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Table 3-1
RUNOFF COEFFICIENTS FOR URBAN AREAS
Land Use Runoff Coefficient “C”
Soil Type
NRCS Elements County Elements % IMPER. A B C D
Undisturbed Natural Terrain (Natural) Permanent Open Space 0* 0.20 0.25 0.30 O.S%\
Low Density Residential (LDR) Residential, 1.0 DU/A or less 10 0.27 0.32 0.36 041
Low Density Residential (LDR) Residential, 2.0 DU/A or less 20 0.34 0.38 042 0.46
Low Density Residential (LDR) Residential, 2.9 DU/A or less 25 0.38 041 045 0.49
Medium Density Residential (MDR) Residential, 4.3 DU/A or less 30 0.41 0.45 0.48 0.52
Medium Density Residential (MDR) Residential, 7.3 DU/A or less 40 0.48 0.51 0.54 0.57
Medium Density Residential (MDR) Residential, 10.9 DU/A or less 45 0.52 0.54 0.57 0.60
Medium Density Residential (MDR) Residential, 14.5 DU/A or less 50 0.55 0.58 0.60 0.63
High Density Residential (HDR) Residential, 24.0 DU/A or less 65 0.66 0.67 0.65 0.71 o014 uséeo
High Density Residential (HDR) Residential, 43.0 DU/A or less 80 0.76 0.77 0.78 0.79 por o
Commercial/Industrial (N. Com) Neighborhood Commercial 80 0.76 0.77 0.78 0.79
Commercial/Industrial (G. Com) General Commercial 85 0.80 0.80 0.81 0.82
Commercial/Industrial (O.P. Com) Office Professional/Commercial 90 0.83 0.84 0.84 0.85
Commercial/Industrial (Limited 1.) Limited Industrial 90 0.83 0.84 0.84 0.85
Commercial/Industrial (General 1.) General Industrial 95 0.87 0.87 0.87 0.87

*The values associated with 0% impervious may be used for direct calculation of the runoff coefficient as described in Section 3.1.2 (representing the pervious runoff
coefficient, Cp, for the soil type), or for areas that will remain undisturbed in perpetuity. Justification must be given that the area will remain natural forever (e.g., the area

is located in Cleveland National Forest).

DU/A = dwelling units per acre

NRCS = National Resources Conservation Service
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Note that the Initial Time of Concentration should be reflective of the general land-use at the
upstream end of a drainage basin. A single lot with an area of two or less acres does not have

a significant effect where the drainage basin area is 20 to 600 acres.

Table 3-2 provides limits of the length (Maximum Length (L)) of sheet flow to be used in
hydrology studies. Initial T; values based on average C values for the Land Use Element are
also included. These values can be used in planning and design applications as described
below. Exceptions may be approved by the “Regulating Agency” when submitted with a
detailed study.

Table 3-2

MAXIMUM OVERLAND FLOW LENGTH (Ly)
& INITIAL TIME OF CONCENTRATION (T))

Element* | DU/ 5% 1% 2% 3% 5% 10%
Acre | Ly | Ti Ly | T8 [ Im [T |Im | T8 [Im | Ti Ly | T
Natural 501 13.2| 70| 12.5| 85]10.9|100] 103|100 | 87| 100 | 6.9
LDR 1 501122 701115 85110.0({100f 951100| 80| 100]| 6.4
LDR 2 50113 701105| 8| 92(100| 88| 100} 74| 100 5.8
LDR 2.9 50107 701100 85| 88 95| 81100 |7.0]100] 5.6

