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Appendix A: Estimated Nitrogen Load for Study Areas (Exeter, RI)

ASSUMPTIONS and REFERENCE VALUES
365 day/yr
3.79 L/gal

0.001 g/mg
0.0022 lb/g

2.4 persons/ISDS (This assumption is from MANAGE for single family residential areas)
7 lb N/person year contributed to a septic system from a singe family residential area (MANAGE assumption)

16.8

LADD SCHOOL

Persons
GPD per 
Person Effluent

System 
GPD

Number 
of ISDS

N Load 
Traditional 

System

Number of 
Denitrification 

Systems2

N Load 
Denitrifying 

System

Number of 
MANAGE 

equilavent ISDS
(mg/L) (lb N/year) (lb N/year)

CURRENT
Existing Institutional Land Use
Marathon House 95 80 65 7600 1507 0 1507 90
Job Corp 300 80 65 24000 4758 283 2379 283
Fire Fighters 15 30 65 450 89 0 89 5
Remainder of Existing Land Use in WHPA
MD Residential1 36.1 606 0 606 36.1
MLD Residential1 3.6 60 0 60 3.6
LD Residential1 0.8 13 0 13 0.8
Recreation1 0.8 13 0 13 0.8
Total 32050 7047 283 4668 419

FUTURE
Expanded Commercial Development in WHPA
Office Building 3000 15 65 45000 8920 531 4460 531
Existing Land Use in WHPA
Current 32050 7047 283 4668 419
Total (current + future) 77050 15968 814 9129 950

lb N/year per ISDS (This assumption is from MANAGE and is calculated as follows: number of persons/ISDS x lb N/person year)

The MANAGE model calculates the number of ISDS in an area based on assumptions regarding land use.  Each land use type is assigned a number of ISDS 
units per acre and this value is multiplied by the acreage of each land use type to determine the total number of ISDS.  This value was utilized in the MANAGE 
models in this study for current medium density, medium low density and low density residential and recreational land uses.  The number of ISDS associated 
with other types of development as calculated by MANAGE were removed and an estimate based on actual numbers of persons utilizing the commercial and 
industrial land uses were input into the model.  MANAGE assumes that all ISDS are the same size, treat the same volume of wastewater and export the same 
amount of nutrients.  The model assumes a greater density of ISDS per commercial and industrial land uses to average in the affect of a greater loading from 
commercial and industrial sites then a residential ISDS.  A more accurate method for determining the loading from large scale ISDS systems (shown below) 
was used to determine loading of current commercial structures and projected future development in the model.  Estimates of the number of persons utilizing 
the structure, water use (GPD) and effluent concentration were used to determine the system nutrient load.  This nutrient load was then divided by the loading 
expected from the standard MANAGE ISDS to determine the equivalent number of “MANAGE ISDS” units per structure.  These values were then input into 
the MANAGE model.      



 

Appendix A 
Screening Level Assessment of Alternative  

Development, Exeter, Rhode Island 
June 2005 

 

VILLAGE AREA

Persons
GPD per 
Person Effluent

System 
GPD

Number 
of ISDS

N Load 
Traditional 

System

Number of 
Denitrification 

Systems2

N Load 
Denitrifying 

System

Number of 
MANAGE 

equilavent ISDS
(mg/L) (lb N/year) (lb N/year)

CURRENT
Existing Commercial Land Use
Pizza Restaurant 50 35 65 1750 347 0 347 21
Convenience Store 5 15 65 75 15 0 15 1
Post Office 10 15 65 150 30 0 30 2
Remainder of Existing Land Use in WHPA
MD Residential1 3.9 66 0 66 3.9
MLD Residential1 0.7 12 0 12 0.7
LD Residential1 0.4 7 0 7 0.4
Recreation1 4.3 72 0 72 4.3
Total 1975 548 548 33

FUTURE - LOW
Expanded Commerical Land Use Within WHPA
Multi-family homes 300 75 65 22500 4460 265 2230 265
Beauty Salon/Day Spa 10 200 65 2000 396 24 198 24
Office Retail 50 15 65 750 149 9 74 9
Restaurant 40 seat 40 70 65 2800 555 33 278 33
Restaurant single serve 57 35 65 1995 395 24 198 24
Existing Land Use in WHPA
Current 1975 548 0 548 33
Total (current + future-low) 32020 6504 355 3526 387

FUTURE - HIGH

Expanded Commercial Development Outside WHPA
Multi-family 376 75 65 28200 5590 333 2795 333
Beauty Salon/Day Spa 10 200 65 2000 396 24 198 24
Office Retail 500 15 65 7500 1487 88 743 88
Restaurant 80 seat 80 70 65 5600 1110 66 555 66
Restaurant single serve 48 35 65 1680 333 20 167 20
Existing Land Use in WHPA and Expanded Commercial Land Use Within WHPA
Future-low (plus current) 32020 6504 355 3526 387
Total (current + future-low + future-high) 77000 15420 886 7984 918

