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Table 816.6A
Roughness Coefficients For
Sheet Flow

Surface Description n
Asphalt Concrete 0.011-
O.016
Concrete 0.012-
0.014
Bricl with cement mortar 0.014
Cement rubble 0.024
Fallow (no residue) 0.05
Grass
Short grass prairie 0.15
Dense grass 0.24
Bermuda Grass 0.41
Woods-
Light underbrush .40
Dense underbrush 0.80

| . . . . .
—Woods cover is considered up to a height of 30 mm. which is the
maximum depth obstructing sheet flow

(2) Shallow concentrated flow travel time.
After a maximum of 91 m, sheet flow usually
becomes shallow concentrated flow. The
average velocity for this flow can be
determined  from  Figure 816.6, in which
average velocity is a function of watercourse
slope and type of land cover. For slopes less
than 0.005 m/m. use equations given below for
Figure 816.6.

Average velocities for estimating shallow
concentrated flow travel time using Figure
B16.6.

Unpaved V =4.918(s) *
Paved Vo= 6.196(s) 12
Where:

V = average velocity, m/s

S = slope of hydraulic grade line

(watercourse slu.\pc]. 1M/

May 1, 2001

These two equations are based on the solution
of  Manning's equation with  different
assumptions  for n (Manning’s roughness
coefficient) and r (hydraulic radius, m). For
unpaved areas, n is 0.05 and r is 0.122 m: for
paved arcas, n is 0.025 and r is 0.06 m.

The travel time can be calculated from

Tt =__ L

60 v

where Tt is the travel time in minutes, L the
length in m, and V the flow velocity in mv/s.

The following empirical formula may be used
as an alternative to estimate the flow velocity:
. 12
V=ks'"
Where S is the slope in percent and k (m/s) is
an intercept coefficient depending on land
cover as shown in Table 816.6B.

Table 816.6B
Intercept Coefficients for Shallow
Concentrated Flow

Land cover/Flow regime IK (m/s)
Forest with heavy ground litter: hay 0.076
meadow {overland flow)

Trash fallow or minimum tillage 0.152

cultivation: contour or strip cropped:
woodland (overland flow)

Short grass pasture (overland flow) 0.213
Cultivated straight row (overland 0.274
flow)

Nearly bare and untilled (overland 0.305
flow): alluvial fans

Grassed waterway (shallow 0.457
concentrated flow)

Unpaved (shallow concentrated 0.491
flowy

Paved area (shallow concentrated 0.619

flow): small upland gullies
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rincers should understand that the
ect a predetermined design flood

Highway en

option to s

[
=
-

frequency is generally only applicable to new
highway locations. Because of existing constraints,
the freedom to select a prescribed design flood
frequency may not exist for projects involving
replacement of existing facilities. Caltrans policy
relative to up-grading of existing drainage facilities
may be found in Index 803.3.

Although the procedures and  methodology
presented in HEC 17, Design of Encroachments on
Flood Plains Using Risk Analysis, are not fully
endorsed by Caltrans, the circular is an available
source of information on the theory of "least total
expected cost (LTEC) design”. Highway engineers
are cautioned about applying LTEC methodology
and procedures to ordinary drainage design
preblems.  The Headquarters Hydraulics Engineer
in the Division of Design should be consulted
before committing to design by the LTEC method
since its use can only be justified and recommended
under extra-ordinary circumstances.

Topic 819 - Estimating Design
Discharge

819.1 Introduction

Before highway  drainage facilities can be
hydraulically designed. the quantity of run-off
(design () that they may reasonably be expected to
convey must be established. The estimation of peak
discharge for wvarious recurrence intervals s
therefore the most important, and often the most
difficult, task facing the highway engineer. Refer to
Table S19.5A for a summary of methods for
estimating design discharge.

§19.2 Empirical Methods

Because the movement of water is so complex,
numerous empirical methods have been used in
hvdrology.  Empirical methods in hydrology have
great usefulness to the highway engineer. When
correctly applied by engineers knowledgeable in the
method being used and its idiosyncrasies, peak
discharge estimates can be obtained which are
functionally acceptable for the design of highway
drainage structures and other features. Some of the

May 1, 2001

more commonly used empirical methods  for
estimating runoff are as follows.

(1y Rational Methods.  Undoubtedly, the most
popular and most often misused empirical
hydrology method is the Rational Formula:

Q =028 CiA

() = Design discharge in cubic meters  per
second.

