
'c r
•

H y

),'l<"VV-~TER RESOURCES PUBLICATIONS
, '. ~ . O. Box 2841 • Littleton, Colorado 80161 • U.S.A.

~ .. .\., 0
0"').. 'r,:.r

".1/ ')/,
~ ( ',/ '7,.."

<"0 '(
~ /6

~a ~A
0.,9'

ATIONAL ENGINEERING HANDBOOK

(f

~(Section 4 ) .Hydrology

I

fromthe
UNITED STATES

SOIL CONSERVATION SERVICE



•

Preface

This handbook was first issued in November 1954, titled Hydrology Guide
For Use in Watershed Planning. It was revised, the scope enlarged, and
reissued in 1956 as the SCS National Engineering Handbook, Section 4,
Hydrology. Supplement A. A third issue titled SCS National Engineering
Handbook. Section 4. Hydrology. Part I - Watershed Planning was reprinted
in 1964. The 1964 issue included revisions of Chapters 1 through 10 and
Chapter 17. A revision of Chapter 21 was added in August 1965.

In January 1971 the handbook was reprinted with the following changes.
Title is SCS National Engineering Handbook, Section 4. Hydrology.
Chapters 14, 15, and 16 were revised. Chapters 11, 12. 13, 18. 1, 20. and
22 were reprints of the 1965 handbook with updated format.

The January 1971 issue has been updated by revisions to Chapters 14 and 17
and changes in other chapters. These revisons are noted on the pages,
figures, etc. to which they pertain. With these changes the handbook is
now dated August 1972.

The August 1972 issue has been updated with complete revisions to
Chapters 18 and 19, a revised Table 7.1, and changes in other chapters.
These revisions are noted on the pages, figures, etc., to which they
pertain. With these changes the handbook is now dated March 1985.

Names of persons primarily responsible for the development of procedures
and the contents of individual chapters are identified with their
respective chapters for future reference to inquiries. later revisions,
and for appropriate credit.

In addition special acknowledgement is given here to the joint contri
butions of the following: H. A. Amsterburg, E. F. Carmichael (deceased),
W. L. Cowan, J. H. Dawes, J. H. Dorroh, Jr. (deceased), F. P. Erichsen,
J. W. Karban, M. H. Kleen, R. E. Kohnke, N. E. Leech, R. E. Maclay,
v. McKeever, G. W. Musgrave, H. O. Ogrosky, W. J. Owen, R. E. Rallison,
W. H. Sammons, A. L. Sharp (deceased), and E. B. Warnick, of SCS; H. L. Morey
and R. L. Hobba of the U. S. Forest Service; and H. N. Holtan, J. M. Rosa, and
D. E. Whalen (deceased) of the Agricultural Research Service.

ROBERT E. RALLISON
National Hydraulic Engineer
March 1985

Reprinted March 1985

(210-VI-NEH-4, Amend. 6, March 1985)
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SOIL CONSERVATION SERVICE

National Engineering Handbook

Section 4

HYDROLOGY

CHAPTER 1. INTRODUCTION

The SCS National Engineering Handbook (NEH) is intended primarily
for Soil Conservation Service (SCS) engineers and technicians. It
presents material needed to carry out SCS responsibilities in soil
and water conservation and flood prevention. Section 4, HYDROLOGY,
contains methods and examples for studying the hydrology of water
sheds, for solving special hydrologic problems that arise in plan
ning watershed-protection and flood-prevention projects, for prepar
ing working tools needed to plan or design structures for water use,
control, and disposal, and for training personnel newly assigned to
activities that include hydrologic studies.

SCOPE. Section 4 contains some new techniques that were developed
by SCS personnel to meet specific needs of SCS. Well-known tech
niques from other sources are included where necessary to illustrate
special applications to watershed-project planning, evaluation, and
design. Hydrologic theory is held to the minimum necessary to show
the development of methods not readily available elsewhere. Refer
ences to hydrologic literature are given if they provide additional
theory, data, discussion, or details of a method.

