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SECTION A 

INTRODUCTION 

A.1.  ABOUT THIS MANUAL  

This manual provides the computational techniques and criteria for the estimation of 
runoff, discharges, and volumes for use in hydrology study submittals to the County of 
Kern. 

In general, each section is laid out in the following manner: 

Overview: This segment will include an outline of materials to be covered in the 
section as well as a cross-reference to other pertinent sections.  This 
overview segment will be enclosed in a box at the beginning of each 
section. 

Definitions: Those terms required for understanding the section will be defined. 

Text: This segment will explain the techniques or concepts necessary to 
perform the desired task or hydrologic method. 

Instructions: Some sections have detailed methodological procedures included to 
assist the user in the preparation of the needed work.  When such 
procedural instructions are provided they will be placed after the text on 
BLUE paper. 

Tables and 
Figures: 

All the sections related tables and figures are, in general, located after 
the text, or instruction sections when applicable, on YELLOW paper. 

Examples: Example problems, expounding upon the methods or concepts germane 
to the section, are found after the tables and figures on GREEN paper 
(Note: Oversized sheets are on white paper). 

Equations: All equations described in the section are attached at the end of the 
section, for ready reference, on PINK paper. 

Related 
Equations: 

Those equations that are related to the topics discussed in the section, 
but are described in detail in other sections, are included at the end of 
the section on PINK paper. 

 Throughout the text certain key phrases or terms are highlighted and italicized to 
assist the user in finding pertinent information.  Typically these key phrases or terms will 
also be defined within the definitions segment of the section. 
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A.2. GOALS 

The goal of the County is to provide flood protection, for all habitable structures and 
other non-floodproofed structures, consistent with the Kern County Floodplain 
Management Ordinance. Additionally, the Kern County "Land Development Standards" 
specify drainage system design and flood protection and drainage design criterion for 
roadways, catch basins, sump design, and other conditions. 

A.3.  SUMMARY OF CONTENTS 

• Precipitation and losses information common to both the Rational Method 
and the Unit Hydrograph procedure for developing flow rates are contained 
in Sections B and C, respectively. 

• Specific guidelines for application of the Rational Method are contained in 
Section D. 

• Section E contains the procedures for developing runoff hydrographs using 
the unit hydrograph method. 

• Sections F through I contain guidelines for application of various flood 
routing methods. 

• The development of runoff hydrographs for small areas is discussed in 
Section J and watershed modeling guidelines are provided in Section K. 

• Appendix I provides a discussion of environmental considerations related to 
detention basin design. 

• Appendix II provides data and/or equations for the curves and figures used 
in this manual. 

• Appendix III provides a list of equations and variables used in this manual. 

• Appendix IV is a discussion of the development of the hydrologic design 
criteria used in the manual. 

• Appendix V provides a brief history of recent flood events in the County. 

• Appendix VI provides a list of policies for the application, or modification, of 
the methodologies described in this manual. 

• Appendix VII provides an alternative Rational Method based upon the use of 
"C" factor curves. 
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SECTION B 

PRECIPITATION 

OVERVIEW  

This section will cover precipitation depth and intensity computation methods and data.  It 
will discuss:  

• Development of Intensity-Duration Curves  

• Preparation of Synthetic 24-hour Critical Storm Pattern  

• Multiday Design Storm Criterion  

Section C presents Loss computations. Section D and E address watershed flow 
determination processes.  

For other important information pertinent to this section, refer to Figures D-3 and D-4 in 
Section D. 

B.1. DEFINITIONS 

Critical 
duration: 

The critical duration of a design storm event for a hydraulic structure is 
essentially the "time of concentration," which is the time for water 
deposited at the most remote part of a watershed to flow to the structure, 
outlet, or spillway. 

Duration: The specified length of storm time under study.  Duration may be 
expressed in any time unit such as seconds, minutes, hours, days, or 
season. 

Exceedance 
(cumulative) 
probability: 

The probability that a precipitation event of a specified depth and duration 
will be exceeded in one year. 

Frequency: The frequency of occurrence of events with the specified precipitation 
depth and duration.  This is expressed in terms of either the return period 
or exceedance probability, both of which are defined below. 

Intensity-
duration: 

Dividing precipitation depth by duration, an average intensity for a 
specified duration is obtained. 

Precipitation 
depth: 

The amount of precipitation occurring during a specified duration of storm 
time.  Precipitation depth is usually expressed in units of inches. 
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Return period 
(recurrence 
interval): 

The long term average number of years between occurrences of an event 
of a given depth and duration, either equaled or exceeded. 

B.2. CLASSIFICATION OF PRECIPITATION 

In this manual, references are made to several types of storm precipitation 
mechanisms which may occur in Kern County watersheds.  The classification of storm 
precipitation is generally attributed to the mechanism which elevates the moisture laden air 
mass to be subsequently cooled.  Frontal precipitation, for example, occurs when 
moisture laden warm air is elevated (along a frontal surface) over a region of cooler air.  
Likewise, non-frontal precipitation implies that the storm precipitation is not attributed to 
fronts.  Convective precipitation is caused by the upwards migration of warm air 
through dense cold air or, for example, thunderstorms over the desert.  Related rainfall 
intensities range from light showers to catastrophic cloudbursts.  Orographic 
precipitation describes the process of moisture laden air being cooled due to the 
elevation of the air mass over mountain barriers. 

B.3.  MECHANISMS FOR COOLING 

Each of the above-discussed elevation mechanisms involves a cooling process which 
is also associated with the resulting precipitation.  Cyclonic cooling, for example, is 
generally classified according to the association with frontal and non-frontal effects. 

The non-frontal grouping is associated with the convergence and resulting elevation 
of air accompanied with a low pressure area.  Non-frontal cyclonic precipitation of 
extratropical origin is associated with rainfall (or snows) of moderate intensities and of long 
duration.  This type of storm may last for a few days and deliver 1 to in excess of 6 inches 
of precipitation.  In contrast, non-frontal cyclonic precipitation of tropical origin may result 
in over double the rainfall in a period of half the duration. 

Orographic cooling occurs when moisture laden air is elevated along a mountain 
barrier, allowing the air to expand and cool at the upper elevation lower pressure.  
Because of the mountain barrier, a "rain shadow" may occur on the lee side of the barrier. 
 Generally, the windward sides of mountain barriers are more cloudy, have more 
precipitation, and have smaller temperature ranges than the leeward side. 

When vertical instability of moisture laden air is produced by surface heating, a 
convection current results.  Convective precipitation is generally associated with very 
short duration events of high intensity, and can result in catastrophic flooding. 

B.4.  PRECIPITATION DEPTH-DURATION-FREQUENCY 

Due to the apparent randomness of precipitation patterns and intensities, a strictly 
deterministic analysis of precipitation quantities is not possible and, consequently, a 
statistical evaluation is generally used. 
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In hydrologic analysis, the rainfall intensity is usually the most important parameter. 
 This value relates both precipitation volume to storm duration and also relates storm 
runoff to storm precipitation with the intensity being an upper bound to the watershed 
runoff rate.  However, in order to provide a reasonable level of flood protection, the 
statistical concept of return frequency is utilized which aids in assigning a probabilistic 
meaning to a precipitation event. 

The exceedance probability (P) and return period (T) are related by  

 P=1/T (B.1) 

It can be argued that a 100-year precipitation event, for example, will not necessarily occur 
once in every 100 years but actually has a finite probability that it will occur in several 
consecutive years. 

B.5.  MEASUREMENT AND SYNTHESIS OF PRECIPITATION DATA 

Of interest for hydrologic studies are the maximum intensities of precipitation 
possible throughout a watershed.  Given a long history of such maximum rainfall intensities 
for various durations of time, a reasonable statistical interpretation can be made of the 
data to determine estimates of maximum rainfall intensities or depths as a function of 
storm duration and of return frequency.  Sources of precipitation data include the National 
Oceanic and Atmospheric Administration (NOAA) - National Weather Service, U.S. Army 
Corps of Engineer, U.S. Geological Survey, and other private and governmental cooperative 
weather observers. 

For each automatic recording rainfall gauge, the precipitation records are analyzed 
to determine the annual maximum rainfall depth for several durations of interest (e.g., 
5 minutes, 10 minutes, 15 minutes, etc.).  This data can then be arranged in an increasing 
order of magnitude for each storm duration for the history of the rain gauge, and plotted 
on normal probability paper.  From this accumulation of rainfall depth-duration data, 
various statistical models can be applied to assign a return frequency (or period) to the 
known data values and to estimate maximum rainfall depth-duration values for typically 
unmeasured higher return frequencies (e.g., the 100-year return frequency).  The resulting 
data for each rain gauge is generally termed "point precipitation" values to distinguish 
them from average values for large areas. 

The rainfall data can generally be assumed to underestimate the true maximum 
point rainfall intensities for the following reasons: 

1) Storm events seldom locate their peak intensities over rain gauges 

2) The rain gauge network is widely distributed (allowing small intense rainfall events 
to miss the gauge network) 

3) Mechanical defects of the gauging devices and due to other unknown variables such 
as wind effects. 
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B.6.  POINT PRECIPITATION 

The County has prepared isohyetal maps (Figures B-1 through B-55) showing 2-
year 6- and 24-hour (Figures B-1 through B-22), and 100-year 6- and 24-hour (Figures B-
34 through B-55) point precipitation values.  These maps are based on the "NOAA Atlas 2, 
Precipitation-Frequency Atlas of the Western United States, Volume XI-California" published 
by the National Weather Service in 1973.  A correlation to local rain gauge data and an 
interpretation of short duration precipitation data was prepared for the County of Kern.  (A 
comparison of the NOAA Atlas 2 data and the State of California Department of Water 
Resources (DWR) precipitation data was made for several Kern County locations.  The data 
sets compare favorably.  For example, NOAA Atlas 2, 100-year point precipitation values 
are on the average 8 percent higher for the 1-hour duration to 1 to 4 percent lower than 
the DWR data for the 6- and 24-hour durations, respectively.)  Figures B-1 through B-55 
can be found at the end of this section. 

The isohyetal maps may be used to estimate the precipitation data needed to 
prepare rational method (Section D) or unit hydrograph (Section E) hydrology studies.  Any 
deviation in the use of the provided rainfall data must be approved by the County.  One-
hour point precipitation values can be estimated using the equations (NOAA Atlas 2) shown 
in Section B.9, Intensity-Duration Curves.  Point precipitation values for other return 
frequencies can be estimated using the diagram (NOAA Atlas 2) of Figure D-3. 

B.7. RANDOM NATURE OF POINT-PRECIPITATION DATA 

When rain gauge records are examined to identify relationships with respect to time, 
an extremely wide range of variations are found.  These random variations are so great 
that they essentially obscure any long-term pattern or periodicity which may exist.  To 
utilize point precipitation data, therefore, a combination of probabilistic and deterministic 
methods is needed.  The duration and magnitude of individual storm events is assumed 
probabilistic, while the internal assemblage of the storm may be essentially deterministic.  
Additionally, the origin of such storm events (e.g., convective, orographic) adds to the 
difficulty of developing a comprehensive analysis. 

B.8. EVENT DEPTH-DURATION 

For most hydrologic study purposes, the important relationship is that of 
precipitation depth for any rainfall event of a given duration.  As discussed in the NOAA 
Atlas 2, this relationship will include total precipitation from storms of the given duration, 
and will also include the depths from independent continuous partial storm durations.  This 
information can be represented by event depth-duration curves which are constructed by 
ranking in the order of decreasing rainfall depth all storm events of some common duration 
from a subject rain gauge.  From the position of a precipitation depth, an estimate can 
be made of the number of years during which the event (of a given duration) will be 
equaled or exceeded. 
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After constructing event depth-duration curves, a second set of precipitation depth-
duration (or intensity-duration) curves can be developed which, for a given return 
frequency, represent the maximum precipitation depth (or intensity) which can occur from 
any storm as a function of duration. 

B.9. INTENSITY-DURATION CURVES 

Intensity-duration data is required for use with the rational method.  This data is 
usually presented in the form of curves of rainfall intensity in inches per hour versus storm 
duration in minutes.  Intensity-duration data for durations under 3 hours tends to plot in a 
straight line on log-log paper, and the curves for various return periods tend to run parallel 
to one another. 

Intensity-duration curves can be developed for a watershed by estimating the 
appropriate area-averaged one-hour point precipitation values from the following NOAA 
Atlas 2 equations: 

Y2 = 0.111+0.545 (X1)(X1/X2) (B.2) 

Y100 = 0.221+0.885 (Y2)(X3/X1) or 

Y100 = 0.221+0.098 (X3/X1) + 0.482 (X3)(X1/X2) 

(B.3) 

(B.4) 

Coast Ranges: 

  

Y2 = 0.107+0.315 (X1) (B.5) 

Y100 = -0.391+1.224 (Y2)(X3/X1) +0.043 (X5) or (B.6) 

Y100 = -0.391+0.131 (X3/X1) +0.386(X3)+0.043 (X5) (B.7) 

  

San Joaquin Valley: 

  

Y2 = 0.126+0.561 (X1)(X1/X2) (B.8) 

Y100 = -0.030+0.816 (Y2)(X3/X1) +0.063 (X5) or (B.9) 

Y100 = -0.030+0.103 (X3/X1) + 0.458 (X3)(X1/X2)  

Sierra Nevada 
(Tehachapi) Mtns: 

  + 0.063 (X5) (B.10) 

Desert Region: Y2 = 0.005+0.852 (X1)(X1/X2) (B.11) 

 Y100 = 0.322+0.789 (X3)(X3/X4) (B.12) 
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List of Variables 

Y2 = 2-year 1-hour estimated value 

Y100 = 100-year 1-hour estimated value 

X1 = 2-year 6-hour value from precipitation-frequency maps 

X2 = 2-year 24-hour value from precipitation-frequency maps 

X3 = 100-year 6-hour value from precipitation-frequency maps 

X4 = 100-year 24-hour value from precipitation-frequency maps 

X5 = Latitude (in decimals) minus 32 

The approximate regional boundary locations are delineated on Figure B-56.  The 
determination of exact regional boundaries can be highly subjective and is, therefore, left 
to the hydrologist under consultation with the County. 

Intermediate return frequency point precipitation values can be estimated using 
Figure D-3. 

Using Figure D-4, the one-hour point precipitation value is plotted and a straight line 
is drawn with the appropriate slope.  Generally, a slope of 0.65 may be used for 
watersheds in the San Joaquin Valley, 0.60 in the Desert region, 0.55 in the Antelope 
Valley, Tehachapi Mountains, and Coast Ranges, and 0.45 in the northerly Sierra Nevada 
Mountain Region of the County.  From Figure D-4, a minimum duration of 5 minutes is 
used for rational method studies. 

B.10. SYNTHETIC 24-HOUR CRITICAL STORM PATTERN 

The U.S. Department of Agriculture Soil Conservation Service (SCS) developed 
dimensionless critical storm patterns using the U.S. National Weather Service's (NWS) 
rainfall frequency atlases (ref. 2).  The rainfall frequency data for areas less than 400 
square miles, for durations to 24 hours, and for frequencies from 1 to 100 years were 
used. 

These critical storm patterns are based on the generalized precipitation depth-
duration-frequency relationships shown in technical publications of the NWS, and 
precipitation depths for durations from 1 minute to 24 hours were used to derive the storm 
patterns.  Using increments of 30 minutes, incremental precipitation depths were 
determined.  For example, the 30-minute depth was subtracted from the 1-hour depth and 
the 1-hour depth was subtracted from the 1.5-hour depth.  The storm patterns were 
formed by arranging the 30-minute incremental depths such that the maximum 30-minute 
depth is contained within the maximum 1-hour depth, and the maximum 1-hour depth is 
contained within the maximum 1.5-hour depth and so forth.  Because all of the critical 
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precipitation depths are contained within the storm pattern, the critical storm patterns may 
be assumed appropriate for designs on both small and large watersheds (ref. 2). 

The agency's design storm pattern is based upon a modification of the SCS 24-hour 
storm pattern.  The design storm pattern provides a representation of local precipitation 
depth-duration-frequency tendencies by constructing the several nested intervals to fit 
local recorded rainfall data.  Additionally, the SCS storm pattern is further modified to 
include the necessary adjustments (reduction in shorter duration point precipitation values) 
due to watershed area effects.  The procedures used to construct the 24-hour storm 
pattern and determine the associated rainfall depths adjusted for depth-area follow the 
U.S. Army Corps of Engineers methods as published in the HEC Training Document No. 15 
(ref. 10).  Details of the 24-hour storm pattern and the necessary adjustments for depth-
area effects are contained in Section E. 

B.11. LONGER DURATION RAINFALL DATA 

The County's design storm criteria extend to a multiday design storm when needed 
to evaluate detention basin characteristics (Sections F and G).  The following tabulation 
provides a ratio of daily rainfalls to the peak 24-hour mass rainfall.  (Table B.1 is a 
weighted average relationship developed from the Bakersfield, Glennville-Fulton, 
Tehachapi, Mojave, and Inyokern rain gauges.) 
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TABLE B.1. MULTIDAY RAINFALL MASS RATIOS FOR KERN COUNTY 

Rainfall Duration Ratio to Peak 24-hours 

Peak 24-hours 1 

(Peak 48-hours)-(Peak 24-hours) 0.21 

(Peak 72-hours)-(Peak 48-hours) 0.11 

(Peak 96-hours)-(Peak 72-hours) 0.07 

(Peak 120-hours)-(Peak 96-hours) 0.05 

 





Rainfall Isohyet Index Page 
Township 25S-30S Range 20E
Figure Map Page
B-1 2-year 6-hour B-12 
B-12 2-year 24-hour B-23 
B-23 50-year 24-hour B-34 
B-34 100-year 6-hour B-45 
B-45 100-year 24-hour B-56 
Township 25S-30S Range 21E-24E
B-2 2-year 6-hour B-13 
B-13 2-year 24-hour B-24 
B-24 50-year 24-hour B-35 
B-35 100-year 6-hour B-46 
B-46 100-year 24-hour B-57 
Township 25S-30S Range 25E-28E
B-3 2-year 6-hour B-14 
B-14 2-year 24-hour B-25 
B-25 50-year 24-hour B-36 
B-36 100-year 6-hour B-47 
B-47 100-year 24-hour B-58 
Township 25S-30S Range 29E-32E
B-4 2-year 6-hour B-15 
B-15 2-year 24-hour B-26 
B-26 50-year 24-hour B-37 
B-37 100-year 6-hour B-48 
B-48 100-year 24-hour B-59 
Township 25S-30S Range 33E-36E
B-5 2-year 6-hour B-16 
B-16 2-year 24-hour B-27 
B-27 50-year 24-hour B-38 
B-38 100-year 6-hour B-49 
B-49 100-year 24-hour B-60 
Township 25S-30S Range 37E-40E
B-6 2-year 6-hour B-17 
B-17 2-year 24-hour B-28 
B-28 50-year 24-hour B-39 



B-39 100-year 6-hour B-50 
B-50 100-year 24-hour B-61 
Township 31S-9N Range 24W
B-7 2-year 6-hour B-18 
B-18 2-year 24-hour B-29 
B-29 50-year 24-hour B-40 
B-40 100-year 6-hour B-51 
B-51 100-year 24-hour B-62 
Township 31S-9N Range 23W-20W
B-8 2-year 6-hour B-19 
B-19 2-year 24-hour B-30 
B-30 50-year 24-hour B-41 
B-41 100-year 6-hour B-52 
B-52 100-year 24-hour B-63 
Township 31S-9N Range 19W-16W
B-9 2-year 6-hour B-20 
B-20 2-year 24-hour B-31 
B-31 50-year 24-hour B-42 
B-42 100-year 6-hour B-53 
B-53 100-year 24-hour B-64 
Township 31S-9N Range 15W-12W
B-10 2-year 6-hour B-21 
B-21 2-year 24-hour B-32 
B-32 50-year 24-hour B-43 
B-43 100-year 6-hour B-54 
B-54 100-year 24-hour B-65 
Township 31S-9N Range 11W-8W
B-11 2-year 6-hour B-22 
B-22 2-year 24-hour B-33 
B-33 50-year 24-hour B-44 
B-44 100-year 6-hour B-55 
B-55 100-year 24-hour B-66 
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Section B 
Equations 

List of Equations: 

Equation No. Equation 
B.1 P = 1/T 
B.2 Y2 = 0.111+0.545 (X1)(X1/X2) 
B.3 Y100 = 0.221+0.885 (Y2)(X3/X1) 
B.4 or Y100 = 0.221+0.098 (X3/X1)+0.482 (X3)(X1/X2) 

   
B.5 Y2 = 0.107+0.315 (X1) 
B.6 Y100 = -0.391+1.224 (Y2)(X3/X1)+0.043 (X5) 

   
B.7 or Y100 = -0.391+0.131 (X3/X1)+0.386(X3) 

  +0.043 (X5) 
B.8 Y2 = 0.126+0.561 (X1)(X1/X2) 
B.9 Y100 = -0.030+0.816 (Y2)(X3/X1)+0.063 (X5) 
B.10 or Y100 = -0.030+0.103 (X3/X1)+0.458 (X3)(X1/X2) 

  +0.063 (X5) 
B.11 Y2 = 0.005+0.852 (X1)(X1/X2) 
B.12 Y100 = 0.322+0.789 (X3)(X3/X4) 
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SECTION C 

LOSSES 

OVERVIEW 

This section will cover watershed loss computation methods and data.  It will discuss:  

• Hydrologic Soil Groups  

• Watershed Development Conditions  

• Desert Hydrology Loss Rates  

Section B presents precipitation estimation procedures and data.  Sections D and E 
address watershed flow determination processes.  

C.1. DEFINITIONS 

Antecedent 
Moisture 
Condition (AMC): 

The degree of wetness of a watershed at the beginning of a storm. 

 

Infiltration: The process of water entering the soil surface and percolating 
downward into the soil where it is stored during a precipitation 
event. 

 

Initial 
Abstraction: 

All the losses, including routing losses, except infiltration. 

Impervious: That portion of the land surface which is impenetrable to the 
passage of water.  This area is usually associated with either 
manmade conditions (i.e. structures, paving, etc...) or natural 
conditions (i.e. rock outcroppings). 

Pervious: That portion of the land surface which is permeable to the passage 
of water.  This area is usually associated with natural top soil 
materials. 

Runoff Yield: That percentage of precipitation which contributes to surface flow. 

