Quonochontaug East Beach/Central Beach Wellhead Protection Area

Assessment of Probabilistic Contributing Areas

Prepared By Marie Evans Esten for the Central Beach Fire District
July, 2014

A groundwater nitrogen assessment using the MANAGE nutrient loading model was prepared for the
Quonochontaug East Beach/Central Beach Fire District Probabilistic Contributing Area (Probabilistic
Contributing Area), and the northern and southern portions of the greater than 10 to 25 percent
Probabilistic Contributing Areas (northern and southern 10% Probabilistic Contributing Areas) as
delineated by Friesz, P.J. 2010 (Delineation and prediction uncertainty of areas contributing recharge to
selected well fields in wetland and coastal settings, southern Rhode Island: U.S. Geological Survey
Scientific Investigations Report 2010-5060, 69 p.)

The MANAGE assessment process constitutes a method of looking at a specific land area and
determining its potential contaminant load based on land use, and geologic and hydrologic
characteristics. Tools included with the MANAGE Method include: automated methods for extracting
land use and soils data from GIS systems, an Excel based nutrient loading model and various map based
analyses. The tools may be used together or separately, depending upon the final desired output.

The following MANAGE tools were utilized in this study (technical details and specific model
customizations are found in later sections of this document):

1. The ArcView extraction model. This model automates the process of obtaining land use
and soils information for the study area.

2. Excel loading model. The model utilizes land use, soils and On-site Wastewater
Treatment Systems (OWTS) data to calculate nitrogen loading to surface and
groundwater.

3. Mapping. Visualization of the study area assists the reader in interpreting the data.

The following discussion provides an overview of the results of the MANAGE assessment. It must be
noted that this assessment is only an estimate based on the data available for the study area. These
results should be viewed as estimates for the purposes of obtaining a general idea or range of results for
the discussed parameters and fostering further communications between stakeholders. All efforts have
been made to obtain the most accurate and up-to-date information available, but as with any model it is
only an approximation of reality. When possible, it is best to be able to compare model results with
actual field data.

The Probabilistic Contributing Area is 56 acres and does not contain any sewered areas (figure 1). Four
wells are located in the study area, two belonging to each Fire District. Approximately 30% of the whole
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Probabilistic Contributing Area is forested or wetlands, and approximately 65% is covered with medium-
high density residential uses (figure 2, RIGIS, 2011 land use data). A table exhibiting the land use
breakdown in each of the three modeled areas is provided for comparison (table 1).

Medium high density residential areas are defined as having /s to % acre lots or 4-8 houses per acre and
are considered to be a high intensity land use: areas with greater potential pollutant loading. Based on
Source Water Assessment methodology (Guide to Updating Source Water Assessments and Protection
Plans Version 3, December 2010), a HILU percentage greater than 40% is considered an extreme
pollutant risk rating. Pollutant risk ratings are designed to warn users of the relative level of potential

pollutant loading and are not an indicator of actual or existing pollution in a study area. When a risk

rating is elevated, it is an indicator that pollution prevention practices should be designed and followed
to reduce risks.

Table 1 - Land use in Probabilistic Contributing Area

Probabilistic Northern 10% Southern 10%
Contributing Probabilistic Probabilistic
Area Contributing Area Contributing Area
Study Area (acres) 56 10 12
Land use in study area (%)

forested and/or wetlands 30 0 50
High Intensity Land Use? 65 100 38
Recreation 3 0 12
Medium Density
Residential 2 0 0

HILU in the study area consists only of Medium High Density Residential uses

Impervious surface is estimated to cover 20% of the Probabilistic Contributing Area. Impervious surface
coverage in the northern and southern 10% Contributing Areas is approximately 30% and 18%,
respectively (from Town of Charlestown data). Impervious surface coverage above 10% is associated
with reduced ecological functioning and subsequently, higher pollutant loading as well as reduced
groundwater recharge rates. Using Source Water Assessment criteria, an impervious surface coverage
falling in the range of 15-25% is considered high risk and coverage greater than 25% is considered an
extreme risk of pollutant loading (Guide to Updating Source Water Assessments and Protection Plans
Version 3, December 2010).

OWTS locations were estimated to be the center of each parcel, to allow comparison of how OWTS may
be influenced by soil characteristics. In the Probabilistic Contributing Area 78% of the built lots have
non-denitrifying systems, mainly conventional OWTS, which are estimated to remove 10% of the
nitrogen in typical residential wastewater. In the northern and southern 10% Probabilistic Contributing
Areas 84% and 100%, respectively, of OWTS are non-denitrifying systems. Most of the OWTS within the
study areas are located on type B soils, which provide relatively rapid infiltration of water to
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groundwater (figure 3). Some lots are located on type C and D soils, which generally have slow
infiltration, but may directly contribute to wetlands and other surface water bodies. Some of the C/D
areas are also identified as densic soils. Densic soils are compact and difficult for roots to penetrate
such as till.

The few vacant lots (16 vacant lots out of total of 117 lots or 14%) are disbursed throughout the
Probabilistic Contributing Area. Only 2 vacant lots are located in the southern 10% Probabilistic
Contributing Area and no vacant lots in the northern area (figure 4). Some of the vacant lots are located
on C/D soils that are identified as excessively permeable soils, which would allow for infiltration to
groundwater. Generally C/D soils are considered to have low infiltration ability, but some C/D soils have
lower soil horizons that consist of highly infiltrative materials such as sand, and this is the case for the
soils in this location. It is unknown if some of these vacant lots are preserved from development or have
any zoning restrictions.

MANAGE Scenarios

Utilizing the land use data previously described and parcel based OWTS information provided by the
Town of Charlestown, Rhode Island, two MANAGE nutrient loading model scenarios were run to provide
estimates of nitrate nitrogen concentrations in groundwater recharge from each of the three study
areas (details in Appendices). The first scenario assumed a 3 person per house occupancy. The second
used the RIDEM design flow calculations of two persons per bedroom for each bedroom in the house.
The specific OWTS types and associated estimated nitrogen removal rates were factored into each
scenario, which was not affected by soil type. No commercial OWTS systems were identified within the
study area. Multiple “change evaluations” were completed on each of the two scenarios. Each of the
scenarios were assessed for the following change evaluations:

Change evaluation 1: High maintenance lawn. This evaluation was completed for scenario 1 only, it
assumed that 75% of the estimated lawn area was over-fertilized and over-watered. Standard
fertilization rates assume that 75% of residential lawns are fertilized at a rate of 175 |Ibs N/acre/year (4.0
Ib N/1000 ft*/year) with 6% leaching to groundwater, and that 15% of residential lawns are over-
fertilized and watered (15% leaches to groundwater). The high maintenance lawn scenario assumed
that 75% of residential lawn area leaches 15% of the nitrogen load to groundwater.

Change evaluation 2. Upgrade all existing non-denitrifying OWTS systems to denitrifying
systems. Throughout the study areas, most of the built lots are non-denitrifying OWTS systems, mainly
conventional OWTS (figure 3). It is estimated that these systems only remove 10% of the nitrogen in
wastewater. This change evaluation assumed that all existing non-denitrifying OWTS systems were
upgraded to denitrifying systems, which are assumed to remove 50% of the nitrogen in wastewater,
after removal of the initial 10%.

Change evaluation 3. Build out to four bedrooms and upgrade/require all denitrifying OWTS.
This change evaluation upgraded all lots to denitrifying systems, and upgraded all vacant lots and those
with less than four bedrooms to four bedroom units. Out of the 117 lots in the Probabilistic
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Contribution Area, 16 were identified as vacant lots and 78 as homes with less than four bedrooms. All

lots with no bedrooms were assumed to be developable regardless of size or location.

Change evaluation 4. Build out to two bedrooms and upgrade/require all denitrifying OWTS.
This change evaluation upgraded all lots to denitrifying systems, and upgraded all vacant lots and those

with less than two bedrooms to two bedroom units. Out of the 117 lots in the Probabilistic Contribution

Area, 16 were identified as vacant and one as having less than 2 bedrooms. All lots with no bedrooms

were assumed to be developable regardless of size or location. The nitrogen loading to groundwater

will be the same in scenario 1 for both the two and four bedroom build-out evaluations because the

estimate is based on a three person per house occupancy, regardless of the number of bedrooms.

Table 2 - MANAGE Nutrient Model Results for Probabilistic Contributing Area.

