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Introduction

- INTRODUCTION

Stafford Pond is located in the northeast corner of Tiverton, Rhode Island and lies within the
Narragansett Bay drainage basin (Figure 1). The pond is approximately 487 acres in size.
Stafford Pond is categorized as a Class B waterbody by the State of Rhode Island (RIDEM
1988). Designated uses for Class B waterbodies include public water supply with appropriate
treatment, agricultural uses, primary contact recreation, and fish/wildlife habitat. The Stone
Bridge Fire District of Tiverton, Rhode Island, maintains a water treatment facility on the
southwest shore of the pond, and supplies drinking water to nearly 1000 customers. Potable
water from the Stone Bridge Fire District treatment facility is supplied to the Town of
Portsmouth, the Stone Bridge section of Tiverton, the Tiverton Water Authority, and the North
Tiverton Water Authority. The pond supports a viable put and take trout fishery and a self
sustaining warmwater fishery, including one of the state’s few remaining populations of
smallmouth bass. A public boat launch is located on the eastern shoreline.

Concerned over a perceived decline in water quality, the Rhode Island Department of
Environmental Management (DEM) initiated a year long study of Stafford Pond beginning in
January of 1996. A grant provided by the Rhode Island DEM was used to hire Fugro East, Inc.
(now ENSR) for the purpose of conducting a limnological investigation of the pond. This
investigation included an evaluation of Stafford Pond and its drainage basin. Water quality is
important to the uses of Stafford Pond, which include public drinking water supply, recreational
fishing, boating (motorized and non-motorized), limited swimming and other contact recreation,
and as an occasional runway area for seaplanes. The goal of this study was not to prioritize pond
uses, but to provide scientific information that should facilitate informed decision making.

HISTORICAL DATA REVIEW

Several investigations of Stafford Pond and its drainage basin have been conducted over the past
few decades. The earliest reported water quality investigation was conducted in July of 1966
(Guthrie and Stolgitis 1990). Only a few parameters were analyzed. Temperature and dissolved
oxygen profiles revealed isothermal conditions and sufficient levels of dissolved oxygen
throughout the entire water column. Total alkalinity and pH were approximately 1.0 mg/L and
7.0 SU, respectively.

In May of 1967, a preliminary engineering report on water supply and distribution was presented
to the Town of Tiverton (Fenton G. Keyes 1967). Results of this investigation revealed that
Stafford Pond was an excellent source of drinking water, both from an engineering and economic
standpoint. It was estimated that the dependable yield of the pond ranged from 1.5 to 2.0 million
gallons per day. A follow-up report presented to the Town of Tiverton in April of 1977 indicated
that Stafford Pond was still the logical choice as a future water supply for a “Town-Wide Water
System”.

Stafford Pond Study 2-1 ENSR
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Introduction

The earliest reported instance of poor water quality at Stafford Pond was in 1972, when algal
blooms in the pond decreased output capacity at the water filtration plant (LEA 1974). Results
of sampling conducted in 1989 indicated that the pond was eutrophic (RIDEM 1989). This
classification was based upon chlorophyll 2 and Secchi transparency values of 15.8 ug/L and 1.7
m, respectively.

As a result of concern for the future of the pond, a Water Quality Protection Plan was generated
during the early 1990’s (Whitman and Howard 1992). The plan revealed six primary sources of
potential contamination. ~ These sources included: 1) a large number of substandard
cesspools/septic systems in close proximity to the pond, 2) a dairy farm located northeast of the
pond, 3) above ground fuel and oil tanks located within 100 feet of the pond, 4) storage of
vehicles and construction equipment within the watershed, 5) storm water runoff, and 6)
recreational boating and use by seaplanes.

Volunteer monitoring conducted during 1992, 1993, and 1994 revealed that the pond was in the
mesotrophic range (Green and Herron 1995). However, results indicated a general decline in
water quality over the three year period; Secchi depths decreased and concentrations of
chlorophyll a and total phosphorus increased. -

A general decline in water quality has also been noted by employees of the Stone Bridge Fire
District water treatment facility. Prior to 1991, algal blooms were rather sporadic. During the
past five years, the frequency and intensity of algal blooms has increased. Three algal taxa have
been responsible for most of the bloom conditions. These taxa include Anabaena,
Aphanizomenon, and Asterionella (Sumner 1996). The first two are Cyanophytes (bluegreen
algae), while the last is a Bacillariophyte (diatom).

Stafford Pond Study 2.3 ENSR



Methods

GENERAL APPROACH AND METHODS -
WATERSHED FEATURES

Field investigations and a United States Geological Survey (USGS) 7.5 minute topographic map
were used to delineate the watershed draining to Stafford Pond. Drainage patterns were used to
further divide the watershed into sub-basins. Information regarding watershed geology was
obtained from Fenton G. Keyes (1967). Major soil types in the Stafford Pond watershed were
determined from the Soil Survey of Rhode Island (Rector 1981). Major land use categories
within the watershed were identified from field investigations, USGS 7.5 minute topographic
maps, and information provided by the Rhode Island Geographic Information System.

POND FEATURES

PHYSICAL CHARACTERISTICS

A USGS 7.5 minute topographic map was used to calculate total pond area. A bathymetric map
obtained from Guthrie and Stolgitis (1990) was verified in the field and used to calculate average
water depth, maximum water depth, and total pond volume. Benthic substrate composition was
qualitatively evaluated in shallow areas of the pond (<15 ft water depth) by probing the pond
bottom with a metal rod. The approximate volume of soft sediment in deep water areas of the
pond was estimated by assuming that an average of one foot of soft sediment was present in
water depths greater than 15 feet. Tributaries, storm water pipes, and outlets were identified
from field investigations and review of USGS 7.5 minute topographic maps. Measurements of
base-flow were recorded on most sampling visits to the pond by utilizing the float method as
described by Dunne and Leopold (1978).

A seepage survey was conducted in June along four shoreline segments to document the role of
ground water on pond hydrology (Figure 2). Shoreline segments were selected to be
representative of the pond as a whole. Seepage quantity was estimated by installing two seepage
meters per defined shoreline segment and measuring the volumetric change in the attached bag
(Mitchell et al. 1988).

Additionally, two shallow ground water wells were installed at each of the aforementioned
shoreline segments to further document the role of ground water on pond hydrology.
Groundwater wells were monitored from April through October. For each shoreline segment,
one well was established on-shore and one well was established in the shallow littoral zone of the
pond. Ground water flow was estimated by utilizing the Darcy equation: Q= CIA, where Q=
discharge, C= hydraulic conductivity, I= hydraulic gradient, and A= seepage area. Hydraulic
conductivity was estimated by reviewing infiltration rates for soil types present in the Stafford
Pond watershed. The hydraulic gradient or slope of the ground water table was estimated by
comparing on-shore and in-pond ground water elevations. Seepage arca was estimated by
dividing the pond into four equi-distant quadrants and assuming that seepage was minimal or
non-existent beyond a known water depth (15 ft.), as mucky bottom sediments in deep water
areas of the pond reduce or even eliminate ground water movement.

Stafford Pond Study 3-1 ENSR
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Methods

Hydrologic loading was determined using actual and estimated values based upon watershed and
pond features. Hydrologic inputs were divided into four categories: direct precipitation, ground
water inseepage, surface water-base flow, and surface water-storm flow. Annual precipitation
was estimated by averaging 30-year normal precipitation values for Providence and Newport,
Rhode Island. Direct precipitation input was estimated by multiplying annual precipitation by
the total pond area. Ground water inseepage was estimated by time weighting and averaging all
positive monthly well measurements. Surface water base-flow was estimated by reviewing
actual flow measurements and adjusting values to fit average precipitation data and expected
watershed water yield (Sopper and Lull 1970). Surface water storm-flow was estimated per sub-
basin by multiplying average annual precipitation by selected runoff coefficients relating to land
use.

Hydrologic outputs were also divided into four categories: evaporation, ground water
outseepage, withdrawal (water treatment facility), and surface outflow. Evaporation was
estimated by multiplying direct annual precipitation by 2/3. Ground water outseepage was
estimated by time weighting and averaging all negative monthly well measurements. Average
annual withdrawal from the drinking water treatment facility was estimated by reviewing
pumping records from January through November of 1996. Surface outflow was assumed to
make up the remainder, as corroborated by field measurements. Total inflow and morphometric
features of the pond were used to estimate flushing rate, detention time, and response time.

A seasonal hydrologic budget was constructed based on the relationships established by Sopper
and Lull (1970) for southern New England and the total inputs and outputs as derived above.

CHEMICAL CHARACTERISTICS

Water quality monitoring locations are presented in Figure 3. Routine monitoring was conducted
from February through October and included sampling at stations SP1-7 and SP11-12. The
following parameters were analyzed: dissolved oxygen, temperature, pH, total alkalinity, total
hardness, conductivity, turbidity, Secchi disk transparency, chlorophyll g, nitrite+nitrate nitrogen,
ammonium nitrogen, inorganic nitrogen, total Kjeldahl nitrogen, total nitrogen, total phosphorus,
and dissolved phosphorus.

Supplemental monitoring was conducted at four locations (SPla, SPle, SP3, SP4) during July
and September. The following parameters were analyzed: cadmium, lead, copper, aluminum,
calcium, magnesium, sodium, chloride, iron, manganese, total petroleum hydrocarbons, DDT,
PCB’s, and polynuclear aromatic hydrocarbons. Additionally, a single round of sampling was
conducted in October at SP1a to determine concentrations of cadmium, lead, and mercury using
very low detection limits,

Three rounds of storm water monitoring were conducted at up to five locations over the course of
the study. Storm water monitoring locations included SP5b, SP6, SP8, SP9, and SP10. Routine
monitoring parameters were evaluated during each round of sampling and supplemental
monitoring parameters were evaluated during a single sampling conducted in September.

Stafford Pond Study 3-3 ENSR
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Methods

A ground water quality monitoring investigation was conducted during June and September
along four shoreline segments (Figure 2). Shoreline segments were consistent with those
selected for the seepage and well surveys. A littoral interstitial porewater (LIP) sampler was
used to collect three samples from each shoreline segment which were later composited into a
single sample per segment. Parameters evaluated included nitrite+nitrate nitrogen, ammonium
nitrogen, dissolved phosphorus, dissolved iron, and dissolved manganese.

Benthic sediments were collected at three in-pond locations with the aid of an Ekman dredge
(Figure 4). Parameters evaluated included grain size analysis, total organic carbon, solids
content, total phosphorus, total Kjeldahl nitrogen, total metals (Cd, Cu, Pb, Al, Fe, Mn, Ca), total
petroleum hydrocarbons, DDT, PCB’s, and polynuclear aromatic hydrocarbons.

Edible portions from three white perch (Morone americana) were composited and analyzed for
cadmium, lead, mercury, PCB’s, and polynuclear aromatic hydrocarbons. Fish ranged in size
from 11 to 12 inches total length.

Duplicate water quality samples from one station were analyzed for selected parameters on
multiple sampling dates. The purpose of this project component was to quantify variability as a
function of sampling and/or lab error. Additionally, phosphorus analysis was conducted at two
separate labs on several dates to provide cross-lab comparisons.

Three separate approaches were used to estimate nitrogen and phosphorus loading to Stafford
Pond. In the first approach, existing data for water flows and nutrient concentrations were used
to calculate approximate inputs from sources for which data were available, and to derive rough
estimates for unsampled sources through comparison. The second approach involved empirical
models utilizing hydrologic lake features and known in-lake concentrations to calculate the load
necessary to generate those concentrations. The third approach employed export coefficients for
pollutant loading from land use types, tempered by known attenuation mechanisms, specific
watershed features, and existing data. This third approach also results in a model which can be
used to predict the impact of various management actions on in-lake water quality.

Internal load, a potentially important feature of any nutrient budget, was evaluated as a function
of the average difference between surficial and bottom concentrations for phosphorus and
nitrogen, and as the change in concentration over the summer period of lowest external inputs
and maximum likely internal loading. Inputs from other sources, such as birds, were quantified
as a function of literature values and field observation.

BIOLOGICAL CHARACTERISTICS

Water samples collected during routine and storm water monitoring were analyzed for fecal
coliform and fecal streptococcus bacteria. Phytoplankton were collected every month from
February through October at sampling locations SP1a and SP4. Samples were preserved with
Lugol’s solution and identified in the laboratory under phase optics at 400x magnification. Cell
counts were converted to biomass based on size and species-specific biovolumes using a specific
gravity of 1.0. Chlorophyll a was measured spectrophotometrically after extraction in 90%
acetone, and calculated using the monochromatic equation. Zooplankton were collected during

Stafford Pond Study 3-5 ENSR
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Methods

spring, summer, and late summer at a single sampling location (SP1). Samples were preserved
with formalin and identified in the laboratory under brightfield optics at 100x magnification.
Organism counts were converted to biomass based on size and species-specific relationships.

The aquatic vascular plant community of Stafford Pond was surveyed in Junc and August.
‘During the June survey, a boat and diver equipped with snorkeling gear were used to map species
composition and plant density throughout the pond. The August survey was less intense and
basically consisted of cruising the shoreline in a boat and documenting any large changes in the
plant community.

The fish community of Stafford Pond was determined by reviewing information provided by the
Rhode Island Department of Environmental Management, Division of Fish and Wildlife.
Additionally, a seining and gill-netting survey was conducted during the month of Qctober as a
supplement to this information. Seining was conducted in shallow near-shore areas of the pond
and gill-nets were set throughout the pond (Figure 5). Fish were identified, examined for
external anomalies, enumerated, measured (millimeters), weighed (grams), and released.

Approximate numbers of waterfowl were recorded on most sampling visits to the pond.
Although aquatic invertebrate, amphibian, and reptile communities were not evaluated in detail
as part of this investigation, a brief write-up on expected community composition is presented in
the results section of this report.

POND USE EVALUATION

Existing pond uses, including water supply, boating, fishing, swimming/contact recreation, and
other uses were evaluated largely through field observation and discussions with lake users. An
effort was made to record the number and types of boats on the pond, and any other forms of
recreation observed during visits. However, we were not present on weekends, when alternative
use patterns would be most likely to occur.

Stafford Pond Study 3-7 ENSR
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Diagnostic Assessment

DIAGNOSTIC ASSESSMENT

WATERSHED FEATURES

WATERSHED DELINEATION

The watershed draining to Stafford Pond is approximately 947 acres in size (Figure 6). Six sub-
basins were designated and ranged in size from 81 to 308 acres. The watershed:lake area ratio is
small (<2:1), indicating high potential for successful management.

DRAINAGE PATTERN

Two tributaries and two storm water pipes discharge into Stafford Pond (Figure 3). The northern
tributary drains sub-basin 5, and the western tributary drains sub-basin 6. Both storm water pipes
drain sections of sub-basin 2. The northern storm water pipe discharges directly into Stafford
Pond, and is believed to drain sections of Old Stafford Road. The southern storm water pipe
discharges into a forested area within 200 feet of the pond, and is believed to drain sections of
Route 81. Drainage in the remaining sub-basins is a combination of sheet flow and ground water
infiltration.

GEOLOGY

The available information on the geology of the Eastern Bay Area of the State of Rhode Island
indicates that the Stafford Pond watershed is primarily underlain by a thin mantle of till. Tillisa
compact, unstratified, poorly sorted mixture of clay, silt, sand, gravel, and boulders, deposited by
glacial activity. The till usually forms a thin discontinuous mantle over the bedrock with
frequent outcroppings of the bedrock being present. Because of its clayey character, till
generally has a relatively low infiltration capacity, although some soils derived from till can be
well drained.

SOILS

Approximate distributions of soil types in the Stafford Pond watershed are presented in Figure 7.
The Stafford Pond watershed is primarily composed of well drained (Broadbrook, Newport,
Canton and Charlton) and moderately well drained (Pittstown, Woodbridge, Udorthent-Urban
Land Complex) soils. However, poorly drained (Ridgebury, Stissing) and very poorly drained
(Adrian, Mansfield) soils are present throughout the watershed as well.

Broadbrook soils compose a majority of the western shoreline of the pond and eastern perimeter
of the watershed. Runoff rates range from slow to moderate. Runoff rates indicate the intensity
of overland flow in response to precipitation. Broadbrook soils are generally suitable for
community development. However, on-site sewage disposal systems need special design and
installation to prevent effluent from seeping to the surface as permeability of the substratum is
slow or very slow.

Stafford Pond Study 4-1 ENSR
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Diagnostic Assessment

Newport soils are found throughout the western and northern portions of the watershed. Runoff
rates range from medium to rapid. These soils are generally suitable for community
development and have the same constraints as the Broadbrook soils with regard to on-site sewage
disposal systems.

Canton and Charlton soils are located in the northern and southeastern portions of the watershed.
Runoff rates are typically moderate. These soils are suitable for community development but are
limited by one or more factors including stoniness. On-site sewage disposal systems need
special design and installation to prevent effluent from seeping to the surface.

Pittstown soils comprise most of the eastern shoreline where nearly all of the lakefront
development has occurred. Runoff rates range from slow to moderate. These soils are generally
suitable for community development, but are limited by a seasonal high water table and slow
permeability of the substratum. Special design considerations are necessary for on-site sewage
disposal.

Woodbridge soils are present in an isolated patch in the southern portion of the watershed at the
crest of an upland hill. Runoff rates are typically slow. These soils are generally suitable for
community development and have the same constraints as the Pittstown soils with regard to on-
site sewage disposal systems.

Several small portions of Udorthent-Urban Land Complex are found in the southern portion of
the watershed. This soil category is usually associated with disturbed soils that have been
covered by buildings or pavement.

The remaining soil groups (Ridgebury, Stissing, Adrian, and Mansfield) are located throughout
the watershed in isolated pockets and typically have slow or very slow runoff rates. These soils
are generally not recommended for community development or on-site sewage disposal.

LAND USE

Forested and residential land use categories cover the greatest area in the Stafford Pond
watershed (Figure 8). Sub-basin 1, covering 95 acres, is primarily forested and contains only a
few buildings, including the Stone Bridge Fire District water treatment facility. The water
treatment facility withdraws water from Stafford Pond on a daily basis via two sub-surface
intakes. Additionally, treated pond water is used to backwash filters at least once every two
days, and this water is eventually discharged back into the pond after settling of suspended
solids. The normal mode of operation is to deliver post-backwash water to a pair of sequential
settling tanks prior to discharge into the pond. Discharge from the settling tank occurs via two 4
inch diameter pipes. In circumstances where the settling tank is full, backwash can be discharged
directly to the pond via a 12 inch diameter pipe.

Sub-basin 2, covering 198 acres, was the most heavily developed area in the entire watershed and
includes most of the residential properties and some commercial properties. This sub-basin is
bounded by Stafford Pond to the west and Route 81 to the east. Road runoff from this sub-basin
is discharged to Stafford Pond via two stormwater pipes (Figure 3). Sub-basin 3, occupying 81

Stafford Pond Study 4-4 ENSR
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Diagnostic Assessment

acres, is a mix of residential, agricultural, wetland, and forested land uses. A number of summer
cottages and year-round residences in this sub-basin are located in close proximity to the pond.
Furthermore, many of these residences utilize cesspools or septic systems which appear to be at a
low elevation relative to the ground water table. Sub-basin 4, with an area of 308 acres, is
probably the least developed area in the entire watershed, with wetland and forested land use

categories predominating.

Sub-basin 5, covering 86 acres, is a mix of residential, commercial, agricultural, wetland, and
forested land use categories. An active dairy farm is present in this portion of the watershed.
The farm encompasses approximately 55 acres, only half of which is actually frequented by
cattle. The herd is comprised of approximately 120 milking cows and 40-60 dry cows and
heffers. Dry cows and heffers are moved to off-site grazing areas from April through November.
Herd size has not changed appreciably over the last decade (Pindell 1996). The northern
tributary to Stafford Pond flows through the dairy farm (Figure 3). This tributary originates in a
wetland area just north of Eagleville Road. From this point, the stream flows in a southerly
direction, receiving stormwater from Eagleville Road and discharging into a small pond located
at the north end of the dairy farm. The stream channel upstream of the pond is usually dry during
dry weather. This pond also receives drainage from Washington Avenue during wet weather.
The northern area of the dairy farm is well vegetated and is usually not frequented by cattle. The
outlet from the pond combines with groundwater breakout from the west and flows through the
southern section of the dairy farm and into Stafford Pond. The southern area of the dairy farm is
frequented by cattle, and unvegetated hillsides drain directly into the northern tributary.

Sub-basin 6, with an area of 179 acres, is relatively undeveloped with forested land use
predominating. Two significant developed properties are present in this sub-basin, near its
upgradient limit: the Tiverton High School and the Tiverton Middle Schoel. This sub-basin is
drained by the western tributary to Stafford Pond (Figure 3). This tributary originates near route
177 and meanders to the pond through a series of wetlands. Runoff from the High School
parking lot and possibly leachate from the waste water disposal system appear to reach this

tributary.
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Diagnostic Assessment

POND FEATURES -

PHYSICAL CHARACTERISTICS

Morphometry _
Stafford Pond is approximately 487 acres in size. Average and maximum water depths were 13
and 25 feet, respectively (Figure 9). Pond volume was calculated at approximately 271,800,000
ft* or 7,700,000 m> or 2.04 billion gallons. The pond has only one definable basin, with the
deepest area slightly northeast of center. Underwater slopes are moderate along east and west
shoreline areas, minimizing soft sediment accumulations. Slopes are more gradual to the north
and south.

