Runoff
Runoff starts when the rainfall rate exceeds the rate of infiltration. For lumped models rainfall volume can be obtained by integrating the rainfall excess:
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Where Q is the runoff volume, i is the rainfall rate, and f is the infiltration rate. Various methods have been developed to determine flow volumes, peak flow rates, and runoff hydrographs.  These methods work reasonably well for hydrologic models, but are less effective for water quality models, since sediment or chemical concentrations are dependent on flow path. 

Estimating Runoff Volume
SCS (NRCS) Curve Number Method  
In this method, the total rainfall is separated into three components as shown below,
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Ia is the initial abstraction before ponding (in),

P is the cumulative rainfall (in)
Q is the runoff (in)
Q is estimated from the following relationships:
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Where S = maximum soil water storage potential (in) and is given by
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Values of CN, the Curve Number, have been established for various situations.

Average coefficients are calculated for composite areas:
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where Ci is the coefficient applicable to the area Ai.  
Adjusting for Antecedent Moisture
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	Rainfall Groups for Antecedent Soil Moisture Conditions during Growing and Dormant Seasons 

	Antecedent Condition
	Description
	Growing Season 

5-Day Antecedent Rainfall
	Dormant Season 

5-Day Antecedent Rainfall

	Dry AMC I
	An optimum condition of watershed soils, where soils are dry but not to the wilting point, and when satisfactory plowing or cultivation takes pace 
	Less than 1.4 in. or 35 mm
	Less than 0.05 in. or 12 mm

	Average AMC II
	The average case for annual floods 
	1.4 in. to 2 in. or 

35 to 53 mm
	0.5 to 1 in. or 

12 to 28 mm

	Wet AMC III
	When a heavy rainfall, or light rainfall and low temperatures, have occurred during the five days previous to a given storm 
	Over 2 in. or 53mm
	Over 1 in. or 28 mm


	Land Use Description on Input Screen
	Curve Numbers from TR-55 (Urban Hydrology)

	
	Cover Description
	Curve Number for Hydrologic Soil Group

	
	Cover Type and Hydrologic Condition
	% Impervious Areas
	A
	B
	C
	D

	Agricultural
	Row Crops - Staight Rows + Crop Residue Cover- Good Condition (1) 
	 
	64
	75
	82
	85

	Commercial
	Urban Districts: Commerical and Business
	85
	89
	92
	94
	95

	Forest
	Woods(2) - Good Condition 
	 
	30
	55
	70
	77

	Grass/Pasture
	Pasture, Grassland, or Range(3) - Good Condition
	 
	39
	61
	74
	80

	High Density Residential
	Residential districts by average lot size: 1/8 acre or less 
	65
	77
	85
	90
	92

	Industrial
	Urban district: Industrial
	72
	81
	88
	91
	93

	Low Density Residential
	Residential districts by average lot size: 1/2 acre lot
	25
	54
	70
	80
	85

	Open Spaces
	Open Space (lawns, parks, golf courses, cemeteries, etc.)(4) Fair Condition (grass cover 50% to 70%)
	 
	49
	69
	79
	84

	Parking and Paved Spaces
	Impervious areas: Paved parking lots, roofs, drivesways, etc. (excluding right-of-way)
	100
	98
	98
	98
	98

	Residential 1/8 acre
	Residential districts by average lot size: 1/8 acre or less 
	65
	77
	85
	90
	92

	Residential 1/4 acre
	Residential districts by average lot size: 1/4 acre
	38
	61
	75
	83
	87

	Residential 1/3 acre
	Residential districts by average lot size: 1/3 acre
	30
	57
	72
	81
	86

	Residential 1/2 acre
	Residential districts by average lot size: 1/2 acre
	25
	54
	70
	80
	85

	Residential 1 acre
	Residential districts by average lot size: 1 acre
	20
	51
	68
	79
	84

	Residential 2 acres
	Residential districts by average lot size: 2 acre
	12
	46
	65
	77
	82

	Water/ Wetlands
	 
	0
	0
	0
	0
	0


	Runoff curve numbers for hydrologic soil cover
	Hydrologic Soil Group

	Land Use
	Treatment or Practice
	Hydrologic Condition
	A
	B
	C
	D

	Fallow
	Straight Row
	---
	77
	86
	91
	94

	Row Crops
	Straight Row
	Poor
	72
	81
	88
	91

	
	