Change evaluation

Scenario 1
3 person/house

occupancy

Scenario 2
RIDEM OWTS
calculations

Nitrate N loading to groundwater (mg/L)

None, current land use/OWTS 7.5 11.8

1. High maintenance lawn 7.9 NA

2. Upgrade all existing non-denitrifying 4.7 7.0
OWTS to denitrifying systems

3. Build out to 4 bedrooms & 5.1 8.8
upgrade/require all denitrifying OWTS

4. Build out to 2 bedrooms & 5.1 7.4
upgrade/require all denitrifying OWTS

Table 3 - MANAGE Nutrient Model Results for Northern 10% Probabilistic Contributing Area.

Change evaluation Scenario 1 Scenario 2
3 person/house RIDEM OWTS
occupancy calculations
Nitrate N loading to groundwater (mg/L)

None, current land use/OWTS 12.6 17.5

1. High maintenance lawn 13.2 NA

2. Upgrade all existing non-denitrifying 7.6 10.2
OWTS to denitrifying systems

3. Build out to 4 bedrooms & 7.6 11.6
upgrade/require all denitrifying OWTS

4. Build out to 2 bedrooms & 7.6 10.2
upgrade/require all denitrifying OWTS
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Table 4 - MANAGE Nutrient Model Results for Southern 10% Probabilistic Contributing Area.

Change evaluation Scenario 1 Scenario 2
3 person/house RIDEM OWTS
occupancy _ calculations
Nitrate N loading to groundwater (mg/L)

None, current land use/OWTS 3.9 6.7

1. High maintenance lawn 4.3 NA

2. Upgrade all existing non-denitrifying 2.4 3.8
OWTS to denitrifying systems

3. Build out to 4 bedrooms & 2.7 5.1
upgrade/require all denitrifying OWTS

4. Build out to 2 bedrooms & 2.7 4.1
upgrade/require all denitrifying OWTS

These nutrient loading model estimates provide a range of expected nitrate nitrogen concentrations in
groundwater recharge in the study areas. Although these values do not provide the actual concentration
of nitrate-nitrogen currently within the groundwater of the study areas, they provide a good indicator of

levels expected over time. In all scenarios and change evaluations groundwater nitrogen loading from
OWTS is the main source of loading (table 6 provides all MANAGE output data).

Recent well water quality data from the RI HEALTH data base exhibits a range of nitrate values between
2.19 and 6.86 mg/L from 2012 through 2014 for all four wells in the WHPA (table 5). A level of 10 mg/L
Nitrate Nitrogen is the Rhode Island Maximum Contaminant Level (MCL). Using the standard guidance
for completing Source Water Assessments in Rhode Island, nitrate —nitrogen levels between 2 and 5
mg/L are an indicator of high risk: Nitrate levels in groundwater are higher than background levels,
which may indicate contribution from human activity (Guide to Update Source Water Assessments and
Protection Plans, Version 3, December 2014). Nitrate-nitrogen levels greater than 5 mg/L are
considered an indicator of extreme risk: Nitrate levels in groundwater are higher than half the Rhode
Island standard for nitrate (ibid). Nitrate levels in the extreme risk category indicate significant
contribution from human activity. A program to reduce nitrate seems warranted.

Table 5 - Reported Nitrate-Nitrogen concentrations in wells (Rl HEALTH)

Central Beach Fire District Welll Well2

(RI11647512)

3/20/13 3.11
12/09/13 3.44
3/20/12 3.51

12/17/12 2.19
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Quonochontaug East Beach Welll Well2

Fire District (R11647511)

03/03/14 4.44 6.53
01/06/14 5.73 6.07
12/09/13 5.92 6.86
09/16/13 5.52 5.49
03/13/13 3.23 4.95
12/18/12 4.66 5.28
08/20/12 4.92 5.44
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Table 6- MANAGE Nutrient Model Results

Data that was the same across all change evaluations and scenarios was removed after the first row to allow ease of data comparison.

Entire Probabilistic Study Area

STUDY AREA STATISTICS
STANDARD - NO BMPS

Study Area Land Use Indicators

Riparian Indicators

o % High % RIP %
E Intensity Forest RIP Forest
g % Land % % & % RIP % RIP % and
< Change Evaluation Acres | Sewer Use Forest | Wetland | wetland | HILU | Forest | Wetland | Wetland
1 | NA 56 0% 65% 11% 19% 30% 2% 3% 86% 89%
1 1, high maintenance
lawn
1 2, upgrade selected
OWTS
4, build out to 2
1 | bedrooms and upgrade
OWTS
2 | NA
) 2, upgrade selected
OWTS
3, build out to 4
2 | bedrooms & upgrade
OWTS
4, build out to 2
2 | bedrooms & upgrade

OWTS
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Estimated Nutrient Loading

Estimated Nitrate-N sources to grw recharge

o NO3Nin | NO3N to Total N % N in
§ GW GW NSW | tostudy | SW runoff
g Recharge | recharge runoff area from Lawn | Agri. Pet
i Change Evaluation mg/I Ibs/ac/yr | Ibs/ac/yr | Ibs/ac/yr Atm. OWTS | Fert. | Fert | Waste | Other
1 | NA 7.5 36.6 3.5 40.0 0.0% 83% 8% 0% 8% 1%
1 |1a'vcrl1gh maintenance 7.9 38.6 421 79% | 13% 8% | 1%
1 é’V‘\‘lgﬁrade selected 4.7 23.1 26.5 73% | 13% 13% | 1%
4, build out to 2
1 | bedrooms and upgrade 5.1 25.8 29.2 76% 12% 11% 1%
OWTS
2 [ NA 11.8 70.3 73.7 91% 4% 4% 0%
2 é\;‘lﬁﬁrade selected 7.0 42.0 455 85% | 7% 7% | 1%
3, build out to 4
2 | bedrooms & upgrade 8.8 61.6 65.1 90% 5% 5% 0%
OWTS
4, build out to 2
2 | bedrooms & upgrade 7.4 45.9 49.4 87% 7% 6% 0%

OWTS
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Soil hydrologic

& upgrade OWTS

groups SWAP Estimated Water Budget / Runoff / Recharge
Ke) Net
§ HILU Avail. SW | recharge | OWTS
g % % onA # OWTS | Precip ET Precip | runoff | Precip. | recharge
@ Change Evaluation A | %$B| C | %D soil OWTS | /Acre | Inches | Inches | Inches | Inches Inches Inches
1 | NA 0% | 72% | 0% | 28% 0% 101 1.80 45 18 27 9.0 18.0 3.6
1 | 1, high maintenance lawn 101 1.80 3.6
2, upgrade selected OWTS 101 1.80 3.6
4, build out to 2 bedrooms
1 and upgrade OWTS 117 2.08 42
2 [ NA 101 1.80 8.4
2 | 2, upgrade selected OWTS 101 1.80 8.4
3, build out to 4 bedrooms
2 & upgrade OWTS 117 2.08 13.0
) 4, build out to 2 bedrooms 117 508 93

Page 13



Estimated Water Budget / Runoff / Recharge

OWTS

If 100% Lost
2 SW Avg.net forested recharge
g runoff GW Avail. surface | recharge | OWTS surface from 100%
3 % recharge | Precip ET Precip runoff precip. | recharge runoff forested
Change Evaluation avail. | %avail | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr Mgal/yr Mgal/yr
1 | NA 33% 67% 69 27 41 14 27 6 4 10
1 | 1, high maintenance lawn 6
2, upgrade selected OWTS 6
4, build out to 2
1 | bedrooms and upgrade 6
OWTS
2 [ NA 13
2 | 2, upgrade selected OWTS 13
3, build out to 4
2 | bedrooms & upgrade 20
OWTS
4, build out to 2
2 | bedrooms & upgrade 14
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North 10% Probabilistic Area

STUDY AREA STATISTICS: North 10% area
STANDARD - NO BMPS

Study Area Land Use Indicators

Riparian Indicators

% High % RIP RIP %
Acres % Intensity % % Forest % RIP % RIP % Forest
2 Sewer Land Forest | Wetland & HIEU Forest | Wetland and
e Use wetland Wetland
§ Change evaluation
1 | NA 10 0% 100% 0% 0% 0% NA NA NA NA
1 | 1, high maintenance lawn No riparian area
1 | 2, upgrade selected OWTS
3, build out to 4 bedrooms
1 | & upgrade OWTS No Change from denite upgrade since model uses occupancy rate, not bedrooms for calculations
4, build out to 2 bedrooms and there were no new OWTS since no vacant lots in this study area.
1 | & upgrade OWTS
2 | NA
2 | 2, upgrade selected OWTS
3, build out to 4 bedrooms
2 | & upgrade OWTS
4, build out to 2 bedrooms
2 | & upgrade OWTS
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Estimated Nutrient Loading

