubic Meters/Minute (cu.m/mir
Million Gallons/Day (mgd)
Meters (m)
Mile (mi)
Pounds (Ib)
Miles (mi)
Gallons (gal)
Quarts (qt)
Yards (yd)
Parts Per Million (ppm)
Parts Per Billion (ppb)
Square Miles (sq.mi)
Hectares (ha)
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GENERAL AQUATIC GLOSSARY
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GENERAL AQUATIC GLOSSARY

Abiotic - Pertaining to any non-biological factor or influence,
such as geological or meteorological characteristics.

Acid precipitation - Atmospheric deposition (rain, snow, dryfall)
of free or combined acidic ions, especially the nitrates,
sulfates and oxides of nitrogen and sulfur fumes from industrial
smoke stacks.

Adsorption - External attachment to particles, the process by
which a molecule becomes attached to the surface of a particle.

Algae - Aquatic single-celled, colonial, or multi-celled plants,
containing chlorophyll and lacking roots, stems, and leaves.

Alkalinity - A reference to the carbonate and bicarbonate
concentration in water. Its relative concentration is indicative
of the nature of the rocks within a drainage basin. Lakes in
sedimentary carbonate rocks are high in dissolved carbonates
(hard-water lakes) whereas lakes in granite or igneous rocks are
low in dissolved carbonate (soft-water lakes).

Ammonia Nitrogen - A form of nitrogen present in sewage and is
also generated from the decomposition of organic nitrogen. It
can also be formed when nitrites and nitrates are reduced.
Ammonia is particularly important since it has high oxygen and
chemical demands, is toxic to fish in un-ionized form and is an
important aquatic plant nutrient because it is readily available.

Anadromous - An adjective used to describe types of fish which
spawn in freshwater rivers but spend most of their adult lives in
the ocean. Before spawning, anadromous adult fish ascend the
rivers from the sea.

Anoxic - Without oxygen.

Aphotic Zone - Dark zone, below the depth to which light
penetrates. Generally equated with the zone in which most
photosynthetic algae cannot survive, due to light deficiency.

Aquifer - Any geological formation that contains water,
especially one that supplies wells and springs; can be a sand and
gravel aquifer or a bedrock aquifer.

Artesian - The occurrence of groundwater under sufficient
pressure to rise above the upper surface of the aquifer.

Assimilative Capacity - Ability to incorporate inputs into the
system. With lakes, the ability to absorb nutrients or other
potential pollutants without showing extremely adverse effects.



Attenuation - The process whereby the magnitude of an event is
reduced, as the reduction and spreading out of the impact of
storm effects or the removal of certain contaminants as water
moves through soil.

Background Value - Value for a parameter that represents the
conditions in a system prior to a given influence in space or
time.

Bathymetry - The measurement of depths of water in oceans, seas,
or lakes or the information derived from such measurements.

Benthic Deposits - Bottom accumulations which may contain bottom-
dwelling organisms and/or contaminants in a lake, harbor, or
stream bed.

Benthos - Bottom-dwelling organisms living on, within or attached
to the sediment. The phytobenthos includes the aquatic
macrophytes and bottom-dwelling algae. The zoobenthos (benthic
fauna) includes a variety of invertebrate animals, particularly
larval forms and molluscs.

Benthic - Living or occupying space at the bottom of a water
body, on or in the sediment.

Best Management Practices - (BMP's) State-of-the-art techniques
and procedures used in an operation such as farming or waste
disposal in order to minimize pollution or waste.

Bio-available - Able to be taken up by living organisms, usually
refers to plant uptake of nutrients.

Biocide - Any agent, usually a chemical, which kills living
organisms.

Biological Oxygen Demand - The BOD is an indirect measure of the
organic content of water. Water high in organic content will
consume more oxygen due to the decomposition activity of bacteria
in the water than water low in'organic content. It is routinely
measured for wastewater effluents. Oxygen consumption is
proportional to the organic matter in the sample.

Biota - Plant (flora) and animal (fauna) life.

Biotic - Pertaining to biological factors or influences,
concerning biological activity.

Bloom - Excessively large standing crop of algae, usually visible
to the naked eye.
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Bulk Sediment Analysis - Analysis of soil material or surface
deposits to determine the size and relative amounts of particles
composing the material.

CFS - Cubic feet per second, a measure of flow.

Chlorophyll - Major light gathering pigment of all photosynthetic
organisms imparting the characteristic color of green plants.
Its relative measurement in natural waters is indicative of the
concentration of algae in the water.

Chlorophyte - Green algae, algae of the division Chlorophyta.