Sediments

Benthic substrates were comprised mostly of boulder, cobble, gravel, and sand in water depths
<15 feet, although some sandy muck was encountered in northern and southern areas of lesser
underwater bottom slope. Mucky bottom sediments were more prevalent in the deeper areas of
the pond. Although quantitative data was not collected for soft sediment volume at depths >15
ft, we would conservatively estimate that nearly 10 million cubic feet (370,000 cy) of soft
sediment are present in water depths >15 feet. There is very little soft sediment at water depths
<15 ft; thin layers of muck are found in some areas, and a substantial (10,000-15,000 cy) but
isolated deposit is located near the mouth of the northern tributary.

Hydrology

Precipitation drives the hydrology of most aquatic systems in the northeastern United States.
Data for weather stations in Providence and Newport, RI (Table 1) suggest long-term average
annual precipitation of about 45 inches. Providence records for 1996 suggest a near average
year, while records for Newport suggest much higher than average precipitation. Precipitation
for 1995 was far below normal for each station. The distribution of precipitation tends to be
fairly uniform over the months of the year on a long-term average basis, but any individual year
is likely to have substantial variability among monthly values.

Two tributaries and two storm water pipes discharge to Stafford Pond. An outlet structure
located along the northern perimeter of the pond controls the outward flow of pond water into
Sucker Brook (Figure 3). This rectangular weir is maintained by the Fall River Water
Department. However, water rights are actually owned by the Watuppa Reservoir Company.
The management goal concerning the outlet structure has generally been to maintain full capacity
in the pond, with the ability to release water during drought conditions.

Measurements of surface water flow are presented in Table 2. Observed tributary flows ranged
from 0 to 2.6 cfs and outlet flows ranged from 0 to 10.7 cfs. As expected, the lowest flows were
recorded during July, August, and early September. It is noted here that average estimates of
flow were elevated, as precipitation during 1996 was higher than normal and measurements were
occasionally recorded after recent precipitation events.

Stafford Pond Study _ 4-7 ENSR
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Table 2. Estimates of Flow Recorded at

Stafford Pond (1996).
Sampling Flow (cfs)

Date SP5h SP6 SP7
Dry Weather:
21-Feb 2.4 2.6 10.7
19-Mar 1.5 1.1 3.8
14-May 0.3 0.6 9.4
29-May 0.3 1.3 6.1
10-Jun 0.1 0.3 3.6
27-Jun <0.01 <0.01 0.9
17-Jul <0.01 <0.01 <0.01
30-Jul <0.01 0 0
3-Aug <0.01 0 0
22-Aug 0 0 0
5-Sep 0 0 0
30-Sep 0.03 0.4 1.5
29-Oct 0.5 1.4 10.3
Mean (time weighted) 0.5 0.6 47
Minimum 0 0 0

Maximum 2.4 2.6 10.7




Diagnostic Assessment

A map of shoreline segments for the ground water seepage and well surveys is presented in
Figure 2. Results of the seepage survey indicate minimal ground water exchange at all four
shoreline segments (Table 3). Seepage in excess of 5 L/mz/day would generally be considered
significant. Positive values represent inseepage and negative values represent outscepage.
Conditions for direct measurement of seepage were poor, given the rocky nature of the substrate
and underlying till soils. Ground water inputs are likely to be patchy, as with spring activity; this
makes assessment with a few conveniently placed seepage meters difficult and less meaningful.
the low secpage rates, however, do suggest slow ground water movement in this system.

As an alternative, Darcy’s equation was applied to each of the four shoreline segments, using an
area equivalent to the shoreline length multiplied by the distance out from shore to a water depth
of 15 ft (where significant muck deposits begin and impede seepage). Hydraulic conductivity
was estimated from soils data, while the ground water table slope was measured as the gradient
between wells in each pair on routine sampling dates. Seepage rates could then be calculated for
the study period.

Results of the ground water well survey (Table 4) indicate that ground water exchange in the
form of inseepage was relatively low along the southwest shoreline segment, and very low along
the remaining segments. On an annual basis, ground water flow will result in a net gain to the
pond; more ground water will flow into the pond than out of it. However, both total inflow and
outflow via ground water appear very limited in this system. Most inseepage will normally
occur along the pond edge, the zone of least resistance, but this system is prone to distinct spring
activity and it would not be surprising to find scattered areas of higher inseepage.

According to 1996 data (Table 5), the Stone Bridge Fire District withdrew an average of 992,154
gallons of pond water per day (Sumner 1996). Most of this water was treated and delivered to
nearly 1,000 customers. Some of this water (155,425 gal/day) was used as filter backwash and
was eventually discharged back into the pond. Therefore, the average net withdrawal for 1996
was 836,729 gal/day. However, the pattern varies seasonally with greatest withdrawals during
summer. Maximum net withdrawal was 1,020,258 gal/day during July of 1996.

Hydrologic Loading

Estimated hydrologic loading to Stafford Pond (Table 6) is derived from a combination of direct
precipitation, ground water inseepage, surface water base-flow, and surface water storm-flow.
Average annual inflow was estimated at 5.5 cfs, assuming normal precipitation conditions.
Direct precipitation was the largest of all inputs with a contribution of 2.5 cfs or 46% of the total
water input. This is unusual for water supply lakes in New England and is directly related to the
small watershed:lake area ratio. In New England, most inflow is typically generated in the
watershed as runoff or ground water breakout into streams. Where the watershed is small,
however, such sources are limited. This in tumn limits the amount of water which can be
withdrawn without adversely impacting lake water level.

Stafford Pond Study 4-11 ENSR



Table 3. Results of the Seepage Survey
Conducted at Stafford Pond {(1996).

Seepage Volume

Time Change Seepage
Station hours liters L/m2/day
NE1 5.0 -0.08 -1.5
NE2 5.0 0.05 1.0
NW1 4.8 -0.03 0.6
NW2 4.3 0.04 0.8
SEl ND ND ND
SE2 4.7 0.08 1.6
SW1 4.6 0.02 0.4
SW2 4.6 -0.05 -1.0

Sampling conducted in June of 1996.

ND= No Data.



Table 4. Results of the Ground Water Weli Survey
Conducted at Stafford Pond (1996).

Flow per Lake Segment (cfs)

Date Northeast Northwest Southeast Southwest
17-Apr 0.04 -0.92 0.48 1.57
14-May 0.03 0.33 -0.11 1.58
29-May 0.03 025 -0.06 0.63
10-Jun 0.02 0.13 -0.06 0.53
27-Jun -0.02 0.02 -0.03 <0.30
17-Jul -0.43 - 0.09 0.02 <0.50
30-Jut -0.02 -0.07 -0.09 <0.50
8-Aug 0.03 0.02 -0.04 <0.30
22-Aug 0.00 -0.09 -0.03 <0.30
5-Sep 0.13 0.12 0.09 <0.30
28-Cct 0.09 0.34 -0.16 1.41
Estimates were based upon Q=CIA
Q= Discharge

C= Hydraulic conductivity (0.5 in/hr)
1= Slope based on well pair readings
A= Seepage area terminated at water depth of 15 ft.
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Table 6. Estimated Hydrologic Loading to Stafford Pond.

Sources efs ft'/yr m’/yr % of Total
Inputs
Direct precipitation 2.52 79,470,720 _ 2,250,372 46.0
Ground water inseepage *0.5-1.5  *13,768,000 - 47,504,000 *446,502 - 1,339,507
Best estimate 1.0 31,536,000 893,005 18.2
Surface water - base tlow
Sub-basin
#1 - Southwest 0 & 0 0 0.0
#2 - Southeast 0 & 0 0 0.0
#3 - Northeast 0 & 0 0 0.0
#4 - Northwest 0 & 0 0 0.0
#5 - Northern tributary 032 # 10,091,520 285,762 5.8
#6 - Western tributary 0.39 # 12,299,040 348,272 7.1
Surface water - storm flow
Sub-basin
#1 - Southwest 0.13 4,099,680 116,091 2.4
#2 - Southeast 0.35 11,037,600 312,552 8.4
#3 - Northeast 0.12 3,784,320 107,161 2.2
#4 - Northwest 0.30 9,460,800 267,901 5.3
#5 - Northern tributary 0.13 4,099,680 116,091 2.4
#6 - Western tributary 0.22 6,937,920 196,461 4.0
Total 5.48% 172,817,280 4,893,667 100
Outputs
Evaporation 1.7 53,611,200 1,518,108 30.9
Ground water outseepage *0.1-0.3 *3.153,600 - 9,460,800 *89.300 - 267,901 *2.5
Best estimate 0.2 6,307,200 178,601 3.
Surface outflow 2.3 72,532,800 2,053,911 41.8
Net Withdrawal 1.3 40,996,800 1,160,906 23.6
Totai 5.3 173,448,000 - 4,911,527 100

Additional calculations are provided in Appendix B

* Approximate range of values, not added into totals.

& Baseflow included as groundwater only; no stream system in basin

4 Baseflow remaining after groundwater estimate partitioned among two stream systems based on
measured relative flow (B3 @ 45%, B6 @ 55%)

Years

Calculated Detention Time 1.54
Calculated Flushing Rate 0.65/
Calculated Response Time  0.65-1.08

Days
562
0.002/
237-39%4



Diagnostic Assessment

" Ground water inseepage accounted for 18% of all inputs, with total inflow averaging 1.0 cfs.
Estimation of ground water inputs was difficult in this case and may be substantially more or less
at times, but is not very large in any case. Surface water storm flows accounted for 23% of all
inputs, at 1.25 cfs, with individual basin inputs ranging from 0.12 to 0.35 cfs. Significant runoff
would be expected in this watershed according to geology/soils information. Surface water base-
flows accounted for the remainder of all inputs with an estimated contribution of 0.7 efs or 13%.
Base flow, exclusive of ground water inputs to the pond, include dry weather flow in the
tributaries. Measured tributary flows inciude base flow and storm flows, and appear higher than
would be expected, probably due to higher than normal precipitation during 1996.

Pond outputs were derived from a combination of evaporation, ground water outseepage, surface
outflow, and withdrawal (by the water treatment facility). Surface outflow accounted for the
greatest single output at 2.3 ¢fs or 42% of the total; this value is lower than might be expected
from 1996 field measurements, but is consistent with other outputs and known watershed yield
relationships. Evaporation accounted for 1.7 cfs or 31% of the total, a substantial percentage for
this part of the country; this is a result of the small watershed:lake area ratio. Net withdrawal
from the water treatment facility accounted for 1.3 cfs or slightly less than 24% of all pond
outputs. Finally, ground water outseepage accounted for 0.2 cfs or slightly less than 4% of the
total.

According to morphometric features and hydrologic data, Stafford Pond has a flushing rate of
0.65 times per year, a detention time of 1.54 years (562 days), and a response time of 0.65-1.08
years (237-394 days). The flushing rate is the actual number of times in a given year that the
entire water volume could be replaced by inputs. The inverse of flushing rate is the detention
time, the average length of time that water remains in the pond. The response time is the amount
of time required for the pond to fully respond to inputs. These values are important to the
manner in which the system processes pollutant inputs, and the relative length of the detention
and response times suggest that pollutants stay in the pond long enough to fully impact water
quality. Alternatively, if changes in pollutant loading were made, it would take most of a year
before appreciable changes in water quality became detectable.

Based on the known general seasonal pattern for inputs and outputs in southern New England
(Sopper and Lull 1970), a seasonal hydrologic budget can be derived (Table 7). The inputs and
outputs balance on average and during fall and winter, but not in spring and summer. Owing
largely to changes in storm flow and tributary base flow on the input side and evaporation on the
output side, inputs exceed outputs by 1.2 cfs during the spring and outputs exceed inputs by 1.2
cfs during summer. Conditions in wet or dry years could vary considerably, much as with long-
term average and actual annual precipitation, but this pattern helps explain changing water levels
in Stafford Pond. Based on the average conditions, one would expect to lose about 9,540,000 ft’
of water over the summer, and to regain in the following spring. This equates to a water level
fluctuation of approximately 0.5 ft. In a wet year (1996), there might be minimal fluctuation,
while in a dry year (1995) the fluctuation could be as great as 2.0 ft (0.8 ft from withdrawal, 1.2
ft from evaporation).
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Diagnostic Assessment

CHEMICAL CHARACTERISTICS

Routine Water Chemistry

Values for routine water monitoring parameters are summarized in Table 8. Detailed data tables
are included in Appendix A.

Dissolved oxygen, as the name implies, is the amount of molecular oxygen dissolved in the water
column. Dissolved oxygen below 5.0 mg/L is generally considered undesirable for many species
of aquatic life, especially trout, Additionally, release of phosphorus from benthic sediments is
often a concern under anoxic or very low oxygen (<1.0 mg/L) conditions. Tributary values
ranging from 2.2-5.0 mg/L were recorded during early summer, just before both tributaries went
dry (Appendix A). Dissolved oxygen profile values ranging from 1.0-5.0 mg/L, were recorded in
the bottom two meters of the pond, primarily during the summer months (Figures 10a-10n and
Appendix A). Atmospheric inputs appear to counteract sediment oxygen demand most of the
time.

The lake geometry ratio (Hondzo and Stefan 1996) for Stafford Pond was 5.2. Lakes with ratios
>8 are generally well mixed and have high dissolved oxygen concentrations. Lakes with ratios
<2 are generally seasonally stratified and have low dissolved oxygen concentrations near the
pond bottom during stratification. Stafford Pond falls between these categories and conditions in
the pond can reflect both scenarios, depending upon weather conditions. During the 1996 study
year, mixing was substantial nearly all of the time. However, the hot dry weather of the summer
of 1995 and other years may have allowed greater stratification and lower oxygen levels than
observed in 1996.

The temperature regime of an aquatic ecosystem is important in determining community
structure. In general, values exceeding 20°C are undesirable for cold water species including
trout. As expected, tributary values were low during the winter months and climbed to over
20°C during early summer, just before both tributaries went dry (Appendix A). In-pond
temperature profiles revealed seasonal stratification and values exceeding 20°C at all water
depths during July, August, and early September (Figures 10a-10n and Appendix A).
: L . . ot

The pH is a measure of acidity. Minimum and maximum values were 4.3 and 9.5 SU.

respectively (Table 8), which is a rather wide range. Average pH per sample site ranged from 5.6
to 7.9 SU, also a wide range. The likely range Ofk vhlues for unimpacted aquatic systems in
this region is 5.5-7.5 SU. Values of 5.5 SU or less were recorded at SP3, SP5a, and SP6. A pH
of 4.3 SU was recorded at SP3 in February; subsequent readings at this site were substantially
higher. The reason for this low reading is not known. Low values at SP5a and SP6 are likely a
result of the close proximity of these sites to up-gradient wetlands. Wetland waters are typically
lower in pH due to normal wetland functions including decomposition. Values >7.5 SU were
recorded at SPla, SP1b, and SP3. Elevated pH at these sites is likely a result of increased

biological activity, specifically algal blooms which remove CQO, and raise the pH.
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Figure 10a. Dissalved Oxygen/Temperature Profiles Recorded at Stafford Pond {SP1) on
February 21, 1996.
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Figure 10b, Dissoived Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1} an
March 19, 1996.
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Figure 10c. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1) on

April 17, 1896.
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Figure 10d. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond {SP1) on
May 14, 1996.
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Figure 10e. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1) on

May 29, 1996.
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Figure 10f. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1) on

June 10, 1996,
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Figure 10g. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1) on
June 27, 18496.
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Figure 10h. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (5P1) on
July 17, 1996.
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Figure 10i. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1)} on
Juiy 30, 1996.
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Figure 10j. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond (SP1) on
August 3, 1996.
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Figure 10k. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond {SP1) on
August 22, 19986.
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Figure 10l. Dissoived Oxygen/Temperature Profiles Recorded at Stafford Pond {SP1)on
September 5, 1996.
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Figure 10m. Dissolved Oxygen/Temperature Profiles Recorded at Stafford Pond {5P1)
on September 30, 1996.
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Diagnostic Assessment

Total alkalinity is a measure of buffering capacity or the ability of water to neutralize acids.
Waters with a total alkalinity <20 mg/L are generally susceptible to acid precipitation. Sampling
results indicate that values were significantly lower than 20 mg/L at all sites except SP5b (Table
8). Higher values at SP5b may be a result of inputs from a dairy farm located in this area of the
watershed.

Total hardness is a measure of the amount of calcium and magnesium salts dissolved in the water
column. Values <60 mg/L are generally considered low. Results indicate that total hardness was
low at all sample sites except SP5b (Table 8). Higher values at SP5b may be a result of inputs
from a dairy farm located in this area of the watershed.

Conductivity is the indirect measure of dissolved solids in the water column. Average
conductivity was low (<100 umhos/cm) at all sites except SP5b, where an average of 271
umhos/cm was considered high (Table 8). Elevated values at SP5b may be a result of inputs
from a dairy farm located in this area of the watershed.

Turbidity is a measure of the amount of particulate matter in the water column. Particulate
matter may include everything from inorganic particles to plankton. Elevated values (>5 NTU)
were documented at a number of sites on several dates (Table 8). Elevated in-pond values were
most often a direct result of significant algal blooms. Elevated tributary values were most often a
result of increased flows which carried higher loads of particulate matter from the watershed.

Secchi disk transparency is a measure of water clarity and is also a good indicator of trophic
state. This value is obtained by lowering a circular disk in the water column until it is no longer
visible. The most critical time of year to evaluate Secchi depth is during summer, when algal
blooms are often a problem. Measurements less than 2 meters are generally considered
indicative of eutrophic conditions. Values recorded in Stafford Pond ranged from 0.5 to 2.9 m,
with lower values predominating during late summer and early fall, when algal blooms were
common (Table 8). The average value for Stafford Pond was 1.5 m.

Chlorophyll is a green plant pigment essential to photosynthesis. Measuring the concentration of
chlorophyll a is a useful indicator of a waterbody’s trophic state or degree of nutrient enrichment.
Values in Stafford Pond ranged from 2 to 118 ug/L, with a mean of 22 ug/L (Table 8). Higher
concentrations predominated during late summer and early fall, when algal blooms were
common. In general, values exceeding 10 ug/L are characteristic of eutrophic conditions.
Average concentrations exceeded this threshold at both sampling locations, and summer values
were consistently above this threshold.

Nitrogen and phosphorus are essential plant nutrients. Excessive concentrations can often fuel
undesirable growths of algae, and accumulations in the sediment can promote the growth of
rooted aquatic plants. Values of nitrite+nitrate nitrogen were low (<0.5 mg/L) at all sites except
SP5b, where the average was 0.99 mg/L (Table 8). Values of ammonium nitrogen were low
(<0.5 mg/L) at all sites except SP5b, where the average was 1.23 mg/L (Table 8). Inorganic
nitrogen, or the combined concentration of ammonium-+nitrite+nitrate was also low at all sites
except SP5b, where the average was 2.22 mg/L (Table 8). Water column values exceeding 1.0
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Diagnostic Assessment

mg/L are undesirable. No distinct trends were observed with depth. Average TKN, which -
includes ammonium nitrogen and organically bound nitrogen was generally low (<1.0 mg/L) at
all sites except SP1b and SP5b, where values were 1.1 mg/L and 2.4 mg/L, respectively (Table
8). Total nitrogen, or the combined concentration of TKN-tnitrite+nitrate was low at all sites
except SP5b, where the average was 3.4 mg/L (Table 8). Water column values exceeding 2.0
mg/L are undesirable. No distinct trends were observed with depth.

Concentrations of total phosphorus were generally elevated (>0.025 mg/L) and indicative of
eutrophic conditions at all routine sampling locations except SP11 and SP12, the filter backwash
discharges (Table 8). Phosphorus concentrations were low at the latter two sites, as samples at
both sites consisted of treated water from the water treatment facility, but these were only
sampled once each. Average phosphorus concentrations were high (>0.03 mg/L) at SPle, SP3,
and SP5a. Average phosphorus concentrations were exceedingly high (>0.1 mg/L) at SP5b.

The dissolved phosphorus fraction was typically greater than the particulate phosphorus fraction
at most sampling locations, suggesting excess available phosphorus (Table 8). Comparison
between in-pond surface (SP1a) and bottom (SPle) samples revealed that total phosphorus was
generally higher on the bottom, indicating some degree of internal recycling. The total
nitrogen:total phosphorus ratio in Stafford Pond was typically greater than 15:1, indicating that
phosphorus is most likely the limiting nutrient to plant growth in this system. However, factors
other than nutrients (e.g. light) are likely to limit algal growth during summer in Stafford Pond.
Additionally, N:P ratios may slip below 10:1 during mid- to late summer, when inputs are low
and internal recycling of phosphorus is maximal.

Supplemental Water Chemistry
Values for supplemental water monitoring parameters are summarized in Table 9. Detailed data
tables are included in Appendix A.

Cadmium is a toxic metal used in galvanizing, in nickel-cadmium batteries, and as a pigment
(Brady 1990). Cadmium was not detected in water samples at Stafford Pond.

