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These two equations are based on the solution
Table B16.6A of Mamning's ecquation  with  Jifferent
Roughness Coefficients For assumptions  for 0 (Manning’s  roughness
Sheet Flow cocfficient) and r (hydraulic rudius, m). For
unpaved arcas, n is 0,05 and ris 0,122 m: for
Surface Descriphion T paved arcas, n s 0.025 and ris 0.06 m.
Asphult Concrete 0.011- The travel time can be calculated from
0,016
Concrele 0.012. L
0.014 [CIAY
}(_?“r ick wuhbcbclmcm mortar gg.l’: where Te is the travel time in minutes, L the
F:ﬂ:i:l('nmo rc:iduc) 0:0; fength in m, and V the flow velocity in m/s.
Gruss
. The following empirical formula may be wsed
Short grass prairie 0.1% as an aliernative to estimate the Mow velocity:
Dense gross 0.24 2
Bermuda Grass 0.41 V=kS
Wonds* Where § is the slope in pereent und k (m/s) is
. an intercept cocflicient depending on  land
Light underbrush 0.40 cover os shown in Table §16.6B,
Dense underbrush 0.80
“Woods cover is considered up Lo beight of 30 mn, which isthe
maxipum depth obsnacting sheet flow Table 816.68

2) Shullne concentraied  jlow teovel  time.
After a maximum of 91 m, sheet flow usuvatly
becomes  shollow  concentried  flow, The
avernge  veloeity for this flow con be
determined from  Figure 816.6, in  which
average veloeity is a function of watercourse
slope and type of land cover. For slopes less
than 0.005 m/m, use cquations given below for
Figure 8166,

Average  velocitics for  estimating  shallow

concertrated flow tavel time wsing Figure
316.6,

Unpaved V= 49180 "
Puved V= 6.196(3) ?
Where:

V = average velocity, mfs

S =slope of hydmulic grade line
(watcrcourse slope). mim

Intercept Coefficients for Shallow

Concentrated Flow

Lond cover/Flow reginie

K [ns)

Forest with heavy ground litter: hay | 0.076

micadow {overland flow)

Trash Faltow or minimum tillage. 0152

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

Short grass pasture {overland fow) | D.213

Cultivated straight row {overland 0.274

flow)

Nearly bare and untilied (overland 0.303

flow): alluvial fans

Grassed waterway (shallow 0.457
concentraicd flow)

Unpaved (shaflow concentrated N9l
flow)

Paved arca {shallow concentrated 0.61Y

flow); stnall uptand gullics

ay vy ;s

e Ty ay

a TN fay ooy o =y S ay =
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HIGHWAY DESIGN MANUAL 810-15

Highway cogincers should uonderstand that the
option to sclect a predetermined design flood
frequency s gencrally only applicable to new
highway locations. Because of existing constraints,
the freedom to select @ prescribed design flood
frequency may not exist for projects involving
replacement of existing fucilitics.  Caltrns policy
relative to up-grading of exisling drainage fucilitics
may be found in Index 803.3.

Although the procedures  und  methodology
presented in HEC 17, Design of Encroachments on
Flood Plains Using Risk Analysis, arc not fully
cndorsed by Caltrans, the circular is an available
saurce of information on the theory of "least fotal
expected cost (LTEC) design". Highway engincers
are cautiencd aboot upplying LTEC methodology
and proccdures to ordinary  drainage  design
problems.  The Headquasrters Hydraulics Engincer
in 1hc Division of Design should be consulted
before committing to design by the LTEC mcthod
since its use con ohly be justified and recommended
under extspordinary circumstonces,

Topic 819 - Estimating Design
Discharge

§19.1 Introduction

Before  highway drminage facilities can  be
hydroulicolly designed, the quantity of run-off
{design Q) thot they may reasonnbly be expeeted to
convey must be established. The estimation of peak
discharge for various recurrence intervals s

.therefore the most important, and often the most

difficult, task facing the highway engincer, Refer o
Toble 819.5A for a summary of methods for
estimating design discharge.

