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Project Description 
This drainage study pertains to a proposed 22-acre development located at 5095 Acton Hwy, Granbury, 
TX 76049. 
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Purpose 
The purpose of this drainage study is to determine the peak runoff rates for pre-development and post-
development conditions as well as the downstream impact of developing the property.   

Hydrologic Analysis 
Detailed methodology was utilized in the preparation of this study, based upon the SCS Unit Hydrograph 
runoff (transform) method which incorporates usage of the SCS Curve Number as well as Percent 
Impervious Cover values which are used to establish infiltration losses.  The SCS Muskingum-Cunge 
method was used for routing the stormwater through each reach defined between points of interest. The 
study was developed and analysed through usage of GeoSTORM software developed by CivilGeo, in 
conjunction with SWMM version 5.2.4 computer software developed by the Environmental Protection 
Agency (EPA) 

Scenarios 
The following scenarios were analyzed in this stormwater study: 
 

Pre-Dev-1 
This scenario contains: 

• 2 subbasins 
• 2 outfalls 

Post-Dev-1 
This scenario contains: 

• 7 subbasins 
• 8 manholes 
• 1 storage area  
• 8 pipes 
• 2 outfalls 

Pre-Dev-25 
This scenario contains: 

• 2 subbasins 
• 2 outfalls 

Post-Dev-25 
This scenario contains: 

• 7 subbasins 
• 8 manholes 
• 1 storage area  
• 8 pipes 
• 2 outfalls 

Pre-Dev-100 
This scenario contains: 
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• 2 subbasins 
• 2 outfalls 

Post-Dev-100 
This scenario contains: 

• 7 subbasins 
• 8 manholes 
• 1 storage area  
• 8 pipes 
• 2 outfalls 
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Time of Concentration 
 
The time of concentration was estimated using TR-55 SCS methodology. Time of concentration paths were 
delineated using LIDAR terrain. The TR-55 methodology incorporates three types of flow: sheet flow, 
shallow concentrated flow and channel flow. The resulting time of concentration is the sum of sheet flow, 
shallow concentrated flow and open channel flow segments.  
 
Sheet Flow 
Sheet flow was estimated to occur for the first 50 feet, with channelized flow occurring thereafter. 
Normally, sheet flow is calculated using the following equation:  

 
where: 

n = Manning’s roughness coefficients for sheet flow;  
L = the length, in feet, of the overland flow path;  
P2 = the 2-year, 24-hour rainfall, in inches;  
S = the land slope in feet per foot; and,  

Tt = the sheet flow travel time in minutes.  
Each parameter for sheet flow was derived from the Hydrology work map. The selected roughness 
coefficient for initial overland flow is 0.40. A rainfall amount for P2 of 3.3 inches was utilized (per TP-40).  
 
Shallow Concentrated Flow  
The second component of the existing time of concentration is the shallow concentrated flow time, which 
is determined by the equation: 
Tsc = L / 3600 * V  

where:  

Tsc = the shallow concentrated flow time in hours. 
L = Length in feet;  
V = Velocity in feet per second = 16.13 * S 0.5  (unpaved) or; 
V = Velocity in feet per second = 20.33 * S 0.5  (paved) 
where:  
S = slope of hydraulic grade line (watercourse slope, ft/ft) 
 

Channelized Flow  
Tsc = L / 3600 * V  

where:  

Tsc = the shallow concentrated flow time in hours. 
L = Length in feet;  
V = channel velocity = assumed to be 4 feet per second. 
Lag Time  
The SCS Unit Hydrograph transform method requires calculation and inclusion of Lag Time, which is 
defined as the time difference between the center of mass of rainfall excess and the peak of the unit 
hydrograph.  For ungauged watersheds, the SCS suggests that the unit hydrograph lag time may be related 
to the time of concentration, tc, as: 

Tlag = 0.6 * tc 
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Curve Numbers 
 
The SCS Curve Number methodology, as detailed in NRCS Technical Release 55 – Urban Hydrology for 
Small Watersheds, was used to estimate infiltration and soil losses.  
 
The SCS method uses curve numbers (CN). The curve number is the parameter used by the HEC-HMS 
model to estimate the amount of excess rainfall that will result in direct runoff. Curve number values are 
related to the different land covers, hydrologic soil group, and land management practices.  
 
The Soil Conservation Service (SCS), U.S. Department of Agriculture, has instituted a soil classification 
system for use in soil survey maps across the country. Based on experimentation and experience, the 
agency has been able to relate the drainage characteristics of soil groups to a curve number, CN (SCS, 
1972 and 1975). The SCS provided information on relating soil group type to the curve number as a 
function of soil cover, land use type and antecedent moisture conditions. "A" soils are those which have 
high infiltration capacity and subsequently low runoff rates. "D" soils are those with very low infiltration 
capacity and very high runoff rates. The groups are defined as follows:  
 
Group A. Soils have a high infiltration rate (low runoff potential) when thoroughly wet. These consist 
mainly of deep, well drained to excessively drained sands or gravelly sands. These soils have a high rate 
of water transmission. 
 
Group B. Soils have a moderate infiltration rate when thoroughly wet. These consist chiefly of moderately 
deep or deep, moderately well drained or well drained soils that have moderately fine texture to 
moderately coarse texture. These soils have a moderate rate of water transmission. 
 
Group C. Soils have a slow infiltration rate when thoroughly wet. These consist chiefly of soils having a 
layer that impedes the downward movement of water or soils of moderately fine texture or fine texture. 
These soils have a slow rate of water transmission. 
 
Group D. Soils have a very slow infiltration rate (high runoff potential) when thoroughly wet. These consist 
chiefly of clays that have a high shrink-swell potential, soils that have a high-water table, soils that have a 
claypan or clay layer at or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission. 
If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for drained areas and 
the second is for undrained areas. Only the soils that in their natural condition are in group D are assigned 
to dual classes. 
 
A curve number (CN) is a hydrologic parameter used to describe the stormwater runoff potential for the 
drainage area. It is a function of land use, soil type, and soil moisture. The Natural Resources Conservation 
Service (NRCS) has divided soil into four hydrologic soil groups (i.e., A, B, C, and D) according to water’s 
ability to infiltrate. The curve number values range from approximately 30 (for permeable soils with high 
infiltration rates) to 100 (for water bodies, impervious surfaces, and soil near-zero infiltration rates). 