Each major kind of hydrologic problem is discussed, and where possi
ble, alternative solutions are given and their relative merits are
briefly considered. Descriptive material is kept to a minimum. All
equations and examples are numbered for ease of reference. The



section
separate
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is so arranged that each principal subject is discussed in a
chapter, and cross-references to other chapters are made as
The table of contents is a reference to specific topics,
and examples; the glossary (chaP. 22) is a reference to
terms.

DUTIES AND RESPONSIBILITIES OF SCS HYDROLOGISTS

Memorandums from the director of the SCS Engineering Division define
the technical duties and responsibilities of SCS hydrologists. Among
the more important responsibilities is that of choosing the most suit
able hydrologic method to use for a given problem. SCS engineering
projects that require some application of hydrology may range in con
struction cost from a few hundred dollars to several million dollars.
A hydrologic method suitable at one end of this range is usually unsuit
able at the other. Two projects of about the same cost may require
widely different methods because of differences in available data or
location of benefits or topography. The chosen method in each case
must be adequate to arrive at sound conclusions in terms of conditions,
objectives, and functions of the project. ~ne advice of the Engineer
ing and Watershed Planning Unit hydrologist should be sought if there
is doubt about the suitability of a method. For studies in which the
choice of method is limited by available survey time or funds, the re
sults must be regarded as tentative pending an investigation of suf
ficient scope.

Because the watershed work plan party works as a team, the hydrologist
must be familiar with the work and needs of the economist, geologist,
design engineer, and others who will use the results of a hydrologic
study. To familiarize others with his own work and needs, the hydrolo
gist must be able to describe the theories and working details of his
methods, to say what data are required, what calculations are made and
how they are made, and to give the approximate number of man-days of
work needed to complete a job.

OTHER TECHNICAL GUIDES. SCS hydrologists should have and be familiar
with other national guides and handbooks used in SCS. Publications of
special interest are:

1. Watershed Protection Handbook

2. Economic Guide for Watershed Protection and Flood Prevention

3. SCS National Engineering Handbook:



Section 5 - Hydraulics

Section 15 - Irrigation

Section 16 - Drainage

4. Technical releases

5. Handbooks issued by State offices of SCS.

It is also necessary to be familiar with handbooks, manuals, and
other in-service publications of the other agencies in a cooper
ative study. It may be necessary to use both SCS methods and those
of a cooperating agency in order to meet, as nearly as possible,
the requirements of both agencies. But SCS methods must be used
for SCS projects unless approval to use other methods is obtained
from the director of the SCS Engineering Division.

SCS hydrologists are expected to keep up-to-date on new developments
in hydrology by reading technical papers in transactions, proceed
ings, or journals of organizations such as the American Society of
Agricultural Engineers, A~erican Society of Civil Engineers, Society
of American Foresters, American Geophysical Union, Soil Conservation
Society of America, and Soil Science Society of America. The solu
tion of hydrologic problems requires a knowledge of several inter
related sciences, and hydrologists must accept every opportunity to
increase their knowledge of the geology, soils, plant life, climatic
variations, and agricultural practices of their assigned areas.

* * * *
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2.1

CHAPTER 2. PROCEDURES

Hydrology for the evaluation of watershed-protection and flood
prevention projects is one of the major concerns of th:.s handbook.
The evaluation is a detailed investigation of present (no project)
and future (with project) conditions of a watershed to determine
whether given objectives will be met, and it is the basis on which
recommendations for or against the project are founded. A summary
of the evaluation is included in a work plan, which is the official
document for carrying out, maintaining, and operating the project.
The hydrology is not difficult, but it is complex. Th~ procedures
discussed in this chapter serve both as a guide to the hydrology
and as a unifying introduction to succeeding chapters of Section 4,
Part I.

