











APPENDIX C



Methodology and Design Example for the Modified Rational Hydrograph Method 



Methodology and Design Example for the Modified Rational Hydrograph Method Revised effective date

C.1	Description

The rational method is a popular method for estimating peak runoff rates for small urban areas.  The rational formula is expressed as:

	QP = C I A	(C.1-1)

		where:	QP =	Peak runoff rate (cfs)
			C =	Runoff coefficient
			I =	Rainfall intensity (in/hr)
			A =	Drainage area (acres)

		Values for the runoff coefficient (C) are contained in Table C.1-1.  The intensity (I) 			is determined from intensity-duration-frequency (IDF) curves such as those 				published by the FDOT (1987a).  The rational method gives peak discharge rates 			rather than a runoff hydrograph. 

Table C.1-1	Runoff Coefficients (C) for a Design Storm Return Period of Ten Years or Less1

	
	
	Sandy Soils
	Clay Soils

	Slope
	Land Use
	Min.
	Max.
	Min.
	Max.

	Flat (0-2%)
	Lawns
	0.05
	0.10
	0.13
	0.17

	
	Rooftops and pavement
	0.95
	0.95
	0.95
	0.95

	
	Pervious pavements2
	0.75
	0.95
	0.90
	0.95

	
	Woodlands
	0.10
	0.15
	0.15
	0.20

	
	Pasture, grass, and farmland3
	0.15
	0.20
	0.20
	0.25

	
	Residential
	
	
	
	

	
	       SFR:  1/2 acre lots and larger
	0.30
	0.35
	0.35
	0.45

	
	       SFR:  smaller lots and duplexes
	0.35
	0.45
	0.40
	0.50

	
	       MFR:  apartments, condominiums
	0.45
	0.60
	0.50
	0.70

	
	Commercial and Industrial
	0.50
	0.95
	0.50
	0.95

	Rolling (2-7%)
	Lawns
	0.10
	0.15
	0.18
	0.22

	
	Rooftops and pavements
	0.95
	0.95
	0.95
	0.95

	
	Pervious pavements2
	0.80
	0.95
	0.90
	0.95

	
	Woodlands
	0.15
	0.20
	0.20
	0.25

	
	Pasture, grass, and farmland3
	0.20
	0.25
	0.25
	0.30

	
	Residential
	
	
	
	

	
	       SFR:  1/2 acre lots and larger
	0.35
	0.50
	0.40
	0.55

	
	       SFR:  smaller lots and duplexes
	0.40
	0.55
	0.45
	0.60

	
	       MFR:  apartments, condominiums
	0.50
	0.70
	0.60
	0.80

	
	Commercial and Industrial
	0.50
	0.95
	0.60
	0.95

	Steep (>7%)
	Lawns
	0.15
	0.20
	0.25
	0.35

	
	Rooftops and pavements
	0.95
	0.95
	0.95
	0.95

	
	Pervious pavements2
	0.85
	0.95
	0.90
	0.95

	
	Woodlands
	0.20
	0.25
	0.25
	0.30

	
	Pasture, grass, and farmland3
	0.25
	0.35
	0.30
	0.40

	
	Residential
	
	
	
	

	
	       SFR:  1/2 acre lots and larger
	0.40
	0.55
	0.50
	0.65

	
	       SFR:  smaller lots and duplexes
	0.45
	0.60
	0.55
	0.70

	
	       MFR:  apartments, condominiums
	0.60
	0.75
	0.65
	0.85

	
	Commercial and Industrial
	0.60
	0.95
	0.65
	0.95




Sources:  Florida Department of Transportation, 1987;  Wanielista, 1990

1For 25- to 100-yr recurrence intervals, multiply coefficient by 1.1 and 1.25, respectively, and the product cannot exceed 1.0.
2Coefficients assume good ground cover and conservation treatment.
3Depends on depth and degree of permeability of underlying strata.
Note:	SFR  =  Single Family Residential; 
MFR  =  Multi-Family Residential


