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1. Introduction 
 

The site-scale, Integrated Decision Support Tool (i-DSTss) assists users in developing and selecting best 

management practices (BMPs) for stormwater runoff.  The i-DSTss estimates site hydrology and runoff 

water quality which is then used in BMP selection and design.  The life-cycle cost of a designed BMP can 

also be estimated considering capital, operation, maintenance, and rehabilitation costs.  The flowchart 

(Figure 1-I) outlines the processes involved in the i-DSTss.  Subsequent sections detail how you can use 

each process of the i-DSTss to develop BMPs for your site.  

 

 
 

Figure 1-I. Flowchart describing i-DSTss 

 

The i-DSTss is a macro-enabled Microsoft Excel tool.  You will first see the introductory page (Figure 1-II) 

with three blue buttons.  The “Instructions” button will show you a brief description of the modules within 

i-DSTss.  For information on the technical paper and tool development, follow the “About” button. 

 

To begin using the i-DSTss, press the “Start the i-DSTss” button.  
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Figure 1-II. i-DSTss Introductory page 

 

Following the start button opens the Graphical User Interface (GUI) (Figure 1-III).   The GUI initially lands 

on the Hydrology module.  Other modules, including BMP selection, BMP design, and BMP cost analysis 

modules, will be accessed through the tabs seen at the top of the GUI in Figure 1-III.  

 

 
Figure 1-III. i-DSTss Graphical User Interface (GUI) 
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2. Hydrology module 

The hydrology module is used to estimate site infiltration and the runoff hydrograph.   

 

Inputs to the hydrologic module include: 

 

 Precipitation time series 

 Land cover and hydrologic soil group (in CN method) 

 Soil type (in GA method) 

 Watershed parameters: 

o Area of watershed, slope of watershed, width of watershed, percent imperviousness, 

manning’s roughness coefficient, and depression storage. 

 

Note:  The most sensitive inputs are: Area of watershed and Percent imperviousness 

 

You can use event storms with short duration, or longer duration precipitation time-series for continuous 

simulation considering antecedent moisture conditions (AMC) at your site.  You can also choose either 

Curve number or Green-Ampt loss methods estimation of runoff. 

 

You may also use a previously developed runoff hydrograph from other hydrology models by selecting 

“User Input”, and “Inputing runoff time series” (Figure 2-I).  When using a runoff time-series, you must 

also input the area and imperviousness (%) for your site to be used in BMP modules. 

 

 
Figure 2-I. Runoff Calculation form within Hydrology module 

 showing user-input of runoff time series 
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2.1.  Event-based simulation of pre- and post-development conditions 

 

2.1.a.  Green-Ampt method 

 

To use the hydrology module to calculate pre- and post-development hydrographs for your site, choose 

“Calculated” within Method on the Runoff Calculation form.  Select “Event-based” within Simulation 

and “Green-Ampt” within Model on the form (Figure 2-II).  

 

Click “Ok”. 

 

 
Figure 2-II Hydrologic model Selection 

 

You will see the interface shown in Figure 2-III below where you can input “Climate data”, “Weighted 

soil parameters”, and “other watershed parameters”.   

 

For precipitation, choose sub-hourly data to input the precipitation time series. 

 

 
Figure 2-III. Input parameters for Green-Ampt model 

 

Click on “Input precipitation data” button to input the precipitation time series data.  It will take you 

to the Excel spreadsheet (Figure 2-IV) where you may input time series of the precipitation data.   

 

  



  i-DSTss Instructional Guide 

5 

 

Put precipitation time series data in columns I to K in the spreadsheet 

 

(See file “Event-based time series.txt” for sample precipitation data) 

 

 
Figure 2-IV. Precipitation time series input page 

 

After inputting the precipitation time series in the spreadsheet, click “BACK TO GUI” button to go 

back to the Graphical User Interface (GUI) (Figure 2-IV).  

 

You may use one or more land segments. The tool allows up to 10 land segments. Users can input 

different soil types and percentage of area under each soil type for each land segment (Figure 2-V). 

When users select a soil type, the soil parameters are populated automatically in the spreadsheet. 

Finally, a weighted parameter value will be calculated for the site when more than one segment is used.  

 

For this example, only one segment is used, and a pre-and post-development runoff is calculated.  We 

assumed a 25% percent imperviousness for pre-development condition and a 45% imperviousness for 

post development.  