Lead is a toxic metal commonly found in aquatic ecosystems. Anthropogenic sources of lead

- include the combustion of oil, gasoline, and coal (Brady 1990). Lead was detected at sampling
location SP1a. The lead concentration at this site was below the Maximum Contaminant Level
for drinking water (USEPA 1996), but slightly above the chronic toxicity threshold for aquatic
life (RIDEM 1988). Acute and chronic toxicity thresholds were determined for Stafford Pond
using a total hardness value of 25 mg/L.

Mercury is a toxic metal used in metallurgy, thermometers, pesticides, and as a catalyst for
synthetic polymers (Brady 1990). A single water sample was collected at SP1a during the month
of October and was analyzed for total mercury. Mercury was not detected (<0.00255 ug/L) in
this sample.
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Table 9. Results of Supplemental Water Quality Monitoring at Stafford Pond (1996).

Sampling Locations

Parameter Units SP1a SPle SP3 SP4
Cadmium (total)
number of samples (1) 2 1 2 | 2
mean mg/L <0.001 <0.00013 <0.001 <0.001 <0.001
minimum mg/L <0.001 <0.00013 <0,001 <0.001 <0.001
maximum mg/L <0.001 <0.00013 <0.001 <(.001 <0001
Cadmium (dissolved) .
number of samples (n) 2 2 I 2
mean mg/L <0.001 <0.001 <0.001 <0.001
minimum mg/L <0,001 <().001 <0.001 <0.001
maximum mg/L <0.001 <0.001 <0.001 <0.001
Lead (total}
number of samples (n) 2 1 2 1 2
mean mg/L <0.005 000079  <0.005 <{.005 <0.005
minimum mg/L <0.005 0.00079 <0.003 <0.005 <0.005
maximum mg/L <0.005 0.00079 <0.005 <0.003 <0.005
Lead (dissolved)
number of samples (h) 2 2 1 2
mean mg/L <0.003 <0.0035 <0.005 <0.003
minimum mg/L <0.005 <0005  <0.005 <0.005
maximum mg/L <(.005 <0.005 <0.005 <(.003
Mercury (total)
number of samples (1) 1
mean ug/L <0.00255
minimum ug/L <0.00255
maximum ug/L. <0.00235
Copper {total)
number of samples (n) 2 2 1 2
mean mg/L 0.02 0.02 0.02 0.03
minimum mg/L 0.01 0.01 0.02 0.02
maximum mg/L 0.03 0.03 0.02 0.03
Copper (dissolved)
number of samples () 2 2 1 2
mean mg/L 6.02 0.02 0.01 0.02
minimum mg/L 0.01 0.01 0.01 0.02
maximum mg/L 0.02 0.02 0.01 0.02
Aluminum (total)
number of samples (1) 2 2 1 2
mean mg/L 0.02 <0.02 0.14 0.03
minimum mg/L <0,02 <0.02 0.14 <0.02
maximuim mg 0.03 <0.02 0.14 0.05
Aluminum (dissolved)
number of samples (n) 2 2 1 2
mean mg/L 0.02 <0.02 0.02 0.03
minimum mg/L <0.02 <0.02 0.02 <0.02
maximum mg/L 0.03 <0.02 0.02 0.04




Table 9. Continued.

Sampling Locations

Parameter Units SP1a SPie SP3 SP4
Calcium (total)
number of samples (n) 2 2 1 2
mean mg/L 4.4 4.4 4.1 4.6
minimum mg/L 4.3 : 43 4.1 4.6
maximum mg/L 4.4 4.4 4.1 4.6
Magnesium (total)
number of samples (v 2 2 1 2
mean . mg/L 1.3 1.5 1.4 1.6
minimum mg/L 1.5 L5 L4 16
maximum mg/L 1.5 1.5 1.4 1.6
Sodium (total)
number of samples {n) 2 2 1 2
mean mg/L. 9.2 9.2 94 2.6
minimum mg/L 9.1 8.9 9.4 93
maximum mg/L 5.2 9.4 9.4 9.7
Chloride (total)
number of samples (n) 2 2 i 2
mean mg/L 21 21 21 22
minimum mg/L 20 20 21 21
maximum mg/L 22 21 21 22
Iron (dissolved)
number of samples (n) 2 2 1 2
mean mg/L 0.07 0.09 0.04 0.05
minimum mg/L 0.06 0.08 0.04 0.05
maximum mg/L 0.07 0.10 0.04 0.03
Manganese (dissolved)
number of samples (n) 2 2 1 2
mean mg/L 0.01 0.09 0.01 0.01
minimum mg/L 0.01 0.08 0.01 0.01
macimum mg/L 0.01 0.10 0.01 0.01
TPH
number of samples (n) 2 2 2 2
mean mg/L 1.7 15 <0.53 1.3
minimum mg/L <0.3 <0.5 <0.5 <0.5
maximum mg/L 32 27 <0.5 2.7
4,4'-DDT
number of samples (n) 2 2 1 2
mean ug/L <0.05 <0.05 <0.05 <0.05
minimum ug/L <0,05 <(0.05 <0.05 <0.05
maximum ug/L <0.05 <0.03 <0.03 <0.0%




Table 9. Continued.

Sampling Locations

Parameter Units SP1a SPle SP3 Sp4
PCB:*
number of samples {n) 2 2 1 2
Aroclor 1016 ug/L <0.5 <0.5 <0.3 <0.5
Aroclor 1221 ug/L <1.0 <1,0 <0.5 <1.0
Aroclor 1232 ug/L <0.5 <0.5 <0.5 <0.3
Aroclor 1242 ug/L <Q.5 <0.5 <0.5 <0.3
Aroclor 12438 ug/L <0.5 <0.5 <0.5 <0.5
Aroclor 1254 ug/L <0.5 <0.5 <0.3 <0.5
Aroclor 1260 ug/L <0.5 <0.5 <0.5 <0.3
PAH:*

number of samples {n) 2 2 1 2
Acenaphthene ug/L <] <] <] <]
Acenaphthylene ug/L <1 <1 <1 <1
Anthracene ug/L <1 <1 <] <1
Benzo(a)anthracene ug/L <] <] <] <l
Benzo(b)fluoranthene ug/L <1 <1 <] <1
Benzo(k)fluoranthene ug/L <1 <1 <l <]
Benzo(ghi)perylene ug/L <] <] <1 <1
Benzo(a)pyrene ug/L <] <} <1 <l
Chrysene ug/L <1 <] <] <1
Dibenzo(a, hlanthracene ug/L <1 <1 <1 <1
Fluoranthene ug/L <1 <] <} <1
Fluorene ug/L <1 <1 <1 <1
Indeno(1,2,3-cd)pyrene ug/L <l <] <] <1
2-Methylnaphthalene ug/L <1 <1 <] <1
Naphthalene ug/L <1 <1 <1 <1
Phenanthrene ug/L <1 <] <1 <1
Pyrene ug/L <1 <1 <1 <1

*Mean, minimum, and maximum values were identical.



Diagnostic Assessment

Copper is categorized as a micro-nutrient essential to plant growth and is generally considered
relatively low in toxicity compared to other heavy metals. Common anthropogenic sources of
copper include mine tailings, fly ash, and fertilizers (Brady 1990). In recent years, copper sulfate
has been used as an algicide in Stafford Pond. In lakes where copper sulfate has been used to
control algae, it often accumulates as copper carbonate in benthic sediments. Furthermore, as is
true for other metals, it may re-enter the water column through internal recycling (Cole 1983).
Concentrations in Stafford Pond were below the MCL for drinking water (USEPA 1996), but
were above acute and chronic toxicity thresholds for aquatic life (RIDEM 1988). Additionally,
copper concentrations in a single precipitation sample were as high as the in-pond values.

Aluminum is a common element in the crust of the earth and naturally enters the aquatic
environment through weathering of rock. It has a wide range of metallurgical uses, but has also
been used extensively in a variety of water treatment applications, primarily owing to its
coagulant properties. Aluminum has been linked to the toxicity of both plants and animals,
including humans, but there is considerable controversy over the form and quantity of aluminum
necessary to cause a toxic effect. Aluminum concentrations were normal at all sampling
locations according to our experience in New England.

Calcium and magnesium are macro-nutrients essential to plant growth. In the aquatic
environment, concentrations of these ions are responsible for water hardness, the quality of water
that prevents soap from dissolving. Concentrations of total calcium and magnesium were low at
all in-pond sampling locations. Sodium and chloride are often indicators of contamination from
sewage and/or road salt. In-pond concentrations were moderate and did not indicate significant
contamination.

Iron and manganese are micro-nutrients essential to plant growth. In the aquatic environment,
dissolved fractions of these elements play an important role in phosphorus cycling. Both
elements are known to complex with phosphorus, the end product being a compound that is
highly insoluble under oxygenated conditions and moderate pH. Concentrations of both metals
were considered relatively low at all in-pond sampling locations according to our experience in
New England. Peak values for both metals occurred near the pond bottom (SPle). This is likely
a result of hypoxia at the sediment-water interface and the associated reduction and solubilization
of selected metal ions in benthic sediments.

Monitoring of selected organic compounds in water from Stafford Pond indicated relatively low
levels. In-pond concentrations of total petroleum hydrocarbons (TPH) ranged from <0.5 to 3.2
mg/L. Concentrations above 1 mg/L are sometimes cause for concern, but many natural
compounds can register as TPH in typical laboratory tests. Polynuclear aromatic hydrocarbons
(PAH) provide a better indication of anthropogenic hydrocarbon inputs. PAH, along with DDT
and PCB’s, were not detected.
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Diagnostic Assessment

Storm Water Chemistry -
Values for storm water monitoring parameters are summarized in Table 10. Detailed data tables
are included in Appendix A.

Average pH recorded during wet weather ranged from 5.1 to 6.5 SU. The lowest pH values were
recorded at SP6 (western tributary) and SP10 (precipitation). Lower values at these sites were
expected as SP6 was located just down-gradient of a wetland and SP10 was a direct precipitation
sample; both wetland waters and normal precipitation are generally slightly acidic. As expected,
the remaining sample sites had slightly higher values.

Conductivity values recorded during wet weather ranged from 5 to 23,000 umhos/cm, although
values >310 umhos/cm were recorded only at SP9. Average concentrations were low at SP6 and
SP10, moderate at SP5b and SP8, and exceedingly high at SP9.

Wet weather turbidity values ranged from <1 to 39 NTU. Values were low at SP6 and SP10, and
elevated (>5 NTU) at the remaining sites. Low values were expected at SP10 as this was a direct
precipitation sample. The two highest values were recorded at SP5b.

Average wet weather concentrations of nitrite+nitrate nitrogen were low (<0.5 mg/L) at SP6 and
SP10, moderate at SP5b, and high (>1.0 mg/L) at SP8 and SP9. Values of ammonium nitrogen
were low (<0.5 mg/L) at all sites except SP5b, where the average was 2.46 mg/L. Inorganic
nitrogen, or the combined concentration of nitrite+nitrate+ammonium was low at SP6 and SP10,
and high at the remaining sites. Water column values exceeding 1.0 mg/L. are undesirable.
Average TKN was low at SP10 (<1.0 mg/L), and ranged from moderate to high at the remaining
sites. Total nitrogen, or the combined concentration of nitrite+nitrate+TKN was low at SP6 and
~ SP10, and high at the remaining sites. Values exceeding 2.0 mg/L are undesirable.

Average wet weather concentrations of total phosphorus were high (>0.05 mg/L) at all sites
except SP10. The highest concentrations were recorded at SP5b. The dissolved phosphorus
fraction was typically greater than the particulate phosphorus fraction at most storm water
sampling locations.

Cadmium was not detected in storm water entering Stafford Pond. Lead was non-detectable at
all sites except SP9, where a total concentration of 0.03 mg/L was documented. This
concentration was greater than the MCL for drinking water (USEPA 1996) and the acute and
chronic toxicity thresholds for aquatic life (RIDEM 1988). Concentrations of copper were below
the MCL for drinking water (USEPA 1996) at all storm water sampling locations. However,
levels of copper did exceed acute and chronic toxicity thresholds for aquatic life (RIDEM 1988).

Storm water values for aluminum were generally greater than dry weather in-pond values, but
were not considered high for storm water. Storm water concentrations of total calcium and
magnesium were generally low at all sites except SP5b and SP8, where concentrations were
higher than expected background levels, but still not high by regional comparison.
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Table 10. Results of Storm Water Menitoring at Stafford Pond (1996).

Sampling Locations

Parameter Units SPSb SP6 SP8 SP9 SP10
pH
number of samples () 3 3 2 3 3
mean suU 6.5 52 6.1 5.7 5.1
minimum 19) 6.3 4.5 6.0 4.3 4.5
maximum su 6.8 5.3 6.2 6.4 5.6
Coanductivity
number of samples (n) 3 3 2 3 3
mean umhos/cm 280 77 150 7800 22
minimum urmhos/cm 250 50 110 120 3
maximum umhos/cm 310 90 190 23000 40
Turbidity
number of samples (n) 3 3 2 3 3
mean NTU 18.0 2.5 8.0 8.7 0.7
minimum NTU 5.1 1.0 5.2 8.1 0.2
maximum NTU 39.0 4.9 10.8 9.9 1.1
Nitrite+Nitrate Nitrogen
number of samples (n) 3 3 2 3 3
mean mg/L 0.83 0.03 1.64 1.07 0.25
minimum mg/L 0.50 <0.03 0.73 0.78 0.07
maximum mg/L 1.40 0.05 2.50 1.50 0.39
Ammonium Nitrogen
number of samples (1) 3 3 2 3 3
mean mg/L 2.46 0.12 0.25 0.20 0.16
minimum mg/L 0.57 0.08 0.08 0.13 0.08
maximum mg/L 5.00 0.18 0.41 0.32 0.23
Inorganic Nitrogen
number of samples (n) 3 3 2 3 3
mean mg/L 3.28 0.15 1.89 1.27 0.41
minimum mg/L .15 0.12 1.19 092 . 0.17
maximum mg/L. 6.40 0.20 2.58 1.82 0.76
Total Kjeldahl Nitrogen
number of samples (n) 3 3 2 3 3
mean mg/L 6.4 1.4 1.2 2.3 0.6
minimum mg/L 1.7 0.9 1.0 2.1 0.2
maxinmim mg/L 15.0 1.7 1.3 2.5 1.0
Total Nitrogen
number of samples (n) 3 3 2 3 3
mean mg/L 7.3 i.4 2.8 34 0.9
minimum mg/L 2.2 0.9 2.1 3.2 0.3
maximum mg/L 16.4 1.8 s 36 1.6
Total Phosphorus
number of samples (n) 3 3 2 3 3
mean mg/L 2.354 0.052 0.133 0.184 0.025
minimum mg/L 0.822 0.019 0.075 0.126 0.016

maximum mg/L 3.170 0.073 0.190 0.294 0.043




Table 10, Continued.

Sampling Locations

Parameter Units SP5b SP6 SP8 SP9 SP10
Dissolved Phosphorus
number of samples (n) 3 3 2 3 3
mean mg/L 1.847 0.044 0.112 0.072 0.017
minimum mg/L 0.632 0.019 0.074 0.027 0.015
maximum mg/L 2.700 0.058 0.150 0.097 0.020
Cadmium (totai)* mg/L <(.001 <0.001 <(.001 <0.001 <0.001
Cadmium (dissolved)* mg/L <(.001 <0.001 <0.001 <0.001 <0.001
Lead (total)* mg/L <0.005 <0.005 <0.005 0.030 <0.005
Lead (dissolved)* mg/L <0.005 <0.005 <0.005 <0.005 <0.005
Copper (total)* mg/L 0.03 0.01 0.02 0.02 0.03
Copper (disscived) mg/L 0.03 0.01 0.02 0.02 0.03
Aluminum {total) mg/L 0.35 0.83 0.19 1.1 <0,08
Aluminum (dissolved)* mg/L <0.08 0.63 0.13 0.15 <0.08
Calcium (total)” mg/L 20.0 2.2 13.0 5.9 0.2
Magnesium (totad)* mg/L 7.0 0.9 2.3 0.9 <0.1
Sodium (total)* mg/L 36.0 8.2 260 13.0 <0.3
Chloride (total)* mg/L 78 19 46 26 <4
Iron (dissolved)” mg/L 0.61 0.94 0.09 0.09 <0.08
Manganese (dissolved)® mg/L 0.15 0.03 0.05 0.02 0.01
TPH* mg/L <0.5 <0.5 <0.5 0.9 <0.3
4,4'-DDT* ug/L. <0.05 <0.05 <0.05 <0.05 <0.05
PCB:*
Aroclor 1016 ug/L <0.5 <0.5 <0(.5 <0.5 <0.5
Aroclor 1221 ug/L <0.5 <0.5 <0.5 <0.5 <0.5
Aroclor 1232 ug/L <0.5 <0.5 <0.5 <0.5 <0.5
Aroclor 1242 ug/L <0.3 <Q.5 <0.5 <0.5 <0.5
Aroclor 1248 ug/L <0.5 <0.5 <0.5 <0.5 <0.5
Aroclor 1254 ug/L. <Q.5 <0.3 <0.5 <0.5 <Q.5
Aroclor 1260 ug/L <0.5 <0.5 <0.5 <0.5 <0.3
PAH:*
Acenaphthene ug/L <1 <] <l <1 <l
Acenaphthylene ug/L <l <l <1 <1 <}
Anthracene ug/L <] <1 <l <] <1
Benzo(a)anthracene ug/L <l <1 <l <1 <l
Benzo(b)flucranthene ug/L <1 <l <] <] <1
Benzo(k)fluoranthene ug/L <1 <1 <1 <1 <]
Benzo(ghi)perylene ug/L <l <] <1 <1 <}
Benzo(a)pyrene ug/L <1 <1 <l <] <1
Chrysene ug/L <l <1 <l <1 <l
Dibenzo(a,h)anthracene ug/L <l <1 <1 <l <1
Flucranthene ug/L <l <1 <l <1 <1
Fluorene ug/L, <1 <1 <1 <1 <l
Indeno(l,2,3-cd)pyrene ug/L <1 <1 <1 <1 <]
2-Methylnaphthalene ug/L <1 <1 <1 <] <]
Naphthalene ug/L <1 <l <1 <} <]
Phenanthrene ug/L <l <i <1 <1 <1
Pyrene ug/L <] <] <1 <1 <1

*Number of samples=1.



Diagnostic Assessment

Storm water concentrations of total sodium and chloride were low at SP10, moderate at SP6, and
high at SP5b, SP8, and SP9. High concentrations at SP5b were likely a result of dairy farming
activities and road runoff. Road runoff was likely responsible for contamination at the latter two
sites. Concentrations of dissolved iron and manganese were relatively low at all sites. However,
dissolved iron was somewhat higher than the expected background level at SP5b and SP6, and
dissolved manganese was somewhat higher than the expected background level at SP5b.
Flushing of anoxic ground water laden with iron or manganese into the tributaries may be
responsibie.

Storm water monitoring for selected organic compounds indicated relatively low levels. Total
petroleun hydrocarbons ranged from <0.5 to 0.9 mg/L. DDT, PCB’s, and polynuclear aromatic
hydrocarbons were not detected.

Ground Water Chemistry

Shoreline segments sampled during the ground water monitoring investigation are presented in
Figure 2. Ground water quality monitoring results are presented in Table 11. Nitrite+nitrate
nitrogen values ranged from <0.03 mg/L to 0.28 mg/L. In ground water, the likely range of
nitrite+nitrate nitrogen under most “pristine” conditions is 0.01 mg/L to 0.5 mg/L. Values over
1.0 mg/L are unusual without some form of urban or agricultural influence, while values over
10.0 mg/L are considered a health hazard for human consumption. Ammonium nitrogen has a
similar range of possible values, as the sources are often the same.

Measured ammonium nitrogen concentrations ranged from <0.05 mg/L to 4.29 mg/L. in ground
water entering Stafford Pond. Elevated concentrations are probably converted to nitrite and then
nitrate shortly after entering oxygenated lake waters, therefore reducing the likelihood of toxicity
to aquatic life. The sum of nitrite+nitrate and ammonium nitrogen, or soluble inorganic nitrogen,
could be expected to reach up to about 1.0 mg/L under natural conditions. Values much over this
concentration raise suspicions of septic leachate influence or other contamination. Ground water
concentrations in Stafford Pond were >1.0 mg/L at all sampling locations on either one or both
sampling dates, mainly as a consequence of high ammonium nitrogen. This suggests inadequate
oxygen in the ground water to convert ammonium to nitrate. The sources could be sewage,
agricultural waste, or decaying vegetation.