A project evaluation begins with a preliminary investigation (PI),
which is a brief study of a potential project in order to estimate
whether a detailed investigation is justified (chap. 3). If it is,
information from the PI is used in writing a work outline that gives
the desired scope, intensity, and schedule of the planning study,
its estimated cost, the personnel needed, and the completion date
for a work plan. ~~ important part of the planni~g study is the
hydrologic evaluation, in which data collection, computation, and
analysis are equally important divisions of work. Availability
governs the collection of data. Size or cost of project influences
the choice of computational and analytical methods (chap. 1). SCS
policy determines the number and kind of analyses. Nevertheless the
basic procedure of the evaluation does not vary. It is flexible,
since some tasks can be done simultaneously or in a preferred se
quence and nearly all tasks can be done by a preferred method, but
the general plan is invariable. The work outline schedule follows
the plan in principal. The plan, schedule, and chapters in Section 4,
Part I, are related as follows:

Data collection. Base maps (chap. 3) and rainfall (chap. 4)
and runoff (chap. 5) data are collected early in the study. Field
surveys provide stream cross sections and profiles (chap. 6) and
damsite maps. Interviews with local SCS personnel provide data on
hydrologic soil-cover complexes (chaps. 7, 8, and 9).

Computations. Storm runoffs (chap. 10), snowmelt runoffs (chap.
11), special effects of land use and treatment (chap. 12), and the
relations of stream stages to inundation (chap. 13) and discharge
(chap. 14) are computed early in this phase of the study. Travel times
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and lags (chap. 15) are computed for use in hydrogr~ph construction
(chap. 16) and flood routing (chap. 17). Runoff or peak discharge
frequencies (chap. 18); transmission losses (chap. 19), and watershed
yield (chap. 20) are computed only if they are required in the study.

Analyses. Three conditions of a watershed are studied in accord
ance with 8C8 policy. In order of study they are:

1. Present. Condition of the watershed at the time of the survey;
and the;;ase to which the proposed project is added.

2. With future land use and treatment (LU&T) measures. Proposed
LU&T measures are added to the first condition. The measures are de
scribed in the Watershed Protection Handbook.

3. With future LU&T measures and structures. Watershed-protection
and flood-prevention structures are added to the second condition. The
structures are described in the Watershed Protection Handbook.

This order makes the analysis fall into a natural sequence in which
measures that are first to affect runoff are first to be evaluated.
Flood routings for the present condition give the discharges from which
present flood damages are computed in the economic evaluation. The
routings are modified (chap. 12) to give discharges for determining the
effects of LU&T. New routings or further modifications (chap. 17) are
made for the third condition to give discharges for determining the ef
fects of stru~tures. Generally it is the third condition that is studied
at great length because an optimum number and location of structures is
desired. Final design of individual structures is made late in the in
vestigation or after the work plan is approved. The hydrology and 8C8
hydrologic criteria for design are given in chapter 21.

ELECTRONIC COMPUTER PROGRAMS. Work in the computational phase is re
duced by use of an electronic computer program for determining water
surface profiles from which stage-inundation and stage-discharge rela
tions are obtained. In both the computational and analytical phases
work is reduced by use of a program that computes runoff, constructs
hydrographs, routes hydrographs through reservoirs and stream channels,
and combines routed or unrouted hydrographs. The print-out consists of
stages, peak discharges, and detailed hydrographs, as desired. for
natural or design storms and for any combination of structures. This
program is described in SCS Technical Release 20.

NEH Notice 4-102, August 1972
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FLOW CHARTS

The sequence of work in the hydrologic evaluation is shown in figure
2.1. The forms of maps, graphs, and tables are simplified represen
tations of the various standard forms used in the different States.
The PI, which precedes the evaluation, is discussed in chapter 3.
The design hydrology, which comes latest, is shown in figure 2.3; de
tails are given in chapter 21.

After evaluation for the first condition is completed it is not neces
sary to repeat some of the early steps for the remaining evaluations.
The second evaluation starts with hydrologic soil-cover complexes, the
third with unit hydrographs for "with structures", then the evaluations
proceed in the same way as the first except for obvious omissions.