Est. Nitrate-N sources to grw recharge

o/ N i
NO3Nin | NO3N to Totaln | 2Nin
N SW SwW .
aw GwW runoff to study runoff | OWTS Lawn | Agri. | Pet Other
2 Recharge | recharge Ibs/ac/yr area from Fert. | Fert | Waste
g mg/| lbs/ac/yr y lbs/ac/yr Atm
&S| Change evaluation '
1 | NA 12.6 64.2 4.5 68.7 0.0% 87% 6% 0% 7% 0%
£ LA RN 13.2 66.9 71.5 83% | 10% 7%
1 | lawn
2, upgrade selected 7.6 38.7 433 78% | 11% 11%
1 | OWTS
3, build out to 4
bedrooms & upgrade
1 | OWTS
4, build out to 2
bedrooms & upgrade
1 | OWTS
2 | NA 17.5 120.4 125.0 93% 3% 4%
2, upgrade selected o o o
5 | owTs 10.2 70.4 75.0 88% 6% 6%
3, build out to 4
bedrooms & upgrade 11.6 94.9 99.4 91% 4% 5%
2 | OWTS
4, build out to 2
bedrooms & upgrade 10.2 71.1 75.6 88% 6% 6%
2 | OWTS
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Soil hydrologic group | SWAP Estimated Water Budget / Runoff / Recharge
. Net
% %B % | % ::'z # OWTS | Precip ET :r \;acliI‘.) rusr‘nlc\alff recharge r::::\g;
.0 A C D . OWTS | /Acre | Inches | Inches Precip.
= soil Inches | Inches Inches Inches
g
&S| Change evaluation
1 | NA 0% | 99% | 0% | 1% 0% 31 3.18 45 18 27 10.9 16.1 6.4
1, high maintenance 6.4
1 | lawn
2, upgrade selected 6.4
1 | OWTS
3, build out to 4
bedrooms & upgrade
1 | OWTS
4, build out to 2
bedrooms & upgrade
1 | OWTS
2 | NA 14.4
2, upgrade selected
2 | OWTS 14.4
3, build out to 4
bedrooms & upgrade 20.0
2 | OWTS
4, build out to 2
bedrooms & upgrade 14.7
2 | OWTS
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Lost

If 100%
SW GW . Avail. surface Avg.net OWTS | forested recharge
° ru;off recharge Precl'.lp E.II- Precip runoff recha.rge recharge | surface fror:;
= 0 % avail Mgal/yr | Mgal/yr Mgal/yr | Mgal/yr precip. Mgal/yr runoff 100%
e avail. Mgal/yr forested
@ Mgal/yr
&S| Change evaluation Mgal/yr
1 | NA 41% 59% 12 5 7 3 4 2 0 2
1, high maintenance
2
1 | lawn
2, upgrade selected ?
1 | OWTS
3, build out to 4
bedrooms & upgrade
1 | OWTS
4, build out to 2
bedrooms & upgrade
1 | OWTS
2 | NA 4
2, upgrade selected 4
2 | OWTS
3, build out to 4
bedrooms & upgrade 5
2 | OWTS
4, build out to 2
bedrooms & upgrade 4
2 | OWTS
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South Probabilistic Area

STUDY AREA STATISTICS: South 10% Area
STANDARD - NO BMPS

Study Area Land Use Indicators

Riparian Indicators

% High % RIP %
2 Intensity Forest Forest
g % Land % % & RIP% | RIP% | RIP% and
S| Scenario Acres | Sewer Use Forest | Wetland | wetland | HILU | Forest | Wetland | Wetland
1 | NA 12 0% 38% 21% 29% 50% 0% 1% 82% 83%
1 | 1, high maintenance lawn
1 | 2, upgrade selected OWTS
3, build out to 4 bedrooms &
1 | upgrade OWTS
4, build out to 2 bedrooms & Same as data for 4 bedroom build out as calcs. Based on occupancy, not bedrooms
1 | upgrade OWTS
2 NA
2 | 2, upgrade selected OWTS
3, build out to 4 bedrooms &
2 | upgrade OWTS
4, build out to 2 bedrooms &
2 | upgrade OWTS
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Estimated Nutrient Loading

Est. Nitrate-N sources to grw recharge

% Nin
NO3Nin | NO3N to Total N sSw
2 GW GW NSW | tostudy | runoff
g Recharge | recharge runoff area from Lawn | Agri. Pet
8| Scenario mg/| Ibs/ac/yr | Ibs/ac/yr | Ibs/ac/yr Atm. OWTS | Fert. | Fert | Waste | Other
1 | NA 3.9 18.9 2.5 21.3 0.0% 76% 14% 0% 9% 2%
1 | 1, high maintenance lawn 4.3 20.6 23.0 70% 21% 8% 2%
1 | 2, upgrade selected OWTS 2.4 11.7 14.2 61% 22% 14% 3%
3, build out to 4 bedrooms & 2.7 133 15.8 66% | 19% 13% | 2%
1 | upgrade OWTS
4, build out to 2 bedrooms &
1 | upgrade OWTS
2 | NA 6.7 35.7 38.2 87% 7% 5% 1%
2 | 2, upgrade selected OWTS 3.8 20.1 22.6 77% 13% 8% 2%
, ip :;j::eog\t/\ﬁsll bedrooms & 5.1 29.0 315 8a% | 9% 6% | 1%
4, build out to 2 bedrooms & 41 224 4.8 30% 11% 3% 1%
2 | upgrade OWTS

Page 20



Soil hydrologic group  SWAP Estimated Water Budget / Runoff / Recharge
Net
2 HILU Avail. | SW | recharge | OWTS
e % % onA # OWTS | Precip ET Precip | runoff | Precip. | recharge
§ Scenario A | %B| C | %D | soil | OWTS | /Acre | Inches | Inches | Inches | Inches | Inches Inches

1 | NA 0% | 62% | 0% | 38% 0% 9 0.76 45 18 27 7.2 19.8 1.5
1 | 1, high maintenance lawn 9 0.76 1.5

2, upgrade selected
1 | owts 9 0.76 1.5

3, build out to 4

bedrooms & upgrade 11 0.92 1.9
1 | OWTS

4, build out to 2

bedrooms & upgrade

OWTS
2 | NA 9 0.76 3.7

2, upgrade selected
> | owTs 9 0.76 3.7

3, build out to 4

bedrooms & upgrade 11 0.92 5.6
2 | OWTS

4, build out to 2

bedrooms & upgrade 11 0.92 4.0
2 | OWTS
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Lost

If 100% | recharge
Avg.net forested from
2 sw GW Avail. | surface | recharge | OWTS | surface 100%
g runoff | recharge | Precip ET Precip runoff precip. | recharge runoff forested
8| Scenario % avail. | % avail | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr | Mgal/yr
1 | NA 27% 73% 15 6 9 2 6 0 1 1
1 | 1, high maintenance lawn 0
1 | 2, upgrade selected OWTS 0
3, build out to 4 bedrooms 1
1 | & upgrade OWTS
4, build out to 2 bedrooms
1 | & upgrade OWTS
2 NA
2 | 2, upgrade selected OWTS
3, build out to 4 bedrooms )
2 | & upgrade OWTS
4, build out to 2 bedrooms 1
2 | & upgrade OWTS
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APPENDICIES
A: MANAGE Method Customizations for Study Area
B: MANAGE ArcView data model and Excel nutrient model customization

C: Electronic copies of MANAGE runs and parcel database
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Appendix A. MANAGE Method Customizations for Study Area

MANAGE is a method of looking at a specific land area and determining its potential contaminant load
based on land use, geologic and hydrologic characteristics. Tools included with the MANAGE Method
include: automated methods for extracting land use and soils data from GIS systems, an Excel based
nutrient loading model and various map based analyses. The tools may be used together or separately,
depending upon the final desired output. For example, in a streamlined source water assessment GIS
may be used to extract the acreages of various land uses within a wellhead protection area to determine
risk based on the percentage of high intensity land use within the WHPA. Alternatively, a GIS may be
used to intersect soils and land use where the output is imported into an Excel based model to calculate
estimated nutrient loading to a WHPA or watershed. This model may include information on the actual
or estimated number of OWTS, commercial OWTS and other parcel based information.

