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L INTRODUCTION

This final report provides a description of the methods and results of
watershed modeling and surface water data collection within the Maquoit Bay
watershed system. The work was conducted in accordance with a contract
between Horsley & Witten, Inc. (H&W) and the Casco Bay Estuary Project
(CBEP) and U.S. Environmental Protection Agency (EPA) Region I, through
the New England Interstate Water Pollution Control Commission
(NEIWPCC). The results of the project are presented here.

A. Purpose and Scope

Nitrogen and fecal coliform have been identified as potential sources of
contamination to Maquoit Bay. These contaminants are presumed to affect
the Bay's water quality and shellfish resources. Stormwater runoff from land
uses in the watershed surrounding the Bay has been suspected as one of the
major potential pathways for contaminants to reach the Bay. Shellfish bed
closures have resulted from excessive concentrations of fecal coliform bacteria
in the upper Bay. A fish kill resulted from an algal bloom which, in part, may
have been prompted by watershed-derived nutrients, including nitrogen.

The purpose of the project was to evaluate the water quality impacts
associated with existing and future land uses in six subwatersheds of Maquoit
Bay, and to develop water quality loading models of the Bay’s watershed to
predict present and future loadings of nitrogen and fecal coliform (as the
indicator organism for other, more harmful pathogenic organisms) from
these land uses.

Predicted pollution loadings from the model, in conjunction with the water
quality monitoring data, is intended to be used as a basis for recommending
measures to modify sources or pathways in order to reduce pollutant loading
to Maquoit Bay. The watershed models have been designed such that they
can be transferred to, and used by, other coastal communities in Maine.
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B. Description of the Study Area

Casco Bay lies along the southern Maine coast in Cumberland County (Figure
1). It encompasses a 150-square mile area with 578 miles of shoreline and 763
islands. Along the coast of the Bay are numerous smaller embayments, many
with year-round inhabitants along the shore. The principal rivers flowing
into the Bay are the Fore River, Stroudwater River, Presumpscot River, and
the Royal River. The area is characterized by a rocky coastline with moderate
to heavy forest along some parts of the shore. Most of the Casco Bay
watershed lies within Cumberland County.

Magquoit Bay is one of the smaller bays within Casco Bay. It has a surface area
of approximately five square miles. It is approximately four miles long and
approximately 1.25 miles wide at its widest point. The Bay narrows toward
the head. Three fourths of the Bay lie within the Town of Brunswick with
the remainder in the Town of Freeport. Maquoit Bay is relatively shallow
with a mean depth of 10-12 feet and a tidal range of 10 feet. These
characteristics make it a good location for shellfishing. They also render it
susceptible to land-based pollution.

Marine fish resources of the Bay are classified into three categories: shellfish
(mollusks); crabs and lobsters; and finfish. Of these categories, only shellfish
found within the intertidal zone are within the jurisdiction of the Towns of
Brunswick and Freeport. The two other categories are jointly controlled by
U.S. National Marine Fisheries Service, and the Maine Department of Marine
Resources. Maquoit Bay has been historically recognized as one of the most
significant shellfish areas along the Maine coast as well as "one of the most
studied bays in the State of Maine." (Wallace, D. 14 April 1993). The Bay
typically produces a shellfish harvest in excess of $1 million per year, with
some reports indicating harvests upwards of $2 million per year.

Clam flats are routinely closed due to bacterial pollution, as indicated by fecal
coliform counts in waters over the beds. Over a third of the 11,112 acres of
clam flats in Casco Bay were closed. It is suspected that the pathway for much
of this pollution is stormwater runoff from the watershed.
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II. DESCRIPTION OF WATERSHED

A. Watershed Delineation

The Maquoit Bay watershed drains 7,878 acres. The surface watershed
boundaries of Maquoit Bay were delineated through the use of topographic
maps and field checking of Geographic Information System (GIS) maps —
generated by the Casco Bay Estuary Project (CBEP).

Six subwatersheds, within the overall Maquoit Bay watershed, drain to the
Bay (see Figure 2). Three of these subwatersheds are stream basins, the
remainder have direct runoff to the Bay over the land surface. For the -
purposes of the watershed analysis project, H&W assigned the following
subwatershed names based on prominent geographical features:

. Flying Point Neck subwatershed (950 acres)

. Bunganuc Stream subwatershed (3600 acres)

. Bunganuc Point subwatershed (601 acres)

. Wharton Point Stream subwatershed (1460 acres)
. Rossmore Stream subwatershed (881 acres)

. Merepoint Neck subwatershed (386 acres) -

The three major streams account for much of the watershed drainage.

Bunganuc Stream drains the northwestern portion of the watershed and

empties just north of the Freeport boundary along Flying Point Neck.

Wharton Point Stream and Rossmore Stream drain the northeastern portion -
of the watershed and empty into the head of the Bay. However, surface

runoff and subsurface flow not hydrologically connected to the streams also -
occurs. This was observed on Merepoint Neck and Flying Point Neck during

a shoreline survey conducted to evaluate sources of direct contamination to

the Bay. Drainage from the Bunganuc Point subwatershed occurs via sheet

and swale flow in the open areas, and through ephemeral stream flow in

other areas.
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B. Geologic Framework

An understanding of the site specific hydrology and geology is necessary to
determine the pollutant pathways from land-based sources to the Bay. The
bedrock of the Maquoit Bay watershed is primarily of volcanic origin which
has been metamorphosed several times over the last 200 million years. Much
of it is fractured, providing pathways for water movement. Foliation
(folding) of the bedrock and sediments has occurred in the Casco Bay region
such that the lineation of ridges and troughs run from northeast to
southwest, and are inclined gently downward toward the southwest. These
ridges are locally called "necks.” Troughs between the ridges were flooded by
the ocean in the geologic past and make up the present bays and inlets
oriented to the northeast, Maquoit Bay among them.

Surficial unconsolidated materials, most originating from the last glaciation,
lie on top of the bedrock mantle. These include glacial till, outwash and a
clay-rich formation known as the "Presumpscot”. For the purposes of this
report, the surficial soils of the watershed are generally classified into two
types: 1) those with a predominance of sand, and 2) those with a
predominance of clay. Sandy soils (glacial outwash) encourage infiltration of
precipitation at the land's surface. Clayey soils include the Presumpscot
Formation clays and glacial till. Precipitation on the these "clayey-type" soils
results in mostly overland flow due to their low infiltration capacity.

C. Hydrologic Framework

1. Precipitation

Precipitation in the Maquoit Bay region is monitored by the U.S. Naval Air
Station (N.A.S.) at Brunswick, Maine. The N.A.S. measures rainfall and
snowfall (converted to liquid precipitation) to one hundredth of an inch on a
daily basis. Any precipitation less than this is considered a "Trace (T)"
amount and is so recorded. The data are then transferred to the National
Weather Service in Raleigh, North Carolina and subsequently to the State of
Maine. Historical precipitation data used in this modeling effort were
compiled with the assistance of the State climatologist. A total of 40 years of
data have been reviewed.
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Based on annual totals of precipitation, the 40-year period exhibited an
annual mean of 40.11 inches, a median of 41.18 inches and a standard
deviation of 13.53. The monthly mean for this period is 3.34 inches with a
median value of 3.43 inches and a standard deviation of 1.13. Temperature
on average fluctuates between 10°F and 80°F in the study area (Figure 3). The
region commonly experiences snowfall from November through March, and
a typical spring thaw beginning in March although frozen ground has been
observed by H&W as late as mid April.

Groundwater from seasonally high water tables resulting from the snow melt
will generally saturate the soils before discharging to Bunganuc Stream,
Rossmore Stream and Wharton Point Stream, the three primary streams
draining the Maquoit Bay watershed. Seasonal groundwater and soil
saturation conditions are of concern because they can be problematic for septic
system effluent percolation through soils depending on the level of
saturation.

Figure 3

Average Monthly Maximum and Minimum
Temperatures for Brunswick, Maine for 1990 - 1992
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Other factors which affect the rate at which precipitation becomes stream flow
include the shape of the watershed: A round or bowl-shaped watershed will
concentrate runoff more quickly at its drainage point than an elongate
watershed (all other factors being equal). Additional factors include drainage
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density--the sum of all stream channel lengths divided by the watershed area
(this correlates to stream ordering); antecedent moisture conditions of the
soil; vegetation type and density; percent basin coverage of surface water
bodies; and urbanization with its associated impervious surfaces.

2. Surface Water Flow

Surface water flows within the watershed occur as overland runoff and as
stream flow. Overland flow, or stormwater as it is commonly called, is
generated when the capacity of the soils and vegetation to absorb water from
precipitation is exceeded. In clay-rich soils (which comprise the majority of
the watershed) this capacity is low and is reached quickly. In sandy soils, a
larger portion of the precipitation infiltrates the land surface and recharges
the underlying groundwater system.

Three perennial streams carve through the watershed. They derive water
from adjacent groundwater (baseflow) and from surface runoff during storms
(storm flow). H&W undertook a 12-month field study to quantify stream
flows. From 5 May 1994 through 19 May 1995, an H&W site inspector made
daily stage measurements at Bunganuc Stream and Rossmore Stream
(Figures 4 and 5, data in Appendix G). Additionally, stage and discharge
measurements were made on a monthly basis for the purpose of constructing
stage-discharge rating curves (Figures 6 and 7). The stage-discharge rating
graphs were then used to estimate discharges in the streams for the dates
where only stage measurements were made (See Figures 8 and 9).