Ultimate 
Development: 

That highest watershed development density specified in the Kern 
County General Plan, Specific Plan, or current zoning. 
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C.2.  WATERSHED LOSSES 

Watershed losses are considered to be depression storage, vegetation 
interception and transpiration, minor amounts of evaporation, and infiltration.  The stored 
soil water, resulting from infiltration, may be consumptively used by vegetation, percolate 
further downward to groundwater storage, or exit the soil surface as seeps or springs.  
Seepage from stream bank storage is the primary source of baseflow which is derived from 
prior precipitation events.  For modeling purposes, watershed losses are grouped into two 
components:  namely, (i) infiltration, and (ii) initial abstraction. 

Volume losses due to channel routing are only applicable after the rainfall event has 
ceased.  During rainfall the initial abstraction accounts for these volume losses.  
Attenuation of flood hydrographs should be performed in accordance with Section H, 
Streamflow Routing. 

C.3.  HYDROLOGIC SOIL GROUPS 

The major factor affecting loss rates is the nature of the soil itself.  The soil surface 
characteristics, its ability to transmit water to subsurface layers, and total storage capacity, 
are all major factors in controlling the infiltration rate and initial abstraction parameter 
values of a particular soil.  Soils are classified into four hydrologic soil groups as follows 
(refs. 2, 3): 

Group A: Low runoff potential.  Soils having high infiltration rates even when 
thoroughly wetted and consisting chiefly of deep, well-drained sands or 
gravels.  These soils have a high rate of water transmission 

Group B: Soils having moderate infiltration rates when thoroughly wetted and 
consisting chiefly of moderately deep to deep, moderately well to well-
drained sandy-loam soils with moderately fine to moderately coarse 
textures.  These soils have a moderate rate of water transmission. 

Group C: Soils having slow infiltration rates when thoroughly wetted and 
consisting chiefly of silty-loam soils with a layer that impedes downward 
movement of water, or soils with moderately fine to fine texture.  These 
soils have a slow rate of water transmission. 

Group D: High runoff potential.  Soils having very slow infiltration rates when 
thoroughly wetted and consisting chiefly of clay soils with a high 
swelling potential, soils with a permanent high water table, soils with a 
claypan or clay layer at or near the surface, and shallow soils over 
nearly impervious material.  These soils have a very slow rate of water 
transmission. 
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C.3.1. Soil Maps 

Detailed soil surveys have been prepared by the Soil Conservation Service for some 
areas of Kern County.  An approximate soil survey has been prepared for the entire 
County. These soil surveys are available for review from the County. 

C.4. SOIL COVER AND HYDROLOGIC CONDITIONS 

The types of vegetation or ground cover on a watershed, and the quality or density 
of that cover, have a major impact on the infiltration capacity of a given soil. Definitions of 
specific cover types are provided in Figure C-1.  Further refinement in the cover type 
descriptions is provided by the definition of cover quality as follows: 

POOR: Heavily grazed or regularly burned areas. Less than 50 percent of the 
ground surface is protected by plant cover or brush and tree canopy. 

FAIR: Moderate cover with 50 percent to 75 percent of the ground surface 
protected by vegetation. 

GOOD: Heavy or dense cover with more than 75 percent of the ground surface 
protected by vegetation. 

In most cases, watershed existing conditions cover type and quality can be readily 
determined by a field review of a watershed.  Figure C-2 provides the CN values for various 
types and quality of ground cover.  Impervious areas shall be assigned a CN of 98.  It is 
noted that for ultimately developed conditions, the CN for urban landscaping (turf) is 
provided in Figure C-2. 

C.5. WATERSHED DEVELOPMENT CONDITIONS 

Ultimate development of the watershed should normally be assumed since 
watershed urbanization is reasonably likely within the expected life of most hydraulic 
facilities.  Long range master plans for the County and incorporated cities should be 
reviewed to ensure that reasonable land use assumptions are made for the ultimate 
development of the watershed.  A field review shall also be made to confirm existing use 
and drainage patterns.  Particular attention shall be paid to existing and proposed 
landscape practices, as it is common in some areas to use ornamental gravels underlain by 
impervious plastic materials in place of lawns and shrubs.  Appropriate actual impervious 
percentages can then be selected from Figure C-3.  It should be noted that the 
recommended values from these figures are for average conditions and, therefore, some 
adjustment for particular applications may be required. 

C.6.  ANTECEDENT MOISTURE CONDITION (AMC) 

The Soil Conservation Service (SCS) does not recommend the use of differing AMC 
in its recent release of TR-55.  Therefore, this manual does not consider the use of AMC I 
or III.  All curve numbers are based upon a moderate runoff potential, AMC II. 
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C.7.  ESTIMATION OF LOSS RATES 

In estimating loss rates for design hydrology, a watershed curve number (CN) is 
determined for each soil-cover complex within the watershed using Figure C-2.  The 
working range of CN values is between 0 and 98, where a low CN indicates low runoff 
potential (high infiltration), and a high CN indicates high runoff potential (low infiltration).  
Selection of a CN takes into account the major factors affecting loss rates on pervious 
surfaces including the hydrologic soil group, cover type and cover quality. 

Also included in the CN selection are the effects of "initial abstraction" (Ia) which 
represents the combined effects of other effective rainfall losses including depression 
storage, vegetation interception, evaporation, and transpiration, among other factors. 

C.7.1. Estimation of Initial Abstraction (Ia) 

The initial abstraction (Ia) for an area is a function of land use, treatment, and 
condition; interception; depression storage; and antecedent soil moisture.  An estimate for 
Ia is given by the SCS as 

 Ia = 0.2S (C.1) 

where S is an estimate of total soil capacity given by 

 

(C.2) 

 

where CN is the area curve number. 

C.7.2. Estimation of Storm Runoff Yield 

Given the CN for a subarea Aj, the corresponding 24-hour storm runoff yield 
fraction, Yj, is estimated by  

 

(C.3) 

 

where 

Yj  = 24-hour storm runoff yield fraction for subarea Aj 

P24 = 24-hour storm rainfall 

Ia = initial abstraction from (C.1) 

S = see (C.2) 
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It is noted that should Ia be greater than P24 in (C.3), then Yj is defined to be zero.  
In this manual, the notation Y and Yj will represent the runoff yield fraction, rather than 
the volume of runoff. 

If the area under study contains several (say m) CN designations, then the yield, Y, 
for the total area must represent the net effect of the several curve numbers.  By weighing 
each of the subarea yield values according to the respective areas,  

 

(C.4) 

 

where each Yj follows from (C.3). 

C.7.3. Low Loss Rate, F* 

In design storm runoff hydrograph studies, the following formula is used to estimate 
that portion of rainfall to be attributed to watershed losses: 

 
(C.5) 

 

where 

_ 
Y = catchment low loss fraction 

Y = catchment 24-hour storm runoff yield fraction computed from (C.4) 

_ 
Using the low loss fraction, Y, the corresponding low loss rate, F*, is given by 
 

(C.6) 
 

where I is the rainfall intensity and F* has units of inches/hour.  Use of F* enables the 
design storm 24-hour storm runoff yield to approximate the yield values obtained from the 
CN approach (see Figure C-4). 

C.7.4. Infiltration Rates 

Soil infiltration rates have been estimated for each of the soil groups by laboratory 
studies and measurements.  These measurements show that an initially dry soil will have 
an associated infiltration rate which essentially decreases with time as the soil becomes 
wetted.  As the soil is subjected to continual heavy rainfall, this infiltration rate approaches 
a minimum (usually within about 30 minutes) which represents the infiltration capacity of 
the soil. 
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When sufficient stream gauge information is available, infiltration rates for unit 
hydrograph hydrology can be estimated from a study of rainfall-runoff relationships of 
major storms.  Where such data is not available, infiltration rates for pervious areas as a 
function of CN can be estimated using Figures C-2 and C-5.  Loss rates for pervious areas 
estimated from the Figure C-5 curve was found to be generally consistent with values 
developed from rainfall-runoff reconstitution studies in San Bernardino County, California 
watersheds.  Due to the similarities in hydrologic and meteorological conditions in Kern and 
San Bernardino Counties, the curves of Figure C-5 can be used in estimating infiltration 
rates for Kern County watersheds. 

C.7.5. Estimation of Catchment Maximum Loss Rates, Fm 

The infiltration rate selected from Figure C-5 applies to the pervious area fraction 
of the watershed.  The infiltration rate assumed for an impervious surface is 0.0 
inch/hour.  The maximum loss rate, Fm, for a catchment is therefore given by 

Fm = apFp (C.7) 

where ap is the pervious area fraction, and Fp is the infiltration rate for the pervious area. 

Should a catchment contain several Fp values, the composite Fm value is determined 
as a simple area average of the several Fm values. 

C.7.6. Design Storm Loss Rates 

In design storm runoff hydrograph studies, a 24-hour duration storm pattern is used 
to develop the time distribution of effective rainfall over the watershed.  The effective 
rainfall quantities are determined by subtracting the watershed losses from the design 
storm rainfall. 

The loss rate used for a particular catchment is a combination of the maximum loss 
rate Fm and the low loss rate F*.  F* is used as the loss rate unless F* exceeds Fm, in which 
case Fm is used as the loss rate.  That is, Fm serves as the maximum loss rate.  Typically in 
100-year storm studies, F* serves as the loss rate for the entire storm pattern except for 
the most intense rainfalls where Fm would apply.  However, for lower frequency storm 
studies such as the 5-year return event, F* often applies for the entire 24-hour storm 
pattern.  The example problem of Section E provides an illustration in the use of F* and Fm 
values.  Figure C-6 illustrates the loss rate function used with the design storm. 

C.8.  DESERT HYDROLOGY LOSS RATES 

For desert catchments, a field investigation will be required for most hydrologic 
studies to determine the pertinent drainage area characteristics.  The extent of the 
required field study will depend on the size of the drainage area and the complexity of the 
drainage problem.  Many features such as channel-flow pattern, flow distribution, channel 
diversions, and type and density of the vegetative cover, may not be apparent from 
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contour maps or air photos.  The field study may also indicate the need for low level air 
photos to solve complex drainage problems. 

C.8.1. Hydrologic Soil-Cover Complex 

A determination of vegetative cover types, hydrologic condition of cover types, and 
hydrologic soil group must be made for the drainage area.  Ordinarily only broad 
categories of soils and cover types are delineated.  Hydrologic soil cover complexes most 
commonly encountered in desert areas are given in Figure C-7 together with the associated 
curve numbers (CN).  Curve numbers and, consequently, direct runoff varies with 
vegetation type, vegetative cover density, and hydrologic soil group. 

C.8.2. Hydrologic Cover Types 

Vegetative types are divided into the following groups: 

Desert Brush: Includes such plants as mesquite, creosote bush, black bush, catclaw, 
cactus, etc. - desert brush is typical of lower elevations and low annual 
rainfall. 

Herbaceous: Includes short desert grasses with some brush - herbaceous is typical of 
intermediate elevations and higher annual rainfall than desert areas. 

Mountain 
Brush: 

Mountain brush mixtures of oak, aspen, mountain mahogany, manzanita, 
bitter brush, maple, etc. - mountain brush is typical of intermediate 
elevations and generally higher annual rainfall than herbaceous areas. 

Juniper-
Grass: 

Juniper areas mixed with varying grass cover that is generally heavier than 
desert grasses due to higher annual precipitation - typical of higher 
elevations. 

Ponderosa 
Pine: 

Ponderosa pine forests typical of high elevations and high annual 
precipitation. 

C.8.3. Hydrologic Cover Density 

Hydrologic cover density is defined as the percent of the ground surface covered by 
the crown canopy of live plants and litter. 

Three broad ranges of vegetative cover density have been established: 

Poor: 0% - 20% Vegetative cover 

Fair: 20% - 40% Vegetative cover 

Good: Over 40%   Vegetative cover 
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TABLE C.1. Fm (in/hr) VALUES FOR TYPICAL COVER TYPES 

 SOIL GROUP 

 ap
(1) A B C D 

NATURAL: 

 Barren 1 0.41 0.27 0.18 0.14

 Row Crops (good) 1 0.59 0.41 0.29 0.22

 Grass (fair) 1 0.82 0.56 0.4 0.31

 Orchards (fair) 1 0.88 0.62 0.43 0.34

 Woodland (fair) 1 0.95 0.69 0.5 0.4

URBAN: 

Residential (1 DU/AC) 0.8 0.76 0.56 0.39 0.3

 Residential (2 DU/AC) 0.7 0.65 0.49 0.34 0.27

 Residential (4 DU/AC) 0.6 0.56 0.42 0.29 0.23

 Residential (10 DU/AC) 0.4 0.37 0.28 0.19 0.15

 Condominium 0.35 0.32 0.24 0.17 0.13

 Mobilehome Park 0.25 0.23 0.17 0.12 0.1

 Apartments 0.2 0.19 0.14 0.1 0.08

Commercial/Industrial 0.1 0.09 0.07 0.05 0.04

NOTES: 

(1) Recommended ap values from Figure C-3 

(2) AMC II assumed for all Fm values 

(3) CN values obtained from Figure C-2 

(4) DU/AC = dwelling unit per acre 



















Section C 
Equations 

List of Equations 
Equation No. Equation 
C.1 Ia = 0.2S 
C.2  

 
C.3  

 
C.4  

 
C.5  
C.6  
C.7 Fm = apFp 
 
Variables 
Ia Initial Abstraction (inches) 
S Estimate soil capacity 
CN Area Curve Number 
Yj Yield fraction for 24-hour storm runoff 
Y Yield 
Y  Catchment low loss fraction 
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SECTION D 

RATIONAL METHOD 

OVERVIEW  

This section will cover the use and application of the Rational Method in hydrologic studies. 
 It will discuss:  

• Determination of time-of-concentration  

• Peak flow rate calculation  

• Confluence analysis  

• Time of concentration calculations for Unit Hydrograph studies  

• Required study format  

Section B should be reviewed for precipitation calculations.  Section C should be reviewed 
to Loss determination.  Section J uses the methods described in this section to develop 
small area runoff hydrographs.  

For other important information pertinent to this section refer to B.9., C.7.5., and Equation 
C.4. 

D.1.  DEFINITIONS 

Average Peak 
Flow: 

In general, the average of the peak flow rates estimated at the 
upstream and downstream points of the subarea. 

Confluence 
Analysis:  

The estimation of the peak flow rate at the junction of two or more 
streams. 

Critical 
Duration:  

The event duration based upon the time of concentration of the 
drainage area, in the rational method. 

Initial 
Subarea: 

The upper most subarea of the watershed, with limits of 1000 feet 
maximum length and 10 acres maximum area, upon which the 
assumption of overland flow effects dominate. 

Intensity 
Duration:  

Dividing precipitation depth by duration, an average intensity for a 
specified duration is obtained. 

Rational 
Method:  

That hydrologic method that equates peak flow rate to rainfall 
intensity, runoff coefficient, and drainage area.  The method is called 
rational because the units of the quantities involved are numerically 
consistent approximately. 
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Runoff 
Coefficient: 

The ratio of the rate of runoff to the rate of rainfall at an average 
intensity when the total drainage area is contributing. 

Runoff Yield 
Fraction: 

The ratio of that percentage of precipitation which contributes to 
surface flow to the total event precipitation. 

Time of 
Concentration: 

The interval of time required for the flow at a given point to become a 
maximum under a uniform rainfall intensity. 

Travel Time:  The flow distance through a subarea divided by the velocity of flow 
associated with average peak flow rate passing through the subarea. 

D.2. RATIONAL METHOD EQUATION 

The rational method was originally developed to estimate peak discharges from 
small (less than one square mile) urban and developed areas and its use should normally 
be limited to those conditions.  The rational method equation relates rainfall intensity, a 
runoff coefficient, and drainage area size to the peak runoff from the drainage area.  This 
relationship is expressed by the equation: 

Q = CIA (D.1) 

where 

Q = the peak discharge in cubic feet per second (cfs) 

C = a runoff coefficient representing the ratio of runoff depth to rainfall depth 
(dimensionless) 

I = the time-averaged rainfall intensity for a storm duration equal to the time of 
concentration (inches/hour) 

A = drainage area (acres) 

The values of the runoff coefficient (C) and the rainfall intensity (I) are based 
on a study of drainage area characteristics such as type and condition of the runoff 
surfaces and the time of concentration.  These factors and the limitations of the rational 
method equation are discussed in the following sections.  Drainage area (A) may be 
determined by planimetering a suitable topographic map of the project area. 

Data required for the computation of peak discharge by the rational method are:  (i) 
rainfall intensity (I) for a storm of specified duration and selected design frequency; (ii) 
drainage area characteristics of size (A), shape, slope; and (iii) a runoff coefficient (C). 
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D.3.  LIMITATIONS OF THE RATIONAL METHOD 

D.3.1 Validity of Relationship 

The validity of the relationship expressed by the rational method equation holds true 
only if certain assumptions are reasonably correct and limitations of the method are 
observed.  Two basic assumptions are that (i) the frequency of a storm runoff is the same 
as the frequency of the rainfall producing this runoff; i.e., a 25-year recurrence interval 
rainfall will provide a 25-year recurrence interval storm runoff, and (ii) that the peak runoff 
occurs when all effective parts of the drainage area are contributing to the runoff. 

D.3.2 Areal Limitations of Rational Method 

The rational method equation is only applicable where the rainfall intensity (I) can 
be assumed to be uniformly distributed over the drainage area at a uniform rate 
throughout the duration of the storm.  This condition is generally assumed to reasonably 
apply to small areas of less than 640 acres.  Beyond this limit, the rainfall distribution may 
vary considerably from the point values given in rainfall isohyetal maps and the rational 
method equation may be inappropriate.  For this reason, the rational method will not be 
used to compute design flows for areas greater than 640 acres unless first approved by the 
County. 

D.3.3 Selection Considerations of Runoff Coefficient 

The selection of the runoff coefficient (C) is another major limitation for the rational 
method equation.  For small urban and developed areas, the runoff coefficient can be 
reasonably well estimated from field and aerial photo studies.  For larger areas where the 
determination of the runoff coefficient is to be based on vegetation type, cover density, the 
infiltration capacity of the ground surface, and the slope of the drainage area, an estimate 
of the runoff coefficient may be subject to a much greater error due to the variability of 
the drainage area characteristics. 

D.3.4 Other Loss Adjustments 

Rainfall losses due to evaporation, transpiration, depression, and channel storage 
are inadequately evaluated, and may appreciably affect the estimate of the watershed 
peak rate of runoff, especially in natural cover and desert catchment areas.  The effects of 
depth-area-duration (or depth-area) factors are not accounted for in the simple intensity-
duration curve used for rational method studies.  For large drainage areas, the absence of 
depth-area adjustments can result in significant differences in the estimate of the average 
depth of catchment point rainfalls. 

D.3.5 Homogeneity of Watershed 

The Rational Method as applied in this manual, also assumes a general homogeneity 
of loss rates throughout the watershed.  In those cases where anomalous results occur due 
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to a lack of homogeneity, alternative methods of flow determination, under consultation 
with the county, shall be considered. 

D.3.6 Compensating for Result Anomalies 

Since the Rational Method does not compensate for peak flow rate reduction by use 
of transmission losses, attenuation, or routing losses, peak flow rate reduction through a 
subarea should be considered anomalous and thus the previous upstream flow rate should 
be used. 

D.4.  CRITICAL DURATION (TIME OF CONCENTRATION) 

The critical duration of the storm rainfall required in the rational method equation 
is based on the time of concentration of the drainage area. 

D.4.1 Explanation of Time of Concentration 

The time of concentration (Tc) is defined as the interval of time (in minutes) 
required for the flow at a given point to become a maximum under a uniform rainfall 
intensity.  Often this occurs when all effective parts of the drainage area are contributing 
to the flow.  Generally, the time of concentration is the interval of time from the beginning 
of rainfall for water from the hydraulically most remote portion of the drainage area to 
reach the point of concentration; e.g., the inlet of the drainage structure. 

D.4.2 Variables Effecting Time of Concentration 

The time of concentration is a function of many variables including the length of the 
flow path from the most remote point of an area to the concentration point, the slope and 
other characteristics of natural and improved channels in the area, the loss rate 
characteristics of the soil, and the extent and type of development. 

D.4.3 Time of Concentration for Intermediate Recurrence Intervals 

Time of concentration estimates are generally computed as a function of peak flow 
rates corresponding to the subject return frequency storm event.  For rational method 
studies based on this manual, the time of concentration for intermediate recurrence 
intervals should be assumed to be a function of the time of concentration corresponding to 
the "100 Year" flow.  This relationship is defined in (D.2).  The values of KT, with respect to 
the common return periods (T), are given in Table D.1. 

Tc(T) = Tc(100)*KT (D.2) 
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Table D.1  

KT Values in (Equation D.2),for Common Return 
Intervals 

Return Period (T) KT Value (Equation D.2) 

2 1.32 

5 1.2 

10 1.14 

25 1.07 

50 1.03 

100 1 

 

KT values should not be applied to initial subarea time of concentration values. 

D.4.4 Determination of Time of Concentration 

The time of concentration for an initial subarea may be estimated from the 
nomograph of Figure D-1.  The time of concentration for the next downstream subarea is 
computed by adding to the initial Tc, the time required for the computed peak flow to 
travel to the next concentration point.  Time of concentration is computed for each 
subsequent subarea by computing the runoff peak flow rate travel time between subareas 
and adding to the cumulative sum.  Points of concentration should be selected downstream 
of the initial subarea such that subarea travel times are less than 3 minutes and 5 minutes 
for Tc values of less than 30 minutes and 60 minutes, respectively.  After a Tc of one hour, 
subarea travel times should be limited to less than 10 minutes. 

When the flow is concentrated in curb and gutters, drainage channels or conduits, 
the flow velocity may be estimated by the well-known Manning's equation 

(D.3) 

 

where 

V = mean velocity (fps) 

n = Manning coefficient of roughness 

R = hydraulic radius (feet) 
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S = energy slope which equals to the conduit invert slope for uniform flow 

Figures D-2a (Natural Mountain Channel), D-2b (Local Street Residential, half-
width), D-2c (Local Street Commercial, half-width), D-2d (Major/Secondary Highway, half-
width) are included to assist in the determination of velocity versus flow. (Note: The 
applicability of use of Figure D-2a shall be verified by the hydrologist). 

The travel time will then be the flow distance divided by the velocity of flow. 

Computations of travel time through subareas which continually add runoff to the 
peak flow (e.g., streetflow) should be based on the average peak flow through the 
subarea.  This average peak flow is generally a simple average of the peak flow rates 
estimated at the upstream and downstream points of the subarea. 

