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Chapter 4 - Stormwater Hydrology 
 
Stormwater hydrology defines the means and methods to calculating stormwater runoff from a 
designated area.  This section documents the hydrologic practices used to establish design flows 
necessary to prepare the required stormwater peak flow and storage calculations.   
 
4.1 References 
 

Except where more stringent requirements are presented in this Design Manual, stormwater 
hydrology shall comply with state requirements.  The primary design references are:  

 
• VDOT Drainage Manual 
 
• VA SWM Handbook 
 
• BMP Clearinghouse 

 
4.2 Design Frequencies  
  
 4.2.1 General 
 

Design frequencies shall be selected consistent with good engineering practice 
and economics.  The design frequency requirements given in this Design Manual 
are minimum, specific conditions may dictate that less frequent design frequency 
should be used. 

 
4.2.2 Storm Drainage Systems 
 

Storm drainage systems consist of manmade open channels, culverts, and storm 
drains.  Designs shall be based on the following minimum design storm 
frequencies:   
 
Manmade Open Channels:   
 Minor Channel Capacity    10-year 
 Minor Channel Protective Lining   
  (Drainage Area 5 acres or less)  2-year 

Minor Channel Protective Lining   
  (Drainage Area over 5 acres)   10-year 
 Major Channel Capacity    100-year 
 Major Channel Protective Lining   10-year 
  (100-year if potential for catastrophic failure) 
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Culverts: 
 Principal Arterial Roads    25-year 
 Other Roads      10-year 
 
Storm Drains       10-year 

  
All storm drainage designs for open channels, culverts, and storm drains shall be 
checked for the 100-year flow condition where there is the possibility of flooding 
residences, commercial or industrial buildings, overtopping primary roads, 
experiencing significant economic loss, or catastrophic failure.  Where justified 
by the consequences of failure, the minimum design frequency shall be increased. 
 

4.2.3 Stormwater Management Facilities 
 

Designs shall be in accordance with the VA SWM Handbook and BMP 
Clearinghouse. 

 
4.3 Time of Concentration (tc) and Travel Time (Tt) 
 
 4.3.1 General 
 

Time of Concentration (tc) is the length of time required for a drop of water to 
travel from the most hydraulically distant point in the watershed, or subwatershed 
to the point of analysis.  Travel Time (Tt) is the length of time required for that 
same drop of water to travel from the study point at the bottom of the sub-
watershed to the study point at the bottom of the whole watershed.  The travel 
time is descriptive of the sub-watershed by providing its location relative to the 
study point of the entire watershed.  Therefore Time of Concentration is the 
summation of Travel Time values for the various consecutive flow segments.   
 
Travel Time and Time of Concentration generally consist of four flow types- 
overland flow, shallow concentrated flow, channelized flow, and pipe systems.  
Calculations shall be reviewed for reasonableness and the results shall be revised 
if needed to provide a reasonable velocity and flow time that will best represent 
the study area. 
 
When designing a drainage system, the flow path is not necessarily the same 
before and after land disturbing activities have been completed.  Therefore, the 
travel time path shall be reflective of the actual conditions both before and after 
the land disturbing activities. 
 
In some cases, runoff from a portion of the drainage area that is highly impervious 
may result in a greater peak discharge than would occur if the entire area were 
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considered.  In this case, adjustments can be made to the drainage area by 
disregarding those areas where flow time is too slow to add to the peak discharge. 

 
To prevent small drainage areas from skewing the time of concentration 
calculation results, when establishing sub drainage areas for analysis, the largest 
sub drainage area shall be no greater than 5 times the area of the smallest sub 
drainage area. 
 
Time of concentration maps shall include segment lengths, elevations at 
beginning and end of segment, slopes, and flow types. 

 
4.3.2 Overland Flow 
 

Overland flow is flow that occurs at the upper end of a watershed, where flow is 
not concentrated and there are no channels.  The length of overland flow shall be 
reflective of actual conditions and shall normally be no greater than 150 feet.   

 
Where the overland flow does not contain any slopes exceeding 5% AND if the 
soils are not designated as highly erodible, a maximum length of overland flow of 
200 feet may be used.  Highly erodible soils are designated as United States 
Department of Agriculture Natural Resources Conservation Service land 
capability classification (LCC) classes IIIe, IVe, VI, VII, or VIII or having an 
erodibility index greater than or equal to 8.  Overland flow shall be calculated 
using the Seelye chart contained in the Appendix 4A for the Rational Method or 
TR-55 for the SCS Method. Roughness coefficients (Manning’s n) for sheet flow 
can be found in the TR-55 Manual. 