Dissolved phosphorus concentrations were elevated along all four sampling segments. In
general, values in excess of 0.05 mg/L are of concern in terms of eutrophication, and values in
excess of 0.10 mg/L can cause serious deterioration of conditions if the phosphorus is
biologically available. However, larger values in porewater do not necessarily translate into
pond water column values of the same magnitude, Iron and manganese are known to complex
with phosphorus, the end product being a compound that is highly insoluble under oxygenated
conditions. For phosphorus to become available in the water column at a significant level, it
must therefore enter at an elevated concentration with concurrent iron and/or manganese levels at
less than five times the phosphorus level. In the case of Stafford Pond, groundwater sampling
results indicate that sufficient levels of iron were available to bind phosphorus, as the
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Diagnostic Assessment

iron:phosphorus ratio was >5:1 at all but one sampling location. Sampling in August revealed
that the southwest segment had a ratio <5:1 and a phosphorus concentration >0.05 mg/L. Low
flows limit the magnitude of'this input, but some phosphorus input from ground water is likely in
this area.

Sediment Chemistry

Sediment sampling locations are presented in Figure 4. Sediment sampling results are presented
Table 12. Sediments at SP1 and SP2 were primarily composed of medium sand, fine sand, and
silt/clay. The silt/clay fraction includes most organic matter, and sediments such as those at SP1
and SP2 with silt/clay levels >30% would be considered mucky. Sediments at SP3 were
primarily composed of gravel, medium sand, and fine sand. Sediments such as those at SP3 with
silt/clay levels <5% would be considered sandy. Organic carbon content was especially high at
SP2, most likely a direct result of inputs from the northern tributary, including a substantial
amount of manure. Solids content was low at SP1 and SP2, and high at SP3; low solids content
indicates less compacted and typically more organic sediment. Total phosphorus concentrations
were high at SP2 and low at the remaining two sites. TKN was low at SP3, moderate at SP1, and
high at SP2. Higher nutrient concentrations at SP2 are likely a direct result of inputs from the
northern tributary, including manure from the dairy farm.

Metal concentrations were generally within acceptable ranges. Concentrations of cadmium,
copper, and lead were below average values for Massachusetts lake sediments (Rojko 1992),
which are considered appropriate for evaluation of Rhode Island lakes. This suggests that the use
of copper as an algicide has not had a lasting effect on sediments in Stafford Pond at this point in
time. Concentrations of iron and manganese were below average values for Massachusetts lake
sediments at SP2 and SP3, and slightly above average at SP1. Concentrations of aluminum and
calcium were normal, according to our own experience in New England.

Total petroleum hydrocarbons were relatively low at all three sampling locations. DDT and
PCB’s were not detected in lake sediments. Polynuclear aromatic hydrocarbons (PAH) were
detected at all three sampling locations. Elevated PAH concentrations were documented at SP2
and SP3, and are most likely a result of road runoff. Guidance criteria from the National Oceanic -
and Atmospheric Administration was'available for 12 of the 17 PAH’s evaluated at Stafford
Pond (Long and Morgan 1990). Results indicated that values for all 12 PAH’s were below the
ER-M, but at least half exceeded the ER-L at sampling locations SP2 and SP3. The ER-L
represents the low effects range and the ER-M represents the moderate effects range.

These guidelines are used to assess potential impacts to aquatic life from polluted sediments.
According to these guidelines, negative effects to aquatic life are possible if concentrations are
between the ER-L and ER-M, and negative effects to aquatic life are probable if concentrations
exceed the ER-M. Effects are therefore possible in the cove areas associated with SP2 and SP3,
but are unlikely in the main body of the lake.
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Table 12. Results of Sediment Sampling at Stafford Pond (1996}.

Sampling Locations
Deep Hole N.E. Bay Boat Ramp
Parametet Units SP1 SP2 SP3
Grain size analysis:
gravel % <0.1 01 26.2
coarse sand Yo 1.6 2.2 11.7
medium sand % 24.8 17.1 319
fine sand % 389 40.1 26.3
silt/clay % 34.6 40.5 38
Total organic carbon mg/kg 29,000 175,000 10,000
Solids content % 23 17 30
Total phosphorus mg/kg 9.9 170 42
TKN mgkg 2,600 15,000 91
Total Metals:
Cadmium mg'kg 0.4 0.7 <0.4
Copper mgkg 210 71 21
Lead meg/kg 130 48 41
Aluminum mgke 7,600 6,300 350
fron mgkg 13,000 10,000 13,000
Manganese mgkg 670 260 140
Calcium mg/kg 1,200 5,400 350
Total Petroteum Hydrocarbons me/kg 76 240 110
4,4-DDT ug/kg <15 <21 <4
PCB:
Aroclor-1016 ug/keg <21 <21 <20
Araclor-1221 ug/kg <21 <21 <40
Aroclor-1232 ugrkg <21 <21 <20
Aroclor-1242 ug’kg <21 <21 <20
Aroclor-1243 ugrkg <21 <21 <20
Aroclor-1254 ug’kg <21 <21 <20
Aroclor-1260 ug/kg <21 <21 <20
Polynuclear Aromatic Hyrdrocarbons:
Acenaphthene ug’kg <16 <300 <39
Acenaphthylene ug/kg <12 560 160
Anthracene ug/kg <8.4 380 88
Benzo(a)anthracene ug’ke <10 860 310
Benzo{b)fluoranthene ug/kg 800 580
Benzo(k)fluoranthene ug/kg <380 450
Benzo (b,k) fluorantitene ug/kg 110
Benzo{ghi)perylene ug’kg <8 350 140
Benzo(a)pyrene ug/'kg 48 600 370
Chrysene ug’kg 30 320 490
Dibenzo(a,h)anthracene ug’ke <3 <510 <i20
Fluoranthene ug’kg 130 1100 840
Fluorene ug’kg <12 250 45
Indeno(1,2,3-cd)pyrene ug/kg 40 330 150
2-Methylnaphthalene ug'kg <16 210 <39
Naphthalene ug/kg <18 <230 <39
Phenanthrene ug'kg 56 1300 330
Pyrene ug/kg 110 1500 96
PAH analysis at SP1 was conducted by Alpha Analytical, Inc. Analysis at SP2 and $P3

was conducted by Mitkem Corporation.

Sampling conducted on 3/19/96, 5/ 14/96, and 7/30/96.



Diagnostic Assessment

Fish Tissue Analysis -

Results of the fish tissue analysis (composite of edible portions from 3 white perch, fish ranged
in size from 11-12” total length) revealed that levels of selected contaminants were relatively low
(Table 13). Cadmium, lead, and PCB’s were not detected. Mercury was detected, but the
concentration (102 ng/g) was below the recommended Maximum Permissible Level for human
consumption according to the Rhode Island Department of Health (Vanderslice 1996). A
number of polynuclear aromatic hydrocarbons were also detected, but concentrations were far
below recommended Maximum Permissible Levels for human consumption (Vanderslice 1996).

Data Quality Investigations

Data quality monitoring results for water chemistry analyses are included in Appendix A.
Variability in most parameters was tolerable, but variation among duplicate nutrient samples was
undesirably high. Differences among duplicate nitrogen and phosphorus parameters were not
consistent, but suggested considerable lab error. Total phosphorus comparisons between
laboratories indicated that samples analyzed by Mitkem Corporation were consistently higher
than those analyzed by the University of Rhode Island. This suggests that actual concentrations
in Stafford Pond could be somewhat lower than the measured values. This could limit our ability
to determine if slightly elevated concentrations are a result of pollution or variability in chemical
analyses, and is most troublesome with respect to detection of internal recycling. However, this
will not greatly affect our overall interpretation of the chemical data. Even with this significant
degree of variability, major sources of pollution are quite obvious, and multiple approaches to
nutrient loading provide increased reliability in overall conclusions.

Nitrogen and Phosphorus Loading

Although a variety of pollutants can pose problems for water supply and recreational use of a
water body, nitrogen and particularly phosphorus-are-particularly troublesome. While not toxic
at typically observed concentrations, these elements are essential plant nutrients and control the
growth of algae. Elevated algal biomass results in aesthetic and functional impairment of water
resources, including objectionable odors and tastes, unsafe visibility, oxygen level depression
through decay, increased cost of treatment, possible production of toxic compounds (naturally or
‘1 combination with treatment), and possible fish kills. Nitrogen is more difficult to control than
phosphorus, as it is abundant in the atmosphere, moves readily through soils, and exists in a
variety of forms in water. Phosphorus, more often the limiting nutrient than nitrogen, is less
common and less mobile, but less of it is required to cause problems. While phosphorus is the
more critical target of most lake water quality management efforts, the ratio of nitrogen to
phosphorus is a key determinant of the composition of the algal community, and must be
considered as well.

The most straightforward approach to estimating nutrient loads is to multiply annual flow
volumes by the measured concentration of each nutrient for each defined flow component (e.g.,
precipitation, tributaries). For sources without measured flow or nutrient levels, estimates can be
derived from either comparison with measured sources or literature values to complete the
evaluation. Application of this approach to the Stafford Pond system (Table 14) included

itemization of inputs from direct precipitation, ground water inseepage, surface water storm flow
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Table 13. Results of Fish Tissue Analysis at Stafford Pond (1996).

Parameter Units Result
Sample weight {g-dry) 5.65
Sample dry weight % 21.6
Sample lipid % 12.1
Cadmium (total) ng/g <13
Lead (total) ng/g <33
Mercury (total) ng/g 102
PCB:
Aroclor 1016 ng/g <20
Aorclor 1221 ng/g <40
Aroclor 1232 ng/g <20
Aroclor 1242 ng/g <20
Aroclor 1243 ng/g <20
Aroclor 1254 ng/g <20
Aroclor 1260 ng/'g <20
Polynuclear Aromatic Hydrocarbons:
Acenaphthene ng/g <4.34
Acenaphthylene ng/g <2.68
Anthracene ng/g 1.17
Benzo(a)anthracene ng/g <2.57
Benzo(b)fluoranthene ng/g <3.17
Benzo(k)fluoranthene ng/g <7.05
Benzo(g,h,i)perylene ng/g <473
Benzo(a)pyrene ng/g <5.36
Chrysene ng/g <3.41
Dibenzo(a,h)anthracene ng/'g <448
Fluoranthene ng/g 292
Fluorene ng/g 2.41
Indeno(1,2,3-¢,d)pyrene ng/g <4.47
2-Methylnaphthalene ng/g 4.76
Naphthalene ng/g 7.67
Phenanthrene ng/g 5.63
Pyrene ng/g 0.47

Edible portions of three white Perch (Morone americana)
were composited and analyzed for the above parameters.
Fish ranged in size from 11-12 inches TL.

Samples collected on 10/29/96.

All units ng/g dry weight.
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Diagnostic Assessment

blooms, with average chlorophyl! levels between 15 and 22 ug/L and peaks in excess of 60 ug/L.
This depresses water clarity, leading to an average Secchi transparency of 1.4-1.5 m. The highest
water clarity results in a Secchi depth of 2.9-3.5 m, but this occurs only bricfly during the
growing season.

Relative to known relationships for phosphorus, chlorophyll and water clarity in lakes (Figures
11a and 11b), Stafford Pond values fall within the expected range. Average chlorophyll
concentration is almost exactly what the linear relationship with phosphorus level would predict,
while the water clarity is near the low end of the possible range associated with the given
phosphorus level. Dominance by small celled phytoplankton and additional turbidity from non-
algal sources (incoming sediment, resuspension of fine organic particles by wind or waterfowl) is
the expected cause of the lower than average water clarity.

Considering the range of possible conditions (Figures 11a and 11b), chlorophyll levels could
increase substantially with additional loading, but water clarity cannot decrease much more. On
the other hand, small decreases in loading and phosphorus level could yield substantial
improvement in water clarity. Even without a major change in loading, there is appreciable room
for improved water clarity if the causative agents aside from high nutrient levels can be
controlled.

BIOLOGICAL CHARACTERISTICS

Fecal Bacteria

Results of fecal coliform and fecal streptococcus monitoring are presented in Table 18 and 19.
Fecal coliform and fecal streptococcus are not harmful by themselves, but are indicators of
contamination from animal and/or human wastes. Values of fecal coliform and fecal
streptococcus recorded during dry weather were generally low (<100/100 mL) at all sites except
SP5b, where values were consistently high (>500/100 mL). A high fecal streptococcus value
was also recorded at SPla on 4/17/96. This value may have been a result of exceedingly high
inputs from SP5b and/or waterfowl using this area of the pond. Values recorded during wet
weather ranged from low to high. However, high concentrations were documented at all wet
weather sampling locations on at least one date, with the exception of SP8 and SP10. Values
were either low or moderate at SP8, and bacteria were not monitored at SP10 as this was a direct
precipitation sample. In conclusion, most striking were the values at SP5b, which often
exceeded 10,000/100 mL even during dry weather. Dairy farm inputs are strongly indicated, as
bacterial levels at SP5a were low.

The fecal coliform:fecal streptococcus ratio can often indicate whether bacterial pollution is of
human or non-human origin. Ratios >4 are mainly human wastes, whereas ratios <1 are mainly
non-human animal wastes. Ratios between 1 and 4 are inconclusive, and differential die-off can
skew ratio results except where bacterial concentrations are high and the sample is collected near
the source. Results were generally inconclusive at all sites, probably a result of differential
bacterial die-off. The range of encountered conditions is exemplified by Table 20. The ratios for
even station SP5b, with an obvious nearby source of non-human fecal bacteria, did not
consistently indicate non-human sources.
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Table 20. Fecal Coliform:Fecal Streptococcus Ratios for

Several Sampling Locations at Stafford Pond (1996).

Sampling Location Date Weather FC:FS ratio
SP5b 21-Feb Dry 0.9
SP5b 19-Mar Dry 1.8
SP35b 17-Apr Dry 0.2
SP5b 14-May Dry 43
SPsb 29-May Dry 12.1
SP5b 10-Jun Dry 9.2
SPsb 27-Jun Dry 1.0
SP5b 17-Jul Dry 2.1
SP5b 30-Sep Dry 0.3
SPsb 29-Oct Dry 0.1
SP5b 20-Mar Wet 26.3
SPsb 12-Sep Wet 1.0
SP5b 18-Sep Wet 1.2

SP6 24-Jul Wet 1.6
SP6 12-Sep Wet 1.4
SP9 24-Jul Wet 1.0
SP9 12-Sep Wet 1.0




Diagnostic Assessment

Phytoplankton

Floating algae, or phytoplankton, are the primary manifestation of overfertilization in Stafford
Pond. Samples are collected and analyzed by the Stone Bridge Fire District on a regular basis,
but for this study samples were collected from two stations (SP-1a and SP4) and analyzed by
Fugro East (ENSR) personnel. Estimates of phytoplankton density as cells/mL for Stafford Pond
are presented in Table 21a and Figure 12a. Estimates of phytoplankton biomass as ug/L for
Stafford Pond are presented in Table 21b and Figure 12b.

The phytoplankton of Stafford Pond are not especially rich (number of taxa); only 32 genera
were encountered in the entire sample collection, with an individual sample range of 4 to 15
genera. Diversity and evenness (distribution of cells among taxa) were highly variable, with a
range of 0.01 to 0.92, suggesting unstable conditions. Total cell counts ranged from 900 to
307260 cells/ml., with counts over 40,000 cells/mL throughout March and April and again in
August and September. Biomass estimates ranged from 384 to 40,110 ug/L, with two distinct
peaks as with the cell counts; the spring peak included mainly the diatom Asterionella and had
biomasses of 8807 to 10,455 ug/L., while the summer peak consisted mainly of the bluegreen
Aphanizomenon and had biomasses of 6659 to 40,110 ug/L.

There was generally close agreement between the surface station (SP1la) and the water intake
station (SP4) for taxonomic composition, relative abundance, cell counts and biomass, although
there was not complete agreement. Aside from the inherent variability in algal counts (£x10% is
about the minimum expected difference), buoyancy of bluegreens and sinking of diatoms during
periods of calm largely account for the observed differences.

The spring pulse of the diatom Asterionella is a typical occurrence at Stafford Pond and other
fertile southern New England lakes. High available nutrients (including silica as well as nitrogen
and phosphorus) upon ice out, coupled with increased light but continued cold temperatures,
promotes such diatom blooms. Also present during this time are other cold water tolerant forms
such as the diatom Fragilaria, the golden algae Mallomonas and Synura, and the green alga
Sphaerocystis.

There is a clear water period in late May and early June, also typical for eutrophic temperate zone
lakes. This period is produced by a combination of factors, including warming temperatures,
changing nutrient levels and ratios, and increased grazing by zooplankton. Asterionella persists,
but at greatly reduced levels. A few grazer-resistant greens such as Elakatothrix, Oocystis and
Pediastrum appear, as do the motile golden algae Chrysococcus and Dinobryon and several other
transient algal forms, but densities are generally low (<1000 ug/L} into mid-June.

In late June and early July, bluegreens typically begin to dominate eutrophic temperate zone
lakes. In Stafford Pond, blooms of Anabaena have been documented in the past and such a
bloom was in its early stages in late June of 1996 when the Stone Bridge Fire District applied
copper sulfate to the pond. The timing of this treatment was appropriate, as production appeared
to be in the exponential growth phase but actual biomass was not yet over 2000 ug/L. However,
limits on the dosage and frequency of such treatments does not always allow a complete kill, and
the release of nutrients from decaying bluegreens generally fosters subsequent blooms. A second
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Table 21a. Phytoplankton Density in Stafford Pond (1996).

PRYTOPLANKTON DENSITY (CELLS/ML)
Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
#a # #a # #a # #Ha #4 #a #
TAXON 32196 | 22496 | 3/9/96 | 3/79/96 | 4i17/96 ; 4117136 | 6114/96 | 5/14/86 | 5/29/96 | 5/29/96
BACILLARICPHYTA
Achnanthes [¥] "] 1] 0 0 1] 0 0 [¢] 0
Asterionelia 1512 2064 41200 46000 40856 46170 1980 1080 180 120
Fragilaria 294 192 500 700 i68 90 1] D] 180 0
Gomphionema 0 0 Q [1] [1] 0 0 0 0 a
Navicufa ] 48 Q 50 42 45 45 g 0 Q
Nitzschia 1] 6 0 50 Q Q 0 0 [3] 0
Tabelfaria 0 1] 0 0 1] 0 0 0 Q ]
CHLOQROPHYTA
Ankistrodesmus 1] [3] 0 [1] [¢] ) 1] 0 0 [¢]
Coelastrum al- Q 0 7] "] 0 1] 0 0 4]
Cosmarium [¢] Q 0 [¢] [3] Q 0 30 0 Q
Crucigenia [¢) 0 1 0 0 0 0 1] 0 0
Elakatothrix 84 0 i) Q 0 0 0 1) 0 0
Kirchneriella Q [1] 1] ] i [i] [{] 7] 0 0
Qocyslis 0 0 [¢] 1] "] \] 0 [+ D] 60
Paulschultzia 1] Q [{] 1] 1] 0 0 0 [1] 0
Pediastrum [1] Q 0 1] 0 [1] [1] 0 0 Q
Scenedesmus 1] [1] Q 1] 0 0 1260 1920 90 240
Schroederia 1] [ Q 0 0 1] 0 Q ] 1]
Sphaerccysiis 336 576 2400 2800 3024 3240 1800 3120 [1] 0
Staurasirum 1] 0 50 0 0 0 0 0 1) 1]
Troubaria 0 Q a 0 Q 0 0 0 o 1]
CHRYSOPHYTA
Chrysococcus 0 96 50 0 Q [{] 180 120 225 360
Chrysosphaerella [+] 96 0 [+] Q 1] Q 0 Q 4]
Dinobryon 0 0 [1] [1] ] [1] 45 a 270 60
Mallomonas 462 1248 i00 300 0 0 1] Q Q 0
Synura 168 96 7] 0 0 0 0 Q Q 0
CRYPTOPHYTA
Cryplomonas [1] [1] 50 50 0 45 45 60 90 80
CYANOPHYTA
Anabaena Q Q [1] 0 0 0 0 1] [1] 1]
Aphanizomenon a 0 0 0 Q 0 1] 0 0 0
EUGLENOPHYTA
Trachelomonas 0 1] 50 50 [1] 1] Q 0 23 0
PYRRHOPHYTA
Ceratium 0 0 0 1] 0 [{] Y 0 0 0
Pevidinium 0 [} 0 100 1] 0 [1] 0 [{] 0
RHODQPHYTA
SUMMARY STATISTICS
DENSITY (/ML)
BACILLARIOPHYTA 1805 2400 41700 46800 40866 46305 2025 1080 360 20
CHLOROPHYTA 420 576 2450 2800 3024 3240 3060 5070 180 300
CHRYSOPHYTA 630 1536 150 300 0 Q 225 120 435 420
CRYPTOPHYTA 0 1] 50 50 0 45 45 60 90 60
CYANCPHYTA [1] [i] 1] 1] 0 [{] [1] 0 ") 0
EUGLENOPHYTA 0 ] 50 50 1] 2 i 1] 3 Q
PYRRHOPHYTA 0 o Q 100 0 2 [+ 0 Q 1]
RHODOPHYTA 0 0 1] 0 0 0 [1] 0 4] [1]
TOTAL PHYTOPLANKTON 2856 4512 44400 50100 43590 49590 5355 6330 1148 900
TAXONOMIC RICHNESS
BACILLARIOPHYTA 2 4 2 4 3 3 2 1 2 1
CHLOROPHYTA 2 1 2 1 1 1 2 3 2 2
CHRYSOPHYTA 2 4 2 4 [4] 0 2 1 2 2
CRYPTOPHYTA 0 0 1 1 0 1 1 1 1 1
CYANOPHYTA o} 0 Q ] 0 1 0 0 0 [{]
EUGLENOPHYTA 0 [} 1 1 [1] o 0 1] 1 0
PYRRHOPHYTA 0 1] 0 1 [1] 1] [1] i 0 0
RHODCPHYTA 0 [¢] 0 0 [1] 0 [1] Q Q [1]
TOTAL PHYTQPLANKTON [] E] 8 9 4 [ 7 6 a [
5-W DIVERSITY INDEX Q.60 0.65 0.14 0.16 0.12 0.12 0.57 0.50 0.83 0.66
|[EVENNESS INDEX 0.77 0.68 0.15 0.17 0.20 0.17 0.67 0.65 0.92 0.85




Table 21a. Continued.