The initial subarea Tc estimation often is the most significant factor leading to the 
Tc computation of a small watershed.  Small development studies typically utilize only 
initial subarea estimations due to the small subarea sizes.  Larger study areas generally 
show high sensitivity to the initial subarea Tc.  Consequently, judgment is needed when 
developing initial subarea Tc estimates.  The nomograph of Figure D-1 is based on the 
Kirpich formula and relates an initial subarea Tc to subarea slope and development type.  
It is assumed in the nomograph that overland flow effects dominate the travel time 
hydraulics. 

It is noted that the Tc computation procedure is based upon the summation of an 
initial subarea time of concentration with the several travel times estimated by normal 
depth flow-velocities of the peak flow rates through subsequent subareas. 

D.5.  WATERSHED STUDY INTENSITY-DURATION CURVES 

Rainfall intensity (I) is determined using intensity-duration curves which are 
appropriate for the study watershed. 

The County prepared isohyetal maps (Figures B-1 through B-55) showing 2-year 6- 
and 24-hour, and 100-year 6- and 24-hour point precipitation values.  These maps are 
based on the "NOAA Atlas 2, Precipitation-Frequency Atlas of the Western United States, 
Volume XI-California" published by the National Weather Service in 1973.  A correlation to 
local rain gauge data and an interpretation of short duration precipitation data was 
prepared for the County of Kern.  Figures B-1 through B-55 can be found at the end of 
Section B. 

One-hour point precipitation values can be estimated using the equations (NOAA 
Atlas 2) shown in Section B.9, Intensity-Duration Curves. 

Point precipitation values for other frequencies can be estimated using the diagram 
(NOAA Atlas 2) on Figure D-3. 

Using Figure D-4, the 1-hour point precipitation value is plotted and a straight line is 
drawn with the appropriate slope.  Generally, a slope of 0.65 may be used for watersheds 
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in the San Joaquin Valley, 0.60 in the Desert region, 0.55 in the Antelope Valley, Tehachapi 
Mountains, and Coast Ranges, and 0.45 in the Northern Sierra Nevada Mountains of the 
County.  From Figure D-4, a minimum duration of 5 minutes is used for rational method 
studies. 

D.6.  RUNOFF COEFFICIENT 

The runoff coefficient (C) is the ratio of rate of runoff to the rate of rainfall at an 
average intensity (I) when the total drainage area is contributing.  The selection of the 
runoff coefficient depends on rainfall intensity, drainage area slope, type and amount of 
vegetative cover, infiltration capacity of the ground surface, and various other factors. 

Since one acre-inch/hour is equal to 1.008 cfs, the rational formula is used to 
estimate a peak flow rate in cfs.  The runoff coefficient is assumed to be a function of the 
impervious and pervious area fractions, an infiltration rate, Fp, for the pervious area, and 
the effects of watershed detention.  Runoff coefficient curves can be developed using the 
relationship: 

0.90 (ai + ap(I-Fp)/I), for I greater than Fp 
C = 

0.90 ai, for I less than or equal to Fp 
(D.4)

where the proportion factor of 0.90 is a calibration constant determined by an average fit 
between the rational method and design storm unit hydrograph (see Section E) peak flow 
rate estimates, and where 

C = runoff coefficient 

I = rainfall intensity (inches/hour) 

Fp = infiltration rate for pervious areas (inches/hour) (see Section C.7.4) 

ai = ratio of impervious area to total area (decimal fraction) 

ap = ratio of pervious area to total area (decimal fraction), (ap = 1 - ai) 

D.7.  PEAK FLOW RATE FORMULA 

Combining Equations (D.1) and (D.4); 

Q = 0.90 (ai+ap(I-Fp)/I)IA 

  = 0.90 (aiI+apI-apFp)A 

  = 0.90 (I(ai+ap)-apFp)A 

ai+ap = 1; apFp = Fm;  Therefore: 

 Q = .90 (I - Fm)A (D.5) 
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where Fm = apFp (see Section C.7.5), and where in (D.5) it is understood that I is greater 
than Fp (otherwise Q = .90 aiIA). 

The Rational Method should be considered as an estimator of the peak flow of the 
catchment runoff hydrograph; therefore, the minimum flow from a catchment will be a 
function of the 24-hour storm runoff yield fraction, Y, as calculated by equations (C.3) 
and (C.4) such that, 

Q(min) = .9YIA (D.6) 

In (D.5), Fm represents the loss rate for the total watershed tributary to the point of 
concentration.  Should the tributary area contain several runoff surfaces, an area-averaged 
Fm is calculated.  Table D.2 illustrates such an area-averaged Fm computation. 

TABLE D.2.  AREA-AVERAGED Fm COMPUTATION DATA 

Subarea 
Number 

ap Fp 

(inch/hour)  

Area 

(Acres) 

Area 

Weighing 

(1) (2) (3) (4) (5) 

1 0.6 0.4 8 1.92 

2 0.8 0.3 12 2.88 

3 0.75 0.25 11 2.06 

4 0.1 0.2 15 0.3 

5 0.5 0.25 16 2 

Sum 62 9.16 

From Table D.2, the area-averaged maximum loss rate Fm, is given by Fm = 
(9.16)/(62) = 0.146 inch/hour, say 0.15. 

D.8. DRAINAGE AREA 

The contributing drainage area may be determined from topographic contour maps, 
aerial photos, and field surveys.  Watershed divides are then drawn on a suitable 
topographic map and the enclosed drainage area is determined by planimeter or other 
methods. 

In areas where lateral and transverse slopes on the watershed are very mild, the 
nominal watershed area (or drainage subdivision) runoff may "cascade" under severe 
rainfall.  That is, when the divide between one watershed and another is defined by a low 
relief feature such as the crown of a road, the runoff from such a watershed may "spill 
over" into the adjacent watershed or watershed subdivision.  This may occur, for example, 
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when gutter capacity is exceeded thereby increasing runoff contributions at downstream or 
adjacent concentration points above those anticipated by analysis of the nominal or "low 
flow" drainage boundaries.  The possibility of such cascading shall be considered and 
accounted for by the hydrologist. 

The hydrologist should avoid the inclusion of ineffective flow areas (i.e. long 
"fingerlets" of area) in the initial subarea of the watershed.  The addition of such areas 
tends to add to the time of concentration while contributing a disproportionately small 
watershed area.  The result will be falsely lower peak flow rate estimates for the watershed 
as a whole. 

D.9. RATIONAL METHOD CONFLUENCE ANALYSIS 

In most studies, the calculation of peak flow rates along a main channel or stream 
involves only the direct application of (D.5).  Such studies typically involve the inclusion of 
subarea runoff to the stream where the effect on the stream peak flow rate is relatively 
minor and, consequently, only (D.5) is needed for the analysis. 

At the junction of two or more streams, however, the estimation of the peak flow 
rate involves a confluence analysis of the associated runoff hydrographs (see Sections E 
and J).  The equations defined for confluence analysis assume that the catchment peak 
flow rates, determined from the rational method, are only portions of larger hydrograph 
events. 

For the confluence of two streams, let T1, I1, Fm1, Y1, A1, and Q1, be the time of 
concentration, rainfall intensity, area-averaged loss rate, area averaged runoff yield 
fraction, catchment area, and peak flow rate for stream 1 while T2, I2, Fm2, Y2, A2, and Q2 
correspond to stream 2.  Also let Q1 be less than Q2.  Finally, let Tp, Ap, and Qp be the 
resulting confluence estimates for Tc, area, and peak flow rate, respectively.  Then two 
cases are possible: 

*Case 1: T1 = T2.  The runoff hydrographs must both peak at Tp = T1 = T2.  And Qp = 
Q1+Q2 for a total contributing area of Ap = A1+A2. 

*Case 2: T1 =/  T2.  In this case, the assumption of the summing of two runoff 
hydrographs must be considered.  Generally, Qp will occur at time T2, and the 
peak flow rate estimates are calculated as follows: 

Tp = T2 

Qp = Q2 + Adjusted[Q1] (D.7) 

The general equation for estimating the Adjusted[Q1] is as follows: 
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Maximum of [(I2 -Fm1),   (Y1I2)]     (T2+T1) 
--------------------------------------  ,  ----------     (D.8) Adjusted[Q1]= Q1* Minimum of 
Maximum of [(I1 -Fm1),   (Y1I1)]        2T1 

Thus, if Q1 has a shorter time of concentration than Q2 (i.e T1 is less than T2), four 
possibilities exist: 

1) If I2 -Fm1 > Y1I2 and I1-Fm1 > Y1I1  then: 

(D.8a) 

 

It is noted that the confluence peak Q of (D.7), with substitution from (D.8a), 
equals the peak flow rate estimated from direct use of (D.5).  Additionally, the total 
contributing area is Ap=A1+A2.  

2) When T2 > T1, no value of Y1 can exist which will meet the conditions; I2-Fm1 > 
Y1I2 and I1-Fm1 < Y1I1 simultaneously. 

3) If I2-Fm1 < Y1I2 and I1-Fm1 > Y1I1  then: 

 

(D.8b) 

 

The total contributing area is Ap=A1+A2 

4)  If I2-Fm1 < Y1I2 and I1-Fm1 < Y1I1  then: 

 

(D.8c) 

 

The total contributing area is Ap=A1+A2 

Also, if Q2 has a shorter time of concentration than Q1, (i.e T1 is greater than T2), 
then: 

 

(D.8d) 

 



D-11 

This assumes that the shape of the antecedent leg of the hydrograph, near the 
peak, is linear and that flow is occurring from the catchment prior to the rational method 
peak determination. This linearity is a function of Tc and area, only, and not intensity. 

The assumption of a linear relationship between catchment Tc and area requires the 
adjustment of the catchment tributary to stream 1, so that for downstream study 
purposes, the adjusted catchment area corresponds to the subject peak flow rate. 

It is noted that in the adjusted peak flow rate estimate of (D.8), the critical duration 
is Tp = T2.  Consequently, the peak flow rate contribution from the adjusted catchment 
area of stream 1 must reflect the higher rainfall intensity corresponding to time T2 rather 
than time T1.  Use of (D.8) results in a peak flow which equals the governing rational 
method peak flow rate estimate from (D.5) applied to the adjusted catchment area 
computed by (D.9). 

The adjusted area equation is derived as, 

Ap = A2 + Adjusted[A1] (D.9) 

When  I2-Fm1 > Y1I2 and I1-Fm1 > Y1I1,  from (D.8): 

 

 (D.9a) 

 

When  I2-Fm1 > Y1I2 and I1-Fm1 < Y1I1,  from (D.8): 

 

(D.9b) 

 

When  I2-Fm1 < Y1I2 and I1-Fm1 < Y1I1,  from (D.8): 

 

(D.9c) 

 

D.10. RATIONAL METHOD Tc CALCULATIONS FOR UNIT HYDROGRAPH STUDIES 

Although the peak flow rate formula should generally not be used for catchments 
larger than one square mile, the rational method can be used to estimate Tc values for 
larger areas.  That is, the rational method Tc estimate for an area of approximately one 
square mile, plus the sum of travel times (using normal depth flow velocities for the 
average peak flow rate derived from the runoff hydrograph) for subsequent flow reaches 
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may be adequate for use in the design storm unit hydrograph studies of Section E.  
Generally, downstream reach lengths should be chosen such that: 

reach travel time <3 minutes for Tc <30 minutes 

reach travel time <5 minutes for Tc <60 minutes 

reach travel time <10 minutes for Tc >60 minutes 

Figure D-6 illustrates the use of peak flow rates computed by the design storm unit 
hydrograph method of Section E, for estimation of Tc values at downstream points of 
concentration. 

D.11.  REQUIRED FORMAT 

Figure D-7 illustrates the required format for the submittal of rational method 
hydrology studies.  All rational method calculations must be summarized on the form 
shown in Figure D-8. 
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D.12.  INSTRUCTIONS FOR RATIONAL METHOD HYDROLOGY CALCULATIONS 

Note: The time of concentration (Tc) for intermediate recurrence intervals should be 
assumed to be a function of the Tc corresponding to the "100 year" flow.  
Therefore, this procedure should be applied to the determination of the "100 
year" flow.  All other required intermediate recurrence interval Tc's, other than 
for initial subareas, should be based upon Equation D.2 using the values shown 
in Table D.1. 

1. On a topographic map of the drainage area, draw the study drainage system 
and designate subareas tributary to the various points of concentration (see 
example problem). 

2. Prepare the Intensity-Duration Curve, Figure D-4, appropriate to the area under 
study. 

2a. Determine the 2-Year, 6-Hour precipitation depth (X1), using Figures B-1 to 
B-11. 

2b. Determine the 2-Year, 24-Hour precipitation depth (X2), using Figures B-12 
to B-22. 

2c. Determine the 100-Year, 6-Hour precipitation depth (X3), using Figures B-34 
to B-44. 

2d. Determine the 100-Year, 24-Hour precipitation depth (X4), using Figures B-
45 to B-55. 

2e. Determine the Latitude (in decimals) at the watershed centroid, minus 32 
(X5), using the USGS Quadrangle maps. 

2f. Calculate the 2-Year, 1-Hour (Y2) and 100-Year, 1-hour (Y100) precipitation 
depths, using Equations B.2 to B.12. 

2g. Determine the appropriate rainfall depth for the required return interval, 
using Figure D-3. 

2h. Determine the slope (S) of the Intensity-Duration curve, using Figure B-56. 

2i. Plot the Intensity-Duration curve, using the 1-hour rainfall depth determined 
in step 2g, the slope (S) from step 2h, and Figure D-4. 

3. Determine the initial time of concentration, (Tc), using Figure D-1.  The initial 
subarea should be less than 10 acres, have a flow path of less than 1,000 feet, 
and generally should be the most upstream subarea of the watershed drainage 
system. 
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4. Using the time of concentration, determine (I) (intensity of rainfall in inches per 
hour) from the appropriate intensity-duration curve for the particular area under 
study using Figure D-4. 

5. Calculate the area-averaged maximum loss rate, Fm, which corresponds to the 
soil group, cover complex, and imperviousness of the drainage subarea.  Loss 
rates for the pervious area, Fp, follow from Section C.7.4. 

6. Calculate the area-averaged runoff yield fraction, Y, using equation (C.4). 

7. Determine the area (A, acres) of the total watershed tributary to the point of 
concentration.  Because the rational method computational results are sensitive 
to the subarea size definitions (especially in the most upstream reaches of the 
watershed), limit the size of subareas to allow for a gradual increase in subarea 
size as the study progresses downstream.  The method is sensitive to large 
differences in successive subarea shapes, and lengths of reaches where travel 
times are estimated.  Points of concentration should be selected downstream of 
the initial subarea such that subarea travel times are less than 3 minutes and 5 
minutes for Tc values less than 30 minutes and 60 minutes, respectively.  After 
a Tc of one hour, subarea travel times should be limited to less than 10 minutes. 

8a. Compute Q = .90 (I-Fm)A for the point of concentration. 

8b. Compute Q(min) = .9YIA for the point of concentration. 

8c. Use the higher of the values determined in steps 8a or 8b. 

8d. Should the computed Q be less than the previous upstream point of 
concentration Q, use the upstream Q value. 

9. Measure the length that the peak runoff must travel to the point of 
concentration of the next downstream subarea.  Determine the average velocity 
of flow in this reach using the mean peak Q in the appropriate type of 
conveyance being considered (natural channel, street, pipe, or open channel) 
using Manning's formula. 

Using the reach length and average flow velocity, compute the travel time and 
add to the time of concentration from the upstream subarea to determine the 
downstream point time of concentration. 

10. Calculate Q for the new point of concentration using Steps 4 through 8 and the 
new time of concentration.  Determine the time of concentration for the next 
downstream subarea using Step 9.  Continue the above computation procedure 
downstream until a junction with a lateral drain is reached. 

11. Start at the upstream end of the lateral and compute its Q down to the junction 
with the main line, using the methods outlined in the previous steps. 
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12. Compute the peak Q at the junction (confluence analyses (see Section D.9)) and 
evaluate the sensitivity of the computed results to using the other Q and Tc 
values determined.  That is, the downstream estimated peak Q values may be 
higher had a lower Q and lower Tc value been used at an upstream confluence 
point.  The largest Q is, therefore, estimated along the entire watershed main 
channel. 

 

























D.13.  EXAMPLE: PEAK FLOW RATE DETERMINATION 

The following example problem illustrates the format required for rational 
method hydrology studies.  In the following, an example watershed is analyzed using 
the rational method approach.  The example problem presentation contains the 
following information: 

Description 

• Example Problem Drainage System Map (Figure D-9) 
• Example Problem Rainfall Depth vs Return Period for Partial Duration Series (Figure 

D-10) 
• Example Problem Intensity - Duration Precipitation Form, 5 year Return Frequency 

(Figure D-11a) 
• Example Problem Intensity - Duration Precipitation Form, 10 year Return Frequency 

(Figure D-11b) 
• Example Problem Intensity - Duration Precipitation Form, 100 year Return 

Frequency (Figure D-11c) 
• Example Calculations of Subarea Yield Rates: 5 Year (Table D-3a) 
• Example Calculations of Subarea Yield Rates: 10 Year (Table D-3b) 
• Example Calculations of Subarea Yield Rates: 100 Year (Table D-3c) 
• Example Problem Rational Method Calculation Sheets: 100 Year (Figure D-12a) 
• Example Problem Rational Method Calculation Sheets: 10 Year (Figure D-12b) 
• Example Problem Rational Method Calculation Sheets: 5 Year (Figure D-12c) 
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TABLE D-3a 

Calculation of Subarea Yield Rates: 5 yr Study Name: Example 

General Equation for Yield: 

Y = (P(24)-Ia)2/[(P(24)-Ia+S)(P(24)] 

P(24)  = 1.39 S(imp) = 0.20 

Y(imp)  =  0.84 Ia(imp)  = 0.04 

Point of 
Concen-
tration 

Percent 
Imp-ai 

Perv. CN Perv. S Perv. la Perv. Y Net Y 

12 0.3 61 6.39 1.28 0 0.25

13 0.4 61 6.39 1.28 0 0.34

14(1) 0.4 61 6.39 1.28 0 0.34

15 0.72 61 6.39 1.28 0 0.61

16 0.9 61 6.39 1.28 0 0.76

22 0.2 70 4.29 0.86 0.04 0.2

14(2) 0 70 4.29 0.86 0.04 0.04

32 0 70 4.29 0.86 0.04 0.04

33 0.1 70 4.29 0.86 0.04 0.12

Note:  ai(15) = (.65(5.1)+.8(4.8))/9.9 = 0.72 

Fp(CN=61)   = 0.68 

Fp(CN=70)    = 0.55 



 

TABLE D-3b 

Calculation of Subarea Yield Rates: 10 yr Study Name: Example 

General Equation for Yield: 

Y = (P(24)-Ia)2/[(P(24)-Ia+S)(P(24)] 

P(24)  = 1.57 S(imp) = 0.20 

Y(imp)  =  0.86 Ia(imp)  = 0.04 

Point of 
Concen-
tration 

Percent 
Imp-ai 

Perv. CN Perv. S Perv. Ia Perv. Y Net Y 

12 0.3 61 6.39 1.28 0.01 0.26

13 0.4 61 6.39 1.28 0.01 0.35

14(1) 0.4 61 6.39 1.28 0.01 0.35

15 0.72 61 6.39 1.28 0.01 0.62

16 0.9 61 6.39 1.28 0.01 0.77

22 0.2 70 4.29 0.86 0.06 0.22

14(2) 0 70 4.29 0.86 0.06 0.06

32 0 70 4.29 0.86 0.06 0.06

33 0.1 70 4.29 0.86 0.06 0.14

14(3) 0.75 61 6.39 1.28 0.01 0.65

Note: ai(15) = (.65(5.1)+.8(4.8))/9.9 = 0.72 

Fp(CN=61)  = 0.68 

Fp(CN=70)  = 0.55 



 

TABLE D-3c 

Calculation of Subarea Yield Rates: 100 yr Study Name: Example 

General Equation for Yield: 

Y = (P(24)-Ia)2/[(P(24)-Ia+S)(P(24)] 

P(24)  = 2.25 S(imp)  = 0.20 

Ia(imp)  = 0.04 Y(imp)  = 0.90 

Point of 
Concen-
tration 

Percent 
Imp-ai 

Perv. CN Perv. S Perv. Ia Perv. Y Net Y 

12 0.30 61 6.39 1.28 0.06 0.31 

13 0.40 61 6.39 1.28 0.06 0.39 

14(1) 0.40 61 6.39 1.28 0.06 0.39 

15 0.72 61 6.39 1.28 0.06 0.66 

16 0.90 61 6.39 1.28 0.06 0.81 

22 0.20 70 4.29 0.86 0.15 0.30 

14(2) 0.00 70 4.29 0.86 0.15 0.15 

32 0.00 70 4.29 0.86 0.15 0.15 

33 0.10 70 4.29 0.86 0.15 0.23 

14(3) 0.75 61 6.39 1.28 0.06 0.69 

Note: ai(15) = (.65(5.1)+.8(4.8))/9.9 = 0.72 

Fp(CN=61) = 0.68 

Fp(CN=70) = 0.55 

 











Section D 
List of Equations and Variables used in the Hydrology Manual 

D.1 Q = CIA 
D.2 Tc(T) = Tc(100)٠KT 
D.3  

 
0.90(ai + ap(I – Fp)/I), for I greater than Fp D.4 

C = 
0.90ai, for I less than or equal to Fp 

D.5 Q = 0.90 (I - Fm)A 
D.6 Q(min) = 0.90٠YIA 
D.7 Qp = Q2 + Adjusted[Q1] 

Maximum of [(I2 -Fm1),   (Y1I2)]   (T2+T1) 
-------------------------------------,   ---------- 

D.8 
Adjusted[Q]= Q1*Minimum of 

Maximum of [(I1 -Fm1),   (Y1I1)]      2T1 
D.8a  

 
D.8b  

 
D.8c  

 
D.8d  

 
D.9 Ap = A2 + Adjusted[A1] 
D.9a  

 
D.9b  

 
D.9c  
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SECTION E 

THE UNIT HYDROGRAPH METHOD FOR 

CATCHMENT RUNOFF HYDROGRAPHS 

OVERVIEW 

This section will cover the use and application of the Unit Hydrograph Method for 
hydrology studies.  It will discuss:  

• Determination of synthetic distribution graphs 

• Calculation of lag  

• Development of synthetic unit hydrographs 

• Design storm patterns  

• Runoff volume estimation  

• Required study format  

Section B should be reviewed for precipitation calculations.  Section C should be reviewed 
for loss determination.  Section D provides the methodology for determining the time of 
concentration.  Section F, G, H, and I provide hydrograph routing criterion. 