 
 4.3.3 Shallow Concentrated Flow 
 

Shallow concentrated flow is the flow that occurs when minor rivulets form just 
downstream from the overland flow.  The maximum allowable length for shallow 
concentrated flow shall be 1000 feet.   
 
Shallow concentrated flow shall be calculated using the Overland Flow Velocity 
Chart from HEC-19 or by using the nomograph entitled “Time of Concentration 
of Small Drainage Basins,” developed by P.Z. Kirpich.  Copies of the Kirpich 
chart and nomograph are contained in Appendix 4A and shall be used for the 
Rational Method. TR-55 shall be used for the SCS Method. Results from the 
Kirpich nomograph shall be multiplied by 0.2 for paved channels. 

 
 4.3.4 Channelized Flow 
 

Channelized flow occurs where stormwater flow converges in gullies, ditches, and 
natural or man-made water conveyances, including storm drain pipes and culverts.   
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Channelized flow shall be calculated by use of the nomograph entitled “Time of 
Concentration of Small Drainage Basins,” developed by P.Z. Kirpich.  A copy of 
the nomograph is contained in Appendix 4A and shall be used for the Rational 
Method. TR-55 shall be used for the SCS Method. Results from Kirpich 
nomographs shall be multiplied by 0.2 for paved channels. 
 

 4.3.5 Pipe Flow 
 

Pipe flow is the flow that occurs through culverts and storm drains.  Use full-flow 
pipe velocities, unless it may be demonstrated that the pipe will operate at partial 
full conditions.  If it can be shown that the pipe will operate at partial full 
conditions, then the partial full pipe velocity may be used. 
 
Design of flow through culverts is presented in Chapter 6. 
 
Design of flow in storm drain systems is presented in Chapter 7. 

 
4.4 Selection of Methodologies 

 
4.4.1 General 
 

There are a variety of widely used hydrologic methodologies.  Each has its 
strengths and weaknesses.  In the interest of standardizing hydrologic 
calculations, the following methodologies will be used for all projects, unless the 
County agrees that good engineering practice dictates the use of another method. 

 
4.4.2 Peak Discharge Methods for Design of Storm Drainage Systems 
 

The Rational Method may be used to design storm drainage conveyance systems 
for drainage areas up to 200 acres. Minimum time of concentration when using 
the Rational Method is 5 minutes. 
 
The SCS method may be used for drainage areas up to 10 square miles. 
 
For drainage areas greater than 10 square miles, calculations shall be performed 
using at least two separate methods as described in the VDOT Drainage Manual 
(SCS method, regression equations, and/or stream gage data).  The design peak 
flow shall be selected based on a professional evaluation of the results of the 
various methods. 

 
4.4.3 Hydrograph Methods for Design of Stormwater Management Facilities 

 
The modified rational method may be used to design stormwater management 
facilities where drainage areas are less than 20 acres and times of concentration 
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are less than 20 minutes. Minimum time of concentration when using the Rational 
Method is 5 minutes.  Please be aware that DEQ’s VRRM worksheet does not 
support the use of the Rational Method when designing BMPs; therefore, 
Roanoke County recommends using the SCS Method. 
 
The SCS method may be used in all cases.  The SCS method must be used where 
drainage areas are 20 acres or greater, or where times of concentration are 20 
minutes or longer. Minimum time of concentration when using the SCS method is 
6 minutes. 

 
4.5 Methodologies 
 

Following is an abbreviated discussion of each method.  Refer to the VDOT Drainage 
Manual and the VA SWM Handbook for a more complete discussion.   

 
4.5.1 Rational Method 

 
A. General 

 
The Rational Method is expressed as: 
 
Q = CfCIA 
    
Where: 
 Q = Peak flow rate of runoff, cubic feet per second (cfs) 
 Cf = Saturation factor 

C = Runoff coefficient representing a ratio of runoff to rainfall 
(dimensionless) 

I = Average rainfall intensity for a duration equal to the time of 
concentration for a selected return period, inches per hour (in/hr) 

A = Drainage area contributing to the design location, acres (ac) 
 

B. Saturation Factor 
 

The saturation factor (Cf) is an adjustment factor for modifying the runoff 
coefficient (C) for storms that are less frequent than a 10-year recurrence 
interval.  The product of Cf and C should not be greater than 1.0.   

