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exe two equations are based on the solution
Tl | bused on the sol
Tahle 816.6A of  Manning's  equation  with  differem
Roughness Coefficients For AssUIMions Illar n' ‘-(ix\-kn;ning'is‘ rnughn;:ss
coelficient) and r (hydraulic radius. m). For
Sheet Flow oethicient) and ¢ (omuhe radius, m). 13
unpaved arcas, nis 005 and v s 0121 me tor
Surfuce Deseription " paved arcas. nis 00235 and ¢ s (LO6 m,
Asphalt Concrete G0 - The travel time can be caleulaed from
LM N
Congrete (L1 2- R
NXES 60V
Al L, P A} i - . . R
gr.wk‘\\uh'cglnh.nt mortar :;:)ij where Tois the travel time in meinutes, 1, the
Fc;;:.‘:u rubb i — ”-0; lenguh in m, and Vthe flow velocity in mfs,
“allow (no residue) ()
{irass
. . o The following empirical formula may e used
!;)horl Hriss prame :;;3 as an alternative w estimate the flow velocin:
CIESC Pri s 24
e 1n
Bermuda Grass .41 V=k5
P L . . .
Woirdds Where § i the stope in pereent and k {mfs) is
. an intereept cocllicient depending on land
;S‘E'hl undcrb{ru:«hl tdn cover as shown in Fable 816.6B.
ense underbansh (.80
“Womnks ot is considered up to a beight of 2 mm, which is tine
maximuwn depth obstructing shevt flow Table 816.68
Intercept Coefficients for Shallow
12} Shabiens concentrated  floswe travel Hie, Concentrated Flow

Afler 4 maximum of 91 m, sheet low usually

becomes  shallow  cencentrured  How.  The Land coverf¥low reaime K (/%)
avemge  velocity  for  this flow can bhe Forest with heavy ground litter; hay | 0076
determined  from Figure 81660 in which meadow (overfand flow)

average velpeity is a function of watercourse Trash fullow or minimum tilkipe 0152

slope and ype of lund cover. For slopes less
than 0,003 m/m. use cquations given below for
Figure N1 6.6,

cultivation: contouy or strip cropped:
woodland (overland flow)
Short grass pasture foverland flow) | 0.213

Average  velocities  for estimating  shallow Cubtivated seraight row (overland 0.274
concentated  flow wwuvel time using Figune flow}
816.6, Nearly bure and untilled (overland 0.305
fowk: alluvial fins
Grassed waterway (shallow 0.437
Unpaved S = 4.918(s) 112 concentrated flow)
Paved "= 6.106(s) 112 Unpaved ¢shallow concentrated 0,491
flow)
Where: Puved arca tshallow concentrnied 0.GID
V = average velocity. mis flow); small uplund pallies

5= slope of hydrulic grade ling
{wutercourse slope), mim
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Highway cngincers should wnderstand  thar the
option 10 sclect a predetermined dexign flood
lrequeney is gencrully only applicable @ new
highway lecations. Because of existing constraints,
the freedom to select @ proseribed design fload
frequeney may not exist for projects involving
replucement of existing fuctlities.  Caltrans policy
relative o up-grading of existing drainage facilities
may be found in Lndex 8033,

Although  the  procedwres  and  methodology
presented in HEC 17, Design of Encroachiments on
Flood Plains Using Risk Analysis. are not fully
endorsed by Caltrans, the circular s s availible
source of information on the theory of ™east total
expecte cost (LTEC) design™. Highway engineers
are cautioned about upplving LTEC mathodology
and  procedures w0 ordinary drijnage  design
problems, The Headguarters Hyvdraulics Engineer
in the Division of Desiga should be consulicd
before eommitting to design by the LTEC method
Se s wse can only be justitied and recommended
under extra-ordinany Circumstunees.

Topic 819 - Estimating Design
Discharge

819.1 Incroduction

Before  highway  drainage  fucilities  cun be
hydraslically designed. the quantity of run-olf
{design ) that they way reasonably be expected 1o
convey must be established, The estimation of peak
discharge  for wvarious recurrence  intervals s
therelore the most important, and often the most
difficult, wsk Facing the highway engineer. Refer to
Table ®1Y.3A for a summary of methods for
cstimating design discharge.

819.2 Empirical Methuds

Beeause the movemeni of water is so complex.
numeraus empirical metheds bave been used in
hydrology.  Empirical methods in hyvdrology have
areat usefulness o the highway engineer,  When
correctly applied by engincers knowledgeable in the
methed being used and its idiesynerasics, peak
discharge estimmes can be obtained which are
functionally aeceplable for the design of highway
drainage steuctures and other featores, Some of the

May L, 200t

more  commonly used  ompirical methads  for
estimating runedt are as folkows,

(1Y Rarfopal  Afothods, Hhodoubtedlv, the moxt
popular and most often misuged  empirical
hydrology methaod is the Rational Formala:

0 =028CiA

(= Design discharge in cubic meters  per
sceond.