PHYTCPLANKTON DENSITY {CELLS/ML)

Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
#a # #a #4 #la #4 #a #4 #a #4
TAXON §/10/36 | 6/10/96 | 6727796 | 6/27/36 | 7116/96 | 7116196 | 7/30/96 | 7i30/96 | 8/BI96 /8196
BACILLARIQPHYTA
Achnanihes 0 [i] [4] 0 [¢] 0 0 0 [¢] 0
Aslerionella 2688 180 72 50 0 45 0 0 [4] 0
Fragilaria 0 Q a 25 45 1] 2700 2970 0 600
Gomphonema [1] ] 0 0 [] 1] a 1] [1] [£]
Navicula 1] 1] 0 Q [1] [1] [i] 0 0 1]
Nitzschia 0 0 24 25 45 45 7] 1] 48 50
Tabellaria Q 0 o] Q 0 0 4] [¢] 0 [¢]
CHLOROPHYTA
Ankistrodesmus 1] 0 [¢] [¢] 1] 0 0 33 0 Q
Coelaslrum 0 1) 0 100 540 1080 10080 7920 11520 8000
Cosmarium 0 [¢] Q 0 [¢] [1] "] 0 0 Q
Crucigenia 0 0 0 Q 0 0 180 132 [1] 0
Eflakalolhrix 38 36 0 ] 0 1 0 0 a [i]
Kirchneriella Q 0 [1] 0 ] [1] 0 0 86 100
Oocystis 1) 1] 48 0 [] 0 180 132 88 50
Paufschulizia Y] [i] 96 200 360 90 0 0 95 100
Pediastrum 0 0 43 0 0 1] 90 132 95 0
Scenedesmus 144 144 E[ 100 2160 1600 1080 523 0 100
Schroederia 36 36 0 25 45 45 1] 0 48 0
Sphaerocysiis Q 0 192 150 90 360 T20 792 1] 0
Staurasirum [1] [1] ¢] [¢] 45 0 [¢] Q 0 0
Treubaria 0 i) 0 [¢] [1] 0 0 0 48 0
CHRYSOPHYTA
Chrysococous 2443 3024 288 200 4] 1] Q [] [1] Q
Chrysosphaerella \) 0 0 [1] 0 0 1] [+] "] 1]
Dinobryon 1] "] 24 25 [1] "] 0 0 1] 1]
Mailomonas 0 0 [1] Q o] 0 0 0 0 0
Synura Q 0 Q Q 0 Q 0 0 0 Q
CRYPTQPHYTA
Cryplomonas 36 36 24 25 225 435 45 33 ] [
CYANOPHYTA
Anabaena 1] (] 6000 5250 [1] 0 0 0 33600 1000
Aphanizomenon g 0 1] 0 ] 0 1350 990 19200 1000
EUGLENOPHYTA
Trachelomonas 36 72 48 50 0 90 0 33 g6 50
PYRRHOPHYTA
Ceratium 0 7 12 13 [1] 0 5 7 24 150
Peridinium Q 0 [1] Q 1] 1] 1] i 0 [
RHODOPHYTA
SUMMARY STATISTICS
DENSITY (#ML}
BACILLARIOPHYTA 288 180 56 100 90 90 2700 2970 48 650
CHLOROPHYTA 216 218 480 &§75 3240 35 12330 96689 12000 8350
CHRYSOPHYTA 2448 3024 2 225 0 [i] 0 0 [{] 1]
CRYPTOPHYTA 35 36 24 25 235 45 45 k] [¢] [1]
CYANOPHYTA Q Q 6000 5250 [\] 1] 1350 990 52800 2000
EUGLENOPHYTA 35 72 45 50 7] 90 [1] 33 95 50
PYRRHOPHYTA 1] 7 12 13 0 0 5 7 24 150
RHODOPHYTA 0 1} [¢] [1] 0 [1] 1] 0 [} Q
TOTAL PHYTOPLANKTON 3024 3535 6972 6238 3555 3600 16430 13702 64968 11200
TAXONOMIC RICHNESS
BACILLARIOPHYTA 1 1 2 3 2 2 }] 1 1 2
CHLOROPHYTA 3 3 5 ] [ 5 3 7 7 5
CHRYSOPHYTA 1 1 2 2 0 0 0 0 Q 0
CRYPTOPHYTA 1 i i 1 1 1 1 1 1] [i]
CYANOPHYTA [§] o 1 i 5] 0 1 i 2 P
EUGLENOPHYTA 1 1 1 1 [4] 1 Q 1 1 1
PYRRHOPHYTA Q 1 1 1 0 0 1 1 1 1
RHODOPHYTA 0 0 [1] [i] 0 1] 0 1] 0 0
TOTAL PHYTOPLANKTON 7 ] 13 14 g g 10 12 12 11
S-W DIVERSITY INDEX 0.33 0.28 0.30 0.34 .57 0.58 0.55 0.57 Q.47 0.47
[EVENNESS INDEX .29 0.31 0.27 0.30 .60 0.51 0.55 0.53 0.43 0.45



Table 21a. Continued.

PHYTOPLANKTON DENSITY (CELLSIML)
Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
fla #4 #a # #Hla #4 #a #
TAXCN 8122/96 | B122/96 914196 974196 9/30/96 | 9/30/96 | 10/29/96 | 10/28/96
BACILLARIOPHYTA
Achnanthes 1] 0 0 12 0 0 0 [¢)
Asterionelia 0 0 14 0 0 60 50 8¢
Fragilaria 0 288 0 24 0 120 1 Y]
Gemphonema 0 0 9 0 0 0 0 ao
Navicuia 18 24 14 48 0 0 50 80
Nitzschia 36 144 0 24 0 0 Q [¢]
Tabellaria [i] Q 14 12 4] 0 50 &0
CHLOROPHYTA
Ankistrodesmus Q 48 14 12 0 60 50 &0
Coelastrum 288 384 58 288 400 480 400 240
Cosmarium 38 43 14 ] 0 [1] 0 0
Crucigenia 0 0 0 [¥] 0 0 [¢] 0
Efakatothrix Q 0 Q [¢] 0 Q 0 0
Kirchneriglla 0 0 4] Q 0 O 0 Q
Cocystis 0 0 0 0 ¢ 240 200 240
Paulschuitzia 288 96 28 36 Q 1] 0 Q
Pedjastrum 0 Q 0 [ ¢ [4] Q
Scenedesmus 144 768 280 336 600 240 200 240
Schroederia 36 48 [1] 1] 0 [¢] ] [3]
Sphasrocyslis 0 0 56 96 [4] Q i} 120
Staurastrum 36 48 0 12 25 0 0 Q
Treubaria Q 0 Q 1] 0 0 0 Q
CHRYSOPHYTA
Chrysococceus [ 0 0 0 0 0 0 1]
Chrysosphaerella [¢] 1] 0 0 1] 1] 0 i}
Dinobryon 4] [1] Q 0 1] 0 "] Q
Matlomonas [¢] 48 14 0 0 0 1] o]
Synura [1] 0 1] 0 1] 1] [5] [1]
CRYPTOPHYTA
Crypiornonas 0 0 [ 24 0 0 5500 4740
CYANOPHYTA
Anabaena 0 Q 0 1] 0 0 1] 0
Aphanizemenon 114600 148800| 168000 69600 47500] 306000 Q 0
EUGLEMOPHYTA
Trachelomonas 0 86 42 36 150 60 0 60
PYRRHOPHYTA
Ceralium 4 0 0 Q 10 0 0 0
Peridinium [1] 0 1] 12 0 0 0 0
RHODOPHYTA
SUMMARY STATISTICS
DENSITY (#ML)
BACILLARIOPHYTA 54 456 42 120 2 180 150 270
CHLOROPHYTA 828 1440 448 180 1025 1020 a50 900
CHRYSOPHYTA 9 48 14 [1] 0 [i] 0 1]
CRYPTOPHYTA 0 0 [1] 24 a Q 5500 A740
CYANOPHYTA 111600| 148800| 168000 69600 47500 306000 [ 0
EUGLENOPHYTA o 26 42 36 150 60 0 ]
PYRRHOPHYTA 4 [ (] 12 10 [{] Q Q
RHCDOPHYTA 0 ¢ 0 0 Q 0 0 Q
TOTAL PHYTOPLANKTON 112486 150840] 168546 70572 48685| 307260 6500 5970
TAXONOMIC RICHNESS
BACILLARIOPHYTA 2 3 3 ] [4] 2 3 5
CHLOROPHYTA [ 7 [ [ 3 4 [] 5
CHRYSOPHYTA Q 1 1 0 Q [1] [i] 0
CRYPTOPHYTA 0 0 0 1 i} 0 i 1
CYANOPHYTA 1 1 1 1 t 1 a Q
EUGLENOPHYTA 0 1 1 1 i 1 Q 1
PYRRHOPHYTA 1 Q [\ 1 1 ] [} 0
RHODOPHYTA a 0 [¢] 0 1] Q [f) Q
TOTAL PHYTOPLANKTON 10 13 12 15 8 8 L] 12
S-W DIVERSITY INDEX .03 0.04 0.01 0.04 0.06 0.0 0.29 041
EVENNESS INDEX 0.03 004 0.04 0.04 0.08 0.02 0.33 .38




PHYTOPLANKTON CELLS/ML IN STAFFORD POND

(First bar in each pair is SP-1a, second bar is SP-4)
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Figure 12a. Phytoplankton Density in Stafford Pond (1996).



Table 21b. Phytopiankton Biomass in Stafford Pond (1996).

PHYTOPLANKTON BIOMASS (UG/L)
Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
#1a #4 #a #4 #a #4 #1a #4 #a #4
TAXON 2/21/86 | 2/24/96 | 3M8/96 | 3/19/96 | 4M7/96 | 4M7/96 | 5/14/96 | 5/14/96 | 5/29/96 | 6/29/96
BACILLARIOPHYTA
Achnanthes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
Asterionella 302.4 412.8 8240.0 9200.0f 8131.2 9234.0 396.0 216.0 36.0 24.0
Fragilaria 88.2 57.6 150.0 210.0 50.4 27.0 0.0 0.0 54.0 0.0
Gomphonema 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicula 0.0 24.0 0.0 25.0 21.0 225 225 0.0 0.0 0.0
Nitzschia 0.0 75.8 0.0 40.0 0.0 0.0 0.0 0.0 0.0 0.0
Tabellaria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CHLOROPHYTA
Ankistrodesmus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Coelastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cosmarium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24,0 Q.0 0.0
Crucigenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elakatothrix 8.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kirchneriella 0.0 0.0 0.0 0,0 0.0 0.0 Q.0 0.0 0.0 0.0
Oocystis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36.0 24.0
Paulschultzia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Scenedesmus 0.0 0.0 0.0 0.0 0.0 0.0 126.0 192.0 9.0 24.0
Schroadenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sphaerocystis 67.2 115.2 480.0 560.0 604.8 648.0 360.0 524.0 0.0 0.0
Staurastrum 0.0 0.0 40.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Treubaria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CHRYSOPHYTA
Chrysococcus 0.0 9.6 5.0 0.0 0.0 0.0 18.0 12.0 225 36.0
Chrysosphaerella 0.0 38.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dinobryon 0.0 0.0 0.0 0.0 0.4 0.0 135.0 0.0 810.0 180.0
Mallomenas 231.0 6524.0 50.0 150.0 0.0 0.0 0.0 0.0 0.0 0.0
Synura 134.4 76.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRYPTOPHYTA :
Cryptomonas 0.0 0.0 10.0 10.0 0.0 9.0 9.0 12.0 81.0 95.0
CYANCPHYTA
Anabaena 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aphenizomenon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EUGLENOPHYTA
Trachelomonas 0.0 0.0 50.0 50.0 0.0 0.0 0.0 0.0 22.5 0.0
PYRRHOPHYTA
Ceratium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Peridinium 0.0 0.0 0.0 210.0 0.0 0.0 0.0 0.0 0.0 0.0
RHODOPHYTA
- |SUMMARY STATISTICS
BIOMASS (UGIL)
BACILLARIOPHYTA 390.6 571.2 8390.0 9475.0 8202.8 9283.5 418.5 216.0 90.0 24.0
CHLOROPHYTA 756 116.2 520.0 560.0 604.3 648.0 486.0 840.0 45.0 48.0
CHRYSOPHYTA 365.4 748.8 55.0 150.0 0.0 0.0 153.0 12.0 832.5 216.0
CRYPTOPHYTA 0.0 0.0 10.0 10.0 0.0 9.0 9.0 12.0 81.0 96.0
CYANOPHYTA 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EUGLENCPHYTA 0.0 0.0 50.0 50.0 0.0 0.0 0.0 0.0 225 0.0
PYRRHOPHYTA 0.0 0.0 0.0 2100 0.0 0.0 0.0 0.0 0.0 8.0
RHODOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PHYTOPLANKTON 831.6 1435.2 9025.0| 10455.0( 8807.4[ 99405 1066.5 1080.0 1071.0 384.0




Table 21b. Continued.

PHYTOPLANKTON BICMASS (UGIL)

Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
#a #4 #1a #4 #a #4 #a #4 #1a #4
TAXCON 6/10/96 | B/10/S6 | B/27/96 | 6/27/36 | 7/16/96 | T/16/96 | 7/30/86 [ 7/30/96 B/8/98 8/8/96
BACILLARIOPHYTA
Achnanthes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Asterionella 57.6 35.0 14.4 10.0 0.0 8.0 0.0 0.0 0.0 0.0
Fragilaria 0.0 0.0 0.0 7.5 13.5 0.0 810.0 891.0 0.0 180.0
Gomphonema 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Navicula 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzschia 0,0 0.0 19.2 20.0 36.0 36.0 0.0 0.0 38.4 40.0
Tabellaria 0.0 0.0 0.6 0.0 0.0 0.0 Q.0 0.0 0.0 0.0
CHLOROPHYTA
Ankistrodesmus 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 3.3 0.0 0,0
Cosglastrum 0.0 0.0 0.0 20.0 108.0 216.0 2016.0 1584.0 2304.0 1600.0
Cosmanum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crueigenia 0.0 0.0 0.0 0.0 0.0 0.0 18.0 13.2 0.0 0.0
Elakatothrix 3.6 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kirchneriella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.6 10.0
Qocystis 0.0 0.0 19.2 0.0 0.0 0.0 72.0 52.8 38.4 20.0
Paulschulizia 0.0 0.0 384 80.0 144.0 36.0 0.0 0.0 38.4 40.0
Padiastrum 0.0 0.0 9.6 0.0 0.0 0.0 18.0 26.4 19.2 0.0
Scenedesmus 14.4 14.4 9.6 10.0 216.0 180.0 108.0 52.8 0.0 10.0}
Schroederia 90.0 90.0 0.0 62.5 1125 112.5 0.0 Q.0 120.0 0.0
Sphaerocystis 0.0 0.0 38.4 30.0 18.0 72.0 144,0 158.4 0.0 0.0
Staurastrum 0.0 0.0 0.0 0.0 36.0 0.0 0.0 0.0 0.0 0.0
Treubaria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.6 0.0
CHRYSOPHYTA
Chrysococcus 2448 302.4 28.8 20.0 0.0 0.0 0.0 0.0 0.0 0.0
Chrysosphaerella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dinobryon 0.0 0.0 72.0 75.0 0.0 0.0 0.0 0.0 0.0 0.0
Mallomonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Synura 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRYPTOPHYTA
Crypfomonas 7.2 7.2 4.8 5.0 45,0 9.0 9.0 6.6 0.0 0.0
CYANOQPHYTA
Anabaena 0.0 0.0 1200.0 1050.0 0.0 0.0 0.0 0.0 6720.0 200.0
Aphanizomenorn 0.0 0.0 0.0 0,0 0.0 0.0 175.5 128.7 2496,0 130.0
EUGLENOPHYTA
Trachelomonas 36.0 720 151.2 50.0 0.0 §0.0 0.0 33.0 96.0 50.0
PYRRHOPHYTA
Ceratium 0.0 125.3 208.8 217.5 0.0 0.0 78.3 114.8 417.6 2610.0
Peridinium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RHODOPHYTA
SUMMARY STATISTICS
BIOMASS (UG/L)
BACILLARIOPHYTA 57.6 36.0 3386 37.5 49.5 45.0 §10.0 891.0 38.4 220.0
CHLOROPHYTA 108.0 108.0 115.2 202.5 634.5 616.5 2376.0 1880.9 2539.2 1680.0
CHRYSOPHYTA 244.8 302.4 100.8 95.0 0.0 0.0 0.0 0.01 0.0§ 0.0
CRYPTCPHYTA 7.2 7.2 4.8 5.0 45.0! 9.0 9.0 5.6i 0.0l 0.0
CYANOPHYTA 0.0 0.0 1200.0 1050.0 0.0 0.0 175.5 128.7 9216.0 330.0
EUGLENOPHYTA 36.0 72.0 151.2 50.0 0.0 90.0 0.0 33.0 96.0 50.0
PYRRHOPHYTA 0.0 125.3 208.8 217.5 0.0 0.0 78.3 114.8 417.6 2610.0
RHODOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PHYTOPLANKTON 453.6 650.9 1814.4 1657.5 729.0 760.5 3448.8 3065.01 12307.2 4890.0




Table 21b. Continued.

PHYTOPLANKTON BIOMASS (UGIL)
Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford | Stafford
#1a #4 #1a #4 #a #4 #1a #4
TAXON 8/22/96 | B/22/96 9/4/96 9/4/96 8/30/86 | 9/30/96 | 10/29/96 | 10/29/96
BACILLARIOPHYTA
Achnanthes 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0
Asterionella 0.0 0.0 2.8 0.0 0.0 12.0 100 12.0
Fragilaria 0.0 86.4 0.0 7.2 0.0 36.0 0.0 18.0
Gomphonema 0.0 0.0 0.0 0.0 0.0 0.0 0.0 30.0
Navicula 8.0 12.0 7.0 24.0 0.0 0.0 25.0 30.0
Nitzschia 28.8 115.2 0.0 19.2 0.0 0.0 0.0 0.0
Tabellaria 0.0 0.0 11.2 9.6 0.0 0.0 40.0 48.0
CHLOROPHYTA
Ankistrodesmus 0.0 4.8 1.4 1.2 0.0 6.0 5.0 6.0
Coelastrum 57.6 76.8 11.2 57.6 80.0 96.0 80.0 48.0
Cosmarum 28.8 38.4 11.2 0.0 0.0 0.0 0.0 0.0
Crucigenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elakatothrix 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kirchneriella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oacystis 0.0 0.0 0.0 0.0 0.0 96.0 80.0 95.0
Pauischulizia 115.2 38.4 11.2 14.4 0.0 0.0 0.0 0.0
Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Seenedosmus 14.4 76.8 28.0 33.8 60.0 24.0 20.0 24.0
Schroederia 90.0 120.0 0,0 0.0 Q.0 0.0 0.0 0.0
Sphaerocystis 0.0 0.0 11.2 19.2 0.0 0.0 0.0 24.0
Staurastrum 28.8 38.4 0.0 9.6 20,0 0.0 0.0 0.0
Treubaria 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0
CHRYSOPHYTA
Chrysococeus 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0
Chrysosphaerella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dinobryon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mallomonas 0.0 24.0 7.0 0.0 0.0 0.0 0.0 0.0
Synura 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRYPTOPHYTA
Cryptomonas 0.0 0.0 0.0 4.8 0.0 0.0 1310.0 1116.0
CYANOPHYTA
Anabaena 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aphanizomenon 14508.0| 19344.01 21840.0 9048.0 6175.0| 39780.0 0.0 0.0
EUGLENOPHYTA
Trachelomonas 0.0 96.0 42.0 36.0 150.0 60.0 0.0 80.0
PYRRHOPHYTA
Ceratium 62.6 0.0 0.0 0.0 174.0 0.0 0.0 0.0
Peridinium 0.0 0.0 0.0 25.2 0.0 0.0 0.0 0.0
RHODOPHYTA
SUMMARY STATISTICS
BIOMASS (UG/L})
BACILLARIOPHYTA 37.8 213.6 21.0 61.2 0.0 48.0 75.0 138.0
CHLORQPHYTA 334.8 393.8 74.2 135.5 160.0 222.0 185.0 198.0
CHRYSOPHYTA 0.0 24.0 7.0 0.0 0.0 0.0 0.0 0.0
CRYPTOPHYTA 0.0 0.0 0.0 4.8 0.0 0.0 1310.0 1116.0
CYANOPHYTA 14508.0] 19344,0] 218400 9048.0 6175.0| 39780.0 0.0 0.0
EUGLENOPHYTA 0.0 96.0 42,0 36.0 150.0 60.0 0.0 80.0
PYRRHOPHYTA 62.6 0.0 0.0 25.2 174.0 0.0 0.0 0.0
RHODOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL PHYTOPLANKTON 14943.2{ 20071.2] 21984.2 9310.8 6659.0] 40110.0 1570.0 1512.0




PHYTOPLANKTON UGIL IN STAFFORD POND
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Figure 12b. Phytoplankton Biomass in Stafford Pond (1996).