 
Recurrence Interval (Years)   Cf 

 
  2, 5, and 10     1.0 
  25      1.1 
  50      1.2 
  100      1.25 
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Where the product of Cf and C is greater than 1.0, use 1.0. 

 
 

C. Runoff Coefficient 
 

The runoff coefficient (C) is a variable of the Rational Method that requires 
significant judgment and understanding for proper selection.  A range of C-
values for a given land use is given in Appendix 4A. 

 
The coefficient must account for all the factors affecting the relation of peak 
flow to average rainfall intensity other than area adjustment.  Some of these 
factors include land slope, condition of cover, and antecedent moisture 
condition.  

 
As the slope of the drainage basin increases, the selected C-value should also 
increase.  The lower range of C-values should be used where the majority of 
the slopes are less than 2-percent.  The average range of C-values should be 
used where the majority of slopes are 2 to 5-percent.  The higher range of C-
values should be used where the majority of the slopes are greater than 5-
percent. 
 
The higher range of C-values should be used in clayey and other less 
pervious soil areas. 
 

D. Average Rainfall Intensity 
 

See the VA SWM Handbook. An IDF curve file is located on the Roanoke 
County webpage for use with HydroCAD and Hydraflow at 
http://www.roanokecountyva.gov/index.aspx?NID=317  Cf factors are not 
included for Q25 and Q100 in the IDF files and should be accounted for the 
calculations. 

 
E. Drainage Area 

 
Drainage area (DA) is measured in acres and is determined from evaluating a 
topographic map of the area. 

 
 4.5.2 Modified Rational Method 
   

A. General 
 

The Modified Rational Method is a means to generate hydrographs for small 
drainage areas.  The parameters for the calculation are the same as the 

http://www.roanokecountyva.gov/index.aspx?NID=317
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Rational Method, except that a series of average rainfall intensities from 
different storms with the same frequency and different durations are 
computed.  The hydrograph from the critical duration storm is used to design 
stormwater management facilities. 
 
The Modified Rational Method recognizes that the duration of a storm is often 
longer than the time of concentration.  This longer duration storm, even 
though it produces a lower peak Q, can produce a larger volume of runoff than 
the storm duration equal to the actual time of concentration of the drainage 
area.   In order to ensure the proper design of stormwater management 
facilities, the runoff for the critical storm duration shall be used. 

 
B. Hydrograph Assumptions 

 
The hydrograph generated by the Modified Rational Method is based on the 
following assumptions: 

 
• Time of Concentration (tc) = Time to Peak (Tp) = Time to Recede (Tr) 

 
• The length of the critical duration storm (De) is from 0 minutes until 

the time of selected duration. 
 

• The rate of runoff is 0 at time 0 minutes.  The rate of runoff increases 
linearly with time until the peak rate of runoff is reached at time Tp.   
 

• The peak rate of runoff is maintained from time Tp until the duration 
of the storm (De).  The rate of runoff then decreases to 0 at time De 
plus Tr. 
 

• The peak rate of runoff is based on the average rainfall intensity (I) for 
the given storm duration. 

 
C. Critical Duration Storm 

 
The critical duration storm is the storm of a given frequency that has a 
duration that yields the greatest volume of storage in a stormwater 
management facility when the storm hydrograph is routed through the 
stormwater management facility.  The critical duration storm may be 
estimated for preliminary purposes; however, the actual critical duration 
storm must be determined by routing the various duration storm hydrographs 
through the stormwater management facility and demonstrating which storm 
duration gives the greatest volume of storage. 
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4.5.3 SCS Method 
 

A. General 
 

The SCS Method may be used for computing peak flows and hydrographs for 
storms of selected return frequencies.  This approach considers the time 
distribution of the rainfall, the initial rainfall losses to interception and 
depression storage and an infiltration rate that decreases during the course of a 
storm.  The information required to use the SCS Method to determine the peak 
rate of runoff, or to develop a runoff hydrograph is: 

 
• 24-hour total rainfall, and rainfall distribution type. The 24 hour 

precipitation rate is based upon NOAA values at the Roanoke Airport. 
These values can be found on Roanoke County’s website or NOAA’s 
website.   

