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21

o'72mi niyn Y9 aganaTa 6.3

DR NHP'AR AN DNANDNY ONNND XD 719N Same nityn mn aen

M7 6.1 qryoa nivIna U5 07N TIFIN NIitYNY

USND NINA NNONY OXNNA ¥R %N ami nizvn Y nd%ian win aen

S 5.3 guwoa

4.1 quwoa 10319 93 11NN MNEYY oknna 5% Y nnanont om 22mn

Ty

nana 30% Yw nooimal PNR NE'o DX N7 DY D wam 7amn mn

JHPIN NN 1M YRIve INDN 0WINY ARIFNN “2'wn 091 9 awinnn

j1O2n NNty on INPIY NNIYN

0.013 = poa vy n1xn DTN

2.0%0 — 0'2mn Y YN N DIIN VID'Y

TN noYYn e ninme nenl n am mn awn ¢ nikhe A"

S MIINBN
AT NN o'm NaIa Tanoip AMo0 }
' aun ‘
“el'n " 'ng yop i un/awnn ow
pnnnann | Wi'n |
1917 V19N ' %
1.75 0.3 21.25 1.52 2«1
1.75 0.3 &31.25 1.52 3«2
'XHN T NN
'n1.0=nmnn
0.70 0.71 158 | N0 < 4
. 1:3 = [oIT vioW 07
1.40 0.53 &1.00 0.59 6«5
1.42 0.55 @1.00 0.63 67
0.62 057 'm1.0-nnnn 0.97 B« 86 ‘nTH YA
0.62 0.58 | 13TV 0.99 98
0.63 00| ™ 10-nmnnn 105 | M « 9

o'

. I



22

ONNND PN T J1O" Ny .7
NIOAUDIVYT DNNNA NATA (1D 1NN DY DTINNA NNMAN AKX ¢ 0N 0MNnnn
LAY TR oniy 1A% X7 DRTER RToI0I00 78 ey Y .nnepn
¢ N NIAYN X nnwarp G a pin K,C LB oman) o'iwn nimnn 'nown
Sy NN o enn am YN
32 MUY NITE W VI WWONND DTN i 12ty 10imn o wwx E 1D omnnn
J9"YW 107 NIYXNND Y
D XYUT 'NOWN 2" ITI9Y 723D . 0I07IPR TN TNIXY DIYYNN] DN NN X7 N2nd DR
Sy nn nddva Yy oroniy Popnt?
TINYTA YX 19 DUANN YW NRam N P DD D2WA QTR TA 'Nnn

JDWDN AVTRN NZUNYT 090 U NN D 9T 71 0N Dhoe




23

a2 Mnwn (11ON .8

NN NN 9"V .0 M VINI D'NITA 0N DDINON DINNN M .0 §INY oNNND DI
IO TY YU NIN AT ATN 122 MBYN 3192 3TN AN10n2 1200 NINR7 Twnn My
(3 'on no012 NON AXI} A MTNNT oM

NUY NYTANN DNXIND O¥INA DYV AN N90INI 0N NOW W DRINY 1DXY DNANNN
TN 0YRYN ONOW IN DY 29 QYW DI'RE DY RXIMD N DTN DTInn 1A

.OINDD 'Y 7 M 7Y DTINN YA K7 ANRD IR

Y0 17002 T 'RYIN 1T NYI0D NYn DN nnNpy

YU AT DAY 0OMNN WO MY 0 INY TRD N2 ANt DNNBD Y migan
2Wmn am T o qinz vant fitee 1Y e nyan

DM P'UCYD NIPYW INWI Y72 NN 9IN 'K 7I0'AN am T e 1% g
AN nownY N‘n'np'm TDIYNY YN NN ' IN NIMIDB MDY 0'wnunYy

DU R [DNOA 7Y DN DN IR YIUMA RYM T YR 0 T NG o
B0 TINPINN IWN 130 DY NANY NNIY 70 001210 [NNSN .N"2¥N 1Y N0 andyna
NN [N K¥IND [7AN 19Y7 72mn nxpt