MDR 143 501102] 70| 96| 80| 81| 95| 7.8]100]| 6.7 1001 5.3

MDR 7.3 50| 92| 65| 84| 80 74| 95| 7.0]100] 6.0 100 | 4.8

MDR 109 | 50| 87| 65| 79| 80| 69| 90| 64100 57]|100 | 4.5

MDR 145 | 50| 82| 65 74] 8| 65| 90| 60100} 54100 4.3

HDR 24 501 6.7 65 6.0 75| 5.1| 90| 49| 95| 43110035

HDR 43 50 53] 65| 47| 75| 40| 85| 38| 95]|34]1100]27

N.Com | 50| 53] 60| 45| 75] 40| 85| 3.8] 95]134100] 27
G. Com 501 471 60| 41| 75| 3.6| 85| 341 929110024
O.P./Com 50| 42| 60| 37| 70| 3.1| 80| 29| 90| 2.6]|100] 2.2
Limited L. | 50| 42| 60| 37| 70| 3.1 80| 29| 90|26 100] 22
General . 50] 371 60| 32| 70 27| 8] 2.6| 9 |23]100] 1.9

*See Table 3-1 for more detailed description

!
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SECTION 6
RATIONAL METHOD HYDROGRAPH PROCEDURE

6.1 INTRODUCTION

The procedures in this section are for the development of hydrographs from RM study
results for study areas up to approximately 1 square mile in size. The RM, discussed in
Section 3, is a mathematical formula used to determine the maximum runoff rate from a
given rainfall. It has particular application in urban storm drainage, where it is used to
estimate peak runoff rates from small urban and rural watersheds for the design of storm
drains and small drainage structures. However, in some instances such as for design of
detention basins, the peak runoff rate is insufficient information for the design, and a
hydrograph is needed. Unlike the NRCS hydrologic method (discussed in Section 4), the
RM itself does not create hydrographs. The procedures for detention basin design based
on RM study results were first developed as part of the East Otay Mesa Drainage Study.
Rick Engineering Company performed this study under the direction of County Flood
Control. The procedures in this section may be used for the development of hydrographs

from RM study results for study areas up to approximately 1 square mile in size.
6.2 HYDROGRAPH DEVELOPMENT

The concept of this hydrograph procedure is based on the RM formula:

Q=CIA
Where:  Q = peak discharge, in cubic feet per second (cfs)
C = runoff coefficient, proportion of the rainfall that runs off the surface
(no units)
I = average rainfall intensity for a duration equal to the T, for the area,
in inches per hour
A = drainage area contributing to the design location, in acres

The RM formula is discussed in more detail in Section 3.
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An assumption of the RM is that discharge increases linearly over the T, for the drainage
area until reaching the peak discharge as defined by the RM formula, and then decreases
linearly. A linear hydrograph can be developed for the peak flow occurring over the T,
as shown in Figure 6-1. However, for designs that are dependent on the total storm
volume, it is not sufficient to consider a single hydrograph for peak flow occurring over

the T, at the beginning of a 6-hour storm event because the hydrograph does not account

~ for the entire volume of runoff from the storm event. The volume under the hydrograph

shown in Figure 6-1 is equal to the rainfall intensity multiplied by the duration for which
that intensity occurs (T,), the drainage area (A) contributing to the design location, and
the runoff coefficient (C) for the drainage area. For designs that are dependent on the
total storm volume, a hydrograph must be generated to account for the entire volume of
runoff from the 6-hour storm event. The hydrograph for the entire 6-hour storm event is
generated by creating a rainfall distribution consisting of blocks of rain, creating an
incremental hydrograph for each block of rain, and adding the hydrographs from each
block of rain. This process creates a hydrograph that contains runoff from all the blocks
of rain and accounts for the entire volume of runoff from the 6-hour storm event. The

total volume under the resulting hydrograph is equal to the following equation:
VOL = CP¢A ' (Eq. 6-1)
Where:  VOL = volume of runoff (acre-inches)
Ps = 6-hour rainfall (inches)

C = runoff coefficient
A = area of the watershed (acres)

6-2
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6.2.1 Rainfall Distribution