 
• Time of Concentration (tc) in minutes, rounded up to the nearest whole 

minute; 
 
• Curve Number (CN), which is determined by Cover Types and 

Hydrologic Soils Groups; and 
 
• Drainage Area (A) in acres. 

 
If the drainage basin is over 20 acres, or if it contains areas of different land 
uses, the drainage basin should be divided into sub-basins.  Each sub-basin 
should have similar land uses.  When sub-basins are used, the following 
information is required to use the SCS Method to determine the peak rate of 
runoff, or to develop a runoff hydrograph: 

 
• 24-hour total rainfall, and rainfall distribution type. The 24 hour 

precipitation rate is based upon NOAA values at the Roanoke Airport.  
 
• Time of Concentration (tc) in minutes for each sub-basin, rounded up 

to the nearest whole minute; 
 
• Curve Number (CN), which is determined by Cover Types and 

Hydrologic Soils Groups, for each sub-basin; 
 
• Drainage Area (A) in acres, for each sub-basin; and 
 
• Travel Time (Tt) of the flow from each sub-basin as it flows through 

downstream sub-basins. 
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If the SCS Method is being used to design a stormwater management facility, 
the following additional information is required to rout the runoff hydrograph 
through the facility and to generate an outflow hydrograph: 

 
• Elevation – Storage Relationship 
 
• Elevation – Discharge Relationship 

 
 

B. 24-hour Rainfall and Distribution 
 

The 24-hour rainfall is determined by NOAA precipitation amounts for 
Roanoke Airport.   

 
C. Curve Number 

 
The SCS method uses a combination of soil conditions and land use (ground 
cover) to assign a runoff factor to an area.  These runoff factors, or runoff 
curve numbers (CN), indicate the runoff potential of an area.  The CN requires 
significant judgment and understanding for proper selection.  A table 
containing CNs for various cover types and soils conditions is contained in 
Appendix 4A.   
 
When calculating existing rates of runoff (pre-construction), assume that all 
cover types are in good hydrologic condition. 
 
Hydrologic Soils Groups (HSG) include types A, B, C, and D, with type A 
being the most permeable and type D the least permeable.  Appendix 4B 
includes a listing of most soil names with their respective hydrologic soils 
types.  Urban/udorthents soils shall be considered a Type D soil for design 
purposes.  Soils maps for the Roanoke Valley may be obtained by referring to 
USDA web soil survey.  Colored soil maps with support HSG documentation 
shall be included in the calculations packet 

 
D. Drainage Area 

 
Drainage areas for each sub-basin should be identified on an appropriate 
topographic map.   

 
E. Elevation – Storage Relationship 

 
When runoff hydrographs are being routed through a stormwater management 
facility, the relationship between the elevation (or depth) of stored water in the 

http://soils.usda.gov/
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facility and storage volume needs to be known and input into the calculation.  
Often this information is obtained by determining the pond area bounded by 
contour lines on a grading plan.  Enough data pairs (elevation – storage) must 
be provided to properly model conditions at transition points. 

 
F. Elevation – Discharge Relationship 
 

When runoff hydrographs are being routed through a stormwater management 
facility, the relationship between the elevation (or depth) of stored water in the 
facility and the discharge flow rate from the facility needs to be known and 
input into the calculation.  The development of this relationship requires an 
understanding of the design conditions and underlying hydraulic principles.  
The hydraulic principals and equations governing the discharge rate will often 
change several times at varying elevations.  These include weir flow, orifice 
flow, culvert inlet control, culvert outlet control, open channel flow, and 
possible effects from downstream backwater. 

 
4.7 Drainage Area Analysis 

 
To prevent the undersizing of stormwater management components, upstream 
properties conditions shall be considered in the drainage area analysis.  Stream 
channel and improvements to any conveyance system shall be analyzed. 