	Good
	67
	78
	85
	89

	
	Contoured
	Poor
	70
	79
	84
	88

	
	
	Good
	65
	75
	82
	86

	
	Terraced
	Poor
	66
	74
	80
	82

	
	
	Good
	62
	71
	78
	81

	Small Grain
	Straight Row
	Poor
	65
	76
	84
	88

	
	
	Good
	63
	75
	83
	87

	
	Contoured
	Poor
	63
	74
	82
	85

	
	
	Good
	61
	73
	81
	84

	
	Terraced
	Poor
	61
	72
	79
	82

	
	
	Good
	59
	70
	78
	81

	Close-seeded Legumes or Rotation Meadow
	Straight Row
	Poor
	66
	77
	85
	89

	
	
	Good
	58
	72
	81
	85

	
	Contoured
	Poor
	64
	75
	83
	85

	
	
	Good
	55
	69
	78
	83

	
	Terraced
	Poor
	63
	73
	80
	83

	
	
	Good
	51
	67
	76
	80

	Pasture or Range
	Natural
	Poor
	68
	79
	86
	89

	
	
	Fair
	49
	69
	79
	84

	
	
	Good
	39
	61
	74
	80

	
	Contoured
	Poor
	47
	67
	81
	88

	
	
	Fair
	25
	59
	75
	83

	
	
	Good
	6
	35
	70
	79

	Meadow
	Natural
	Good
	30
	58
	71
	78

	Woods
	Natural
	Poor
	45
	66
	77
	83

	
	
	Fair
	36
	60
	73
	79

	
	
	Good
	25
	55
	70
	77

	Farmsteads
	---
	---
	59
	74
	82
	86

	Roads
	(dirt)
	---
	72
	82
	87
	89

	
	(hard surface)
	---
	74
	84
	90
	92


Definition of SCS Hydrologic Soil Groups:

3.4 Definition of SCS Hydrologic Soil Groups:

( The SCS has classified more than 4000 soils into four hydrologic soil groups (HSG) according to their minimum infiltration rate obtained for bare soil after prolonged wetting.


Soil Group

Description



      Final Infiltration

Soil









         Rate (mm/h)
        Texture


      A

Lowest runoff potential.  Includes deep

8-12

sand,



sands with very little silt and clay, also



loamy sand,



deep, rapidly permeable loess.




sandy loam

      B

Moderately low runoff potential.  Mostly

4-8

silt loam,



sandy soils less deep than A, and loess less



loam



deep or less aggregated than A, but the group



as a whole has above-average infiltration



after thorough wetting

      C

Moderately high runoff potential.  Comprises
1-4

sandy clay



shallow soils and soils containing considerable


loam



clay and colloids, though less than those of group



D.  The group has below-average infiltration after



presaturation.

      D

Highest runoff potential.  Includes mostly clays of
0-1

clay loam,



high swelling percent, but the group also includes


silty clay



some shallow soils with nearly impermeable



loam,



subhorizons near the surface.





sandy clay,












silty clay,












clay
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Estimating Peak Discharge

When water entering an area is more than what can be transmitted or routed by established watercourses, flooding occurs.  Generating hydrographs from big storms becomes the job of flood prediction.  We use the word prediction because we still deal with probabilities of events.

Some of the reasons we study runoff peaks and volumes are:

· To quantify the volume and rate of water to be handled by water management facilities

· To predict soil erosion and transport of surface pollutants

· To identify critical non-point source pollution areas

Peak Discharge –  The maximum volume flow rate passing a particular location during a storm event.  Peak discharge has units of volume/time (e.g. ft3/sec, m3/sec, acre-feet/hour).

The peak discharge is a primary design variable for the design of stormwater runoff facilities such as pipe systems, storm inlets and culverts, and small open channels.  It is also used for some hydrologic planning such as small detention facilities in urban areas.

There have been many different approaches for determining the peak runoff from an area.  As a result many different models (equations) for peak discharge estimation have been developed.

Ideally, we would like to have a 30-year flood record available at every site where a peak discharge estimate is needed for design work.  If such data were always available, then a frequency analysis of the flood record could be used to characterize the flood potential at the site of the design work.

More often than not, flood records are rarely available where peak discharge estimates are needed for design work.  Therefore, it is necessary to use either a prediction method that was developed from flood frequency analyses of gaged data in the region or an uncalibrated prediction equation that was designed for use at ungaged sites.

.