Diagnostic Assessment

treatment was conducted two weeks later, and it appears that these two treatments limited algal
biomass through mid-July. While copper treatments are a relatively crude means of control with
a number of possibie and undesirable side effects, it is virtually certain that greater algal biomass
would have been experienced earlier in the season without such treatment.

Green algae become dominant during the period of copper treatment, including mainly members
of the order Chlorococcales (Coelastrum, Qocystis, Paulschultzia, Pediastrum, Scenedesmus,
Schroederia and Sphaerocystis), which prefer high N:P ratios, are minimally affected by copper,
and are generally resistant to grazing (they have gelatinous sheaths that allow safe passage
through zooplankton digestive tracts). Green algal biomass peaked in late July at slightly over
3000 ug/L, enough to be noticeable but not enough to represent a major threat to water treatrent
or recreation.

In late July the bluegreen Aphanizomenon was first noticed. This genus is a major problem
species in many lakes. It consists of small (<10 um) barrel shaped cells in a short filamentous
form (usually 20-100 cells). In some cases the filaments bind together to form flakes which
appear as chopped grass clippings, but in Stafford Pond and many other lakes with limited
grazing capacity at the time, the filaments remain solitary.

Aphanizomenon can form heterocysts which fix dissolved nitrogen into forms usable in building
proteins and other necessary compounds, much as is done by the root nodules of legumes. This
strategy allows growth in nitrogen limited habitats. However, few heterocysts were observed in
Stafford Pond Aphanizomenon, suggesting liftle nitrogen limitation. Aphanizomenon also
produces akinetes, or resting cells, which sink to the bottom and re-start the population upon
appropriate stimulation at a later time.

Strains of Aphanizomenon can also produce nerve toxins which are not removed by filtration. It
is not known if the Stafford Pond Aphanizomenon is a toxic strain, but the treatment process
employed by the Stone Bridge Fire District is among the best for removing any such toxin.

Three other features of Aphanizomenon are noteworthy. It is less temperature sensitive than
most bluegreens, rarely beginning a bloom in cold temperatures but often persisting and thriving
through the winter under the ice. Additionally, it is buoyant by virtue of gas vesicle in each cell,
and will form surface scums in the absence of significant wind mixing. Finally, and very
importantly in this case, it is more resistant to copper than most bluegreens. The treatments
which controlled Anabaena may therefore have hastened the arrival of Aphanizomenon.

The late summer Aphanizomenon bloom has been a problem in Stafford Pond for at least 6 years,
and appears to be intensifying. The logical progression would be for the bloom to persist longer
each year, extending into fall or even winter, although the variability induced by weather pattern
may obscure any trend for many years. In 1996 the bloom became unstable in September, with
concentrations becoming patchy, and was gone by the end of October. The cryptophyte
Cryptomonas was the most common post-bloom genus; this genus thrives in waters of high
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Diagnostic Assessment

organic carbon content, as would be expected upon die off of an algal bloom. Biomass was
much reduced at this time, however, transitioning rapidly from values in excess of 6000 ug/L to
levels around 1500 ug/L. The Stone Bridge Fire District has reported no serious algal problems
into March of 1997.

Zooplankton

Zooplankton are useful in the assessment of algal dynamics and fish community structure, and
were assessed on three dates in 1996. Estimates of zooplankton density and biomass for Stafford
Pond are presented in Table 22. The zooplankton assemblage was not very rich, but exhibited
moderate to high diversity and evenness. protozoans were virtually absent in our samples, and
rotifers were rare, both unusual occurrences in this region. Only two copepod genera were
detected, neither at great abundance. Represented Cladocera included Bosmina, Ceriodaphnia,
and three species of Daphnia, as well as the predatory Leptodora. Numerical abundance was
generally low, although the mid-summer increase in Daphnia galeata produced moderate
biomass in that one sample. Such a mid-summer abundance is also unusual, since predation by
young fish on this favored food is normally most intense at this time. More frequent sampling
would be necessary to better assess community dynamics.

The presence of large bodied Daphnia (a crustacean form known as a cladoceran) at densities of
more than about 10/L and biomasses in excess of about 100 ug/L can produce substantial grazing
pressure on algae and aid control of algal biomass. These conditions were approached in the late
July sample, but were not achieved in either the May or August samples. It is probable that
zooplankton biomasses rose sharply after the May sampling, and that grazing was partly
responsible for the clear water period in June, Persistence of Daphnia into late July suggests that
the grazing pressure from young fish was not substantial until at least that time. Collapse of the
Daphnia population by late August may have been a combined effect of predation and poor
quality food resources (mainly Aphanizomenon). Daphnia appear to have survived the copper
treatments, suggesting that the dose was not excessive, and by late July would have normally laid
resting eggs which ensure annual late spring population rejuvenation in this type of habitat.

The mean size of crustacean zooplankton provides and indication of fishery conditions (Mills et
al. 1987), with small mean length (<0.5 mm) indicating dominance of the fish community by
small planktivores and large mean length (>0.9 mm) suggesting dominance by older, larger fish.
This latter condition sounds great for fishing, but may indicate a lack of recruitment for
smaller/younger size classes and possible fishery instability. Mean length was approximately 0.5
mm in May and August, but 1.2 mm in July. Further investigation is warranted from a fishery
perspective.

Aquatic Vascular Plants

Maps of vascular plant community composition and density are presented in Figure 13a and 13b.
Results of the aquatic vascular plant surveys revealed that rooted plant growth was minimal in
Stafford Pond. Rooted plants grew only near the periphery of the pond and plant densities did
not exceed 25 percent cover or biovolume. Community structure and composition was basically
the same between the June and August surveys. Only seven taxa of aquatic vascular plants were
documented in the pond. These included Drapanocladus sp. (fish moss), Eleocharis sp.
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Table 22. Zooplankton Density and Biomass in Stafford Pond (1996).

| |
ZOOPLANKTON DENSITY (#IL)

I
ZOOPLANKTON BIOMASS (UG/L)

Stafford Stafford Stafford Stafford Stafford Stafford
TAXON 5114/96 7/30/36 8/22/96 5/14/96 7/30/96 8/22/96

PROTOZOA
Ciliophora 0.0 0.0 0.0 0.0 0.0 0.0
Mastigophora 0.0 0.0 0.0 0.0 0.0 0.0
Sarcodina 0.0 0.0 0.0 0.0 0.0 0.0
ROTIFERA
Keratella 0.1 0.0 0.0 0.0 0.0 0.0
Polyarthra 0.1 Q.0 0.0 0.0 0.0 0.0
COPEPODA
Copepoda-Cyclopoida
Mesocyclops 0.8 1.4 0.0 34 12.0 0.0
Copepoda-Calanoida
Diaptomus 0.0 1.2 0.0 4.4 0.0
Copepoda-Harpacticoida 0.0 0.0 0.0 0.0 0.0
Qther Copepoda-Adults 0.0 0.0 0.0 0.0 0.0
Other Copepoda-Copepodites 0.0 0.0 0.0 0.0 0.0
Other Copepoda-Nauplii 0.5 0.3 1.3 0.8 0.1
CLADOCERA
Bosmina 5.0 0.0 9.9 0.0 0.0
Ceriodaphnia 0.2 0.2 0.5 0.4 0.0
Daphnia ambigua 15 0.0 5.8 0.0 0.0
Daphnia galeata 0.0 9.0 0.0 103.3 0.0
Daphnia pulex 0.0 0.2 0.c 39 0.1
Leptodora 0.0 0.1 0.0 6.6 a.0
OTHER ZOCPLANKTON
Bryozoa 0.0 0.0 0.0 0.0 0.0
Chaoboridae 0.0 0.0 - 0.0 0.0 0.0
Chironomidae 0.0 0.0 0.0 0.0 0.0
Coelentarata 0.0 0.0 0.0 0.0 0.0
Culicidae 0.0 0.0 0.0 0.0 0.0
Eubranchiopoda 0.0 0.0 0.0 0.0 0.0
Gastrotrichia 0.0 0.0 0.0 0.0 0.0
Hydracarina 0.0 0.0 0.0 0.0 0.0
Mysidacea G.0 0.0 0.0 0.0 0.0
Nematoda 0.0 0.0 0.0 0.0 0.0
Ostracoda 0.0 0.0 0.0 0.0 0.0
SUMMARY STATISTICS
DENSITY

PROTOZOA .0 0.0 0.0 0.0 0.0

ROTIFERA 0.1 0.0 0.0 0.0 0.0

COPEPODA 1.3 3.0 4.7 17.2 0.1

CLADOCERA 6.7 9.5 16.3 114.3 0.1

OTHER ZOOPLANKTON 0.0 0.0 0.0 0.0 0.0

TOTAL ZOOPLANKTON 8.1 12.5 21.0 131.6 02
TAXONOMIC RICHNESS

PROTOZOA a 0

ROTIFERA 2 0

COPEPCDA 2 3

CLADOCERA 3 4

OTHER ZOOPLANKTON 0 0

TOTAL ZOOPLANKTON 7 7
S-W DIVERSITY INDEX 0.51 0.42 .80
EVENNESS INDEX 0.61 0.50 0.95
MEAN LENGTH (MM): ALL FORMS 0.49 1.20
MEAN LENGTH (MM): CRUSTACEA 0.50 1.20




Legend:
Ca = Callitriche sp.
Or = Orepanaciadus
Dv = Decodon verticillotus
El = Lieccharis sp.
Er = Eriocouion sp.
Gn = Gratiola neglecto
Nj = Najos sp.
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Diagnostic Assessment

(spikerush), Gratiola neglecta (hedge hyssop), Callitriche sp. (starwort), Decodon verticillatus
(swamp loosestrife), Najas sp.(waterweed), and Eriocaulon sp. (pipewort) All seven taxa are
native to New England and only one (Najas sp.) is sometimes considered a nuisance.

Light and substrate factors combine to severely limit rooted plant growth in Stafford Pond. Low
light from algal bloom induced turbidity reduces the maximum depth at which rooted plants can
grow, but even if the water was quite clear there would be limited growth on the rather rocky
pond bottom.

Fish

The fish community of Stafford Pond is typical of many warm water New England lakes.
Expected species composition is as follows: bluegill (Lepomis macrochirus), pumpkinseed
(Lepomis gibbosus), smallmouth bass (Micropterus dolomieui), largemouth bass (Micropterus
salmoides), yellow perch (Perca flavescens), white perch (Morone americana), brown bullhead
(Ameiurus nebulosus), and stocked trout (Salmonidae). Species composition was derived from
Guthrie and Stolgitis (1990) and an unpublished electrofishing survey conducted in June of 1994
by the Rhode Island Department of Environmental Management, Division of Fish and Wildlife.

Seining and gill-netting were conducted during October of 1996 to supplement historic fishery
data. Sampling locations are presented in Figure 5. Results are presented in Table 23a through
23e. Only four species of fish were collected during this investigation. Yellow perch and white
perch dominated the total catch, with 112 and 49 individuals, respectively. Two rainbow trout
(Oncorhynchus mykiss) and 20 young-of-year bluegills were also collected in a single seine haul.
Yellow perch ranged in size from 175-248 mm. White perch ranged in size from 278-342 mm.
Younger age classes of yellow and white perch were not represented in the total catch. This is
either a result of sampling bias (gear selectivity) or inadequate reproduction/recruitment, either of
which is possible in this case.

Tumors, fungus, and other external anomalies were not present on any of the collected fish.
Review of life history data from Carlander (1950) and Mullan (1973) indicated that
length/weight relationships for yellow perch were about average and length/weight relationships
for white perch were slightly above average for north central and northeastern regions of the
United States. Length/weight relationships provide a general indication of well being, and in the
case of Stafford Pond these relationships indicate that individual fish were in relatively good
health.

Waterfowl

Approximate numbers of waterfowl recorded during sampling visits to Stafford Pond are
presented in Table 24. The greatest numbers of waterfowl were documented during spring and
late summer/early fall. All observations were recorded during daylight hours. The majority of
waterfow! sitings involved gulls (Larinae), Canada geese (Branta canadensis), mallards (Anas
platyrhynchos), black ducks (4dnas rubripes), and ruddy ducks (Oxyura Jjamaicensis). Numbers
of waterfowl were not insignificant, especially when the birds congregated near the water
treatment facility intake, but most birds were sighted near Pelletier point at the outlet end of the
lake, and overall density was not large on a regular basis.
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Table 23b. Fish Collected in Gill-Net Set #1.

Length Weight
Common Name Scientific Name {millimeters) (grams)
white perch Morone americana 293 451
white perch Morone americana 285 379
white perch Morone americana 280 365
white perch Morone americana 295 427
white perch Morone americana 290 403
white perch Morone americana 295 443
white percit Morone americana 300 469
yellow perch Perca flavescens 200 95
yellow perch Perca flavescens 175 61
yellow perch Perca flavescens 205 91
yellow perch Perca flavescens 220 131
yeltow perch Perca flavescens 194 90
yellow perch Perca flavescens 203 121
yellow perch Perca flavescens 205 107
yellow perch Perca flavescens 194 92
yellow perch Perca flavescens 193 87
yellow perch Perca flavescens 180 78
yellow perch Perca flavescens 191 84
yellow perch Perca flavescens 190 87
yellow perch Perca flavescens 198 90
yellow perch Perca flavescens 175 68
yellow perch Perca flavescens 204 105

A total of 64 yellow perch were caught in the gill-net. Lengths/weights
for a sub-sample of 15 fish are provided in the above table.



Table 23¢. Fish Collected in Gill-Net Set #3.

Length Weight
Common Name Scientific Name (millimeters) (grams)

white perch Morone americana 342 743
white perch Morone americana 308 497
white perch Morone americana 284 399
white perch Morone americana 300 430
white perch Morone americana 300 468
white perch Morone americana 278 372
white perch Morone americana 290 439
white perch Morone americana 290 408
white perch Morone americana 281 383
white perch Morone americana 335 728
white perch Morone americana 285 395
white perch Morone americana 31t 574
white perch Morone americana 300 488
white perch Morone americana 295 443
white perch Morone americana 288 415
yellow perch Perca flavescens 187 24

yellow perch Perca flavescans 220 110
yellow perch Perca flavescens 248 199
yellow perch Perca flavescans 195 96

yellow perch Perca flavescens 195 83

yellow perch Perca flavescens 228 151
yellow perch Perca flavescens 193 86

yellow perch Perca flavescens 224 140
yellow perch Perca flavescens 210 105
yellow perch Perca flavescens 215 121
yellow perch Perca flavescens 233 164
yellow perch Perca flavescens 187 76

yellow perch Perca flavescens 206 96

yellow perch Perca flavescens 222 123
yellow perch Perca flavescens 214 97

A total of 42 white perch and 35 yellow perch were caught in the gill-net.

Lengths/weights for a sub-sample of 15 fish are provided in the above table.



Table 23d. Fish Coilected in Gill-Net Set #3.

Length Weight

Common Name Scientific Name (millimeters) {grams)
yellow perch Perca flavescens 193 72
yellow perch Perca flavescens 201 81
yellow perch Perca fluvescens 196 84
yellow perch Perca flavescens 179 68
yellow perch Perca flavescens 212 101
yellow perch Perca flavescens 208 97
yellow perch Perca flavescens 193 82
yellow perch Perca flavescens 202 97
yellow perch Perca flavescens 201 89
yellow perch Perca flavescens 215 115
yellow perch Perca flavescens 191 79
yellow perch Perca flavescens 205 98
yellow perch Perca flavescens 196 79

Table 23e. Fish Collected in Seine-Haul B.

Length Weight

Common Name Scientific Name {millimeters) {grams)
rainbow trout Oncorhynchus mykiss 342 449
rainbow trout Oncorhynchus mykiss 365 522
- bluegill Lepomis macrochirus 35 <l
bluegill Lepomis macrochirus 45 <1
bluegill Lepomis macrochirus 45 <1
bluegill Lepomis macrochirus 40 <}
biuegill Lepomis macrochirus 40 <1
bluegill Lepomis macrochirus 28 <1
bluegill Lepomis macrochirus 38 <l
bluegill Lepomis macrochirus 40 <]
bluegill Lepomis macrochirus 45 <l
bluegill Lepomis macrochirus 37 <1
bluegill Lepomis macrochirus 30 <1
bluegill Lepomis macrochirus 45 <l
bluegill Lepomis macrochirus 44 <1
bluegill Lepomis macrochirus 38 <]
bluegil! Lepomis macrochirus 35 <l

A total of 20 bluegill were caught in the seine-haul. Lengths/weights

for a sub-sample of 15 fish are provided in the above table.



Table 24. Approximate Numbers of Waterfowl Recorded
During Sampling Visits to Stafford Pond (1996).

Date # Birds
21-Feb 25
19-Mar 25
17-Apr 350
14-May 25
29-May 25
10-Jun 25
27-Jun 25
17-Jul 25
30-Jul 25
8-Aug 25
22-Aug 500
5-Sep 100
29-Oct 500

mean 129




Diagnostic Assessment

Aquatic Invertebrates -

A detailed survey of the invertebrate community of Stafford Pond was not conducted as part of
this investigation. However, it is expected that Stafford Pond would harbor a warm water
macroinvertebrate assemblage typical of many New England lakes. Based upon the
morphological characteristics of the pond, its substrate and the presence of some rooted aquatic
plants, the macroinvertebrate community is expected to be dominated by four Orders; Diptera
(flies), Coleoptera (beetles), Hemiptera (true bugs), and Odonata (dragonflies and damselflies).

Amphibians and Reptiles

Amphibian and reptile populations were not specifically investigated as part of this study.
However, it is expected that a number of species would inhabit the perimeter of the pond and
adjacent wetlands, as suitable habitat is abundant. Turtle, snake, frog, and salamander species
that are likely to inhabit this ecosystem include: snapping turtle (Chelydra serpentina), painted
turtle (Chrysemys picta), eastern garter snake (Thamnophis s. sirtalis), northern water snake
(Nerodia s. sipedon), bullfrog (Rana catesbeiana), green frog (Rana clamitans melnota),
American toad (Bufo americana), gray treefrog (Hyla versicolor), spring peeper (Fyla crucifer),
wood frog (Rana sylvatica), pickerel frog (Rana palustris), red spotted newt (Notophthalmus v.
viridescens), and red backed salamander (Plethodon cinereus).
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- POND USE EVALUATION

WATER SUPPLY AND WITHDRAWAL IMPACTS

As previously mentioned under the Physical Pond Features-Hydrology section of this report,
during 1996 the net withdrawal for drinking water purposes averaged 836,729 gal/day. This
would equate to a 0.16 foot decrease in pond water elevation during a 30 day month, assuming
no inflows to offset the withdrawal, Under the very dry summer conditions of 1995, this could
have resulted in a 0.5 ft decline in water level. Even at elevated summer withdrawal rates, no
more than a 1.0 ft drawdown would be possible from withdrawal alone. Withdrawing water
from the pond does increase the likelihood that surface outflow will cease during the summer
months, when pond outputs are typically greater than inputs. However, even without the
drinking water withdrawal it is likely that surface outflow would cease; pond outputs would still
be greater than pond inputs, as evaporation significantly increases during this time of year.
Evaporation can cause the loss of close to 1.0 ft of water during a typical summer, with peaks to
about 1.2 ft. Water withdrawal from Stafford Pond is therefore significant during the summer,
but is not the major component of system hydrology.

Discharge of filter backwash into the lake is another mode of possible impact by the water
withdrawal and treatment operation. Backwash includes primarily contaminants removed from
the lake water, but also may include coagulants and other additives used in the treatment process.
Discharge of this water and associated contaminants to Stafford Pond is undesirable, but is
mitigated to some extent by inactivation with aluminum and prior settling in clarification tanks.
Only during times of frequent backwashing (e.g., summer algal blooms) is settling time
inadequate. As most contaminants are inactivated by aluminum, which is very stable at most
encountered pH ranges, recycling into the lake is unlikely to be substantial, even when backwash
is inadequately settled prior to discharge. Testing of backwash water revealed the lowest levels
of phosphorus encountered in this study. While discharge of backwash to the pond is not an
ideal situation, it does not appear to represent a significant threat to water quality.

BOATING AND WATERCRAFT IMPACTS .

Motorized boating activities may influence lake ecology in a number of ways, some positive but
most negative (Wagner 1990, Table 25a). Although most conceivable boating impacts appear
adverse to lake ecology, their impact is highly variable and may not be obvious or even
detectable in many cases. Degree of impact is a function of both lake features and motorized
watercraft characteristics.