 
When the drainage of a project leaves the site at multiple locations, the discharges 
at each location must be evaluated and addressed separately.”
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APPENDIX 4A 
 
DESIGN AIDS 
 
FROM CHAPTER 6, VDOT DRAINAGE MANUAL 
 
 
Overland Flow Nomagraph – Seelye 
 
Overland Flow Velocity 
 
Time of Concentration for Small Drainage Basins – Kirpich 
 
Average Velocities for Estimating Travel Time for Shallow Concentrated Flow 
 
Rational Method Runoff Coefficients 
 
Runoff Curve Numbers for Urban Areas 
 
Runoff Curve Numbers for Cultivated Agricultural Areas 
 
Runoff Curve Numbers for Other Agricultural Areas 
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OVERLAND FLOW – SEELYE 
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OVERLAND FLOW VELOCITY 
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TIME OF CONCENTRATION - KIRPICH 
(Note: Multiply Tc by 0.2 for Paved Channels) 
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AVERAGE VELOCITIES FOR ESTIMATING 
TRAVEL TIME FOR SHALLOW CONCENTRATED FLOW 
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RATIONAL METHOD – RUNOFF COEFFICIENTS 
 
 
Description of Area 

 
Runoff Coefficients 

Business: Industrial and Commercial 0.80-0.90 
Apartments and Townhomes 0.65-0.75 
Schools 0.50-0.60 
Residential    - Lots 10,000 sf 0.40-0.50 
                      - Lots 12,000 sf 0.40-0.45 
                      - Lots 17,000 sf 0.35-0.45 
                      - Lots ≥ ½ acre 0.30-0.40 
Parks, Cemeteries, and Unimproved Areas 0.20-0.35 
Paved and Roof Areas 0.90 
Gravel 0.90 
Pervious Pavement Varies** 
Cultivated Areas 0.50-0.70 
Pasture 0.35-0.45 
Lawns 0.25-0.35 
Forest 0.20-0.30 
Steep Grass (2:1) * 0.40-0.70 
Shoulder and Ditch Areas * 0.35-0.50 

 
Comments: 
 
1. The lowest range of runoff coefficients may be used for flat areas (areas where the majority of 
the grades and slopes are 2% and less). 
 
2. The average range of runoff coefficients should be used for intermediate areas (areas where 
the majority of the grades and slopes are from 2% to 5%). 
 
3. The highest range of runoff coefficients shall be used for steep areas (areas where the majority 
of the grades are greater than 5%), for cluster areas, and for development in clay soil areas. 
 
4. The residential runoff coefficients include impervious and pervious amounts in the coefficient. 
 
* Lower runoff coefficients should be used for permanent or established conditions (post-
construction), i.e. sizing stormwater management basins. 
 
* Higher runoff coefficients should be used to design roadside ditch linings (construction).  The 
design considers the ditch lining as not yet established. 
 
** Based upon Manufacturer’s recommendation and BMP Clearinghouse specifications. 
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RUNOFF CURVE NUMBERS FOR URBAN AREAS 
 
 

 
 
Cover type and hydrologic condition 

Soil Group 
A B 

 
C D 

Open space (lawns, parks, golf courses, cemeteries):     
    Poor condition (grass cover < 50%) 68 79 86 89 
    Fair condition (grass cover 50% to 75%) 49 69 79 84 
    Good condition (grass cover > 75%) 39 61 74 80 
Impervious areas:     
    Paved parking lots, roofs, driveways (excluding right-of-way) 98 98 98 98 
Streets and roads:     
    Paved; curbs and storm drains (excluding right-of-way) 98 98 98 98 
    Paved; open ditches (including right-of-way) 83 89 92 93 
    Gravel (including right-of-way) 76 85 89 91 
    Dirt (including right-of-way) 72 82 87 89 
Urban districts:     
    Commercial and business (85% average impervious area) 89 92 94 95 
    Industrial (72% average impervious area) 81 88 91 93 
Residential districts by average lot size:     
    0.10 or less, town houses (65% average impervious area) 77 85 90 92 
    ¼ acre (38% average impervious area) 61 75 83 87 
    1/3 acre (30% average impervious area) 57 72 81 86 
    ½ acre (25% average impervious area) 54 70 80 85 
    1 acre (20% average impervious area) 51 68 79 84 
    2 acre (12% average impervious area) 46 65 77 82 
Developing urban areas:     
    Newly graded areas (pervious areas only, no vegetation) 77 86 91 94 
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RUNOFF CURVE NUMBERS FOR  
CULTIVATED AGRICULTURAL AREAS 
 