1 NOANND DT KYMA 7 T N 1110 120 OV DNIY INRY D970 N2RWR nInn
SMwny AN DR NANZN 2N nniwh ¥ npao

20991 YU MITA7 AWOND N T AI0N1 T NIPNN OY A'AN 7200 NaNwnn

, DM Y QAIRD WPUNN NATRYD 1D 2KY 9NN 0roa

R0 RYIN Y 00PN 120N AN T Ioa 17 R OaINNI [pmin a?a0n naNenn

{NTdmMA d¥NN NIV Y'EN Wn? Naom



n9'N Mn

24

N owa ninxiy - 1 'on N0

(8) PROBABELITY OF MAXIMUM RAIN INTENSITY (mm/h) FOR VARIOUS DURATIONS
ACCORDING TO REGRESSION OF In FREQUENCY TO In RAIN AMOUNT®
DMWY YAt 23Uy (MYY/MIN) IHINYOPN DY) ANKY Hv manon (8)
* In-3 HINDIAN ,AMAOY PAY DYIN TN P2 PO DY

HAIFA , 1955-1995 , TPHNN-N92*H

px 5 110] 108 W20} 129 H30) e MSO) 6o) (80} {100) 4(120) 1{150)
¢ 207 167 135 115 ) 85 73 64 61 52 as 41 36
2 v 139 w3 96 %) 72 62 54 51 4 ar 3 29
3 152 120 101 67 75 65 56 49 48 39 » 30 28
4 140 115 a4 81 70 &1 52 1 a3 38 k11 a7 24
s 132 108 89 76 66 58 50 as a0 24 29 28 b
6 125 103 a5 ™ 63 55 4 a2 a8 32 28 24 2
7 120 o9 at 70 60 53 a5 40 37 a 26 23 20
s 15 95 18 67 s8 52 44 1 36 20 26 22 20
s 112 02 76 65 st 50 43 38 as 20 25 » 19
0 108 20 74 64 55 49 42 a7 Y] 28 24 F2] 18
18 o7 80 66 57 S0 45 38 1 0 25 2 19 16
20 83 74 62 53 a6 42 35 3 28 2 20 7 15
= 84 F 58 50 a3 40 KL 30 27 2 19 16 14
s 76 Iy s3 46 a0 7 L1 27 25 20 1 15 13
a5 n 60 50 43 38 3 29 26 23 19 16 14 2
28
220
200 "‘\
M BE
= 6o
3 3\
“?r.: 51 .
= I\
!
s !B‘-\“\\\
= 100 ‘
[ &
B ol \\\-.‘\\\
; 6 \\\L“\ |
0 ‘&2:‘:--;
20 R e e P -
o | T F 1 e ‘
o 20 A% TR AR RS AR TR "< R A TE

RAIN AMOUNT = p~ o*exp(b)
 Duration 5 10 15
R~ 2 0979 0976 096 0965
; 0468 0472 0485 -0.499
2873 337 1ST3 T2

Ift) = Maximum rain intonsity tor duretion (|}

0
OLRAYP min b

COEFFICIENTS FOR THE Inkin REGRESSION
25 30 a0 S0 &0 80 100 1720 150
0.958 0.962 098 0547 0937 0854 0571 0972 0569
0494 -0.486 -0.482 -0456 -0.433 -0.4D01 .-0.273 0341 0298
378 3am7 A 384 23013 aA784 3765 3727 3677

* g00 ch. Rain Intensiies Eveluation by Different Probabiiity Methods

26

1{180}



25

NPT SY 117 1190 7911 CLA 5711 %95 120 MPa0 W - 2 /0N NOY)

NNDOP

HIGHWAY DESIGN MANUAL §10-9

per second (m¥s) for the 24-hour period from
midoight to nudnight.

rPaleoflood” (ancient flood) data has been found
useful in extending stream gaging station records.
(See Topic 817 for further discussion on measuring
stream flow)

815.5 Rainfall

Rainfall data are collected by recording and non-
recording rmin gages. Rainfatl collected by vertical
cylindrical rain gages of about 200 mm in diameter
is designated as "point rainfall”,

Regardless of the care and precision used, rainfall
measurements from roin gages have inkerent and
unavoidable shortcomings.  Snow and wind
problems frequently interrupt rainfall reconds.
Extreme rainfall data from recording rain gage
charis are generally underestimated.

Rain gage measurements are seldom used directly
by highway engineers. The statistical analysis
which must be done with precipitation
measurements is nearty always performed by
qualified hydrologists and meteorologists such as
those employed by the Departinent of Water
Resources (DWR). The intensity-duration-
frequency (IDF) tables and curves are the preducts
of rainfall measurement analyses which have direct
application to highway drainage design.