Figure 6-2 shows a 6-hour rainfall distribution consisting of blocks of rain over
increments of time equal to T,. The number of blocks is determined by roﬁnding T, to
the nearest whole number of minutes, dividing 360 minutes (6 hours) by T, and rounding
again to the nearest whole number. The blocks are distributed using a (2/3, 1/3)
distribution in which the peak rainfall block is placed at the 4-hour time within the 6-hour
rainfall duration. The additional blocks are distributed in a sequence alternating two
blocks to the left and one block to the right of the 4-hour time (see Figure 6-2). The total
amount of rainfall (Ptqy) for any given block (N) is determined as follows:

Pravy = (Irawy Trwy) / 60

Where:  Prqy = total amount of rainfall for any given block (N)
Itay) = average rainfall intensity for a duration equal to Trqy in inches per hour

Tray = NT¢ @n minutes (N is an integer representing the given block number
of rainfall)

Intensity is calculated using the following equation (described in detail in Section 3):

I=7.44Pg DO

Where: 1 = average rainfall intensity for a duration equal to D in inches per hour
P

adjusted 6-hour storm rainfall

w)
I

duration in minutes

6-4



() (Tc/60) \I‘T’l
[+

(l27,) (21c/60) - (i) (Tc/60) 1
(131, ) (3Tc/60) - (la1,,) (27¢/60)
2 5 (415 ) (41c/60) - (31 ) (3Tc/60)
3 V
4
5
6 7

Rainfall (inches)

10

\— 4 (hours)

Time

Rainfall Distribution

F1GURE

6-2




San Diego County Hydrology Manual Section: 6
Date: June 2003 Page: 60f10

Substituting the equation for I 'in the equation above for Py and setting the duration (D)
equal to Trqy yields:

Proyy = [(7.44 Po/ Ty **)(T1eny)]/ 60

PT(N) =(,124 PsTT(N)OSSS

Substituting NT; for Tt (where N equals the block number of rainfall) in the equation
above yields:

Pray = 0.124 Pg (NT)*** (Bq. 6-2)

Equation 6-2 represents the total rainfall amount for a rainfall block with a time base
equal to Tray (NTc). The actual time base of each rainfall block in the rainfall
distribution is T, as shown in Figure 6-2. The actual rainfall amount (Py) for each block
of rain is equal to Pr at N (Pray) minus the previous Pr at N-I1
(Prv-1y) at any given multiple of T; (any NT;). For example, the rainfall for block 2 is
equ‘al to Pravy at Travy = 2T, minus the Prayy at Tray = 1T, and the rainfall for block 3
equals Pray at Travy = 3T, minus the Pravy at Travy = 2T, or Py can be represented by the

following equation:

Pn = Prayy — Praven (Eq. 6-3)

For the rainfall distribution, the rainfall at block N =1, (1T,), is centered at 4 hours, the
rainfall at block N = 2, (2T,), is centered at 4 hours — 1T, the rainfall at block N = 3,
(3T,), is centered at 4 hours — 2T,, and the rainfall at at block N = 4, (4T,), is centered at
4 hours + 1T,. The sequence continues alternating two blocks to the left and one block to
the right (see Figure 6-2).
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6.2.2 Construction of Incremental Hydrographs

Figure 6-1 shows the relationship of a single block of rain to a single hydrograph.
Figure 6-3 shows the relationship of the rainfall distribution to the overall hydrograph for
the storm event. The peak flow amount from each block of rain is determined by the RM
formula, Q = CIA, where I equals Iy (the actual rainfall intensity for the rainfall block).
Iy is determined by dividing Py by the actual time base of the block, T.. The following
equation shows this relationship:

In =60 P\/T, (Eq. 6-4)

Where: Iy = average rainfall intensity for a duration equal to T, in inches per hour
Py = rainfall amount for the block in inches

T. = time of concentration in minutes

By substituting equation 6-4 into the rational equation, the following relationship is
obtained: '

Qu = 60 CAPW/T, (cfs) (Eq. 6-5)