Of the basic data needed in the evaluation only the historic rainfall
and streamflow data are likely to be unavailable; the rest are obtain
able from field surveys. Lacking rainfall and runoff data, the pro
cedure goes as shown in figure 2.2. The rainfall-frequency data shown
in the figure are from U.S. Weather Bureau publications (chap. 4). Di
rect checks on runoff cannot be made, but indirect checks can be made
if nearby watersheds are gaged (see table 5.2).

Some steps in the procedures of figures 2.1 and 2.2 are taken in an
entirely different way in the two methods for regional analysis and
concordant flow.

REGIONAL ANALYSIS METHOD. This method is for estimating the magni
tudes and frequencies of peak discharges or runoff volumes for ungaged
watersheds by use of relationships for nearby gaged watersheds. Some
of the hydraUlic work, construction of hydrographs, and flood routing
are reduced or eliminated from the evaluation but not from the design
hydrology. The method in its simplest form is as follows:

1. Select nearby gaged watersheds that are climatically and
physically similar to the ungaged watershed. These watersheds and
nearby areas like them comprise the region that gives the method its
name.

2. Construct frequency lines (chap. 18) for peak discharges or
runoff volumes of the gaged watersheds.

3. Plot peak discharges or runoff volumes for selected frequen
cies (only the 2- and lOO-year frequencies if· the frequency lines are
straight) of each gaged watershed against its drainage area size
using log paper for the plotting and making straight-line relati~nshiPs
for each frequency.
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4. Construct the frequency line for the ungaged watershed (or
any of its subdivisions) by entering the plot with drainage area, find
ing the magnitudes at each line of relationship, plotting the magni
tudes at their proper places on probability paper, and drawing the fre
quency line through the points.

5. Apply the frequency lines of step 4 in the procedure for
present conditions. Discharges or volumes for with-project conditions
are obtained by use of auxiliary relationships described in chapters 12
and 17.

In practice the method is more complex but usually only in step 3:
variables in addition to drainage area are related to the peaks or vol
umes. The variables are one or more of the following, alone or in com
binations, directly or by means of index numbers: type of climate, mean
annual precipitation or rainfall or snowfall, mean seasonal precipitation

·or rainfall or snowfall, maximum or minimum average monthly rainfall,
storm pattern, storm direction, x-year frequency y-hour duration rainfall,
mean number of days with rainfall greater than x inches, mean annual num
ber of thunderstorm days, mean annual or seasonal or monthly temperature,
maximum or minimum average monthly temperature, orographic effects, as
pect, stream density, stream pattern, length of watershed, length to
"center of gravity" of watershed, length of main channel, average water
shed width, altitude, watershed rise, main channel slope, land slope,
depth or top width of main channel near outlet for x-year frequency dis
charge, time of concentration, lag, time to peak, percentage of area in
lakes or ponds, extent or depth of shallow soils, extent of major cover,
hydrologic soil-cover complex, geologic region, infiltration rate, mean
base flow, mean annual runoff, and still others. Combinations of these
variables are used as single variables in the analysis, one such combina
tion being the product of watershed length and length to center of grav
ity divided by the square root of the main channel slope. Index numbers
(chap. 18) are used for variables (such as geologic region) not ordinarily
defined by numerical values.

The use of multiple regression methods (chap. 18) is a necessity if more
than one variable appears in the relationship. There is only one adequate
measure of the accuracy of the relationship (therefore of the regional
analysis) and this is the standard error of estimate in arithmetic units.
Computation of the error is illustrated in chapter 18.