Cover 
type 

Treatment Hydrologic 
condition 

Soil Group 
A B C D 

Fallow Bare soil --- 77 86 91 94 
 Crop residue Poor 76 85 90 93 
 Cover (CR) Good 74 83 88 90 
Row Crops Straight Row (SR) Poor 72 81 88 91 
  Good 67 78 85 89 
 SR and CR Poor 71 80 87 90 
  Good 64 75 82 85 
 Contoured (C) Poor 70 79 84 88 
  Good 65 75 82 86 
 C and CR Poor 69 78 83 87 
  Good 64 74 81 85 
 Contoured & Terraced Poor 66 74 80 82 
   (C & T) Good 62 71 78 81 
 C&T and CR Poor 65 73 79 81 
  Good 61 70 77 80 
Small Grain SR Poor 65 76 84 88 
  Good 63 75 83 87 
 SR and CR Poor 64 75 83 86 
  Good 60 72 80 84 
 C Poor 63 74 82 85 
  Good 61 73 81 84 
 C and CR Poor 62 73 81 84 
  Good 60 72 80 83 
 C&T Poor 61 72 79 82 
  Good 59 70 78 81 
 C&T and CR Poor 60 71 78 81 
  Good 58 69 77 80 
Close-seeded SR Poor 66 77 85 89 
or broadcast  Good 58 72 81 85 
Legumes or  C Poor 64 75 83 85 
rotation  Good 55 69 78 83 
Meadow C&T Poor 63 73 80 83 
  Good 51 67 76 80 

  
Comments:  
Crop residue cover (CR) applies only if residue is on at least 5% of the surface throughout the year. 
Poor = Factors impair infiltration and tend to increase runoff 
Good = Factors encourage average and better than average infiltration and tend to decrease runoff. 
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RUNOFF CURVE NUMBERS FOR  
OTHER AGRICULTURAL AREAS 
 

Cover 
type 

Hydrologic 
condition 

Soil Group 
A B C D 

Pasture1, grassland, or range-
continuous forage for grazing 

Poor 68 79 86 89 
Fair 49 69 79 84 
Good 39 61 74 80 

Meadow – continuous grass, 
protected from grazing and 
generally mowed for hay 

 30 58 71 78 

Brush2 – brush-weed-grass mixture 
with brush as the major element 

Poor 48 67 77 83 
Fair 35 56 70 77 
Good 30 48 65 73 

Woods – grass combination 
(orchard or tree farm) 

Poor 57 73 82 86 
Fair 43 65 76 82 
Good 32 58 72 79 

Woods3 Poor 45 66 77 83 
Fair 36 60 73 79 
Good 30 55 70 77 

Farmsteads – buildings, lanes, 
driveways, and surrounding lots 

 59 74 92 86 

  
Comments:  
 
Pasture Poor < 50% ground cover or heavily grazed with no mulch 
Fair 50% to 75% ground cover and not heavily grazed 
Good > 75% ground cover and lightly or only occasionally grazed 
 
Brush   Poor < 50% ground cover 
Fair 50% to 75% ground cover 
Good > 75% ground cover 
 
Woods Poor – Forest litter, small trees and brush are destroyed by heavy grazing or regular 
burning 
Fair – Woods grazed but not burned, and some forest litter covers the soil 
Good – Woods protected from grazing, litter and brush adequately cover soil 
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APPENDIX 4B 
DESIGN AIDS 
 
FROM CHAPTER 4, VA SWM HANDBOOK 
 
 
Rational Equation Coefficients for SCS Hydrological Soil Groups, Urban Land Uses 
 
Rational Equation Coefficients for SCS Hydrological Soil Groups, Rural and Agricultural Uses 
 
Roughness Coefficient “n” for Manning Equation – Sheet Flow 
 
Roughness Coefficient “n” for Manning Equation – Pipe Flow 
 
Roughness Coefficient “n” for Manning Equation – Constructed Channels 
 
Roughness Coefficient “n” for Manning Equation – Natural Stream Channels 
 
Hydrologic Soils Names in Virginia (7 sheets) 
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RATIONAL EQUATION COEFFICIENTS 
FOR SCS HYDROLOGIC SOIL GROUPS (A, B, C, D)  
URBAN LAND USES 
 
 

STORM FREQUENCIES OF LESS THAN 25 YEARS 
Land Use Hydrologic 

condition 
Hydrologic Soil Group/Slope 
A B C D 
0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 