Many features of a lake predispose it to certain impacts and may protect it from others (Wagner
1990, Table 25b). Stafford Pond is a relatively large body of water that could potentially
experience a significant amount of boat traffic. The regularly mixed volume of Stafford Pond is
moderate, thus providing a moderate amount of dilution water to counteract pollution inputs
from boats or re-suspension of bottom sediments. However, the hydraulic residence time is very
high (>365 days), indicating that water and pollutants stay in the pond for a long period of time.
The shoalness ratio for Stafford Pond is high, with greater than 60% of the total lake area being
less than 20 feet in depth. Additionally, the shallowness ratio for Stafford Pond is also relatively
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Table 25a. Potential Motorized Watercraft Impacts

on Water Resources and Associated Biota.
A. Altered water quality
Increased turbidity
Increased nutrient levels
Increased hydrocarbon concentrations
Increased metals levels
Increased oxygenation
Increased contamination by pathogens
Changes in taste and odor
B. Altered sediment quality

1. Redistribution of particles

a. Shoreline erosion
b. Littoral zone changes

2. Increased nutrient accumulations

3. Increased hydrocarbon accumulations

4. Increased metals accumuiations
C. Altered flora

1. Epilimnetic mixing of plankton
Inhibition of algal growth
. Stimulation of algal growth
Inhibition of rooted plant growth
a. Direct damage
b. Indirect suppression

5. Dispersal of rooted plants
D. Altered fauna
Collision-induced mortality
Reduced reproductive success
Changes through food resource modification
Changes through habitat modification
a. Physical habitat
b. Chemical habitat
5. Flesh tainting
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Table 25b. Characteristics of Lake Ecosystems that
Influence Ecological Impact by Motorized Watercraft.

1. Lake area
a. Low (<20 ac)
b. Medium (20-100 ac)
¢. Large (100-300 ac)
d. Very Large (>300 ac)
2. Epilimnetic volume
a. Low (<300 million gal)
b. Medium (130-633 million gal)
¢. Large (653-1960 million gal)
d. Very large (>1960 million gal)
3. Hydraulic residence time
a. Low (<21 days)
b. Medium (21-90)days
¢. High (90-365 days)
d. Very high (>363 days)
4. Shoalness ratio
(area <20 fi deep/total area)
a. Low (<0.25)
b. Medium {0.25-0.30)
c. High (0.3-0.73)
d. Very high (0.75-1.00)

5. Shaillowness ratio
(area <5 ft deep/total area)
a, Low (<0.10)
b. Medium (0.10-0.25)
¢. High (0.25-0.50)
d. Very high (>0.50)

6. Shoreline configuration

(shoreline length/circumference
of circle with lake area)

a. Low (<1.5)

b. Medium (1.5-3.0)

¢. High (>3.0)

7. Littoral zone bottom coverage

by rooted planis

a. Low (<25%)

b. Medium (25-30%)

¢. High (50-75%)

d. Very high (75-100%)
8. Substrate type

a. Cabble

b. Gravel and sand

¢. Silt or clay

d. Organic muck




Diagnostic Assessment

high, with nearly 25% of the total lake area less than 5 feet in depth. The shoalness and
shallowness ratios are indicators of the portion of the pond bottom that could potentially be
impacted by turbulence from motorized watercraft. However, the lack of fine sediments in
shallow portions of the lake offsets the potential for impact suggested by shallowness and
shoalness ratios.

Shoreline configuration at Stafford Pond indicates that only a few small coves are present, and
boulders limit boat use of these coves. Littoral zone bottom coverage by rooted aquatic plants
appears to be low (<25%), according to field investigations conducted during the summer of
1996. Rooted aquatic plant coverage can help to minimize resuspension of bottom sediments.
Again however, benthic substrates in Stafford Pond are primarily comprised of boulder, cobble,
gravel, and sand in water depths <15 feet; turbulence impacts by boating are therefore
minimized.

During 1996, approximate numbers and types of boats were recorded on most sampling visits to
Stafford Pond (Table 25¢). Boat use was very low during this period of time, probably related to
poor water quality conditions, including frequent algal blooms, and the cool, wet and cloudy
conditions prevalent during 1996. Weekend visits were not conducted, however, and boating
density would be expected to be greater on weekends. The boat ramp parking area could support
about 20 vehicles with trailers, although no more than 5 vehicles were ever observed in this area.
The greatest number of watercraft was documented on May 14, 1996 when a total of four boats
were present. The majority of watercraft documented were small fishing boats with outboard
engines. A few personal watercraft were observed. The largest boats and engines tend to be
associated with shorefront property owners who moor and operate those boats seasonally. There
is a 10 hp limit for boats on Stafford Pond which appears to be observed by most people bringing
boats to the lake, but not by shoreline residents.

In terms of safety, boater enjoyment, and general environmental protection, each boat should be
afforded 10-20 acres of obstacle-free water area with a depth of at least 5 ft. at any given time.
This is especially important at Stafford Pond, where submerged and protruding boulders pose a
definite safety threat and create greater risk of a fuel spill. Although the lake has an area of 487
acres, much of this area is not boatable as a consequence of boulder obstacles. Additionally, a
200 ft limit should be observed with relation to the shoreline to minimize wake damage and user
conflicts; Rhode Island boating law allows for a 200 ft separation between boating and
swimming areas. This limit should be expanded further if the water is shallow (<5 ft deep) at a
distance of 200 ft from shore. For Stafford Pond, about half of the lake, or 250 acres, is boatable.
Therefore, a density of 12-25 motorized watercraft should be tolerable. Although such densities
are possible, they were not observed or reported during this investigation.

Given the use of Stafford Pond as a drinking water supply, there is a definite risk posed by the
use of motorized watercraft in the pond. Although some physical features of the pond make it
susceptible to impacts, actual boating densities appear low and no impacts were clearly observed.
Water quality data described previously suggest no substantive impacts on water quality which
could be ascribed to motorized watercraft. The same conditions which generate concern by those
using the lake for other purposes are of concern to boaters, most notably the decrcased water
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Table 25¢. Approximate Numbers and Types of Boats
Recorded on Sampling Visits to Stafford Pond (1996).

Date # Boats Engine Type
21-Feb 0 T
19-Mar 0
17-Apr 2 gas-outboard
14-May 4 gas-outboard
29-May 1 gas-qutboard
1 electric
10-Tun 3 gas-outboard
27-Jun 2 gas-outboard
17-Jul 2 gas-outboard
1 ne motor
30-Jul 3 gas-outboard
8-Aug 1 gas-inboard
1 no motor
22-Aug 1 gas-inboard
1 no motor
5-Sep 2 gas-outboard
29-Oct 0
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clarity. Should Stafford Pond regain its former clarity and become a popular boating resource,
management of motorized watercraft densities may be necessary to minimize environmental
impacts and user conflicts. For now, however, there does not appear to be a major threat from
boating in accordance with state and local laws.

FISHING AND FISHERY CONSIDERATIONS

Depending upon how the situation is viewed, present conditions in the pond can either be
positive or negative regarding fishing and fisheries. One school of thought holds that nutrient
enrichment means greater production and biomass and thus more and bigger fish, suggesting that
conditions in Stafford Pond may be favorable. However, nutrient enrichment in the case of
Stafford Pond is excessive and has many potential negative impacts on fishing and fisheries.

Excessive nutrient loading is directly related to a high degree of decomposition on the pond
bottom. During the summer of 1996, it was noted that decomposition of organic matter created
an oxygen deficit in the bottom two meters of the pond, and this zone could increase in volume
during a drier, calmer summer. This area of the pond is crucial habitat for cold water species
such as trout as they seek refuge from the warmer upper waters during summer. Additionally,
increased nutrient enrichment has resulted in an accumulation of oxygen-demanding organic
muck in the pond, thus reducing usable habitat for many invertebrate species and potentially
reducing spawning habitat for a self sustaining population of smallmouth bass. Frequent algal
blooms can create physical or chemical stress on fish, including irritation and clogging of gill
membranes. Finally, frequent algal blooms associated with excessive nutrient enrichment are
aesthetically unpleasant to most lake users, including anglers.

Questions of quantity and quality must be considered in lake management for fish production.
Greater productivity may not be desirable if it causes longer term instability or if qualitative
aspects of the fishery (type and condition of fish) or fishing experience (sense of sight or smell)
are impaired. The eutrophication experienced by Stafford Pond does appear to have negative
effects on stability, as evidenced by discontinuous size distributions for captured species, and on
fishing, as demonstrated by angler dissatisfaction with pond appearance.

SWIMMING AND RELATED CONTACT RECREATION

Stafford Pond is categorized as a Class B waterbody by the State of Rhode Island (RIDEM
1988). Designated uses under the Class B category include public water supply with appropriate
treatment, agricultural uses, primary contact recreation, and fish/wildlife habitat. Present
conditions in the pond are distinctly undesirable for swimming, especially during algal bloom
conditions or anywhere in the vicinity of the northern tributary. Low clarity creates unsafe
conditions during much of the swimming season, while fecal bacterial levels near the northern
tributary suggest a possible health hazard. While there is no public beach on Stafford Pond, use
by shorefront residents is certainly possible, although inadvisable under current conditions.
Waterskiing and other forms of contact recreation are inherently unsafe under such low water
clarity, especially in light of the many boulders in the lake.
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As most drinking water supply reservoirs have-restrictions regarding contact recreation, there
would be a potential conflict among users if conditions were improved in Stafford Pond. A ban
on contact is often invoked, at least within some horizontal distance of the water intake, for the
purpose of avoiding pathogenic contamination of the water supply. Given the long detention
time in Stafford Pond and the tendency for pathogens to die off under oxic conditions, some
spatial arrangement might be possible to allow contact recreation to coexist with water supply
functions. However, mixing appears substantial in this system, both horizontally and vertically,
and further evaluation is necessary before a scientifically based decision could be made. Under
current conditions, swimming is to be discouraged for safety and health reasons, minimizing any
conflict with water supply.

OTHER USES

The primary other uses of the pond are for aesthetic enjoyment and landing of an occasional float
plane. Aesthetic enjoyment and related passive uses are most impaired by summer algal blooms,
and improvement for water supply purposes and aesthetic appeal are entirely consistent; no
conflict exists. Use by float planes poses the same risk as use by, motorized watercraft, but given
the nominal use of the Také for such purposes, this is not a major threat to other usés or lake
condition.
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- DIAGNOSTIC SUMMARY

The watershed draining to Stafford Pond is approximately 947 acres in size. The watershed:lake
area ratio is small (<2:1), indicating high potential for successful management. Available
geology and soils information indicate that infiltration capacity is slow and average runoff rates
are moderate. Forested and residential land use categories predominate in the Stafford Pond
watershed.

Stafford Pond is approximately 487 acres in size. Average and maximum water depths were 13
and 25 feet, respectively. Pond volume was approximately 271,800,000 f' or 2.04 billion
gallons. Benthic sediments were comprised mostly of boulder, cobble, gravel, and sand in water
depths <15 ft. Mucky bottom sediments were more prevalent in the deeper areas of the pond,
and also at the mouth of the northern tributary. Two tributaries and two stormwater pipes
discharge to Stafford Pond. An outlet structure located along the northern perimeter of the pond
controls the outward flow of water into Sucker Brook and is managed by downstream parties.

Average annual water load to Stafford Pond is approximately 5.5 cfs, assuming normal
precipitation conditions. Flow into Stafford Pond is derived from a combination of direct
precipitation (46%), ground water inseepage (18%), surface water base-flow (13%), and surface
water storm-flow (23%). Pond outputs were derived from a combination of evaporation (3 1%),
ground water outseepage (4%, surface outflow (42%), and withdrawal (water treatment facility
@ 23%). Stafford Pond has a flushing rate of 0.65 times per'year, a detention time of 1.54 years,
and a response time of 0.65-1.08 years.

The most salient results of routine chemical monitoring are as follows: Low levels of dissolved
oxygen were recorded in the bottom two meters of the pond, primarily during the summer
months. Total alkalinity, total hardness, and conductivity were low at all sites except SP5b.
Higher values at SP5b appear to be a result of inputs from a dairy farm located in this area of the
watershed. Average Secchi transparency and concentrations of chlorophyll a in Stafford Pond
were indicative of eutrophic conditions. Values of inorganic and total nitrogen were low at all
sites except SP5b, where concentrations were high. Concentrations of total phosphorus were
generally elevated (>0.025 mg/L) and indicative of eutrophic conditions at all sampling locations
except SP11 and SP12 (water treatment plant backwash).  Average total phosphorus
concentrations were exceedingly high (>0.1 mg/L) at SP5b. The total nitrogen:total phosphorus
ratio in Stafford Pond was greater than 15:1, indicating that phosphorus is most likely the
limiting nutrient for plant growth in this system, although light is probably the most critical
limiting factor much of the time.

The most salient results of supplemental chemical monitoring are as follows: Cadmium was not
detected in water samples from Stafford Pond. Lead was detected only at sampling location
SPla, where the lead concentration was below the Maximum Contaminant Level for drinking
water, but slightly above the chronic toxicity threshold for aquatic life. A single water sample
was collected at SPla during the month of October and was analyzed for mercury; results
indicated that mercury was non-detectable (<0.00255 ug/L). Copper was detected at all sampling
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locations. Concentrations were below the MCL for drinking water, but were above acute and
chronic toxicity thresholds for aquatic life. Aluminum concentrations were normal at all
sampling locations.

Concentrations of calcium and magnesium were low at all in-pond sampling locations.
Concentrations of sodium and chloride were moderate at all in-pond sampling locations and did
not indicate significant pollution. Concentrations of dissolved iron and manganese were
considered relatively low at all in-pond sampling locations. Monitoring of selected organic
compounds in water from Stafford Pond indicated relatively low levels. In-pond concentrations
of total petroleum hydrocarbons ranged from <0.5 to 3.2 mg/L.. Concentrations above 1 mg/L

*are sometimes cause for concern, but many natural compounds can register as TPH in typical
laboratory tests. Polynuclear aromatic hydrocarbons provide a better indication of anthropogenic
hydrocarbon inputs, and were not detected. DDT and PCB’s were also not detected.

The most salient results of storm water chemical monitoring are as follows: Average values of
conductivity were high at SP5b and exceedingly high at SP9. Values of inorganic and total
nitrogen were low at SP6 and SP10, and high at the remaining sites. The highest values were
recorded at SPSb. Average wet weather concentrations of total phosphorus were high (>0.05
mg/L) at all sites except SP10 (precipitation). Once again, the highest concentrations were
recorded at SP5b. Cadmium was not detected in storm water entering Stafford Pond. Lead was
non-detectable at all sites except SP9, where a total concentration of 0.03 mg/L was documented.
This concentration was greater than the MCL for drinking water and the acute and chronic
toxicity thresholds for aquatic life. Concentrations of copper were below the MCL for drinking
water at all storm water sampling locations. However, levels of copper did exceed acute and
chronic toxicity thresholds for aquatic life.

Storm water values for aluminum were generally greater than dry weather in-pond values, but
were not considered high for storm water. Storm water concentrations of total caleium and
magnesium were generally low at all sites except SP5b and SP8, where concentrations were
higher than expected background levels, but still not high by regional comparison. Storm water
concentrations of total sodium and chloride were high at SP5b, SP8, and SP9. High
concentrations at SP5b were likely a result of dairy farming activities and road runoff. Road
runoff was likely responsible for contamination at the latter two sites. Concentrations of
dissolved iron and manganese were relatively low at all sites. Storm water monitoring for
selected organic compounds indicated relatively low levels. Total petroleum hydrocarbons
ranged from <0.5 to 0.9 mg/L. DDT, PCB’s, and polynuclear aromatic hydrocarbons were not
detected.

Elevated nitrogen concentrations were documented at all ground water monitoring locations on
either one or both sampling dates. The sources could be sewage, agricultural waste, or decaying
vegetation. Dissolved phosphorus concentrations were also elevated along all four shoreline
segments, but concurrently elevated iron levels minimize the availability of this phosphorus.
Only in the southwest segment was there any potentially significant phosphorus input, and low
flows limit the magnitude of this input.
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Sediments in the main body of the pond and near the northern tributary were mucky, whereas
sediments near the boat launch were sandy. Organic carbon content was especially high near the
mouth of the northern tributary, most likely a direct result of inputs from the upstream dairy
farm. Total phosphorus concentrations were high in this area and low at the remaining sites.
TKN was low near the boat launch, moderate in the main body of the pond, and high at the
mouth of the northern tributary. Metal concentrations were generally within acceptable ranges at
all sites. Total petroleum hydrocarbons were relatively low at all three sampling locations. DDT
and PCB were not detected in pond sediments. Polynuclear aromatic hydrocarbons were
detected at all three sampling locations, with elevated concentrations documented near the boat
launch and at the mouth of the northern tributary.

Edible portions from three white perch were composited and analyzed for cadmium, lead, PCB’s,
mercury, and polynuclear aromatic hydrocarbons. Results of the fish tissue analysis revealed
that levels of selected contaminants were relatively low, posing no apparent ecological or health
threat.

Data quality monitoring results for water chemistry analyses indicated that variability in most
parameters was tolerable, but variation among duplicate nutrient samples was undesirably high.
This could limit the ability to determine if slightly elevated concentrations are a result of
pollution or variability in chemical analyses, but will not greatly affect overall interpretation of
the chemical data. Even with this significant degree of variability, major sources of pollution are
quite obvious, and multiple approaches to nutrient loading provide increased reliability in overalt
conclusions.

Nitrogen and phosphorus loading were assessed by multiple means. The resultant nitrogen load
is expected to be between 4719 and 7839 kg/yr (available vs. total), with about 66% derived from
watershed sources, 20-25% from direct precipitation, and the remaining 9-14% from waterfowl
and internal loading. Considering only the load from watershed sources, about 44% of the that
load was associated with storm flow, while 26% was attributable to base flow in the two
tributaries and 30% was related to ground water inputs, No source was a clearly dominant
loading factor. A predictive model for later use in evaluating management scenarios sets the
nitrogen load at 8111 kg/yr.

The resultant phosphorus load is expected to be between 404 and 630 kg/yr (available vs. total),
with about 75-79% derived from watershed sources, 10-14% from internal loading, 9% from
direct precipitation, and 2% from waterfowl. Considering only the load from watershed sources,
about 52-64% of the watershed load was associated with storm flow, while 26-29% was
attributable to base flow in the two tributaries and 7-22% was related to ground water inputs. Of
particular note is that close to half of the entire load comes from Basin 5, which includes the
dairy farm. A predictive model for later use in evaluating management scenarios sets the
phosphorus load at 445 kg/yr.

Observed and predicted current conditions suggest excessive phosphorus loading, with Basin 5
contributing the greatest itemized portion of the total effective load. Nitrogen loads are also
high, but not as clearly associated with any one basin or source. Resultant in-lake average
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concentrations for nitrogen and phosphorus range from 0.8-1.0 mg/L and 36-40 ug/L,
respectively. These concentrations facilitate periodic algal blooms, with average chlorophyil
levels between 15 and 22 ug/L and peaks in excess of 60 ug/L.. This depresses water clarity,
leading to an average Secchi transparency of 1.4-1.5 m. The highest water clarity results in a
Secchi depth of 2.9-3.5 m, but this occurs only briefly during the growing season.

Results of bacteria monitoring in surface waters at Stafford Pond revealed that concentrations
recorded during dry weather were generally low (<100/100 mL) at all sites except SP5b, where
values were consistently high (>500/100 mL). Values recorded during wet weather ranged from
low to high.

Phytoplankton exhibited spring and late summer peaks, with the diatom Asterionella dominating
the spring blcom and the bluegreen Aphanizomenon dominating the summer bloom. A
traditional temperate zone successional pattern was exhibited, interrupted only by reduction of
biomass and delay of bluegreen dominance by two early summer copper treatments.

Zooplankton included few forms and low to moderate biomass, but the presence of large bodied
Daphnia suggests some potential for both grazing control of algae and desirable food for
planktivorous fish. The Daphnia population crashed in August, however, probably from a
combination of predation pressure and poor food quality. Zooplankton size distribution
suggested either a balanced fish size structure or a tendency toward older, larger fish; further
investigation into the stability of the fish community is warranted.

Results of the aquatic vascular plant surveys revealed that rooted plant growth was minimal in
Stafford Pond. Rooted plants only grew near the periphery of the pond and plant densities did
not exceed 25 percent. Only seven taxa of aquatic vascular plants were documented in the pond.
All seven taxa are native to New England and only one is sometimes considered a nuisance.
Rocky substrate in shallow areas is expected to minimize rooted plant growths even in the
absence of the current light limitation induced by algal blooms.

The fish community of Stafford Pond is typical of many warm water New England lakes.
Expected species composition includes bluegill, pumpkinseed, smallmouth bass, largemouth
bass, yellow perch, white perch, brown bullhead, and stocked trout. A gill net and seine survey
captured trout, bluegills, yellow perch and white perch, with the latter two species most
abundant. Although condition factors were at least average, lack of multiple size classes
suggests possible recruitment problems and instability.