GeoSTORM automates the process of computing CN which involves land use and soil types. The software 
automates this process by using the following data: 

• Drainage area 
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• Land use and soil maps data 
• Look-up tables for software reference 

For a watershed that consists of several soil types and land use, a composite CN is calculated as: 
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Runoff Curve Numbers for particular soil types and land usage categories are paraphrased from the 
NCTCOG Hydrology iSWMTM Technical Manual2 - Table 1.9 as shown below.  
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Impervious Cover 

GeoSTORM automatically computes the percent impervious value (i.e., percent of land area that 
is impervious) for each subbasin thru utilization of the USGS National Land Cover Database 
(NLCD), which is the definitive land cover database for the United States. NLCD web map service 
data (or user-defined per GIS polygon shapefile representing the impervious areas to compute 
the percent impervious value. Additionally, it allows the user to manually provide a default 
percent impervious value that will be assigned to the remaining areas not covered by NLCD and 
polygon layers. 

The software uses a grid approach to determine the composite imperviousness for each 
subbasin. In this approach, an internal uniformly spaced cell-centered grid is created to examine 
fixed points in the subbasins and investigate the corresponding NLCD imperviousness and GIS 
polygon shapefile value at each point. The grid is traversed row by row, investigating each cell 
within a row. After processing all the cells, the composite impervious parameter value for each 
subbasin is computed by the software. While determining the impervious value, the GIS polygon 
layer impervious value has the highest priority, followed by the NLCD impervious value, and then 
the default impervious value.  
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Percent urbanization and impervious values for land usage categories are paraphrased from the 
NCTCOG Hydrology iSWMTM Technical Manual2 - Table 1.15 as shown below. 

 
  



 
 

 
Page 10 

SUMMARY 
 
An existing pond located at the southern and downstream side of the subject tract would be repurposes 
as a detention pond.  The pond in its current state would support a substantial over-detention of storm 
waters generated in the 1-year, 25-year and 100-year storms.  Therefore, a comparison of pre-
development and post-development flows indicates that peak flows would be substantially reduced 
once the existing pond is improved to serve as a detention pond.  Considering the dramatic reduction of 
flows, there is no increase in water surface elevations at the outflows located near the most 
downstream point of the proposed development. 
 
The following table illustrates the reduction of flows which can be attributed to the introduction of the 
proposed detention pond: 
 

  

Drainage Study Results

1-Year Storm Precipation Depth Pre-Development Post-Development Outflow Difference Detention Pond Detention Pond
Peak Outflow Peak Outflow Post minus Pre Max Surface Max Storage

(in) (cfs) (cfs) (cfs) (ft-msl) (ac-ft)
3.15 43.46 31.04 -12.42 777.18 2.65

25-Year Storm Precipation Depth Pre-Development Post-Development Outflow Difference Detention Pond Detention Pond
Peak Outflow Peak Outflow Post minus Pre Max Surface Max Storage

(in) (cfs) (cfs) (cfs) (ft-msl) (ac-ft)
7.1 153.55 88.16 -65.39 779.34 5.07

100-Year Storm Precipation Depth Pre-Development Post-Development Outflow Difference Detention Pond Detention Pond
Peak Outflow Peak Outflow Post minus Pre Max Surface Max Storage

(in) (cfs) (cfs) (cfs) (ft-msl) (ac-ft)
9.17 214.9 113.86 -101.04 780.42 6.3
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PRE-DEVELOPMENT MODEL 

 
 
 
 

 
POST-DEVELOPMENT MODEL 
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STORM SYSTEM – WEST 

 

 
STORM SYSTEM – EAST 
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Pre-Dev-1 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 3.15 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 8.09 72.00 1.72 12.36 0.0445 8.60 
2 Sub-2 26.42 77.93 19.42 27.65 0.0441 34.96 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Pre-Dev-1yr  Depth Volume  
Peak discharge: 8.60 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 3.15 in 2.12 ac-ft 
Curve number: 72.00 Losses: 2.21 in 1.49 ac-ft 
Impervious surface: 1.72% Precip excess: 0.94 in 0.63 ac-ft 
  Total runoff: 0.94 in 0.63 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.55 50.00 0.0400  0.4000 0.10 Sheet Flow 
3.81 665.58 0.0326  Unpaved 2.91 Shallow Concentrated Flow 

12.36 715.58 Total Lag Time = 7.42 minutes   
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Subbasin ID: Sub-2 
Scenario: Pre-Dev-1yr  Depth Volume  
Peak discharge: 34.96 cfs Time of peak: 01 Jan 2000, 12:10 
Drainage area: 26.42 acres Total rainfall: 3.15 in 6.94 ac-ft 
Curve number: 77.93 Losses: 1.55 in 3.40 ac-ft 
Impervious surface: 19.42% Precip excess: 1.60 in 3.53 ac-ft 
  Total runoff: 1.60 in 3.53 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 4.38 16.59 82.00 
C Developed, Open Space 1.33 5.03 76.00 
C Undeveloped, Grassland 14.37 54.38 71.00 
C Developed, High Density 0.21 0.79 96.00 
C Developed, Medium Density 5.49 20.77 90.00 
C Open Water 0.64 2.44 100.00 
Weighted Average 26.43 100.00 77.93 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.41 50.00 0.0418  0.4000 0.10 Sheet Flow 
19.24 2056.25 0.0122  Unpaved 1.78 Shallow Concentrated Flow 
27.65 2106.25 Total Lag Time = 16.59 minutes   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Outfall-1 Terminal Outfall 26.42 34.91 
2 Outfall-2 Terminal Outfall 8.09 8.55 
3 Sub-1 Subbasin 8.09 8.60 
4 Sub-2 Subbasin 26.42 34.96 
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Post-Dev-1 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 3.15 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 4.64 75.51 65.00 16.12 0.0353 10.76 
2 Sub-2 3.53 75.77 65.00 40.32 0.0325 5.40 
3 Sub-3 5.72 77.10 65.00 12.01 0.0431 15.31 
4 Sub-4 4.60 76.82 65.00 11.77 0.0433 12.34 
5 Sub-5 5.17 82.25 65.00 21.69 0.0472 11.84 
6 Sub-6 8.09 72.00 65.00 12.47 0.0445 20.28 
7 Sub-7 2.77 80.13 29.00 7.34 0.0716 6.47 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 10.76 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.64 acres Total rainfall: 3.15 in 1.22 ac-ft 
Curve number: 75.51 Losses: 0.72 in 0.28 ac-ft 
Impervious surface: 65.00% Precip excess: 2.43 in 0.94 ac-ft 
  Total runoff: 2.43 in 0.94 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.40 8.54 82.00 
C Developed, Open Space 0.12 2.62 76.00 
C Developed, Medium Density 0.84 18.05 90.00 
C Undeveloped, Grassland 3.29 70.78 71.00 
Weighted Average 4.64 100.00 75.51 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.35 50.00 0.0320  0.4000 0.09 Sheet Flow 
6.77 593.65 0.0082  Unpaved 1.46 Shallow Concentrated Flow 