¢ =Coclticient of mnoff,

I =Average  rainfall  memsity in
milfimeters per hour for the sclested
frequency and for b duratton equal 10

the timie of coteentrtion,

A = Druinage area in square Kilometers,

Rational mcthods are simple 0 wse. and it i
this simplicity that has made them se popular
amang  highway  drainsge  design engineers,
Design discharge, as compued by these
methods,  have  the  same probability  of
ocewrrenee {desipn frequency) as 1he freguency
of the rainfall used,  Refer 1o Topic 818 for
further informution on flood probabitity und
frequency of recwirence.

An ussumption that limits applicabilisy is thut
the rainfal! is of equal intensity over the entire
watershed., Because of this, Rationa! Methods
should be used only tor estimating runeft from
small stmple watershed  areas, preferibly no
larger than 1.3 km? (130 ha). Even where the
watershed  area  is relatively  small bwt
compthicated by o madnstream fed by one or
more significant tributaries. Rational Methods
shoukl be applicd sepoarately o cuch tributury
stream and the tribwary flows then routed down
the main chanel, Flow routing con best be
accomplished through the use of hydrographs
discussed under Index 8165, Since Rational
Methods give resalis that are in erms of
inskmtancous peak discharge and provide little
information relative 1o runelf rate with respect
1o e, synthetic hydrographs  should be
developed  for routing  significant  wibutury
inflows.  Several relatively simple methods
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have  been  cstablished  for  developing
hyvdrogeaphs, such as transpesing v hydrograph
from another  hydrofogically  humagencous
witershed,  The strewmn hydeaulic method, amd
upland micthod are described in HDS No. 2.
These, and other methods, are adequate lor uxe
with Rationu] Methods  for estimating peak
discharge and will provide rosults that are
acceptable to form the basis for design of
highway drinage factlitics.

It is clearly cvident upon examination of the
assumptions and parsmerers which form the
busis of the cquation that much care and
judgment must be applied with the uvse of
Rationul Methads 10 obtain reasonable results,

s The runolf coefficient *C" i the
cgetion represents the percent of water
which will run off the ground surface
during the stomn.  The wenwmining
amount ol precipitation is  lost 1w

«  Once the tme of concentration, {ic). is
cetimaned,  the  rwinfall  intensitve (ih.
comresponding w a storm of equal duration,
oy be obtained from aviilible sources
such us imensity=luration-tiequency (IDF}
curves.  Sce Index SLE3(3) for further
information on 1DF curves.

The runoft coctlicients given in Figure 819.2A
and Table 819,28 wre applicable for storms of
up o 5 or 1 vear frequencies. Less frequent,
higher  intensity  storms usually  require
moditteation  of  the  coeflicient  because
infltration, detention, amd other losses have a
proportienally simaller efteet on the totl runoff
volume. The adjustment of the rtional method
for use with mujor storms can be made by
multiplying the cocfficient by o frequency
tactor, G, Values of Cily are given below,
Under no circumstances should the product of
C{Nvimes C excecd 1.0,

infiliration.  transpiration,  cvaporation Frequency (yrs) Gt
and depression storage. 23 L
Values of "C" may be determined for un- St 1.2
developed  areas from Figure  819.2A by T 125

considering the four characteristios oft eliel,
soil whlianon, vegewl cover, and surfuce
slorage,

=

~e

=,

Regional Anelvsis Methodds, Regional analysis
methads wiilize records for streums or drainage
areas in the vicinity of the stream  under

Some typicul ‘l:“h"‘“' ol °C" for developed arcas consideration  which  would  have  similar
are viven in Table 102D, She o .
are given in Table X19.2B. - Should the busin characteristics o develop  peak  discharge

contain varying amounts of different cover, 4
weighted runoff coetficient for the entire basin
can b determined st

CI‘\ l‘|* C?_:\ :,'i'

C=
:\I'I~ A PR

»  To properly sutisty the assumption that the
entire drainage arca contributes to the flow:
the raintall intensity, (i) in the equation
expressed in millimeters per hour, requires
that the storm durgtion and the time of
concentration tie) be equul, Therefore, the
first step in estimating (i) is 1o estimate (i),
Methods  for time  of
concentration are discussed under  Index
8166,

determining

estimates. These methods provide wehniques
for estimoting annwa) pesk stream discharge @
any site, giged or ungazed. for probability of
recurienee from 3G (2 years) o 1% (TY
years),  Applicution of these  mothods is
convenient, but the procedure is subject to some
limitations.