Overview of specific customizations, tools and process used for the MANAGE analysis of
Quonochontaug East Beach/Central Beach Probabilistic Contribution Areas for:

The 2014 MANAGE analysis for the Quonochontaug East Beach/Central Beach Probabilistic Contribution
Area (Friesz, P.J., 2010) included:

1. Use of the ArcView extraction model to obtain information on land use and soils in the
study area, the results of which were input into the MANAGE Excel based nutrient
loading model.

2. Use of the MANAGE nutrient loading model to provide estimates of nutrient loading
based on various scenarios.

3. Map based inquiry to provide context to the data.

ArcView extraction model

Details on the ArcView extraction model are provided in Appendix B. Briefly, the most recent versions of
land use (2011) and soils (2014) data as obtained from the Rhode Island Geographic Information System
(RIGIS) were the main data sources utilized in the extraction model. The land use data were modified to
move forested wetlands from the “forest” category in the RIGIS data to the “wetlands” category, for the
purposes of this study. Riparian areas were defined as 200 feet in radius.

MANAGE nutrient loading model

Using the land use and soils data extracted using the data extraction model, the Excel based MANAGE
model was run. Standard runoff and land use nitrogen loading values were utilized. The specific
number and type of OWTS for each study area were extracted from the Town of Charlestown GIS by
selecting parcels with their centroid within the study area.

OWTS types were grouped as: Cesspool (cesspools, metal tanks and privys), Conventional
(conventional, failing and substandard systems), denite (all adv. treatment systems except denite PSND
and composting), denitrifying with PSND, holding tank , none or no data.

Two MANAGE scenarios were then run through the Excel model. The first scenario utilized the standard
MANAGE assumptions:
e 3 person per house occupancy

Appendix



Number of housing units was based on the OWTS data from Charlestown.

50 Gallons water use PP Per Day

Rainfall = 45 inches annually (based on RI Stormwater Manual)

Evapotranspiration set at 18 inches/year (40% of rainfall)

75% of residents apply fertilizer at rates of 175 Ib N acres with 6% leaching to groundwater and

15% of residents apply at the same rate but with 15% leaching to groundwater to simulate the

small percentage of homeowners who over fertilize and over water.

OWTS type for each house was based on OWTS data from Town of Charlestown.

Water use was based on actual number of occupied parcels (those with OWTS)

Residential OWTS removal rates and effluent concentrations were calculated from:

0 46.0 mg/L N in untreated residential effluent. (this is the concentration before enters
septic tank).
= URI Septic Tank Effluent monitoring in South Kingstown and Charlestown coastal

area shows 62 mg/l TN avg for Septic Tank Effluent and 52 gal/day per person
waster use with an average home occupancy of 2.25)

Actual table of mg/L used and loading per house in Ib N/year assuming 3 persons per house and

50 gallons of water per person per day (BELOW).

System type Removal rate! Treated Effluent
(%) Conc.
(mgN/L)

Cesspool/metal tank 0 46.0
Conventional system
(including failing and 10 41.4
substandard)
Denite - all adv treatment 10% then additional

. . 20.7
units and composting 50%

10 % then additional

Denitrifying with PSND 50% and then an 14.5
additional 30 %
Holding tank 100 0.0

10% (same as

. 41.4
conventional)

None or no data

!Denite systems have a step removal system. Assumes 10% loss in tank and then continued
treatment. With PSND, continued treatment in the field.

Commercial OWTS numbers were based on data from Charlestown (no commercial systems
were identified in the Quonochontaug East Beach/Central Beach Probabilistic Contribution
Areas). Design flows were provided by Charlestown and utilized in the study. OWTS removal
rates for commercial systems were set as the same as residential systems and calculated from:
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0 78 mg/L N untreated influent (this is the concentration before enters septic tank) for
commercial use (non-restaurant)

O Forrestaurant use 111 mg/I N for untreated influent (before enters septic tank)
(personal communication, Brian Moore, RIDEM 5/1/14; higher for food service
facilities).

OWTS type Removal rate! Restaurant Non-restaurant
(%) treated effluent treated effluent
(mg N/L) (mg N/L)
Cesspool/metal tank 0 111 78
Conventional system
(including failing and 10 99.9 70.2
substandard)
De.nlte - all adv tre.atment 10% then additional 4995 35.1
units and composting 50%
10 % then additional
Denite with PSND 50% and then an 34.965 24.57
additional 30 %
Holding tanks 100 0 0
None/No data 10% (same as 99.9 70.2
conventional)

Denite systems have a step removal system. Assumes 10% loss in tank and then continued
treatment. With PSND, continued treatment in the field.

The second scenario assumed RIDEM design flows for calculation of water and nitrogen loads from
OWTS, which are based on the number of bedrooms in a house. The assumptions for scenario 2 are as
follows:

e All assumptions same as scenario 1 except those outlined below.

e Commercial OWTS removal rates and effluent concentrations were the same as scenario 1 (no
commercial systems were identified in this study area).

o Use RIDEM Residential design flow per bedroom (2 person occupancy) which is 115 GPD

e Residential OWTS removal rates and effluent concentrations were calculated from RIDEM
method, which assumes 42 mg N/L as untreated influent for residential systems(this is the
concentration before enters septic tank). Remvoal rates were the same as scenario 1.

e Actual table of mg/L used and loading per house in IbN/year assuming 1 bedroom with 2 person
occupancy.
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System type

Removal rate!
(%)

Treated Effluent

Conc.

(mg N/L)

Cesspool/metal tank 0 42
Conventional system
(including failing and 10 37.8
substandard)
Denite - all adv treatment 10% then additional

. . 18.9
units and composting 50%

10 % then additional
Denitrifying with PSND 50% and then an 13.23
additional 30 %

Holding tank 100 0

None or no data

10% (same as
conventional)

37.8

!Denite systems have a step removal system. Assumes 10% loss in tank and then continued

treatment. With PSND, continued treatment in the field.

Future change evaluations

Changes to scenario 1 and 2 were prepared to evaluate how changes in development, lawn fertilization

rates and OWTS types would affect nitrogen loading values for the study area. Four separate change

evalautions were completed on each of the two scenarios.

1. Change evaluation 1: High maintenance lawn
a. Only completed for scenario 1
b. Itis assumed that 75% of residents over fertilize and over water their lawns.
[fertilize at 175 Ib N acre and 15% of N leaches to groundwater (26 Ib N/acre)].
c. Standard assumption was that 75% of residents apply fertilizer at rates of 175 Ib
N acres with only 6% leaching to GW and 15% of residents over fertilize and

over water so that 15% leaches to groundwater.

2. Change evaluation 2: Upgrade select OWTS
a. All existing cesspools and conventional systems upgraded to denitrifying OWTS

systems.

b. All other assumptions stay the same.
3. Change evaluation 3: Built-out to 4 bedrooms and upgrade OWTS.

a. All existing residential buildings and vacant lots expanded to 4 bedrooms with
denitrifying OWTS systems.
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b. Existing denitrifying and denitrifying with PSND do not change.

c. Note that this evaluation affects scenario 1 less than scenario 2 as the
assumption in scenario 1 is that each house is still only occupied by 3 persons.

d. Zoning was disregarded in this exercise to obtain worst case scenario.

e. No other changes.

4. Change evaluation 4: Build out to 2 bedrooms and upgrade OWTS

a. All existing residential houses and vacant lots expanded to 2 bedrooms with
denitrifying OWTS systems.

b. Existing denitrifying and denitrifying with PSND do not change.

c. Note that this evaluation affects scenario 1 less than scenario 2 as the
assumption in scenario 1 is that each house is still only occupied by 3 persons.

o

Zoning was disregarded in this exercise to obtain worst case scenario.
e. No other changes.
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Appendix B.

MANAGE Documentation:

Technical details on the ArcView 10.2 extraction model.

Creation of the extraction model automated iterative processes including clipping data to the study
areas and joining land use and soils data. The model presented here may be used as a starting point for
other study areas, as it is unlikely that the model presented here can be utilized without modification
due to file location information, desired changes in buffered areas, etc. The final output of this model is
the land use and soils data needed for input into the Excel MANAGE model.