16.12 643.65 Total Lag Time = 9.67 minutes   
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Subbasin ID: Sub-2 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 5.40 cfs Time of peak: 01 Jan 2000, 12:15 
Drainage area: 3.53 acres Total rainfall: 3.15 in 0.93 ac-ft 
Curve number: 75.77 Losses: 0.72 in 0.21 ac-ft 
Impervious surface: 65.00% Precip excess: 2.43 in 0.72 ac-ft 
  Total runoff: 2.43 in 0.72 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 21.59 82.00 
C Developed, Open Space 0.09 2.46 76.00 
C Developed, Medium Density 0.29 8.11 90.00 
C Undeveloped, Grassland 2.30 64.94 71.00 
C Developed, High Density 0.10 2.91 96.00 
Weighted Average 3.53 100.00 75.77 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

36.02 50.00 0.0011  0.4000 0.02 Sheet Flow 
4.30 495.75 0.0142  Unpaved 1.92 Shallow Concentrated Flow 

40.32 545.75 Total Lag Time = 24.19 minutes   
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Subbasin ID: Sub-3 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 15.31 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 5.72 acres Total rainfall: 3.15 in 1.50 ac-ft 
Curve number: 77.10 Losses: 0.69 in 0.33 ac-ft 
Impervious surface: 65.00% Precip excess: 2.46 in 1.17 ac-ft 
  Total runoff: 2.46 in 1.17 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.79 13.83 82.00 
C Developed, Open Space 0.79 13.82 76.00 
C Developed, Medium Density 1.11 19.40 90.00 
C Undeveloped, Grassland 2.98 52.18 71.00 
C Developed, High Density 0.04 0.78 96.00 
Weighted Average 5.72 100.00 77.10 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

7.71 50.00 0.0518  0.4000 0.11 Sheet Flow 
4.30 477.57 0.0132  Unpaved 1.85 Shallow Concentrated Flow 

12.01 527.57 Total Lag Time = 7.21 minutes   
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Subbasin ID: Sub-4 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 12.34 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.60 acres Total rainfall: 3.15 in 1.21 ac-ft 
Curve number: 76.82 Losses: 0.69 in 0.27 ac-ft 
Impervious surface: 65.00% Precip excess: 2.46 in 0.94 ac-ft 
  Total runoff: 2.46 in 0.94 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.60 13.03 82.00 
C Developed, Open Space 0.00 0.01 76.00 
C Undeveloped, Grassland 2.94 63.92 71.00 
C Developed, Medium Density 1.06 23.03 90.00 
Weighted Average 4.60 100.00 76.82 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.61 50.00 0.0299  0.4000 0.09 Sheet Flow 
2.16 318.76 0.0233  Unpaved 2.46 Shallow Concentrated Flow 

11.77 368.76 Total Lag Time = 7.06 minutes   
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Subbasin ID: Sub-5 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 11.84 cfs Time of peak: 01 Jan 2000, 12:05 
Drainage area: 5.17 acres Total rainfall: 3.15 in 1.36 ac-ft 
Curve number: 82.25 Losses: 0.57 in 0.25 ac-ft 
Impervious surface: 65.00% Precip excess: 2.58 in 1.11 ac-ft 
  Total runoff: 2.58 in 1.11 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 14.62 82.00 
C Developed, Open Space 0.19 3.65 76.00 
C Developed, Medium Density 1.57 30.46 90.00 
C Undeveloped, Grassland 1.99 38.49 71.00 
C Developed, High Density 0.05 0.89 96.00 
C Open Water 0.62 11.90 100.00 
Weighted Average 5.17 100.00 82.25 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

17.28 50.00 0.0069  0.4000 0.05 Sheet Flow 
4.41 558.24 0.0171  Unpaved 2.11 Shallow Concentrated Flow 

21.69 608.24 Total Lag Time = 13.01 minutes   
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Subbasin ID: Sub-6 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 20.28 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 3.15 in 2.12 ac-ft 
Curve number: 72.00 Losses: 0.79 in 0.53 ac-ft 
Impervious surface: 65.00% Precip excess: 2.36 in 1.59 ac-ft 
  Total runoff: 2.36 in 1.59 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.85 50.00 0.0367  0.4000 0.09 Sheet Flow 
3.62 623.57 0.0316  Unpaved 2.87 Shallow Concentrated Flow 

12.47 673.57 Total Lag Time = 7.48 minutes   
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Subbasin ID: Sub-7 
Scenario: Post-Dev-1  Depth Volume  
Peak discharge: 6.47 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 2.77 acres Total rainfall: 3.15 in 0.73 ac-ft 
Curve number: 80.13 Losses: 1.26 in 0.29 ac-ft 
Impervious surface: 29.00% Precip excess: 1.89 in 0.44 ac-ft 
  Total runoff: 1.89 in 0.44 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 1.05 38.06 82.00 
C Open Water 0.02 0.87 100.00 
C Developed, Open Space 0.15 5.27 76.00 
C Developed, Medium Density 0.63 22.92 90.00 
C Undeveloped, Grassland 0.90 32.59 71.00 
C Developed, High Density 0.01 0.29 96.00 
Weighted Average 2.77 100.00 80.13 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

5.84 50.00 0.1041  0.4000 0.14 Sheet Flow 
1.50 212.35 0.0214  Unpaved 2.36 Shallow Concentrated Flow 
7.34 262.35 Total Lag Time = 4.40 minutes   
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Pipes 
 

 Pipe 
ID 

Pipe 
Length 
(ft) 

Pipe 
Slope 
(%) 

Pipe 
Diameter 
(in) 

