
ABSTRACT

MURRAY, THOMAS LANG. Application of the Water Quality Management Decision

Support System (WQMDSS) in an Illustrative Watershed Management Study (Under the

direction of Dr. S. Ranjithan.)

Development of total maximum daily loads (TMDLs) for critical pollutants in

impaired watersheds is becoming a standard approach in environmental management.

This requires the identification of future loading of contributing pollutants, and the

development of a plan to allocate the necessary reductions among the point and nonpoint

sources in the watershed to achieve this loading.  To support water quality model-based

TMDL development, US EPA has released the modeling framework BASINS-Better

Assessment Science Integrating Point and Nonpoint Source, which incorporates several

watershed water quality models within a GIS-based data management system.  Current

capabilities of BASINS enable simulation of watershed water quality associated with a

TMDL, thus supporting TMDL development via a trial-and-error approach.  The

limitations of the trial-and-error approach are addressed via systematic search procedures

implemented within the Water Quality Management Decision Support System

(WQMDSS) that is designed to aid stakeholders and decision-makers efficiently identify

TMDLs.  The focus of the research presented in this paper is to demonstrate the

applicability of WQMDSS in developing TMDLs for a realistic illustrative case study.

Using the data for the Suwanee Creek Watershed in Georgia, which underwent a recent
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TMDL study, a series of illustrative scenarios are examined to consider varying target

total suspended solids (TSS) loading rates, as well as different instream water quality

parameters.  The instream water quality is estimated using a calibrated HSPF model.

Future land use development plans, with and without consideration of riparian buffer

strips for nonpoint source control, to meet instream water quality goals are identified.

Through this illustrative study, a range of uses of WQMDSS in watershed-scale TMDL

development is demonstrated.
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1.  INTRODUCTION

Clean Water Act (CWA) of 1972 continues to influence environmental regulatory

efforts toward ensuring that the associated benefits of improving water quality are

realized. Traditionally, quality of major natural water bodies, such as estuaries, lakes, and

rivers, have been assessed on an individual basis.  Also, these studies have focused

predominantly on discharges from point sources, including wastewater treatment plants

and industries, which are presently well regulated.  With continued development in

watersheds, many are faced with present and impending water quality degradation,

calling for watershed-scale evaluation that considers control of pollution from both point

sources and nonpoint sources, including urban and agricultural stormwater runoff,

atmospheric deposition, channel erosion, and animal waste (Jarrell, 1999).  Recognizing

the need for a more comprehensive approach to watershed management, US EPA is

enforcing the development and implementation of watershed-scale total maximum daily

loads (TMDLs) for impaired watersheds;  a TMDL should ensure that the water quality

of a given water body will not result in the degradation of the pre-designated beneficial

uses (Jarrell, 1999).  Accordingly, TMDL development first determines the allowable

water quality, and then identifies the allowable loading levels of pollutants that contribute

to the water quality degradation.  This process should consider all possible sources

including point source loads, nonpoint source loads, background concentration, and a

margin of safety.  The challenge in achieving the TMDLs for a set of pollutants is in

identifying the allocation of pollutant reduction levels among the large number of sources

in a watershed while meeting watershed-scale water quality targets.
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To assist states in their watershed management activities, US EPA is continuing

to develop the software system Better Assessment Science Integrating Point and

Nonpoint Sources (BASINS), which integrates hydrologic and environmental databases

with water quality models within a geographic information system (GIS) (Lahlou et al.,

1998).  BASINS provides a framework for developing TMDLs at a watershed scale,

enabling simulation of water quality using watershed models, such as Hydrological

Simulation Program FORTRAN (HSPF) (Bicknell, 1997), and Soil and Water

Assessment Tool (SWAT) (Arnold, 1997).  Although BASINS system facilitates

specification of alternative pollutant loading scenarios and evaluation of resulting water

quality, the search for good management strategies that specify pollutant reduction

allocations among the sources and the associated need for best management practices

(BMPs) requires a trial-and-error approach.  In addition, systematic consideration of

other implications, most importantly the costs of watershed-scale pollution reduction

strategies, is not supported.