CALCULATIONS
System GPD = GPD per person x persons
Number of MANAGE 
equilavent ISDS = (N Load Traditional System lb N/year) / (MANAGE ISDS System lb N/year)

System lb N/year = persons x GPD per person x effluent (mg/L) x 365 day/yr x 3.79 L/gallon x 0.001 g/mg x .0022 lb/g
or
System lb N/year = 16.8 lb N/year per ISDS x Number of ISDS

Notes:

2 It is assumed that denitrification systems reduce the nitrogen in septic tank effluent by 50%.

1 The values reported for "Number of ISDS" are obtained using the default MANAGE approach.  The default approach for determining the number of ISDS in a 
system is to assign an average number of ISDS per acre for each RIGIS land use category.  The average number of ISDS per acre assigned is as follows:  MD 
Residential = 1.0 / acre, MLD Residential = 0.5 / acre, LD Residential = 0.2 / acre, recreation = 0.5/acre.
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MANAGE SUMMARY RESULTS  Exeter, RI   May 2005 Study Area Land Use Indicators Riparian Indicators 

Study Area & 
Scenario `

Acres % Sewer

% High 
Intensity 

Land Use
% Im- 

pervious % Forest % Wetland
% Forest 
& wetland

RIP % 
HILU

RIP%Im- 
pervious

RIP % 
Forest

RIP % 
Wetland

Queen River Current Land Use -Agri Fert.215 lbs/ac, 30% leaching 23380 0% 10% 2% 59% 15% 75% 4% 1% 37% 50%

Ladd 1  Current Ladd School - Current with existing I/A ISDS systems
522 0% 14% 5% 48% 20% 68% 3% 45% 50%

Ladd 2  Future
Ladd School - Future  All institutional land was converted to commercial 
land (54.1 acres). Includes current I/A ISDS systems and assumes all 
future systems will be I/A 522 0% 14% 9% 48% 20% 68% 3% 45% 50%

Ladd 3  Future - 
Reduced Runoff 
Coef, 40% 
Imperv.

Ladd School - Future  Same as the Ladd 2 Future with: commerical 
development reduced to 40% impervious surface (from 72%) and the 
runoff coefficient was reduced from commerical to high density 
residential to enhance stormwater infiltration.

522 0% 14% 6% 48% 20% 68% 3% 45% 50%

Queen River Current Land Use- Low Agri Fert. 175 lbs/acre, 20% leaching 23380 0% 10% 2% 59% 15% 75% 4% 1% 37% 50%

Chipuxet River 
Watershed Current Land Use 

16452 2% 16% 5% 38% 22% 60% 4% 3% 31% 56%

Village 1  Current Village - Current 220 0% 25% 3% 18% 18% 36% 6% 3% 29% 39%

Village 2 Future 
Low

Village - Future Low Development (50 acres of agricultural land 
(cropland, pasture, brush) was converted to commercial.  Assumes all 
new ISDS would use  I/A design.

220 0% 26% 20% 18% 18% 36% 6% 29% 39%

Village 3 Future 
High

Village - Future High Development (100 acres of agricultural land 
(cropland, pasture, brush) was converted to commercial.  Assumes that 
all new ISDS would utilize I/A design.

220 0% 49% 36% 18% 18% 36% 6% 29% 39%

Village 4 Future 
High - Reduced 
Runoff Coef, 40% 
Imperv.

Village - Future High Development. Same as Village 4  with: commerical 
development was reduced to 40% impervious surface (from 72%) and 
the runoff coefficient was reduced from commerical to high density 
residential to enhance stormwater infiltration.

220 0% 49% 20% 18% 18% 36% 6% 29% 39%

Village 5 Future 
High - Reduced 
Runoff Coef, 25% 
Imperv.

Village - Future High Development. Same as the Village 3  with: 
commerical development reduced to 25% impervious surface (from 
72%) and the runoff coefficient and surface nutrient loading coefficients 
were reduced from commerical to brush.  This represent

220 0% 49% 13% 18% 18% 36% 6% 29% 39%
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Estimated Nutrient Loading Estimated Nitrate-N sources to grw. recharg SOILS hydrologic groups

NO3N in GW 
Recharge 

mg/l

NO3N to GW 
recharge 
lbs/ac/yr

N SW 
runoff 

lbs/ac/yr

Total N to 
study area 
lbs/ac/yr

% N in SW 
runoff from 

Atm. 
P to SW 
lbs/ac/yr

Septic 
Systems

Lawn 
Fert.