Both streams exhibit low baseflows during the summer months when
groundwater recharge is minimal due to elevated evapotranspiration.
Higher baseflows were observed in the late fall, winter and spring months.
The lower stage readings reflected in the Bunganuc Stream curve during the
winter months reflect ice cover (Figure 8). The Rossmore Stream graph also
exhibits a defined "plateau” in the winter months (Figure 9). H&W
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Figure 4. BUNGANUC STREAM STAGE vs. RAINFALL MEASUREMENTS June 1994 -

May 1995
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Figure 8. PREDICTED BUNGANUC STREAM DISCHARGE MEASUREMENTS 5/94 - 5/95
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Figure 9. PREDICTED ROSSMORE STREAM DISCHARGE MEASUREMENTS 5/94 - 5/95
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interprets the result of snow melt and rain recharging the impoundment via
the watershed over the winter, resulting in a higher discharge for this period.

3. Groundwater Flow

Groundwater flows though the watershed from upland areas and discharges
to the streams and to Maquoit Bay directly. Groundwater discharge rates were
estimated utilizing groundwater recharge rates for the two major soil groups
(3 inches/year for clay and 18 inches for sand) and multiplying by the acreage
of these soil types in each subwatershed. Stormwater runoff rates were
estimated utilizing runoff rates of 18 inches/year for clay and 3 inches/year
for sand. Table 1 summarizes the results of this preliminary hydrologic
budget analysis. It indicates that the Bunganuc Stream subwatershed is the
most significant area within the Maquoit Bay watershed. The analysis also
suggests that stormwater accounts for 71% of the total discharge from the
Maquoit watershed.

Table 1. Estimated Average Groundwater and Stormwater Discharge
Rates (cubic feet/day)

Watershed Groundwater Stormwater Total
Bunganuc Stream 2.5 8.7 11.2
Rossmore Stream 1.6 2.1 3.7
Wharton Point Stream 2.3 3.5 5.8
Bunganuc Point 0.4 1.5 1.9
Merepoint Neck 0.3 0.9 1.2
Flying Point 0.6 2.3 2.9
TOTAL 7.7 19 26.7

4. Maquoit Bay Water Quality

H&W reviewed surface water quality data (June 1992-November 1994) from
the Maine Department of Marine Resources (DMR) to assess the spatial and
temporal variability of fecal coliform bacteria in Maquoit Bay. The DMR uses
a fecal coliform concentration of 14 colonies/100 ml to trigger a regulatory
action on shellfishing.
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The shellfish beds at the head of the Bay (known as DMR site C-17B) are
presently closed and have been closed for decades. This is also the location of
the mouths of Rossmore Stream, Wharton Point Stream and Bunganuc
Stream. Data collected under the supervision of the Town of Brunswick's
Shellfish Warden, Alan Houston, from 1992 through the present, show
surface water fecal coliform levels frequently in excess of the 14/100 ml level
in this area. These exceedences do not appear to closely correspond with the
tidal changes.

H&W evaluated the potential of using this bay sampling data as a tool to
relate our storm water sampling data to Bay water quality. This could not be
done because the marine data collection program did not correspond to the
same rain events. Therefore, it is difficult to relate a stream loading from a
particular monitoring event to a marine water quality sample on a different
day, particularly since much of the marine sampling data reviewed by H&W
was collected during dry weather.
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III. LAND USES
A. Existing Land Uses

Through literature reviews, site visits and detailed GIS analyses, H&W has
identified and compiled data regarding several land uses which can be
considered potential sources of pollution within the Maquoit Bay’s
watershed. The watershed is predominantly forest (4,870 acres or 60%),
agricultural (1,046 acres or 13%) and residential (945 acres or 12%). The
remainder of the watershed is roads, wetlands and a limited amount of
commercial land in the northeast corner of the watershed near the center of
Brunswick.

The majority of residential land in Brunswick is within the Coastal Protection
Zoning district (CPZ) with a minimum lot size of five acres (Figure 10). The
descriptions of the remaining zoning districts are provided in Table 2.

Table 2. Summary of Zoning Districts in Maquoit Bay Watershed

Brunswick
Zoning District Use Minimum Lot Size
CPZ Residential 217,800 square feet (ft2) (5.0 acres)
CR1D Residential 80,000 ft2 (1.8 acres)
MUZ11 Res./Comm. 15,000 ft2 (w/sewer) (0.3 acres)
40,000 ft2 (w/o sewer) (0.9 acres)
MDIZ Industrial 80,000 ft2 (1.8 acres)
SRD Residential 15,000 £t2 (0.3 acres)
IR11D Residential 7,500 ft2 (0.2 acres)
TRANS Residential 40,000 ft2 (0.9 acres)
Freeport
Zoning District Use Minimum Lot Size
MDR-1 Residential 108,900 ft2 (2.5 acres)
RR-1 Residential 108,900 ft2 (2.5 acres)
ID Residential Max. 1 dwelling/island or lot
of record
RP-1 Open 108,900 ft2 (2.5 acres)
Shoreland 250 ft. Zone Underlying zoning applies
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While the zoning information doesn't itself specify existing land uses, the
majority of the developed properties conform to today's zoning
requirements. Further details on existing uses are provided in the following
buildout section.

Based on existing land uses, septic systems, lawns, agricultural practices, road
runoff, and atmospheric deposition were identified as the greatest potential
contributors of nutrients and pathogens to the Bay. Other identified sources,
with lesser potential for contamination, include forests and agricultural lands
no longer in production. An estimated 591 residential units rely upon on-site
septic systems for sewage disposal. Approximately 50% of the systems are
constructed in soils rated as having severe limitations for septic drain field by
the USDA Natural Resources Conservation Service. This soil rating is based
upon shallow depth to bedrock, shallow depth to water table and low
permeability. These factors contribute to the probability for failure of septic
systems resulting in pollution to downstream surface waters. The majority of
these residential units maintain lawns, presumably with fertilizers, which
represents a source of nitrogen to the Bay.

There are 1,046 acres of agricultural land within the watershed. Pollutant
sources include fertilizer spreading, livestock grazing areas and feedlots.
Road drainage also represents a significant source of pollutants to coastal
waters. Stormwater runoff from road surfaces and adjacent lands includes
pollutants from domestic animal waste, drippings from automobiles and
roadside accumulation of debris. A sanitary landfill and a sewage sludge
disposal area were also identified in the Bunganuc Stream subwatershed.

1. Buildout Analysis

With the assistance of the CBEP Geographic Information System (GIS), H&W
has completed a GIS buildout analysis for the Maquoit Bay watershed. The
methodology used to conduct the buildout required the development of a
series of assumptions about the conditions that affect future development.
Overall, the analysis is based upon the assumption that future land
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development will be controlled by the combined influence of the local land
use policies and regulations, environmental factors attributable to the land,
and the requirements of the Maine Subsurface Wastewater Disposal Rules.

H&W's approach utilized the available GIS map coverages provided by the
CBEP to approximate on-the-ground constraints which are likely to inhibit or
preclude future development in the Maquoit Bay watershed (see Figures 10-
13). A review of the existing zoning, subdivision, and state plumbing code
regulations in conjunction with identified environmental databases provided
the necessary criteria by which to assess the "suitability" for development
within each of the five subwatersheds that drain into Maquoit Bay.

H&W used the following steps to generate the buildout results:

¢ areview and analysis of applicable zoning, subdivision, and sanitary code
regulations;

¢ areview of available GIS map coverages to determine development
constraints due to environmental or other (non-regulatory) factors;

* selection of development criteria derived from regulatory and
environmental analysis;

* translation of development criteria into a series of processing steps or
statements for application to GIS map coverages;

» application of the processing statements to the inventory of available GIS
map coverages;

e analysis of processing results and calculation of net potential for future
land development. '
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Specific Build-Out Assumptions and Sources of Information:

To calculate the land area available for future development, it was necessary
to establish certain conditions as controlling the maximum amount of
development that may occur. These conditions, or buildout assumptions, are
described below. The assumptions chosen reflect the availability of
information, its accuracy, and the objectives of the study.

1. All acreage figures associated with the various map coverages provided
from the CBEP GIS databases were assumed accurate.

2. Land identified as "developed” was assumed to support no further
development and was excluded from the further analysis (Figure 11).
Developed land includes areas shown as "high density residential and low
density residential”, as well as the associated roads, lawn areas, and other
features associated with developed land areas.

3. The Tax Assessor's Use Codes were used to exclude other areas which
are unlikely to be built upon due to the type of ownership, including
conservation, utility, cemetery, and other public lands.

4. Area occupied by existing road right of ways were calculated by
multiplying linear distance by the following width dimensions for:

Collector/Commercial Road 66 feet
Local Road 60 feet
Minor Road 50 feet
5. Gross developable acreage includes areas shown as "cultivated fields,

wet agriculture and fields, agriculture/crops, fallow fields, wet meadows,
pasture, hardwood/softwood forest, vacant land, and all other area not
included as developed.

