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1. Design Rainfall Distribution

ÅDesign discharges for highway drainage facilities 
are typically estimated by three methods: (1) 
rational method (Qp = CiA), (2) unit hydrograph 
method ςrainfall-runoff modeling, and (3) 
regression equations

ÅDesign rainfall depth and distribution are 
necessary for us to model runoff discharge 
hydrograph used for routing through drainage 
system.



NRCS24 Design Rainfall Distributions



Zones for NRCS24-hr rainfall distributions 
(Type I, IA, II)



ÅUse 1,660 runoff-producing storms from 1959 to 1986 
in Texas

ÅNormalized storms by duration and total rainfall depth, 
grouped storms by durations and quartiles where peak 
rainfall intensity occurred.

ÅFor a 12-hour or less storm duration, approximately 49 
percent of the storms are first quartile.
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Dimensionless Rainfall Distribution for 
Different Percentiles



2. Peak Discharge for Small Drainage Areas

Rational Method:  Qp = C i A  (Emil Kuichling, 1889)

Qp = Peak runoff rate (cfs)

C= runoff coefficient (dimensionless)

i = average rainfall intensity (in/hr) for a storm with a 
duration equal to a critical period of time ςtc (time of 
concentration)

A =  drainage area (acres)



Local agency 
may set Cfor 
different land 

use types based 
on Table 11.3 or 

other 
references



ÅThe source of these published Cvalues can be traced back 
to the 1960 sanitary and storm sewer design manual 
produced by a joint committee of the American Society of 
Civil Engineers (ASCE) and the Water Pollution Control 
Federation (WPCF).

ÅThose values of runoff coefficients were obtained from a 
ǎǳǊǾŜȅΣ άтм ǊŜǘǳǊƴǎ ƻŦ ŀƴ ŜȄǘŜƴǎƛǾŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǎǳōƳƛǘǘŜŘ 
to 380 public and private organization throughout the 
¦ƴƛǘŜŘ {ǘŀǘŜǎέΦ  ¢ƘŜȅ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŘŜŎŀŘŜǎ ƻŦ 
professional practice experience of the applications of the 
rational formula in runoff determination for storm-sewer 
design (ASCE and WPCF1960).

ÅASCE and WPCF(1960) manual did not provide justification 
for the Cvalues selected using any observed rainfall and 
runoff data but Mr. Kuichling did in his original study 
(Kuichling 1889). 



Runoff Coefficients for 90 Texas Watersheds 
Developed from Rainfall-runoff Data



Relation with Percent Impervious Area

Percent Impervious Area
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3. Dimensionless NRCSUnit Hydrograph

Tp = D/2 + t l

t l =  0.6 Tc

Qp = 484A/ Tp