Several other tools to assist in the development of watershed pollution control

strategies have been reported.  The Watershed Management Decision Support Systems

(WAMADSS) considers the effects of alternative land use management practices on farm

income, soil erosion, and surface water quality within a watershed (Fulcher, 1996).

Water quality is assessed using either the Agricultural Non-Point Source Pollution model

(AGNPS) or SWAT, while the effects on farm income are calculated using the Cost and

Returns Estimator (CARE) (Fulcher, 1996). WATERSHEDSS (Osmond, 1997) is

another system that assesses the impact of nonpoint source pollution on water quality.

This helps the user select the most appropriate BMPs for the watershed and pollutant of
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interest.  Water quality is evaluated using AGNPS. As the focus of watershed water

quality management has shifted towards the development of TMDLs, there has been

increased interest in providing guidance for developing a TMDL.  The Watershed

Analysis Risk Management Framework (WARMF) provides a roadmap for stakeholders

to make watershed management decisions (Chen, 1999).  This system allows decision-

makers input the intended use of the water body, the water quality criterion, control

parameters, control point, and the level of nonpoint source pollution control, and estimate

the resulting water quality.

 None of the existing watershed management tools incorporate, however, a

systematic approach for identifying “good” watershed management strategies.  They

support, at best, iterative trial-and-error search, which is limited in identifying not only

good strategies, but also feasible strategies.  A systematic search process describe by

Chang (1995) uses a multiobjective linear programming (MLP) approach to analyze the

tradeoff between the economic development of land within a watershed, and reservoir

water quality.  Reservoir water quality takes into account sediment, nitrogen,

phosphorous, and the biological oxygen demand (BOD).  MLP is designed to find a set of

solutions that is good with respect to each of the intended objectives.  However, Chang’s

estimation of water quality uses linear export coefficients, which assume simple

physical/chemical transport mechanisms to describe the fate of pollutants.  A similar

simplistic approach using linear programming for watershed-scale nutrient management

was reported by Schwabe (1996). Harrell (1998) described a genetic algorithm-based

search approach to identify regional BMPs and land use allocations within multiple

subwatersheds that drain into a water-supply reservoir.  Although this method uses an
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empirical water quality model (Reckhow, 1988), the method provides a basis for a

general approach.  Building upon this method, Parandekar (1999) developed a general

decision support framework for the Water Quality Management Decision Support System

(WQMDSS).  A current implementation of a prototype of this system is integrated with

BASINS.  WQMDSS facilitates a systematic method for developing watershed

management strategies for point and nonpoint source controls to meet specified

watershed-scale water quality targets while enabling consideration of cost and

uncertainty.

The focus of this paper is to demonstrate the application of WQMDSS to a

realistic case study.  Data and the calibrated HSPF model used in a recent TMDL study

for the Suwanee Creek Watershed in Georgia (Tetra Tech, Inc., 1999) are used in

conducting multiple illustrative watershed management scenarios.
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2.  BACKGROUND

The primary tool used in this study is WQMDSS, which consists of the following

major components: a set of input graphical user interfaces (GUIs) for defining the

watershed management problem; a systematic search procedure using genetic algorithms

(GAs); uncertainty propagation procedures; a flexible linkage of these procedures to

watershed water quality models; a set of GUIs for solution display; and an interactive

interface for incremental what-if analysis.  These components are implemented using the

Java programming language, and are embedded within WQMDSS.  In addition to being

able to function in a stand-alone mode, a version of WQMDSS is also integrated with

BASINS such that a user could employ the HSPF watershed model available within

BASINS.  Detailed descriptions of the WQMDSS framework are provided by Parandekar

(1999).

In this study, WQMDSS’ GA-based search capabilities along with the GUIs for

problem definition and solution display were utilized.  The GUIs enabled the definition of

the range of watershed management scenarios that considered nonpoint source control via

riparian buffer strips, multiple instream water quality parameters, and changes in land use

allocation to accommodate growth.  The general structure of the search (optimization)

procedure is shown in Figure1.  The HSPF model was coupled with this search procedure

to determine the water quality parameter values.
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Figure 1.  The Overall Structure of the Genetic Algorithm-Based Search Procedure

HSPF is a continuous, lumped parameter model, which simulates the hydrology

over pervious and impervious land segments, and the physical and chemical processes

within a stream (Bicknell, 1997).  HSPF consists of three types of zones: pervious land

segments (PERLND), impervious land segments (IMPLND), and reaches (RCHRES).