Chrysophyte - Golden or golden-brown algae, algae of the division
Chrysophyta.

Color - Color is determined by visual comparison of a sample with
known concentrations of colored solutions and is expressed in
standard units of color. Certain waste discharges may turn water
to colors which cannot be defined by this method; in such cases,
the color is expressed qualitatively rather than numerically.
Color in lake waters is related to solids, including algal cell
concentration and dissolved substances.

Combined Sewer - A sewer intended to serve as both a santiary
sewer and a storm sewer. It receives both sewage and surface
runoff.

Composite Sample - A number of individual samples collected over
time or space and composited into one representative sample.

Concentration - The quantity of a given constituent in a unit of
volume or weight of water.

Conductivity - The measure of the total ionic concentration of
water. Water with high total dissolved solids (TDS) level would
have a high conductance. A conductivity meter tests the flow of
electrons through the water which is heightened in the presence
of electrolytes (TDS).

Confluence - Meeting point of two rivers or streams.

Conservative Substance - Non-interacting substance, undergoing no
kinetic reaction; chlorides and sodium are approximate examples.

Cosmetic - Acting upon symptoms or given conditions without
correcting the actual cause of the symptoms or conditions.

Cryptophyte - Small, flagellated algae of variable pigment
composition, algae of the division Cryptophyta, which is often
placed under other taxonomic divisions.
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Cyanophyte - Bluegreen algae, algae of the division Cyanophyta,
actually a set of pigmente'd bacteria.

Decomposition - The metabolic breakdown of organic matter,
releasing energy and simple organic and inorganic compounds which
may be utilized by the decomposers themselves (the bacteria and
fungi).

Deoxyqenation - Depletion of oxygen in an area, used often to
describe possible hypolimnetic conditions, process leading to
anoxia.

Diatom - Specific type of chrysophyte, having a siliceous
frustule (shell) and often elaborate ornamentation,, commonly
found in great variety in fresh or saltwaters. Often placed in
its own division, the Bacillariophyta.

Dinoflagellate - Unicellular algae, usually motile, having
pigments similar to diatoms and certain unique features. More
commonly found in saltwater. Algae of the division Pyrrhophyta.

Discharge Measurement - The volume of water which passes a given
location in a given time period, usually measured in cubic feet
per second (cfs) or cubic meters per minute (m /min).

Dissolved Oxygen (P.O.) - Refers to the uncombined oxygen in
water which is available to aquatic life. Temperature affects
the amount of oxygen which water can contain. Biological
activity also controls the oxygen level. D.O. levels are
generally highest during the afternoon and lowest just before
sunrise.

Diurnal - Varying over the day, from day time to night.

Domestic Wastewater - Water and dissolved or particulate
substances after use in any of a variety of household tasks,
including sanitary systems and washing operations.

Drainage Basin - A geographical area or region which is so sloped
and contoured that surface runoff from streams and other natural
watercourses is carried away by a single drainage system by
gravity to a common outlet. Also referred to as a watershed or
drainage area. The definition can also be applied to subsurface
flow in groundwater.

Dystrophic - Trophic state of a lake in which large quantities of
nutrients may be present, but are generally unavailable (due to
organic binding or other causes) for primary production. Often
associated with acid bogs.
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Ecosystem - A dynamic association or interaction between
communities of living organisms and their physical evironment.
Boundaries are arbitrary and must be stated or implied.

Elutriate - Elutriate refers to the washings of a sample of
material.

Epilimnion - Upper layer of a stratified lake. Layer that is
mixed by wind and has a higher average temperature than the
.hypolimnion. Roughly approximates the euphotic zone.

Erosion - The removal of soil from the land surface, typically by
runoff water.

Eskar - A winding, narrow ridge of sand or gravel deposited by a
stream flowing under glacial ice.

Euqlenoid - Algae similar to green algae in pigment composition,
but with certain unique features related to food storage and cell
wall structure. Algae of the division Euglenophyta.

Eutrophic - High nutrient, high productivity trophic state
generally associated with unbalanced ecological conditions and
poor water quality.

Eutrophication - Process by which a body of water ages, most
often passing from a low nutrient concentration, low productivity
state to a high nutrient concentration, high productivity stage.
Eutrophication is a long-term natural process, but it can be
greatly accelerated by man's activities. Eutrophication as a
result of man's activities is termed cultural eutrophication.

Evapotranspiration - Process by which water is lost to the
atmosphere from plants.

Fauna - A general term referring to all animals.