However, the Suwannee River Water Management District (1990) reports that the traditional rational formula can be modified to generate a runoff hydrograph by utilizing the rainfall intensity for various increments of the storm.  The rate of discharge at any point in time during a storm can be calculated by combining the rainfall intensity for that time increment with the traditional rational formula.  The modified rational hydrograph equation is as follows:

	Q = C (I/PTotal) (PTotal) A	(C.1-2)

		where: Q =	Discharge for a given time increment (cfs)
			C =	Runoff coefficient
		I/PTotal =	Intensity for a given time increment (in/hr-in)
		PTotal =	Total rainfall depth (in)
			A =	Drainage area (acres)

		The Suwannee River Water Management District (SRWMD) modified rational method, which was also adopted by the Florida Department of Transportation (FDOT) for their Drainage Connection permits (FDOT 1987b), utilizes rainfall data from the SRWMD and FDOT to determine values of I/PTotal and PTotal respectively.  The SRWMD requires applicants to analyze the system for several storm frequencies over various durations to determine the "critical" storm (i.e., the storm event which requires the most storage for peak discharge attenuation).   

		To transfer this methodology to the St. Johns River Water Management District (SJRWMD), staff derived values of I/PTotal at 15 minute increments (see Table C.1-2) from long term historic rainfall records within the SJRWMD for the mean annual, 24-hour storm as reported by Rao (1991).  The applicant is only required to analyze the system for this rainfall distribution because it includes rainfall depths corresponding to the mean annual storm for durations up to and including 24 hours.  Values of PTotal within the SJRWMD for the mean annual, 24-hour storm are found in Figure 2.7.1-1 of this Volume.    

		Similar to the rational method, use of the modified rational hydrograph method should be limited to small drainage basins with short times of concentration (SRWMD 1990).  Therefore, the District’s rules restrict use of the modified rational method for systems meeting the following criteria:

		(a)	The drainage area is less than 40 acres.

		(b)	The predevelopment time of concentration for the system is less than 60 minutes.

		(c)	The postdevelopment time of concentration for the system is less than 30 minutes.

		Note:  The District does not accept the modified rational hydrograph method for use in 25-year peak discharge design storms (see section 3.2.3 of this Volume ).  If a project requires a peak discharge analysis for multiple design storms to comply with chapter 62-330, F.A.C., and section 3.2.3, the District recommends that the system be analyzed for both design storm events using a methodology as described in section 3.2.3 of this Volume.  As an alternative, the applicant may utilize the modified rational method only for the mean annual storm provided the above criteria are met.

Table C.1-2.	SJRWMD Mean Annual, 24-Hour Storm Distribution for the Modified Rational Hydrograph Method

	Time
(hrs)
	I/PTotal
(in/hr-in)
	Time
(hrs)
	TimeI/PTotal
(hrs)(in/hr-in)