CONCORDANT FLOW METHOD. This method can be applied only if storm rain
fall and high-water mark (HWM) data are available for a large general
storm and flood over the watershed. In States where the method is regu
larly used the data are obtained after such a flood on any watershed with
a potential for a project and stored until needed. When the project
evaluation is to be made the stored data are supplemented by data from the
usual field surveys (chap. 6).
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In the concordant flow method the isohyetal map (chap. 4) for the
storm producing the large general flood supplies the average rain
fall depth for the drainage area above the cross section at each
HWM. The average hydrologic soil-cover complex (chaps. 9 and 10)
above each section and the rainfall give the direct runoff (chap.
10). The flood discharge at each HWM is computed (chap. 14), re
duced to the discharge for one inch of runoff, and plotted on log
paper against the drainage area. The slope of a straight line
fitting the plotting gives the exponent used later in the concordant
flow routing equation (chap. 17). It is this plotting that gives
the method its name (the flows on the line are "concordant"). The
Manning's n (chap. 14) for a discharge plotting far from the line
is adjusted to make the point fall more nearly on the line. The
adJusted n is used in computing the stage-discharge curve (chap.
14) at the section.

Runoffs for a historical series of storms are used with the dis
charge-area plotting to give peak discharges for the present con
dition. Runoffs are modified (chap. 12) to give the effects of
LU&T and get the discharges for the second condition. The con
cordant flow equation (chap. 17) is used to get discharges for the
third condition.

Limitations on the method are those that apply to any method using
watershed averages: storm rainfalls must be approximately uniform
over the drainage areas, structural measures must be uniformly dis
tributed (chap. 17), and effects of channel improvements must be
minor in comparison with effects from structures.

DeSign Hydrology

The storages and spillway capacities of floodwater-retarding
structures are determined as shown by the flow chart in figure
2.3. Chapter 21 gives details of the various steps and provides
the SCS criteria of the design hydrology. That chapter also con
tains design hydrology in outline form for channel improvement,
levees, and minor project or on-farm structures.

* * * *
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3.1

CHAPTER 3. PRELIMINARY INVESTIGATIONS

A preliminary investigation (PI) is a brief study ~ potential
project in order to estimate whether a detailed investigation is
justified. For a watershed-protection and flood-prevention project,
the PI is mainly concerned with flood problems and their solutions.
A work plan party makes a PI by examining available reports and data
for a watershed, making a field reconnaissance, briefly evaluating
their findings, and writing a concise report. SCS policy assigns
the responsibility for selecting the degree of intensity of a PI to
the State Conservationist. Once this degree is selected, the party
modifies its procedures accordingly and makes the study. The hy
drologist can make a valuable contribution to the study by supply
ing appropriate reports and data, by using suitable techniques on
the problems, and by developing new techniques as the need arises.

Making the Preliminary Investigation

During a PI the hydrologist may be required to work in fields other
than hydrology, therefore the following discussion covers the gen
eral conduct of a PI without undue emphasis on the hydrologic duties.

EXAMINATION OF AVAILABLE REPORTS AND DATA

The work plan party examines earlier reports made for the area in
which the watershed is located. Such reports may contain material
that will be useful in evaluating a potential project or in prepar
ing the PI report. Bureau of Reclamation, Corps of Engineers, and
State engineer reports may give applicable information or data.
U.S. Weather Bureau, U.S. Geological Survey, and State university
publications may provide appropriate data on rainfall and runoff.
SCS soil-survey reports will provide soils and generalized cover
information; the local SCS work unit conservationist should be con
sulted on the use of these reports because he can readily evaluate
a wide range of information regarding a specific watershed in his
area.



RECONNAISSANCE

A field reconnaissance gives the work plan party an opportunity to
become familiar with the physical characteristics of the watershed,
this familiarity being necessary to avoid making gross mistakes in
evaluating the available information or in writing the report. Be
fore making the reconnaissance the party obtains aerial photographs
or available maps of the watershed. Suitable maps are detailed maps
prepared by the SCS Cartographic Unit, SCS soil-survey maps, U.S.
Geological Survey topographic sheets, or other similar maps. In ad
dition to their use as direction-finders, the photographs or maps
are used in the field for recording possible sites of floodwater
retarding structures or other measures, for designating areas of
major flood-water or sediment damages, and for indicating areas re
quiring intensive study in a detailed investigation.