815.6 Adequacy of Data

All hydrologic data tha: has been collected must be
evoluated and compiled into a usable format.
Experience, knowledge and judgment are an
important part of daia evaluation. It must be
ascertoined  whether  the  data  contains
inconsistencies or other unexplained anomalies
which might lead to emoneous calculations and
conclusions that could result in the over design or
under design of drainage stnuctures.

Toplc 816 - Runoff

816.1 General

The process of surfzce runoff begins when
precipitation exceeds the requirements of:

May 1, 2001

* Vegetal interception.
e Infiliration into the soil.

e Filling surface depressions (puddles,
swamps and pords). As ramn conhnues to
fali, surface waters flow down slope
toward an established channel or stream.

816.2 Gverland Flow

Overland flow is surface waters which travel over
the ground as sheet flow, in rivulets and in small
chanpels to a watercourse.

816.3 Subsurface Flow

Waters which move laterally through the upper soil
surface to streams are called “interflow” or
"subsurface flow”. For the purpose of highwny
drainage hydrology, where peak design discharge
(flood peaks} are the primary iuterest, subsurface
flows are considered to be insignificant.
Subsurface flows travel slower than overland flow.

White groundwater and subsurface water may be
ignored for runoff estimates, their detrimenial
effect upon highway structural section stability
cannot be overstated. See Chapter 840, Subsurface
Drainnge.

816.4 Detention and Retention

Water which accumulates and ponds in Low points
or depressions in the soil surface with no
possibility for escape as runoff is in retention
storage. Where water is moving over the land it is
in detention storage. Detained water, as opposed
to retained water, contributes to runoff.

816.5 Flood Hydrogiraph and Flood Volume

In response to a rainstorm the quantity of waier
flowing in a stream increases. The water level
rises and may continve to do so after rainfall
ceases. The response of an affected stream, dunng
and after a storm event, con be pictured by plotting
discharge against tme to produce a flood
hydrograph. The principal elements of a typical
flood hydrograph are shown in Figure 816.5

Flood volume is the area under the flood
hydrograph.  Although flood volume is not
normally a consideration in the design of highway

U SIF N SEF SN I SN SN BN IR GBI SN B G N Gy AW e A e .
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drainage facilities, it is occzsionally used in the
hydrologic analysis for other design parameters.

Information on ftood hydrographs and methods to
estimate the hydrograph may be found in Chapters
6, 7 and 8 of HDS No. 2, Hydrology.

Figure 816.5

Typical Flood Hydrograph

|-—r|u|nlnl i s ioe

DISCHARGE (M?S)

U v}

816.6 Time of Concentration (Tc) and
Trovel Time (Tt)

Time of concentration is defined as the time
required for storm ruoff to travel from the

hydrautically most remote point of the drainage
basin to the point of interest.

An asswmption made in some of the hydrologic

methods for estimating peak discharge, such as the .

Rational and NRCS Methods (Index 819.2), 15 that
maximumn flow resulis when rainfall of uniform
intensity falls over the entire watershed area and
the duration of that rainfall is equal to the time of
concentration. Time of concentration (Tc) 15 the
cunulative sum of three travel times, including:

o  Sheet flow
¢ Shallow coucentrated flow
¢  Chaunel flow

(1) Sheer flow mravel rime. Sheet flow oceurs for
some distance after rain water falls on the
ground. The flow depth is approximately
uniform and is usually less than 50 mm. Sheet
flow normally takes place for a distance less
than 25 m although in some instances it could
travel 100 m. NRCS Technical Release 55
(TR-55) reconunends an upper limitof 91 m. A
common method to estimate the travel time of
sheet flow is based on kinematic wave theory
and uses the Kinematic Wave Equation:

" 5 O3S

Tt = w5 3o
i S

Tt= travel time in minutes.
L= Length of flow path in meters.
S= Slope of flow in m/m.

n= Manning's roughness coefficient
for sheet flow (see Table 816.6A).

i= Design storm rainfall intensity in
nun‘h,

If Tt is used (as part of Tc) to determine the
intensity of the design storm from the IDF
curves, application of the Kinematic Wave
Equation becomes an iterative process: an
assumed value of Tt is used to determine 1 from
the IDF curve; then the equation is used to
calculate a new value of Tt which in tumn yields
an updated i. The process is repeated until the
calculated T: is the same in two successive
iterations.