C = Coefficient of runoff.

[ =Average  rainfall intensity in
millimeters per hour for the selected
frequency and for a duration equal to

the time of concentration.

A = Drainage area in square kilometers.

Rational methods are simple to use, and it is
this simplicity that has made them so popular
among highway drainage design engineers.
Design discharge, as computed by these
methods, have the same probability of
occurrence {design frequency) as the frequency
of the rainfall used. Refer to Topic 818 for
further information on flood probability and
frequency of recurrence.

An assumption that limits applicability is that
the rainfall is of equal intensity aver the entire
watershed. Because of this, Rational Methods
should be used only for estimating runoft from
small simple watershed areas, preferably no
larger than 1.3 km? (130 ha). Even where the
watershed  area is  relatively  small  but
complicated by a mainstream fed by one or
more significant tributaries, Rational Methods
should be applied separately to each tributary
stream and the tributary flows then routed down
the main channel. Flow routing can best be
accomplished through the use of hydrographs
discussed under Index 816.5. Since Rational
Methods give results that are in terms of
instantaneous peak discharge and provide little
information relative to runoff rate with respect
to time, synthetic hydrographs  should be
developed for routing significant tributary
inflows.  Several relatively simple methods
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have been  established for  developing
hydrographs, such as transposing a hydrograph
from another hydrologically  homogeneous
watershed. The stream hydraulic method, and
upland method are described in HDS No. 2.
These, and other methods, are adequate for use
with Rational Methods for estimating peak
discharge and will provide results that are
acceptable to form the basis for design of
highway drainage facilities.

It is clearly evident upon examination of the
assumptions and parameters which form the
basis of the equation that much care and
judgment must be applied with the use of
Rational Methods to obtain reasonable results.

e The runoff coefficient "C" in the
equation represents the percent of water
which will run off the ground surface
during the storm.  The remaining
amount of precipitation is lost to

e Once the time of concentration, (tc), is
estimated, the rainfall intensity, (i),
corresponding to a storm of equal duration,
may be obtained from available sources
such as intensity-duration-frequency (IDF)
curves.  See Index 815.3(3) for further
information on 1DF curves.

The runoff coefficients given in Figure S19.2A
and Table 819.2B are applicable for storms of
up to 5 or 10 year frequencies. Less frequent,
higher intensity storms usually  require
modification of the coefficient because
infiltration, detention, and other losses have a
propartionally smaller effect on the total runoff
volume. The adjustment of the rational method
for wse with major storms can be made by
multiplying the coefficient by a frequency
factor, C(f). Values of C(f) are given below.
Under no circumstances should the product of
Cif) times C exceed 1.0.

infiltration, transpiration, evaporation Frequency (yrs) Cif)
and depression storage. 05 1.1
Values of "C" may be determined for un- 50 1.2
developed areas from Figure 819.2A by 100 1.25

considering the four characteristics of: relief,
soil infiltration, vegetal cover, and surface

storage.

Some typical values of "C" for developed areas
are given in Table 819.2B. Should the basin
contain varying amounts of different cover, a
weighted runoft coefficient for the entire basin

can be determined as:

Regional Analysis Methods. Regional analysis
methods utilize records for streams or drainage
areas in the vicinity of the stream under
consideration  which would have similar
characteristics to  develop peak discharge
estimates. These methods provide techniques
for estimating annual peak stream discharge at
any site, gaged or ungaged, for probability of
recurrence from 50% (2 wears) to 1% (100

ClA |+ CyA L vears).  Application of these methods is
C : N convenient, but the procedure is subject to some
! . } L. . -
2 limitations.

¢ To properly satisfy the assumption that the
entire drainage area contributes to the flow:
the rainfall intensity, (i) in the equation
cxpressed in millimeters per hour, requires
that the storm duration and the time of
concentration (tc) be equal. Therefore, the
first step in estimating (i} is to estimate (t¢).
Methods  for  determining time  of
concentration are discussed under Index
316.60.