Results of the waterfow!] investigation indicated that numbers were not insignificant (average =
129), especially when the birds congregated near the water treatment facility intake, but most
birds were sighted near Pelletier point at the outlet end of the pond, and overall density was not
large on a regular basis. Detailed surveys of the aquatic invertebrate and amphibian/reptile
communities of Stafford Pond were not conducted, but typical New England assemblages are
expected.
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Water withdrawal from Stafford Pond for drinking water purposes can draw the water level down
by up to one foot under drought conditions, but is less of a loss factor than evaporation.
Discharge of filter backwash into the pond is another mode of possible impact by the water
treatment facility. Although this is not an ideal situation, it does not appear to represent a
significant threat to water quality in the pond, since pollutants are largely coagulated and settled
prior to water discharge.

Designated uses under Stafford Pond’s Class B category include public water supply with
appropriate treatment, agricultural uses, primary contact recreation, and fish/wildlife habitat.
Given the use of Stafford Pond as a drinking water supply, there is a definite risk posed by the
use of motorized watercraft on the pond. Certain physical features of Stafford Pond make it
somewhat susceptible to boating impacts, however, actual boating densities during 1996 were
very low and no impacts were observed.

Nutrient enrichment of Stafford Pond is excessive and has many potential negative impacts on
fishing and the fish community. Excessive nutrient enrichment may have negative effects on fish
community stability, as evidenced by discontinuous size distributions for captured species, and
on fishing, as demonstrated by angler dissatisfaction with pond appearance.

Present conditions in the pond are distinctly undesirable for swimming, especially during algal
bloom conditions or anywhere in the vicinity of the northern tributary as an implication of fecal
bacteria levels. As most drinking water supply reservoirs have restrictions regarding contact
recreation, there would be a potential conflict among users if water quality conditions were
improved in Stafford Pond. Further evaluation regarding this issue is certainly necessary.

Other uses of Stafford Pond include aesthetic enjoyment and landing of an occasional float plane.
Aesthetic enjoyment and related passive uses are most impaired by summer algal blooms, and
improvement for water supply purposes and aesthetic appeal are entirely consistent. Use by float
planes poses the same risk as use by motorized watercraft, but given the nominal use of the lake
for such purposes, this is not a major threat to other uses or lake condition.
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Table A-2. Dissolved Oxygen/Temperature Profiles at the Deep Hole Sampling Location (SP1)
in Stafford Pond (1996).

Depth (m)

0 1 2 3 4 3 6 7 7.5
21-Feb
Dissolved Oxygen 14.7 16.7 18.0 18.2 18.0 17.0 14.2 11.9
Temperature 1.9 24 25 25 2.5 27 3.0 31
19-Mar
Dissolved Oxygen 11.4 9.9 9.3 8.8 858 8.5 3.5 8.7
Temperature 39 38 3.9 38 38 33 33 38
17-Apr : .
Dissolved Oxygen 12.4 13.2 13.4 13.3 13.0 12.8 12.7 12.3 4.4
Temperature 6.9 69 6.9 6.9 6.9 6.9 6.8 6.8 6.8
14-May
Dissolved Oxygen 9.2 9.7 10.1 10.2 10.0 9.8 8.9 8.0 73
Temperature 14.6 143 14.2 14,1 13.7 3.5 13.4 13.4 13.2
29-May
Dissolved Oxygen 9.7 2.9 9.8 9.0 8.3 8.2 6.1 5.2 4.1
Temperature 17.8 17.% 17.7 17.6 17.5 16.8 15.3 15.0 14.7
10-Jun
Dissolved Oxygen 8.9 90 9.3 9.4 9.2 8.0 6.2 4.5
Temperature 22.5 22.5 210 20.7 20.2 19.1 18.3 17.8
27-Jun
Dissolved Oxygen 8.6 8.7 8.5 8.4 8.2 78 3.9 1.0
Temperature 22.5 22.4 22.0 21.9 21.6 21.3 20.1 18.7
17-Jud
Dissolved Oxygen 8.6 8.6 8.5 79 7.3 6.8 3.8 23
Temperature 254 25.1 247 23.9 231 22.8 22.5 225
30-Jul
Dissolved Oxygen 9.7 9.7 9.7 93 3.6 6.1 4.5 3.9 3.6
Temperature 24.6 243 24.2 23.7 234 22.8 223 222 22.1
8-Aug
Dissolved Oxygen 9.3 9.3 923 9.3 6.5 48 39 2.2 1.0
Temperature 25.3 25.1 25.1 25.0 23.1 226 22.5 22.2 21.8
22-Aug
Dissolved Oxygen 8.0 8.2 7.6 7.1 6.6 5.7 4.5 2.5 1.6
Temperature 26.0 24.0 23.5 235 23.5 23.0 23.0 225 225
S-Sep
Dissolved Oxygen 11.4 12.0 10.2 9.2 79 7.1 6.4 49 4.5
Temperature 24.2 3.2 2.4 22.1 21.8% 21.6 21.5 214 213
30-Sep
Dissolved Oxygen 8.7 8.4 8.5 8.6 8.7 8.8 8.2 7.8 4.3
Temperature 18.3 18.2 17.8 17.7 17.6 17.6 17.5 17.4 17.5
29-Oct
Dissolved Oxygen 10.0 9.5 9.2 9.2 93 93 9.2 9.2

Temperature 13.2 13.2 13.1 13.1 13.2 13.2 13.2 13.2
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Table A-8. Results of Secchi Transparency
Monitoring in Stafford Pond (1996).

Secchi
Transparency (m)

Date SP1
19-Mar 1.2
17-Apr 1.0
14-May 1.8
29-May 2.9
10-Jun 2.7
27-Jun 1.4
17-Jul 2.1
30-Jul L.3
8-Aug 1.5
22-Aug 0.8
5-Sep 0.3
30-Sep 0.9
29-0Oct 0.3

Mean 1.5

Mininum 0.3

Maximum 2.9




Table A-9. Results of Chlorophyll a
Monitoring in Stafford Pond (1996).

Sampling Chlorophyll a (ng/L)
Date SPla SP4
Dry Weather:
21-Feb 6 6
19-Mar 31 24
17-Apr 4 2
14-May 4 4
29-May 3 2
10-Jun 3 4
27-Jun 10 9
17-Jul 9 5
30-Jul 8 13
8-Aug 17
22-Aug 9 13
5-8ep 118 43
30-Sep 79 69
29-Oct 11 i1
Mean 22 16
Minimum 3 2

Maximum 118 69
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Table A-30b. Data Quality Monitoring - Total Phosphorus

Comparisons between Laboratories.

Duplicate Samples
5-Sep 30-Sep 29-Oct
Station URI Mitkem URI Mitkem URI Mitkem
SPla 0.05 0.06 0.05 0.08 0.02 0.06
SPle ND ND 0.04 0.10 0.03 0.07
SP4 ND ND 0.03 042 ND ND
5P5b ND ND 2.30 3.60 0.64 0.53
SP6 ND ND 0.02 021 ND ND
SP7 ND ND 0.02 0.35 ND ND

URI= University of Rhode Island, Kingston, Rhode Island.
Mitkem= Mitkem Corporation, Warwick, Rhode Island.
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CALCULATIONS

‘Stafford Pond Study B-1 ENSR



NOTES:

/_f\'{f[._(-,, 5,3'?,@ Colewls f%ms

/ -

T Wateseed Yield

e

T Total Flow = "?;, 8L 420 3/vr
............. FO"\-OZ %gwﬁ (1"‘;’)
- - —mﬁ:’"/a we:;s, A fd:&: +-\C/»),,; = .4 7 €§

~ 5
‘E\/a,rar,.féﬂ“: 2/3 2= Pr:z;ff.":.—
W;""Ag(ra'.vwf = ‘5‘37 00 3{:5{,

I ;ll ll;

i
U\

0.‘?0

H,S-?T - \ru;o,\_av '-':.2 C‘C“/S‘a,m; a“'h dramu-jq___?xeé
-, 78 }, 200 _cu.m /}“" pec Sgemi. Acainzge

- g'f‘“'@gf"( P, wa ylevched = 947 3¢ = 148 59w/
! r"r/«",e Llow = 2, 53"/‘1‘” gusw Sy Lrowm ‘watershed

u —_M*‘A#&’L_j Q-C.fiath JE£V“;’-,¢.‘ [‘ﬁ?"'*(t K..— li/"! W oA fq-fﬂg' 3 F"f"' “"’2 15‘650;‘_ M-

M /;f’r'
N:/V\'

Iamnrj N am_sefam Tl ? sa,o
U

ZU:.,A._::.:*{ e CoefE < Tewts
_,ﬁ.__.___,,.B_ésim_,, _../.L\tf-fsa(as'),.,.C.5_7,-*°'_.='). s @ Fhgmi Reoete
gy e Sv20 . 0:26
. a2 9%  @:307 &€ 0.3
s . @27 .25 ... LR}
oy 303 L 048 2.94 4.9

c T ey o34 . @27 030

T g yj7a | o280 e.56. 0.4
h 2 96

JK See. aﬂQM ca,lC. _f'éia;g, (n;vwf aw | 45&)

" ermundwster « uould be. f*\”f 6‘C basaf(ow.f:iw

e e e — —_ - e T

H___._,_L"‘vw% I‘?"’ ) p‘ff',c.:f wWas 12-20% a{c’cﬂ RO
— _H-_Stgcesr'vj _.C!;-,,_, L 5,470,000 m ’/;’r C*F/a s ,_,er_;se, afjpmfnax"‘_'ﬂ’v‘x"«

T f“r*a-f-a ;fawtfa&umx‘/w'ﬁv>

e d3
R~ 3B S o |

ot 25:_._“"

._/-Ei.__rremf © 2,52 ¢fs_ % Tl

M/xr

RumofE
I - = S
& 325 .
-2 ¥

{, “avdd Mov-Ton et e tesigdd

7/

¢fs Base cfs.
ez
— ._.Q-.ZZ'_A -

*L.thal._cés wRumeff c€8 o e “.“.V

| = 5.9 cts




¥e o0 0£0 610 8z'0 veo 90 ~ JuapIR0) youny _pajeinoie)

vizics  |20996¢  |GlElzvl |¥OOVIE  |8PIELE “E@.W,,_.., I R I e A T Lkuio) wiSeq Uo Iigjuley 12101
Jé6vel [90iLLi  |06ESIZ kvl  |OvBLOE jveeTiL |eveL srve  |vsveh | (LLTE T T Thvidl
o o e o Tl o |- S _ T T w0
o o e oo o .0 o R _ R 2 )
o e o o _jo o o o L tmswo
o o Tlo o . a0 4s . N " Tluogeneox3) g usdo
gzec oo Jo  __ |ooes _ |bOOF 3 T P I 7 {wopeap) z uedo
oees lvesh levovi  |esoz o Jo_ [ieu |ooB  jveve  E9E ~ 7 (eeypuensm) L usdO
o oo w0 e o . L ‘ Clsoo. (Puetiapm) Z 153104
sobsiy lolBl | |scise _ |eseey  |ziove  |esear |ve'sy  (60L .  |BOEE_ scel  |svsz  |izee. [sgo | (ovedn) iiseiod

o o o o boooEse b T iewo | Gowesd)youby

lo T |eegor  |aie0b 0 | vay | {WE_ |IEE o eeo_ | (Buzeig) ¢ auby

10 o le oL 66y | | _. _jeoe | .S€0 4 ..  (doig moy) g ouby

o o e 0 | ] o T T sve L (doiouag) | ouby

B T (O U T I A £ L X R I LA grg jovo | . (Opwd)guean

o o o o o I R (v B N (put} ¢ ueain

lo 7 Tlevbaz  joses vy Ll g€ bt fooo _ [090 | .  (woDpIaH) € VBN

“icgel | |egseh _|mwivb  |eise_ |00 100G ezl fprz o Tlosol 1T lAmdragni zueain

11vZ |96z lecsoel |0y | (S8€ €90 legge  poy_ Jove Lo (@l uean

AIRND)| (IO (IAINTNO)| RIAWNO)| QI NO)| AV 00} (VH) Vv ilwH) 38y (vH) vauv |y 7 (vH) vau (v vaRY | (uomeesd) | 3SOANY)

gNisvE| SNISval vy NiSva| ENISVE| mzﬁ«@&-..wz@g 9NISva | GNISVE | v NISvE | znisva | visva pweewsed| T L
ST T dvaNddoNnuNIsYd e "~ svawvnisva | Houny

| I _ _ [ W _ | _ SINTIOIH4300 J40NNY NISVE 40 NOLEYNIWYZLAA



MON 13:01 FAX 6072552106 NRCC doo2

DAILY PRECIPITATION {INCHES) FCR PROVIDENCE GREEN ST, RI

YEAR: 1996
DAY JAN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC
1 0.00 0.00 0.00 0.07 0.02 0.00 ---- 0,28 0.14 0.00 0.00 ----
2 0.07 ©0.03 0.30 0.52 0.02 0.00 0.00 0.00 0.13 0.02 0.00 ----
3 9.22 0.09 0.02 0.00 0.25 0.45 0.51 0.00 0.00 Tr 0.00 ----
4 T 0.00 0.00 0.00 T 0.18 0.34 0.00 0.0 0.00 0.00 =--=-
5 Tr 0.00 0.18 T 0.03 0.07 0.00 0.00 ¢.00 0.00 Q.01 ~----
6 0.00 0.00 0.83 Tr 0.26 0.00 0.00 T 0.00 0.00 0.00 ----
7 0.06 0.00 0.48 0.42 0.00 0.00 0.00 0.00 1.21 0.00 0,16 =--=--
8 0.12 Tr 0.03 0.03 0.18 0.00 0.00 0.00 0.02 2.06 0.08 ~---
9 T 0.12 0.00 0.32 0.00 Tr 0.03 Tr 0.02 0.30 0.53 ----
10 6,05 0.00 0.00 0.13 0.27 0.05 0,00 0.07 ¢.01 ¢.01 0.00 =--~-
il .00 0.27 0.00 T 0.15 T 0.00 0.00 0.00 0.00 0.00 ----
12 1.08 0.00 0.00 0.04 0.10 T 0.06 0.00 0.04 0.00 .00 ----
13 0.00 0.00 0.00 0.04 0.00 0.00 3.56 0.%3 0.13 Tr 0.00 =----
14 0.00 ©0.16 0.00 0.01 0.00 0.00 0.00 0.00 0.03 Tr ©0.00 ----
15 0.00 0.00 0.17 0.00 0.00 0.00 =---- 0.00 0.00 0.00 0.00 =--—-
16 me 0,05 0.00 2.00 0.47 0.00 0.00 0.00 0.00 .00 0.00 =----
17 0.03 Tr 0.00 T 0.14 0.03 0.00 0.00 0.93 6.00 0.00 ~----
18 0.00 0.00 0.00 0.00 0.00 0.06 0,00 0.00 1.91 0.00 0.00 ~----
i9 0.96 0.00 0.04 0.00 0.00 0.10E 0.10 0.00 0.00 0.25 0.04 ----
20 .00 0.00 0.64 0.00 0.00 0.46 0.00 0.00 0.00 2.81 0.00 ----
21 Tr 0.73 (0.00 Tr 0.19 0.14 0.00 T 0.00 0.00 0,00 ----
22 0.00 T 0.00 T 0.00 0.02 0.00 0.00 0.41 0.10 ©0.00 =----
23 0.00 0.02 Tr 0.04 0.00 Ty 0.44 0.05 0.26 0.34 0.00 ----
24 0.8 0.57 0.00 0.04 T 0.35 0.00 0.3% 0.05 0.01 0.00 =---
25 Tr 0,00 Tr T 0.00 0.04 0.00 0.01 6.17 0.00 0.00 ~~--
26 0.00 0.00 0.01 0.03 0.006 0.00 0.07 0.01 0.00 0.00 1.41 ~----
27 1.42 0.02 0.00 0.00 0.00 Tr 0.00 0.00 0.00 0.00 0.00 ----
28 T 0.13 0.00 0.00 0.00 Ty 0.00 0.45 0.03 0.21 .00 ----
29 0.11 0.00 0.00 0.69 Tr Tr 0.00 0.00 0.24 0.00 0.00 =-»=-=
30 0.02 0.00 0.50 0.36 0.22 0.00 0.00 o©0.01 0.12 0.00 ~----
31 0.01 0.00 0.00 0.44 0.00 Tr -——

TOTAL 5,02 2.19 2.71 4.88 2.44 2.17 5.49 2.1% 5.75 6.23 2.23 =----
NORMAL 3.88 3.81 4.05 4.11 3.76 3.33 3.18 3.63 3.48 3.69 4.43 4.38

---- = migssing data
Tr = a trace
A =.accumulation bver one or more previous days

¢ = value is included in a subsecuent value
Observation time - Midnight

Data for November 15-30 is preliminary.

This repeort was prepared by the Northeast Regional Climate Center.

+ Noemal Pec. Vilue = [F74 Precip = 45,687



MON 13:01 FAX 6072552108 NRCC @oo3

DAILY PRECIPITATION (INCHES) FOR NEWPORT, RI -

YEAR: 1996
DAY JAN FEB MAR APR MAY JUN  JUL AUG SEP OCT NoOv  DEC
1 0.00 0.08 0.00 ©0.00 0.35 0.00 0.22 0.50 0.00 0.00 ==== ====
2 0. 502 0.00 1.00 0.00 0.00 0.00 0.50 0.80 0.00 =--= ===-
3 1.00 0.41 0.57 0.00 0.00 Ty 0.00 Tr 0.05 0.01 =-=-= ====
4 0.01 0.00 T 0.00 0.45 0.38 1.04 0.00 0.00 0.00 ---- ----
5 0.00 ©0.00 0.00 0.00 0.05 T 0.00 0.00 pr 0.00 -=-= ——=-
6 0.00 0.00 0.40 Tr 0.17 Tr 0.00 0.00 Tr 0.00 --== ~---
7 0.00 0.00 0.65 0.02 0.13 Tr 0.00 0.00 Tr 0.00 ~=== =--—-
8 0.70 or 0.29 0.85 0.07 Tr Pr 0.00 3.70 0.00 =---= ~=--
9 0.05 0.17 0.07 Tr Tr 0.03 0.08 0.00 0.01 2.80 =---- ----
10 0.01 000 T 0.96 0.01 0.09 0.16 0.05 0.02 0.00 ~---= -==--
11 001 0.00 0.00 0.17 0,13 0.25 0.00 0.00 0.00 Tr mmem mmee
12 0.00 0.34 0.00 P+ 0.15 0.01 0.00 0.00 0.02 ©0.00 ---- ----
13 0 se 0.00 0.00 0.14 0,00 0,02 0.45 0.63 0.28 0.00 —=m- ===-
14 0.00 T 0.00 0,00 0.00 0.02 0.94 0.60 ©0.20 0.00  --=- =77~
15 0 00 ©0.23 0.00 0.02 0.00 0.00 Tr 0.00 0.01 0.00 =---= -==-
16 600 ©0.00 0.26 0.52 0.00 0.00 0.04 0.00 0,00 0.00 =me= ====
17 011 0.38 0.00 0.73 0.93 0.09 0.00 0.00 0.40 0.00 -—m== —-==
18 0,01 0.03 0.00 0.00 0.00 0.16 0.00 0.00 1.46 0.00 =-== ===
138 0.00 0.00 0.00 ©.00 0.00 Tr 0.14 0.02 0.15 0.00 =---- ~-==-
20 090 0.00 0.48 0.00 0.00 0.76 0.22 0.00 0.00 3,36 =--— <-===
21 0.00 0.00 0.00 0.02 0.00 0.36 0.00 0.00 0.00 0.27 ==== ---=
22 or 0.90 0.00 ©0.00 0.i4 0.00 0.00 0.00 0.00 0.12 ~=-- ===-
23 0.00 0.20 0.00 0.00 0.00 0.01 0.00 0.00 0.36 0.22 =m== <-—=-
24 oy 0.50 0.00 ©0.12 0.02 0,00 0.20 0.07 0.00 0.36 —mm= ——=-
25 0.48 0.30 0.00 0.00 0.00 0.10 0.00 0.10 0.18 0.00 =~=-= ====
26 000 0.00 0.01 0.00 0.00 0.00 90.00 0.00 0.00 0.00 ===-= ==-=-
27 0.00 0.00 0.00 0.07 T 0.00 0.10 0.00 0.00 0.00 ---~ —=--
28 1710 0.04 0.00 0.00 0.00 0.01 0.00 0.34 0.00 0.00 ~w-m ==-=
29 5 00 0.02 0.00 0.00 0.00 0.00 0.02 0.10 0.27 0.23 ~=== =---=
30 0.22 500 1.69 0.06 0.00 0.00 0.00 0,02 0.00 --== -=---
31 0.01 0.00 0.31 0.00 0.00 0.13 ———-
woTAL  5.47 4.13 2.73 6.31 2.97 2.29 3.6l 3,71 7.94 7.50 0.00 0.00
NORMAL 3.83 3.63 4.14 4.15 3.68 3.14 5'a5 3.31 3.47 3.52 4.71 4.38

---- = missing data

Tr = a trace .

A = accumulation over one or more previous days
§ = value is included in a subsequent value
Observation time - 8am

This report was prepared by the Northeast Regional Climate Center.

+ Meemsl Mov /Dee vatues —» 1996 fPrecip= 55,75 d
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