Paved Areas and Impervious Surfaces  0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 
Open Space, Lawns, etc Good 0.08 0.12 0.15 0.11 0.16 0.21 0.14 0.19 0.24 0.20 0.24 0.28 
Industrial  0.67 0.68 0.68 0.68 0.68 0.69 0.68 0.69 0.69 0.69 0.69 0.70 
Commercial  0.71 0.71 0.72 0.71 0.71 0.72 0.72 0.72 0.72 0.72 0.72 0.72 
Residential 
  Lot size 1/8 acre 

 0.25 0.28 0.31 0.27 0.30 0.35 0.30 0.33 0.38 0.33 0.36 0.42 

  Lot size ¼ acre  0.22 0.26 0.29 0.24 0.29 0.33 0.27 0.31 0.36 0.30 0.34 0.40 
  Lot size 1/3 acre  0.19 0.23 0.26 0.22 0.26 0.30 0.25 0.29 0.34 0.28 0.32 0.39 
  Lot size ½ acre  0.16 0.20 0.24 0.19 0.23 0.28 0.22 0.27 0.32 0.26 0.30 0.37 
  Lot size 1 acre  0.14 0.19 0.22 0.17 0.21 0.26 0.20 0.25 0.31 0.24 0.29 0.35 
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4B-3 

RATIONAL EQUATION COEFFICIENTS 
FOR SCS HYDROLOGIC SOIL GROUPS (A, B, C, D)  
RURAL AND AGRICULTURAL LAND USES 
 
 

STORM FREQUENCIES OF LESS THAN 25 YEARS 
Land Use Treatment/ 

Practice 
Hydrologic 
condition 

Hydrologic Soil Group/Slope 
A B C D 
0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 

Pasture 
or Range 

Non-contoured Good 0.07 0.09 0.10 0.18 0.20 0.22 0.27 0.29 0.31 0.32 0.34 0.35 

 Contoured Good 0.03 0.04 0.06 0.11 0.12 0.14 0.24 0.26 0.28 0.31 0.33 0.34 
Meadow   0.06 0.08 0.10 0.10 0.14 0.19 0.12 0.17 0.22 0.15 0.20 0.25 
Wooded  Good 0.05 0.07 0.08 0.08 0.11 0.15 0.10 0.13 0.17 0.12 0.15 0.21 
Fallow Straight Row  0.41 0.48 0.53 0.60 0.66 0.71 0.72 0.78 0.82 0.84 0.88 0.91 

Row Crops 

Straight Row Good 0.24 0.30 0.35 0.43 0.48 0.52 0.61 0.65 0.68 0.73 0.76 0.78 
Contoured Good 0.21 0.26 0.30 0.41 0.45 0.49 0.55 0.59 0.63 0.63 0.66 0.68 
Contoured and 
Terraced 

Good 0.20 0.24 0.27 0.31 0.35 0.39 0.45 0.48 0.51 0.55 0.58 0.60 

Small Grain 

Straight Row Good 0.23 0.26 0.29 0.42 0.45 0.48 0.57 0.60 0.62 0.71 0.73 0.75 
Contoured Good 0.17 0.22 0.27 0.33 0.38 0.42 0.54 0.58 0.61 0.62 0.65 0.67 
Contoured and 
Terraced 

Good 0.16 0.20 0.24 0.31 0.35 0.38 0.45 0.48 0.50 0.55 0.58 0.60 

Closed-seeded Legumes 
Or Rotation Meadow 

Straight Row Good 0.15 0.19 0.23 0.31 0.35 0.38 0.55 0.58 0.60 0.63 0.65 0.66 
Contoured Good 0.14 0.18 0.21 0.30 0.34 0.37 0.45 0.48 0.51 0.58 0.60 0.61 
Contoured and 
Terraced 

Good 0.07 0.10 0.13 0.28 0.32 0.35 0.44 0.47 0.49 0.52 0.54 0.56 
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ROUGHNESS COEFFICIENT “n” 
FOR MANNING EQUATION – SHEET FLOW 
 

Surface Description n 
Smooth Surfaces (Concrete, 
Asphalt, Gravel, or Bare Soil) 

0.011 

  
Fallow  (no residue) 0.05 
  
Cultivated Soils:  
     Residue Cover < 20% 0.06 
     Residue Cover > 20% 0.17 
  
Grass:  
     Short Grass Prairie 0.15 
     Dense Grasses 0.24 
     Bermuda Grass 0.41 
  