6. Wetlands and areas of open water were considered to be not

developable (Figure 12).

7. New on-site septic systems will not be allowed within the 100-year
flood plains as depicted on the Flood Insurance rate maps/zoning maps.
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8. In accordance with the Maine State Plumbing Code, areas with
excessive slope were considered unsuitable area for on-site septic systems
installations.

9. In accordance with the Maine State Plumbing Code, areas of bedrock
within 20" of the ground surface were excluded from gross developable
acreage as unsuitable area for on-site septic systems installations.

10.  In accordance with the Maine State Plumbing Code, soils identified as
Poorly and Very Poorly Drained with a seasonal high water table of 0"-12"
were excluded from gross developable acreage as unsuitable area for on-site
septic systems installations.

11. In accordance with the Maine State Plumbing Code, areas with a
seasonal high depth to groundwater of 0.5 - 1.5 feet were excluded from gross
developable acreage as areas that may be unsuitable for on-site septic system

installations.

12.  Future development within the subwatersheds was assumed to be
controlled by the zoning ordinances in each town (Figure 10). Minimum lot
size and frontage will comply with those listed in each respective district.
Single family houses are allowed in residential zoning districts.

13.  Areas occupied by future subdivision roads equaled from 5-12% of
gross developable acreage within each subwatershed area depending upon the
underlying zoning.

14. Reserved land (open space) requirement for new subdivisions equals
1.6% of gross developable acreage.

15.  Areas within the current or planned service are for sanitary sewers will
be connected and therefore development will not be constrained by on-site
suitability factors.

The buildout analysis conducted according to the assumptions above
indicates that under current zoning, an additional 1,603 single-family homes
could be built within the developable areas of the watershed (Figure 13). It is
presumed that all of the dwellings will utilize on-site septic systems. This
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represents slightly more than a tripling of the existing number of units (591)
within the watershed (Table 3).

Table 3. Buildout Results

_Potential
Existing Increase in Buildout
Subwatershed Dwellings Dwellings Dwellings
¢ Bunganuc Stream 142 520 662
¢ Wharton Point Stream 53 692 745
¢ Rossmore Stream 100 230 330
* Flying Point Neck 152 136 288
* Merepoint Neck 123 9 132
* Bunganuc Point 21 16 37
TOTAL 591 1603 2194
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IV. WATER QUALITY SAMPLING AND ANALYSIS IN MAQUOIT BAY
WATERSHED

In order to determine the level of bacteria and nutrient loading from

predominant land uses within the watershed, a field sampling and flow
measurement program was undertaken. The program included three
components:

1. stormwater runoff sampling at test sites;

2. sampling of three principal streams during baseflow and stormflow; and
3. shoreline survey

Prior to initiation of water quality sampling and measurements, a Quality
Assurance Project Plan (QAPjP) was prepared and approved by EPA. The
QAPjP describes procedures for data collection in the field, and laboratory
analyses. It also describes necessary quality assurance/quality control methods
to follow in the data collection and analysis process.

A. Test Sites: Predominant Land Uses

Within the Maquoit Bay watershed, six test sites (or polygons in GIS -
terminology) with predominant land covers were selected for the monitoring

of contaminants in runoff (Figure 14). Initial candidate sites were identified

by GIS by combing land use and topographic information and identifying

"pour points”, or locations where a small subwatershed discharges into a

stream. The test sites contain predominantly one land use, although other

uses exist in each (Table 4).

Table 4.  Summary of Test Site Land Use Characteristics

Total Predominant Acres Acresof  Acres of Linear Feet

Site  Acres Land use Agricultural Woods  Residential of Roadway Soils
BS-1 92 Agriculture 15 76 1 174 Clayey
BS-6 227 Agriculture 137 66 25 6,400 Clayey
GG-7 76 Agriculture 26 34 9 3,400 Sandy
BS-8 14 Residential 0 11 3 645 Clayey
BS-13 28 Residential 0 10 10 780 Sandy
BS-14 43 Forest 0 39 3 380 Mixed
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While each test site had areas of "other" land cover besides the predominant
land use, field checking of the sites revealed that the other land covers would
not compromise the data collection effort due, in some test sites, to the nature
of the land cover, and in other test sites, to their relative position in the site.
Specifically, mixed woods are not considered as significant a source of fecal
coliform as residential septic systems, road runoff and agricultural activities.

At BS-1, a relatively flat area, the 76 wooded acres are on the site periphery
while the agricultural acres immediately surround the discharge point. The
same landscape relationship is found at GG-7 and BS-6, although these sites
have somewhat greater slopes and certain wetland areas near the "pour
point”, or sampling location. Stormwater samples were collected from
ephemeral streams just upland of the vegetated wetlands. Within the of BS-6
site, there are also 25 acres of residential land and there are 9 residential acres
within site GG-7. Houses on both sites typically have large plots of land
associated with them. At BS-8 and BS-13, the residential sites, mixed woods
surrounded and intermingled with the houses. However, the houses (and
septic systems) were aggregated relatively close to the monitoring point rather
than spread across the site. The forest site, BS-14, was almost entirely mixed
woods. This site also contains vegetated wetlands which may provide some
attenuation of pollutants as stormwater moves through the area.

B. Test Sites: Sampling Procedures

Test site sampling was initiated by a "weather watcher” an H&W sampler
residing near the watershed. A forecast of rain would be monitored. Ata
time after rainfall in the watershed began, depending on its intensity, the
sampler would drive to each test site "pour point"”, or discharge point, to
investigate if any discharge was observed. Once discharge was observed at
some locations, the remainder of the sampling team members (an additional
H&W sampler and two Wright-Pierce flow measurement personnel) were
mobilized. The field personnel would break into two teams of one sampler
and flow measurement person each, and begin to make designated rounds.
H&W sampling policy for this project was to sample, at a minimum, two
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rounds at each site per rain event. This was achieved; two storms had fours
rounds of sampling, one had three rounds and one had two rounds.

Water samples were obtained by catching runoff in sample bottles prior to
reaching perennial streams. Three to four rounds of samples were taken at
each station during each storm event sampled. The intervals between
sampling rounds was dependent upon travel time to subsequent sites and
averaged approximately one hour between rounds. Individual samples from
each test site were mixed, or composited, to produce a sample that represented
the entire storm. The percentage of each sample mixed into the composite
was based on the relative proportion of runoff at the site at the time the
sample was taken. Details on the compositing procedure are provided in
Appendix F.

C Test Sites: Results

Table 5 summarizes the average water quality conditions at the six test sites
over storm events for total dissolved nitrogen and fecal coliform bacteria.
The complete water quality data is presented in Table 6.

Total dissolved nitrogen (TDN) averaged 0.99 mg/L for the three agricultural
test sites and 0.92 mg/L for the two residential sites. These concentrations are
approximately twice the average concentration (0.52 mg/L) measured at the
forest (control) site. Higher concentrations were expected at the agricultural
sites, based upon other studies which commonly show higher concentrations
of dissolved in agricultural runoff. The lower nitrogen concentrations at the
agricultural sites is attributed to the paucity of manure applications to
agricultural fields during the study period.

During H&W's reconnaissance of the watershed, prior to the commencement
of water quality sampling, Scott Horsley and Michael Frimpter (H&W),
observed what they describe as "liberal” applications of manure which
covered many sections of road surfaces in the Bunganuc Stream watershed.
During the sampling period, H&W employed a field inspector who surveyed
the watershed on a daily basis and found only limited manure applications at
the GG-7 test site.
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Table 5. Average Water Quality Conditions at Test Sites

Average Fecal Coliform (colonies/100 mls)

Test Sites

BS-1 289
BS-6 183
GG-7 275
Average Agricultural 249
BS-8 434
BS-13 121
Average Residential 277
BS-14 Forest 28

Average Total Dissolved Nitrogen (mg/1)

Test Sites

BS-1 ‘ Agricultural - 1.00
BS-6 Agricultural 0.82
GG-7 Agricultural 1.15
Average Agricultural 0.99
BS-8 Residential 0.86
BS-13 Residential 0.99
Average Residential 0.92
BS-14 Forest 0.52

Fecal coliforms averaged 249 colonies/100 mls for the three agricultural test
sites and 277 colonies/100 mls for the two residential sites. These
concentrations are approximately one order of magnitude higher than the
average concentration (28 colonies/100 mls) measured at the forest (control)
site. Similar to the discussion of nitrogen results, higher fecal coliform
concentrations were expected at the agricultural test sites. The lower than
expected fecal coliform concentrations are attributed to the very limited
manure applications during the study period.
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With the exception of site GG-7 on 4 May 1994 and 4 October 1994, no
additional manure has been observed on the agricultural lands in the test
sites throughout the study. At the GG-7 site on 4 May 1994, rainfall did not
occur until twelve days after the application thus allowing sufficient time for
appreciable surface die-off of fecal coliform bacteria. Appreciable rainfall did
not occur until weeks after the October application of manure. At GG-7
during all applications observed, the manure was a dry, aged or composted
product which was harrowed into the soil. This is much different than the
fresh, wet manure observed spread throughout the watershed the previous
year.