Each zone produces outflow, which is evaluated at a node.  The area between two nodes

is defined as a reach (Bicknell, 1997).  Runoff and pollutant loading from the land area in

each reach is attributed to the corresponding node.  Each reach has inflows from the

associated land segments and any upstream reaches.  The processes modeled within the
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reach affect outflows from a reach.  HSPF usually models long continuous simulations,

sometimes over a few years, although it is capable of simulating storm events.

HSPF is effective in modeling the water quality for existing and future conditions.

If the resulting water quality violates, however, the given water quality standard, the

effectiveness of pollution reduction strategies could be simulated using HSPF.  Along

with point source controls, nonpoint source pollution is often curbed using BMPs,

including detention ponds, buffer zones, and alternative agricultural crop management

practices.  Through appropriate land use planning, nonpoint source pollution can be

controlled so that future water quality is not put at risk.  HSPF’s capabilities collectively

enable modeling of water quality impacts due to changes in land use allocations within

each subwatershed, facilitating investigations of development plans considering BMPs

and water quality at a watershed scale.

Coupling of HSPF with a systematic search procedure as shown in Figure 1

allows the user to define an array of water quality and land use development goals.  For

example, values of pollutant concentrations modeled within HSPF can be minimized or

the area of urban land use types can be maximized.  Constraints can also be imposed to

achieve required water quality or development targets, enabling the user to examine

tradeoffs among competing objectives.  For example, water quality can be constrained to

a desired level while determining the maximum allowable development in a watershed.

Alternatively, constraints can be imposed to limit the amount and type of development,

either for any subwatershed, or for the entire watershed.  The first type of land use

constraints can be used to restrict conversion of an area from one type of land use to

another.  For example, the user may prevent development in any natural wetlands.  The
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second type of land use constraints can be used to prevent unreasonable growth or

depletion of a certain land use.  For example, urban land in the future development plan

may be limited to a maximum percentage of the watershed.

These capabilities of WQMDSS were utilized to implement the scenarios

considered in this study, and to solve them using the GA-based search procedure

embedded within it.
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3.  THE SUWANEE CREEK WATERSHED

To demonstrate the key functions and features of the WQMDSS, an illustrative

case study that represents a real watershed with a calibrated HSPF watershed model was

selected.  The Suwanee Creek watershed, which is part of the Chattahoochee River basin,

was modeled as part of a countywide watershed study in Gwinnett County, Georgia.  The

calibrated watershed model for Suwanee Creek was provided by Tetratech, Inc.  As

shown in Figure 2, the location of the modeled watershed is northeast of Atlanta, in the

northern section of Gwinnett County.  Suwanee Creek, along with the other watersheds in

Gwinnett County, was modeled as part of the Gwinnett County watershed protection plan

(CH2M Hill, 2000).  This study was designed to outline a process for protecting the water

quality of the county’s watersheds, as required by the Georgia Environmental Protection

Division (EPD) (CH2M Hill, 2000).  As Gwinnett County expects an increase in

development in the next 20 years due to continued growth in the Atlanta Metropolitan

area, maintaining and improving water quality while sustaining this development is one

of the main issues addressed in the watershed protection plan.

A more detailed map (Figure 2) shows the Suwanee Creek and the surrounding

watershed, represented by seven smaller basins, labeled subwatersheds 1-7.

Subwatersheds 4 and 5, identified as the Ivy Creek basin, drains into Suwanee Creek.

The Suwanee Creek watershed covers an area of approximately 32,960 acres or 51 square

miles.