819.2 Empirical Methods

Beeause the movemem of water is so complex,
numerous empirical methods huve been used in
hydrology. Empirical methods in hydrology have
greal uscfulness 1o the highway cagineer.  When
comrectly applicd by engincers knowledgeable in the
method being used and its idibsyncrasics, peak
discherge estimates can be obtained which are
functionally wcceptable for the design of highway
droinage structures and other features, Some of the

May 1. 2001

more commonty used cmpirical methods  for
cstimuting runoff are as follows,

(1) Rariona! Methods,  Undoubtedly. the most
popular and most often misused cmpirical
hydrotogy method is the Rational Formula:

Q =0.28CiAa

Q = Design discharge in cubic mclers  per
second,

C = Cocfficicnt of runoff,

I =Average  eainfall  intensity s
millimeters per heur for the selected
frequency and for a duration cqual to

the time of conecnirtion,

A = Drainage arcit in square kilometers,

Rational methods are simple to use, and it 1s
this simplicity that has made them so popular
among highway drainage design engincers,
Design  discharge. as  computed by  these
methods, have the same  probability of
oceurrcnce (design frequency) as the frequency
of the rainfall used. Refer to Topic 818 for
further information on flood probobility and
frequency of recurrence.

An assumption that limits applicability is that
the radnfull is of ¢qual intensity over the entire
watershed. Because of this, Rational Meibods
should be used only for estimating runoff from
small simple watershed arcas, preferably no
farger than 1.3 km? (130 ba). Evea wherc the
watershed area  is  refatively  small  but
complicated by o mainstream fed by one or
more significant tributagics, Rational Methods
should be applicd scparately to euch tributary
stream and the tributary flows then routed down
the snain channel.  Flow routing can best be
accomplished through the nse of hydrographs
discussed under Index 816.5. Since Rutional
Methods give results that ore in terms of
instantancous pesk discharge and provide littde
information rclative to runoff rate with respeet
to ftime. synthetic hydrographs shoubd be
developed for routing  significant  tributary
inflows. Several relatively simple methods

Fh-g--ﬁﬁ-‘a--\_ﬁ-“ﬁ_

't
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have  beer  established  for  developing
hydrographs. such as transposing a hydrograph
from another hydrologically  homogencous
watershed, The stream hydraulic method, and
vpland method are deseribed in HDS No. 2.
These, aud other methods, wre adequate for use
with Rational Methods for cstimating peek
discharge and will provide results that arc
aceeptable to form the basis for design of
highway drainage facilities,

It is clearly cvidemt upon examination of the
assumptions and paremeters which form the
basis of the equation that much care and
judgment must be applied with the use of
Rational Mcthods to obtain rcasonable results.

s The runoft 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 fo
infiltration, transpiration, evaporation
and depression storage,

Values of "C" may be determined for un-
developed  oreas from Figure 819.2A by
considering the four charucteristivs of: pelicf,
soil inftlimiten, vegewl cover, and surface
storage.

Some typical values of "C" for developed areas
arc given in Toble 819.2B.  Should the basin
contain varying amounts of different cover. a
weighted runoff cocfficient for the eatire bosin
<an be determined as:

. CIA it (32»\ PRI ‘

AP A gt -

+ To properly sutsfy the ussumption that the
entire drainage arcn contributes to the flow:
the rainfall intensity, (3 in the cquution
exprossed in millimeters per hour, requires
that the storm duration and the time of
cencentration (1¢) be equal. Therefore, the
first step in cstimating (i) 1s to estimaite {f¢).
Methods  for  determining  time  of
concentiation are dJiscussed umder Index
R16.6.

¢ Oncc the time of concenlration. (te), is
estimated, the winfall  intensity. (i)
corresponding to a storm of equal duration,
may be obtoincd from available sources
such as intensity-duration-frequency (IDF)
curves.  Sco Index R15.3(3) for fmther
information vn IDF curves,

The runoff coefficients given in Figure $19.2A
and Tuble §19.2B are applicable for storms of
up to 5 or |0 year frequencies, Less frequent,
higher  intensity storms  usunlly  require
modification  of the coefficient because
infitration, detention, and other losses have o
proportionally smallcr effect on the total runoff
velume. The odjustment of the ratiortal method
for use with mujor storms can be made by
multiplying the coefficient by o frequency
factor, C(). Values of C(f) are given below.
Under no circumstances should the product of
C(D) times C oxceed 1.0,