For other important information pertinent to this section refer to sections B.6. through 
B.10., Section C.7., Section D.10., and figures C-3, C-4, C-5, and D-3. 

E.1. DEFINITIONS 

Distribution 
graph: 

Is a unit hydrograph whose ordinates are expressed in terms of percent of 
ultimate discharge.  A distribution graph is generally developed as a block 
graph with each block representing its associated percent of unit runoff 
which occurs during the specified unit time.  The unit time used in the 
distribution graph is identical to the unit time specified for the unit 
hydrograph. 

Effective 
rainfall: 

Is that part of rainfall that runs off in a relatively brief time period.  (Here, 
the brief time period is selected sufficiently small such that the significant 
hydrologic effects are adequately represented by the time period's 
average values.)  Effective rainfall is the total rainfall less infiltration, 
evaporation, transpiration, absorption, and detention. 

Lag: for a watershed is the time (hours) from the beginning of a continuous 
series of unit period effective rainfalls over the watershed area (tributary 
to a point of concentration) to the instant when the rate of resulting 
tributary watershed runoff (at the point of concentration) equals 50 
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percent of the ultimate rate of the resulting runoff. 

S-Graph: Is a summation hydrograph developed by plotting watershed discharge 
expressed in percent of ultimate discharge as a function of time expressed 
in percent of lag. 

Summation 
hydrograph: 

for a point of concentration on a given stream is a curve (hydrograph) 
showing the time distribution of the rates of runoff that would result from 
a continuous series of unit period effective rainfalls over the tributary 
watershed upstream of the subject point of concentration.  The ordinates 
of the summation hydrograph are expressed in percent of the ultimate 
discharge. 

Ultimate 
discharge: 

Is the maximum rate of watershed runoff which can result from a 
specified effective rainfall intensity.  Ultimate discharge from a watershed 
occurs when the rate of runoff on the summation hydrograph is 
equivalent to the rate of effective rainfall.  For an effective rainfall rate of 
one inch occurring in a unit period of one hour, the ultimate discharge is 
645 cfs for every square mile of watershed.  Ultimate discharge for 
different unit periods is given by dividing 645 by the unit period in hours, 
and multiplying by the watershed area in square miles. 

Unit 
hydrograph: 

(or unit graph) for a point of concentration on a watershed (catchment) 
stream is a curve (hydrograph) showing the time distribution of rates of 
runoff which results from one inch of effective rainfall during a unit period 
of time over the tributary watershed upstream of the point of 
concentration.  The unit effective rainfall is generally assumed to occur as 
an equivalent constant rainfall intensity during a specified unit period of 
time (such as 5, 10, 15, or 30 minutes).  Figure E-1 illustrates the general 
formulation of the unit hydrograph. 

E.2. BACKGROUND 

The unit hydrograph (UH) method assumes that watershed discharge is related 
to the total volume of runoff, and that the time factors which affect the unit hydrograph 
shape are invariant, and that watershed storm rainfall-runoff relationships are 
characterized by watershed area, slope, and shape factors.  The UH method is used to 
estimate the time distribution of watershed runoff in drainage basins where stream gauge 
information is either unavailable or inadequate to justify statistical interpretation (refs. 4-
10).  The unit hydrograph method for determining the time distribution of runoff is used 
for hydrology studies of all Kern County watersheds in excess of approximately one square 
mile in area.  For watersheds less than one square mile in area, the small area runoff 
hydrograph development procedures described in Section J, should be used. 
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E.3.  DETERMINATION OF SYNTHETIC DISTRIBUTION GRAPHS 

Adequate storm rainfall and watershed runoff information are available for the 
determination of distribution graphs for several streams in Southern California.  The 
distribution graphs for each of the gauged streams can be determined by trial-and-error 
attempts to duplicate the runoff hydrographs produced by major storm events (i.e., 
reconstitution studies).  The derived distribution graphs are then verified by using them to 
reproduce runoff hydrographs from other major storm events. 

The method of determining synthetic distribution graphs is used to estimate the 
time distribution of watershed runoff in drainage basins where stream gauge data is 
inadequate.  The procedure develops a time distribution of runoff based on the properties 
of distribution graphs from several gauged watersheds (refs. 4-10). 

It is assumed that the drainage areas within a given region are physiographically 
and hydrologically similar.  Because no two drainage areas have identical hydrologic 
characteristics, the runoff patterns from these areas are generally dissimilar and the 
distribution graphs of these areas may differ considerably.  Therefore, direct transposition 
of distribution graphs from one watershed to another is usually precluded.  However, most 
distribution graphs exhibit certain similarities which the introduction of a factor called "lag" 
will bring the arrangement of ordinates along the bases of distribution graphs into a 
generally consistent relationship.  Lag, which was initially defined in the literature as the 
time difference in phase between salient features of the rainfall and runoff rate curves, is 
an empirical expression of the hydrologic characteristics of a watershed in terms of time.  
Details of the determination of lag for watersheds where the time distributions of runoff 
are known and of the use of lag in developing synthetic distribution graphs are discussed 
in the following: 

1. Summation Hydrograph - The first step in determining lag for a watershed is the 
determination of the summation hydrograph, which is the hydrograph of runoff that 
would result from the continuous generation of unit effective rainfall over the 
watershed.  The ordinates of summation hydrographs are expressed in percent of 
ultimate discharge and a summation hydrograph for a point of concentration is 
determined by adding a continuous series of identical distribution graphs out of 
phase one unit period.  On such a hydrograph, the time required to reach maximum 
(ultimate) discharge is equal to the length of the base of one distribution graph less 
one unit period. 

2. Lag - Lag for a watershed can be defined as the elapsed time (in hours) from the 
beginning of unit effective rainfall to the instant that the summation hydrograph for 
the point of concentration reaches 50 percent of ultimate discharge.  When the lags 
determined from summation hydrographs for several gauged watersheds are 
correlated to the hydrologic characteristics of the watersheds, an empirical 
relationship is usually apparent.  This relationship can then be used to determine 
the lags for comparable drainage areas for which the hydrologic characteristics can 
be determined, but for which the distribution graphs for concentration points cannot 
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be determined because of inadequate hydrologic data.  By comparing lag values 
(obtained from the analysis of rainfall-runoff data) to catchment time of concentra-
tion Tc values estimated from a detailed rational method analysis (Section D.9), a 
relationship is readily determined, 

 lag = 0.8Tc (E.1) 

It is noted that the rational method time of concentration, used for the estimation 
of basin lag time, is a critical parameter in the unit hydrograph method.  Extreme 
care must be taken in the evaluation of the catchment Tc in order to reduce 
uncertainty, and enable "reproducibility" of this parameter.  Section D.9 provides 
the procedure for estimating Tc for use in unit hydrograph studies using the rational 
method. 

(E.1) is used in all unit hydrograph studies where sufficient topographic information 
is available to compute the time of concentration, Tc.  It is noted that due to Tc 
being the sum of the rational method's initial subarea Tc and the subsequent 
downstream reach hydraulic travel times, Tc values will vary depending on the 
return frequency of rainfall used in the analysis.  That is, a 2-year storm estimated 
Tc value typically is longer in duration than a 100-year storm estimated Tc value.  
Consequently, when computing the lag corresponding to a T-year design storm 
event, the Tc is estimated using the 100-year intensity-duration rainfalls and 
modified by the KT factors shown in Table D-1.  For certain large scale natural 
condition catchment studies, the County may consider the use of the lag 
relationship given by the empirical formula: 

 lag (hours) = Ct ((L . Lca)/S0.5)m (E.2) 

where 

Ct = a constant (determined by regional flood reconstitution studies) 

L = length of longest watercourse (miles) 

Lca = length along longest watercourse, measured upstream to a point opposite 
center of area (miles) 

S = overall slope of drainage area between the headwaters and the collection 
point (feet per mile) 

m = a constant determined by regional flood reconstitution studies 

It is then assumed that there exists a relationship between watershed lag and the 
quotient ((L . Lca)/S0.5))m.  This relationship is given by the above empirical formula 
for lag when 
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_ _ 
Ct = 24n; (n is the visually estimated basin factor of all collection streams 

and watershed channels, see Figure E-2) 

m = 0.38 

3. S-graph - After lag factors are determined for several gauged watersheds, the next 
step in determining synthetic distribution graphs is the development of S-graphs, 
which are summation hydrographs modified so that the percent of ultimate 
discharge is related to time expressed in percent of lag.  The derivation of an S-
graph is identical to the derivation of a summation hydrograph, except that the 
factor of lag has been introduced.  Time in percent of lag has been used to 
determine S-graphs for five major groupings of watersheds. 

Five S-graphs are used for unit hydrograph development in Kern County.  These S-
graphs are entitled Valley:Developed, Valley:Undeveloped, Foothill, Mountain, and 
Desert (Figures E-3a, b, c, d, and e).  In conformity with the definition of lag, each 
S-graph reaches 50 percent of ultimate discharge at 100 percent of lag.  The 
average of the several S-graphs determined for mountain watersheds is assumed to 
be applicable to the mountain drainage basins with unknown runoff characteristics. 
 Similarly the average of the S-graphs determined for valley watersheds is assumed 
to be applicable to the valley drainage basins, and so forth. 

• The Foothill S-graph is only for watersheds characterized by natural channels 
that are sharply incised in canyon bottoms; i.e., overbank flows are confined 
near the defined channel. 

• The Mountain S-graph is only for watersheds characterized by natural 
channels with numerous plunging flow reaches and lodged boulders/debris. 

• The Valley:Undeveloped S-graph is for natural watersheds whose channels 
are not sharply incised, i.e., where overbank flows may spread widely from 
the defined channel. 

• The Valley:Developed S-graph is for all watershed conditions where prismatic 
channels exist or are to be provided for conveyance of T-year peak flows.  
This S-graph is representative of fully urbanized catchments where the 
ultimately planned, free-draining (no detention facilities) storm drains and 
major flood control channels are operative. 

• The Valley:Undeveloped S-graph may be more appropriate than the 
Valley:Developed S-graph, should the catchment be fully developed but the 
storm drain system is generally deficient, with significant ponding and 
storage effects occurring interior of the catchment.  

• The Desert S-graph is for watersheds within the desert regions of the 
county. 
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E.3.1. Application of Lag and S-graphs 

Using the rational method (Section D), the watershed time of concentration (Section 
D.10) is computed and lag is determined using (E.1).  A unit time is selected (generally 15 
to 25 percent of the lag) and accumulated unit time periods are expressed as accumulated 
percentages of the watershed lag.  These percentages of lag are used in superimposing a 
"block" graph on the appropriate average S-graph for the watershed and the resulting 
pattern is used in determining the accumulated mean percentage of ultimate discharge 
for each accumulated unit time (see example problem).  Because these accumulated mean 
percentages represent the accumulated mean percentages for the synthetic distribution 
graph for the watershed, the mean percentage for successive unit periods are determined 
by a series of subtractions. 

E.4.  DEVELOPMENT OF THE SYNTHETIC UNIT HYDROGRAPH 

For watersheds where stream gauge data is inadequate, it may generally be 
assumed that a synthetic unit hydrograph adequately approximates the time distribution of 
runoff at the subject watershed point of concentration.  From the above discussion, a 
method to develop a synthetic unit hydrograph is described in the following steps: 

1. Estimate the watershed lag using topographic information and a rational method Tc 
calculation based on the appropriate T-year rainfall (see Section D.10). 

2. Select a unit period to be used for the hydrograph analysis.  This unit period will be 
used for development of design critical storm unit rainfalls and the runoff 
hydrograph.  The unit period is generally chosen to be within 15 and 25 percent of 
the watershed lag in order to provide sufficient definition of the unit hydrograph. 

3. Choose an S-graph which is appropriate for the catchment being studied. 

4. The appropriate watershed S-graph can be approximated by a block graph where 
the base of each block is the selected unit period percentage of lag (Step 2) and the 
ordinate of each block is the time-averaged percentage of ultimate discharge (from 
the S-graph) for that unit period.  The area of each block equals the area under the 
S-graph for each respective unit period.  Consequently, at the end of each unit 
period, the total area under the S-graph equals the sum of the areas of the 
equivalent unit period blocks. 

5. The unit distribution block graph is developed by computing the difference between 
the ordinates (percentage of ultimate discharge) assigned to the unit period blocks 
used to approximate the S-graph of Step 4.  This is equivalent to computing the 
difference between the ordinates of two S-graphs that have been offset by one unit 
period. 

6. The final step to develop the synthetic unit hydrograph (or unit graph) is to multiply 
the ordinates of the distribution block graph (Step 5) by the factor K, the ultimate 
discharge.  The ultimate discharge is defined by  
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 K (cfs) = 645 A/T (E.3) 

where 

A = drainage area (square miles) 

T = unit time period (hours) 

E.5.  DESIGN STORM POINT PRECIPITATION 

The County's prescribed level of flood protection is obtained by using T-year rainfalls 
for the development of the T-year runoff hydrograph.  Based on the NOAA Atlas 2, the 
County has prepared rainfall isohyetal maps to be used to analyze point precipitation 
patterns within a watershed (see Section B.6). 

It may generally be assumed that the 3-hour point precipitation value within a 
watershed is related to the 1-hour and 6-hour point precipitation by straight line 
interpolation on log-log paper. 

The shorter duration (less than 3 hours) rainfall intensity-duration data, used in 
rational method studies, plot as a straight line on standard log-log paper.  Using the 
appropriate 1-hour point precipitation value, an estimate of the peak 5- and 30-minute 
point rainfalls can be computed using the procedures outlined in Section D (see Figure D-
3). 

The peak 5-minute, 30-minute, 1-hour, 6-hour, and 24-hour area-averaged point 
precipitation values are required in order to develop the design storm pattern to be used to 
compute the watershed runoff hydrograph for the subject rainfall return frequency.  Unit-
hydrograph studies to be submitted for review should contain the following point 
precipitation information: 

1. Two separate maps showing the watershed 6-hour and 24-hour isohyetals for both 
the 2-year and 100-year storm return intervals. 

2. Calculations of the area-averaged point precipitation value within the watershed for 
the peak 6-hour and 24-hour durations for both the 2-year and 100-year storm 
return intervals. 

3. Calculations using the appropriate equations in Section B.9, estimating the 1-hour 
area-averaged point precipitation value for both the 2-year and 100-year storm 
return intervals. 

4. Calculations using Figure D-3, estimating the 1-hour, 6-hour, and 24-hour area-
averaged point precipitation values for the appropriate storm return frequency. 

5. Calculations using standard log-log paper (Figure E-8), plotting the area-averaged 
point precipitation values for the peak 1 hour and 6 hours of rainfall.  Assuming a 
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straight line relationship, the area-averaged 3-hour point precipitation value for the 
watershed should be estimated. 

6. Calculations using the log-log paper (Figure D-4), estimating the area-averaged 5-
minute and 30-minute point precipitation values for the watershed. 

E.5.1. Point Precipitation Adjustment for Watershed Area 

In the unit hydrograph approach, the volume of watershed runoff is related to the 
watershed average depth of precipitation rather than the depth at specific points within the 
watershed.  Depth-area curves approximately relate the average of all point precipitation 
values for a specific duration and frequency to the average depth of precipitation within 
the subject watershed for the same duration and frequency (Figure E-4). 

E.6.  DESIGN STORM PATTERN 

The design storm pattern is based upon a single synthetic 24-hour critical storm 
pattern which includes the peak rainfall intensities estimated for the 5-minute, 30-minute, 
1-hour, 3-hour, 6-hour, and 24-hour durations.  The storm pattern is developed from the 
watershed area-averaged point precipitation values, and modified incrementally according 
to the depth-area curves of Figure E-4.  The assignment of peak rainfall values within the 
synthetic critical storm pattern is shown in Figure E-5 (a, b, c) (refs.2, 4, 10). 

For large watersheds (e.g., 5 square miles or larger) or for detention basin studies, 
the entire 24-hour synthetic storm pattern may be required for hydrologic study purposes. 
 For small watersheds (less than 5 square miles) where only peak runoff rates are required, 
the peak 3 hours of the 24-hour synthetic storm pattern generally can be used for study 
purposes, ignoring the remaining 21 hours of lower intensity rainfall. 

E.7.  DESIGN STORM LOSS RATES 

Where sufficient stream gauge information is of adequate quantity and quality as 
determined by the County, loss rates for unit hydrograph hydrology may be estimated from 
a study of rainfall-runoff relationships of major storms.  Where such data is not available, 
loss rates for pervious areas shall be estimated using the methods of Section C.7. 

E.7.1. Maximum Loss Rate, Fm 

The maximum loss rate, Fm, for a catchment is computed by  

Fm = apFp (E.4) 

where 

Fm = maximum loss rate (inches/hour) 

ap = pervious area fraction (see Figure C-3) 
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Fp = maximum loss rate for pervious areas (inches/hour); (see Section 
C.7.5) 

Maximum loss rates, Fm, for runoff hydrograph studies are usually within the range 
of 0.10 to 0.40 inches per hour in urbanized areas. 

E.7.2. Low Loss Rate, F* 

During the peak rainfall intensities of the synthetic design storm pattern, the loss 
rate used to estimate effective rainfall is typically the maximum loss rate, Fm.  At lower 
rainfall intensities, however, a low loss rate, F*, is used for the estimation of effective 
rainfall.  The low loss rate F* is based upon the low loss fraction (Y, defined by (see 
Section C.7.3) 

_ 
Y = 1-Y (E.5) 

where 

_ 
Y = catchment low loss fraction  

Y = catchment 24-hour storm runoff yield (fraction) computed from (C.4) 

_ 
The corresponding low loss rate based on the Y value is 

_ 
F* = Y٠I (E.6) 

where 

F* = low loss rate (inches/hour) 

_ 
Y = low loss fraction 

I = rainfall intensity (inches/hour) 

Using both the low loss rate (F*) and the maximum loss rate (Fm) in the 
determination of effective rainfall will result in 24-hour storm watershed yields (ratio of 
total runoff to total rainfall) that approximate the values predicted by the curve number 
approach (see Figures C-4 and C-6). 

The low loss fraction should be used to estimate effective rainfall whenever the 
maximum loss rate, Fm, exceeds F*.  In all cases, however, the maximum loss rate is the 
constant value, Fm.  Use of these two loss rate parameters enables the 24-hour design 
storm runoff hydrograph model to develop peak runoff rates based upon a maximum 
watershed loss rate (phi index), and also develop 24-hour storm runoff yields which 
approximate the values obtained from the SCS curve number approach. 
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E.8.  RUNOFF VOLUME ESTIMATION 

The catchment yield fraction, Y, can be used to approximate the total runoff volume 
produced from a 24-hour duration precipitation event without developing the 24-hour 
storm runoff hydrograph.  The basis of this determination is the curve number approach 
which provides a rainfall-runoff relationship (Figure C-5).  Section E.14. Example: Runoff 
Volume Estimate describes the application of yield fraction to determine the runoff volume. 

E.9.  BASEFLOWS 

Baseflow is usually a minor factor in developing flood hydrographs for relatively rare 
flood events in Kern County.  The primary source for base flow is seepage from stream 
bank storage derived from prior precipitation events.  Generally, during the 100 year event, 
10 cfs per watershed square mile is adequate for unlined channels that intercept 
mountainous regions where many geologic strata are crossed by the stream bed.  Baseflow 
for events with lesser recurrence intervals should be determined under consultation with 
the County.  Baseflow can be included in the watershed runoff by adding to the ordinates 
for the computed runoff hydrograph.  In fully urbanized areas, baseflow can be entirely 
neglected. 

E.10.  ALTERNATIVE RUNOFF VOLUME HYDROGRAPH METHODS 

The Kern County Hydrology Manual is based on calibration studies performed for 
San Bernardino and Orange Counties, and adjusted to local watershed conditions, in order 
that the unit hydrograph hydrologic methods achieve the desired level of protection in 
estimating the return frequency of flood flows.  The introduction of additional parameters, 
in particular the routing of subarea flows, may alter the calibration formulation, resulting in 
a failure to achieve the flood control protection level objectives.  Because model sensitivity 
analysis and model calibration is essentially precluded for studies involving ungauged 
watersheds, any hydrologic study not prepared in accordance with this hydrology manual 
may be rejected (see Section K). 

E.11.  REQUIRED FORMAT 

Figure E-6 illustrates the required format for submitting unit hydrograph study 
results for review. 

Figure E-7 is to be used to supply the necessary hydrology information to determine 
the runoff hydrograph.  Figure E-8 is used to plot both the unadjusted and adjusted mass 
rainfall curves.  Figure E-9 is the Flood Computation Form. 



E - 11 

E.12.  INSTRUCTIONS FOR SYNTHETIC UNIT HYDROGRAPH METHOD 
HYDROLOGY CALCULATIONS 

I. Synthetic Unit Hydrograph Development 

A. On a USGS topographic quadrangle sheet or other topographic map of 
suitable scale, outline the watershed boundary. 

B. Calculate the catchment time of concentration (Tc) by using a rational 
method analysis for the T-year storm (see Section D.9). 

1. Catchment lag is computed by 

lag = 0.8Tc 

2. For certain large scale natural condition catchment studies, the 
agency may use the lag relationship given by 

lag (hours) = 24n(L.Lca/S0.50)0.38 

where 

A = drainage area (square miles) 

L = length of longest watercourse (miles) 

Lca = length along the longest watercourse, measured upstream to a 
point opposite the centroid of the area (miles) 

H = difference in elevation between the concentration point and 
the most remote point of the basin (feet) 

S = overall slope of longest watercourse between headwaters and 
concentration point (S = H/L, feet per mile) 

n = visually estimated average basin factor from Figure E-2 

C. Select a unit time period.  To adequately define the unit hydrograph, the unit 
time period should be about 20 percent of lag time, and never more than 25 
percent of lag time.  If possible, use the unit time of the synthetic critical 
storm pattern of 5 minutes. 

D. Select the S-graph applicable to the drainage basin (Figures E-3a, b, c, d, e). 
 Determine the average percentage of the ultimate discharge for each unit 
period.  In reading the percentage of ultimate discharge from the S-graph, 
the average ordinate over the time increment should be determined rather 
than the mean of the ordinates at the beginning and end of the time 
increment (see example problem). 
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E. Compute the unit distribution graph by subtracting from the percentage of 
ultimate discharge for each unit time period, the percentage of ultimate 
discharge for the previous time period. 