The county’s watersheds underwent an extensive monitoring and model

calibration process in an effort to develop an effective watershed water quality model.
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Figure 2.  Upper Chattahoochee Watershed

10
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Flow and several pollutants including, carbonaceous biological oxygen demand

(CBOD), suspended solids, total ammonia, Nitrate-N, total Kjeldahl nitrogen, total

nitrogen, orthophosphate, total phosphorus, fecal coliform, cadmium, lead, copper, and

zinc, were modeled.  The overall health of the watershed was evaluated relative to habitat

mortality, biological diversity, and water quality.  Although the water quality standards

for these pollutants were not violated under current loading conditions in Suwanee Creek,

it was determined that the diversity of aquatic life could deteriorate through the aggregate

effect of all of the aforementioned pollutants (CH2M Hill, 2000).  Another concern is that

future loading conditions may violate the water quality standards.

Concentration of total suspended solids (TSS) was used as a surrogate pollutant

since sediments often carry nutrients, organic matter, and toxic metals or pesticides.  In

the monitoring study, increasing TSS loads were shown to decrease the benthic

macroinvertebrate index, which is used to determine the level of aquatic diversity.  High

sediment loads contribute to fish kills and other disturbances in the aquatic ecosystems,

as well as affect fish by clogging spawning beds, preventing oxygen from reaching the

eggs, and weakening or killing fish through direct abrasion (Jarrell, 1999).  Increased

turbidity through high sediment loads decreases the depth to which light can penetrate,

which affects the type of vegetation that may prosper.  A major focus of the Gwinnett

County watershed study was to determine the effects of increased development on

instream TSS.

To represent the TSS loads resulting from land cover in the basin, the watershed

was characterized by 17 different land use types.  The land use data was obtained from
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the Gwinnett County Department of Transportation (DOT), and the ARC land database

(Tetra Tech, Inc., 1999).  In the illustrative scenarios investigated in this paper, the 17

land use types were reduced to eight by grouping together similar land use types into one

(e.g., land use types mid-low density residential and low density residential were grouped

into low density residential land use type).  Table 1 shows the areas of each of the eight

different land use types used in all scenarios presented in this paper.  Acreages of land

use types high-density residential, low-density residential, office parks, and roads are

grouped together as urban land use to represent the amount of development in this study.
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Table 1.  Land Use Areas

1 2 3 4 5 6 7
Agriculture 109         -         -         72           395         22           -             598   2 A

Vacant 3,293      1,132      989         931         2,762      1,754      964         11,825  36 V
High Density Residential 746         234         38           6             1,348      776         82            3,230  10 U

Estate Residential 551         371         330         1,327      3,090      540         428          6,637  20 E
Low Density Residential 868         539         371         779         1,926      956         680          6,119  19 U

Office Parks 172         109         -         -         30           258         107             676   2 U
Parks and Recreation 59           -         78           88           162         228         78               692   2 P

Roads 613         282         136         151         1,026      670         306          3,184  10 U
Total 6,410      2,666      1,942      3,354      10,739    5,204      2,645      32,960 100

*  Land use Type definitions are based on Gwinnett County Characterizations
Vacant Land is undeveloped land on which there is no activity occuring
High Density Residential has more than 8 units per acre
Estate Residential has lots of 5 acres or more
Low Density Residential has lots between 0.33 and 2 acres
Office Parks represents professional businesses and commercial activity

% of Watershed AbbreviationTotal Area (ac)Subwatershed Areas (ac)Land Use Types*

13
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4.  Suwanee Creek Case Study Scenarios

Gwinnett County is planning significant growth in residential and commercial

development within the next 20 years.  It is acknowledged that future development

cannot follow the same historical pattern of land use development if water quality is to be

preserved (CH2M Hill, 2000).  According to the Gwinnett County Watershed Protection

Plan, the target TSS loading rate in the basin to preserve the intended uses of Gwinnett

County waterways is 1,600 lbs/ac/yr.  The corresponding amount of annual allowable

instream sediment (which includes stormwater runoff as well as instream effects) is

calculated by multiplying 1,600 lbs/ac/yr by the acreage contributing sediment to the

instream TSS at the outlet of each reach.  For example, in a watershed with subwatershed

A draining into a downstream subwatershed B, the annual allowable instream TSS

amount at the outlet of subwatershed A is calculated by multiplying the area of A by