Finally, the overall hydrograph for the storm event is determined by adding all the
hydrographs from each block of rain. Since the peak flow amount for each incremental
hydrograph corresponds to a zero flow amount from the previous and proceeding
. hydrographs, as shown in Figuvre 6-3, the inflow hydrograph can be plotted by connecting
the peak flow amounts (see the dashed line in Figure 6-3).
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6.3 GENERATING A HYDROGRAPH USING RATHYDRO

The rainfall distribution and related hydrographs can be developed using the
RATHYDRO computer program provided to the County by Rick Engineering Company.
A copy of this program is available at no cost from the County. The output from this
computer program may be used with HEC-1 or other software for routing purposes.

The design storm pattern used by the RATHYDRO program is based on the (2/3, 1/3)
distribution described in Sections 4.1.1 and 6.2.1. The ordinates on the hydrograph are
calculated based on the County of San Diego Intensity-Duration Design Chart (Figure 3-
1), which uses the intensity equation described in Sections 3.1.3 and 6.2.1 to relate the
intensity (I) of the storm to T,, I = 7.44 PsD % The computer program uses equations
6-2 and 6-3 described above and calculates Iy directly. The intensity at any given
multiple of T, is calculated by the following equation:

In = [(Irew) (TT(N)) — (Iran-1y) (Trewe1y)] / Te (Eq. 6-6)

Where: N = number of rainfall blocks

Tty = time of concentration at rainfall block N in minutes (equal to

C

I = actual rainfall intensity at rainfall block N in inches per hour

Ity = rainfall intensity at time of concentration Trqv) in inches per hour

Figure 6-2 shows the rainfall distribution used in the RM hydrograph, computed at
multiples of T. The rainfall at block N = 1, (1T¢), is centered at 4 hours, the rainfall at

block N = 2, (2To), is centered at 4 hours — 1T, the rainfall at block N = 3, (3T), is

centered at 4 hours — 2T, and the rainfall at at block N = 4, (4T,), is centered at 4 hours +
1T.. The sequence continues alternating two blocks to the left and one block to the right
(see Figure 6-2).

As described in Section 6.2.2, the peak discharge (Qn) of the hydrograph for any given
rainfall block (N) is determined by the RM formula Q = CIA, where [ = Iy = the actual

6-9
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rainfall intensity for the rainfall block. The RATHYDRO program substitutes equation
6-6 into the RM formula to determine Qy yielding the following equation:

Qn = [(Iraw) (Trev) = Qrven) (Trov)] CA/ Te (Eq. 6-7)

Where: Qn = peak discharge for rainfall block N in cubic feet per second (cfs)
N = number of rainfall blocks
Ty = time of concentration at rainfall block N in minutes (equal to NT.)
Itovy = rainfall intensity at time of concentration Ty in inches per hour
C = RM runoff coefficient

A = area of the watershed (acres)

To develop the hydrograph for the 6-hour design storm, a series of triangular hydrographs
with ordinates at multiples of the given T, are created and added to create the
hydrograph. This hydrograph has its peak at 4 hours plus % of the T,. The total volume
under the hydrograph is equal to the following equation (equation 6-1):

VOL = CPsA
Where:  VOL = volume of runoff (acre-inches)
Ps = 6-hour rainfall (inches)

C = runoff coefficient

A = area of the watershed (acres)

6-10



RATIONAL METHOD HYDROGRAPH PROGRAM
COPYRIGHT 1992, 2001 RICK ENGINEERING COMPANY

RUN DATE 8/23/2012
HYDROGRAPH FILE NAME Text1
TIME OF CONCENTRATION 7 MIN.