F. Compute the ordinates of the synthetic unit hydrograph (unit graph) by 
multiplying the distribution graph values by the ultimate discharge K, using: 

 K (cfs) = 645 A/T 

where 

A = drainage area (square miles) 

T = unit time period (hours) 

II. T-Year Design Storm Pattern Development 

A. Using the appropriate T-year point precipitation values from the rainfall 
isohyetal maps and figures D-3 and E-8, compute the area-averaged 
precipitation values for the 5-minute, 30-minute, 1-hour, 3-hour, 6-hour, and 
24-hour durations. 

B. Adjust all point precipitation values for areal effect by using Figure E-4. 

C. Develop a synthetic critical storm peak rainfall mass plot using Figure E-8 
(see example problem for demonstration). 

D. Using the unit interval duration for the unit hydrograph development, 
calculate the synthetic storm unit interval rainfall quantities by successive 
subtraction of mass peak rainfall values, each offset in time by one unit 
period. 

E. Arrange the unit rainfall quantities determined in Step D into the critical 
storm pattern shown in Figures E-5a, b, c.  For most hydrology studies, only 
the peak 3 hours of the synthetic critical storm may need consideration. 

III. Runoff Hydrograph Development 

A. Find the pervious area loss rates for subareas within the drainage area using 
Figures C-2 and C-3.  Adjust these rates to account for impervious area using 
the relationship below, and then compute an area-averaged maximum loss 
rate for the catchment. 

 Fm = apFp 

where 

Fm = maximum loss rate (inches/hour) 
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ap = pervious area fraction (decimal percent of total area) (see 
Figure C-3) 

Fp = maximum loss rate for pervious areas fraction (see Section 
C.7.4) 

B. Compute the low loss fraction, ─Y.  Use F* in each unit time period where the 
maximum loss rate Fm exceeds the low loss rate F*, (F*=─Y.I, see Section 
C.7.3). 

C. Compute the unit effective rainfall for each unit time period by subtracting 
the unit loss from the unit rainfall. 

D. Compute the flood hydrograph. 

1. Multiply the effective unit rainfall for the first unit time period by each 
synthetic unit hydrograph value to determine the flood hydrograph 
which would result from that rainfall increment. 

2. Repeat the above process for each succeeding effective rainfall value, 
advancing the resultant flood hydrographs one unit time period for 
each computation cycle (see Figure E-10). 

3. Sum the flow ordinates found in the steps above to determine the 
average flow ordinate per unit time period for the design storm flood 
hydrograph. 

E. Add the appropriate base flow to the flood hydrograph ordinates determined in 
Step D. 





































E.14. Example: Runoff Volume Estimation 

The runoff volume from a 24-hour duration precipitation event with a 50-year 
return frequency is estimated using the low loss fraction.  Assume a 1,000-acre watershed 
with the following land uses, cover complexes, and soil groups (see Figures C-3 and C-4): 

TABLE E.1.  EXAMPLE PROBLEM:  ASSUMPTIONS 
Subarea 
Number 

Area  

Fraction 

Land Use 

and Condition 

Soil 

Group 

Pervious 

CN 
1 0.1 meadow: good condition D 78 
2 0.1 woodland: poor cover C 77 
3 0.1 annual grass: good condition D 80 
4 0.8 residential (1/4-acre lots) 

impervious area fraction ai=0.40 

C 74 

The yield computed for each subarea using (C.3) where, for the 50-year design 
storm, P24 = 1.90 inches (example) as follows: 

TABLE E.2.  EXAMPLE PROBLEM:  YIELD CALCULATIONS 
Subarea 
Numbers 

 

CN 

 

S 

 

Ia 

 

Y 

Area 
Fraction 

1 78 2.82 0.56 0.236 0.1 
2 77 2.99 0.6 0.208 0.05 
3 80 2.5 0.5 0.265 0.05 
4a 74 3.51 0.7 0.16 0.48 
4b 98 0.2 0.04 0.882 0.32 

In Table E.2, subarea 4 is further subdivided into pervious and impervious area 
fractions as subareas 4a and 4b.  Normally, the entire catchment impervious area fraction 
is lumped together for simplicity. 

Using Table E.2, the catchment runoff yield (fraction), Y, is calculated from (C.4) as

Y = (0.226)(0.10) + (0.208)(0.05) + (0.265)(0.05) + (0.160)(0.48) + (0.882)(0.32) 

 = 0.405 

Thus, the 24-hour 50-year design storm runoff volume is estimated to be 

VOLUME = (0.405)(1.90-inches)(1000-acres)(1-ft/12-inches) 



 = 64.1 acre-feet

It is noted that the above volume estimate is typically slightly less than the runoff 
volume developed from a 24-hour 50-year design storm runoff hydrograph analysis 
because the effects of the maximum loss rate, Fm, were neglected in the calculations. 

E.15.  EXAMPLE: UNIT HYDROGRAPH METHOD 

The following example problem illustrates the format suggested for synthetic unit 
hydrograph hydrology studies to be submitted for review.  In the following, an example 
watershed is analyzed using the agency unit hydrograph approach.  The example problem 
presentation contains the following information: 

Description 

• Watershed Map including Boundary and Geometric Information (Figure E-11) 
• Watershed Information Form (Figure E-12) 
• 3-Hour Area-Averaged Rainfall Estimation (Figure E-13) 
• 5-Minute and 30-Minute Area-Averaged Rainfall Estimation (Figure E-14) 
• Adjusted and Unadjusted Mass Rainfall Plots (Depth-Area Effects) (Figure E-15) 
• Watershed-Loss Information Map (Figure E-16) 
• Unit Rainfall Determination (Table E.3.) 
• Area-Averaged Maximum Loss Rate (Fm) Determination (Table E.4.) 
• Area-Averaged Low Loss Fraction Y) Determination (Table E.5.) 
• 3-Hour Storm Unit Rainfall Determination (5-Minute Unit Interval) (Table E.6.) 
• Effective Rainfall Determination (Table E.6.) 
• 3-Hour Critical Storm (Figure E-17) 
• S-Curve Approximation (Figure E-18) 
• Unit Hydrograph Determination (Figure E-19) 
• Runoff Hydrograph Determination (Figure E-20(a,b)) 
• Runoff Hydrograph (Figure E-21) 

 

 















TABLE E.3.EXAMPLE PROBLEM: UNIT HYDROGRAPH STUDY 
UNIT RAINFALL DETERMINATION (Example Unit Period=5 minutes) 

Peak Rainfall 
Unit Rainfall 

Intensity Depth Adjusted Depth Unit Number 
(inches) 

1 3.12 0.26 0.22 0.218 
2 1.99 0.33 0.28 0.060 
3 1.53 0.38 0.32 0.042 
4 1.27 0.42 0.35 0.034 
5 1.10 0.46 0.38 0.029 
6 0.97 0.49 0.41 0.025 
7 0.88 0.51 0.43 0.023 
8 0.81 0.54 0.45 0.021 
9 0.75 0.56 0.47 0.019 
10 0.70 0.58 0.49 0.018 
11 0.66 0.60 0.51 0.017 
12 0.62 0.62 0.52 0.016 
13 0.60 0.64 0.54 0.021 
14 0.57 0.67 0.56 0.020 
15 0.55 0.69 0.58 0.019 
16 0.54 0.71 0.60 0.019 
17 0.52 0.74 0.62 0.018 
18 0.50 0.76 0.64 0.018 
19 0.49 0.78 0.65 0.017 
20 0.48 0.80 0.67 0.017 
21 0.47 0.82 0.69 0.016 
22 0.46 0.84 0.70 0.016 
23 0.45 0.85 0.72 0.016 
24 0.44 0.87 0.73 0.015 
25 0.43 0.89 0.75 0.015 
26 0.42 0.91 0.76 0.015 
27 0.41 0.92 0.78 0.014 
28 0.40 0.94 0.79 0.014 
29 0.40 0.96 0.80 0.014 
30 0.39 0.97 0.82 0.014 
31 0.38 0.99 0.83 0.013 
32 0.38 1.01 0.84 0.013 
33 0.37 1.02 0.86 0.013 
34 0.37 1.04 0.87 0.013 
35 0.36 1.05 0.88 0.013 
36 0.36 1.07 0.90 0.012 

TIME = 3 HOURS  TOTAL =  0.90 INCHES 

 



 
TABLE E.4. EXAMPLE PROBLEM: UNIT HYDROGRAPH STUDY, 

WATERSHED LOSS DETERMINATIONS 
Area-Averaged Maximum Loss Rate, Fm 

1. Using the watershed soil and development characteristics, estimate the area-
averaged maximum loss rate: 

Land Use and 
Condition 

Area 
Fraction 

Soil Group Fp  
(in/hr) 
Fig C.6 

ap 
Fig C.4 

Fm 
(in/hr) 

Annual grass; fair cover 
(100% pervious) 

.10 D 0.31 1.0 0.31 

Residential: S.F. 
(1/4 acre) Lots 
(50% pervious) 

.60 B 0.75 0.50 0.38 

Commercial: 

(10% pervious) 

.30 B 0.75 0.10 .075 

 
Area-Averaged Adjusted Loss Rate (inch/hour) = 0.28 



 
TABLE E.5. EXAMPLE PROBLEM: UNIT HYDROGRAPH STUDY, 

WATERSHED LOSS DETERMINATIONS 
_ 

Area-Averaged Low Loss Fraction,Y 
1. Using the watershed soil and development characteristics, estimate the 

area-averaged low loss fraction: 
Land Use 

and 
Condition 

Area 
Fraction 

Soil Group Curve 
Number 

(CN) 
Fig C.3 

S(2) Pervious 
Area Yield 
Fraction, 

Y(3) 
Annual 
grass; 

fair cover 
(100% 

pervious) 

.10 D 84 1.90 0.37 

.30 B 56 7.86 0.01 Residential: 
S.F. 

(1/4 acre) 
Lots 

(50% 
pervious) 

.30 B 98 0.20 0.89 

.03 B 56 7.86 0.01 Commercial: 

(10% 
pervious) 

.27 B 98 0.20 0.89 

Area-Averaged Catchment Yield Fraction (Y) = 0.550 

_ 
Area Averaged Low Loss Fraction (Y) = . 45 

NOTES: 

(2) S = (1000/CN)-10 

(3) Y = (P24-0.2S)2/((P24+0.8S)P24 
(4) Y = 1-Y 

 

 



 

TABLE E.6. EXAMPLE PROBLEM: 

UNIT HYDROGRAPH STUDY, 3-HOUR STORM 

EFFECTIVE RAINFALL DETERMINATION 

(Unit Period = 5 minutes) 

Unit Period 
Number 

Unit Rainfall 
(inches) 

Unit Loss(inches) Effective Rainfall 
(inches) 

1 0.012 0.006 0.007 

2 0.013 0.006 0.007 

3 0.013 0.006 0.007 

4 0.013 0.006 0.007 

5 0.014 0.006 0.007 

6 0.014 0.006 0.008 

7 0.014 0.006 0.008 

8 0.015 0.007 0.008 

9 0.015 0.007 0.008 

10 0.016 0.007 0.009 

11 0.016 0.007 0.009 

12 0.017 0.008 0.009 

13 0.018 0.008 0.010 

14 0.018 0.008 0.010 

15 0.019 0.009 0.011 

16 0.020 0.009 0.011 

17 0.016 0.007 0.009 

18 0.017 0.007 0.009 

19 0.019 0.009 0.010 

20 0.021 0.009 0.011 



Unit Period 
Number 

Unit Rainfall 
(inches) 

Unit Loss(inches) Effective Rainfall 
(inches) 

21 0.025 0.011 0.014 

22 0.029 0.013 0.016 

23 0.042 0.019 0.023 

24 0.060 0.023* 0.037 

25 0.218 0.023* 0.195 

26 0.034 0.015 0.019 

27 0.023 0.010 0.012 

28 0.018 0.008 0.010 

29 0.021 0.009 0.012 

30 0.019 0.008 0.010 

31 0.017 0.008 0.009 

32 0.016 0.007 0.009 

33 0.015 0.007 0.008 

34 0.014 0.006 0.008 

35 0.013 0.006 0.007 

36 0.016 0.007 0.009 

 0.898 0.325 0.573 

* unit low loss exceeds maximum loss rate, Fm 
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Equations 
List of 
Equations: 

 

Equation No. Equation 

E.1 Lag = 0.8Tc 

E.2 Lag(hours) = Ct((L٠LCA)/S0.5)m 

E.3 K(cfs) = 645٠A/T 

E.4  
 

E.5  
 

E.6 Fm = apFp 
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Section B 
Related Equations 

List of Equations: 

Equation No. Equation 
B.1 P = 1/T 
B.2 Y2 = 0.111+0.545 (X1)(X1/X2) 
B.3 Y100 = 0.221+0.885 (Y2)(X3/X1) 
B.4 or Y100 = 0.221+0.098 (X3/X1)+0.482 (X3)(X1/X2) 

   
B.5 Y2 = 0.107+0.315 (X1) 
B.6 Y100 = -0.391+1.224 (Y2)(X3/X1)+0.043 (X5) 

   
B.7 or Y100 = -0.391+0.131 (X3/X1)+0.386(X3) 

  +0.043 (X5) 
B.8 Y2 = 0.126+0.561 (X1)(X1/X2) 
B.9 Y100 = -0.030+0.816 (Y2)(X3/X1)+0.063 (X5) 
B.10 or Y100 = -0.030+0.103 (X3/X1)+0.458 (X3)(X1/X2) 

  +0.063 (X5) 
B.11 Y2 = 0.005+0.852 (X1)(X1/X2) 
B.12 Y100 = 0.322+0.789 (X3)(X3/X4) 
C.1 Ia = 0.2S 
C.2  

 
C.3  

 
C.4  
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SECTION F 

FLOW-THROUGH BASIN ANALYSIS 

OVERVIEW  

This section will cover the design of flow through basins (detention basins).  It will discuss: 

• Detention basin routing procedures 

• Extended design storm criterion 

• Required format  

Section E includes a detailed discussion of the unit hydrograph. 

Section J provides details of the development of small area hydrographs. 

Appendix I discusses the environmental considerations in using detention basins. 

For other important information pertinent to this section refer to Table B.1.  

F.1. DEFINITIONS 

Critical Storm: the design storm pattern under which a detention basin system 
demonstrates no increase in the required basin volume due to the 
further extension by a successive day storm. 

Detention Basin: a stormwater facility intended to reduce peak flow rates of runoff 
generated from an upstream watershed and to control peak flows into 
a downstream area. 

F.2.  INTRODUCTION 

F.2.1 Reservoir and Stream Flow Routing 

There are two types of routing that are important in watershed planning; reservoir 
routing and streamflow routing.  Both processes operate upon an inflow hydrograph to 
produce an outflow hydrograph.  In this section, reservoir routing will be presented based 
on the modified Pul's method.  Section H will present the convex method for streamflow 
routing.  It is noted that the County has hydraulic design criteria which must be considered 
in addition to the hydrologic criteria established in this manual. 

F.2.2 Unit Hydrograph Approach 

Section E of this hydrology manual includes a detailed discussion of the unit 
hydrograph approach to be used for hydrologic studies of watersheds.  The approach 
develops a 24-hour duration synthetic critical storm pattern which is composed of 
peak rainfall intensities for a specified return frequency (e.g., peak 5-minutes, 30-minutes, 
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1-hour, 3-hour, 6-hour and 24-hour) nested together with the storm peak 5-minutes of 
rainfall defined to occur at storm time of hour 16. 

Use of this synthetic storm pattern subjects a study watershed to all durations of storm 
events (of a given rainfall return frequency) up to 24-hours.  That is, the 24-hour critical 
storm pattern for floodwater detention basin studies will include all durations of critical 
storm events up to 24-hours.  Therefore, in many cases only one design storm is necessary 
for analysis of the detention basin flood routing. 

F.3.  DETENTION BASIN ANALYSIS 

F.3.1. Detention Basin Routing Procedure 

The modified Pul's (refs. 2, 3, 5) method may be used for detention basin routing 
studies.  The basin routing relationships are based upon the formula 

  (F.1) 

 

where 

I = basin inflow rate (cfs) 

O = basin outflow rate (cfs) 

dS = change in basin storage during the time step (cubic feet) 

dt = time step (sec) 

Equation (F.1) is approximated by replacing the variables I and O by an average 
value during the timestep using 

 

 (F.2) 

 

 (F.3) 

 

 (F.4) 

 

where the subscript 1 indicates the beginning of a time period and subscript 2 indicates the 
end of the subject time period.  Substituting (F.2), (F.3), and (F.4) into the basin routing 
equation of (F.1) and rearranging terms gives 
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(F.5) 

 

In (F.5), the right side is known from the previously computed values of storage, S1, 
outflow, O1, and the average basin inflow (I1+I2)/2 for time step dt. 

The solution of the basin routing problem requires the following information: 

1. Known initial conditions for basin storage and outflow 

2. A routing timestep, dt 

3. The basin inflow hydrograph 

4. Basin volume versus depth and outflow versus depth relationships 

To solve (F.5), a storage indication curve should be developed.  Such a curve may 
be derived from the known storage-discharge relationship by selecting various values of 
depth and computing (S + O*dt/2) from the associated values for storage and outflow.  
This quantity is plotted versus outflow, as shown in Figure F-1. 

The solution procedure then proceeds with the following steps: 

1. Determine the average inflow volume from the inflow hydrograph during the 
timestep dt; i.e., calculate (I1 + I2) · dt/2. 

2. Compute S1 - O1 · dt/2 from the assumed initial condition of the basin flow 
depth or the last computed values of S and O. 

3. Use (F.5) to compute (S2 + O2 dt/2). 

4. Use the estimate from Step 3 and the storage indication curve (see Figure F-8) 
to compute O2. 

5. Use O2 and the known storage versus depth and outflow versus depth 
relationships to compute S2. 

These five steps are repeated for the next timestep using I2, O2, and S2 as the new 
values of I1, O1, and S1, respectively.  This procedure is repeated until the basin inflow 
hydrograph has been completely analyzed and basin outflow becomes negligible. 
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F.4.  EXTENDED DESIGN STORM CRITERIA 

Due to the interaction of watershed size, Tc, percentage of peak discharge 
reduction, and basin volume, the critical storm duration is generally not known (in 
advance) for a watershed flood control system which includes one or several detention 
basins.  Hence, the use of the 24-hour design storm may not be the "critical" storm for 
flow-through detention basin design purposes, and a longer duration design storm may be 
needed.  Figure F-2 illustrates the extended design storm (multiday) for a two-day 
duration.  Longer duration design storms are developed in a similar fashion. 

The multiday design storm utilizes the structure of Figure F-2 for all flow-through 
detention basin systems.  Successive day storms are developed and added in the front of 
the previously developed design storm patterns until the detention basin system 
demonstrates no increase in the required basin volume due to the further extension of the 
design storm pattern.  By increasing the basin outlet capacity, the critical duration can be 
reduced. 

From Figure F-2, it is seen that the extended design storm is constructed from an 
arrangement of rainfalls of identical T-year return frequency.  That is, even though a two 
day or longer duration multiday storm is being used to test the detention basin's level of 
flood protection, the extended design storm still contains no more than T-year rainfall 
depths for the extended duration.  Each of the 24-hour storm patterns are constructed by 
a simple scaling of the peak 24-hour design pattern according to a ratio of the respective 
24-hour precipitation values, see Table B.1. 

F.5.  REQUIRED FORMAT 

Figure F-3 illustrates the required format for submitting detention basin study 
results for review. 

Figure F-4 is to be used to supply the necessary detention basin information to 
determine the routing results. 
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F.6. Example:  Detention Basin Hydrograph Routing

The assumed detention basin depth versus outflow and depth versus storage 
relationships are shown in Figures F-5 and F-6, respectively.  The detention basin 
information sheet (Figure F-4) is completed in Figure F-7.  Using a timestep of 60 
minutes (3,600 seconds), the associated storage-indication curve is developed in the 
following table and plotted in Figure F-8. 

TABLE F.1. 

EXAMPLE PROBLEM:  STORAGE-INDICATION CURVE DEVELOPMENT 
Depth 

(ft) 

O 

(cfs) 

S 

(AF) 

S-O  t/2 

(AF) 

S+O  t/2 

(AF) 
0 0 0 0 0 
1 4.2 14.4 14.22 14.57 
2 12 28.8 28.3 29.3 
3 51.7 43.2 41.06 45.34 
4 114.7 57.6 52.86 62.34 
5 186.8 72 64.28 79.72 
6 263.2 86.4 75.52 97.28 

Assuming an initial condition of zero basin outflow and storage, an example basin 
inflow hydrograph (unit period of 60 minutes) is routed using the modified Pul's method 
in the tabulation of Table F.2.  The 60-minute timestep is used for demonstration 
purposes only.  Typically, a 5-minute timestep is needed in order to adequately describe 
the runoff hydrograph peak flow rates.  Important features of a routed detention basin 
hydrograph are shown in Figure F-1. 

 

 

 











TABLE F.2. 

EXAMPLE PROBLEM BASIN ROUTING TABULATION 
Time 

(min.) 
Inflow 
(cfs) 

Average 
Inflow 
(cfs) 

(I1+I2) t/2 
(AF) 

S 1- 0 1 t / 2  
(AF) 

S2+02 t/2 
(AF) 

Outflow 
(cfs) 

Storage 
(AF) 

0 0     0 0 

  30 2.48 0 2.48   

60 60     0.7 2.45 

  90 7.44 2.42 9.86   

120 120     2.8 9.74 

  200 16.53 9.62 26.16   

180 280     10.3 25.73 

  265 21.9 25.31 47.21   

240 250     58.6 44.79 

  235 19.42 42.37 61.79   

300 220     112.7 57.14 

  170 14.05 52.48 66.53   

360 120     132.1 61.07 

  110 9.09 55.61 64.7   

420 100     124.5 59.56 

  80 6.61 54.41 61.02   

480 60     109.8 56.48 

  30 2.48 51.94 54.42   

540 0     85.4 50.89 

  0 0 47.36 47.36   

600 0     59.2 44.91 

  0 0 42.46 42.46   
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Equations 

List of Equations 

Equation 
No. 

Equation 

F.1 I – O = S/dT 

F.2 I = (I1 + I2)/2 

F.3 O = (O1 + O2)/2 

F.4 dS = S2 – S1

F.5 
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SECTION G 

FLOW-BY BASIN ANALYSIS (HYDROGRAPH SEPARATION) 

OVERVIEW 

This section will cover the design consideration required for the design of flow-by 
basins.  It will discuss: 

• Design storm criteria 

• Volume analysis 

Section E includes a detailed discussion of the unit hydrograph. Section J provides 
details of the development of small area hydrographs. Appendix I discusses the 
environmental considerations in using detention basins. 