During the reconnaissance the hydrologist obtains estimates of
Manningts n (chap. 14) and hydrologic soil-cover complexes (chaps.
7, 8, and 9) if such estimates are needed in the evaluation or report.

EVALUATION

The PI report is concerned with a potential project and its economic
justification, so that magnitudes of rains or floods and similar data
are introductory material of minor interest and the quantities of
measures, damages, benefits, and costs are of major interest. The
required quantities can generally be estimated by use of relation
ships developed from work plans or other studies already completed
for the physiographic region in which the watershed lies. Some typi
cal relationships are shown in figures 3.1 through 3.7. Relation
ships of this kind are used because the PI evaluation must be made in
a relatively short time.

Figures 3.1 through 3.7 are not for general application to all water
sheds because they were developed for particular areas and are valid
only for these areas. But they illustrate principles that can be ap
plied in developing relationships for other areas. All such relation
ships are empirical; this means that the lines of relation should not
be extended very far beyond the range of data used in their construc
tion. An example of the use of some of the relationships is given
later in this chapter.

Figure 3.1 shows a relationship developed from data in work plans
for projects containing floodwater-retarding structures but few channel
improvements. The line of relation shows the minimum amount of water
shed area that must be controlled by the structures in order for a
project to be economically justified. For other areas the line of
relation may be curved or have a different slope.

-
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Figure 3.2 shows the average annual cost of a system of floodwater
retarding structures in relation to watershed area and percent of
control for projects having few channel improvements. In this and
other figures that show costs, the costs are valid only for the
economic period for which they were originally applicable. An ad
justment must be made for later periods.

Figure 3.3 shows another cost relationship, this one being for to
tal cost of individual structures. The cost is related to the drain
age area above a structure and to the land-resource. area in which it
lies.

Figure 3.4 shows the amount of flood-plain area in a watershed in
relation to the product of total watershed area and average annual
rainfall. Such a relationship is most effective for regions where
the annual rainfall does not vary abruptly over the region.

Figure 3.5 shows the average annual direct damage for "present"
conditions in relation to flood-plain area size and percent of
cultivation. This figure was developed by means of a multiple
regression analysis (ch3p. 18). Similar relationships for other
areas may be developed either by such an analysis or by a graphi
cal method in which the data are plotted on log paper and a family
of curves or straight lines is fitted by eye. Parameters other
than "percent cultivated" may also be suitable. In relationships
using damages in dollars, the damage estimates are valid only for
the economic period in which they were originally applicable. An
adjustment must be made for later periods.

Figure 3.6 shows another damage relationship for "present" conditions.
This relationship applies within a region for which flood-frequency
lines of the watersheds will have about the same slope when plotted
on lognormal probability paper. For other regions the line of re
lation may have a different curvature. Figure 3.6 is used with a
historical flood for which the frequency and total damage are known.
For example, if a watershed in this region has had a flood with a
10-year frequency, then the curve gives a multiplier of 0.41; and
if the total damage for that flood was $80,000, then the estimated
average annual damage for the watershed is 0.41($80,000) = $32,800.

Figure 3.7 shows the average-annual-damage reduction due to use of
a system of floodwater-retarding structures, in relation to the
percent of the watershed controlled by the system. Lines of rela
tion for different land-resource areas in a particular region are
given. The reason for the variations by area is not specified in
the original source of the figure but they may be due to one or
more influences such as topography, soils, rainfall, or type of
economy.



DISCUSSION. The chief requirement for such relationships is that
they be conservatively developed. The lines of relation should be
drawn in such a way that the estimates will be conservative; that
is, the lines should tend to over-estimate costs and under-estimate
benefits. If this is done, these relationships and other of a simi
lar nature will be valuable working tools not only for PI's but also
for river basin studies.