Fecal coliform data showed elevated concentrations at both residential and
agricultural sites, particularly in the first two watershed sampling rounds.
Interestingly, the fecal concentrations exhibited a marked decrease at both
residential and agricultural sites during the last two watershed rounds of
sampling in April 1995. One possible explanation for the fecal coliform
reduction at the agricultural sites is that the early data represent samples
taken closer to the time the last manure was applied.

The reduction of fecal coliform concentrations at the two residential locations
(BS-8 and BS-13) over the last two watershed events was not expected. The
winter was relatively wet, resulting in greater soil moisture in the spring.
Soil moisture is conducive to bacteria survival so the fecal coliform
concentration would not be expected to decrease so significantly. One
explanation could be that a greater percentage of residential test site fecal
coliform concentrations were the result of road runoff washed-off during
previous storms. Another possible answer is that previous rainfall flushed
fecal coliforms from the soils. A third possible explanation is the effect of
temperature on the survival of fecal coliform organisms. The temperature
during the two April sampling rounds was considerably colder than the first
two rounds. The answer may also be a combination of the scenarios.
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D. Stream Sampling and Analysis

Water quality samples and discharge measurements were collected
throughout the year at the mouths of each of the three streams (Table 7).
Sampling was accomplished by compositing individual discrete samples on a
flow-weight basis taken through the storm events.

Table 8 includes computations of average concentrations for both baseflow
and stormflow conditions in the streams. Average fecal coliform
concentrations increased by several orders of magnitude during stormflow
conditions for all three streams. However, nitrogen concentrations did not
show significant increases during stormflow conditions. One possible
explanation is that dissolved nitrogen is transported to the streams via
groundwater flow during both baseflow and stormflow conditions, while
bacteria are filtered as they flow through soil, and are therefore not observed
during baseflow conditions. Conversely, fecal coliform bacteria are
transported as particulates during stormflow conditions and are readily
filtered as they move subsurface through soil which is the hydrologic
pathway which provides baseflow to streams.

On September 23-24, 1994 a 3.7 inch storm event was sampled by securing
discrete samples throughout the event. These samples were not composited,
rather they were analyzed individually. The water quality data indicates that
concentrations of fecal coliforms increase throughout the storm event as
discharge increases in all three streams (see Table 7). This effect is most
evident in Bunganuc, where concentrations increased from 100
organisms/100 mls at the beginning of the storm to 7,100 at the peak flow.)
The relatively higher fecal coliform increases in Bunganuc Stream are
attributable to the predominance of agricultural land uses and its close
proximity to roads which direct stormwater to Bunganuc Stream. Similar
increases for nitrogen were not observed.
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Table 8. Average Water Quality in Streams

Average Fecal
Coliforms/100 mls

Average Fecal
Coliforms/100 mls

Stream At Baseflow At Stormflow
Bunganuc Stream 14 3010
Rossmore Stream 4 108
Wharton Point 29 433

Stream

Average Total
Dissolved Nitrogen
at Baseflow (ppm)

Average Total
Dissolved Nitrogen
at Stormflow (ppm)

Bunganuc Stream
Rossmore Stream
Wharton Point

0.56
0.73
0.87

0.70
0.67
0.70

E. Shoreline Survey

H&W conducted a field evaluation on August 12, 1993 in which we toured

the Maquoit Bay shoreline by airboat, courtesy of Alan Houston. Based on

our evaluation, we believe that septic systems along the shores of Flying

Point Neck and Merepoint Neck are a source of nutrients and bacteria to the

" Bay.

At nearly every location along Maquoit Bay, bedrock is exposed at the

shoreline. Bedrock does not, however, outcrop at the shoreline at the head of
the bay where the Maquoit Bay trough is filled with glaciomarine sediments.
Here where the bedrock lies below sea level, the clayey and silty Presumpscot
Formation capped by sandy outwash forms steep embankments to the
shoreline, where it has not been eroded by the streams leading to the Bay.
Along Merepoint Neck to the east and Flying Point Neck to the west the
shoreline is predominantly hard bedrock with a very few locations where
small troughs containing unconsolidated sediments occur.

Along Flying Point and Merepoint Necks the unconsolidated sediments that
mantle the shallow bedrock are quite thin and bedrock is almost always found
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exposed above sea level at the shoreline. On these peninsulas, homes are
located close to the shore, and many older summer cottages have been
upgraded to year-round residences. Septic systems to serve these homes are
constructed in the thin sediments, mostly of Presumpscot Formation, that
overlie the hard bedrock. The bedrock floor beneath the sediments forms a
fractured, and therefore leaky, bottom which may form a barrier to the
downward seepage of septic system effluent. The effluent then flows along
the bedrock surface and/or into fractures until it reaches an outcrop at the
shoreline and seeps into the Bay, or until it reaches an open fracture through
which it can rapidly run directly to the Bay. In either case, there is little to no

attenuation of nutrients or bacteria.

Compared to the head of the Bay, sites along the peninsulas would not at first
glance appear to be significant sources of nutrients and bacteria, because bay
water circulation is less confined along the Neck shores than it is at the head
of the Bay. However, an incoming tide may carry pollutants toward the head
of the Bay.

In order to evaluate the nutrient and bacteria contribution from these
shoreline septic systems, H&W performed sampling at or near the

rock /sediment interface along the shores of both Necks. This sampling was
designed to be qualitative in the sense of determining whether or not the
septic systems are sources to the Bay. A quantitative evaluation of the
loading from this source would have required a different sampling plan and a
much large number of samples than the available resources could sustain.

H&W completed a shoreline septic seepage survey at 12 sites on Merepoint
Neck on 21 June 1994. During the field work, sampling activities at some sites
were videotaped. H&W also completed a shoreline septic seepage survey at 7
sites on Flying Point Neck on 3 August 1994. |

Also on 3 August, three sites on Merepoint Neck were resampled a second
time to test reproducibility. Photographs were taken of each site in order to
pinpoint locations for repetitive sampling. The results of analyses of these
samples are listed in Appendix E, and the sample site locations along with
fecal coliform concentrations are shown in Figures 15 and 16. Extremely high
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concentrations of fecal coliforms were found at several points along both
necks in Maquoit Bay.

Sample analysis from the shoreline surveys showed nutrient concentrations
indicative of wastewater pollution at several sites. At sites BSS 2, 10, 11, and
12 on 21 June 1994, and BSS-2 on 3 August 1994, total dissolved nitrogen was
measured at roughly 10% of the concentration of raw septic effluent.
Ammonia-nitrogen was also in this category at BSS-2 and BSS-10 on 21 June
1994. High concentrations of suspended particulate nitrogen were also
observed at sites on both necks.

Thirteen of 25 samples showed fecal coliform concentrations in excess of 100
colonies/100 mls. Most of these sites also had high nitrogen concentrations.
At sites with elevated fecal concentrations but relatively low nitrogen
concentrations, uptake by vegetation may be one mechanism affecting
nitrogen concentrations in seepage during these summer dry-season
conditions.

During the sampling on 3 August 1994 the BSS-10 site was revisited.
However, due to high tide, the exact site could not be re-sampled. To gauge
another potential source of contamination at this cove, a sample was collected
from a small discharge of water from stormwater discharge pipe located here.
This sample was designated BSS-10A. Data from this sample showed
concentrations of pollutants indicating potential sewage input. This sample
was collected under dry weather conditions and the quality of stormwater
discharged at this site may be significantly different.

Two other sites were resampled during the 3 August 1994 sampling round for
a comparison to the 21 June 1994 data. At site BSS-2, the fecal and nutrient
data was in close agreement between sampling rounds. Site BSS-6 was
successfully sampled for fecal coliform but, due to insufficient seepage
recovery in the fracture, a sample for nutrients could not be obtained. The
coliform data from the two dates at BSS-6 were not in agreement.
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During the Merepoint Neck survey, holes were d\ug in upper beach areas in
the drainage route from upland areas in order to penetrate the groundwater
table for a sample. At three sites (BSS-1, -3, -4) high suspended clay content in
the sample collected from these holes created a matrix problem during
analysis for particulate nitrogen. During filtering of the water sample, an
excess of suspended clay concentrated on the filter after only a very small
volume of water passed through the filter. As a result, the sample could not
be analyzed for aqueous concentrations of pollutants. However, this field
filtration attempt illustrates the significant clay content of the soils and its low
permeability. This Presumpscot clay formation is essentially ubiquitous on
both Merepoint and Flying Point Necks.

In summary, 5 out of 19 sites (26 %) had Fecal Coliform greater than 20,000 per
100 ml, 10 out 19 sites (52 %) had total nitrogen greater than 1 mg/], and 3 out
of 19 sites (16 %) had total phosphorous greater than 1 mg/l. Water from
these sites discharges directly into Maquoit Bay. These results show fecal
coliform and nutrients in excess of natural expected values with sufficient
frequency and concentrations to indicate without question that some, if not
all, septic systems near the shores of Flying Point and Merepoint Necks are
not functioning as intended. These conditions warrant further quantitative
investigations, perhaps evaluation of the Maine Plumbing Code septic system
regulations, and assessing the need for further on-site treatment of sewage or
sewering of the homes on the Necks. This is discussed further in the
Conclusions and Recommendations section (Section VII).
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V. DEVELOPMENT OF THE BACTERIA MODEL

H&W developed two approaches to ranking and modeling fecal coliform
loading in the Maquoit Bay watershed. Both approaches model potential
sources of fecal coliform bacteria on the watershed scale. The first one is a
spreadsheet model which estimates average fecal coliform loadings. This
version is based on the water quality monitoring component of the project
and on soil characteristics in the watershed. Attenuation of fecal coliform is
assumed to be accounted for in these data.