G.1.  DEFINITIONS 

Critical Storm: that multi-day storm which will guarantee that the basin will have 
adequate storage capacity remaining when the peak 24-hour storm 
occurs. 

G.2.  INTRODUCTION 

This process models the effect of a channel flowing by a detention basin or 
structure that intercepts and diverts away from the channel all runoff flows in excess of 
some specified flow rate.  Although simple in concept, use of a flow-by basin in a flood 
control system can provide a useful reduction in the runoff hydrograph peak flow rate.  
Figure G-1 shows the main elements of a typical flow-by basin.  For a discussion on the 
considerations in using detention basins, see the Appendix I. 

G.3.  CRITICAL STORM CRITERIA 

A multiple-day storm may be required to guarantee that the basin has an 
adequate storage capacity remaining when a peak 24-hour storm event occurs.  For a 
multiple-day storm condition involving a flow-by basin system, the peak rainfall 
intensities of the selected T-year return frequency should be incorporated within each 
24-hour duration (up to the appropriate mass rainfall volume with the desired return 
frequency) such as is shown in Figure G-2. 

G.4.  FLOW-BY BASIN VOLUME ANALYSIS:  WEIR STRUCTURE EFFICIENCY 

Figure G-1 illustrates a typical weir structure flow-by basin design.  Due to the 
finite weir length, the actual flow-by discharge (i.e., no overflow into the basin) is less 
than the desired flow-by discharge and, consequently, the actual basin storage 
requirements are higher than idealized by a simple separation of the hydrograph.  

G-1 



Generally, this volume excess ranges between 20 and 50 percent, depending on the 
weir length used for the overflow. 

G-2 
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SECTION H 

STREAMFLOW ROUTING 

OVERVIEW 

This section will cover the use of the convex routing technic in hydrology studies. It will 
discuss: 

• Method description and method application 

Section E includes a detailed discussion of the unit hydrograph. Section J discusses 
details of the development of small area hydrographs. 

H.1.  DEFINITIONS 

Convex Routing: that method, as described in the "National Engineering Handbook: 
Section 4", in which it is recognized that the inflow and outflow 
variables are members of a Convex set (see "An Introduction to 
Linear Programming," by Charnes, Cooper, Henderson). 

Routing 
Coefficient: 

The relational coefficient, C, that equates outflow to inflow and 
flood wave travel time to a selected steady flow travel time 
through a reach. 

H.2.  INTRODUCTION 

The convex streamflow routing technique is described for use in design storm 
hydrology studies for watershed flood control systems (refs. 2, 3). 

H.3.  CONVEX ROUTING METHOD FOR UNSTEADY OPEN CHANNEL FLOW 

The governing relationship used in the convex routing approach is: 

 (H.1) 

where 

IT = hydrograph inflow at time T 

OT = channel outflow at time T 

OT+dT = channel outflow at time T + dT 

C = a routing coefficient (where C is between 0 and 1) 

Rearranging (H.1) gives the explicit statement 

OT+dT = OT + C(IT - OT) (H.2) 
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and 

C = (OT+dT - OT)/(IT - OT) (H.3) 

The routing coefficient may be estimated by the empirical relationship (ref.3), 

C = V/(V + 1.7) (H.4) 

where V is a mean flow velocity assumed for the inflow hydrograph.  One method of 
computing V is to calculate the normal depth corresponding to the average flowrate of 
all unit flows greater than 50 percent of the inflow hydrograph peak flowrate.  From this 
normal depth calculation, V is defined to be the corresponding flow velocity.  Thus V 
represents an average velocity which is used to translate the inflow hydrograph along 
the total length of the channel.  Obviously, other values for V can result depending on 
the choice of which average flowrate value to be used from the inflow hydrograph, and 
care must be taken to avoid offsetting the hydrograph peak flow rates at channel 
confluences by the selection of the channel V parameter. 

The routing timestep, dT, is given by 

 

 (H.5) 

 

where C is given by (H.4), L is the channel length in feet, and dT is in units of hours. 

Because the unit hydrograph analysis base unit period (defined in this section as 
dT*) is usually different than the dT time period of (H.1) a modification of C is required.  
Typically, a 5-minute unit period is used in runoff hydrograph studies.  For a unit period 
of 5 minutes, dT* = 0.0833 hours and the modified routing coefficient is 

 

    (H.6) 

 

where E = (dT* + 0.5dT)/(1.5dT). 

To determine the dT which corresponds to (H.1), it is assumed that 

 

 (H.7) 
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where K is the channel reach travel time as estimated from the selection of the 
inflow hydrograph mean V value and the channel length, L.  Figure H-1 illustrates the 
geometric interpretation of the relationship given by (H.7).  Thus 

dT  =  CK (H.8) 

A 5-minute unit period is used for all convex routing applications. 

An examination of the convex routing method reveals that the entire routing 
approach is a function of the routing coefficient, C.  Consequently, a watershed link-
node model composed of m such channel links necessarily includes m channel routing 
parameters, each with an associated unknown uncertainty function.  Additionally, the 
uncertainty involved in combining the m channel links is further aggravated by the fact 
that each channel-routed hydrograph is also a function of the number and channel 
reach lengths used for each channel link.  That is, the routed hydrograph through a 
channel with a length of 20,000 feet will differ from the results of routing a hydrograph 
through two successive reaches with a length of 10,000 feet, and so forth.  Channel 
routing processes usually involve relatively short reaches of improved channel where 
storage effects are minor, or where confluences from other channels (or pipes) enter 
the main channel and a summation of hydrographs occurs. 





H.4. Example:  Convex Channel Routing 

The example problem channel is a rectangular concrete section with a 
base of 10 feet, a Manning friction factor of 0.015, length of 3,000 feet, and a 
mean slope of 0.005 foot/foot.  The problem inflow hydrograph is tabulated in 
Table H.1.  From the table, the average flowrate in excess of the 50-percent 
peak flowrate value is 767.4 cfs. 

Using Manning's equation, the normal depth flow velocity is calculated as 

 

(H.9) 

where Rh is the hydraulic radius, and S0 is the channel slope.  For the 
example problem, V is 13.5 fps (feet per second) and the default routing 
coefficient from (H.4) is C = 0.89.  From (H.8), 

 K = (3000 ft)/(13.5 fps)(3600 sec/hr) = 0.062 hour, 3.7 minutes 

 dT = (0.89)(0.062) = 0.055 hour, 3.3 minutes 

From (H.6), C* is estimated for a timestep of dT* equal to 5 minutes by 

 C*  =  1 - (1-0.89)E = 0.948 

where E  =  (0.0833 + (0.5)(0.055))/((1.5)(0.055)) = 1.343.  Thus the 
appropriate convex method routing approximation statement is 

 

(H.10) 

 

where for the example problem 

OT+dT = (0.052)OT+dT-dT* + (0.948)IT 

n
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TABLE H.1. 

CONVEX ROUTING EXAMPLE PROBLEM SOLUTION 

Storm Time 
T 

 (minutes)  

Inflow 
I(T) 

 (cfs)  
T+dT-dT* 

 (minutes)  
O(T+dT-dT*) 

    (cfs)  
O(T+dT) 

   (cfs)  

Outflow1 
O(T) 
 (cfs)  

0 0     
  3.3 0 0  

5 0.8    0.3
  8.3 0.8 0.8  

10 0.9    0.8
  13.3 0.9 0.9  

15 40.5    13.7
  18.3 38.4 38.4  

20 202.7    91.4
  23.3 194.2 194.2  

25 445.1    275
  28.3 432.1 432.1  

30 602.9    487.1
  33.3 594 594  

35 653.7    613.3
  38.3 650.6 650.6  

40 600.9    634.6
  43.3 603.5 603.5  

45 608    604.9
  48.3 607.8 607.8  

50 917.1    707.5
  53.3 901 901  

55 1186.7    993.1
  58.3 1171.8 1171.8  

60 1001.2    1116.8
  63.3 1010.1 1010.1  

65 763.6    930.6
  68.3 776.4 776.4  

70 714.9    756.6
  73.3 718.1 718.1  



Note 1 : Outflow is to be offset by 3.7 minutes of travel time due to a computed 
mean flow velocity of 13.5 fps. 

Example Calculation: 

O T+dT     = (1-C*)O T+dT-dT* + C*IT ; C*=0.948, dT=3.3, dT*=5 

When T=20 min: 

IT =202.7 cfs 

T+dT=23.3 min 

T+dT-dT*=18.3 min 

O T+dT-dT*=38.4 cfs 

Therefore, OT+dT = (1-0.948)38.4 + 0.948(202.7) = 194.2 cfs 

By interpolation: 
  
 
 
 
= 91.4 cfs @ T = 20 min 
 

3.183.23
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SECTION I 

A PIPEFLOW ROUTING MODEL 

OVERVIEW 

This section will cover the design considerations involved in routing hydrographs through 
pipe systems.  It will discuss:  

• Pipeflow routing process and criterion. 

Section E includes detailed discussions of the unit hydrograph. Section J provides details of 
the development of small area hydrographs.  

I.1. DEFINITIONS 

Pipeflow Routing: The process of routing a hydrograph through a storm drain system. 

I.2. INTRODUCTION 

Similar to the convex routing approximation procedure, the pipeflow routing 
model develops an outflow hydrograph from a reach of pipe given an inflow hydrograph 
and appropriate pipe section data.  In the considered pipeflow model, however, a limiting 
value of outflow is assumed whereby all inflows greater than this pipe capacity are 
temporarily stored at the upstream endpoint of the pipe.  The stored floodwaters 
subsequently drain into the pipe at a rate equal to the pipe capacity.  Where this 
assumption is not valid, an alternative approach should be used.  This modeling approach 
approximates the ponding of floodwaters where a significant volume of storage is available 
with a small change in flooding depths.  Similar to the convex channel routing method, 
backwater effects are not included in the modeling approach. 

I.3.  PIPEFLOW ROUTING PROCESS 

The pipeflow routing process is modeled by calculating a normal depth flow velocity 
for each unit period (e.g., 5-minute) runoff value from the inflow hydrograph, and 
translating the unit runoff forward in storm time by the appropriate time increment.  
Generally, flow depths in excess of 0.82 of the pipe diameter are assumed to be sealed.  
Where sealed pipe flows exist this method is not valid and an alternative approach should 
be used.  Figure I-1 shows the salient features of the pipeflow modeling approach. 
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SECTION J 

SMALL AREA RUNOFF HYDROGRAPH DEVELOPMENT 

OVERVIEW 

This section will cover preparation of runoff hydrographs from watersheds with areas 
less than one square mile.  It will discuss: 

• Depth-Area adjustment 

• Design storm pattern  

• Unit hydrograph shape 

• Convolution of the unit hydrograph with the unit effective rainfall 

Section D includes a detailed discussion of the peak flow rate development. Section E 
includes additional information regarding unit hydrograph development as well as loss 
rate calculation procedures. 

J.1.  DEFINITIONS 

Small Area: watersheds with areas less than one square mile. 

J.2.  INTRODUCTION 

For watersheds with less than equal to one square mile of watershed, a simpler 
procedure can be used to develop the design storm runoff hydrograph.  In order to 
avoid the unit hydrograph being too coarse an approximation, a small-area unit 
hydrograph method is needed.  This technique is analogous to the design storm 
approach of Section E but has simplifications, which are elaborated in this section. 

J.3.  RUNOFF HYDROGRAPH CRITERION 

J.3.1 Depth-area Adjustment 

Generally, watersheds with less than or equal to one square mile of drainage 
area are small enough that depth-area adjustment is not required; i.e., the regionalized 
point rainfall depths are used without depth-area adjustment. 

J.3.2 Design Storm Pattern Development 

Using a unit interval equal to the time of concentration (Tc), unit rainfalls are 
determined by successive subtractions along the mass rainfall plot (see Example). 

J.3.3 Loss Rates 

Conforms to Section E. 
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J.3.4 Unit Hydrograph 

The unit hydrograph is defined to be a triangle with a base of 2Tc, and a peak at 
time of Tc (see Figure J-1).  The volume of the unit hydrograph is (1-inch(area).  The 
example problem illustrates the triangle unit hydrograph.  Note that, in this case, lag is 
defined to equal the Tc estimate; (i.e., 50-percent volume occurs at time of Tc).  Also 
note that lag is not computed, but the rational method Tc is used directly. 

J.3.5 Convolution 

The convolution of the unit hydrograph with the unit effective rainfalls (storm 
rainfall less losses) is simply the addition of peak runoff values at each of the Tc unit 
intervals (see example), where peak flow estimates follow from the rational method of 
Section D. 
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J.4. EXAMPLE: SMALL AREA RUNOFF HYDROGRAPH DEVELOPMENT 

1. Assume given from a rational method study (see Section D): 

watershed area = 8 acres 

time of concentration = 10 minutes = unit interval 

maximum loss rate (Fm) = 0.12 inches/hour 

runoff yield fraction (Y) = 0.35 

low loss rate (Y-bar) = 0.65 

2. D10 follows from Figure D-3, 

where 

D10 = 10-year frequency depth (inches) 

T = duration (minutes) 

3. Q = 0.9 (I-Fm)A, or .9 (I-F*)A 
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Table J.1 

Example Problem Results 

Peak 
Rainfall 

Unit 
Number 

Mass 
Rainfall 
(inches) 

Unit 
Rainfall 
(inches) 

Unit 
Loss 

(inches) 

Net 
Rainfall 
(inches) 

Effective 
Rainfall 

(inches/hr) 

Discharge 
(Q) 
(cfs) 

 
1 0.45 0.45 .02* 0.43 2.58 18.58 
2 0.61 0.16 .02* 0.14 .84 6.05 
3 0.73 0.12 .02* 0.10 .60 4.32 
4 0.82 0.09 .02* 0.07 .42 3.02 
5 0.90 0.08 .02* 0.06 .36 2.59 
6 0.98 0.08 .02* 0.06 .36 2.59 
7 1.04 0.06 .02* 0.04 24 1.73 
8 1.10 0.06 .02* 0.04 .24 1.73 
9 1.16 0.06 .02* 0.04 .24 1.73 
10 1.21 0.05 .02* 0.03 .18 1.30 
11 1.27 0.06 .02* 0.04 .24 1.73 
12 1.31 0.04 .01 0.03 .18 1.30 
13 1.36 0.05 .02* 0.03 .18 1.30 
14 1.40 0.04 .01 0.03 .18 1.30 
15 1.44 0.04 .01 0.03 .18 1.30 
16 1.48 0.04 .01 0.03 .18 1.30 
17 1.52 0.04 .01 0.03 .18 1.30 
18 1.56 0.04 .01 0.03 .18 1.30 
19 1.60 0.04 .01 0.03 .18 1.30 
20 1.63 0.03 .01 0.02 .12 0.86 

*Unit low loss exceeds unit adjusted loss 

Discharge to 24 hours is calculated by the above method 
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SECTION K 

WATERSHED MODELING GUIDELINES 

OVERVIEW 

This section will present guidelines for the preparation and application of complex 
hydrologic models.  It will discuss: 

• Criterion for the development of complex watershed runoff hydrographs 
• Guidelines for the use of watershed model computer programs 
• Comparison criteria between Complex and Single area runoff hydrographs 

Section E includes a detailed discussion of the unit hydrograph.  Sections  F, G, H, and I 
discuss various routing methods. 

K.1. DEFINITIONS 

Complex Watershed 
Runoff Hydrograph: 

That runoff hydrograph developed for a watershed divided into 
subareas which are linked together by routing processes. 

Single Area Runoff 
Hydrograph: 

That runoff hydrograph developed for a watershed assuming 
that the watershed acts as a singular unit. 

K.2. INTRODUCTION 

The previous sections provide the several elements used in developing a link-
node watershed model for hydrologic planning purposes.  In this section, guidelines are 
presented for development of complex hydrologic models for the analysis of the design 
storm condition.  The combination of the several submodels described in Sections E 
through I provides the hydrologist with the modeling capability to analyze complex 
watershed conditions including variations in runoff production caused by flood control 
measures and alternative watershed development plans.  It is frequently required that 
the difference in runoff production between existing and the ultimate development 
conditions be mitigated.  For example, in large watersheds the location of greenbelt 
channels or detention basins can significantly affect the total watershed peak flowrate 
estimate.  Similarly, the planned location of high density development may mitigate the 
effects of watershed urbanization. 

K.3. SINGLE AREA RUNOFF HYDROGRAPH DEVELOPMENT 

In many cases, watershed studies involve a free flowing drainage system where 
storm runoff is collected by major storm drains or street systems and is carried from the 
watershed by means of a major flood control channel.  These watersheds typically have 
minor storage or detention effects due to detention basins, channel constrictions, or 
channel capacity (i.e., overbank flow) problems.  Additionally, these watersheds have a 
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time of concentration which approximately equals the watershed critical duration and 
are comparable to the watersheds from which the S-graphs were derived. 

Generally, a single basin unit hydrograph study such as illustrated in the 
example problem of Section E will be appropriate for the development of a design storm 
runoff hydrograph and peak flow rate (see Sections E and J). 

K.4. COMPLEX WATERSHED RUNOFF HYDROGRAPH DEVELOPMENT 

For complex watershed modeling conditions, the watershed is divided into 
subareas which are "linked" together by routing processes.  Such watersheds are 
characterized by significant detention or storage effects and large areas of different 
development or soil loss conditions. 

The procedures to be used for the various routing processes are given in the 
preceding sections.  Subarea unit hydrograph and subsequent runoff hydrograph 
development follows directly from Section E. 

i. Watershed Division into Subareas - All watershed modeling results differ 
based on the number and selection of subareas linked together to represent the total 
watershed.  A guideline for the watershed division is to limit subareas such that the 
largest subarea is no greater than four times the area of the smallest subarea.  
Generally, subareas are defined which are tributary to detention basins or major 
channels whose storage routing effects are considered significant.  Additionally, 
subareas should be determined such that the corresponding lag values are between 20 
minutes and 2.5 hours; preferably, between 25 minutes and 1.5 hours (the range of lag 
values used in the calibration effort).  Arbitrary subdivision of the watershed into 
subareas should generally be avoided.  It must be remembered that an increase in the 
watershed subdivision does not necessarily increase the modeling "accuracy" but rather, 
transfers the model's reliability from the calibrated unit hydrograph and lag 
relationships to the unknown reliability of the several flow routing submodels used to 
link together the several subareas. 

ii. Subarea Design Storm Analysis - Each subarea is subject to the design storm 
condition.  Therefore, all flood control facilities shall be analyzed based on the design 
storm impacting each subarea independently (see Section E). 

iii. Depth-area Adjustment - As the watershed area increases, depth-area 
adjustment is needed based upon the entire tributary area.  For example, should a 
point of concentration have three tributary subareas with a combined area of 6 square 
miles, then each of the subareas must be reanalyzed for the design storm condition 
with the depth-area factors based upon the total area of 6 square miles.  All routing 
procedures are also reevaluated based upon the new subarea runoff hydrographs.  In 
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this fashion, each point of concentration has the appropriate depth-area adjustment 
applied to the design storm. 

K.5. USE OF WATERSHED MODEL COMPUTER PROGRAMS 

Several single-event unit hydrograph computer models are currently available.  
For example, the unit hydrograph option of the HEC-1 and TR-20 programs have been 
used for both small and large watershed master planning.  As discussed in Section E, 
unmodified use of these models are precluded.  In the following, guidelines are 
presented which provide the parameter and design storm restrictions needed to 
conform the various available watershed models to the design storm conditions 
described in this manual: 

i. Effective Rainfall Computation - All watershed loss rates are to conform to 
the specifications of Section C (i.e., watershed 24-hour storm runoff yields, maximum 
loss rates (Fm), and low loss fraction (Y)).  (Note: TR 20 does not provide for a 
maximum loss rate (Fm), and therefore may not be applicable for use with the 
calibrated methods described in this manual). 

ii. Single-Event Design Storm Pattern - The watershed model is to be based 
upon the design storm patterns shown in Sections E, F, and G.  Depth-area adjustment 
and rainfall depths are to conform to the requirements of Sections B and E. 

iii. Routing Processes - Basin and channel routing modeling techniques are to be 
based upon the modified Pul's and convex methods described in the previous sections.  
(Full details of these techniques are contained in refs. 2, 3, 5.) 

iv. Complex Watershed Modeling - The division of the watershed into subareas 
and the application of depth-area adjustment to tributary area must conform to the 
guidelines of this section of the manual. 

v. Unit Hydrograph Development - The development of unit hydrographs must 
conform to the S-graphs and lag computation procedures described in Section E.  
Calculation of watershed time of concentration must conform to the rational method 
procedures of Section D. 

vi. Preproject Meeting - All complex watershed modeling proposals are to be 
discussed with the County prior to study submittals for review.  This preproject meeting 
will aid in familiarizing the County with the project, and also aid in checking whether the 
modeling approach conforms to the hydrology manual. 

K.6. SINGLE AREA RUNOFF HYDROGRAPH COMPARISON CRITERIA 

When a complex watershed model (e.g., a "link-node" schematic involving 
subareas linked by channel routing) is to be used, a single area runoff hydrograph 
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model is also to be developed for comparison purposes.  Should detention basins be 
planned, the complex model without the basins (i.e., "free-draining") is to be compared 
to a single subarea model. 

Should the peak Q from the free-draining complex model be greater than the 
single area runoff hydrograph model, then the complex model peak Q is to be used as 
the design Q.  The use of a higher Q for design purposes aids in accommodating for the 
increased uncertainty in the complex model. 

 



APPENDIX I 
DETENTION BASIN CONSIDERATIONS 

 
 Generally, the main purpose for inclusion of a stormwater detention basin 

in a flood control system is to reduce peak rates of runoff generated from an upstream 
watershed and to control peak flows into downstream areas.  Some of the advantages 
and disadvantages of use of detention basins are listed in the following: 

 
BENEFITS POTENTIAL CONCERNS 

 
Reduce peak rates of runoff to 
downstream areas. 

Detention basins do not reduce total storm 
runoff volume (unless the groundwater 
recharge potential is large). 

Basin reduces transport of sediments 
carried in floodwaters. 

Maintenance of storage capacity, inflow 
and outflow facilities is critical. 

Reduces size of downstream flood control 
facilities. 

Basins increase the duration of flows 
which may increase erosion effects 
downstream from the basin.  Downstream 
erosion may be further increased due to 
sediment extraction in the basin. 

Provides location for groundwater 
recharge if aquifer contact exists. 

Improperly sized and placed basins may 
aggravate rather than reduce downstream 
flooding potential (especially in large 
complex systems). 

 Accumulated debris from runoff decreases 
flood control storage volume in a detention 
basin. 