" 6 HOUR RAINFALL 0.95 INCHES

BASIN AREA 17.35 ACRES
RUNOFF COEFFICIENT 0.74
PEAK DISCHARGE 25.87 CFS

TIME (MIN) = 0 DISCHARGE (CFS) = 0
TIME (MIN) = 7 DISCHARGE (CFS) = 0.7
TIME (MIN) = 14 DISCHARGE (CFS) = 0.8
TIME (MIN) = 21 DISCHARGE (CFS) = 0.8
TIME (MIN) = 28 DISCHARGE (CFS) = 0.8
TIME (MIN) = 35 DISCHARGE (CFS) = 0.8
TIME (MIN) = 42 DISCHARGE (CFS) = 0.8
TIME (MIN) = 49 DISCHARGE (CFS) = 0.9
TIME (MIN) = 56 DISCHARGE (CFS) = 0.9
TIME (MIN) = 63 DISCHARGE (CFS) = 0.9
TIME (MIN) = 70 DISCHARGE (CFS) = 1
TIME (MIN) = 77 _ DISCHARGE (CFS) = 1
TIME (MIN) = 84 DISCHARGE (CFS) = 1.1
TIME (MIN) = 91 . DISCHARGE (CFS) = 1.1
TIME (MIN) = 98 DISCHARGE (CFS) = 1.2
TIME (MIN) = 105 DISCHARGE (CFS) = 1.2
TIME (MIN) = 112 DISCHARGE (CFS) = 1.3
TIME (MIN) = 119 DISCHARGE (CFS) = 1.4
TIME (MIN) = 126 DISCHARGE (CFS) = 1.5
TIME (MIN) = 133 DISCHARGE (CFS) = 1.6
TIME (MIN) = 140 DISCHARGE (CFS) = 1.8
TIME (MIN) = 147 DISCHARGE (CFS) = 2
TIME (MIN) = 154 DISCHARGE (CFS) = 2.3
TIME (MIN) = 161 DISCHARGE (CFS) = 2.7
TIME (MIN) = 168 DISCHARGE (CFS) = 3.5
TIME (MIN) = 175 DISCHARGE (CFS) = 5.1
TIME (MIN) = 182 DISCHARGE (CFS) = 25.87
TIME (MIN) = 189 _ DISCHARGE (CFS) = 7.2
TIME (MIN) = 196 DISCHARGE (CFS) = 4.1
TIME (MIN) = 203 DISCHARGE (CFS) = 3.1
TIME (MIN) = 210 DISCHARGE (CFS) = 2.5
TIME (MIN) = 217 DISCHARGE (CFS) = 2.2
TIME (MIN) = 224 DISCHARGE (CFS) = 1.9
TIME (MIN) = 231 DISCHARGE (CFS) = 1.7
TIME (MIN) = 238 DISCHARGE (CFS) = 1.6
TIME (MIN) = 245 DISCHARGE (CFS) = 1.4
TIME (MIN) = 252 DISCHARGE (CFS) = 1.4
TIME (MIN) = 259 DISCHARGE (CFS) = 1.3
TIME (MIN) = 266 DISCHARGE (CFS) = 1.2
TIME (MIN) = 273 DISCHARGE (CFS) = 1.1
TIME (MIN) = 280 DISCHARGE (CFS) = 1.1
TIME (MIN) = 287 DISCHARGE (CFS) = 1
TIME (MIN) = 294 DISCHARGE (CFS) = 1
TIME (MIN) = 301 DISCHARGE (CFS) = 1
TIME (MIN) = 308 DISCHARGE (CFS) = 0.9
TIME (MIN) = 315 DISCHARGE (CFS) = 0.9
TIME (MIN) = 322 DISCHARGE (CFS) = 0.9
TIME (MIN) = 329 DISCHARGE (CFS) = 0.8
TIME (MIN) = 336 DISCHARGE (CFS) = 0.8
TIME (MIN) = 343 DISCHARGE (CFS) = 0.8
TIME (MIN) = 350 DISCHARGE (CFS) = 0.8
TIME (MIN) = 357 DISCHARGE (CFS) = 0.7
TIME (MIN) = 364 DISCHARGE (CFS) = 0
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