The second approach is the FecaLOAD model and its associated ranking
tables. The FecaLOAD approach calculates fecal coliform loadings by a
specific rain event and assigns fecal coliform attenuation factors based on
literature values. Attenuation and loading factors are determined by a
ranking system based on the physical setting of the watershed. Both models
arrive at fecal coliform loadings by watershed.

A. Background

Fecal coliform is a widely-used indicator organism for the potential
contamination from other, more harmful septic-effluent and manure-borne
microorganisms. Fecal coliform pollution in the Maquoit Bay watershed has
been identified in the past by other researchers. Several publications
describing fecal coliform pollution in the Maquoit Bay watershed were
obtained and reviewed prior to undertaking this study. Overall, the focus of
most of these reports was on Bunganuc Stream and its watershed because it is
the major stream draining to Maquoit Bay, although the Bowdoin College
work had various levels of analysis on all three watershed streams. The
following reports discuss Bunganuc Stream and Maquoit Bay watershed
issues in some detail:

* B. Hinckley, "Preliminary Report on Bunganuc Brook,” November 1971

¢ C. Underhill, "Bunganuc Brook Survey Report,” August, 1980

 Gilfillian and Laine, Bowdoin College, "Studies on the Status of Maquoit
Bay: Preliminary Report to Baywatch". February, 1990.
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These studies suggest that the largest fecal loading (or "fluxes” according to
the Bowdoin Report) occur during large storms. The reported concentrations
and loadings appear to be significant enough to result in shellfish bed closures
at the head of the Bay.

Prior to model development, H&W completed a detailed review of the
pertinent literature on fecal waste-associated microorganisms. This review,
summarized below, identified fecal coliform sources, pathways and
attenuation mechanisms for incorporation in the FecaLOAD (Fecal Coliform
. Loading) model. Because this model was designed to be a management tool,
the pathways and attenuation mechanisms selected for incorporation into the
model took the model-user's data collection needs and limitations into
consideration.

1. Sources of Fecal Coliforms

The principal sources of fecal coliform organisms in the Maquoit Bay
watershed are humans, cows, domestic pets and wildlife. Table 9 shows
estimates of the numbers of source organisms residing within the Maquoit
Bay watershed and the amounts of fecal coliform organisms typically
generated by each of these sources. In the case of humans, fecal wastes are
discharged to the subsurface soil environment via septic systems where the
majority of the fecal organisms are attenuated by filtration in soils. However,
fecal material from the three other source groups are deposited on the surface
of the landscape. Cow manure is routinely spread over agricultural fields as a
fertilizer.

The impacts associated with human fecal wastes are minimized (or
eliminated) through the use of properly functioning septic systems.
However, where septic systems fail hydraulically (surface breakouts) or
hydrogeologically (inadequate soils to filter bacteria) impacts to downgradient
surface waters may occur.
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Table 9. Sources of Fecal Coliform Organisms Within The

Maquoit Bay Watershed
Estimated # of Total Estimated
Estimated Fecal Coliforms Loadings of FC
Source umber Generated/QOrganism (billion organisms/day)
Humans 1245(1) 2 billion orgs/day(4) 2490
Dogs & Cats 147(2) 5 billion orgs/day(5) 767
Cows 450 5 billion orgs/day(>) 2250
wildlife 3) 10 million orgs/day(6) (3)
Notes: 1. The number of humans is estimated from 712 residential structures by an

average occupancy of 2.4 persons/residence.

2. The number of cats and dogs was determined from Annual Reports for the
towns of Brunswick and Freeport.

3. The number of FC-producing wildlife (birds and mammals) is unknown, and
therefore, total loadings can not be determined.

References: 4. Converse, et al. 1991.

5. Koppelman, Lee ed. (1978). Animal Waste: Non-Point Pollution. Nausau -
Suffolk (NY) Regional Planning Board. 32 pp.

6. Novotny and Olem, 1994 (For waterfowl).

2.  Surface Transport of Fecal Coliforms

The extent of fecal coliform bacteria survival depends upon many
environmental factors which control the viability of the organisms through a
variety of means. The primary vehicle for fecal coliform transport to a
receiving water is stormwater runoff. Prior to a rainfall event, temperature,
solar radiation, and moisture seem to have the greatest effect on enteric
bacterial survival in the soil (Moore, et al., 1982), thus influencing stormwater
concentrations of fecal coliforms. Other factors such as timing of
precipitation events and residence time were also shown to be significant
factors.

Temperature: Moore, et al. (1982) found seasons, primarily summer and
winter, to be significant to the die-off of fecal coliforms on the ground surface.
Based on literature they evaluated, Moore, et al. (1982) developed the
coefficients 0.51 log unit reduction/day during the summer months and 0.36
log unit reduction/day in the winter. This roughly corresponds with existing
literature showing an inverse temperature-survival relationship with
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organisms from fecal wastes (DuBois, et al. 1976 and 1979, Teutsch, et al. 1991;
and U.S. EPA 1988).

Solar Radiation: Fecal coliform survival on the land surface whether from

manure application to cropland, or septic system effluent from breakout
conditions, is reduced significantly by solar radiation and adhesion to
vegetation. The longer fecal coliform remain exposed at the surface, the
greater the likelihood of die-off by radiation (personal communication, G.
Heufelder, 1994). Additionally, the distance from the fecal coliform source to
the surface water must be included in the die-off assessment. A greater
distance results in longer travel time and greater exposure to attenuative
factors such as solar radiation.

Soil Moisture: Soil moisture appears to be a predominant factor controlling

microbial survival in the soil (Reddy, et al., 1981). Survival time of bacteria
increases with moisture content and moisture holding capacity of the soils
(Teutsch, et al, 1991). In general, clay content increases soil moisture
retention and therefore bacteria survival (Reddy, et al., 1981, Yates and Yates,
1988, and U.S. EPA, 1987). Because soil moisture is closely related to rainfall
runoff generation, wet soils would potentially yield more bacteria for
entrainment in runoff.

First Flush: Studies on cow manure applications to the land surface found
the first runoff event (from simulated rainfall) to be critical in physical
bacterial transport from the site. Most of the fecal coliform loss was from the
first irrigation event initiated several hours after the manure application.
After the initial fecal coliform loss, subsequent irrigation of the application
area showed percentage losses of organisms less than two orders of
magnitude than original percentage lost (Kunkle, 1979). Dunnigan and Dick
(1980) reported similar findings for land applications of sewage sludge where
high numbers of fecal coliforms were found in runoff until the wet weather
ended and the sludge was "thoroughly dried." Moore, et al. (1982) found that
the greater the precipitation, the greater the removal of bacteria. This is a
simple function of loading in that greater runoff will result in the likelihood
that more of the available fecal coliform bacteria will be entrained in runoff.
However, Moore, et al. (1984) also found that the first inch of rainfall typically
removes most of the bacteria available for entrainment in runoff.
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Residence Time: In a livestock waste-application study, it was hypothesized

that residence time of manure was also a controlling factor in fecal coliform
entrainment in runoff. If a precipitation event occurred during manure
application, 58% to 90% of the fecal coliforms were transported, (Crane, et al.,
1978). These researchers alsoindicated that time sensitive processes were
responsible for controlling the transfer from soil to liquid runoff through an
adsorption or fixation type mechanism.

3. Subsurface Transport of Fecal Coliforms

Two major mechanisms whereby bacteria can be removed as they are

transported in groundwater are filtration and adsorption (EPA, 1987) Reddy et

al. (1981) used the term "retention by soil particles” to describe the interaction —
of these processes. Filtration and straining of bacteria is believed to be the

major limitation in bacterial underground travel. Filtration occurs during

septic effluent percolation if the bacteria are too large to pass through soil pore

spaces. Mechanical straining is believed to be the cause of bacterial removal

in groundwater, the critical factor being the ratio between bacterial and media

diameter (Teutsch, et al., 1991).