Agri. 
Fert

Pet 
Waste Other % A % B % C % D

1.6 8.3 3.0 11.3 2.2% 0.3 20% 5% 64% 1% 9% 10% 63% 20% 6%

1.8 9.9 2.4 12.3 0.9% 0.4 74% 6% 13% 1% 7% 21% 47% 26% 7%

3.3 18.3 2.7 21.0 0.8% 0.4 87% 2% 7% 0% 4% 21% 47% 26% 7%

3.2 18.3 2.7 21.0 0.8% 0.4 87% 2% 7% 0% 4% 21% 47% 26% 7%

1.0 5.4 3.2 8.6 2.0% 0.4 23% 8% 54% 1% 14% 10% 63% 20% 6%

2.8 11.4 4.4 15.8 15.8% 0.5 25% 4% 65% 2% 5% 15% 54% 11% 21%

2.4 11.6 5.5 17.1 0.4% 0.6 14% 3% 77% 0% 5% 11% 72% 6% 10%

3.6 16.2 3.3 19.5 0.6% 0.6 94% 3% 0% 0% 4% 11% 72% 6% 10%

8.6 36.3 4.5 40.8 0.5% 0.8 98% 1% 0% 0% 1% 11% 72% 6% 10%

7.1 36.3 4.5 40.8 0.5% 0.8 98% 1% 0% 0% 1% 11% 72% 6% 10%

5.1 36.3 1.4 37.7 1.5% 0.1 98% 1% 0% 0% 1% 11% 72% 6% 10%
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Study Area & 
Scenario %SHWT 

<1.5-3.5'
%SHWT 
1.5'-3.5'

%Restr.C,.
2"/hr % Erode

HILU on 
A soil

HILU on 
HWT <3.5' # ISDS ISDS /Acre

Precip 
Inches

ET 
Inches

Avail. 
Precip 
Inches

SW runoff 
Inches

Net 
recharge 
Precip. 
Inches

ISDS 
recharge 
Inches

SW 
runoff % 

avail.

GW 
recharge  
% avail

Precip 
Mgal/yr

Queen R 33.0% 14% 12% 35% 0% 0% 2,607 0.11 45 18 27 3.9 23.1 0.2 14% 86% 28567

Ladd 1  Current
35.5% 19% 18% 15% 1% 1% 419 0.80 45 18 27 4.5 22.5 1.3 17% 83% 638

Ladd 2  Future
35.5% 19% 18% 15% 1% 1% 950 1.82 45 18 27 5.8 21.2 2.9 21% 79% 638

Ladd 3  Future - 
Reduced Runoff 

Coef, 40% Imperv.
35.5% 19% 18% 15% 1% 1% 950 1.82 45 18 27 4.9 22.1 2.9 18% 82% 638

Queen Low Ag 33.0% 14% 12% 35% 1% 2% 1,891 0.08 45 18 27 4.4 22.6 0.1 16% 84% 28567

Chipuxet River 
Watershed 32.7% 8% 3% 26% 2% 1% 2,675 0.16 48 21 27 9.5 17.5 0.3 35% 65% 21442

Village 1 Current 16.3% 0% 0% 9% 1% 0% 33 0.15 45 18 27 6.0 21.0 0.2 22% 78% 268

Village 2 Future Low 16.3% 0% 0% 9% 1% 0% 387 1.76 45 18 27 9.7 17.3 2.8 36% 64% 268

Village 3 Future High 16.3% 0% 0% 9% 1% 0% 918 4.18 45 18 27 15.1 11.9 6.7 56% 44% 268

Village 4 Future High 
- Reduced Runoff 
Coef, 40% Imperv.

16.3% 0% 0% 9% 1% 0% 918 4.18 45 18 27 11.0 16.0 6.7 41% 59% 268

Village 5 Future High 
- Reduced Runoff 
Coef, 25% Imperv.

16.3% 0% 0% 9% 1% 0% 918 4.18 45 18 27 2.2 24.8 6.7 8% 92% 268
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Study Area & 
Scenario ET 

Mgal/yr

Avail. 
Precip 
Mgal/yr

surface 
runoff 

Mgal/yr

Avg.net 
recharge 

precip. Mgal/yr

ISDS 
recharge 
Mgal/yr

If 100% forested 
surface runoff 

Mgal/yr

Lost recharge 
from 100% 

forested 
Mgal/yr

Queen R 11427 17140 2,466 14,675 114 1,396 1,070 

Ladd 1 (Current)
255 383 64 318 18 27 37 

Ladd 2 (Future)
255 383 82 301 42 27 55 

Ladd 3 (Future - 
Reduced Runoff 

Coef. (40% 
Imperv.)) 255 383 70 313 42 27 43 

Queen Low Ag 11427 17140 2,779 14,361 83 1,396 1,383 

Chipuxet River 
Current 9381 12061 4,238 7,823 137 2,723 1,514 

Village 1 
(Current) 107 161 36 125 1 11 25 

Village 2 (Future 
Low) 107 161 58 103 17 11 47 

Village 3 (Future 
High) 107 161 90 71 40 11 79 

Village 4 (Future 
High - Reduced 

Runoff Coef. (40% 
Imperv.))