EXAMPLE. In this example it is assumed that figures 3.1, 3.2, 3.4,
3.5, and 3.7 apply to the land-resource area in which the problem
watershed lies. For thi.s watershed it is necessary to estimate the
benefit-cost ratio of a potential system of floodwater-retarding struc
tures in order to state in the PI report whether further investigation
of the project is worthwhile. The required data are as follows: the
watershed is in land-resource area 4; the drainage area is 150 square
miles, the average annual rainfall 24 inches, and the flood plain 60
percent cultivated. The following steps are taken to use the figures
in estimating the ratio (all numerical estimates will be carried with
as many digits as can be read from the figures and the rounding will
be in the last step):

1. Estimate the minimum area that must be controlled to have an
economically justified project. Enter figure 3.1 with the drainage
area of 150 square miles and read an "area-controlled" of 80 square
miles. In practice, the reconnaissance may show that more control can
be obtained; if so, use the higher degree of control in the remaining
steps.

2. Compute the percent controlled: 100(80/150) = 53 percent.

3. Estimate the average annual cost of the system. Enter figure
3.2 with the drainage area of 150 square miles and for 53-percent con
trol read by interpolation an average annual cost of $36,000.

4. Estimate the amount of flood-plain area. First compute the
product of drainage area and average annual rainfall: 150(24) = 3,600.
Next enter figure 3.4 with this product and read a flood-plain area
of 5,200 acres.

5. Estimate the average annual direct damages. Enter figure 3.5
with the flood-plain area of 5,200 acres and at the line for 60-percent
cultivated read damages of $75,000.

6. Estimate the reduction in average annual direct damages. Enter
figure 3.7 with the percent controlled from step 2 and at the line for
land-resource area 4 read a reduction of 73 percent.

7. Compute the estimated benefits. Use the average annual direct
damages in step 5 and the percent reduction in step 6: (73/100)($75,000) =
$54,750.

-
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8. Compute the estimated benefit-cost ratio. Use the benefit
in step 7 and the cost in step 3. The ratio is $54,750/$36,000 =
1.52. Round to 1.5, which is the required estimate for this example.

In this example the benefit-cost ratio is favorable and a recommenda
tion can be made in the PI report that further investigation is jus
tified. If the ratio happens to turn out slightly unfavorable, it
may still be desirable to recommend further investigation because
the short-cut procedure is conservative and a detailed investigation
may show that the project is economically feasible. But if the ra
tio is very unfavorable it is not likely that a detailed investiga
tion can improve it, and alternative project measures need to be con
sidered instead.

Report

The general format of a PI report will not be discussed here because
each State establishes its own pattern. Usually the hydrology in
the report is merely descriptive but, if it is necessary to show
hydrographs of present and future (with project) flows in the re
port, the hydrologist can find short-cut methods of estimating run
off amounts in chapter 10 and of constructing hydrographs in chap
ters 16 and 17.

* * * *



3.6

-Figure 3.l.--Typical relation
ship for estimatinr- the mini
mum amount of area it is nec
essary to control by flood
water-retarding structures.
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Figure 3.3.--Typical relationship for estimating the total
cost of a system of floodwater retarding structures.
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4.1

CHAPTER 4. STORM RAINFALL DATA

This chapter gives a brief account of the sources, variability, and
preparation of rainfall data used for estimating storm runoff (chapter
10) and for designing floodwater-retarding structures (Chapter 21).
The account also applies to monthly and annual rainfall. Probable
maximum precipitation is discussed in chapter 21.

Soc:;r'~es of Data

The storm rainfall data used in this handbook are daily total amounts
or storm totals as measured at rain gages, or total amounts for speci
fied durations as found in statistical studies made by the U. S.
Weather Bureau. The choice of data is due to their availability on a
national basis, and it was for use of such data that the runoff estima
tion method of chapter 10 was developed.

A comprehensive account and bibliography of rain gage designs, instal
lations, and measurement research is given in "Precipitation Measure
ments Study" by John C. Kurtyka, Report of Investigation No. 20, 178 pp,
Illinois State Water Survey Division, Urbana, Ill., 1953. Gages used
in the U. S. Weather Bureau network are described in "Instructions for
Climatological Observers," U. S. Weather Bureau Circular B, pp 76, 11th
edition, 1962j U. S. Government Printing Office, Washington, D. C.
20042, price $0.50.