Filtration: Pore size is a very important factor in retaining microorganisms.
EPA reported that "the major factor affecting entrainment distance of enteric
organisms is the soil type (EPA, 1988). Generally, as effluent percolates
through a given depth of soil, the removal of bacteria is inversely
proportional to the particle size of the soil (Butler, et al.). Many bacteria are
large enough to be filtered out as water moves through the soil pores, but
fractured bedrock and coarse-grained soils (gravel) permit rapid movement.
Thus soils with smaller pores (silts and sands) are more efficient at bacteria
removal than soils with larger pores like coarse-textured soils (EPA, 1987).
Romero (1970) reported that "great numbers of bacteria are effectively
removed by percolation through a few feet of sand... by mechanical and
biological straining as a result of soil clogging.” Studies have shown that
most bacteria are attenuated within a distance of 4-100 feet in permeable sand
(Carter and Knox, 1986). Fractures in bedrock provide virtually no bacteria
filtration and bacteria can migrate significantly longer distances.
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Adsorption: In general, retention of bacteria and viruses increases with an
increase in soil clay content, cation exchange capacity and the specific surface
area of the soil particles (Reddy, et al., 1981; Yates and Yates, 1988; EPA, 1987).
The latter two factors are positively correlated with clay content. The major
mechanism of virus removal is by chemical-physical adsorption onto clay
particles due to the highly charged nature of clay. However, viruses can be
desorbed from clay by rainfall and migrate further through the subsurface
where they become readsorbed or remain freely suspended in the
groundwater (EPA, 1987). Rainfall is the most common occurrence which
results in the desorption of viruses in wastewater systems. In sandy and
organic soils, Sobsy, et al., (1980), and Landry, et al. (1979) found that
considerable quantities of retained virus were washed from the soils by
rainfall. Overall, adsorption of viruses is the primary mechanism for their
removal by on-site subsurface wastewater systems (septic systems), although a
virus type which could serve as a predictive model for all virus movement in
soil has not been identified (EPA, 1988; Yates and Yates, 1988).

4, Viruses

Unlike bacteria, viruses are generally not filtered out by soil pores as septic
effluent percolates through the soil, unless there is a substantial clay content
(Teutsch, et al., 1991). Virus particles are between one and two orders of
magnitude smaller than bacteria. Therefore, filtration and mechanical
straining can probably be neglected as a limiting factor in viral underground
travel. Viruses have been shown to migrate distances of over 1,000 feet in
sand and gravel and further in fractured bedrock (EPA, 1987). The most
significant factor which determines viral survival (or inactivation) in the
subsurface is temperature. A model developed by Yates (1987) estimates
inactivation time based upon groundwater temperature. In coastal Maine the
groundwater temperature is 7-8°C. At this temperature, viruses can be
expected to survive for periods of 800-1,000 days.
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5. Summary -

Pathogen transport and fate is difficult to quantify given all of the attenuative

factors. Attenuation coefficients are difficult to measure; in part because

bacteria populations can both grow and die off at varying rates based on the

factors (and/ or combinations of factors) described previously. These factors

can be very difficult to quantify. In evaluating the most important factors in
microorganism transport and fate, Yates and Yates (1988) point out that no —
one factor can be singled out as the most influencing. They found that:

"Upon examination of the models that have been developed to
predict the fate of microorganisms, one notices that [biological,
chemical and physical factors known to influence virus and
bacterial survival and transport in the subsurface] are not explicitly
addressed in the equations used in the models. This is most likely
due to the fact that much of the known information is qualitative
in nature, and that it is difficult, and sometimes impossible, to
generalize the results of one or several experiments to all
microorganisms of concern under all environmental conditions
which may be encountered.”

Perhaps the most challenging aspect of modeling of fecal coliform, is the
choice of which attenuation factors to incorporate into the model given the
wide range identified in the literature. Evaluation of the numerous
attenuation variables for bacteria would make the watershed modeling
approach unwieldy for local environmental managers and planners.
Therefore, for the Maquoit Bay watershed, FecaLOAD evaluated those factors
discussed above which are accessible to, and/or easily estimated by,
environmental managers and other model-users. These are factors within
the broad fate and transport categories previously identified by Keswick and
Gerba (1980), namely hydrogeological and meteorological such as soil
properties based on the County Soil Survey with respect to suitability for
sewage disposal, proximity of the potential source to the surface water
resource, and precipitation/runoff.
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B. Evaluation of the Relative Contributions of Indicator Bacteria

To estimate the relative loads from identified sources within the Maquoit Bay
watershed, H&W developed two approaches for estimating the relative
inputs of indicator bacteria from identified sources, one based on empirical
data collected during the project and one based on qualitative hydrogeological
factors. The first approach estimates average fecal coliform loadings for
different land uses from each watershed. The second approach is the
FecaLOAD model (Section C) developed by H&W which categorizes pollution
sources.

1. Ranking System for Average Fecal Loading

To estimate average loads of fecal coliforms (FC) during storm events H&W
developed a ranking system based upon actual water quality data, land uses
and soil types. The water quality data from four rounds of stormwater
sampling at the six test sites was utilized to develop average FC loads per
storm event. It should be recognized that the field data is highly variable and
is likely to be dependent upon numerous complex factors. This ranking
system was developed to look at only the general trends (average loading). A
more detailed model (FecaLOAD) was developed to attempt to incorporate
some of the more complex factors which might explain the variability of field
data. This more detailed model is presented in subsequent sections of this
report.

The water quality data from the six test sites was utilized in developing the
loading coefficients used in the ranking system. First, actual fecal coliform
loads were calculated for each of the storm events which were sampled at the
test sites. This was accomplished by multiplying measured fecal coliform
concentrations by measured discharge (flow) rates.

The watersheds for each test site were then analyzed for land use and soil
types (Table 10). Land uses were broken down into agricultural, residential,
roads and forest. Soils were classified in accordance with the USDA Natural
Resources Conservation Service (NRCS, formerly the Soil Conservation
Service) four hydrologic soils groups. Runoff coefficients were
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Table 10. Fecal Coliform Loading Analysis at Test Sites

Test Land Actual Mean|Total Acres %
Site Use FC Load Acres |AG RES Forest RES Forest
BS-1 AG 672 92 15 1 76] 0.16 0.01 0.83
BS-6 AG 22601 227 137 25 66{ 0.60 0.11 0.29
GG-7 AG 1531 76 26 9 34 0.34 0.12 0.45
BS-8 RES 173 14 3 11 0.00 0.21 0.79
BS-13 RES 361 28 14 14 0.00 0.50 0.50
BS-14 ROR 63 43 2.5 40 0.00 0.06/ 0.93
Step #1 - Compute Forest Loading 1.5 M orgs/acre
Step #2 - Compute Residential Loading 24 M orgs/acre
Step #3 - Compute Agricultural Agricultural Loading

BS-1 36

BS-6 160

GG-7 49

Average 81
Step #4 - Re-Compute Forest Loading 0.055




identified using curve numbers for each hydrologic soil group and associated
land use. Curve numbers (CN) approximate the percentage of rainfall which
becomes surface runoff. It varies by soil type and land use.

From this analysis, BS-14 (43 acres) is comprised of 93% forest (40 acres) and
7% residential (3 acres) and exhibited an average loading of 62 million FC
organisms/storm event. To compute the loading attributable to forested land,
residential loading was initially set equal to forest and resulted in an average
load of 1.5 million FC/acre. Most likely, residential loading from domestic
animals and possible failing septic systems will be considerably higher,
reducing the forest loading coefficient.

The residential loading coefficient was determined by first subtracting an
estimated 20 million FC attributable to 14 acres of forested land from the
average FC loading fro BS-13 (361 million FC) and then dividing by the
number of residential acres (14), yielding an estimated residential FC loading
of 24 million FC.

Agricultural loading was determined by subtracting the allocated FC loads
from residential and forested segments of the three agricultural test sites (BS-
1, BS-6 and GG-7) and dividing the remaining loading by the agricultural
acres yielding an average loading rate of approximately 81 million FC/acre.

The ranking system was then further calibrated by applying NRCS curve
numbers to estimate the relative runoff rates of the four hydrologic soils
groups. Because the curve numbers were utilized to estimate the percentage
of runoff and associated pollutant loadings, the individual input coefficients
had to be adjusted upward.

The ranking system was then applied to the six sub-watersheds including the
three streams (see Table 11). Predicted FC loadings for Bunganuc, Rossmore
and Wharton Point streams were 60,800, 7,800 and 19,600 respectively. Actual
average loadings in the three streams were 79,800, 4,220 and 16,000
respectively.
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Table 11. Average Fecal Coliform Ranking and Loading Approach

Existing Conditions - Estimated

Fecal Coliform Loadings in Three Streams

Watershed: ‘ FC Load Hydrologic Soils Group FC Load
Bunganuc Stream M Orgs/acre A B C D M orgs
acres |CN* jacres |CN jacres |{CN |acres |CN
Ag (cultivated w/conservation) 100 51 62 51 71} 254| 78| 254| 81 47169
HD residential 61 75 83 87
LD residential 50 21| 51 21f 68] 105 79| 105| 84 9807
Roads (paved w//ditches) 20 17| 82 17| 89 84| 92 84 94 3706
Forest 0.1, 162) 40| 162} 50| 808] 60| 808 70 120
Total FC Loading M orgs/storm) = 60802
Watershed: FC Load Hydrologic Soils Group FC Load
Rossmore M Orgs/acre A B C D M orgs
acres |[CN jacres |[CN |acres |CN |acres |[CN
Ag (cultivated w/ conservation) 100 6| 62 6| 71 1 78 1 81 957
HD residential 61 75 83 87
LD residential 50 41| 51 42| 68 8/ 79 8 &4 3126
Roads (paved w/ /ditches) 20 17| 82 17| 89 84| 92 84| 94 3706
Forest 0.1] 246/ 40| 246/ 50 48| 60 48| 70 28
Total FC Loading (M orgs/storm) = 7817
Watershed: FC Load Hydrologic Soils Group FC Load
Wharton Point M Orgs/acre A B C D M orgs
acres |CN |acres |{CN facres |{CN |acres |CN
Ag (cultivated w/ conservation) 100 76| 62 76| 71 30| 78 30{ 81 14878
HD residential 61 75 83 87
LD residential 50 19| 51 19 68 7779 8 84 1743
Roads (paved w/ /ditches) 20 60| 82 60| 89 23] 92 23] 9 2908
Forest 0.1 259{ 40{ 259| 50{ 101} 60| 101 70 36
Total FC Loading (M orgs/storm) = 19565
Reference: Soil runoff curve numbers (CN) are from U.S. Department of Agriculture Soil
Conservation Service and generally can be used to estimate the relative percentage
of rainfall which results as surface runoff from a variety of landscapes.