 

 
Figure 2-V. Defining soil type and watershed parameters 

 

When you click “Ok” button it will take you to the output page.  
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Figure 2-VI(a) shows time series of runoff hydrograph for pre- and post-development conditions. You 

may also see the percent increase in peak flow from pre to post. Figure 2-VI(b) shows time series of 

precipitation pattern and infiltration rate for post-development condition.  

 

 
(a) Hydrographs showing pre-and 

post-development runoff 

 
(b) Infiltration rate for pre-and 

post-development conditions 

 

Figure 2-VI. Hydrology module results showing runoff (a), infiltration (b) and precipitation (a, b) 

 

2.1.b.  Curve Number method 

 

You may also calculate pre-and post-development hydrograph using Curve number method by 

selecting “Curve Number” within Model on the Runoff Calculation form.  Clicking “Ok” opens the 

Curve number interface (Figure 2-VII).  Sub-hourly precipitation data must also be entered as 

described in section 2.1.a. Green-Ampt. 

 

 
Figure 2-VII.  User interface for Curve number method 
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You can use up to 10 land segments for pre- and post-development to create a weighted curve number 

for your site.  For each land segment, you must select a hydrologic soil group (e.g., A, B, C, D) and land 

cover (e.g., open space, residential 1ac lots), and portion of site area as a percentage. 

 

2.2.  Continuous simulation (Antecedent moisture condition considered) 

 

Continuous simulation for runoff hydrograph calculation only considers multiple land segments.  

Selecting “Continuous simulation” brings you to the user interface shown in  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-VIII. 
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Figure 2-VIII. Continuous simulation interface for runoff  

calculation using Green-Ampt method 

 

Setting up the continuous simulation interface differs from event-based by requiring evapotranspiration 

(ET) inputs.  To use the i-DSTss to estimate evapotranspiration, 

 

-  Click on “Calculated” option if you have daily temperature time series (note: the user should 

input daily temperature time series in “climate data” section). The user also needs to input the 

Latitude (in degree) of the location.  

- If the user has evapotranspiration time series click on “user input” then by clicking “Input ET 

data” button you may enter your ET timeseries in spreadsheet.  

- If the user does not click on these options (calculated or user input), the ET will be ignored.  

 

The continuous simulation also requires precipitation time-series inputs, watershed parameters, and 

pervious and impervious area inputs (see section 2.1.a Green Ampt). 

 

(See file “Continuous-simulation time series.txt” for sample precipitation data) 

3. BMP selection module 
 

The BMP selection module (Figure 3-I) uses water quality inputs and targets, BMP removal efficiency, user 

defined preferences and sustainability preferences to suggest the optimal BMP for your site.  The BMP 

module uses the hydrograph outputs from the hydrology module which requires the hydrology module 

to be run first. 
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Figure 3-I. i-DSTss GUI showing the BMP selection module 

 

The BMP selection module also requires you to define Input Water Quality and Target Water Quality.  The 

module also considers the pollutant removal efficiency of BMPs, your preference among possible BMPs 

and weighting of factors for environmental, social, economic, and technical impacts.  User inputs for the 

BMP selection module is detailed below. 

 

3.1.  Input water quality 

 

The Input Water Quality form (Figure 3-II) allows you to either input specific water quality concentrations 

for your site or use a built-in database for initial pollutant concentrations.  

 

 
Figure 3-II. Input Water Quality form within BMP selection module 

 

The built-in database requires you to select the National Climatic Data Center (NCDC) climate region 

(Figure 3-III), land use category as defined in the National Stormwater Quality Database (NSQD), and 

concentration level (i.e., minimum, 1st quartile, median, 3rd quartile, maximum).  Once the user-defined or 

database stormwater quality inputs are selected, you can display initial concentration by selecting “Show 

water quality parameters”. 
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Figure 3-III. NCDC Climate Regions map for Input Water Quality 

 

3.2.  Target water quality 

 

The i-DSTss tool has built-in water quality targets using water quality standards from the EPA (Figure 

3-IV).  You can also input user-defined water quality targets by selecting “Edit”. 

 

 
Figure 3-IV. Target Water Quality form showing default values 

 

Following the “Edit” selection, you are brought to an input table for the pollutants considered in the tool 

(Figure 3-V).  You can enter water quality target concentrations for your site in table to be used in the BMP 

optimization (i.e., selection) process.  Once complete, click the blue “BACK TO GUI” button above the input 

table to return to the BMP selection module. 