Visual representation of the No Sewer model created for Data Extraction for Charlestown

NOSewer

Title NOSewer

Summary

Automated process to obtain coverages needed in Excel based MANAGE model. Process used for
watersheds with no sewer coverage.

General Process:

1. Land use is clipped to study area and joined to the MANAGE Land Use cross reference
table to join MANAGE land use codes to RIGIS Land use codes. **Note that the standard
RIGIS land use data must be adjusted to account for forested wetlands. This process will
be described below**

2. Soils are clipped to study area

3. Clipped soils and land use are unioned
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10.

11.

12.

Unioned soils/land use data are processed to remove unneeded fields and then a field for
"acres" is added and calculated. Acres field reflects the area of the updated unioned
polygons. This unioned layer is a model output.

Study area is buffered to 200 feet to take into account any water bodies or streams that
may be outside the study are but within 200 ft of the study area. Such a waterbody when
buffered would create an area of riparian area that could be missed if the pre-buffering of
the study area is not completed first. The size of this buffer should be the same as the
lakes, streams and coastal areas buffer. The standard is 200ft but it can be changed in
the model.

Lakes, streams and coastal areas are clipped by the buffered study area

Clipped coastal areas and lakes are merged and then buffered (200 ft is standard buffer
distance, but can be changed)

Clipped streams are buffered (200 ft is standard buffer distance, but can be changed)
Buffered coastal/lakes areas and buffered streams are merged to create a riparian area
or all surface waters coverage, which is an output

Unioned soils/land use data are clipped by the buffered riparian areas to create an output
of soils/land use in the riparian area. Area was then recalculated in this output.
***Notes: If the study area encompasses Narragansett Bay, salt ponds or other areas
where there is not land use data, then it will be necessary to remove the "null" land use
data from the resulting soil/land use files for the full area and the riparian zone, prior to
putting into the Excel MANAGE model. This is necessary because there are many areas of
subaqueous soils data where there are no land use data, so you have to remove those
records.

****Notes: It will be necessary to identify those soils that have a restrictive layer as the
Excel portion of the MANAGE model requires that information. Use the field "Rest_TYPE"
which will be found in the exported soils/land use data for the full study area and the
riparian area. Create a new field and code it "YES" if the field "Rest_TYPE" is any value
other than "none".

****process for modifying 2011 RIGIS land use to account for changes in wetland coding. In the
2011 data, forested wetlands are coded as "forest”. The MANAGE model, models wetlands very
differently than forest. Forested wetlands act more as wetlands than forest for the purposes or
runoff and infiltration, so they need to be located and re-coded for proper modeling in MANAGE.

1. Extract out and save from RIGIS 2011 land use the non-forested land uses (LULC not
equal to 410, 420 and 430).

2. Extract out and save the forested land use from RIGIS 2011 land use data (LUCL = 410,
420 and 430).

3. Intersect the forested land use layer and RIGIS soils. Note that soils data does not
extend across the rhode island border like the land use data. Therefore, there will be
some records where there is land use but no soils, you can either delete these records,
which will leave holes, or just be aware that you are not coding for forested wetlands
outside Rhode Island.

4. Select records with hydric soils from the intersected forested land use and soils. Use the
field "Hydric", select those records where "Hydric" = "Y". For the selected records, re-
code the field "Desc" as "Forested wetland" and field LULC as "610" ..

5. Delete out all soils fields from the intersected forest landuse and soils field

6. Append the updated forested land use layer with the non forested land use layer and
save as a new file.

Usage
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This model will provide outputs for Excel portion of the MANAGE analysis. Once run, export the
files into DBF format and open into excel. Then pivot the tables for input in the Excel based
MANAGE model. **Model is set to run with geodatabase.

Syntax

NOSewer (Lakes5k10, Streams5k, BufferedAlISW, SoilLU_inRiparian_output, Rl_CoastalWaters,
Study_area, LULC2011_WFWetlands, SoilLUPolys_output, Lake_Coastal_Buffer_size__ ft_,
Stream_Buffer__ ft_, Soils14_shp, MANAGE_RIGIS_XRef_Table)

Parameter

Lakes5k10

Streams5k

BufferedAlISW

SoilLU_inRiparian_output

RI_CoastalWaters

Explanation

Dialog Reference

RIGIS Lakes5k10 data. This file is buffered to
determine riparian area within the study area.

There is no python reference for this parameter.

Dialog Reference

RIGIS Streams5k data. This file is buffered to
determine riparian area within the study area.

There is no python reference for this parameter.

Dialog Reference

OUTPUT - Exported buffered surface water
(includes streams/hydrolines, ponds/hydropolys
and coastal areas).

There is no python reference for this parameter.

Dialog Reference

OUTPUT - Soil and land use polygons in the
ripairan area

There is no python reference for this parameter.

Dialog Reference

Rhode Island coastal waters data provided by DOA.

In the southern areas of Rhode Island boardering
the Atlantic Ocean, the salt ponds and other
waterbodies/bays are poorly represented in the
available lakes5k10 dataset (and are not well
represented in any other data source). Therefore,
it is necessary to use this coastal waters data set

Data Type

Feature Layer

Feature Layer

Feature Class or
Table

Feature Class

Feature Layer
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Study_area

LULC2011_WFWetlands

SoilLUPolys_output

to get delineations of the coastal salt ponds and
waterbodies.

There is no python reference for this parameter.

Dialog Reference
Study area watershed or wellhead protection area.

The Central Beach/East Beach 10% probabilistic
contributing area, the northern portion of the 10%
probabilistic area and the southern portion of the
10% probabilistic area. The probabilistic study
area was provided by Rl HEALTH as obtained from:
USGS Contribution 2010-5060 [Friesz, P.J., 2010,
Delineation and prediction uncertainty of areas
contributing recharge to selected well fields in
wetland and coastal settings, southern Rhode
Island: U.S. Geological Survey Scientific
Investigations Report 2010-5060, 69 p. (Also
available online at
http://pubs.usgs.gov/sir/2010/5060.)] The data
provided by Rl HEALTH was point based data
(rather than a polygon), therefore data was
converted back to raster blocks (polygons) 60 x 60
feet (page 42 of 2010-5060 report). The outline of
the polygon blocks was then traced to create the
one polygon representing the 10% Northern and
10% Southern probabilistic areas.

There is no python reference for this parameter.

Dialog Reference

RIGIS 2011 land use with the forested wetlands
called out as a separate category. Forested
wetlands were obtained by determining areas with
forested land use (LULC codes of 410, 420 and
430) that intersected with areas with hydric soils
(as per 2014 soils data coverage). These areas
were then coded as Forested wetland LULC 610.

There is no python reference for this parameter.

Dialog Reference

OUTPUT - soils and land use polygons created by
union of soils and polygon data.

There is no python reference for this parameter.

Feature Layer

Feature Layer

Feature Class
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Lake_ Coastal_Buffer_size_ ft Dialog Reference Linear unit or
Field

Buffer size of the merged lakes and coastal areas
data. Used in determining the riparian area along
with stream buffer. Standard size is 200 ft.

There is no python reference for this parameter.

Stream_Buffer__ ft_ Dialog Reference Linear unit or
Field

Buffer size (standard 200f t) of streams/rivers.
Should be same size as lake and coastal buffer.

There is no python reference for this parameter.

Soils14_shp Dialog Reference Feature Layer

2014 RIGIS soils

There is no python reference for this parameter.

MANAGE_RIGIS_XRef_Table Dialog Reference Table View or
Raster Layer or

Table cross referencing MANAGE groupings of land  Raster Catalog
use with RIGIS. THis is an Excel based table. Layer or Mosaic

Layer
There is no python reference for this parameter.

Code Samples

There are no code samples for this tool.
Tags

MANAGE, No Sewer

Credits

RINEMO 2014

Use limitations

This model will provide outputs for the Excel portion of the MANAGE analysis. Once run, export
the files into DBF format and open into excel. Then pivot the tables for input in the Excel based
MANAGE model. **Model is set to run with geodatabase.**. This model was built to support the

2014 Charlestown, Rhode Island wastewater management zone process. It should only be used for
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other areas after specifically reviewed for compatibility. This model should only be used in areas where
there is no sewer coverage.
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MANAGE Land Use classification codes cross referenced to RIGIS Land Use data (2011).