Table 11 Cont'd.

Existing Conditions - Estimated | ]
Average Fecal Coliform Loadings in Three Sub-Watersheds
Watershed: jFC Load| Total H_Ldrolo;ic S([>ils Grolup FC Load
Bunganuc Point M orgs/acre| Acres A B C D M orgs
acres |CN| acres |CN| acres |CN/ acres {CN
Agricultural 100 63 5] 62 5|71 26|78 26| 81 4877
HD residential 61 75 83 87
LD residential 50 21 2|51 2] 68 9179 9| 84 819
Roads (paved w//ditches) 20 36 382 3} 89 15} 92 15} 94 661
Forest 0.1 407 33| 40 33{ 50 171} 60 171| 70 25
600 48 48 252 252
Total FC Loading (M orgs/storm) = 6382
Watershed: FC Load H)}rdrolc;ic SoTi]s Grolup FC Load
Merepoint Neck M orgs/acre A B C D M orgs
acres (CN| acres |CN| acres |CN| acres |CN
Agricultural 100 21 3| 62 2|71 9!78 9| 81 1724
HD residential 61 75 83 87
LD residential 50 123 10| 51 10| 68 52| 79 52| 84 4796
Roads (paved w/ /ditches) 20 74 6| 82 6/ 89 31192 311 94 1359
Forest 0.1 232 19{ 40 191 50 97| 60 97,70 14
386 60 60 133 133
Total FC Loading (M orgs/storm) = 7893
Watershed: FC Load HyCro]o—[gic S(I>ils Gro[xp FC Load
Flying Point M orgs/acre A B C D M orgs
acres |CN/| acres |CN| acres |CN| acres |CN
Agricultural 100 101 91 62 8|71 42|78 42| 81 7846
HD residential 61 75 83 87
LD residential 50 152 12| 51 12| 68 64| 79 64| 84 5926
Roads (paved w/ /ditches) 20 89 7(82 7| 89 3792 37| 94 1634
Forest 0.1 690 55| 40 55/50| 290{60| 290|70 43
950 80 80 395 395
Total FC Loading (M orgs/storm) = 15449
Notes: M orgs/acre = millions of organisms/acre -
CN = Curve Number approximating % of rain which becomes surface runoff




This ranking system can be easily used by other communities along the
Maine coast that have similar land use characteristics/patterns. Adjustments
to the model would be required in more urban settings. The required
information is easily accessible. Where land use maps are not available, land
uses can be inferpreted from aerial photographs and USGS topographic maps.
Soils classified by the four hydrologic groups can be obtained from the USDA
Natural Resources Conservation Service, County Soil Survey Reports.

The pollution potential of an agricultural area with manure spreading and/or
livestock grazing areas is also dependent upon the proximity of the area and
the ability of soils to absorb manure-tainted runoff. It should be noted that,
while manure application is not septic effluent, the Qualitative Ranking
System classification is still relevant because the potential for those soils to
generate runoff is a function of the same factors. For example, agricultural
lands on thin soils (shallow to bedrock) with low permeability will become
saturated by rainfall and generate runoff at a rate greater than those fields on
deeper, more permeable soils. Manure spread on lands with shallow soils
and close to a surface water represent a higher probability of causing bacterial
pollution via stormwater runoff to that surface water.

While there may not be complete agreement over how to extrapolate known
soils field values over a large area, the values listed in the Soil Survey were
applied to the Maquoit Bay watershed. Initial field work performed by the
NRCS provided good planning data by an accepted "nationwide uniform
procedure” established by the NRCS to determine soils and extent of coverage
in an area. While this information is not site-specific, it suffices for many
projects which entail land and soil evaluation on a scale larger than the site-
level.

C.  Fecal Coliform Loading Model

The literature describes bacterial attenuation or die-off as a result of
environmental factors previously discussed. However, from H&W's
research, very little has been done in development of a watershed-scale

Identification and Evaluation of Nutrient -54- Horsley & Witten, Inc.
and Bacterial Loadings to Maquoit Bay
Brunswick, ME and Freeport, ME




bacteria loading model which accounts for this attenuation. As discussed in
the literature review, several researchers have attempted to model the
transport and fate of fecal coliform (and other bacteria and viruses) with
limited success, but these models were complex and of little use to resource
managers. Thus the challenge was to create a watershed ranking and
modeling approach to predict fecal coliform loading to Maquoit Bay which
accounts for the attenuation factors as discussed in the literature review.
While the model does this, it cannot possibly take into account all of the
biological mechanisms which occur in the watershed such as storage and re-
growth of bacteria in temporary holding areas.

From discussions with potential model users it was discovered that in
addition to accuracy, it is important that the model be easy to use, and that the

-input data be relatively easy to obtain or estimate. This was echoed at the May
1995 Casco Bay Estuary Project Management Committee meeting in Portland
during which H&W received many questions and comments specifically
addressing these models. The FecaLOAD modeling approach was developed
with this in mind.

1. The FecaLOAD Pollution Potential Ranking System

H&W developed this version of a ranking system as a qualitative
categorization of potential fecal coliform pollution sources based solely on
hydrogeological conditions for which information is available through a
county soil survey (Tables 12 through 16). Ranking of the potential sources is
used as the first step in modeling and determines where the sources are input
into the model.
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Potential fecal coliform pollution sources in the Maquoit Bay watershed were
ranked according to this system using both manual methods and GIS.
Individual dwellings were counted off USGS topographic quadrangle maps
(Brunswick, 1980; Freeport, 1970; Orrs Island, 1978; Lisbon Falls South, 1979)
and evaluated by the soil type (and associated hydrogeologic characteristics)
on which they were situated. Agricultural lands were also subject to the soils
assessment. The distance of the dwellings and agricultural lands to the Bay or
a stream was determined by using the map scale. Placement of the dwellings
in the different model input positions of Category I, Category II, Category III,
and Category IV were the result of the ranking. These categories have
associated with them various attenuation and loading calculations ranging
from nonpolluting (in Category I) to the greatest potential for fecal coliform
pollution (in Category IV).

For septic systems, the ranking system considers hydrogeological conditions
and distance to a surface water. The hydrogeological factors include depth to
seasonal high water table, soil permeability, and depth to bedrock which are
evaluated together in the NRCS Cumberland County Soil Survey
classification for sewage effluent filter fields. Low permeability soils are
unable to accept hydraulic loadings from septic systems during peak flow
times and wet periods of the year. One or a combination of these factors may
lead to surfacing or "breakout” of septic system effluent (hydraulic failure) or
may result in inadequate filtration within the soils prior to discharge to a
downgradient surface water (hydrogeologic failure). These factors are
summed and the resulting values guide assignment of septic systems and
agricultural lands to model categories I-IV. (Appendix C). These factors are
accounted for in the NRCS classifications of Slight, Moderate, Severe, and
Very Severe for a soil's limitations to percolate and treat septic effluent.

The rationale for use of these factors is straightforward: A septic system
failure leading to surface break-out is typically caused by a the inability of the
soils to absorb the effluent due to one or a combination of hydrogeological
factors. This situation is exacerbated by excess water from runoff making the
septic system a likely candidate for bacterial pollution of a water resource, but
only if the septic system is in relatively close proximity to that resource. A
poorly performing septic system in the watershed, located high in the
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watershed and far from access to any stream or other surface water, will not be
a likely source of bacterial pollution, whereas a marginally functioning
system, immediately adjacent to a stream, may be a more significant threat.

However, it should be noted that compliance with the Maine Subsurface
Wastewater Disposal Code (a/k/a the "Plumbing Code") through engineering
of systems on a site-specific basis, would override this ranking.

Ideally, the ranking of septic systems in the Maquoit Bay watershed would
involve a small site-by-site review of septic systems to quantify which septic
systems are in compliance with the Code, those on "severe” and "very
severe" soils, and those which have been engineered for difficult areas.
While this would provide the best information for modeling, a site-by-site
assessment was beyond the scope of this project.