1,600 lbs/ac/yr, and for subwatershed B, it is calculated by multiplying the sum of the

areas of the two subwatersheds by 1,600 lbs/ac/yr, since both basins contribute sediment

to the instream TSS at the outlet of the subwatershed B.  Using this approach for the

Suwanee Creek watershed, the annual allowable instream sediment amounts in each

reach (or subwatershed) corresponding to three different target TSS loading rates are

computed (Table 2).
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4.1  Watershed Development Plan without BMPs

4.1.1  Development Plan (without BMPs) for Target TSS Loading of 1,600 lbs/ac/yr

The base case explores the feasible land use development plans for the Suwanee

Creek watershed that would meet the annual allowable instream TSS amounts in each

subwatershed (shown in the second column in Table 2) corresponding to the target TSS

loading of 1,600 lbs/ac/yr.  First, the maximum allowable development, represented by

the area of urban land use type U that meets the allowable instream TSS amounts was

determined.  Acreage of each land use type in the new development plan was constrained

to be less than a certain percentage of the watershed area to prevent disproportionate

allocation of area to a single land use type within each subwatershed (Table 3).  In

Subwatershed
1600 lb/ac/yr 1350 lb/ac/yr 1100 lb/ac/yr

1  5,128  4,327  3,525
2  7,261  6,126  4,992
3  8,814  7,437  6,060
4  2,683  2,263  1,844
5 11,274  9,512  7,751
6 24,252 20,463 16,673
7 26,368 22,248 18,128

Annual Allowable Instream TSS Amounts (tons/yr)
Target TSS Loading Rate in the Basin

Table 2.  Annual Allowable Instream TSS Amounts (tons/yr)
Corresponding to Different Target TSS Loading Rates
(lb/ac/yr) in the Basin
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addition, constraints were imposed to avoid impractical conversion of an existing land

use to another.  For example, roads are not permitted to be converted to agricultural land.

In general, developed areas were not allowed to be converted to less urbanized land use

types.

This scenario was modeled and solved using WQMDSS, and the resulting land

use allocation is summarized in Figure 3 and Table 4.  This land use allocation calls for

conversion of 42% of vacant and estate residential areas into the four urban land use

types without exceeding the allowable instream TSS amounts in each subwatershed.  The

future land use allocation within each subwatershed is different.  Figure 4 shows for each

subwatershed the percentage changes in the areas of developed land use types (i.e., the

sum of the high-density residential, low-density residential, office parks, and roads

areas).  In this example, the most development (74%) is allocated in subwatersheds 5 and

6, while subwatershed 1 has the least (50%).

The Gwinnett County 2020 Comprehensive Plan (1997) includes land use

projections for the year 2020 (Table 5), where no specific projections for the Suwanee

Creek watershed are given.  Some general comparisons, however, can be made between

the Comprehensive Plan and the development plan shown in Table 4.  The future

projections estimate that the residential area for the county will be between 49% and 57%

of the total county area.  In the development plan without BMPs for a target TSS loading

rate of 1,600 lb/ac/yr, 51.5% of the area is classified as residential area for the Suwanee

Creek watershed.  The Comprehensive Plan also estimates that in 2020, vacant and

agricultural land use types will only occupy between 6 and 19% of the total county area.
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Subwatershed Agriculture Vacant
High-Density 
Residential

Estate 
Residential

Low-Density 
Residential

Office Parks
Parks & 

Recreation
Roads

1 3 60 30 13 28 15 2 30
2 0 50 30 21 40 15 2 30
3 0 60 30 25 38 15 8 30
4 3 40 30 60 46 15 6 30
5 5 40 30 43 38 15 4 30
6 2 40 30 15 36 15 8 30
7 0 50 30 24 52 15 6 30

Suwanee Watershed 4 40 30 30 40 15 4 30

Table 3.  Allowable Maximum Percentages* of Land Use Development

Table 4.  Watershed Development Plans Corresponding to Target TSS Loading Rate of 1,600 lb/ac/yr