To eliminate the iterations, use the following
simplified form of the Manning’s kinematic
solution:

5476 LY n**
T =
P12 g5
where P2 is the 2-year, 24-hour rainfall depth in
mm (ref. NOAA Atlas 2, volume XI or use
fotlowing web site address;

bttp:/wvww.wree sage.dri.edu/pepnfreq.html)
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Table 816.6A
Roughness Coefficlents For
Sheet Flow
Surface Description n
Asphalt Concreie 0.011-
0.016
Concrete 0.012-
0.014
Brick with cement mottar 0.014
Cement rubble 0.024
Fallow (no residue) 0.05
Grass
Short grass prairie 0.15
Dense grass 0.24
Bermuda Grass 0.4]
Woodst
Light underbrush 0.40
Dense undesbrash 0.80
Joods cover is considered up ro o heighs of 30 mm, which is the
mrvinmm depth obstucting shest flow

(2) Shallow concenwated flow travel rime.
After & maximum of 51 m, sheet flow usunlly
becomes shallow concentrated flow. The
average velocity for this flow can be
determined fromm Figure 316.6, in which
average velocity is 2 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.

Aversge velocities for estimating shallow
concentrated flow travel time using Figure
816.6.

Unpaved V' =4918(s) L
Paved V=6.196(s) "
Where:

V = average velority, m/s

§ = slope of hydraulic grade line
(watercourse stope), m/m

May 1, 2001

These two equations are based on the solution
of Manning's equation with different
asswnptions for n (Manning’s roughness
coefficient) and r (hydmulic radius, m). For
wnpaved areas, o is 0.05 and r is 0.122 m; for

paved areas, 0 i5 0.025 and ris 0.06 m.

The travel time can be calculated from

Te=_ L
&0V

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

The following empirical formula may be used
as an altemnative to estimate the flow velocity:

v=ks?

Where S is the slope in percent and k (0v/s) is
an intercept coefficient depending on land

cover as shown in Table 816.6B.

Table 816.6B

Intercept Coefficlents for Shallow
Concentrated Flow

Land cover/Flow reglme K {m/s)
Forest with heavy ground litter; hay | 0.076
meadow (overland flow)

Trash fallow or minimum tillage 0.152
cultivation; conteur or strip cropped;
woodland {overland flow)

Short grass pasture (overland flow) | 0.213
Cuitivated straight row (overland 0.274
flow)

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

Grassed watenway (shallow 0.457
concentrated flow)

Unpaved (shallow concentrated 0.491
flow)

Paved area (shallow concentrated 0.619
flow); small upland gullies

-



HIGHWAY DESIGN MANUAL 810-15

Highway engineers should understand that the
option to select a predetermined design flood
frequency is generally only applicable to new
highway locations. Because of existing constramts,
the freedom to select a prescribed design flood
frequency may not exist for projects involving
replacement of existing facilities. Calirans policy
selative 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 Calirans, 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 10 ordinary drainnge design
problems. The Headquarters Hydraulics Engineer
in the Division of Design should be coasulted
before committing to cesign by the LTEC method
since its use can only be justifted and recommended
under extra-ordinary ciwcumstances,

Topic 819 - Estimating Design
Discharge

£19.1 Introduction

Before highway dreinoge facilities can be
hydrautically designed, the quantity of run-off
(design Q) that they mey reasonably be expected to
convey must be established. The estimation of peak
discharge for wvarious recurrence iptervals is
therefore the most important, and often the most
difficult, task facing the highway engineer. Referto
Table 819.5A for a summary of methods for
estimating design discharge.

819.2 Empirical Methods

Becsuse the movememt of water is so complex,
numerous empirical methods have been used in
hydrology. 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 fearures. Some of the

My 1,200

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

(1) Rarional Methods. Undoubtedly, the most
popular and most often musused empirical
hydrology method is the Rational Formula:

Q =028 CiA
Q = Design discharge in cubic meters per
second.

C = Coefficient of runoff.

