CHAPTER 2

HYDROLOGY

2.5 Example Problem — Rational Method
2.5.1 Introduction

Following is an example problem, which illustrates the application of the Rational
Method to estimate peak discharges.

2.5.2 Problem

Estimates of the maximum rate of runoff are needed at the inlet to a proposed
culvert for a 100-year return period.

Site Data
From a topographic map and field survey, the area of the drainage basin upstream
form the point in question is found to be 38 acres. In addition the following data
were measured:
Average overland slope =2.0%
Length of overland flow = 50 ft
Length of main basin channel = 2250 ft
Slope of channel - .018 ft/ft =1.8%
Roughness coefficient (n) of channel was estimated to be 0.090
From existing land use maps, land use for the drainage basin was estimated to be:
Residential (single family) = 80%
Graded — sandy soil, 3% slope =20%

From existing land use maps, the land use for the overland flow area at the head
of the basin was estimated to be: Lawn — sandy soil, 2% slope = 100%.

2.5-1



Table 2.5-1

Recommended Runoff Coefficient Values

Description of Area

Lawns:
Sandy soil, flat, 2%
Sandy soil, average, 2 — 7%
Sandy soil, steep, > 7%
Clay soil, flat, 2%
Clay soil, average, 2 — 7%
Clay soil, steep, > 7%
Unimproved areas (forest)

Business:
Downtown areas
Neighborhood areas

Residential:
Single-family areas
Multi-units, detached
Multi-units, attached
Suburban
Apartment dwelling areas

Industrial:
Light areas
Heavy areas

Parks, cemeteries

Playgrounds

Railroad yard areas

Streets:
Asphaltic and Concrete
Brick

Drives, walks, and roofs

Gravel areas

Graded or no plant cover
Sandy soil, flat, 0 — 5%
Sandy soil, flat, 5 — 10%

Clayey soil, flat, 0 — 5%
Clayey soil, average, 5 — 10%

Runoff Coefficients (C)

0.10
0.15
0.20
0.17
0.22
0.35
0.15

0.95
0.70

0.50
0.60
0.70
0.40
0.70

0.70

0.80

0.25

0.35

0.40

0.95

0.85

0.95

0.50

0.30

0.40

0.50
0.60




Overland Flow

A runoff coefficient (C) for the overland flow area is determined from Table 2.5-1 to be 0.15.

Time of Concentration

From Figure 2.4.6-1 with an overland flow length of 50 ft, slope of 2.0 percent
and a C of 0.15, the overland flow time is 8§ min. Channel flow velocity is
determined from Figure 2.4.6-2 to be 3.1 ft/s (n = 0.090, R = 1.62 and S = .018).
Therefore,

Flow Time = 2250 feet = 12.1 minutes
(3.1 ft/s)/(60 s/min)

and t; = 8 = 12.1 = 20.1 min — say 20 min

Rainfall Intensity

From Table 2.3-1 with duration equal to 20 min (values obtained by linear
interpolation between values for 15 and 30 minutes).

Lioo (100-yr return period) = 6.56 in./hr

Runoff Coefficient

A weighted runoff coefficient (C) for the total drainage area is determined in the
following table by utilizing the values from Table 2.5-1.

(1) @) (3)
Percent of Total Runoff = Weighted Runoff
Land Use Land Area Coefficient Coefficient*
Residential .80 .50 40
(single family)
Graded area .20 .30 .06

Total Weighted Runoff Coefficient = .46
*Column 3 equal column 1 multiplied by column 2.

Peak Runoff

From the rational method equation:

010=C, CIA=1.25 X.46 X 6.56 X 38=143cfs

This is the estimate of peak runoff for a 100-yr design storm for the given basin.

END OF SECTION 2.5