Fecal Coliform Bacteria - Bacteria of the coli group that are
present in the intestines or feces of warm-blooded animals. They
are often used as indicators of the sanitary quality of the
water. In the laboratory they are defined as all organisms which
produce blue colonies within 24 hours when incubated at 44.5°C+
0.2°C on M-FC medium (nutrient medium for bacterial growth).
Their concentrations are expressed as number of colonies per 100
ml of sample.

Fecal Streptococci Bacteria - Bacteria of the Streptococci group
found in intestines of warm-blooded animals. Their presence in
water is considered to verify fecal pollution. They are
characterized as gram positive, cocciod bacteria which are
capable of growth in brain-heart infusion broth. In the
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laboratory they are defined as all the organisms which produce
red or pink colonies within 48 hours at 35 C+ 1.0 C on KF medium
(nutrient medium for bacterial growth). Their concentrations are
expressed as number of colonies per 100 ml of sample.

Flora - A general term referring to all plants.

Food Chain - A linear characterization of energy and chemical
flow through organisms such that the biota can be separated into
functional units with nutritional interdependence. Can be
expanded to a more detailed characterization with multiple
linkage, called a food web.

French (or Pit) Drain - Water outlet which allows fairly rapid
removal of water from surface, but then allows subsurface
percolation. Generally consists of sand and gravel layers under
grating or similar structure, at lowest point of a sloped area.
Water runs quickly through the coarse layers, then percolates
through soil, often without the use of pipes. The intent is the
pur if ication of most percolating waters.

Grain Size Analysis - A soil or sediment sorting procedure which
divides the particles into groups depending on size so that their
relative amounts may be determined. Data from grain size
analyses are useful in determining the origin of sediments and
their behavior in suspension.

Groundwater - Water in the soil or underlying strata, subsurface
water.

Hardness - A physical-chemical characteristic of water that is
commonly recognized by the increased quantity of soap required to
produce lather. It is attributable to the presence of alkaline
earths (principally calcium and magnesium) and is expressed as
equivalent calcium carbonate (CaCO ).

Humus - Humic substances form much of the organic matter of
sediments and water. They consist of amorphous brown or black
colored organic complexes.

Hydraulic Detention Time - Lake water retention time, amount of
time that a random water molecule spends in a water body; time
that it takes for water to pass from an inlet to an outlet of a
water body.

Hydraulic Dredging - Process of sediment removal using a floating
dredge to draw mud or saturated sand through a pipe to be
deposited elsewhere.

Hydrologic Cycle - The circuit of water movement from the
atmosphere to the earth and return to the atmosphere through
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various stages or processes such as precipitation, interception,
runoff, infiltration, percolation, storage, evaporation, and
transpiration.

Hypolimnion - Lower layer of a stratified lake. Layer that is
mainly without light, generally equated with the aphotic zone,
and has a lower average temperature than the epilimnion.

Impervious - Not permitting penetration or percolation of water.

Intermittant - Non-continuous, generally referring to the
occasional flow through a set drainage path. Flow of a
discontinuous nature.

Kame - A short, steep ridge or hill of stratified sand or gravel
deposited in contact with glacial ice.

Kjeldahl Nitrogen - The total amount of organic nitrogen and
ammonia in a sample, as determined by the Kjeldahl method, which
involves digesting the sample with sulfuric acid, transforming
the nitrogen into ammonia, and measuring it.

Leachate - Water and dissolved or particulate substances moving
out of a specified area, usually a landfill, by a completely or
partially subsurface route.

Leaching - Process whereby nutrients and other substances are
removed from matter (usually soil or vegetation) by water. Most
often this is a chemical replacement action, prompted by the
quality of the water.

Lentic - Standing, having low net directional motion. Refers to
lakes and impoundments.

Limiting Nutrient - That nutrient of which there is the least
quantity, in relation to its importance to plants. The limiting
nutrient will be the first essential compound to disappear from a
productive system, and will cause cessation of productivity at
that time. The chemical form in which the nutrient occurs and
the nutritional requirements of the plants involved are important
here.

Limnology - The comprehensive study of lakes, encompassing
physical, chemical and biological lake conditions.

Littoral Zone - Shallow zone occurring at the edge of aquatic
ecosystems, extending from the shoreline outward to a point where
rooted aquatic plants are no longer found.

Loading - Inputs into a receiving water that may exert a
detrimental effect on some subsequent use of that water.
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Lotic - Flowing, moving. Refers to streams or rivers.

Macrofauna - A general term which refers to animals which can be
seen with the.naked eye.

Macrophyte - Higher plant, macroscopic plant, plant of higher
taxonomic position than algae, usually a vascular plant. Aquatic
macrophytes are those macrophytes that live completely or
partially in water. May also include algal mats under some
definitions.