 

 
Figure 3-V.  Table for optional user-defined inputs 

 of Target Effluent Water Quality 
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3.3.  Removal efficiency 

 

You may also view the removal efficiency of the BMPs included in the i-DSTss tool by following the 

“Removal Efficiency” button and the selecting “Display Removal Efficiency” (Figure 3-VI).  The default 

values were developed using the International Stormwater BMP Database.  However, you may also select 

“Edit” to input your own removal efficiency values for each BMP and pollutant.  Editing the removal 

efficiency brings you to an input table, and you can return to the module by following the blue “BACK TO 

GUI” button above the table. 

 

 
Figure 3-VI. Removal Efficiency form with default values displayed 

 

3.4.  User preference 

 

After setting the input and target water quality, you must set your preferences of which BMPs to include 

in the selection process by following the “User Preference” button (Figure 3-VII).  You can exclude or 

include BMPs as you consider which are feasible for your site.  If you wish to consider all BMPs select 

“none” at the bottom of the Exclude process list. 

 

 
Figure 3-VII. User Preference form allowing for exclusion and 

 inclusion of specific BMPs in optimal selection process 

 

3.5.  User weighting 

 

The final input required for BMP selection is the weighting of economic, social, environmental, and 

technical factors.  By default, all factors are weighted the same (Figure 3-VIII) causing all factors to be 
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considered equally important.  You can assign each factor a value from 1 for least importance and 5 for 

most important.  If you would like to disregard a factor, enter a value of “0”. 

 

 
Figure 3-VIII. User Weighting form allowing weighting of 

 economic, social, environmental, and technical factors 

 

Once you have set all inputs, you can find the optimal BMP by clicking the “Run BMP selection” button.  

You are prompted at the completion of the optimization procedure, and the BMP which meets the water 

quality targets and best suits your preferences and weighting criteria is displayed bellow the green button 

(Figure 3-IX). 

 

 
Figure 3-IX. Result shown of "Run BMP selection" optimization process 

 

The recommended BMP from the selection module can now be evaluated using the BMP design 

module where sizing and other design parameters can be adjusted to meet flow reduction and effluent 

water quality standards.  If you wish to rerun the BMP selection module, repeat all steps within the 

module beginning with “Input Water Quality”. 
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4. BMP design module 
 

4.1.  Design using event-based simulation 

 

For the purpose of sizing, BMPs have been categorized into three different groups including infiltration 

based BMPs such as bioretention, storage based BMPs such as detention and retention ponds and a green 

roof system (Figure 4-I). 

 

Note:  To use the BMP design module, you must first run the hydrology module to calculate the runoff 

hydrograph for you site. 

 

 
Figure 4-I. BMP sizing module 

 

4.1.a.  Infiltration-based BMPs (Bioretention cell example) 

 

The BMP design module includes the following infiltration based BMPs 

 

 Bioretention cell 

 Grass swale 

 Surface sand filter 

 Porous pavement 

 Dry well 

 Infiltration trench 

 Rain garden 

 Box tree 

 Vegetated filter strip 

 Infiltration basin 

 Constructed wetland 

 

Design of infiltration-based BMPs in the i-DSTss is demonstrated in the two scenarios below using a 

Bioretention cell.  

i. Evaluation of area of BMP versus percent flow captured and percent pollutant removal 

ii. Evaluation of ponding depth versus percent flow captured and percent pollutant removal 

 

i.   Evaluation of area of BMP versus percent flow captured and percent pollutant removal 

 

For the infiltration based BMPs, the user inputs the area of the BMP and the tool calculates the percent 

flow and pollutant captured and the drawdown time.  
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Input the BMP area in column 1 of Table 4-A and determine the percent flow and pollutant removal. 

You will get the values shown in Table 4-A for the percent flow and pollutant removal. 

 
Table 4-A. Changing area of BMP and calculating percent flow captured and pollutant removal 

Area of BMP (ft2) Flow captured (%)  TSS removal (%)  TP removal (%)  TN removal (%) 

130 10 7 4 3 

260 18 13 7 7 

 

Display the graphical outputs of inflow and outflow hydrographs for the BMP (i.e., bioretention cell) 

by clicking on “Hydrograph” button. You should see a graph similar to the one shown below in Figure 

4-II. 

 

 
Figure 4-II. Output hydrograph for infiltration based BMPs  

(Bioretention shown) 

 

ii.  Evaluation of ponding depth versus percent flow captured and percent pollutant removal 

 

Set the area of the BMP back to 130ft2. Change the ponding depth from 6 to 3 inches as shown in column 

1 of Table 4-B and calculate the percent flow and pollutant captured and the drawdown time. You will 

get the values shown in Table 4-B for the percent flow and pollutant removal. 
 