107 161 66 95 40 11 55 

Village 6 (Future 
High - Reduced 

Runoff Coef. (25% 
Imperv.))

107 161 13 148 40 11 2 
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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  
 
Original documentation 1996, Updated: October 2000 
Current update: 2005 
 
Dorothy Kellogg, Marie Evans Esten, Lorraine Joubert, and Dr. Arthur Gold 
University of Rhode Island, Department of Natural Resources Science 
Cooperative Extension, Nonpoint Education for Municipal Officials 
Coastal Institute in Kingston, 1 Greenhouse Rd, Kingston RI 02881 
Tel:  401-874-2138     Fax:  401-874-4561 
Mevans@mail.uri.edu, Ljoubert@uri.edu, Agold@uri.edu 

 
 
Outline of the functions of the MANAGE AML 
The AML automates the data collection process for the MANAGE Excel Model.  Data exported by the AML may 
be directly imported into the MANAGE Model. 
 
Input coverages utilized by the MANAGE AML: 
 

WATERSHED BOUNDARY COVERAGE – study area boundary outline (watershed, subwatershed, 
wellhead protection area, or aquifer recharge area). 

LAND USE COVERAGE 
SOILS COVERAGE 
SEWER LINE COVERAGE 
HYDRO_LINE COVERAGE (streams and small rivers) 
HYDRO_POLY COVERAGE (lakes and large rivers)  

 
Coverages produced and used by the MANAGE AML: 
 
 LU = Land use coverage 

SLS = Soils coverage 
 SEW = Sewer line coverage  

BASIN = Watershed boundary coverage 
 HP = Hydro_poly coverage 
 HL = Hydro_line coverage 

SHEDLU = Land use clipped by watershed/study area boundary. 
SHEDSLS = Soils clipped by watershed/study area boundary. 
LUSL = Land use and soils intersected. 
SHEDHL = Hydrolines (rivers and streams) clipped by watershed/study area boundary. 
SHEDHP = Hydropolys (pond and large rivers) clipped by watershed/ study area boundary. 
SHEDHYDRO = Data from hydrolines and hydropolys joined (appended) together to create a coverage of 

all surface water features. 
SHEDSEW = Sewer Lines (if specified) clipped by watershed/study area boundary. 
SHEDSEW_AREA = Buffered sewer lines. 
SHED_UNSEW = Land use and soils in watershed/study area that is unsewered. 
SHEDRA1 = Buffer of shedhydro coverage (all surface waters).  The value used to buffer the coverage (in 

feet) is provided by the user.  
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MANAGE GIS-Based Pollution Risk Assessment Method 
Watershed / Aquifer Pollution Risk Indicators 
 
List of Indicators and Rating Key 
The following indicators are commonly used in the MANAGE watershed assessment, although not all may be used in each 
assessment, depending on the characteristics of the study area and type of analy-sis.  Mapping the site-specific location of these 
features, including overlay mapping to identify potential pollution source “hotspots” is an important aspect of the assessment 
conducted separately identified characteristics is The mapping analysis, including “hot spot” mapping is conducted separately. 

 
 

1.1.1 Relative Pollution Risk Rating 
 

 
WATERSHED / AQUIFER INDICATOR 

 
 

Low 
 

Medium 
 

High 
 

Extreme 

1.  LAND USE 1
    

Watershed-wide  
    

High intensity land use  < 10 % 10 – 14 % 15 – 25% > 25 % 
Impervious surface area < 10 % 10 – 14% 15 – 25% > 25 % 
Forest and Wetland  > 80 % 50 – 80% 20 – 49% < 20% 
Septic systems per acre 4 < .10 .10 – .23 .24 – .49 .50 – 1.15 
Percent sewered land use  Not rated 3

Riparian (shoreline)  
    

Riparian High intensity land use < 5 % 5 – 9 % 10 – 15 % > 15 % 
Riparian Impervious surface area < 5 % 5 – 9 % 10 – 15 % > 15 % 
Riparian Forest and Wetland > 95 % 80 – 95 % 60 – 79 % < 60 % 
Disturbed Riparian Area (inverse of 
Riparian Forest and Wetland) 

< 5 % 5 – 19 % 20 – 40 % > 40 % 

 
Existing or potential pollution 
sources 

   

Mapped pollution sources within study 
area, within 200’ buffer to surface 
waters and tributaries, or within public 
well inner protected radius (200’ 
bedrock; 400’ gravel well). 