Regional Flood - Frequency
developed by the U.S. Geological Survey for
use in California are given in Figure 819.2C.
These equations are based on regional
regression analysis of data from 705 gaging
stations. Nomographs  and  complete
information on use and development of this
methed may be found in "Magnitude and
Frequency of Floods in California” published in
June, 1977 by the U.S. Department of the
[nterior, Geological Survey.

equations
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Figure 819.2A

Watershed Types

Extreme High Normal Low
Relief 28 -35 .20 -28 14 -20 08 -14
Steep, rugged terrain  Hilly, with average Rolling, with average  Relatively flat land,
with average slopes slopes of 10 to 30%  slopes of 5 to 10% with average slopes
above 30% of 0 to 5%
Soil A2-16 D08 -12 L6 -08 04 -.06
Infiltration

Mo effective soil
cover, either rock or
thin soil mantle of
negligible infiltration
capacity

Slow to take up
water, clay or
shallow loam soils of
low infiltration
capacity, imperfectly

or poorly drained

Normal; well drained
light or medium
textured soils, sandy
loams, silt and silt
loams

High; deep sand or
other soil that takes
up water readily, very
light well drained

solls

Vegetal
Cover

A2 -16
No effective plant
cover, bare or very

sparse cover

A8 -2

Poor to fair: clean
cultivation crops, ar
poor natural cover,
less than 20% of
drainage area over

good cover

D6 -08

Fair to good: about
50% of area in good
grassland or
woodland, not more
than 50% of area in
cultivated crops

04 -.06

Good to excellent:
about 90% of
drainage area in good
grassland, woodland

or equivalent cover

Surface
Storage

d0-12

Negligible surface
depression few and
shallow;
drainageways steep
and small, no

marshes

08 - 10

Low: well defined
system of small
drainageways: no

ponds or marshes

06 -.08

Normal: considerable

surface depression
storage: lakes and

pond marshes

04 -.06

High: surface
storage, high;
drainage system not
sharply defined; large
flood plain storage or
large number of

ponds or marshes

Given

Find

An undeveloped watershed consisting of}

[') rolling terrain with average slopes of 3%,

2) clay type soils,

3) good grassland area, and

4) normal surface depressions.

The runoff coefficient, C, for the above watershed.

Solution:
Relief

Soil Infiltration
Vegetal Cover
Surface Storage

0.14
0.08
0.04
0.06
C= 032
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Table 819.2B

Runoff Coefficients for
Developed Areas

Type of Drainage Area

Runoff
Coefficient

Business:
Downtown arcas
Neighborhood areas
Residential:
Single-family areas
Multi-units, detached
Multi-units, attached
Suburban
Apartment dwelling areas
[ndustrial:
Light areas
Heavy areas
Parks, cemeteries:
Playgrounds:
Railroad vard areas:
Unimproved areas:
Lawns:
Sandy soil, flat, 2%
Sandy soil, average, 2-7%
Sandy soil, steep, 7%
Heavy soil, flat, 2%
Heavy soil, average, 2-7%
Heavy soil, steep, 7%
Streets:
Asphaltic
Concrete
Brick
Drives and walks
Roofs:

0.70 - 0.95
0.50-0.70

0.30-0.50
0.40 - 0.60
0.60 - 0.75
0.25-0.40
0.50-0.70

0.50 - 0.80
0.60 - 0,90
0.10-0.25
0.20 - 0.40
0.20-0.40
0.10 - 0.30

0.05-0.10
0.10-0.15
0.15-0.20
0.13-0.17
0.18-0.25
0.25-0.35

0.70 - 0.95
0.80 - 0,95
0.70 - 0.85
0.75-0.85

0.75-0.95

The Regional Flood-Frequency equations are
applicable only to sites within the flood-
frequency regions for which they were derived
and on streams with virtually natural flows.
For example, the equations are not generally
applicable to small basins on the floor of the
Sacramento and San Joaquin Valleys as the
annual peak data which are the basis for the
regression analysis were obtained principally
in the adjacent mountain and foothill areas.
Likewise, the equations are not directly
applicable to streams in urban areas affected
substantially by urban development. In urban
areas the equations may be used to estimate
peak discharge values under natural conditions
and then by use of the techniques described in
the publication or HDS No. 2, adjust the
discharge  wvalues to  compensate  for
urbanization. Further limitations on the use of
USGS Regional Flood-Frequency equations
are:

Region Drainage Mean Altitude

L]
=

Area (A)  Annual  Index (H)
miZ Precip (P) 1000 fi.

in.
North Coast  0.2-3000 19-104 1.0-5.7
Northeast 0.2-25 all all
Sierra 0.2-9000 T-85 0.1-9.7
Central 0.2-4000 8-52 0.1-2.4
Coast

South 0.2-25 all all
Lahontan-

Colorado

Desert

Note: Values shown in table have not been
converted to metric system.