RIGIS
Land

use

cateogry

ID

RIGIS Description

MANAGE Land MANAGE

use Group ID

High
intensity
land use

120 Commercial & Services COMMERCIAL 6 X
147 Other transportation COMMERCIAL 6 x
151 Commercial/residential mixed COMMERCIAL 6 x
152 Commercial/Industrial mixed COMMERCIAL 6 X
130 Industrial INDUSTRIAL 7 x
220 Cropland CROPLAND 15 x
240 Confined feeding operations CROPLAND 15 X
230 Orchards, groves, nurseries ORCHARDS 16 x
300 Brushland BRUSH 17
400 Forest lands FOREST 18
410 Deciduous forest FOREST 18
420 Coniferous forest FOREST 18
430 Mixed forest FOREST 18
111 High density residential HDR 1 x
112 Medium high density residential MHDR 2 X
161 Developed Recreation RECREATION 12
163 Cemeteries RECREATION 12
170 Institutional INSTITUTION 13 x
115 Low Density Residential LDR 5
113 Medium Density Residential MDR 3
114 Medium Low Density Residential MLDR 4
146 Power Lines PASTURE 14
210 Pasture PASTURE 14
250 Idle Agriculture PASTURE 14
730 Rock outcrop BARREN 19
740 Strip mines, quarries, gravel pits BARREN 19
760 Mixed barren BARREN 19
710 Beaches BARREN 19
720 Sandy areas other than beaches BARREN 19
750 Transitional Areas MDR 3
141 Roads ROADS 8 x
142 Airports AIRPORTS 9 x
143 Railroads RAILROADS 10 x
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162 Urban Open Space RECREATION 12

145 Waste Disposal Areas JUNKYARDS 11

144 \Water and Sewage Treatment INSTITUTION 13
Facilities

600 Wetland WETLAND 20

610 Forested Wetland WETLAND 20

500 Water WATER 21
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Technical details for Excel MANAGE model (taken from: RINEMO/URI. 2006. Database Development,
Hydrologic Budget and Nutrient Loading Assumptions for the “Method for Assessment, Nutrient-loading,
And Geographic Evaluation of Nonpoint Pollution” (MANAGE) including the GIS-Based Pollution Risk

Assessment Method, 2006 update, accessed from:
http://www.uri.edu/ce/wg/nemo/Tools/PDFs/MANAGE/MANAGEassumptionsREV2006.pdf)
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MAMNAGE Technical Documentaton 2008 Update

APPENDIX B: SURFACE RUNOFF COEFFICIENTS

Ihe runcdl coeflicnent for each Soplland sse cambmation 15 estimatiad wseng the formals presentad by Adamss snd

Frergman 1993} Thas caleulation is presentad below,
C=LLEC +(ULE-LLCy* X

C = panall cosilicient

LLE = bvwer himain remad¥ cocdficiend for a pariscular land use

ULC = wpper lamit runciT coefiseent fof o panscular kol uss
X = for soil tvpe A5 173 For soil tvpe B 208 for sl tvpe ©; 1 for soil tvpe T3

TABLE BRI Upper and Lower Lima Bupollf Coeflickents for each Soiland ese combanation

Referenie Vet Caleubated Runofl CoclTicikenn (O
Based on Sall Hydrogroap
Land Use LLC VL A B i (1]
HIE® 03T 0.5% a7 n4x 049 0.5%
MHDE" [LRE a7 LI} 024 3] 037
MR (LR N 015 0,16 (1N el 018
MILDR" il 1% @il 013 {14 o.15
LIg" LLEIN o1 il il il 0,12
COMMERCIALY 0.5 nys {54¥ (K 73 0RS
INDUSTRIAL® 0.5 nRs 50 062 073 0.BS
ROADS oy LN LT 074 LT 082
ATRMOR TS i I 082 T 0,74 0T 052
RATLEOALDSE" 0.7 LN LT 0,74 TR 0R2
JUNKEYARDS w7 R T o, 74 L7 052
RECREATION® fi.| i3 0, 17 023 .36
INETITUTION® w3l .39 033 035 37 059
FASTURE? [LE 1] 0.2s 0% oz LIM )] 025
CROPLAND® oils 0.5 is 027 L1 0.5
ORCHARDS? s .25 05 EN g 15
FELSHY i ol LI R an7 o1
EOREST! i il (IR ETE] 07T o, 1
(1 F:1 I-LRIEH" ns 8 LIS 1,50 [[E1 (NEE[]
WETLAND* 1] .l 1, (W {i s 07 o, 14k
WATER 1 1 1.0k (LY 1 (M (K1 1]
Malga

" Calewlathen ol ULC and LLC for Kesidential is based on Scheeler s [ 1987) Simple Method:

L=005+091

I = fmction of site impervioasness (¢.g, 3 impervions wouald heve | = 005)

S B GE -G e O AR G T g e DD i A D E R BT ors reR B TE Do

120034
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MANAGE Technical Documentation 2006 Update m

The percentage of sie impervicasness for each land use 15 provided in Appendix L The fraction of e
impervipnsness {1} for the calculaton of nessdential ULC and LLC was st ot the updated BMANAGE valees (2063}
{or site impervions surface. The ULC for each residential land pse wis s as the ressdeniia] L1LC of the more
inlenise tesadenita] development (s the UL for BMHIDE & sel as the LLC for HIME The fracison of imjaerviis
sirfice for roads, airpsors, raliesds sl jenkyands was s al e TR S5 value for mdustnal 1o determume the ULC and
commoercial 1o determine the LLC

* Based on dats presemted by Novatmy and Olem (1994, p. 146,

® Assuming [MSTITUTHIN is hydrologically similar o MHEIDR, mnbes otherwise specified by the wser,

? fhaseed on bhest professional judgement, usimg Carve Number Metlbod 2 a guide.

* Grenerally WETLANDS will ocoar on [ soals. 1 5 assameed that wetlands are somalar 8o forests on [3 soils, and for
this meason wiellands ano st usimg the same cocilicients as the FOREST category

¥ 1 is assumed that Evapolranspiraison and sarfsce rusofl will vary thiough the voar

& BT G T A T | T e AT ol A T B Tl e P B DGl el 13 od %4
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MANAGE Technical Documentation 2006 Update 2

APPENDIX D: TOTAL NITROGEMN EXPORT COEFFICIENTS TO SURFACE WATER

Although mrogen i generally sol considered 10 be the limilmg nuairent in fresh waler syslems, i has been [ound 1oe
be the nutriend promodimg growth of algae and agquatic plants m cosstal waless. In order b estimale the iotal kaad of
mitfogen reaching a coastal embayment, balh contfibutions from surface mnall, as well as from prousdwales
seepage must be estimated. The susface munall contmbubion of nilragen can be caleulaled the sane way as the
phosphonas contnbution {Appendic Cp Like phosphorus, nitrogen can be rangportad from malfanctiomng seplic
systems via overlamd (low wo the reocivang surface water. Estimatbon of the natfogen haad from malfumc soming
seplic syslems s done in the samc way as catimation al the phosphoms load, using sl properics and incicasmg the
mitrogen boading for sysiems located willin the riparian areas. The nitrogen loading Cactors listed below inchude
contribations from diverse sources such as atmosphers deposition, fentlivas. and small animal waste. The lading
factors on surface waler refbect ditect atmospheric deposition only. Usmg a similar formula 1o ihat nsed o calculate
the munefT cocilicient, a “most likely™ nitrogen export coeilicien for a pariscular land use is calcalated for cach
SOILAAND USE combinsisn as

MO =LNC+ (HNC-LNCh = X
MC = “most ikely”™ mtnogen expon cocllicient
LHC = Jow nitrogen export cocllicient for a pamicalar land sse
HMC = hagh natropen cxpeat cosllicient Tof a particular aad use
o= 0 for sl type AL 103 for sedl type B 273 for sodl type O 1 foF soal type 13,

TABLE D1: Total Migpogen Expon Loading CoclTicionis | hacre/yt) Tor cach SoilfLand use Combinstson