Table 4-B. Changing area of BMP and calculating percent flow captured and pollutant removal 

Ponding depth (in) Flow captured (%)  TSS removal (%)  TP removal (%)  TN removal (%) 

6 10 7 4 3 

3 7 5 4 3 

 

  



  i-DSTss Instructional Guide 

15 

 

The BMP design module calculates a time series of the water level in the surface layer of the 

bioretention cell as shown in Figure 4-III. You may display this by clicking on the “Water level” button. 

 

 
Figure 4-III. Water level tracking in infiltration based BMPs 

 

You may also display flow and pollutant design curve by clicking on “Flow design curve” and 

“Pollutant design curve” buttons respectively.  

 

The flow design curve shows (Figure 4-IVa) the relationship between percent flow captured and a 

sizing factor (i.e., Area of BMP/Impervious Area). 

 

The pollutant design curves (Figure 4-IVb) show the relationship between percent pollutant removal 

and a sizing factor (i.e., Area of BMP/Impervious Area). 

 

You should get flow and pollutant design curves similar to the ones shown in Figure 4-IV(a, b). 

 

 
(a) Flow design curve 

 
(b) Pollutant design curves 

Figure 4-IV. Flow and pollutant removal design curves for the bioretention cell in the BMP design module 
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Factors influencing design of infiltration based BMPs 

 

Factors considered for infiltration based BMP design include surface area, ponding depth (excl. porous 

pavement), depth and type of soil layer, depth and material of storage layer, underdrain condition, type 

of native soil, and decay rate coefficients for water quality. 

 

The most sensitive factors for infiltration BMP design are: 

 Area of BMP 

 Ponding depth 

Note: Depths and materials of both soil and storage layers (and underdrain option) have more impact 

on pollutant removal and drawdown time than flow captured.   

 

Note: If the graphical outputs (charts) are not updated or are not displayed when you click on the 

buttons, please close the display window, and reopen it. You don’t need to close excel. 

 

4.1.b.  Storage-based BMPs (Dry pond example) 

 

The BMP design module includes the following storage based BMPs 

 

 Dry pond (i.e., detention pond) 

 Wet pond (i.e., retention pond) 

 

Design of storage based BMPs in the i-DSTss is demonstrated in the two scenarios below using a Dry 

pond.  

 

i.  Evaluation of volume of BMP (i.e., Storage volume) versus percent peak flow reduction and percent 

pollutant removal 

 

ii.  Evaluation of outlet structure design (e.g., orifices and weirs) versus percent peak flow reduction 

and percent pollutant removal 

 

i.   Evaluation of volume and depth of BMP versus percent peak flow reduction and percent 

pollutant removal 

 

The storage based BMP design requires inputs for the volume, depth, and outlet structure 

configuration and the tool will calculate the percent peak flow reduction, percent pollutant removal 

and the drawdown time for the storage based BMP. Use BMP volumes as shown in column 1 of Table 

4-C and determine the percent peak flow and pollutant removal. The resulting values are listed in 

Table 4-C. 

 
Table 4-C.  Changing BMP volume and calculating percent peak flow reduction and percent pollutant removal 

BMP volume (ft3) Peak flow reduction (%)  TSS removal (%)  TP removal (%)  TN removal (%) 

700 39.81 58 13 14 

1,400 71.43 72 45 46 
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Users can view inflow and outflow hydrographs and the peak flow reduction to the one shown in 

Figure 4-V.  

 

 
Figure 4-V. Inflow and outflow hydrographs 

 for storage based BMP (Dry pond) 

 

Note: Users may compare the peak flow reduction shown above with the difference in peak flow 

between pre- and post-development conditions calculated in hydrology module. By modifying the size 

of the storage-based BMP, users can match the difference between pre- and post-development peak 

flows. 
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ii.   Evaluation of outlet structures (i.e., orifices and weirs) versus percent peak flow reduction 

and pollutant removal 

 

You may change outlet structures geometry values using “outlet structures geometry” button as shown 

in Figure 4-VI.  Evaluate the two outlet structure scenarios shown in Table 4-D and evaluate percent 

peak flow reduction and pollutant captured and drawdown time. You should get the resulting values 

shown in Table 4-D. 

 

 
Figure 4-VI. Outlet structures geometry 

 

Table 4-D. Scenarios of outlet structures versus peak flow reduction and pollutant removal 

Orifice Weir 
Peak flow 

reduction (%) 

TSS 

removal (%) 

TP 

removal (%) 

TN 

removal (%) 

Single orifice at base 

with 5 in diameter 

Single Weir at top 

with 1ft width 
39.81 58 13 14 

Multiple orifices with 

5 in diameter 

Multiple weirs 

with 1ft width 
4.68 61 13 14 

 

The tool also calculates time-series of storage in the pond as shown in Figure 4-VII. You may display 

this by clicking on the “Storage level” button. 