 Mapped and used in basic 
SWAP ranking  

 

 
2.  NATURAL FEATURES 2

 
Low 

 
Med – High 

 
Extreme 

SOILS- Risk to groundwater   
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Very sandy, rapidly permeable  < 10 % 10 – 60 % > 60 % 
 
SOILS - Risk to surface water and/or 
shallow groundwater 

 

Slowly permeable soils Not rated 3

 Low Med – High Extreme 
Presence of restrictive layers < 2% 2 – 10 % > 10 % 
High water table < 5 % 2 – 20 % > 20 % 
Erosion potential  < 5 % 2 – 20 % > 20 % 

Wetlands with high potential for 
nitrogen removal  (organic sediments in 
outwash parent material). 

 
Mapped 

 
 
3.  COMBINED LAND USE/ NATURAL 
FEATURES 

 
 

Mapped and also used in basic SWAP rating 

  High intensity land use on highly 
permeable soils 

< 5 %  > 5 – 15 > 15 – 30 > 30 

  High intensity land use on highly 
permeable soils 

none  > 5  > 5 – 15 > 15 

  High intensity land use within shoreline 
zone. 

NONE > 5  > 5 – 15 > 15 

  Erodible soils in vacant, unprotected 
areas  

 
Mapped 

 
 
4.  HYDROLOGIC BUDGET  
and NUTRIENT LOADING  
ESTIMATES 

 Low Med High Extreme 
Phosphorus to surface runoff 4
(lbs / acre/ year) < .46 .47 – .68 .69 – .93 > .93 
Nitrogen loading to groundwater 
recharge  (lbs / acre/ year) 4   < 5.4 5.4 – 8 8.1 – 16 > 16 

Nitrate-N concentration to 
groundwater recharge (mg/l)  4

< 2 2 – 4.9 5 – 7.9 8 –10  

     
Nitrogen to surface runoff 
(lbs / acre/ year) 

Not rated 3

Surface water runoff  
(inches /year) 

Not rated 3

Infiltration and recharge from rainfall 
and septic systems (inches /year) 

Not rated 3

 
5.  OTHER POLLUTION SOURCES 
and HYDROLOGIC 
MODIFICATIONS 

 
 

Not rated, may be mapped. Field inspection needed 

“Point sources” - discharges to surface or groundwater, salt storage, underground storage tanks, 
hazardous waste sites, contaminated sediments, composting sites. 
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Boat and marina discharges; fuel from 2-stroke engines, wastes from recreational vehicles. 
Livestock, manure storage, kennels, large assemblages of birds 

Well pumping, water withdrawal from or into a basin; dams 
Closed stormwater systems; stream channelization; subsurface drainage of fields, subdivisions, 
and individual home sites. 

6.  RECEIVING WATER 
CHARACTERISTICS 

 
 

Existing Condition 
 Low Med High Extreme 
  History of contaminant detects Trace < ½ MCL > ½ MCL Violation 
Existing Condition - Groundwater     
  Monitored concentration of nitrate    
(mg/l)  

< .5 .5 – 2 > 2 – 5 > 5 

Existing Condition – Surface waters 
Nutrient enrichment level (based on trophic state index, phosphorus concentration, clarity, 
frequency and severity of algal blooms; also dissolved oxygen and other factors. 
History of contaminant detects 
Visual and physical condition  (odors, trash) 
Invasive vegetation, use of herbicides 
Compliance with water quality goal 
Eelgrass health extent and condition (coastal waters) 

Sensitivity to impact 
Flushing time, depth, shoreline configuration (DL) 
Aquifer type- bedrock (low risk) vs. sand and gravel (high risk) (RIDOH, 1999); USGS 
vulnerability rating (USGS, 1999); potential for lateral flow 
 

 

1.2 Rating Pollution Risks 
1 The ratings assigned to the land use indicators are approximate thresholds intended to provide a frame of refer-
ence for measuring pollution risk.  The ratings are based on abundant evidence linking these land use factors to 
water quality impacts in streams and wetlands (EPA 1996).  Documented impacts include changes in stream 
hydrology, impaired aquatic habitat, and increased pollutant inputs. The relationship between percent impervious 
cover ratings and resulting impacts to watershed streams is the most well documented.  The ratings assigned to the 
other indicators are loosely based on EPA-recommended indicators, similar research-based ratings used to evaluate 
habitat impacts to New England wetlands (Ammann, A.P. and A.L. Stone. 1991; Hicks 1997), and best professional 
judgment. In all cases we assign lower tolerances to risk indicators in shoreline areas, where there is a greater 
chance for direct pollutant movement into surface waters. Increased travel time from the point where pollutants are 
generated to discharge to receiving waters generally increases opportunity for pollutant removal through plant uptake, 
microbial activity, chemical transformations, or physical filtering, even though this may be very limited in sandy soils. 
 

2 Risk ratings for soil features are very approximate thresholds indicating increasing risk and need for management. 
They were selected based on best professional judgment considering the range of characteristics typical of RI soils.  
 

3 Not rated – Results are used to compare relative differences among study areas, between different land use / 
pollution control scenarios; or compared with forested reference conditions. 
 