Frequency (yrs) c(f)
25 11
50 1.2
{0, 1.25

{2) Regional Analvsis Methods. Regional anafysis

methods utilize records for streams or drainage
arcas in the vicinity of the stream under
consideration  which would have  similar
characteristies 1o develop peak  discharge
estimates. These methods provide techniques
for cstimaiing annual peak siream dischange ot
any site, paged or ungaged. for probubility of
recurrence from 50% {2 years) to 1% (00
years).  Application of these methods s
convenient, but the precedure is subject 10 some
limitations,

Regional Flood - Frequency  equations
developed by the U5, Geological Survey for
use in Californix arc given in Figure 8102C,
These equations are  based on  regional
regression analysis of date from 705 gaging
stations. Nomographs  and  complete
information on use and development of this
method may be found in "Magnitude and
Frequency of Floods in California” published in
Jupe, 1977 by the U.S. Depurtinemt of the
Iatcrior, Geologieal Survey,

am =l aw 5 M
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Figure 819.2A
Runoff Coefflclients for Undeveloped Areas
Watershed Types
Extreme High Normal Low
Relicf 28435 20-.28 14-20 08 -14
Steep, rugged terrain Hilly, with average Rolling. with average  Relatively flat land,
with average slopes  slopes of 10to 30%  slopes of Sto 10% with average slopes
above 30% of 0 to 5%
Sail J2-16 08-12 .06 -.08 04 -06
Infiltration . . . .
No effective soil Stow to take up Normal; well drained  High; deep sand or
cover, eitherrock or  wager, cly or light or medium other soil that takes
thin soil mantle of shallow loam soils of  textured soils, sandy  up water readily. very
negligible infiltention  low infiltration loams, silt and silt light weli draincd
capacity capacity, impertectly  loams 50ils
or poorly drained
Vegetal d2-16 08 -.12 06 -08 04 .06
C .
over No cffective plant Poor to fair; clean Fair to good; about Good to excellent:
cover, bare or very cultivation crops, or  50% of area in good  ubout 90% of
sparse cover poor natural cover,  prasshand or drainage area in good
less than 20% of woodland, not more  grassiand, woodland
drainage arch over than 50% ofarca in  or equivalent cover
good cover cultivatcd crops
Surface A0-12 08 -.10 .06 -08 406
Storage . ) .
Negligible surface Low: wel defined Normal; considcrable  High; surface
depression few and  system of snual] surface depression storaye, high:
shallow; droinagewaysi no storage: lakes and drainsge system not
drainageways steep ponds or marshes pond marsiies sharply defined; karge
and small, ne Aoad plain storage or
marshes large number of
ponds or marshes
Given An undeveloped watershed consisting of; Solution;
1) rolling termin with average slopes of 5%, Relief 0.14
2) clay type soils, Soil Infiltration 0.08
3) good grassland arca, and Vegetal Cover 0.04
4) normal surface depressions. Surface Storage 0.06
C= 032
Find The runeff cocfficient, C, for the above watershed.
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Table 819.2B
Runoff Coefficlents for
Developed Areas
Type of Drainage Arca Runoff
Cocfficient
Business:
Downtown arcas 0.70- 0.95
Neighborhood arcas 0.50-0.70
Rexidentint:
Single-family arcas (.30-0.50
Multi-unis, Jetached Q.40 - 0.60
Multi-units, uttached 0.60-0.75
Subwbin 0.25-0.40
Aparmeni dwelling arcas 0.50-0.70
lndustrial:
Light arcas 0.50 - 0,80
Heavy arcas 0.60 - 0.90
Parks, cemeteries: 0.10-0.23
Playgrounds: 0.20 - 0.90
Railroad yard areas: 0.20 . (140
Unimproved areas: 0.10-0.30
Lawns: )
Sandy seii, flat, 2% 0.05-0.10
Sandy soil, average, 2-7%  0.10-0.15
Sondy soi), steep, 7% 0.(5-0.20
Heavy soil, flat, 2% 0.13-0.17
Heavy soil, average, 2-7% 018 - 0,25
Heavy soil, steep. 7% 0.25-0.338
Strects:
Asphaltic 0.70 - 095
Conerete 0.80- 005
Brick 0.70- 0.85
Drives and walks 0.75-0.85
Roofs: 0.75-095