	0.00
	0.000
	12.25
	0.256

	0.25
	0.008
	12.50
	0.204

	0.50
	0.008
	12.75
	0.116

	0.75
	0.004
	13.00
	0.092

	1.00
	0.008
	13.25
	0.080

	1.25
	0.008
	13.50
	0.068

	1.50
	0.008
	13.75
	0.044

	1.75
	0.008
	14.00
	0.040

	2.00
	0.008
	14.25
	0.036

	2.25
	0.008
	14.50
	0.036

	2.50
	0.008
	14.75
	0.032

	2.75
	0.012
	15.00
	0.028

	3.00
	0.008
	15.25
	0.020

	3.25
	0.008
	15.50
	0.020

	3.50
	0.008
	15.75
	0.020

	3.75
	0.012
	16.00
	0.016

	4.00
	0.008
	16.25
	0.016

	4.25
	0.012
	16.50
	0.016

	4.50
	0.008
	16.75
	0.016

	4.75
	0.012
	17.00
	0.016

	5.00
	0.012
	17.25
	0.012

	5.25
	0.008
	17.50
	0.016

	5.50
	0.012
	17.75
	0.012

	5.75
	0.012
	18.00
	0.012

	6.00
	0.012
	18.25
	0.012

	6.25
	0.016
	18.50
	0.012

	6.50
	0.012
	18.75
	0.012

	6.75
	0.012
	19.00
	0.012

	7.00
	0.016
	19.25
	0.012

	7.25
	0.016
	19.50
	0.008

	7.50
	0.016
	19.75
	0.012

	7.75
	0.016
	20.00
	0.008

	8.00
	0.016
	20.25
	0.012

	8.25
	0.020
	20.50
	0.008

	8.50
	0.020
	20.75
	0.008

	8.75
	0.020
	21.00
	0.008

	9.00
	0.020
	21.25
	0.012

	9.25
	0.032
	21.50
	0.008

	9.50
	0.032
	21.75
	0.008

	9.75
	0.032
	22.00
	0.008

	10.00
	0.040
	22.25
	0.008

	10.25
	0.044
	22.50
	0.008

	10.50
	0.048
	22.75
	0.008

	10.75
	0.072
	23.00
	0.008

	11.00
	0.084
	23.25
	0.008

	11.25
	0.104
	23.50
	0.008

	11.50
	0.132
	23.75
	0.008

	11.75
	0.436
	24.00
	0.004

	12.00
	1.080
	24.00
	0.004




	C.1.2	Example Problem for the Modified Rational Hydrograph Method 

Given:	 A = 3 acres		Project Location = Titusville

	Cpre = 0.35		Cpost = 0.85

Determine:  Utilizing the modified rational method determine the predevelopment and 
postdevelopment runoff hydrographs for the mean annual, 24-hour storm.

Step 1.  Determine PTotal  for the project location.

From Figure 2.7.1-1, the rainfall depth (PTotal) for the mean  annual, 24-hour storm for Titusville 
is 5.0 inches.

Step 2.  Set up the modified rational equations for both pre-development and post-development 
conditions utilizing equation 1-2.

Qpre = (3 ac) (0.35) (5.0 in) (I/PTotal)  =  (5.25)(I/PTotal)

Qpost = (3 ac) (0.85) (5.0 in) (I/PTotal)  =  (12.75)(I/PTotal)

Step 3.  Utilizing the values of I/PTotal in Table C.1-2, calculate the predevelopment and post-
development runoff hydrographs at 15-minute increments for the mean annual, 24-hour storm.  See 
Table C.1-3 for the Qpre and Qpost hydrographs.

Step 4.  From Table C.1-3, the post-development peak discharge rate is greater than the pre-
development rate.  Therefore, the postdevelopment runoff hydrograph should be routed through a 
detention basin and discharge structure with a suitable stage-storage-discharge relationship such that 
the peak discharge rate from the basin is less than or equal to the predevelopment peak rate of 5.67 
cfs.
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Table C.1-3	Pre- and Post-Development Hydrographs for the Modified Rational Example Problem 

	Time
(hrs)
	I/PTotal
	Qpre 
(cfs)
	Qpost
(cfs)