2. Model Description

From the FecaLOAD model inputs, the model will calculate outputs, by land
use, for 1.) volume of runoff, 2.) loadings of fecal coliforms, and 3.) average
concentration of fecal coliforms in the runoff. The model user can then
assess the existing conditions of the modeled watershed and their
relationship to a water resource of concern. The user can also run different
scenarios in the model such as the watershed at buildout conditions or test
sensitivity of particular land use changes such as increases in impervious
surface and/or decreases in agriculture, among others. The FecaLOAD model
is, generally, a three-step process, as follows:

1. An "inventory of sources,” determines all of the inputs within the
watershed.
2. The potential sources of pollution are ranked as previously described

(Tables 12-16). This rates the likelihood of fecal coliform bacteria
transport from each source based on hydrogeological factors and
distance. The ranking system output places the sources in the model-
categories. I, II, IIT and IV representing the range of no predicted fecal
coliform pollution to a worst case fecal coliform pollution respectively.
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3. The model is then run with a known or hypothetical rain event and
prior watershed antecedent moisture conditions (or AMCs).
Attenuative (die-off) factors are applied through model equations.

Several coefficients are applied in the model equations to calculate volume of
runoff and loadings of fecal coliform bacteria. These and the attenuation
calculations are presented and referenced in Table 17 . A wide range of values
have been reported in the literature due to an infinite number of physical,
biological and chemical conditions under which fecal coliform bacteria enter
~and move through the environment. These values are typically on the order
of one to three orders of magnitude apart. To select one of these values as a
coefficient for modeling would misrepresent this range. However, to model a
range of coefficients would also preclude the model's utility as a management
tool. Tables 18 and 19 illustrate the modeled loadings with coefficients from
each extreme of the literature range of fecal coliform. Bunganuc Stream is
used here to illustrate actual outputs.

The model must predict a reasonable fecal coliform loading on which
management and planning decisions can be made. As the model evolved,
the decision was made to select median coefficient values for the potential
fecal coliform sources. These medians (listed on the following pages) were
used by H&W to predict loadings on the test-site scale and also form the
foundation on which the model was calibrated with water quality data
collected during the project. A FecaLOAD User's Guide (Appendix A)
provides sources of information and data input steps.

Table 17. Fecal Coliform Loading and Concentration Values Used in Model
Calculations

VERAGE DAILY LOADIN FFECAL COLIFORM

Range of Literature

Values H&W Selected Model Input
H AN CE
SEPTIC EFFLUENT: 104 - 107 FC/100 ml 106/100 ml effluent
Reference (1)
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Table 17. Cont'd

AVERAGE DAILY WASTEWATER

DISCHARGE

Typical Home 45-100 gallons/person/day 70 gallons/person/day
Reference (2), (3), (4), (5)

AGRICULTURE SOURCES

AGRICULTURAL RUNOFF:

NO manure application 10! FC/100 ml
Reference (6) of runoff (not calibrated)

ANNUAL MANURE
LAND-APPLIED
Reference (7) 10 to 20 tons/acre/ year 10 tons/acre/year

AVERAGE DAILY

MANURE 12 - 115 Ibs/animal/day 53 Ibs/animal/day
Reference (8)

LIVESTOCK MANURE 104 - 107 FC/g manure 106/g manure
Reference (9), (10)

DIAN BSIDE A ATION OF FECAL COLIFORM

Model Coefficient

Typical Values Value
ROAD WIDTHS:
Reference (11)
Residential 22 feet 22 feet
Major roads and highways 56 feet 56 feet
Commercial /industrial 56 feet 56 feet

Model Coefficient

Range of Values Value
ROAD RUNOFF:
Reference (12)
Residential 105 -107 FC/ft curb 2.6 x 106 FC/ft. curb
Low Density Roads
Residential 10° - 106 FC/ft curb 4 x 10° FC/ft. curb
High Density Roads
Industrial/ 10° - 106 FC/ft. curb 1.6 x 106 FC/ft. curb
Commercial Roads
Highways 105 - 107 FC/ft. curb 6.5 x 106 FC/ft curb
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SELECTED CALCULATIONS

VOLUME OF ROAD RUNOFF :
Road width X length X (2.3 x 107 acres/ft.) = Acres of road surface. Acres of road surface X
inches of rain / 12 inches = acre-ft. Acre feet X 325,851 gallons per acre-foot = volume of road

runoff (gallons).

VOLUME OF WATERSHED RUNOFF:
Reference (13), (14)
Acres of land cover X CN (curve number) -associated runoff inches (for a given rainfall on that

land cover) = acre-ft. X 325,851 gallons/acre-ft. = runoff gallons.

The watershed runoff calculations in the model were developed from empirical data by the
Natural Resources Conservation Service (NRCS). NRCS data are applied in the model as
composite "curve number” (CN) runoff values which are determined from hydrologic soil groups

Reference (15).

SURFACE DIE -OFF

Moore et al. (16) developed coefficients for fecal coliform die-off from a range of literature
values (0.179 - 0.526 days™1) cited in his Tillamook Bay, Oregon study. Moore found that die-
off rate varies with climatic changes and soil pH. Due to the mostly acidic (pH 4.4 - 5.2) soils
of Tillamook Bay, he arrived at a winter coefficient of 0.36 and a summer coefficient 0.51.
These coefficients were applied for modeling Maquoit Bay due to similar climatic conditions
(namely distinct winter and summer seasons) and soil conditions; Maquoit Bay watershed soils

are also generally acidic (pH 4.0 - pH 6.0). (17)

The calculation for fecal coliform die-off is as follows:

Ni= Ng (10-kt)
where:
Nt = Number of fecal coliforms at time t (this is the number of fecal coliforms available for

entrainment in surface runoff)
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No = Number of fecal coliforms at time 0
t
k
months 0.36 in cold months

Time in days

First order die-off rate constant. From Moore, et al. (Typical values used 0.51 in warm

Notes Referenced in Table

(1) Converse, et al. "Bacterial and Nutrient Removal in Wisconsin At-Grade On-Site
Systems.” IN On-Site Wastewater Treatment. Proceedings of the 6th National Symposium on
Individual and Small Community Sewage Systems, 16-17 December 1991, Chicago, Illinois.
American Society of Agricultural Engineers, 50.

(2) Metcalf & Eddy, Inc. 1991. Wastewater engineering: treatment disposal reuse. McGraw
Hill, Inc. 1991 (Septic system effluent rates range 35-50 gal./per person/day and an average
occupancy of 2.4-2.8 residents/home.)

(3) US EPA. 1980. On-site wastewater treatment and disposal systems design manual.

(4) Porter, K. S. 1978. Nitrates in the Long Island comprehensive waste treatment management
plan: VII Summary Documentation, Long Island Regional Planning Board, Hauppauge, New
York.

(5) Massachusetts Audubon Society. April, 1986. Protecting and maintaining private wells.

(6) Background coefficients were derived from sample concentrations from four H&W rounds of
sampling agricultural-land runoff in Maine from May 1994 through April 1995. These areas
had observed manure application approximately 7 months before the sampling project began.
Samples were collected once in May 1994, once in November 1994, and twice in April 1995. The
sample FC concentrations exhibited a decrease over the course of the sampling. Therefore,
geometric means of FC concentrations were determined from these samples and calibrated as
background coefficients for the model.

(7) Maine Department of Agriculture, Personal communication with Russel Libby, Researcher,
March 1994. (Manure application range of 10 - 20 tons/acre.)

(8) Moore, ].A., M.E. Grismer, S.R. Crane, and ].R. Miner. 1982. Evaluating Dairy Waste
Management Systems’ Influence on Fecal Coliform Concentration in Runoff. Department of
Agricultural Engineering, Agricultural Experiment Station bulletin 658, Oregon State
University, Corvallis, p 15. (Average of daily manure production from known cattle weights
for dairy and beef cows and horses (range of 12 lbs to 115 Ibs./day))

(9) Moore, ].A., M.E. Grismer, S.R. Crane, and ].R. Miner. 1982, "Evaluating Dairy Waste
Management Systems' Influence on Fecal Coliform Concentration in Runoff.” Agricultural
Experiment Station Bulletin No. 658, Oregon State University, Corvallis, Oregon. 1982, Table
4.
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(10) Koppelman, Lee ed. (1978). Animal Waste: Non-Point Pollution. Nausau-Suffolk (NY)
Regional Planning Board. 32 pp.

(11) Massachusetts Executive Office of Transportation and Commerce, Engineering Department,
(personal communication, 4 August 1995)

(12) Novotny, V. and H. Olem. 1994. Water Quality: Prevention, Identification and
Management of Diffuse Pollution. New York: Van Nostrand Reinhold. Note: This source sites
Ellis (1986) who incorporated roadside fecal coliform values from the Nationwide Urban
Runoff Program (NURP) Study by US EPA in 1981.

(13) U.S. Department of Agriculture, 1972. Soil Conservation Service, SCS National
Engineering Handbook, Section 4, Hydrology.

(14) U.S. Department of Agriculture/SCS, Amherst, MA. March 1974. Estimating Runoff: The
Modified Soil Cover Complex Method,

(15) U.S. Department of Agriculture, Massachusetts Agricultural Experiment Station, May,
1984. "Soil Survey of Essex County, Massachusetts”

(16) Moore, J.A., M.E. Grismer, S.R. Crane, and J.R. Miner. 1982. "Evaluating Dairy Waste
Management Systems' Influence on Fecal Coliform Concentration in Runoff.” Agricultural
Experiment Station Bulletin No. 658, Oregon State University, Corvallis, Oregon. 1982, Table
4.

(17) U.S. Department of Agriculture, Maine Agricultural Experiment Station, August 1974.
"Soil Survey, Cumberland County, Maine"
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