Manning 
Rough 
ness 

Peak 
Flow 
(cfs) 

Max 
Flow 
Depth 
(in) 

1 Pipe-2 142.28 0.70 36.000 0.0130 39.66 22.44 
2 Pipe-3 60.89 0.82 36.000 0.0130 27.88 21.12 
3 Pipe-4 167.22 2.99 36.000 0.0130 28.22 15.96 
4 Pipe-5 397.61 1.63 27.000 0.0130 14.71 11.64 
5 Pipe-6 261.85 0.95 24.000 0.0130 10.71 11.64 
6 Pipe-7 98.51 0.51 48.000 0.0130 19.29 29.52 
7 Pipe-8 138.83 0.72 36.000 0.0130 19.71 20.64 
8 Pipe-9 266.59 2.25 36.000 0.0130 20.10 13.20 

 
Storage Area Summary 
 

 Storage 
Area 
ID 

Invert 
Elevation 
(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 
(cfs) 

Initial 
WSEL 
(ft) 

Max 
WSEL 
(ft) 

Max 
Water 
Surface 
Depth 
(ft) 

Max 
Storage 
Volume 
(ac-ft) 

1 Detention Pond 1 774.50 69.22 31.04 774.50 777.18 2.68 2.65 
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Storage Areas 
These are the storage areas that are defined: 
 

Scenario: Post-Dev-1  
Storage Area ID: Detention Pond 1  
Invert elevation: 774.50 ft Maximum Volume Time of Peak 
Initial water surface elevation: 774.50 ft   
Peak inflow: 69.22 cfs 0.00 ac-ft 01Jan2000, 12:00 
Peak outflow: 31.04 cfs 0.00 ac-ft 01Jan2000, 12:10 
Maximum water surface elevation: 777.18 ft   
Maximum water surface depth: 2.68 ft   
Maximum storage volume: 2.65 ac-ft   
Total seepage volume: 0.00 ac-ft   
Minimum water surface elevation: 774.50 ft   
Storage area culvert shape: Circular Number barrels: 1 
Culvert length: 110.88 ft Culvert Manning's: 0.0130 
Diameter/height: 48.00 in Width/span: NA 
Inlet invert elevation: 775.00 ft Outlet invert elevation: 774.20 ft 
Entrance loss coefficient: 0.50 Exit loss coefficient: 1.00 
Culvert slope (H:V): 1 : 0.0072 ft:ft   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Detention Pond 1 Storage Area 31.75 31.04 
2 Jun-2 Manhole 18.49 40.18 
3 Jun-3 Manhole 13.90 28.22 
4 Jun-4 Manhole 13.90 28.50 
5 Jun-5 Manhole 8.18 14.79 
6 Jun-6 Manhole 4.64 10.72 
7 Jun-7 Manhole 8.09 19.71 
8 Jun-8 Manhole 8.09 20.10 
9 Junc-9 Manhole 8.09 20.21 
10 Outfall-1 Terminal Outfall 31.75 31.04 
11 Outfall-2 Terminal Outfall 2.77 6.47 
12 Pipe-2 Pipe 18.49 39.66 
13 Pipe-3 Pipe 13.90 27.88 
14 Pipe-4 Pipe 13.90 28.22 
15 Pipe-5 Pipe 8.18 14.71 
16 Pipe-6 Pipe 4.64 10.71 
17 Pipe-7 Pipe 8.09 19.29 
18 Pipe-8 Pipe 8.09 19.71 
19 Pipe-9 Pipe 8.09 20.10 
20 Sub-1 Subbasin 4.64 10.76 
21 Sub-2 Subbasin 3.53 5.40 
22 Sub-3 Subbasin 5.72 15.31 
23 Sub-4 Subbasin 4.60 12.34 
24 Sub-5 Subbasin 5.17 11.84 
25 Sub-6 Subbasin 8.09 20.28 
26 Sub-7 Subbasin 2.77 6.47 
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Pre-Dev-25 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 7.1 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 8.09 72.00 1.72 12.36 0.0445 39.89 
2 Sub-2 26.42 77.93 19.42 27.65 0.0441 113.92 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Pre-Dev-25yr  Depth Volume  
Peak discharge: 39.89 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 7.10 in 4.79 ac-ft 
Curve number: 72.00 Losses: 3.13 in 2.11 ac-ft 
Impervious surface: 1.72% Precip excess: 3.97 in 2.68 ac-ft 
  Total runoff: 3.97 in 2.68 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.55 50.00 0.0400  0.4000 0.10 Sheet Flow 
3.81 665.58 0.0326  Unpaved 2.91 Shallow Concentrated Flow 

12.36 715.58 Total Lag Time = 7.42 minutes   
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Subbasin ID: Sub-2 
Scenario: Pre-Dev-25yr  Depth Volume  
Peak discharge: 113.92 cfs Time of peak: 01 Jan 2000, 12:10 
Drainage area: 26.42 acres Total rainfall: 7.10 in 15.63 ac-ft 
Curve number: 77.93 Losses: 2.05 in 4.51 ac-ft 
Impervious surface: 19.42% Precip excess: 5.05 in 11.12 ac-ft 
  Total runoff: 5.05 in 11.12 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 4.38 16.59 82.00 
C Developed, Open Space 1.33 5.03 76.00 
C Undeveloped, Grassland 14.37 54.38 71.00 
C Developed, High Density 0.21 0.79 96.00 
C Developed, Medium Density 5.49 20.77 90.00 
C Open Water 0.64 2.44 100.00 
Weighted Average 26.43 100.00 77.93 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.41 50.00 0.0418  0.4000 0.10 Sheet Flow 
19.24 2056.25 0.0122  Unpaved 1.78 Shallow Concentrated Flow 
27.65 2106.25 Total Lag Time = 16.59 minutes   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Outfall-1 Terminal Outfall 26.42 113.83 
2 Outfall-2 Terminal Outfall 8.09 39.73 
3 Sub-1 Subbasin 8.09 39.89 
4 Sub-2 Subbasin 26.42 113.92 
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Post-Dev-25 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 7.1 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 4.64 75.51 65.00 16.12 0.0353 27.87 
2 Sub-2 3.53 75.77 65.00 40.32 0.0325 13.96 
3 Sub-3 5.72 77.10 65.00 12.01 0.0431 39.20 
4 Sub-4 4.60 76.82 65.00 11.77 0.0433 31.61 
5 Sub-5 5.17 82.25 65.00 21.69 0.0472 29.60 
6 Sub-6 8.09 72.00 65.00 12.47 0.0445 52.99 
7 Sub-7 2.77 80.13 29.00 7.34 0.0716 18.74 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 27.87 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.64 acres Total rainfall: 7.10 in 2.75 ac-ft 
Curve number: 75.51 Losses: 0.98 in 0.38 ac-ft 
Impervious surface: 65.00% Precip excess: 6.12 in 2.37 ac-ft 
  Total runoff: 6.12 in 2.37 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.40 8.54 82.00 
C Developed, Open Space 0.12 2.62 76.00 
C Developed, Medium Density 0.84 18.05 90.00 
C Undeveloped, Grassland 3.29 70.78 71.00 
Weighted Average 4.64 100.00 75.51 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.35 50.00 0.0320  0.4000 0.09 Sheet Flow 
6.77 593.65 0.0082  Unpaved 1.46 Shallow Concentrated Flow 