Land use Types
Acreage of 

Watershed Area

Percentage of 
Watershed 

Area

Acreage of 
Watershed Area

Percentage of 
Watershed Area

Percent 
Change

Acreage of 
Watershed Area

Percentage of 
Watershed Area

Percent 
Change

Agriculture     598   1.8    458   1.4  -23.3     464   1.4  -22.4
Vacant 11,825 35.9  7,184 21.8  -39.2  6,532 19.8  -44.8

High Density Residential*   3,230   9.8  4,901 14.9   51.7  9,417 28.6 191.5
Estate Residential   6,637 20.1  3,081   9.3  -53.6  1,675   5.1  -74.8

Low Density Residential*   6,119  18.6  8,994 27.3   47.0  6,731 20.4   10.0
Office Parks*      676   2.0  3,022   9.2 347.3  3,050   9.3 351.2

Parks and Recreation      692   2.1     799   2.4   15.5     716   2.2     3.5
Roads*    3,184   9.7  4,520 13.7   42.0  4,376 13.3   37.4

*  Land-use categories included in urban development

Original Allocation Development Plan without BMPs Development Plan with BMPs

17

*  percentages indicated in terms of subwatershed areas
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Figure 3.  Watershed Development Plans (without BMPs) for Target TSS Loading Rates of 1,600, 1,350, and 1,100
lbs/ac/yr
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Table 4 shows that while the acreages for vacant and agricultural land do decrease in the

base case solution, they only decrease to 23% of the watershed area.  New development

sites will likely need to lower sediment loading rates when compared to existing

developed areas if the Gwinnett County 2020 land use projections are to meet the target

TSS loading rates.

Land use Type 2020 Low Projection 2020 High Projection
Residential 49 57

Transportation 18 21
Parks & Recreation  4  4

Undeveloped 19  6
Other 11 12

(Gwinnett County, 1997)

Percent Area of Gwinnett County

Table 5.  Gwinnett County 2020 Land Use Projections
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Figure 4.  Land Use Allocations in the Subwatersheds for the Development Plan
(without BMPs) for Target TSS Loading of 1,600 lb/ac/yr
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4.1.2 Development Plans (without BMPs) for Different Allowable Instream TSS

Amounts

The Gwinnett County Watershed Protection Plan examined the range of TSS

loading that would maintain instream TSS amounts for sustaining “good” benthic

macroinvertebrate levels, and found that a loading range of 1,100-1,600 lbs/ac/yr was

acceptable (CH2M Hill, 2000).  The base case (corresponding to a TSS loading of 1,600

lbs/ac/yr) described above was modified to examine two more TSS loadings, 1,100 and

1,350 lbs/ac/yr.  The corresponding allowable instream TSS amounts are shown in Table

2.  Using the same land development restrictions considered in the previous case, the

future development plans were identified using WQMDSS.  The land use allocations

within the watershed for these new TSS targets are shown in Figure 3.  The variation of

the overall development in the watershed for different TSS loading targets is summarized

in Figure 5 (the “Urban” land use type includes roads, office parks, low density

residential, and high density residential, and the “Other” includes vacant, agriculture,

parks and recreation, and estate residential).  As anticipated, the developed land area

decreases as the target TSS loading decreases.  As the allowable instream TSS amounts

become increasingly stringent with reducing target TSS loadings (Table 2), the land use

development plan corresponding to the target TSS loading of 1,100 lbs/ac/yr was unable

to satisfy the allowable instream TSS amounts in subwatersheds 1, 4, and 5, which have

existing land use allocation that exceed the 1,100 lbs/ac/yr TSS loading.  The future land

development in each subwatershed is summarized in Table 6.
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Figure 5.  Urban Development at Target TSS Loadings of 1,100, 1,350, and 1,600 lbs/ac/yr. The Urban land use type
includes roads, office parks, low density residential, and high density resdiential, and the Other includes
vacant, agriculture, parks and recreation, and estate residential   
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4.2 Watershed Development Plans Considering Buffer Strips as BMP’s

4.2.1 Development Plan (with BMPs) for Target TSS Loading of 1,600 lbs/ac/yr

The Gwinnett County Watershed Protection Plan acknowledges that future

development sites will need to curb TSS loadings using BMPs to preserve the allowable

instream TSS amounts.  The watershed plan recommends BMPs for new development as

well as retrofitted BMPs for existing developed sites, where possible.  It is assumed in the