 Cost of debris removal. 
 Detention basins in urban areas may 

become unsightly and/or vermin infested 
without intensive maintenance. 

 
The consideration of a detention basin system needs to address the various 

hydrologic, hydraulic, environmental, and flood control concerns listed above, as well as 
any other concern which may arise during the course of the project study, and 
determine the necessary mitigative measures which are acceptable to the County.  Of 
special concern is the interplay between the several components of the total system 
network.  Unplanned placement of detention basins without consideration of other 
watershed detention basins and tributary watersheds can increase the downstream 
peak flow rate above the anticipated runoff peak flow rate attained without any 
detention basins in the watershed. 



APPENDIX II 

EQUATIONS FOR CURVES AND FIGURES 
Figure C-6: Infiltration Rate For Pervious Areas Versus SCS Curve Numbers 

CN Fp 
20 1.00 
25 1.00 
30 0.985 
35 0.96 
40 0.92 
45 0.87 
50 0.82 
55 0.76 
60 0.70 
65 0.63 
70 0.55 
75 0.47 
80 0.38 
85 0.29 
90 0.20 
95 0.10 
98 0.00 



Figure D-1: Time of Concentration 

Nomograph For Initial Area 

General Equation:  

 

L = length of initial subarea flow path (not to exceed 1,000 
feet) 

E = constant exponent, equal to 0.20 

H = drop in elevation along flow path 

K = coefficient depending on development type and other 
factors 

Values of K for percent impervious or cover condition 
% Impervious K 

90 0.304 
80 0.324 
75 0.336 
65 0.360 
60 0.374 
50 0.389 
40 0.412 
30 0.438 
20 0.469 
15 0.483 
10 0.487 
0 (Agricultural) 0.525 
0 (Poor Cover) 0.525 
0 (Fair Cover) 0.706 
0 (Good Cover) 0.935 
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Figure D-2: Rainfall Depth Versus 
Return Period For Partial Duration Series 

 
General Equation: 
 
 
 

P KP 
5 65 
10 108 
25 164 
50 215 
5 65 

 
where: 

P = return period 
KP = constant associated with return period P 
Y2,Y100 = intensities associated with the 2-year and 100-year return 

periods, respectively 
YP = intensity associated with return period P 

 
Figure D-3: Intensity-Duration Curves 

 

General Equation: 

S
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where: S = Regional Intensity-Duration Slope 

X = Duration (in minutes) 
Y1hr = Intensity at the 1 hour intensity 
Y = Intensity at Duration = X (in inches/hour) 
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Equation D-9a,b,c: Equation Derivation 
 
 
The adjusted area equation is derived as, 
 

Ap = A2 + Adjusted[A1] (D.9) 
 
When  I2 - Fm1 > Y1I2 and I1 - Fm1 > Y1I1,  from (D.8); 

 
 

 
 
 
 

combining equations, 
 

 
 
 
simplifying 
 

(D.9a) 
 
 
When I2 – Fm1 > Y1I2 and I1 – Fm1 < Y1I1, from (D.8): 
 
 
 
 
 
 
Combining equations, 
 
 
 
 
 
Simplifying 
 
 

(D.9b) 
 
 
When I2 – Fm1 < Y1I2 and I1 – Fm1 < Y1I1, from (D.8): 
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Combining equations, 
 
 
 
 
Simplifying, 
 
 

(D.9c) 
 



 
Figure E-3a: Valley Developed S-Graph 

S-Graph 
% Volume 

% Lag 
 

S-Graph 
% Volume 

% Lag 
 

0 0 52 103 
2 17.5 54 106 
4 29 56 109.5 
6 35.25 58 112 
8 40 60 114 
10 43.75 62 115 
12 47.75 64 117.25 
14 51.75 66 120.5 
16 54.25 68 123.5 
18 58 70 125.25 
20 61.75 72 129 
22 64.75 74 132 
24 67.25 76 136 
26 70.75 78 140 
28 74.25 80 145 
30 76.75 82 149 
32 79.75 84 153.5 
34 81.75 86 158.75 
36 84.25 88 165.25 
38 88 90 173.75 
40 89.25 92 183.25 
42 92 94 193.75 
44 94.25 96 209.5 
46 96.87 98 235 
48 98.75 100 315 
50 100   

 
 



 
Figure E-3b: Foothill S-Graph 

S-Graph 
% Volume 

% Lag S-Graph 
% Volume 

% Lag 

0 0 52 103 
2 15 54 106 
4 26 56 109 
6 35 58 113 
8 41 60 117 
10 49 62 120 
12 55 64 125 
14 60 66 132 
16 64 68 138 
18 68 70 145 
20 72 72 152 
22 76 74 159 
24 78 76 167 
26 81 78 177 
28 83 80 188 
30 86 82 199 
32 87 84 212 
34 89 86 226 
36 91 88 242 
38 92 90 262 
40 93 92 284 
42 94 94 311 
44 95 96 348 
46 97 98 410 
48 98 100 700 
50 100   



 
Figure E-3c: Mountain S-Graph 

S-Graph 
% Volume 

% Lag S-Graph 
% Volume 

% Lag 

0 0 52 106 
2 9 54 113 
4 17 56 121 
6 23 58 131 
8 29 60 141 
10 33 62 151 
12 37 64 163 
14 41 66 176 
16 44 68 190 
18 47 70 206 
20 50 72 222 
22 52 74 242 
24 55 76 264 
26 57 78 288 
28 59 80 316 
30 61 82 346 
32 64 84 383 
34 67 86 428 
36 70 88 479 
38 73 90 536 
40 77 92 601 
42 81 94 678 
44 85 96 779 
46 90 98 918 
48 95 100 1300 
50 100   

 



 
Figure E-3d: Valley Undeveloped S-Graph 

S-Graph 
% Volume 

% Lag S-Graph 
% Volume 

% Lag 

0 0 52 103 
2 12 54 107 
4 21 56 111 
6 28 58 115 
8 34 60 120 
10 39 62 126 
12 44 64 132 
14 48 66 138 
16 51 68 146 
18 55 70 154 
20 58 72 164 
22 61 74 174 
24 64 76 186 
26 67 78 200 
28 70 80 215 
30 73 82 233 
32 75 84 254 
34 78 86 279 
36 81 88 309 
38 83 90 343 
40 86 92 386 
42 89 94 440 
44 92 96 508 
46 94 98 611 
48 97 100 820 
50 100   

 



 
Figure E-3e: Desert S-Graph 

S-Graph 
% Volume 

% Lag S-Graph 
% Volume 

% Lag 

0 0 52 104 
2 18 54 108 
4 29 56 112 
6 37 58 117 
8 43 60 122 
10 48 62 127 
12 53 64 133 
14 56 66 140 
16 59 68 148 
18 62 70 156 
20 64 72 165 
22 66 74 175 
24 68 76 186 
26 70 78 199 
28 72 80 213 
30 74 82 228 
32 76 84 246 
34 78 86 268 
36 80 88 293 
38 83 90 323 
40 85 92 359 
42 88 94 402 
44 91 96 466 
46 94 98 580 
48 97 100 780 
50 100   

 



Figure E-4: Design Storm Depth Area Curves 
Area 5-Minute % 30-Minute % 1-Hour % 

0 100 100 100 
7 80 80 80 
13 70 70 70 
25 57 59.5 60.5 

32.5 52 54.5 56 
40 47.5 51 53 
50 43 46.8 49.2 

57.5 40.2 44.5 47.3 
65 38 42.3 45.8 
75 35 40 44 

82.5 33.3 38.5 42.5 
90 31.8 37.2 41.5 
100 30 35.5 40.2 

107.5 28.8 34.9 39.2 
115 27.6 34 38.5 
125 26.5 33 37.8 

132.5 25.7 32.3 37.2 
140 25 31.8 36.8 
150 24 31 36.2 

Area 3-Hour % 6-Hour % 24-Hour % 
0 100 100 100 
7 97 98.5 99.1 
13 94 97.3 98.3 
25 91 95.8 97.4 

32.5 88.5 94.9 96.8 
40 86.5 94 96.3 
50 84 92.9 95.7 

57.5 82.3 92.2 95.3 
65 80.8 91.5 94.9 
75 79 90.6 94.5 

82.5 77.5 89.9 94.1 
90 76.2 89.4 93.8 
100 74.7 88.9 93.5 

107.5 73.5 88.5 93.2 
115 72.5 88.2 93 
125 71.2 87.8 92.8 

132.5 70.3 87.5 92.6 
140 69.6 87.2 92.5 
150 68.8 87 92.3 
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APPENDIX III 

List of Equations and Variables used in the Hydrology Manual 

B.1 P = 1/T 

B.2 Y2 = 0.111+0.545 (X1)(X1/X2) 

B.3 Y100 = 0.221+0.885 (Y2)(X3/X1) 

B.4 or Y100 = 0.221+0.098 (X3/X1) 

  +0.482 (X3)(X1/X2) 

B.5 Y2 = 0.107+0.315 (X1) 

B.6 Y100 = -0.391+1.224 (Y2)(X3/X1) 

  +0.043 (X5) 

B.7 or Y100 = -0.391+0.131 (X3/X1) 

  +0.386(X3)+0.043 (X5) 

B.8 Y2 = 0.126+0.561 (X1)(X1/X2) 

B.9 Y100 = -0.030+0.816 (Y2)(X3/X1) 

  +0.063 (X5) 

B.10 or Y100 = -0.030+0.103 (X3/X1) 

  +0.458 (X3)(X1/X2) 

  +0.063 (X5) 

B.11 Y2 = 0.005+0.852 (X1)(X1/X2) 

B.12 Y100 = 0.322+0.789 (X3)(X3/X4) 

C.1 Ia = 0.2S 

C.2  

C.3  

C.4  
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C.5  

C.6  

C.7 Fm = apFp 

D.1 Q = CIA 

D.2 Tc(T) = Tc(100)٠KT 

D.3  

0.90(ai + ap(I – Fp)/I), for I greater than Fp 

D.4 

C = 

0.90ai, for I less than or equal to Fp 

D.5 Q = 0.90 (I - Fm)A 

D.6 Q(min) = 0.90٠YIA 

D.7 Qp = Q2 + Adjusted[Q1] 

Maximum of [(I2 -Fm1),   (Y1I2)]   (T2+T1) 

-------------------------------------,   ---------- 
D.8 

Adjusted[Q1]= Q1*Minimum of 

Maximum of [(I1 -Fm1),   (Y1I1)]      2T1 

D.8a  

D.8b  

D.8c  

D.8d  

D.9 Ap = A2 + Adjusted[A1] 

D.9a  

D.9b  

D.9c  
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E.1 Lag = 0.8Tc 

E.2 Lag(hours) = Ct((L٠LCA)/S0.5)m 

E.3 K(cfs) = 645٠A/T 

E.4  

E.5  

E.6 Fm = apFp 

F.1 I – O = S/dT 

F.2 I = (I1 + I2)/2 

F.3 O = (O1 + O2)/2 

F.4 dS = S2 – S1 

F.5  

H.1 OT+dT = (1 – C)٠OT + CIT 

H.2 OT+dT = OT + C(IT – OT) 

H.3 C = (OT+dT – OT)/(IT – OT) 

H.4 C = V/(V + 1.7) 

H.5  

H.6 C*  =  1 – (1 – C)E 

H.7 (OT+dT – OT)/(IT – OT) = dT/K 

H.8 dT  =  CK 

H.9  

H.10 OT+dT = (1 – C*)OT+dT-dT* + C*IT 
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List of Variables 

P Exceedance Probability 

T Return Period 

Y2 2-year 1-hour estimated value 

Y100 100-year 1-hour estimated value 

X1 2-year 6-hour value from precipitation-frequency maps 

X2 2-year 24-hour value from precipitation-frequency maps 

X3 100-year 6-hour value from precipitation-frequency maps 

X4 100-year 24-hour value from precipitation-frequency maps 

X5 Latitude (in decimals) minus 32 

Ia Initial abstration 

S Soil capacity 

CN Curve number 

Yj 24-hour storm runoff yield fraction for subarea Aj 

P24 24-hour storm rainfall 

Y Catchment 24-hour storm runoff yield fraction 

 Catchment low loss fraction 

F* Catchment low loss rate 

I Rainfall intensity 

Fm Maximum loss rate 

ap Pervious area fraction 

ai Impervious area fraction 

Fp Infiltration rate for the pervious area 

Q Peak discharge 

C Runoff coefficient 



A Drainage area 

Tc(T) Time of concentration for return period, T 

Tc(100) Time of concentration for 100 yr return period 

Tc Time of concentration 

KT Time adjustment constant 

V Velocity 

n Manning's roughness coefficient 

R Hydraulic radius 

s Slope 

Q(min) Minimum catchment peak discharge 

Qp Resultant confluence estimate of peak flow rate 

Tp Resultant confluence estimate of time of concentration 

Ap Resultant confluence estimate of catchment area 

Q1 Peak flow rate from stream 1 

T1 Time of concentration for stream 1 

I1 Rainfall intensity for stream 1 

Fm1 Maximum loss rate for stream 1 

Y1 Runoff Yield fraction for stream 1 

A1 Catchment area for stream 1 

Q2 Peak flow rate from stream 2 

T2 Time of concentration for stream 2 

I2 Rainfall intensity for stream 2 

Fm2 Maximum loss rate for stream 2 

Y2 Runoff Yield fraction for stream 2 

A2 Catchment area for stream 2 



n

 
Lag The elapsed time (in hours) from the beginning of unit effective 

rainfall to the instant that the summation hydrograph for the 
point of concentration reaches 50 percent of ultimate discharge. 

CT A constant (determined by regional flood reconstitution studies) 

L Length of longest watercourse 

LCA Length along the longest watercourse, measured upstream to a 
point opposite the center of the area. 

S Overall slope of drainage area between the headwaters and the 
collection point. 

m A constant determined by regional flood reconstitution studies 

 The visually estimated basin factor 

K Ultimate discharge factor 

I Inflow 

O Outflow 

S Storage 

dT Routing timestep 

IT Hydrograph inflow at time T 

OT Channel outflow at time T 

OT+dT Channel outflow at time T+dT 

dT* Unit period 

OT+dT-dT* Channel outflow at time T+dT-Dt* 

C Routing coefficient 

C* Modified routing coefficient 

E Routing coefficient modifier 

 



APPENDIX IV 

DEVELOPMENT OF HYDROLOGIC DESIGN CRITERIA 

Introduction: 

The hydrologic procedures proposed for use are the most common, nationally 
accepted methods available.  It has been demonstrated that complex, highly discrete 
models, typically do not perform any better at determining the peak flow and runoff 
volume than the more common, less complicated, models described in this manual.  It is 
for this reason that the Modified Rational Method, and the Unit hydrograph method 
procedures are used in this manual. 

It is the intent of this manual to clearly define the application of methodology and 
link the procedures to the best available data set for calibration purposes. 

Hydrologic Procedure Calibration: 

The hydrologic procedures are based on the regional design storm rainfall-runoff 
model calibration study conducted by Dr. T.V. Hromadka of Williamson and Schmid for the 
Orange County Environmental Management Agency (OCEMA) and San Bernardino County 
Water Resources Division. 

A calibrated design storm rainfall-runoff model should satisfy three major 
characteristics.  First, the runoff portion of the model should reproduce observed flood 
events with a reasonable accuracy given adequate observed rainfall for the event.  For the 
Orange County regional model, regional unit hydrograph and loss rate relationships were 
derived from reconstitutions of several observed storm and flood events in Orange and Los 
Angeles counties.  The derived regional relationships were verified using a storm and flood 
event not used in the reconstitution studies. 

Second, the calibrated design storm model should reproduce n-year peak discharge 
frequency curves from stream gauge data with reasonable accuracy.  To accomplish this, 
first, a storm pattern, time distribution, depth-area-duration reduction relationships, and a 
source of T-year t-hour precipitation values were selected.  A nested duration storm 
pattern, also referred to as a "balanced" storm in HEC Training Document 15, is used in 
order to provide uniform return frequency rainfalls for all durations, additionally, the nested 
duration storm pattern exhibits several similarities to the pattern of a 6-hour storm that 
occurred over Orange County on March 1, 1983.  During that particular storm, recording 
rain gauges showed near 100-year rainfall intensities for all durations between 15 minutes 
and 6 hours.  Because every watershed is sensitive to a particular duration of rainfall that 
will produce the peak discharge, a nested duration design storm ensures that each 
watershed will receive the design frequency depth of rainfall for it's critical duration.  In the 
design storm the maximum 5 minutes of rainfall is nested within the maximum 10 minutes, 
the maximum 10 minutes within the maximum 15 minutes and so forth until a 24-hour 
storm pattern is developed.  A 2/3, 1/3 time distribution with T-year frequency rainfalls 



nested about hour 16 of the 24-hour storm was chosen due to the sensitivity in reservoir 
or detention basin design with respect to storm pattern shape.  Depth area adjustment 
factors from the March 1943 Sierra Madre storm that occurred in Southern California, for 
durations between 30 minutes and 3 hours, along with NOAA Atlas 2 factors for durations 
between 6 and 24 hours were chosen.  The Sierra Madre factors were chosen for the 
shorter durations over the NOAA Atlas factors because the Sierra Madre storm occurred 
locally and is well documented.  These variables then became deterministic components of 
the model. 

The regional loss rate function and unit hydrograph parameters derived from the 
flood reconstitutions also became deterministic components. 

The final deterministic component, AMC, was also selected; an average value of 
AMC II was used in the calibration study. 

The remaining variable, T-year precipitation, was made the only design storm 
calibration variable; frequency of precipitation was varied until adequate reproduction of T-
year peak discharges from stream gauge frequency curves was obtained. 

In order to calibrate the design storm for the model so that the peak flow rate 
estimates represent local flood frequency tendencies, an objective criterion for flood 
protection must be specified.  That is, not only is a 100-year flood, for example, selected 
as a targeted level of flood protection, but also a level of confidence in estimating (or 
exceeding) the 100-year flood must be specified.  This specification for a hydrologic model 
becomes then a policy statement for flood control. 

The estimation of the T-year flood is a basic problem in hydrology due to the 
uncertainty in the estimate caused by the uncertain estimation of statistical parameters, 
such as due to sampling variance.  This uncertainty can have a significant effect on the 
flood design value, and it's quantification is an important aspect of evaluating the risk 
involved in a chosen level of flood protection.  A flood estimate obtained from a typical 
flood frequency curve only represents an estimate of the true value.  The confidence that 
the value obtained from a flood frequency curve equals or exceeds the true value of the 
selected return frequency is only 50-percent.  Should a value be used that is larger than 
the flood frequency curve value, then there is an associated increase in confidence 
achieving the desired level of flood protection.  In order to address the sampling 
uncertainty and reduce the chance of being flooded, Orange and San Bernardino counties 
both adopted a policy statement objective to use the discharges computed at the 85-
percent upper confidence level for the T-year flood as the criterion for flood protection. 

The results of the calibration are specified in terms of T-year precipitation needed to 
produce 50-percent and 85-percent confidence level T-year peak discharges, given all 
other hydrologic parameters (e.g. timing, losses, etc...) invariant and are as follows: 



 
Table Appendix 4.1 

Return Frequency Rainfall Required (Yrs) 

50% Confidence 85% Confidence Return Frequency of Runoff

25 100 100 

15 50 50 

10 25 25 

5 10 10 

4 5 5 

2 2 2 

Third, the calibrated design storm rainfall-runoff model should be transportable to 
ungauged watersheds with assurance that the computed peak discharges are reasonable 
estimates of T-year peak discharges.  This can be achieved because the parameters that 
vary with physical characteristics of a watershed  are all deterministic; S-graph, lag and loss 
function.  The calibrated design storm provides considerable assurance that with 
appropriate modification of the deterministic variables, reasonable estimates of n-year peak 
discharges will result. 

Results of Calibration to Selected Kern County Watersheds: 

An analysis of three streams (San Emigdio, Oak, Joshua) was performed to check 
the calibration of the design storm variable, T-year precipitation, given the deterministic 
variable values obtained by use of the Kern County Hydrology Manual. 

The results of the statistical analysis of the stream gauge record for Joshua, Oak, an 
San Emigdio Creeks are listed in Table Appendix 4.2.  The calibration results are listed in 
Table Appendix 4.3, 4.4, and 4.5.  The results from Joshua Creek are considered quite 
anomalous, resulting from several high flows and a very high percentage of zero flow 
years, and were therefore not considered in the evaluation of the results. 



 
Table Appendix 4.2 

Flood Magnitudes for Selected Exceedence Frequencies 

Computed Discharge 

Joshua Creek Oak Creek San Emigdio 
Creek 

Return 
Frequency 

Exceedence 
Probability 

50% 85% 50% 85% 50% 85% 

5 0.2 180 500 135 300 -- -- 
10 0.1 710 1500 440 700 545 1100 
25 0.04 2370 4400 1070 1500 1840 2800 
50 0.02 4950 8400 1700 2400 3260 5100 
100 0.01 8910 14700 2550 3700 5370 8700 

 

Table Appendix 4.3 

Design Storm 

Calibration Results for Joshua Creek (3.83 miles5) 

Return Frequency 
of Runoff 

Return Frequency 
of Precipitation 

Return Frequency 
of Precipitation 

 50% 85% 

100 >100 >100 
50 >100 >100 
25 100 >100 
10 <5 10 
5 <5 <5 
2 <5 <5 

 



 

Table Appendix 4.4 

Design Storm 

Calibration Results for Oak Creek (15.8 miles5) 

Return Frequency 
of Runoff 

Return Frequency 
of Precipitation 

Return Frequency 
of Precipitation 

 50% 85% 
100 5 25 
50 <5 5 
25 <5 <5 
10 <5 <5 
5 <5 <5 
2 <5 <5 

 

Table Appendix 4.5 

Design Storm 

Calibration Results for San Emigdio Creek (48.8 miles5) 

Return Frequency 
of Runoff 

Return Frequency 
of Precipitation 

Return Frequency 
of Precipitation 

 50% 85% 
100 5 25 
50 <5 5 
25 <5 <5 
10 <5 <5 
5 <5 <5 
2 <5 <5 

 



 

The Kern County design storm calibration results are inconsistent with those results 
obtained from the use of the coastal Los Angeles and Orange County data and the valley 
San Bernardino County data in that the required T-year precipitation values show 
considerably higher variance in correlating rainfall to runoff.  The rainfall statistical 
estimates obtained from both the NOAA Atlas II (1973) and DWR reports are both 
undergoing further study and may change in future updates.  The Kern County stream 
gauge records require considerable time in order to obtain sufficient data to reduce the 
variance in floodflow estimates. 