I =Avernge 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 over the entire
watershed. Because of this, Rational Methods
should be used only for estimating runoff from
small simple watershed greas, preferably no
larger than 1.3 km? (130 ha). Even where the
watershed area is relatively smell but
complicated by a mainstream fed by one or
more significant tributaries, Rational Methods
should be applied separately to each tributary
siream 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 Rationel
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
bydrographs, such as transposing a hydrograph
from another hydrologically homogeneous
watershed. The stream hydraulic method, and
upland method are deseribed 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 1o form the kbasis 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.

¢ The runoff coefficiemt "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
infiltration, transp:ration, evaporation
and depression storage.

Values of "C" may be determined for un-
developed areas from Figure B819.2A by
considering the four charzeteristics 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
coutain varying amounts of different cover, a
weighted runoff coefficient for the entire basin
can be determined as:

C1A1+ C2A2+
Al+ A 2+

* To properly satisfy the assumption that the
entire drainage area contributes to the flow;
the rainfall infensity, (i) in the equation
expressed in millimetess per hour, requires
that the storm duration and the time of
concentration (ic) be equal. Therefore, the
first step in estimating {1) is to estimate {t¢).
Methods  for  determining time of
concentration are diseussed under Index
816.6.

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

The nunoff coefficients given in Figure 819.2A
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
infiliration, detention, and other losses have a
proportionally smaller effect on the total runoff
volume. The adjustment of the rational method
for use 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
C(f) times C exceed 1.0.

Frequency (yrs} Cc(f)
25 . 1.1
50 1.2
100 1.25

(2) 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 wngaged, for probability of
recurreace from 50% (2 years} to 1% (100
years).  Application of these methods is
convenient, but the procedure is subject to some
limitations.

Regional Flood - Frequency equations
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
method may be found in "Magnitude and
Frequency of Floods in California” published in
June, 1977 by the U.S. Department of the
Interior, Geological Survey,
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The Regional Flood-Frequency equations are
Table 819.2B applicable only to sites within the flood-
frequency regions for which they were derived
Runoff Coefficients for and on sireams with \r}mlally natural flows.
For example, the equations are not generally
Developed Areas applicable to small basins on the floor of the
Sacramento and San Joaquin Valleys as the
Type of Drainage Area Runoff annual peak data which are the basis for the
Coefficient regression analysis were obtained principally
Businese: in the adjacent mountain and foothill areas.
i Likewise, the equations are not directly
Dowatown areas 0.70-0.95 applicable to streams in urban areas affected
Neighborhood areas 0.50-0.70 substantially by urban development. In wban
Residential: areas the equations may be used to estimate
Single-family arens 0.30-0.50 peak discharge values under natural conditions
. and then by use of the techniques described in
M“hf‘““f's’ detached 0.40 - 0.60 the publication or HDS No, 2, adjust the
Multi-units, attached 0.60 - 0.75 discharge  values 1o compensate  for
Suburban 0.25 - 0.40 wbanization. Further limitations on the use of
Apartment dwelling areas 0.50 - 0.70 US-GS Regional Flood-Frequeney equations
Industrial; are:
Light areas 0.50 - 0.80
Heavy areas 0.60-0.90 Region  Drainage  Mean Alritude
Parks, cemeteries: 0.10-0.25 Area (A} Amual  Index (H)
Playgrounds: 0.20 - 0.40 mi2  Precip(P) 1000 ft.
Railroad yord areas: 0.20-0.40 ) 1.
Unimproved areas: 0.10-0.30 North Coast  0.2-3000  19-104  1.0-5.7
Lawns: . Northeast 0.2-25 all all
Sandy soil, flat, 2% 0.05-0.10 si 0.2.5000 7.85 0.1.9.7
Sandy soil, average, 2.7%  0.10- 0.15 e - ) A
Sandy soil, steep, 7% 0.15-0.20 ge""‘“' 0.2-4000 852 0.1-24
0as
Heavy soil, flat, 2% 0.13-0.17
Heavy soil, avernge, 2-7%  0.18-0.25 ls.:;:g:nm 0.2-25 all all
Heavy soil, steep, 7% 0.25-0.35 Colorado
Streets: Desert
Asphaltic 0.70-095
Concrete 0.80 -0.95 Note: Values shown {n table have not been
Brick 0.70 - 0.85 converted to metri¢ system.
Drives and walks 0.75-0.85
Roofs: 0.75-095
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