Reference Values Calculated Runafl Cocllicient (C) Based

an Soll Hydro Groap
LANDUSE CATEGORY 8 [y H&C* A B C n
HIR* 7 1.2 7.0 A | 8.1 102
MHDR 13 7 33 45 58 70
MDR* b8 11 1K 10 a1 13
MLDR" 23 28 23 25 26 18
LR 2 3 2l 12 23 23
COMMERCLAL 2 20 20 50 14,0 240
INDLUSTRIAL 2 15 20 6.3 107 15.0
ROADS 2 k(i 20 5D 14.0 0
ATRPORTS 2 0 20 5D 14.0 20
RAILROA DS 2 0 10 &0 14.0 1]
JUNEYARDS 2 0 30 B0 (4,0 K
RECHREATIHON 1. 4 1.3 T3 c for £
INSTITUTION! 13 7 13 is 58 7.0
PASTURE® 2 55 20 32 43 55
CROPLAND 4 50 4.0 19.3 T Sk
ORCHARDS 4 15 40 14.3 4.7 150
£ AT Dot Bl S P B T 0 A AT B i o0 R RS o 16 of 34
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Caleutated RunofT CoetMicient (O Based

Referencr Vakes om Seil Hydrs Group
LAND USE CATEGORY LNt H™C* A B LY (]
HEUSH L5 9 9 1.6 22 29
FOEESRT LR 149 LLL 1.6 13 19
BARREN LR LIy LIL) 1.6 12 19
WETLAND L] i LY L inil L]
WATERY ] & B0 Rl &0 80

' Thess nitmgen export coeflicients were selected hased on literature reviews by Fast and Les (1983), Frink (1991,
and Budd and Meals {1994, amd by considering values given by BEIDERM{ | 993b), Novolmy and Cbeam {1594 ), and
Stagall snd others (1993), folkowed by discusssons with Arhor 1. Godd @ the Unoversity of Rbode [-land

* Based on BITDEM {19930 and assuming 45 inches of precipitatsn anoually (Al amd othors, 19660
o Avssurmnimg thewe land wses are similar o COMMERCIAL land ues
* Assuming INSTITUTION s similar 1o MHDR land use, unless otherwise spocified by the user

" IF parsture i grased, or if manure & applied, valees will be higher (Beckhow amd others {1980 show rotational
prazing 7.0 Iv'sc/yr; contimuous gracring of [orge Terilieed 27 0 Fh'sc/yr (p 6, %79

' Assuming no conservation tillage or terracing 11 BMP's are i place, they will be applied.

¥ Aimospheric deposition only based on northeastern LS. (Ollmger et al. 1995 and Yang 19965 Some suthors
(g, Heckhow and athers (19200 sl Horsbey & Witten {1994} sugpest 1 different Boading raves o the sarfsce of a
waber body, depending upom the domenand Land use in the walershad: fores, sprcullial’raral, urban

Loglsng from malfimetnnmg reslential ssphie sysiems (a the ensewered poitian of the watsshad s caloulsied s
Follow s

Septhe systems within the 200 ft ipsrian balfer:
See Appendia G for the propomion of il pumber of septie systems which malfuncibon. The 101al nitregen
koading from malianctioning ripariam sepiic sysicms. (within 260 1@ of surface water) is set o1 70 (b/'cap'yr.
Il i assmmed thas there & 14 cap'resileniial septic system {1590 R Census) then thers 15 168 b
M/ mallunetioning residemiial septie system withim the 200 L balfer

Seplic systems oulside the ripanian aneas:
See Appendix G for propordon of wial number of septic sysiems which malfunction  The weal aitogen
knading Trom malfenctioning septic systems outside the ripsrian area is set at 5 6 Ibcapyr. 78 is assumed
that there is 8 24 capresidential septic system (1990 R1 Census), this comes to 134 [b Nimalfunctioning
resideniial sepiic sysizm ouiside the 200 i baiTer

Mole:

Eesckgrownd concentratinn of M in B1 Surface Waler (a0 human mfluence) is ~ 0025 ppm based on sampling from
ponads wheoke walemsheds are sshpect o lAtle Buman inflsence (data fom Watershed 'Wanch 1994, | mda Green)
[Art Gold suggests 4.2 w0035 mgil ].

BB QB -Dan e O M ARG R T ng Dol AR & G E i oo RE VDS S0l 17 el 34
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APPENDIX E: NITRATE-NITROGEN LOADING TO GROUNDWATER

The bong-tesm waley quality of 2n aquifer can be inferred from ihe quality of the recharge water (Hanizsche snd
Fimnemore, [992). Lsing a masshalance approach, the avermge concentration of ndtrate found in the infiltrating
recharge waler cam be estimaied by dividing the otal M loading from various and diverse land wse above the aguiler
by the recharge volume om precipitation and such anificial souwrces as seplic svstems {similar o Frinspler and
aheers § 19907, Horsley & Witlen | 1994, and several olher models). There are many compley mechanisms in the
natregen oycle which are mid directly scooanted for. However, beconce nfmle-nitrogen generally behaves
comservatively once il reaches the walter tahle, some simplifyving assumpisons can be made

Average N concendration  ®  Annaal N koad from diverse lamd uses
Anmnual recharge (natural # seplic syslems)

Somrces of mitrogen o groundwater melude
[ Beplic gydems
Ii. Lawn lerilirers
ni. Apriculiural femilizers
v, lLarge animals {cows, horses)

W, Pet wasie
wi.  Swormwaler infiltraton
Somroes of recharge melude
L Precipatation

i, Seplic systems

Aj LOAD
Calealase 1ol anmisl mitrogon load w grosndwater, based on land uss:

1. Seplic systems

Estimate the wvial nmmber of residential sepiic sysems o umsewersd arcis basod on housiag density. Commercial,
Indusirial, and nslilution arcas are all treated as MR

Assamptions: 24 capidwelling undl { Appendix L
T Ib Mipersnnyr leaves the seplic tank.
50 gal persna/day:
Ue of N leachss w the groumdwaser | Sicprest and Jenssen, | 989

In Rhade [slend where conventional 1505 sre typically bunied deeper, and pravel Ml is hrought
i, W may be o mode accumie estimace, s is sapponied by Lamb and oqhers, 198H)

ITonly RIGIS land wse daitn is svailable, estimaate the namber of homes hasad on the ressdentis|
land wse eatepory, excluding oreas served by sewer sysiems (see tahle bedow). MANAGE
sssmmes 2 |00 occupancy rie, w determeine the worst potential impact (this may pog be
appeopriaie for all walersheds)

EHENCNDE -G e D A A A GE T r i D00 AN AG B UTRor S E 206 Dog 15 of 14
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Table Bl : Estimation of the Mumber of Sepise Systems per Acre Hased on Lamd sz

Mean Dwelling Unit
Density (mmitfacre)

(Mamber of Sepiic

Land Use Syatgmaladre) Assumpthens

IR LA

MHDE 160

MELYR 1.6h

ML IR 050

LR .24y

b

COMMERCLAL 1.0 Assumee these are smilar o MDD Besdenizal Also, we
INDUSTRIAL 1.0HH Acsmitee that seplic sySIcm wse in mrcaticomal arcas is
RECHREATHRN {150 Seasonal (6 momiks oul of the year)

IS TTIUTIOM 1.£HE
2. Lawns

Bt lawn arca tn watorshed:

Table E3: Estimaton of the Frction of Lawn Arca Assocused with Each Lamd wse

Assmmplions:

Land Use Fraction of Land Use Attributed to
Lawn Arca

HIMR | ek

MUHINR 015

MR 050

MLINR i35

L3R 2%

COMMERIC AL (s

INEFUISTRIAL (.10

RECREATION i 70
(ol itnsrsca 1o be estimaled separabely)

INSTITUTHES 02s

T5% ol resadents apply lawn lorsliooer
Fertilizer is applicd ata mie of 175 Ib Miasc/vr (4 /10 sg. [L/vr)
Leaching rate i 6%, viekling a load of 105 b Miac/hr leached o ihe groumdwater

{mast models wse sigmificamly higher leaching rabes { 30 o 60 %), o lower estimate i
used bere due o low keaching rates lownd by Gold amd others {199, and Moron and
others { |985) m Hhode [sland owtwash soils, and asasming some mismanagemend, such
s ever-walermng, bare spots. compactod sol, and smpeoeper fertihizer application

A G P O, T i Pl DS A P S e R 200, e
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J Agricoltore (CROPLAND and ORCHAR land wse)

Assume a fertibizer appheation rate of 215 T Miagiyr, 30 of which leaches 1o the grosndwaser
4. Pet 'Waste in Residential Areas

41 b Mipersont i asaied b leach 1o the groundwate rom pel wasse. (Koppleman, 1978)
5. Forests and Unfertilieed Lawas