16.12 643.65 Total Lag Time = 9.67 minutes   
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Subbasin ID: Sub-2 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 13.96 cfs Time of peak: 01 Jan 2000, 12:15 
Drainage area: 3.53 acres Total rainfall: 7.10 in 2.09 ac-ft 
Curve number: 75.77 Losses: 0.97 in 0.29 ac-ft 
Impervious surface: 65.00% Precip excess: 6.13 in 1.80 ac-ft 
  Total runoff: 6.13 in 1.80 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 21.59 82.00 
C Developed, Open Space 0.09 2.46 76.00 
C Developed, Medium Density 0.29 8.11 90.00 
C Undeveloped, Grassland 2.30 64.94 71.00 
C Developed, High Density 0.10 2.91 96.00 
Weighted Average 3.53 100.00 75.77 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

36.02 50.00 0.0011  0.4000 0.02 Sheet Flow 
4.30 495.75 0.0142  Unpaved 1.92 Shallow Concentrated Flow 

40.32 545.75 Total Lag Time = 24.19 minutes   
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Subbasin ID: Sub-3 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 39.20 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 5.72 acres Total rainfall: 7.10 in 3.38 ac-ft 
Curve number: 77.10 Losses: 0.92 in 0.44 ac-ft 
Impervious surface: 65.00% Precip excess: 6.18 in 2.94 ac-ft 
  Total runoff: 6.18 in 2.94 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.79 13.83 82.00 
C Developed, Open Space 0.79 13.82 76.00 
C Developed, Medium Density 1.11 19.40 90.00 
C Undeveloped, Grassland 2.98 52.18 71.00 
C Developed, High Density 0.04 0.78 96.00 
Weighted Average 5.72 100.00 77.10 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

7.71 50.00 0.0518  0.4000 0.11 Sheet Flow 
4.30 477.57 0.0132  Unpaved 1.85 Shallow Concentrated Flow 

12.01 527.57 Total Lag Time = 7.21 minutes   
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Subbasin ID: Sub-4 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 31.61 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.60 acres Total rainfall: 7.10 in 2.72 ac-ft 
Curve number: 76.82 Losses: 0.93 in 0.36 ac-ft 
Impervious surface: 65.00% Precip excess: 6.17 in 2.36 ac-ft 
  Total runoff: 6.17 in 2.36 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.60 13.03 82.00 
C Developed, Open Space 0.00 0.01 76.00 
C Undeveloped, Grassland 2.94 63.92 71.00 
C Developed, Medium Density 1.06 23.03 90.00 
Weighted Average 4.60 100.00 76.82 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.61 50.00 0.0299  0.4000 0.09 Sheet Flow 
2.16 318.76 0.0233  Unpaved 2.46 Shallow Concentrated Flow 

11.77 368.76 Total Lag Time = 7.06 minutes   
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Subbasin ID: Sub-5 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 29.60 cfs Time of peak: 01 Jan 2000, 12:05 
Drainage area: 5.17 acres Total rainfall: 7.10 in 3.06 ac-ft 
Curve number: 82.25 Losses: 0.72 in 0.31 ac-ft 
Impervious surface: 65.00% Precip excess: 6.38 in 2.75 ac-ft 
  Total runoff: 6.38 in 2.75 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 14.62 82.00 
C Developed, Open Space 0.19 3.65 76.00 
C Developed, Medium Density 1.57 30.46 90.00 
C Undeveloped, Grassland 1.99 38.49 71.00 
C Developed, High Density 0.05 0.89 96.00 
C Open Water 0.62 11.90 100.00 
Weighted Average 5.17 100.00 82.25 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

17.28 50.00 0.0069  0.4000 0.05 Sheet Flow 
4.41 558.24 0.0171  Unpaved 2.11 Shallow Concentrated Flow 

21.69 608.24 Total Lag Time = 13.01 minutes   
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Subbasin ID: Sub-6 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 52.99 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 7.10 in 4.79 ac-ft 
Curve number: 72.00 Losses: 1.11 in 0.75 ac-ft 
Impervious surface: 65.00% Precip excess: 5.99 in 4.03 ac-ft 
  Total runoff: 5.99 in 4.03 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.85 50.00 0.0367  0.4000 0.09 Sheet Flow 
3.62 623.57 0.0316  Unpaved 2.87 Shallow Concentrated Flow 

12.47 673.57 Total Lag Time = 7.48 minutes   
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Subbasin ID: Sub-7 
Scenario: Post-Dev-25  Depth Volume  
Peak discharge: 18.74 cfs Time of peak: 01 Jan 2000, 11:55 
Drainage area: 2.77 acres Total rainfall: 7.10 in 1.64 ac-ft 
Curve number: 80.13 Losses: 1.63 in 0.38 ac-ft 
Impervious surface: 29.00% Precip excess: 5.47 in 1.26 ac-ft 
  Total runoff: 5.47 in 1.26 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 1.05 38.06 82.00 
C Open Water 0.02 0.87 100.00 
C Developed, Open Space 0.15 5.27 76.00 
C Developed, Medium Density 0.63 22.92 90.00 
C Undeveloped, Grassland 0.90 32.59 71.00 
C Developed, High Density 0.01 0.29 96.00 
Weighted Average 2.77 100.00 80.13 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