The Regional Flood-Frequency cquations are
applicable only to sites within the flood-
frequency regions for which they were derived
and on streants with virtually notural flows.
For example, the equalions are not gencrally
applicable to small basins on the floor of the
Sucramente and San Joaquin Valleys as the
annwal pepk data which are the basis for the
regression analysis were obtained principally
in the adjcent mountain and foothill wrcas,
Likewise, the cquations are not dircetly
applicable to streams in wiban areas affected
substantially by urban development. In urban
arcas the equations may be used w0 cstimate
peak discharge values under aatural conditions
and then by use of the techniques described in
the publication or HDS No. 2, adjust the
discharge  valies to  compensate  for
urbanization. Further limsitations on the use of
USGS Regionol Flood-Frequency equations
are!

Region  Drmimage  Mean Altitude
Arca({A)  Anmuul  Index (H)
mi2  Precip(P) 10000,
in.

North Coast  0.2-3000  19-1(4 1.0-5.7

Northeast 0.2-25 wll ull
Sierm 0.2-5000 7-85 0.1:9.7
Centrad 0.2-4000 8-52 0.1-24
Coast

South 0.2-23 all all
Lahontan-

Colorado

Desert

Note: Values shown in table have not been
cenverted to mefric system.
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INLET CONTROL
' . L ; ‘ o L-’*-tf Tahlea Infet Control Deslgn Equatlons .':f:::,-:.r‘ e e “'_"-.‘_,‘-‘ 3 3‘
UﬂgUBMERGED‘
HW, H o T
Form(l) ——=-—"+K|—— ~058 % (26)
D D AD
- Form (2) = - €2)]
D ADY
- [EUBMERCGED®
2 3
P HW. o
'-'fﬁfl'= C _Q"u:s— -I---fl‘.r-—G..'SS-2 (29 :
i R T T
Definitions
- HW, Headwater depth above inlet control section invert, ft
v D Interior height of culvert barrel, f b
H, Specific head at critical depth (do + V2i2g). ft =
5 Ql Discharge, t¥/s
) A Full cross sectional area of culvert barrel, fi*
S Culvert barrel slope, i/t
K.M,c,Y Constants trom TJable 9 9
[NOTES: ~ 3
» :|1 Equation 26 and Equation 27 {unsubmerged) apply up to about QIADPS = 3.5 e
"2 For mitered inlets use +0,7S instead of -0.55 as the slope correction factor, o
3 Eguatlon 28 (submerged) appﬂes above about QIAD° 5=40.
R I T R L S SO N

ontrol Deslgn Equat!ons- IPLIRVRN &

o e e e [ SRR W e

ap INomographi Unsubmerged Submerged

Matertal Equatton c
Form'

Y

e

-

& ok

Clrcular 1 ~ Square edge wineagwall 0.0008 [ 2.0 0398 | 67 |[(56) (57)
Concrate 2 [_Groove yheadwal i 0018 (2.0 .0202 741(56) (57)
i RN 3 _Graove End Projaciing R 0045 12.0 | .0317 | .69 (56} (57)
Z [ Ccircdlar 1 Headwall | i 0078 [2.0 [.0379 [ .60 {56} (57)
CMP 2 Mitered to Stope i 0210 [1.33] 0463 | .75 }(57)
) 3 Projecting C o340 |1.50f 0853 | 54,i(57)
] Clrealar A Bevelad Ring, 455 Bovels ' 0018 [2.50[.0300 (.74 [57)
B | _BevoedRing ssroBavels | [00%8 |250) 0243 ) 83 6T)
1 300 10 750 Wingwall Flares i 026 [1.0°].0347 [ 86 [(56)
2 90e to 150 Wingywall Flares 061 [0.75] 0400 | .80 [56)
3 [ 0 Wingwall Flares 061 [0.75] .0423 | .82 |{8)
7 25 Wingwall Flare 4=.0430 2T 810 [667].0308 [.80 [6)
‘ 2 184033. 70 Wingwall Flare d=.083D 488 1667, ,0249 | .83 (8)
10 [Reclangular 1 G0° Headwall, 3/4° Chamlers 2 | 515 1667|.0375 [.79 [[(B}
Box 2 900 Hoadwall, 45¢ Bavels 495 £6671.0314 | .82 [i(B)
3 90 Headwall, 33.7 Bavels AB6 {667{.0252 |.865](8)
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