4.  Rating developed based on percentile ranking (25th = low, 50th moderate, 75th = high, 95th = extreme) of all ranked 
results of analyses conducted for all major drinking water supplies. 
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Measuring Indicators 
Unless otherwise noted, indicators are calculated as a percent of the study area, using either the full 
watershed /aquifer study area or just the shoreline area within this zone. The following ratios apply:  
 
Study area risks  =   Sum of indicator land use area (acres)_  
                      Total study area (acres) 
 
Shoreline  =    Sum of indicator land use within 200 ft.of surface waters (acres)
Risks              Total area of the 200 ft. shoreline buffer (acres) 
                                            
For example:  
High intensity =  Sum of all high intensity land use in the study area (acres) 
land use             Total study area (acres)
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Understanding Watershed / Aquifer Pollution Risk Indicators  
 
Using multiple indicators to evaluate pollution risk 
The MANAGE pollution risk assessment method uses selected characteristics of a watershed or 
groundwater recharge area to evaluate the degree to which water resources in each study area 
are susceptible to pollution. Watershed land use and natural features used as “indicators” of 
watershed health were chosen based on their documented relationship to water quality 
conditions. Practical considerations factored into the selection, such as availability of data using 
high-resolution GIS coverages and ease in deriving summary statistics about the indicator from 
the RIGIS database. The indicators used are best suited to identifying pollution risks in rural and 
suburban communities characterized by a mix of forest and agriculture, limited village and urban 
development that may be sewered, and unsewered residential development where groundwater 
is the primary pathway for water flow and pollutant movement.  Given this focus on suburbanizing 
landscapes the indicators used are well suited to Rhode Island drinking water supply watersheds 
and aquifers, most of which are subject to intense development pressure. Because of similar soils 
and land use characteristics the indicators used are generally suitable for the southern New 
England area provided corresponding GIS coverages are available. The assessment approach is 
less useful in highly urban areas where surface water flow is controlled more by engineered 
stormwater drainage systems than soils. In these urban areas more site-specific information on 
the particular type of high risk uses, stormwater discharge locations and treatment systems, good 
housekeeping practices at industries and businesses, and age and maintenance of sewer lines all 
become important variables that are not directly addressed in this screening level assessment.  
 
Although many watershed assessment methods rely heavily on one or two indicators – most 
commonly percent impervious cover and nutrient loading, the MANAGE approach incorporates a 
number of watershed characteristics focusing on both land use and natural features.  The 
additional factors used, such as forest cover and riparian buffer continuity, are widely used 
measures of potential water quality impacts at the watershed scale, and have long been used in 
evaluating water quality function of both individual wetlands and collective wetland resources 
within a drainage area (Center for Watershed Protection 2002; Ammann, A. and A. Stone, 1991).  
As with any watershed assessment method, the effort required to calculate additional indicators 
must be weighed against the value of the information generated. Where high quality GIS 
databases for soils and land use are available, such as the RIGIS system, a wide range of 
indicators may also be readily available for direct use with minimal database development.   
 
Clearly one of the primary advantages of using a variety of different watershed indicators is that 
the range of data generated can shed light on the type of pollutant or stress most likely to 
influence water quality. This is especially useful where the link between one watershed 
characteristic and associated water quality condition is weak. For example, more recent research 
on the effect of watershed impervious suggests that in relatively undeveloped watersheds with 
average impervious cover less than 10%, other factors such as forest cover, contiguous shoreline 
buffers, soils, agriculture, historical land use and a “host of other stressors” can greatly influence 
water quality in sensitive areas. Consequently watershed managers “should evaluate a range of 
supplemental watershed variables to measure or predict actual stream quality within these lightly 
developed watersheds” (Center for Watershed Protection, 2002). Because drinking water supply 
watersheds often fall under the 10% impervious level, multiple indicators are especially valuable 
in evaluating these sensitive watersheds. 
 
Using a range of indicators avoids over-reliance on one or two factors, especially where input 
values and results may be uncertain. Minor map errors and inaccuracies are common to all map 
databases, but in general the simplest watershed indicators obtained directly from high quality 
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maps – such as percent high intensity land use and percent forest– are the most reliable.  Some 
indicators, such as percent impervious cover, the estimated number of septic systems within a 
study area, and all future projections, are created by overlaying map coverages in combination 
with population and housing data, and use of simplifying assumptions. Any of these operations 
can amplify map errors and introduce uncertainty associated with input values and assumptions. 
These uncertainties are inherent in any type of modeling and as long as assumptions remain 
consistent among study areas, the comparative value of the results is unaffected. Using a range 
of indicators, including reliable land use factors, can help reduce reliance on any one factor while 
providing a range of supporting data.  
 