5.84 50.00 0.1041  0.4000 0.14 Sheet Flow 
1.50 212.35 0.0214  Unpaved 2.36 Shallow Concentrated Flow 
7.34 262.35 Total Lag Time = 4.40 minutes   
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Pipes 
 

 Pipe 
ID 

Pipe 
Length 
(ft) 

Pipe 
Slope 
(%) 

Pipe 
Diameter 
(in) 

Manning 
Rough 
ness 

Peak 
Flow 
(cfs) 

Max 
Flow 
Depth 
(in) 

1 Pipe-2 142.28 0.70 36.000 0.0130 103.57 36.00 
2 Pipe-3 60.89 0.82 36.000 0.0130 72.12 36.00 
3 Pipe-4 167.22 2.99 36.000 0.0130 72.20 33.12 
4 Pipe-5 397.61 1.63 27.000 0.0130 38.02 24.24 
5 Pipe-6 261.85 0.95 24.000 0.0130 27.74 22.68 
6 Pipe-7 98.51 0.51 48.000 0.0130 49.57 48.00 
7 Pipe-8 138.83 0.72 36.000 0.0130 50.29 36.00 
8 Pipe-9 266.59 2.25 36.000 0.0130 52.59 26.52 

 
Storage Area Summary 
 

 Storage 
Area 
ID 

Invert 
Elevation 
(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 
(cfs) 

Initial 
WSEL 
(ft) 

Max 
WSEL 
(ft) 

Max 
Water 
Surface 
Depth 
(ft) 

Max 
Storage 
Volume 
(ac-ft) 

1 Detention Pond 1 774.50 179.04 88.16 774.50 779.34 4.84 5.07 
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Storage Areas 
These are the storage areas that are defined: 
 

Scenario: Post-Dev-25  
Storage Area ID: Detention Pond 1  
Invert elevation: 774.50 ft Maximum Volume Time of Peak 
Initial water surface elevation: 774.50 ft   
Peak inflow: 179.04 cfs 0.00 ac-ft 01Jan2000, 12:00 
Peak outflow: 88.16 cfs 0.00 ac-ft 01Jan2000, 12:15 
Maximum water surface elevation: 779.34 ft   
Maximum water surface depth: 4.84 ft   
Maximum storage volume: 5.07 ac-ft   
Total seepage volume: 0.00 ac-ft   
Minimum water surface elevation: 774.50 ft   
Storage area culvert shape: Circular Number barrels: 1 
Culvert length: 110.88 ft Culvert Manning's: 0.0130 
Diameter/height: 48.00 in Width/span: NA 
Inlet invert elevation: 775.00 ft Outlet invert elevation: 774.20 ft 
Entrance loss coefficient: 0.50 Exit loss coefficient: 1.00 
Culvert slope (H:V): 1 : 0.0072 ft:ft   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Detention Pond 1 Storage Area 31.75 88.16 
2 Jun-2 Manhole 18.49 103.65 
3 Jun-3 Manhole 13.90 72.20 
4 Jun-4 Manhole 13.90 73.96 
5 Jun-5 Manhole 8.18 38.18 
6 Jun-6 Manhole 4.64 27.75 
7 Jun-7 Manhole 8.09 50.29 
8 Jun-8 Manhole 8.09 52.59 
9 Junc-9 Manhole 8.09 52.82 
10 Outfall-1 Terminal Outfall 31.75 88.16 
11 Outfall-2 Terminal Outfall 2.77 18.68 
12 Pipe-2 Pipe 18.49 103.57 
13 Pipe-3 Pipe 13.90 72.12 
14 Pipe-4 Pipe 13.90 72.20 
15 Pipe-5 Pipe 8.18 38.02 
16 Pipe-6 Pipe 4.64 27.74 
17 Pipe-7 Pipe 8.09 49.57 
18 Pipe-8 Pipe 8.09 50.29 
19 Pipe-9 Pipe 8.09 52.59 
20 Sub-1 Subbasin 4.64 27.87 
21 Sub-2 Subbasin 3.53 13.96 
22 Sub-3 Subbasin 5.72 39.20 
23 Sub-4 Subbasin 4.60 31.61 
24 Sub-5 Subbasin 5.17 29.60 
25 Sub-6 Subbasin 8.09 52.99 
26 Sub-7 Subbasin 2.77 18.74 
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Pre-Dev-100 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 9.17 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 8.09 72.00 1.72 12.36 0.0445 58.07 
2 Sub-2 26.42 77.93 19.42 27.65 0.0441 157.16 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Pre-Dev-100yr  Depth Volume  
Peak discharge: 58.07 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 9.17 in 6.18 ac-ft 
Curve number: 72.00 Losses: 3.38 in 2.28 ac-ft 
Impervious surface: 1.72% Precip excess: 5.79 in 3.91 ac-ft 
  Total runoff: 5.79 in 3.91 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.55 50.00 0.0400  0.4000 0.10 Sheet Flow 
3.81 665.58 0.0326  Unpaved 2.91 Shallow Concentrated Flow 

12.36 715.58 Total Lag Time = 7.42 minutes   
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Subbasin ID: Sub-2 
Scenario: Pre-Dev-100yr  Depth Volume  
Peak discharge: 157.16 cfs Time of peak: 01 Jan 2000, 12:10 
Drainage area: 26.42 acres Total rainfall: 9.17 in 20.19 ac-ft 
Curve number: 77.93 Losses: 2.17 in 4.78 ac-ft 
Impervious surface: 19.42% Precip excess: 7.00 in 15.40 ac-ft 
  Total runoff: 7.00 in 15.40 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 4.38 16.59 82.00 
C Developed, Open Space 1.33 5.03 76.00 
C Undeveloped, Grassland 14.37 54.38 71.00 
C Developed, High Density 0.21 0.79 96.00 
C Developed, Medium Density 5.49 20.77 90.00 
C Open Water 0.64 2.44 100.00 
Weighted Average 26.43 100.00 77.93 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.41 50.00 0.0418  0.4000 0.10 Sheet Flow 
19.24 2056.25 0.0122  Unpaved 1.78 Shallow Concentrated Flow 
27.65 2106.25 Total Lag Time = 16.59 minutes   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Outfall-1 Terminal Outfall 26.42 157.04 
2 Outfall-2 Terminal Outfall 8.09 57.86 
3 Sub-1 Subbasin 8.09 58.07 
4 Sub-2 Subbasin 26.42 157.16 
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Post-Dev-100 
 