Rational Method 
The most widely used uncalibrated equation is the Rational Method.  Mathematically, the rational method relates the peak discharge (q, m3/sec) to the drainage area (A, ha), the rainfall intensity (i, mm/hr), and the runoff coefficient (C).

 SI Units


q = 0.0028CiA



Where  q = design peak runoff rate in m3/s





C = the runoff coefficient

i = rainfall intensity in mm/h for the design return period and for a duration equal to the “time of concentration” of the watershed.


English Units


q = CiA




Where q – ft3/sec






i = rainfall intensity (in/hr) 






A = watershed area in acres

C = runoff coefficient, ratio of the peak runoff rate to the rainfall intensity, dimensionless

To use the rational method there are a few assumptions.  

· Rainfall intensity and duration is uniform over the area of study
· Storm duration must be equal to or greater than the time of concentration of the watershed.  

Time of Concentration (T​c)

Definition – The time required for water to flow from the most remote (in time of flow) point of the area to the outlet once the soil has become saturated and minor depressions filled.  It is assumed that when the duration of the storm equals the time of concentration, all parts of the watershed are contributing simultaneously to the discharge at the outlet.  There are several methods for computing time of concentration.  Two of the most popular methods are the Kirpich equation and the SCS lag formula.  

Kirpich Formula



Tc = 0.0078 L0.77S-0.385
where
Tc  =  time of concentration in minutes.


L   =  maximum length of flow (ft)
S   =  the watershed gradient (ft/ft )or the difference in elevation between the outlet and the most remote point divided by the length L.

SCS Lag Formula

Tc = 0.00526 L0.8(1000/CN – 9)0.7 S-0.5

 where L = watershed length (ft)



S = watershed slope (ft/ft)



CN = curve number

Rational Method Runoff Coefficients
The rational method uses runoff coefficients in the same fashion as the SCS curve number method for estimating runoff volume.   Below are several tables for different land conditions.

Runoff Coefficient C for Agricultural Watersheds [Soil Group B] (Schwab et al., 1993).


Crop and Hydrologic

Coefficient C for Rainfall Rates of


Condition


25 mm/h

100 mm/h

200 mm/h


Row crop, poor practice

  0.63


  0.65


   0.66

Row crop, good practice

  0.47


  0.56


   0.62

Small grain, poor practice
  
  0.38


  0.38


   0.38

Small grain, good practice
  
  0.18


  0.21


   0.22

Meadow, rotation, good

  0.29


  0.36


   0.39

Pasture, permanent, good

  0.02


  0.17


   0.23

Woodland, mature, good

  0.02


  0.10


   0.15

C Factor Conversion Factors for Hydrologic Soil Groups A, C, and D.


Crop and Hydrologic

Factors for Converting C from Group B Soils to


Condition


Group A

Group C

Group D


Row crop, poor practice

  0.89


  1.09


   1.12

Row crop, good practice

  0.86


  1.09


   1.14

Small grain, poor practice
  
  0.86


  1.11


   1.16

Small grain, good practice
  
  0.84


  1.11


   1.16

Meadow, rotation, good

  0.81


  1.13


   1.18

Pasture, permanent, good

  0.64


  1.21


   1.31

Woodland, mature, good

  0.45


  1.27


   1.40

Average coefficients are calculated for composite areas:
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where Ci is the coefficient applicable to the area Ai.  
SCS Triangular Hydrograph Method

In this method, peak runoff is determined using the curve number approach.  The assumption of uniform rainfall still applies.  The hydrograph takes on a triangular shape with equal peak and flow volume as in the rational method.  This can be seen below.
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Rainfall and runoff with assumptions (a) for the rational equation and (b) for
the Soil Conservation Service triangular hydrograph method of runoff estimation.




 

Peak runoff rate is calculated by 




q = 0.0021QA/Tp



where
Q = runoff volume in mm depth (from the curve number)




 q = runoff rate in m3/s




A = watershed area in ha.




Tp = time of peak in hours

In this method, the “time to peak” does not equal the time of concentration as in the rational method, in this method time to peak Tp equals




Tp = D/2 + TL = D/2 + 0.6Tc


Where Tp = time to peak (hours)




D  = duration of excess rainfall




TL = time of lag




Tc = time of concentration

It is assumed that the total time of flow is 2.67 Tp and the recession time of the hydrograph is 1.67 Tp.   

Time of concentration is calculated using the SCS Lag formula discussed earlier
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