Mesotrophic - An intermediate trophic state, with variable but
moderate nutrient concentrations and productivity.

Metalimnion - The middle layer of a stratified lake, constituting
the transition layer between the epilimnion and hypolimnion and
containing the thermocline.

Mixis - The state of being mixed, or the process of mixing in a
lake.

MGD - Million gallons per day, a measure of flow.

Micrograms per Liter (uq/1) - A unit expressing the concentration
of chemical constituents in solution as mass (micrograms) of
solute per unit volume (liter) of water. One thousand micrograms
per liter is equivalent to one milligram per liter.

Nitrate - A form of nitrogen that is important since it is the
end product in the aerobic decomposition of nitrogenous matter.
Nitrogen in this form is stable and readily available to plants.

Nitrite - A form of nitrogen that is the oxidation product of
ammonia. It has a fairly low oxygen demand and is rapidly
converted to nitrate. The presence of nitrite nitrogen usually
indicates that active decomposition is taking place (i.e., fresh
contamination).

Nitrogen - A macronutrient which occurs in the forms of organic
nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate
nitrogen. Form of nitrogen is related to a successive
decomposition reaction, each dependent on the preceding one, and
the progress of decomposition can be determined in terms of the
relative amounts of these four forms of nitrogen.

Nitrogen fixation - The process by which certain bacteria and
bluegreen algae make organic nitrogen compounds (initially NH.+)
from elemental nitrogen (N?) taken from the atmosphere or
dissolved in the water.
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Non-point Source - A diffuse source of loading, possibly
localized but not distinctly definable in terms of location.
Includes runoff from all land types.

Nutrients - Are compounds which act as fertilizers for aquatic
organisms. Small amounts are necessary to the ecological balance
of a waterbody, but excessive amounts can upset the balance by
causing excessive growths of algae and other aquatic plants.
Sewage discharged to a waterbody usually contains large amounts
of carbon, nitrogen, and phosphorus. The concentration . of
carbonaceous matter is reflected in the B.O.D. test. Additional
tests are run to determine the concentrations of nitrogen and
phosphorus. Storm water runoff often contributes substantial
nutrient loadings to rece iving waters.

Oliqotrophic - Low nutrient concentration, low productivity
trophic state/ often associated with very good water quality, but
not necessarily the most desirable stage, since often only
minimal aquatic life can be supported.

Organic - Containing a substantial percentage of carbon derived
from living organisms; of a living organism.

Outwash - Sand and gravel deposited by meltwater streams in front
of glacial ice.

Overturn - The vertical mixing of major layers of water caused by
seasonal changes in temperature. In temperate climate zones
overturn typically occurs in spring and fall.

Oxygen Deficit - A situation in lakes where respiratory ' demands
for oxygen become greater than its production via photosynthesis
or its input from the drainage basin, leading to a decline in
oxygen content.

Periphyton - Attached forms of plants and animals, growing on a
substrate.

- A hydrogen concentration scale from 0 (acidic) to 14 (basic)
used to characterize water solutions. Pure water is neutral at
pH 7-0.

Phosphorus - A macronutrient which appears in waterbodies in
combined forms known as ortho- and poly-phosphates and organic
phosphorus. Phosphorus may enter a waterbody in agricultural
runoff where fertilizers are used. Storm water runoff from
highly urbanized areas , septic system leachate, and lake bottom
sediments also contribute phosphorus. A critical plant nutrient
which is often targeted for control in eutrophication prevention
plans.
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Photic Zone - Illuminated zone, surface to depth beyond which
light no longer penetrates. Generally equated with the zone in
which photosynthetic algae can survive and grow, due to adequate
light supply.

Photosynthesis - Process by which primary producers make organic
molecules (generally glucose) from inorganic ingredients/ using
light as an energy source. Oxygen is evolved by the process as a
byproduct.

Phytoplankton - Algae which are suspended, floating or moving
only slightly under their own power in the water column. Often
this is the dominant algal form in standing waters.

Plankton - The community of suspended, floating, or weakly
swimming organisms that live in the open water of lakes and
rivers.

Point Source - A specific source of loading, accurately definable
in terms of location. Includes effluents or channeled discharges
that enter natural waters at a specific point.

Pollution - Undesirable alteration of the physical, chemical or
biological properties of water, addition of any substance into
water by human activity that adversely affects its quality.
Prevalent examples are thermal, heavy metal and nutrient
pollution.

Potable - Usable for drinking purposes, fit for human
consumption.

Primary Productivity (Production) - Conversion of inorganic
matter to organic matter by photosynthesizing organisms. The
creation of biomass by plants.