The Los Angeles County rainfall-runoff data is more substantial than the Kern County 
data, with more gauges and longer periods of record.  Most likely, the two sets of 
calibration results differed so greatly because the Orange County model was calibrated to 
stream gauges with a substantially longer period of record including several years of record 
outside of the "dry" years; whereas, the Kern County stream gauges have a much shorter 
period with only a few years of record outside of the "dry" years.  The Kern County stream 
gauge data may not be representative of the long term statistical trends of the area, only 
the collection of additional data will resolve these uncertainty issues. 



APPENDIX  V 

Brief Overview of the Recent History of Flooding in Kern County 

Community Description

Kern County lies at the southern end of the San Joaquin Valley, in southern 
California.  The County is bordered on the west by San Luis Obispo and Santa Barbara 
Counties; on the south by Ventura and Los Angeles Counties; on the east by San 
Bernardino County; and on the north by Kings, Tulare, and Inyo Counties.  Kern County 
covers 8,064 square miles and is California's third largest county.  Elevations range from 
205 feet to 8,775 feet. 

The following incorporated communities are located within the boundaries of Kern 
County:  Cities of Arvin, Bakersfield, California City, Delano, Maricopa, Ridgecrest, Shafter, 
Taft, Tehachapi, and Wasco.   

The County can be divided into three distinct physiographic zones:  valley, desert, 
and mountain.  The valley portion, the western one-third of the County, is its population 
and agricultural center.  Valley crops make Kern County a leading agricultural producer 
among the nation's counties.  The Mojave Desert covers the eastern one-quarter of the 
County.  Major economic activities in the desert depend on military installations ── 
Edwards Air Force Base and the China Lake Naval Weapons Center ── and on mining.  One 
of the world's largest borax deposits is located near Boron.  The third zone in the County 
consists of a ring of foothills and mountains.  The Temblor Range, part of the Coast Range, 
borders the western edge of Kern County.  The Tehachapi Mountains separate the valley 
from the Los Angeles basin to the south.  The Sierra Nevada Range separates the valley 
from the desert to the east.  The western hills contain a major source of petroleum; Kern 
County produces one-half of California's annual petroleum output.  The Tehachapi and 
Sierra Nevada Ranges contain a number of year-round and seasonal resorts and produce 
commercial timber and minerals.  

The vegetation and climate of Kern County vary among its three physiographic 
zones.  Generally, the County is classified as desert or semiarid, with hot, dry summers and 
mild, humid winters.  In most areas, 90 percent of the precipitation occurs from November 
through April. 

In the valley, rainfall averages three to seven inches annually.  Maximum summer 
temperatures in Bakersfield average 101 degrees Fahrenheit; there are approximately 110 
days per year when temperatures are higher than 90 degrees Fahrenheit.  On the average, 
16 days per year have temperatures below 32 degrees Fahrenheit.  The long growing 
season of 250 to 300 days allows growing a wide range of crops when irrigation is 
provided.  Major agricultural products of the valley include grapes, cotton, cattle, potatoes, 
almonds, oranges, forage crops, spring and summer vegetables, and rose plants.  Annual 
production of these commodities is valued at more than $15 million each.  Before the 
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advent of agriculture, the valley floor was covered by grassland.  It was one of the most 
productive wildflower areas of the State. 

Because of the topography, the climate of the mountain zone tends to be cooler and 
wetter than the other zones.  The western hills, in the lee of the Coast Range, are semiarid 
and sparsely vegetated.  In contrast, the windward side of the Tehachapi and Sierra 
Nevada Ranges receive as much as 40 inches of precipitation a year.  An average of 30 
inches of snow falls at higher elevations.  However, most snow cover is intermittent during 
the winter because of occasional melting.  The occurrence of thunderstorms and the 
potential for intense, local rainfall increases on approaching the Sierra Nevada Range.  
Whereas the western edge of the valley experiences an average of one such storm each 
year, the number increases to 15 to 20 per year over the mountains.  These occur with 
greatest frequency in the summer.  Four plant communities occur in the mountain zone, 
depending on site characteristics: oak woodland, coniferous woodland, desert shrub, and 
grassland. 

The desert zone lies in the lee of Tehachapi and Sierra Nevada Ranges.  
Precipitation averages three to six inches a year, but is extremely variable.  Snowfall is 
infrequent, but may range from one to four inches when it occurs.  Snow and winter rains 
result from North Pacific cyclonic storms.  The remainder of the precipitation comes from 
intense, local thunderstorms and summer tropical storms.  The natural vegetation is sparse 
and consists primarily of creosote and burroweed; Joshua trees occur in some locations. 

Early settlement in Kern County was spurred by the discovery of gold in 1851.  The 
initial population was centered in the mountain zone.  When Kern County was organized in 
1866, the first County seat was Havilah, located approximately 70 miles northeast of 
Bakersfield.  The government center was transferred to Bakersfield in 1873, reflecting the 
gradual population shift to the valley. 

The 1980 population of Kern County was 403,089.  This represents approximately a 
22-percent increase from the 1970 population of 330,234.  Kern County is served by a 
number of major highways.  Interstate Highway 5 and State Highway 99 are oriented 
along the north/south axis of the valley.  State Highway 58 connects the valley to the 
Mojave Desert, and State Highway 14 and U.S. Highway 395 run east of the Sierra Nevada 
Range.  Maintained County roads exceed 3,362 miles.  In addition, there are ten County 
airports and two railroad lines. 

Securing a reliable water supply has been a continuing problem for much of Kern 
County.  Current need in the valley is partly met by supplies from surface-water 
impoundments, such as Lake Isabella on the Kern River, and from groundwater pumping.  
Additional water must be imported by the Central Valley Project and the California 
Aqueduct.  Because of the need for drainage and irrigation works, farms in the valley 
traditionally have been, and continue to be, large.  Farm size averages 1,752 acres. 

The only major river in the County is the Kern River, with an average annual runoff 
of 700,000 acre-feet.  The Kern River is the chief flooding source in the Bakersfield area.  
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Isabella Dam controls 2,074 square miles of the Kern River basin, but floodwaters can still 
accumulate from approximately 333 square miles of watershed downstream of the dam.  
Releases from Isabella Dam and natural runoff flow through a steep canyon for 
approximately 30 miles downstream of Isabella Reservoir, then flow southwesterly over the 
valley floor to Bakersfield.  Twenty-one miles downstream of Bakersfield, the Kern River 
enters Buena Vista Lakebed or flows to Tulare Lake via the Kern River Flood Canal.  Flow 
can also be diverted to the California Aqueduct via the Kern River-California Aqueduct 
Intertie, completed in 1977. 

Many small streams also cause flooding problems in the valley when they discharge 
from steep canyons.  These streams are confined and distinct in upland areas, but tend to 
spread out into a number of poorly defined drainages on the valley floor.  Flow is further 
disrupted by cultivation and urbanization. 

Similar problems occur in the desert area, where ephemeral streams flow across 
alluvial fans.  Drainage channels are poorly defined and can shift from one flood event to 
the next.  Streets, railroads, and other structures divert flows and may increase flooding 
problems. 

Another type of flooding occurs in the mountains, where streams flow through 
alluvial valleys.  In these areas, flows peak quickly and have high velocities. 

Principal Flood Problems

Flooding results from a variety of conditions in Kern County.  Intense storms can 
cause high flood peaks that pass rapidly, but can leave severely damaged property in their 
wake.  Spring snow melt often results in high flows that have a longer period of runoff and 
a lower peak than rain floods.  Overflow from poorly defined channels and inadequate 
culverts and drains can lead to shallow flooding, even from low-intensity rainfall. 

Various areas in Kern County have suffered from numerous floods.  Severe flooding 
occurred in November 1950, December 1966, January and February 1969, and September 
1975.  Localized flash flooding occurred in September 1976, and a large storm produced 
high flows on various streams in February 1978.  A large storm in March 1983, in the 
mountains of the Caliente Creek watershed, caused extensive flooding of the Caliente 
Creek area near the City of Arvin and in the unincorporated community of Lamont.  
Thunderstorms in the Lake Isabella area, August 1984, produced severe damages, most 
dramatically in the unincorporated communities of Onyx and Weldon.  Damages also 
occurred in the Bodfish and Southlake areas. 

A series of storms during November 1950, produced widespread flooding throughout 
the Sacramento and San Joaquin River basins in California, and the Truckee, Carson, and 
Walker River basins in California and Nevada.  At many localities, these floods were the 
most destructive experienced over the 40- or 50-year period of record.  Peak flow on the 
Kern River at the First Point gage (located six miles upstream of Bakersfield) was 36,000 
cubic feet per second (cfs).  This flow occurred four years before Isabella Dam was 
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constructed and would have a recurrence interval of approximately 670 years under 
current, regulated conditions.  Bakersfield was saved from damage by intensive flood 
fighting; however, part of neighboring Oildale, the Fruitvale Oil Field, and agricultural areas 
were flooded, and Gordon's Ferry Bridge was washed out.  Approximately 37,000 acres 
were flooded along the entire length of the Kern River, and flood damage totaled nearly 
$2,000,000.  Some areas along Poso and Caliente Creeks were also flooded. 

An intense 48-hour storm on December 4 through 6, 1966, caused severe flooding 
in a 60- by 100-mile area in the Sierra Nevada Range northeast of Bakersfield.  The Kern, 
Tule, and Kaweah River basins were affected.  Damage was extensive in all headwater 
areas of these three stream systems.  The road from Kernville upstream of Johnsondale 
along the Kern River was obliterated at the outside bank of many river bends, and the 
pavement was scoured away in other locations.  Waterstage recorder structures and the 
measuring cableways on the Kern River at Kernville and South Fork Kern River near Onyx 
were destroyed by the flood.  Further downstream, Isabella Dam minimized flood damage 
to the valley.  Peak flow along the Kern River was 60,000 cfs, more than twice the previous 
maximum that occurred in November 1950.  The COE estimated that, had Isabella 
Reservoir not been in operation, flow on the Kern River at the First Point gage would have 
been approximately 80,000 cfs.  Actual flow was nearly 9,300 cfs, which has a recurrence 
interval of approximately 80 years.  Areas along Caliente Creek were also flooded, resulting 
in $625,800 in damage to urban and rural property. 

Storms occurring January 18 through 22 and 24 through 27, 1969, produced heavy 
rainfall that caused extensive flooding in the San Joaquin Valley.  Flows in the Kern River at 
Kernville were one-third of the record flows in 1966, but were the third or fourth highest of 
record.  A storm that lasted from February 22 to 24 brought heavy rain in the southern and 
western portions of the San Joaquin Valley.  Poso Creek near Oildale had a peak discharge 
of 6,600 cfs on February 24, 1969.  This flow has a recurrence interval of approximately 22 
years.  Nearly 38,000 acres were inundated by this stream.  On February 25, El Paso 
Wash, just downstream of Inyokern Road in Ridgecrest, had an estimated flood peak of 
350 cfs.  This flow has a recurrence interval of approximately 13 years. 

Major flooding occurred in Kern County on September 9 through 10, 1975.  High-
intensity thunderstorms passed over the northeastern part of the County causing flooding 
at Isabella and in the desert areas.  Unusually high flood peaks, some estimated to be in 
excess of the 100-year flood, were gaged from high-water marks on various streams 
following the storm. 

Between September 29 and October 1, 1976, flash flooding occurred within the 
South Fork Kern River and Kelso Creek Valleys and in the Piute Mountains.  Flooding was 
caused by thunderstorms that moved easterly across the southern area of Lake Isabella.  
Erskine Creek had a peak discharge of 2,660 cfs causing damage to Uffert Park.  This flood 
has a recurrence interval of approximately 28 years.  The Kern County Water Agency 
Improvement District No. 3 levees along Kelso Creek were severely damaged by a peak 
discharge of 11,200 cfs.  This flow has a recurrence interval of approximately 50 years and 
is 1.5 to 2 times the levee design flood. 
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A large storm in February 1978, produce a peak flow of approximately 8,300 cfs on 
the Kern River at the First Point gage, near Bakersfield.  This flow has a recurrence interval 
of slightly greater than 70 years.  Preliminary data from unpublished records of the U.S. 
Geological Survey and Kern County Water Agency indicate that the peak flow on Poso 
Creek near Oildale was 3,570 cfs on February 10, 1978.  This flow has a recurrence interval 
of slightly less than 11 years. 

Major flood problems on the eastern side of the City of McFarland result from the 
overflow of Poso Creek and runoff from the mountains east of McFarland.  Runoff ponds 
behind the Friant-Kern Canal and flows southerly along the east canal bank.  Both the 
overflow from Poso Creek and runoff from the canal flow northerly toward McFarland 
through a siphon beneath State Highway 99.  East of State Highway 99, there are overland 
flows with an average depth of less than one foot. 

In early March 1983, the Loraine area was severely flooded, causing damage to 
many of the structures in the floodplain.  The bridge crossing of Indian Creek just above 
the confluence of Caliente Creek and Indian Creek was completely washed out, as was 
most of Caliente Creek Road below this confluence point.  These problems were mainly 
due to flows approaching the 100-year discharge. 

Flooding problems throughout Kern County are aggravated by undersized or 
insufficient drainage facilities.  Even large culverts and bridges may become constricted by 
debris during flood events.  In addition to flooding from washes, creeks, and rivers, many 
areas are subject to flooding from flows on alluvial fans.  Both unpredictability of flow 
paths on alluvial fans and typically high sediment loads compound the problem. 
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APPENDIX VI 
Methodological Applications Policies: 
Policy #1: There may exist hydrologic cases for which the application of this 

manual’s methodologies is less appropriate than a recommended 
alternative.  Upon submittal of evidence indicating inconsistency of the 
methodologies described in this manual to create an adequate 
hydrologic model of the watershed under consideration and proof of 
consistency with the primary hydrologic parameters of this manual, such 
methodology may, at the sole discretion of the Director of the 
administering department, be accepted for use for the specific case 
intended.  Such acceptance for one case will not obligate the 
department to accept the methodology in any other case. 

Policy #1a: The methodologies described in this manual have been calibrated to an 
85 percent confidence limit.  Any alternative methodology shall be 
demonstrated to maintain this criterion, unless the methodology has 
been accepted (including any input parameters) for use in the region 
intended, by the Federal Emergency Management Agency (FEMA). 

Policy #2: Rain gauge data may be used in lieu of NOAA Atlas 2 if the following 
criterion are true: 
(a) The gauge is a recording gage with 1-hour readings. 
(b) The gauge has a good record length of 25 years or more. 
(c) The project is within close proximity to the gauge (i.e., 3 miles 

distance, and 200-foot elevation). 
(d) All other rain gauges with adequate record length (10+ years) 

within 15 miles of the project are also considered. 
Policy #3: The determination of soil classifications, in areas not mapped by the Soil 

Conservation Service, is the responsibility of the hydrologist's soils 
engineer.  If the hydrologist does not wish to have a soils classification 
prepared, the soil shall be assumed to be type "D" for runoff 
determinations. 

Policy #4: Figures APP-6.1 through APP-6.19 may be used as the short duration 
"Intensity-Duration" curves for the County areas designated as requiring 
Type "A" improvements, per the Kern County Land Division Ordinance, 
dated January 1990. 

Policy #5: Figure APP-6.20 identifies the regional limits of the USGS Regional 
Regression Equations.  Figure APP-6.21 or Equation APP6.1 may, after 
consultation and approval by the County for it's use, be used to 
determine the 100 year return period flow for undeveloped watersheds 
with areas less than 20 square miles.  Approval for use of this chart is at 
the sole discretion of the County, and will be based upon the showing of 
special circumstances which warrant the use of this regression equation. 
 Under NO circumstances will this chart be used for developed or 
developing watersheds. 
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Policy #6:  The HEC-1, with the LAPRE1 data preprocessor, hydrologic 

computer software are acceptable for use on hydrograph studies for 
submittal to the County.  The following input parameters shall be used: 
 
1) HEC-1: 

The RC, with RX and RY, records (normal depth routing), shall be 
used for hydrograph routing. 

2) LAPRE1: 
$P - Field 1, PRECIP = 15 

Field 2, DRAIN = input the basin area 
Field 3 - 8  = 0 

$Q - Field 1 - 6  = use the information from item 
8, Figure E-7   _ 
Field 7,  = input Y 
Field 8,  = input Fm 

$U - Field 1 - 4  = input values for use with (E.2). 
 BN, the subarea "n" value 
(Field 4), should be adjusted so 
that 

 
 
 

 
Field 5, NNT  = 1, for Mountain 

= 2, for Valley (Undeveloped) 
= 9, for Desert 
= 11, for Foothill 
= 23, for Valley (Developed) 

Field 6, 7  = 0 
Policy #7: The requirement that, "Computations of travel time through subareas 

which continually add runoff to the peak flow (e.g., streetflow) should 
be based on the average peak flow through the subarea", is considered 
to be necessary only when a significant increase in velocity occurs.  
Velocity increases in excess of 10% are considered significant.  In 
general, a 10% increase in velocity is associated with a 75% increase in 
flow, in street cross-sections. 

Policy #8: The calculation of 5-year recurrence interval flows using the rational 
method may be based upon the use of the following equations; 
 

Q = 0.8(I - Fm)A 
Q = 0.8YIA 

 
These modified equations are based upon an adjustment between the 
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50% and 85% confidence intervals. 
Policy #9: Section 408-1. Retention Basin Design Volume 

The design volume of storm water retention basins shall be based upon 
the runoff from the ISDD five-day storm event and a volume of nuisance 
water determined by the engineer. No runoff generated on site from the 
design storm or from nuisance flows will be allowed to leave the site unless 
downstream drainage disposal facilities exist to handle the flow. The 
retention of upstream off-site flows shall not be considered to reduce the 
size of the required on-site retention facilities or mitigate the runoff from 
the proposed development. An evaluation of the runoff volumes associated 
with the site in its existing condition shall not reduce the size of the 
required drainage facilities. The runoff volume from the ISDD five-day 
storm shall be calculated using the formula: 
 

Runoff Volume = .12 (D
10

) (a
i
) (Area)  

D
10 

= 10 yr 24-hr. depth of rainfall (in.)  

a
i 
= average percentage of impervious area  

Area = Drainage area of total development 
 

Per Kern County Development Standards, August 1995 
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EQUATION APP6.1 
 
 

43.002.177.0
100 7.15 −⋅⋅⋅= HPAQ  

 
Where: 

A = Drainage area in square miles 
P = Mean annual precipitation in inches 
H = Altitude index, in thousands of feet, computed as the average of the 
altitudes at the 10% and 85% points along the main channel used to compute 
channel slope. 
 

 
REGIONAL REGRESSION EQUATIONS 

South Lahonton-Colorado Desert Region 
Antelope Valley Sub-Region1 

 
Recurrence Interval, 

in years 
Equation 

2 APP6.2: Q = 12·A0.58 

5 APP6.3: Q = 85·A0.59 

10 APP6.4: Q = 200·A0.62 

25 APP6.5: Q = 400·A0.65 

50 APP6.6: Q = 590·A0.67 
100 APP6.7: Q = 850·A0.69 

 
Where:  

A = Drainage area in square miles 

                                                 
1 Taken from Methods for Estimating Magnitude and Frequency of Floods in the Southwestern United States, USGS, 
Open-File Report 93-419. Tucson, AZ. 1994 



Regional Regression Equations 
South Lahonton-Colorado Desert Region 

Antelope Valley Sub-Region 
FEMA 1992 

 
Equation APP6.2 2-year flow Q2 = 6.0 · A0.27

Equation APP6.3 10-year flow Q10 = 97 · A0.46 

Equation APP6.4 100-year flow Q100 = 662 · A0.62 

 
A = Watershed area in square miles 
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APPENDIX VII 

Alternative Rational Method With "C" Factor Curves 

Kern County, recognizing the fact that a general lack of familiarity exists with the 
use of the Rational Method as described in Section D, of this manual, includes as this 
appendix an alternative form of Rational Method using "C" factor curves. 

The use of a "C" factor curve has certain mathematical limitations which limit the 
application of the alternative method described in this appendix. If ANY of the following 
criterion are found to be true then this appendix's method SHALL NOT be used, and the 
methods described in Section D shall be applied. 

Criterion for using this alternative method: 

1) Is there an off-site undeveloped watershed contributory to this 
development? 

2) Is the development non-homogeneous with regards to development type 
(i.e. a portion 4 DU's per acre, and a portion commercial)? 

3) Is the development non-homogeneous with regards to SCS soil type (i.e. a 
portion type A soil and a portion type B soil)? 

4) Is the watershed greater than 640 acres? 

If the answer to ANY of the above question is YES, then this method SHALL NOT be 
used. 

These restrictions are necessary for the following reasons: 

1) The loss rates which the "C" curves are based upon are a function of SCS 
curve numbers for landscaped areas.  Undeveloped soil cover complexes will, 
generally have different loss rates, and as such these curves are not 
applicable to an undeveloped watershed. 

2) The existence of a non-homogeneous development type situation requires 
the generation, and use for downstream catchments, of intermediate curves, 
and as such voids the curves presented. 

3) The existence of a non-homogeneous soil type situation requires the 
generation, and use for downstream catchments, of intermediate curve sets, 
and as such voids the curve sets presented. 

4) The rational method SHALL NOT be used on watersheds greater than 640 
acres. 
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Alternative Rational Method Procedure 

Step 1 Measure the drainage area in acres, the length and fall of the watershed from 
the divide point to the catchment point in feet. 

Step 2 Determine the time of concentration for initial area (not to exceed 10 acres in 
area or a travel length of 1000 feet) using Figure D-1.  When the size of the 
watershed is large, the watershed shall be subdivided into reaches of 
reasonable length and the average velocity of flow in each reach used to 
determine the time through each reach.  The sum of the initial time plus the 
time through each reach will equal the time of concentration for the point in 
question. 

Step 3 Using the procedures described in Section B, or an approved alternative, 
prepare a short duration Intensity-Duration curve for the development area 
(see Figure D-4). 

Step 4 Determine the intensity (i) value by intercepting the Intensity-Duration curve 
at the time of concentration. 

Step 5 Determine the hydrologic soil group. 

Step 6 Enter the appropriate Runoff Coefficient Value Chart, for soil type determined 
in Step 5, using the intensity determined in Step 4, intersect the correct 
development type curve.  Read "C" at the ordinate of intersection. 

Step 7 Compute  Q=CiA 

Step 8 Repeat the above steps as necessary for each reach of the watershed. 

NOTE: Rational Method reports SHALL be submitted in the form shown on Figure D-7 
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