Stormwater Quality Performance Review Tool for Gwinnett County that riparian buffer

strips filter out 50% of TSS loading.  The use of BMPs is considered in this scenario,

where future allocations of areas to high-density residential and office parks land use

types are allowed to use riparian buffer strips that effectively remove 50% of the TSS

loadings.  Again, the land use allocation corresponding to the maximum development

without exceeding the instream TSS amounts was identified by modeling and solving this

scenario using WQMDSS.  The resulting land use allocation within the watershed is

shown in Figure 6.  This is also compared with the allocation obtained when no BMPs

Subwatershed Urban (ac) Other (ac) Urban (ac) Other (ac) Urban (ac) Other (ac)
1  3,222  3,187   2,459  3,952   2,402   4,009
2  1,805     860   1,952     715   1,347   1,320
3  1,124     817   1,334     607   1,275     666
4  1,702  1,651   1,263  2,091     940   2,414
5  7,959  2,778   6,463  4,276   4,330   6,409
6  3,892  1,312   3,762  1,442   3,796   1,408
7  1,729     915   2,095     550   2,148     497

Suwanee Watershed 21,436 11,523 19,328 13,631 16,238 16,723

1600 lb/ac/yr 1350 lb/ac/yr 1100 lb/ac/yr

Table 6.  Urban Development (without BMPs) at Target TSS Loading Rates of
1,100, 1,350, and 1,600 lbs/ac/yr
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were considered (Table 4).  As evident in this table, the amount of urban development is

significantly greater when BMPs are considered.

 The land use allocation among the subwatersheds are shown in Figure 7.

Subwatersheds 2, 5, 6, and 7 have over 75% developed area, indicating that in general the

watershed can accommodate more development in the downstream basins.  When BMPs

are considered, the future land use allocation can increase urbanization from 40% of the

watershed area to over 71%.  When no BMPs were considered, the urbanization was

limited to 65% of the watershed.  The majority of this increase in development can be

attributed to the use of buffer strips on high-density residential land.  The high-density

residential area almost doubled between the two future development plans.

Approximately 45% of the total high-density residential land in the current scenario uses

buffer strips, reducing the TSS instream amounts.  This watershed development plan that

considers BMPs resembles the forecasted land use percentages given in the

Comprehensive Land use Plan (Table 5).
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Figure 6.  Watershed Development Plans with BMPs for Target TSS Loading Rates of 1,600, 1,350, and 1,100
lbs/ac/yr
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Figure 7.  Land Use Allocations in the Subwatersheds for the Development
Plan (with BMPs) for Target TSS Loading of 1,600 lb/ac/yr
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4.2.2 Development Plans (with BMPs) for Different Allowable Instream TSS

         Amounts

The previous scenario was extended to examine the land use development plans

that would result for different allowable instream TSS amounts (Table 2) corresponding

to target TSS loadings of 1,100 and 1,350 lbs/ac/yr.  The resulting land use allocations in

the watershed are summarized in Figure 6.  The trends in the land use allocations are

similar to those identified for the scenarios without BMPs.  These trends are compared in

Figure 5.  The allowable instream TSS amounts are satisfied in all subwatersheds in all

cases, except in subwatershed 4 corresponding to the 1,100 lbs/ac/yr target TSS loading

that results in the most stringent allowable instream TSS amounts.  Subwatersheds 1 and

5, which could not meet the instream TSS amounts corresponding to the 1,100 lbs/ac/yr

loading without buffers, now meet the necessary targets.  This is achieved through retrofit

of some existing high-density residential and office park areas with buffer strips.

4.3 Development Plans to Meet Allowable Instream Amounts of

      Different Pollutants

It is assumed that in the above scenarios controlling instream TSS amounts, TSS

will serve as an appropriate surrogate for water quality.  As the amounts of TSS and other

pollutants in the runoff may not vary proportionally depending on the land use allocation,

the development plan may differ depending on which pollutant is explicitly considered.
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The purpose of the following scenarios is to examine the effect of explicit consideration

of instream nutrient amounts (namely, N and P) on the future development plans.  The

instream N and P amounts resulting from development plans that correspond to the target

TSS loading of 1,600 lbs/ac/yr with and without buffer strips were computed (Table 7).