Riffle Zone - Stretch of a stream or river along which
morphological and flow conditions are such that rough motion of
the water surface results. Usually a shallow rocky area with
rapid flow and little sediment accumulation.

Riparian - Ofr or related to, or bordering a watercourse.

Runoff - Water and its various dissolved substances or
particulates that flows at or near the surface of land in an
unchanneled path toward channeled and usually recognized
waterways (such as a stream or river).

Saturation Zone - Volume of soil in which all pore spaces are
filled with water; the volume below the water table.

233



Secchi Disk Transparency - An approximate evaluation of the
transparency of water to light. It is the point at which a black
and white disk lowered into the water is no longer visible.

Secondary Productivity - The growth and reproduction (creation of
biomass) by herbivorous (plant-eating) organisms. The second
level of the trophic system.

Sedimentation - The process of settling and deposition of
suspended matter carried by water, sewage, or other liquids, by
gravity. It is usually accomplished by reducing the velocity of
the liquid below the point at which it can transport the
suspended material.

Sewage (Wastewater) - The waterborne, human and animal wastes
from residences, industrial/commercial establishments or other
places, together with such ground or surface water as may be
present.

Specific Conductance - Yields a measure of a water sample's
capacity to convey an electric current. It is dependent on
temperature and the concentration of ionized substances in the
water. Distilled water exhibits specific conductance of 0.5 to
2.0 micromhos per centimeter, while natural waters show values
from 50 to 500 micromhos per centimeter. In typical New England
lakes, Specific Conductance usually ranges from 100-300 micromhos
per cm. The specific conductance yields a generalized measure of
the inorganic dissolved load of the water.

Stagnant - Motionless, having minimal circulation or flow.

Standing Crop - Current quantity of organisms, biomass on hand.
The amount of live organic matter in a given area at any point in
time.

Storm Sewer - A pipe or ditch which carries storm water and
surface water, street wash and other wash waters or drainage, but
excludes sewage and industrial wastes.

Stratification - Process whereby a lake becomes separated into
two relatively distinct layers as the result of temperature and
density differences. Further differentation of the layers
usually occurs as the result of chemical and biological
processes. In most lakes, seasonal changes in temperature will
reverse this process after some time, resulting in the mixing of
the two layers.

Stratified Drift - Sand, gravel or other materials deposited by a
glacier or its meltwater in a layered manner, according to
particle size.
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Substrate - The base of material on which an organism lives, such
as cobble, gravel, sand, muck, etc.

Succession - The natural process by which land and vegetation
patterns change, proceeding in a direction determined by the
forces acting on the system.

Surface Water - Refers to lakes, bays, sounds, ponds, reservoirs,
springs, rivers, streams, creeks, estuaries, marshes, inlets,
canals, oceans and all other natural or artificial, inland or
coastal, fresh or salt, public or private waters at ground level.

Suspended Solids - Those which can be removed by passing the
water through a filter. The remaining solids are called
dissolved solids. Suspended solids loadings are generally high
in stream systems which are actively eroding a watershed.
Excessive storm water runoff often results in high suspended
solids loads to lakes. Many other pollutants such as phosphorus
are often associated with suspended solids loadings.

Taxon (Taxa) - Any hierarchical division of a recognized
classification system, such as a genus or species.

Taxonomy - The division of biology concerned with the
classification and naming of organisms. The classification of
organisms is based upon a hierarchical scheme beginning with
Kingdom and progressing to the Species level or even lower.

Thermocline - Boundary level between the epilimn ion and
hypolimnion of a stratified lake, variable in thickness, and
generally approximating the maximum depth of light penetration
and mixing by wind.

Till - Unstratified, unsorted sand, gravel, or other material
deposited by a glacier or its rneltwater.

Trophic Level - The position in the food chain determined by the
number of energy transfer steps to that level; 1 = producer; 2 =
herbivore; 3, 4, 5 = carnivore.

Trophic State - The stage or condition of an aquatic system,
characterized by biological, chemical and physical parameters.

Turbidity - The measure of the clarity of a water sample. It is
expressed in Nephelometric Turbidity Units which are related to
the scattering and absorption of light by the water sample.

Volatile Solids - That portion of a sample which can be burned
off, consisting of organic matter, including oils and grease.
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Water Quality - A term used to describe the chemical, physical,
and biological characteristics of water , usually wi th respect to
its suitability for a particular purpose or use.

Watershed - Drainage basin, the area from which an aquatic system
receives water.

Zone of Contribution - Area or volume of soil from which water is
drawn into a well.

Zooplankton - Microscopic animals suspended in the water;
protozoa, rotifers, cladocera, copepods and other small
invertebrates.
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