When a variety of watershed features are available, key indicators can be selected to focus on 
pollutants of concern to particular receiving waters. For example, primary factors for evaluating 
impacts to groundwater aquifers include:  nitrogen loading to groundwater– where nitrogen is a 
both drinking water contaminant and indicator of other dissolved pollutants; and percent high 
intensity land use in general, and especially commercial and industrial land use where hazardous 
materials may be used. In contrast, key indicators for fresh surface waters would include 
impervious cover, percent watershed forest, estimated phosphorus inputs and land use within 
shoreline buffers.  
 
A brief look at the indicators used clearly show that many of the factors measure similar 
features. For example, high intensity land use, impervious cover, runoff and nutrient loading 
all tend to increase as development increases.  Results are best used to compare general 
trends and to focus on few primary pollutants or stressors of concern for particular receiving 
waters rather than trying to “add up” total risks from a large number of different factors. 
Where indicators appear to be very similar, basic differences factor into interpreting results 
and selecting management practices. For example, high intensity land uses encompass both 
urban land and tilled agriculture while impervious cover measures only urban roads, rooftops 
and parking. As a result, riparian buffers having both high intensity land use and high 
impervious cover are likely to be more urbanized and difficult to restore; those with high 
intensity land use and low impervious are likely to be in agricultural use or in backyards of 
moderate to large lot house lots where reclaiming natural buffers may be more feasible.  For 
sensitive cold water trout streams, any areas where naturally vegetated shoreline buffers 
have been lost would provide useful information on extent of impact and potential restoration 
sites. 
 
 
Interpreting Results 
Assessment results are best used to compare relative differences in risk among study areas 
or between different land use scenarios. When comparing results for a number of 
subwatersheds or recharge areas it is useful, but not always possible, to select study areas 
representing a range of different land use types and densities. Undeveloped study areas with 
unfragmented forest and naturally vegetated shorelines are particularly valuable as 
“reference” sites representing natural background conditions. Even lightly developed study 
areas with good water quality, though not pristine, provide a useful benchmark of low-risk 
conditions.  At the other end of the spectrum, densely developed or disturbed study areas, 
whose water quality is highly susceptible to impact, represent “high risk” circumstances. In 
each case reference watersheds provide more realistic benchmarks when monitored water 
quality data corresponds to estimated risk levels based on mapped features or modeled 
nutrient loading estimates. 
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Watershed indicators are useful in evaluating sensitivity of a watershed or aquifer recharge 
area to changing land use and to different pollution control practices. Typical analyses 
include the following:  
� Comparing differences between current and future land use, where a future “build-out” 
map is used to calculate indicators representing future land use;  
� Evaluating the range of results possible using low and high input values for factors that 
are difficult to estimate precisely, such as impervious cover or nutrient loading; and  
Comparing the relative change in risk among alternative management scenarios.  Typical 
pollution control strategies that can be modeled include: reduced fertilizer application, use of 
nitrogen-reducing septic systems, and use of stormwater treatment systems designed to remove 
nitrogen or phosphorus. Alternative land development options and pollution control practices can 
be modeled for the entire study area, for particular land use types, or for any combination of land 
use by soil type or location in shoreline buffers. 
 
 
Ranking Pollution Risks 
To make the assessment more useful for management decisions, indicator results are generally 
ranked along a scale from low to high or extreme risk. These thresholds are general guidelines 
designed to serve as a frame of reference in interpreting results. They should be considered 
points along a continuum, not rigid categories with distinct boundaries. These threshold levels are 
set based on the following factors, as described below. 
 
� Ranking based on literature values.  Each indicator is a standard, widely accepted measure 

of watershed health.  In some cases extensive research results are available to document a 
solid relationship between the presence or extent of watershed features and associated water 
quality condition. The relationship between percent impervious cover and stream habitat is 
probably the most well documented, where average watershed impervious levels above 10% 
are associated with declining stream quality. For other indicators, supporting data linking the 
extent of the water features to water quality conditions is more limited.  Where minimal 
literature data is available to rank pollution potential, best professional judgment was used to 
select risk thresholds based on known water quality conditions compared to watershed risk 
indicators. 

 
� Relative comparison of results using a selected range of study areas. To establish a 

representative range of values for watershed indicators, assessments were first conducted 
for a small number of study areas representing extremes in soil types and development 
levels. Study areas included pristine forests to highly urban watersheds with known water 
quality impairment. For example, indicator results for pristine areas were set as low risk, while 
results for the most highly developed watersheds with known water quality impairment were 
ranked as having an extreme risk of contamination., with a moderate risk ranking assigned to 
study areas with intermediate indicator levels.  Where research data was available to support 
selection of risk rankings, we used the literature values but adjusted them where necessary 
to correspond to known low or high risk situations based on actual water quality. 