Using these N and P amounts as allowable instream limits, the best future development

plan that meets either the N or P limits was determined using WQMDSS.  The same land

use conversion restrictions used in the previous scenarios were applied when determining

these development plans.

Figure 8 compares the best development plan (without buffer strips as BMPs)

when explicitly considering N or P with those obtained previously.  A variation in the

land use allocations among the different development plans is observable in Figure 8,

indicating the effects of considering different pollutants when identifying future

Nitrogen (lbs/yr) Phosphorus (lbs/yr) Nitrogen (lbs/yr) Phosphorus (lbs/yr)
1  37,705   4,198  37,595  4,271
2  72,891   8,322  74,351  8,468
3  82,454   9,673  84,571  9,746
4  16,790   2,446  16,170  2,336
5 105,193  11,644  99,645 11,169
6 222,212  25,441 229,293 25,623
7 235,790  26,901 244,550 27,302

Instream Amounts without BMPs Instream Amounts with BMPsSubwatershed

Table 7. Allowable instream amounts of N and P corresponding to
the target TSS loading of 1,600 lbs/ac/yr



29

development plans.  The overall level of urbanization, however, shows only marginal

variation (Figure 9).  The major variations are in the urban areas high-density residential,

office parks, and roads.  Correspondingly, the vacant, estate residential, and agriculture

land areas vary among these development plans.  Scenarios similar to the previous set

were repeated to examine the trends when buffer strips are allowed.  The new

development plans are displayed in Figure 10.  While the major trends remain the same,

the specific land conversions were different compared to the previous case with no

buffers.  For example, for the case with Nitrogen targets, more area is allocated to low-

density residential land use type with buffers, while less is allocated to the high-density

residential. The variations in the overall level of urbanization with consideration of

buffers are summarized in Figure 9.
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Figure 8.  Watershed Development Plans (without BMPs) when Considering Instream Amounts of Different
Pollutants Corresponding to a Target TSS Loading of 1,600 lbs/ac/yr
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Figure 10. Watershed Development Plans (with BMPs) when Considering Instream Amounts of Different Pollutants
Corresponding to a Target TSS Loading of 1,600 lbs/ac/yr
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5 SUMMARY AND CONCLUSIONS

This paper applies the Water Quality Management Decision Support System

(WQMDSS) to an illustrative case for the Suwanee Creek watershed in Gwinnett County,

Georgia.  The WQMDSS uses an iterative search procedure to find future land use

development plans for the watershed.  Three sets of scenarios were studied to

demonstrate the various capabilities of WQMDSS by varying the water quality target,

allowing riparian buffer strips, and using different pollutants for the water quality targets.

The WQMDSS was used to create a tradeoff between instream TSS amounts and

developed area.  The area of urban development decreased and the development patterns

changed as the TSS target becomes increasingly stringent.

One method of increasing the maximum allowable amount of development is to

incorporate buffer strips as BMPs for selected land uses.  By allowing buffer strips on

high-density residential and office parks, the amount of urbanization significantly

increased over the scenario with no BMPs.

The Gwinnett County Watershed Protection Plan uses TSS as a surrogate

pollutant.  It is assumed that by controlling TSS, nutrients and other pollutants will be

similarly controlled.  New land use development plans were found by imposing targets on

instream amounts of nitrogen or phosphorous instead of TSS.  Although the levels of

development were similar, there were observable differences in the land use plans within

the subwatersheds when nutrient targets were used as constraints.
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The illustrative scenarios examined in this paper shows how land use

development plans that meet different user defined water quality goals can be identified

using WQMDSS.  This tool offers a convenient framework to define and study a variety

of watershed management problems, and identify solutions via a systematic search

procedure.  The resulting solutions are expected to serve as good starting points for

further manual trial-and-error search, enabling an iterative watershed management

decision making process.
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