 

 
Figure 4-VII. Storage tracking for storage based BMPs 
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The tool also shows the storage-discharge curve (Figure 4-VIIIa), elevation-storage and elevation-

discharge curves (Figure 4-VIIIb).  

 

 
(a) Storage-discharge curve 

 
(b) Elevation-storage and -discharge curves 

Figure 4-VIII. Storage, discharge, elevation curves for storage based BMPs 

 

Factors influencing design of storage based BMPs 

 

Factors considered for storage based BMP design include storage volume, freeboard, shape and side 

slope of reservoir, orifice and weir geometry, and water quality decay rate coefficients. 

 

The most sensitive factors are: 

 Volume 

 Depth 

 Outlet structure geometry 

 

Note: If the graphical outputs (charts) are not updated or are not displayed when you click on the 

buttons, please close the display window, and reopen it. You don’t need to close excel.  
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4.1.c.  Green roof system (Example) 

 

In the “Green roof system” design interface, users can determine the area of green roof necessary to 

achieve a specific percent flow reduction.  The area of the watershed, percent imperviousness and the 

runoff hydrograph are obtained from previously running the hydrology module.  By running the tool 

for 10-percent flow reduction in this example, the required surface area of a green roof is calculated to 

be 6,566ft2 (see “Outputs/Tabular” in Figure 4-IX).  Users may also view the hydrographs showing site 

runoff with and without the green roof in the graphical output (see “Outputs/Graphical” in Figure 

4-IX).  

 

 
Figure 4-IX. Output hydrograph for green roof system 

 

4.2.  Design using continuous simulation 

 

For the continuous simulation, users can follow the same instructions as event-based examples for BMP 

design after running the hydrology module for continuous simulation modeling (see Section 2.2).  Using 

continuous simulation, precipitation time-series of multiple events and hydrology module results 

considering the antecedent moisture conditions are reflected in the BMP hydrographs (Figure 4-Xa) and 

storage level (Figure 4-Xb). 

 

 
(a) Inflow/Outflow hydrograph 

 
(b) Storage time-series 

Figure 4-X. Graphical outputs for storage based BMP (Dry pond) using continuous simulation model 
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5. BMP cost module 
 

The last module is the BMP cost module (Figure 5-I). The cost estimate is based on the size of the BMP 

determined using the BMP design module (Section 4) and a built-in cost database.   
 

 
Figure 5-I. BMP cost analysis module 

 

The size information from design module is transferred to the cost module requiring users to run the design 

module first.  In previous example (Section 4.2), a dry pond was used in the BMP sizing module, and the 

data from BMP sizing module (surface area and the volume) are automatically displayed (437ft2 and 700ft3 

shown in Figure 5-IV).  

 

 
Figure 5-II. Total cost interface within BMP cost analysis module 

 showing BMP size carried over from BMP design module 

 

ENR cost data for 20 cities in the United States has been used allowing the user to select the location of their 

BMP for cost analysis.  If a city is not listed, users can view the Thiessen polygon map and use cost data 

from the nearest city (Figure 5-III).  

 

If users have access to construction costs of BMPs for a specific location and year, they can modify the 

construction costs in the module by clicking “Modify base data”.  Users can change the construction cost 
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per volume ($/ft3) and base year for any of the 20 cities included in the database, or users can select “other” 

to enter data for their specific location not listed. 

 

 
Figure 5-III. Total Cost interface in BMP cost analysis module showing 

 Thiessen polygon map of cities in cost database 

 

User can also use the cost module to calculate cost of other BMP types by clicking on “Modify BMP types” 

button and selecting a BMP type and input the area and volume to calculate the cost.  

 

After running the cost analysis, the total cost will be calculated. The total cost includes capital cost, 

operation maintenance costs and other related costs. The tool displays graphical outputs of capital costs, 

rehabilitation cost, operation maintenance costs, administration costs, and present value. The tool will also 

show the distribution of all components of cost over the lifetime of the project as shown in Figure 5-IV. 

 

 
Figure 5-IV. Distribution of cost components over 

 the lifetime of the project 

 

Note: If the graphical outputs (charts) are not updated or are not displayed when you click on the 

buttons, please close the display window, and reopen it. You don’t need to close excel. 

  