Stormwater Network Routing Diagram 
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Design Storm 
Precipitation type: SCS Storm 
SCS storm distribution: Type II 
Rainfall depth: 9.17 in 
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Subbasin Summary 
 

 Subbasin 
ID 

Subbasin 
Area 
(acres) 

Curve 
Number 

Imperv 
Surface 
Area 
(%) 

TOC 
(minutes) 

Average 
Basin 
Slope 
(ft/ft) 

Peak 
Runoff 
(cfs) 

1 Sub-1 4.64 75.51 65.00 16.12 0.0353 37.09 
2 Sub-2 3.53 75.77 65.00 40.32 0.0325 18.57 
3 Sub-3 5.72 77.10 65.00 12.01 0.0431 51.98 
4 Sub-4 4.60 76.82 65.00 11.77 0.0433 41.93 
5 Sub-5 5.17 82.25 65.00 21.69 0.0472 38.99 
6 Sub-6 8.09 72.00 65.00 12.47 0.0445 70.77 
7 Sub-7 2.77 80.13 29.00 7.34 0.0716 25.45 
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Subbasins 
 

Subbasin ID: Sub-1 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 37.09 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.64 acres Total rainfall: 9.17 in 3.55 ac-ft 
Curve number: 75.51 Losses: 1.05 in 0.41 ac-ft 
Impervious surface: 65.00% Precip excess: 8.12 in 3.14 ac-ft 
  Total runoff: 8.12 in 3.14 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.40 8.54 82.00 
C Developed, Open Space 0.12 2.62 76.00 
C Developed, Medium Density 0.84 18.05 90.00 
C Undeveloped, Grassland 3.29 70.78 71.00 
Weighted Average 4.64 100.00 75.51 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.35 50.00 0.0320  0.4000 0.09 Sheet Flow 
6.77 593.65 0.0082  Unpaved 1.46 Shallow Concentrated Flow 

16.12 643.65 Total Lag Time = 9.67 minutes   
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Subbasin ID: Sub-2 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 18.57 cfs Time of peak: 01 Jan 2000, 12:15 
Drainage area: 3.53 acres Total rainfall: 9.17 in 2.70 ac-ft 
Curve number: 75.77 Losses: 1.04 in 0.31 ac-ft 
Impervious surface: 65.00% Precip excess: 8.13 in 2.40 ac-ft 
  Total runoff: 8.13 in 2.39 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 21.59 82.00 
C Developed, Open Space 0.09 2.46 76.00 
C Developed, Medium Density 0.29 8.11 90.00 
C Undeveloped, Grassland 2.30 64.94 71.00 
C Developed, High Density 0.10 2.91 96.00 
Weighted Average 3.53 100.00 75.77 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

36.02 50.00 0.0011  0.4000 0.02 Sheet Flow 
4.30 495.75 0.0142  Unpaved 1.92 Shallow Concentrated Flow 

40.32 545.75 Total Lag Time = 24.19 minutes   
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Subbasin ID: Sub-3 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 51.98 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 5.72 acres Total rainfall: 9.17 in 4.37 ac-ft 
Curve number: 77.10 Losses: 0.98 in 0.47 ac-ft 
Impervious surface: 65.00% Precip excess: 8.19 in 3.90 ac-ft 
  Total runoff: 8.19 in 3.90 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.79 13.83 82.00 
C Developed, Open Space 0.79 13.82 76.00 
C Developed, Medium Density 1.11 19.40 90.00 
C Undeveloped, Grassland 2.98 52.18 71.00 
C Developed, High Density 0.04 0.78 96.00 
Weighted Average 5.72 100.00 77.10 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

7.71 50.00 0.0518  0.4000 0.11 Sheet Flow 
4.30 477.57 0.0132  Unpaved 1.85 Shallow Concentrated Flow 

12.01 527.57 Total Lag Time = 7.21 minutes   
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Subbasin ID: Sub-4 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 41.93 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 4.60 acres Total rainfall: 9.17 in 3.51 ac-ft 
Curve number: 76.82 Losses: 0.99 in 0.38 ac-ft 
Impervious surface: 65.00% Precip excess: 8.18 in 3.13 ac-ft 
  Total runoff: 8.18 in 3.13 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.60 13.03 82.00 
C Developed, Open Space 0.00 0.01 76.00 
C Undeveloped, Grassland 2.94 63.92 71.00 
C Developed, Medium Density 1.06 23.03 90.00 
Weighted Average 4.60 100.00 76.82 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

9.61 50.00 0.0299  0.4000 0.09 Sheet Flow 
2.16 318.76 0.0233  Unpaved 2.46 Shallow Concentrated Flow 

11.77 368.76 Total Lag Time = 7.06 minutes   
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Subbasin ID: Sub-5 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 38.99 cfs Time of peak: 01 Jan 2000, 12:05 
Drainage area: 5.17 acres Total rainfall: 9.17 in 3.95 ac-ft 
Curve number: 82.25 Losses: 0.76 in 0.33 ac-ft 
Impervious surface: 65.00% Precip excess: 8.41 in 3.62 ac-ft 
  Total runoff: 8.41 in 3.62 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.76 14.62 82.00 
C Developed, Open Space 0.19 3.65 76.00 
C Developed, Medium Density 1.57 30.46 90.00 
C Undeveloped, Grassland 1.99 38.49 71.00 
C Developed, High Density 0.05 0.89 96.00 
C Open Water 0.62 11.90 100.00 
Weighted Average 5.17 100.00 82.25 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

17.28 50.00 0.0069  0.4000 0.05 Sheet Flow 
4.41 558.24 0.0171  Unpaved 2.11 Shallow Concentrated Flow 

21.69 608.24 Total Lag Time = 13.01 minutes   
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Subbasin ID: Sub-6 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 70.77 cfs Time of peak: 01 Jan 2000, 12:00 
Drainage area: 8.09 acres Total rainfall: 9.17 in 6.18 ac-ft 
Curve number: 72.00 Losses: 1.20 in 0.81 ac-ft 
Impervious surface: 65.00% Precip excess: 7.97 in 5.37 ac-ft 
  Total runoff: 7.97 in 5.37 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 0.13 1.63 82.00 
C Developed, Open Space 0.83 10.32 76.00 
C Undeveloped, Grassland 6.99 86.49 71.00 
C Developed, Medium Density 0.13 1.56 90.00 
Weighted Average 8.09 100.00 72.00 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