Regionul  Flood - Frequency  cquations
developaed by the ULS. Geological Survey for
use in California are given i Figure $19.2C.
These  cquations  are based  on regional
regnession amaltysis of data from TO3 paging
stations, Nomographs  andd  camplete
information on use amd development of this
method may be tound in “Magnitde and
Frequency of Floads in California” published in
June. 1977 by the U5 Departmicni of the
Interior. Geologieal Survey.



20

Figure 819.2A

Runoff Coefficients for Undeveloped Areas
Watershed Types

Extreme High Noral Low
Relief 2835 2028 S -20 L8 .14
Sweep, rugged termin Hilly, with average Rolling. with avernge  Relatively flat fand,
with average slopes slopes of Mo 30%  slopes of 30 10% with average slopes
aboyve 3004 of ) 1o 3%
Sail A2 6 RIS I A6 - 0N 04 .06
Infiltraion No effective soil Slow to take up Normal; well drained  High: deep sand or
cover, githerrock or  water. clay or light or medium other sail that takes
thin soil mantlc of shallow loam soils of  texwwed soils, sandy  up water readily. very
negligible infiltrasion  low inftliation loams. silt and sih light well drzined
capacity capacity. imperiectly  loams soils
or poorly drained
Vepetad A2 -6 82 NUOEREN A4 -6
Cover . i -
No cffective plant Poor 1o fair: clean Fuir 10 good: about Good to excellent:
cover, bare or very cullivanion crops, or - 0% of i in good  about 90% of
SPArSe cover poor natural cover, arassland or drainage area in good
fess than 200 of woodland, not more arassiand, woodlund
drainage urca over than 30%, of area in or cyuivalent cover
gooil cover cultivatcd crops
Surtace 012 NER ] 06 08 JEE 06
Storage .

- Neghyible surface Low: well defined Normul: considerable  High: surface
depression few and system of small surface depression storage. high:
shallow, drainageways; no storage: lakes and drainage system not
dradiiaigeways steop ponds or marshes pend marshes sharply defined: farge
and small, no Ttood plyin storuge or
marshes large number of

ponds or marshes
Given An undeveloped wutershed consisting of? Solution:
Iy rolling terrain with average slopes of 3%, Reliet 0.4
2y clay wpe soily, Soil [nfiltration (.08
) good grassland arca, und Vegewld Cover 0.04
4) normal surface depressions. Surface Storage (.06
C= 032

Find

The runoft cocthicient, C. for the above watershed.
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Table 819.2B

Runoff Coefficients for
Developed Areas

Type of Druimipe Area

Runeff

Coctlicient

Business:
Downtown wreas
Neighborheed arcas
Rexidential:
Single-family areas
Multi-units. dorached
Multi-tinits, atached
Suburhan
Apartment dwelling areas
industrial:
Light areas
Fleavy ureas,
Purks, comelerios:
Plavgrounds:
Rauifromd vard arcas:
Unimproved areas:
Lawns:
Sandhy soil, Aat, 295
Sandy soil, averuge, 2-7
Sandy soil, sieep, 74
Heuvy soil fiaw 294
Heavy soil average, 2-7%
Heavy soil, steep. 7%
Surees:
Asphaltic
Cencrete
Brick
Drives and walks
Roofs:

0.70 - 0.03
0.30-0.70

0.30-0.30
.40 - 0.0
(.60 - 0.73
0.23-0.40
0.3 - 1L70

(L3 - 080
L6 - (190
L1 -0.25
20 - 0030
0,20 - 0.40
01002 0.30

DU3-0.10
-3
0.15.0.20
0.13-t17
LI%-0.25
0.25- 6138

0,70 - G058
0.80-005
.70 - (L85
0.73 - 183
0.73-0.953

The Regional Flood-Frequency equations are
applicable only to sites within the flood-
irequency regions tor which they were derived
and on streams with vimually naral flows,
For example. the equations we not generally
applicable to small busins on the floar of the
Sacrmente and San Jouquin Vallevs as the
anitual peak data which are the basis for the
regression amilysis were obtained principally
i the adjacent mountain und foothill arcas.
Likewise. the cquations arc nov directly
apphicable o streams in wthan areas affected
substantizfly by urban development.  [n urban
arcas the ¢quutions may be used to cstimate
pouk discharge values under natural conditions
and then by use of the techniques deseribed in
the publicstion or HDS Neo. 2. adjust 1he
discharge values w0 compensate  for
urbanization. Further lntitations on the use ol
USGS  Regional Flood-Frequency  equations
are;

Regien Deainage Mean Altitude
Arca(A)  Annual  Index (Hy
mitd Precip (P) 1 OEHT 1,
in.
North Coast  0,2-36H10) 19-1014 1.0-37
Northeast 1.2.23 all all
Sierra 00,2500 F-R3 1.1.9.7
Cenirul 0. 23000 ¥-52 0.1-2.4
Coust
South .2.25 all all
Lahontan-
Colormlo
Desent

Note: Values shown in table have not been
canveried o metric svstem,