	0.00
	0.000
	0.000
	0.000

	0.50
	0.008
	0.044
	0.104

	0.75
	0.004
	0.020
	0.052

	1.00
	0.008
	0.044
	0.104

	1.25
	0.008
	0.044
	0.104

	1.50
	0.008
	0.044
	0.104

	1.75
	0.008
	0.044
	0.104

	2.00
	0.008
	0.044
	0.104

	2.25
	0.008
	0.044
	0.104

	2.50
	0.008
	0.044
	0.104

	2.75
	0.012
	0.064
	0.152

	3.00
	0.008
	0.044
	0.104

	3.25
	0.008
	0.044
	0.104

	3.50
	0.008
	0.044
	0.104

	3.75
	0.012
	0.064
	0.152

	4.00
	0.008
	0.044
	0.104

	4.25
	0.012
	0.064
	0.152

	4.50
	0.008
	0.044
	0.104

	4.75
	0.012
	0.064
	0.152

	5.00
	0.012
	0.064
	0.152

	5.25
	0.008
	0.044
	0.104

	5.50
	0.012
	0.064
	0.152

	5.75
	0.012
	0.064
	0.152

	6.00
	0.012
	0.064
	0.152

	6.25
	0.016
	0.084
	0.204

	6.50
	0.012
	0.064
	0.152

	6.75
	0.012
	0.064
	0.152

	7.00
	0.016
	0.084
	0.204

	7.25
	0.016
	0.084
	0.204

	7.50
	0.016
	0.084
	0.204

	7.75
	0.016
	0.084
	0.204

	8.00
	0.016
	0.084
	0.204

	8.25
	0.020
	0.104
	0.256

	8.50
	0.020
	0.104
	0.256

	8.75
	0.020
	0.104
	0.256

	9.00
	0.020
	0.104
	0.256

	9.25
	0.032
	0.168
	0.408

	9.50
	0.032
	0.168
	0.408

	9.75
	0.032
	0.168
	0.408

	10.00
	0.040
	0.212
	0.508

	10.25
	0.044
	0.232
	0.560

	10.50
	0.048
	0.252
	0.612

	10.75
	0.072
	0.380
	0.920

	11.00
	0.084
	0.440
	1.072

	11.25
	0.104
	0.548
	1.328

	11.50
	0.132
	0.692
	1.684

	11.75
	0.436
	2.288
	5.560

	12.00
	1.080
	5.672
	13.772

	12.25
	0.256
	1.344
	3.264

	12.50
	0.204
	1.072
	2.600

	12.75
	0.116
	0.608
	1.480

	13.00
	0.092
	0.484
	1.172

	13.25
	0.080
	0.420
	1.020

	13.50
	0.068
	0.356
	0.868

	13.75
	0.044
	0.232
	0.560

	14.00
	0.040
	0.212
	0.508

	14.25
	0.036
	0.188
	0.460

	14.50
	0.036
	0.188
	0.460

	14.75
	0.032
	0.168
	0.408

	15.00
	0.028
	0.148
	0.356

	15.25
	0.020
	0.104
	0.256

	15.50
	0.020
	0.104
	0.256

	15.75
	0.020
	0.104
	0.256

	16.00
	0.016
	0.084
	0.204

	16.25
	0.016
	0.084
	0.204

	16.50
	0.016
	0.084
	0.204

	16.75
	0.016
	0.084
	0.204

	17.00
	0.016
	0.084
	0.204

	17.25
	0.012
	0.064
	0.152

	17.50
	0.016
	0.084
	0.204

	17.75
	0.012
	0.064
	0.152

	18.00
	0.012
	0.064
	0.152

	18.25
	0.012
	0.064
	0.152

	18.50
	0.012
	0.064
	0.152

	18.75
	0.012
	0.064
	0.152

	19.00
	0.012
	0.064
	0.152

	19.25
	0.012
	0.064
	0.152

	19.50
	0.008
	0.044
	0.104

	19.75
	0.012
	0.064
	0.152

	20.00
	0.008
	0.044
	0.104

	20.25
	0.012
	0.064
	0.152

	20.50
	0.008
	0.044
	0.104

	20.75
	0.008
	0.044
	0.104

	21.00
	0.008
	0.044
	0.104

	21.25
	0.012
	0.064
	0.152

	21.50
	0.008
	0.044
	0.104

	21.75
	0.008
	0.044
	0.104

	22.00
	0.008
	0.044
	0.104

	22.25
	0.008
	0.044
	0.104

	22.50
	0.008
	0.044
	0.104

	22.75
	0.008
	0.044
	0.104

	23.00
	0.008
	0.044
	0.104

	23.25
	0.008
	0.044
	0.104

	23.50
	0.008
	0.044
	0.104

	23.75
	0.008
	0.044
	0.104

	24.00
	0.004
	0.020
	0.052

	24.25
	0.000
	0.000
	0.000
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