Uiald and oibers | 19960) shaw a ll:m.lmgﬂd 1.2 oy from forest (FOREST, PASTURE and BRUSH Land use ) and
usferilwed lown (unferabized lawn area = 23% of wal bewn arca)

S NER G -Genar s ek MK SE TarnieniDloci A M A G Esanumphosa MEVI00E Soc 2ol 34
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By RECHARGE
Caleulate total ansual groumdwater echarge. based on land g
1 Matmral recharge:
Average annes] mfikraison = Anpual preceprinnon - Annssl ET - Annoal RO
[ Average annual precipicsson = 45 mches (Allen and others, 1%966)
Il Avemge annesl evapotramspiration (ET) = |8 mches (fohnsion and [Dxkerman, | 9835)

I, Avernge anmual run of{ (RO is calculated from rumdl cocfficients for each fand use calegory
Anpual ROy = | Apmas] PP RO coeflicient (C))

Wetlands represent & complex system of mievaction hetween asfsce and groundwater. 11 15 assumed that here 5 no
runoil irem & weiland area. The equation shove then mnplies that wellands necharge 17 inches o groundwater,
whach is almost never the case. 11 1s assamed thad groundwater gemerally flows inio wetlands, mther than water from
wetlands percolating to groandwaser, 11 this assumption i made the total area of wetlands m the watershed X 17
inches maust be subdracted from ihe tota] vodume of avesge anmual recharge to groundwater,

2} Recharge from sepiic sysiemis

Recharge (ram septic svsleams = (fotal B of sepbc systems) (2.4 capidivellmg ) { 50 palfcapriday b (365 davahr)

B e g Dol S A AGE T gl ro e Dens A A G E b TG R E IR a0 21 el 4
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APPENDIX F: 19590 Rl CENSLIS FIGURES

Mumber persopsdwelling wnit Vacascy Rate*
Siate of K1 LA RR%
Bristiol County 26 4%
Kant Coungy 26 53%
Newport County 2% [2.5%
Providencs Coanty 25 (Y
Washington County 356 .2

¥ Based on nember of cecupied (va, vacant) dwelling wniis, Doss pol imchade scasonally eccupied dwelling anits,
* Wacaney rate inclides scasomally occugied dwellmg usits.

Soife: 1990 Censas Dala Fotn R Depadtiment of Adimisiration. Ome Capdlal HIL Providence, RE 02908,
Moke: We will use 2.6 personsidwellng umt The two countses, Meapon asd Providence, with an average of 2.5
porsoqaidwelling umit (reflocting o highe number of aperimens, which tend o have fewer occupants) are beavily
sowered, Dicupancy tales may be fariber refined using US Consus block data and buildmg permits,

* Yalues for oocapancy rate are oflen adjmsted m the MANAGE misdel based on the mput of Jocal oMicals and the
cemags (igancs

el WO G- o B il A ARG A GE | Ta0r " aciD oo b B B TR Py D008 30 Fral -
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APPENDIX H: IMPERVIOUSNESS OF DEVELOPED LAND

Table HI1: Estimaated Percent Impery s Sarface for Lansd Uise Used m SWAF Report (Ongimal MANAGE

Impervnous Yalues)

MiMlies

¥ Based om cstimate of mmpervioss Fection used in TR3S (1973)
* Calculated from bow and high nanolT cociTicients estimeated from Movotny and Olem (1994), p. 146

Oirigiinal Values
wnedl im
MANAGE
{and 5WAP
Low High Feprris]
Land Use Estimated % Impervioms
HIR? 65 &0 7
MHDR IR 5 50
MIR* i iK n
MLDR® iz 20 I
LR 3 i3 ]
COMMERCIAL® 50 4 72
INDUSTRIAL" 50 a4 T2
ROADS® 72 B3 T2
AIRFORTS' T2 3 T2
RAILROADS T B3 15
JUNKYARDS 72 LA 72
RECREATION § 2R I
INSTITUTION' i% fs 50

* Basead on TS, Low is that of Indastrial and high s commencial,
# Assuming INSTITUTION & hydrobogically similar to MY residential, mnbess otherwise specified by the user

SRE N GG Tannara DL SR G E T et rci D A G B iph o M 2006 3ios
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Table H2: Updated FEstomated Percent Imipervious Surface for Land Ulse Used m MANACGH

R W
PFrofecliam {updated 2003

Land Use Calegary Estemated Site ey s (%)
FIDMR {1/ scre fot L] ¥ 13 i3
MHDE { 14 sore loth L} 3! b Lt
143 acne bl L k|
142 axre o 2% &7 21
MO (1 acre lot) 20 I8 4 14
MLIDR (2 scre lot) 12 2 I (R
LR §= 2 acre hot) b 4
AGRICULTURE 2
CH'EM URBAM 8
PO HOLTSE 41
MULTIFAMILY 44
COMMERCIAL 85 T2 T2
INDLUSTRIAL 12 53 54
R sk T
AIRORETS i
RAILROAS Tl
JUNKYARDS )
RECHREATIOMN 14k
[NSTITUTHON i 14

* Mew Jersey DEP

BOWP 2002, The Watershed Treatment Model. Ellicot City MDD, www siommwalarcenier nel

* Walues for imperviows surface are in the MANAGE code

SR DO S D i Dl A A AT Pl T AN G B T A IR D
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APPENDIX I: SEPTIC SYSTEM PARAMETERS

Residential Wastewater Flow i galicap/day Frown and Assoc. (| 980
45 galicapiday UISEPA, [ 19%0)
45 galicap/day Canter and Knox {1985)
65 gallcap'day Frinpicr and others (1991}
318 palicapiday (= 12K liaers) Crold and oihers {1990}
4% galicepiday (=170 Kiers) Postma. and oibers (1992)
4% galcaniday Horsley & Winlen | 1994)
43 - &l gabicapiday RIDEM (Giaden Howasd, 19%5)
Mumber of peopleidwellng 1.5 capidwedlmg Frown amd Assoc. (1980
2.7 capidwellmg Valiels and Cosin (1958
30 capidwellmg Huszands Bay Propsc { 1990)
2.7 capidwellmg Frimpacr amd oilvers (1990}
(as gired m Wetskel anmd Howes (1991 )
30 capidwellmg Heorshey & Wiglen (1994)
Ihosphores i efffoen 164 mg (mean from lit reviewd  Brown asd Assoc. (1980)
(3.3 Ibicapdyr i 66 ged)
1. 5 picapiday (m wastewatey)  USEPA (1980}
18+ 29 mg/ (m wastewaler) LISEPA (1940}
15 mg Canter and Knox {1985
(2 Mvicapivr i 45 ged)
1.4 kplcaplyt Valiels and Costa ( 1988)
(3.1 Ibvicapyr)
145 kglcapiyr (¥lem and Flock (1 9%30)
(3.2 Ikcapsfyr
11 mgi Fostma and athers ( 1952
{ 1.8 IWicapdye i@ 45 ged)
0.5 = 1.5 kglsystemive Fhuckl amd Mals | 1924}
(1.1 = 3% Ihsysiemiyvr)
T - 40 mgfl Biudd amd Mcals (1954)
1.2 Ihicap'sr Horsdew & Wiklen (1994
Migrgen i effluend dd 6 mg/l {meam from lit review ) Brown end Assoc {1 98(0)
112 gicapdday Firown amd Assoc. {19800
(9 Micapiyr)
6= 17 peaphday (0 wastewater)  USEPA ( 1980)
35 - 10 mgdl (in waskewaber) LISEFRA {1980
[USERA assumes 1% rensaoval m sephic ks, Gobd and odhers | 1900]
fund =p o 2 1% rensoval]
4 mg.1 Canter and Kmox {1983)
(3.5 Ibicaptyr @ 4% ged)
1B kglcapivr Valicla and Costa { 1958)
(%4 IWcapyr)
.72 Bvcaplyr Fursands Hay Project {1990
41 g/ { Mitrate-N) Frimpicr and oihers (1990}
{mchudes 5 mg hackprousd concentratsn)
& iveapivr Frimpicr and others (1990}
1.1 kgleaphvr Coold and others (1990
(T Ivcapfyr)
i - & mgi Budd snd Meals (1994)
319 mgfl [WHEPA S Horshey & Wiklem { 15%1)
(5.7 Inicapiyr i@ 55 ged)
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