Range (Natural) 0.13 
  
Woods:  
     Light Underbrush 0.40 
     Dense Underbrush 0.80 
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ROUGHNESS COEFFICIENT “n” 
FOR MANNING EQUATION – PIPE FLOW 
 

Material “n” Range 
From To 

   
Coated Cast Iron 0.010 0.014 
   
Uncoated Cast Iron 0.011 0.015 
   
Vitrified Sewer Pipe 0.010 0.017 
   
Concrete Pipe 0.013  
   
Common Clay Drainage Tile 0.011 0.017 
   
Corrugated Metal (2 2/3 x ½) 0.023 0.026 
   
Corrugated Metal (3x1 and 6x1) 0.026 0.029 
   
Corrugated Metal (6x2 structural plate) 
 
HDPE 

0.030 
 
0.012 

0.033 
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ROUGHNESS COEFFICIENT “n” 
FOR MANNING EQUATION – CONSTRUCTED CHANNEL 
 

Lining Material “n” Range 
From To 

   
Concrete Lined 0.012 0.016 
   
Cement Rubble 0.017 0.025 
   
Earth, Straight and Uniform 0.017 0.022 
   
Rock Cuts, Smooth and Uniform 0.025 0.033 
   
Rock Cuts, Jagged and Irregular 0.035 0.045 
   
Winding, Sluggish Canals 0.022 0.027 
   
Dredged Earth Channels 0.025 0.030 
   
Canals with Rough Stony Beds, 0.025 0.035 
    Weeds on Earth Banks   
   
Earth Bottom, Rubble Sides 0.028 0.033 
   
Small Grass Channels:   
    Long Grass – 13” 0.042  
    Short Grass – 3” 0.034  
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ROUGHNESS COEFFICIENT “n” 
FOR MANNING EQUATION – NATURAL STREAM CHANNEL 
 

Channel Lining “n” Range 
From To 

   
1. Clean, Straight Bank, Full Stage 0.025 0.030 
    No Rifts or Deep Pools   
   
2. Same as #1, Some Weeds and Stones 0.030 0.035 
   
3. Winding, Some Pools and Shoals, 0.033 0.040 
    Clean   
   
4. Same as #3, Lower Stages, More  0.040 0.050 
    Ineffective Slope and  Sections   
   
5. Same as #3, Some Weeds and Stones 0.035 0.045 
   
6. Same as #4, Stony Sections 0.045 0.055 
   
7. Sluggish River Reaches, Rather 0.050 0.070 
    Weedy with Very Deep Pools   
   
8. Very Reedy Reaches 0.075 0.125 
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APPENDIX 4C 
 
INFORMATION FROM VDOT 
HYDRAULIC DESIGN ADVISORIES 
 
 
Rainfall Intensities (inches/hour) for the Roanoke Valley (Based on VDOT HDA 05-03) 
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Note: For use with the Rational Method only.  Use NOAA precipitation chart for SCS Method. 
 

5 10 15 20 25 30 35 40 45 60 75 90 105 120
2 4.39 3.51 2.94 2.54 2.24 2.01 1.82 1.67 1.54 1.26 1.07 0.94 0.83 0.75

5 5.33 4.29 3.62 3.14 2.79 2.52 2.30 2.12 1.96 1.63 1.40 1.23 1.10 1.00

10 6.04 4.91 4.18 3.66 3.26 2.96 2.71 2.51 2.34 1.96 1.69 1.50 1.35 1.23

25 6.78 5.49 4.68 4.11 3.69 3.36 3.10 2.88 2.70 2.28 2.00 1.79 1.63 1.50

50 7.37 5.96 5.09 4.49 4.04 3.70 3.42 3.19 3.00 2.56 2.26 2.04 1.87 1.73

100 8.08 6.49 5.56 4.92 4.46 4.10 3.81 3.57 3.37 2.92 2.61 2.37 2.19 2.04

Storm Duration (min)

RAINFALL INTENSITY (IN/HR) 

St
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FOR THE ROANOKE VALLEY

 
 
Table based on VDOT Hydraulic Design Advisory HAD 05-03 
 
If = B / (tc + D)E where: 
 
If = Rainfall intensity for a given recurrence interval, f, in inches per hour 
 
tc = Watershed time of concentration (assumed to equal the storm duration), in minutes 
B,D,E = As taken from HDA 05-03 table for [Roanoke] [Roanoke (city)] based on the 
designated storm frequency. 
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