 
� Percentile ranking of assessment results.  When a large, representative database is available, 

risk thresholds may be set using statistical breakpoints to rank assessment results. Assessment 
results for 74 major community water supplies and other Rhode Island watersheds and aquifers 
were compiled using current land use conditions.  We ranked results various mapped indicators, 
including: percentage of forest and wetland in shoreline areas, number of septic systems per 
acre, nitrogen loading to groundwater, and phosphorus loading to surface runoff. Each indicator 
was examined individually using results from all 74 study areas. Results were ranked and 
percentiles (25th, 50th, 75th and 95 th )  were calculated for each indicator, and a corresponding rank 
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of low, moderate, high and extreme risk was assigned respectively.  This method provided an 
objective ranking based purely on comparative results where literature values on risk thresholds 
were very weak or unavailable.  For example, the risk levels for the number of septic systems per 
acre and phosphorus loading to surface waters were established this way. Although this method 
generates an objective ranking, it does not necessarily provide a better relationship to actual 
water quality unless indicator levels are also correlated with monitored data. Although the 
assessment areas covered a wide range of rural and urban watersheds, most of the study areas 
are not highly developed, resulting in more conservative ranking than if the range of rural, 
suburban and urban watershed were equally distributed. 

 
 
Setting risk levels 
In setting pollution risk levels for the various watershed indicators, risk thresholds are generally 
set low as an early warning for potentially hazardous conditions before adverse impacts occur. 
For example, in drinking water supply watersheds the presence of any high intensity land use 
within 200 feet of surface waters automatically rates a moderate risk to water quality. This is 
based on the assumption that any high-risk land use within this critical buffer zone is a potential 
threat and should be investigated. This approach is designed to provide early warning of potential 
threats to high quality waters, including drinking water supplies that may be untreated, coastal 
waters that are sensitive to low level increases in nitrogen, and unique natural habitats that may 
also be sensitive to minute increases in sediment, temperature or phosphorus.  Identifying risks in 
early stages also provides time to take pollution prevention actions as the most cost effective 
approach to protecting local water quality rather than relying on clean up actions after 
degradation occurs. In general, restoring a polluted water body is much more costly and 
technically challenging than pollution prevention.   
 
Indicators have also been selected to focus on situations of highest pollution risk and may not 
detect circumstances where a variety of factors combine to magnify pollution potential. For 
example, we do not include medium density residential development (1 to 3.9 dwellings per acre) 
as a high-intensity land use. But development at this density could easily affect water quality 
depending on site specific features such as soil suitability, proximity to surface waters, level of 
septic system maintenance, and landscape care practices.  Likewise, we assume a high level of 
protection to wetlands, which may underestimate risks where wetlands are disturbed through 
DEM approval, by zoning variance, or unpermitted encroachment. For example, only buffers to 
surface waters and tributaries are evaluated when considering shoreline pollution risks. Wetland 
buffers are not considered because wetlands themselves provide an extra measure of protection, 
potentially capturing or transforming pollutants before they reach downstream surface waters. 
Wetland buffers are often less suitable for development due to high water table and usually don’t 
attract waterfront development pressure. Given these conservative assumptions, any 
development in wetland buffer zones would obviously result in greater pollution risk beyond our 
estimates. 
 
When interpreting indicator results we have tried to emphasize major differences while minimizing 
minor variations that are not likely to represent real differences.  Recognizing major differences is 
equally important where a rating system is used since rating and ranking systems can easily 
mask or oversimplify results. For instance, when indicator risk levels are near the edge of one risk 
category, a change in only a few points can shift the rating to the next risk level while greater 
increases may occur within a category. We have chosen not to evaluate results using statistical 
measures, partly because doing so may suggest results are actual data points rather than 
estimates of potential risk. Instead we have relied on professional judgment in making 
interpretations and hope results stimulate discussion of what is an acceptable level of risk and 
management actions. 
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Limitations of GIS-based screening level analysis  
The quality of any screening level assessment relying on map databases is only as good as the 
resolution and accuracy of the coverages available. No amount of sophisticated overlays or data 
analysis will compensate for map data generated at too small a scale to distinguish between 
significantly different features.  Even up-to-date GIS coverages are primarily screening level, 
suitable for planning purposes but not site-specific analysis.  It is important to keep data 
limitations in mind when combining planning scale data – for example parcel ownership 
boundaries can easily be laid over soils types but results are best used to evaluate the area as a 
whole rather than examining soil features individually on lots, especially when working with lots as 
small as 5,000 sq. ft. in area.  There is also a point when information needed simply may not be 
obtainable by maps.  For example, unless locations where livestock are pastured and fed are 
mapped and frequently updated, even one or two large animals such as horses and cows could 
be a pollution risk if they are allowed access to surface waters or wastes are improperly stored.  
Although fields and pastures adjacent to surface waters or overlying high water table soils can be 
mapped, local knowledge and field inspection is needed to identify these areas. 

 
 

 
 