8.85 50.00 0.0367  0.4000 0.09 Sheet Flow 
3.62 623.57 0.0316  Unpaved 2.87 Shallow Concentrated Flow 

12.47 673.57 Total Lag Time = 7.48 minutes   
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Subbasin ID: Sub-7 
Scenario: Post-Dev-100  Depth Volume  
Peak discharge: 25.45 cfs Time of peak: 01 Jan 2000, 11:55 
Drainage area: 2.77 acres Total rainfall: 9.17 in 2.11 ac-ft 
Curve number: 80.13 Losses: 1.72 in 0.40 ac-ft 
Impervious surface: 29.00% Precip excess: 7.45 in 1.72 ac-ft 
  Total runoff: 7.45 in 1.72 ac-ft 
 
Weighted Curve Number Calculations 
Soil Group Land Use Description Area (acres) Area (%) Composite CN 
C Developed, Low Density 1.05 38.06 82.00 
C Open Water 0.02 0.87 100.00 
C Developed, Open Space 0.15 5.27 76.00 
C Developed, Medium Density 0.63 22.92 90.00 
C Undeveloped, Grassland 0.90 32.59 71.00 
C Developed, High Density 0.01 0.29 96.00 
Weighted Average 2.77 100.00 80.13 
 
Time of Concentration (TOC) 

SCS TR-55 TOC Method 
TOC 

(min) 
Length 

(ft) 
Slope 
(ft/ft) 

Hydraulic 
Radius (ft) 

Surface Type/ 
Roughness 

Velocity 
(ft/s) 

Description 

5.84 50.00 0.1041  0.4000 0.14 Sheet Flow 
1.50 212.35 0.0214  Unpaved 2.36 Shallow Concentrated Flow 
7.34 262.35 Total Lag Time = 4.40 minutes   
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Pipes 
 

 Pipe 
ID 

Pipe 
Length 
(ft) 

Pipe 
Slope 
(%) 

Pipe 
Diameter 
(in) 

Manning 
Rough 
ness 

Peak 
Flow 
(cfs) 

Max 
Flow 
Depth 
(in) 

1 Pipe-2 142.28 0.70 36.000 0.0130 127.27 36.00 
2 Pipe-3 60.89 0.82 36.000 0.0130 85.99 36.00 
3 Pipe-4 167.22 2.99 36.000 0.0130 87.64 36.00 
4 Pipe-5 397.61 1.63 27.000 0.0130 48.11 27.00 
5 Pipe-6 261.85 0.95 24.000 0.0130 28.26 24.00 
6 Pipe-7 98.51 0.51 48.000 0.0130 69.73 48.00 
7 Pipe-8 138.83 0.72 36.000 0.0130 69.78 36.00 
8 Pipe-9 266.59 2.25 36.000 0.0130 69.81 30.60 

 
Storage Area Summary 
 

 Storage 
Area 
ID 

Invert 
Elevation 
(ft) 

Peak 
Inflow 
(cfs) 

Peak 
Outflow 
(cfs) 

Initial 
WSEL 
(ft) 

Max 
WSEL 
(ft) 

Max 
Water 
Surface 
Depth 
(ft) 

Max 
Storage 
Volume 
(ac-ft) 

1 Detention Pond 1 774.50 231.17 113.86 774.50 780.42 5.92 6.30 
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Storage Areas 
These are the storage areas that are defined: 
 

Scenario: Post-Dev-100  
Storage Area ID: Detention Pond 1  
Invert elevation: 774.50 ft Maximum Volume Time of Peak 
Initial water surface elevation: 774.50 ft   
Peak inflow: 231.17 cfs 0.00 ac-ft 01Jan2000, 12:00 
Peak outflow: 113.86 cfs 0.00 ac-ft 01Jan2000, 12:20 
Maximum water surface elevation: 780.42 ft   
Maximum water surface depth: 5.92 ft   
Maximum storage volume: 6.30 ac-ft   
Total seepage volume: 0.00 ac-ft   
Minimum water surface elevation: 774.50 ft   
Storage area culvert shape: Circular Number barrels: 1 
Culvert length: 110.88 ft Culvert Manning's: 0.0130 
Diameter/height: 48.00 in Width/span: NA 
Inlet invert elevation: 775.00 ft Outlet invert elevation: 774.20 ft 
Entrance loss coefficient: 0.50 Exit loss coefficient: 1.00 
Culvert slope (H:V): 1 : 0.0072 ft:ft   
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Results Summary 
 

 Drainage 
Network 
Elements 

Element 
Type 

Total 
Contributing 
Upstream 
Drainage Area 
(acres) 

Peak 
Flow 
(cfs) 

1 Detention Pond 1 Storage Area 31.75 113.86 
2 Jun-2 Manhole 18.49 127.80 
3 Jun-3 Manhole 13.90 87.64 
4 Jun-4 Manhole 13.90 87.66 
5 Jun-5 Manhole 8.18 45.66 
6 Jun-6 Manhole 4.64 36.94 
7 Jun-7 Manhole 8.09 69.78 
8 Jun-8 Manhole 8.09 69.81 
9 Junc-9 Manhole 8.09 70.56 
10 Outfall-1 Terminal Outfall 31.75 113.86 
11 Outfall-2 Terminal Outfall 2.77 25.31 
12 Pipe-2 Pipe 18.49 127.27 
13 Pipe-3 Pipe 13.90 85.99 
14 Pipe-4 Pipe 13.90 87.64 
15 Pipe-5 Pipe 8.18 48.11 
16 Pipe-6 Pipe 4.64 28.26 
17 Pipe-7 Pipe 8.09 69.73 
18 Pipe-8 Pipe 8.09 69.78 
19 Pipe-9 Pipe 8.09 69.81 
20 Sub-1 Subbasin 4.64 37.09 
21 Sub-2 Subbasin 3.53 18.57 
22 Sub-3 Subbasin 5.72 51.98 
23 Sub-4 Subbasin 4.60 41.93 
24 Sub-5 Subbasin 5.17 38.99 
25 Sub-6 Subbasin 8.09 70.77 
26 Sub-7 Subbasin 2.77 25.45 
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