PUBLISHED DATA

Daily amounts of rainfall measured at gages in their official network
are published by the U. S. Weather Bureau in monthly issues of "Clima
tological Data" for each State. The times of daily measurement vary,
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as indicated by footnotes in the publications. Storm totals and dura
tions can be obtained from the Weather Bureau's "Hourly Precipitation
Data" for each State. Other Federal and State agencies and universities
publish rainfall data at irregular intervals, often in a special storm
report or a research paper.

UNPUBLISHED DATA

Various Federal and State agencies will sometimes make field surveys af
ter an unusually large storm to collect "bucket-survey" data, which are
measurements of rainfall caught in buckets, watering troughs, bottles,
and similar containers. Ordinarily these data are used to give more de
tail to rainfall maps based on standard-gage data. Generally when the
catch of a "bucket gage" exceeds the catch of the nearest standard gage
by more than about 25 percent, the bucket gage catch should be carefully ,
evaluated. Data from bucket surveys are generally not published but are
available in the offices of the gathering agency.

Narrow-bore tubes of the kind used by many farmers and ranchers have been
shown to give results almost equal to those from standard gages. Tube
gages must be properly exposed and serviced to obtain such results. MOst
farmers and ranchers keep a daily or storm record of catches.

Many newspaper offices, banks, water-treatment plants, and other munici
pal offices collect measurements at their own gages and keep daily records.

PUBLISHED RAINFALL-DATA ANALYSES

In many kinds of hydrologic work it is unnecessary to use actual rainfall
data since published analyses of data provide the reqUired information in
more usable form. The following published rainfall-data analyses were made
by the U. S. Weather Bureau in cooperation with SCS:

1. "Rainfall Frequency Atlas of the United States", U.S. Weather
Bureau Technical Paper No. 40; 115 pages; price $1.75. Includes all States
except Alaska and Hawaii.

2. "Generalized Estimates of Probable Maximum Precipitation and Rain
fall-Frequency Data for Puerto Rico and Virgin Islands," U. S. Weather Bu
reau Technical Paper No. 42, 94 pages, price $0.50.

3. "Rainfall-Frequency Atlas of the Hawaiian Islands," U. S. Weather
Bureau Technical Paper No. 43, 60 pages, price $0.40.

(210-VI-NEH-4, Amend. 6, March 1985)



4. "Probable Maximum Precipitation and Rainfall-Frequency Data
for Alaska", U. S. Weather Bureau Technical Paper No. 47, 69 pages,
price $1. 00.

These publications are available from the U. S. Government Printing Of
fice, Washington, D. C. 20042, at the prices shown.

Watershed Rainfall

In watershed work it is often necessary to know the average depth of
storm rainfall over an area. The average depth may be found in vari
ous ways, depending on the kind of data being used. If the rainfall
amount is taken from one of the USWB Technical Papers it is for a
point at a specific locality, and the point-area relationship given
in the Paper is used to estimate the average depth over an area in
that locality. Examples in the Papers illustrate the procedure. It
is more difficult to obtain an average depth from data of one or more
rain gages because the results are influenced by the number and loca
tions of gages and the storm size. Methods of using such data are
given in this section.

METHODS OF ESTIMATING AVERAGE DEPTHS

Use of One Gage

How well the rainfall measured at one gage will represent the average
depth over an area depends on (i) Distance from the gage to the center
of the area, (ii) Size of the area, (iii) Kind of rainfall amounts be
ing used, (iv) Topography of the locality, and (v) Characteristic
storm pattern of the locality. The effects of the first three influ
ences will be illustrated here by means of figure 4.1, the fourth will
be discussed in Orographic Influences, and the fifth in connection with
figure 18.--, though it is implied in the relationships in figure 4.11
and whenever a comparison is made between storms in different locali
ties.

The effect of distance is seen in (a) and (b) of figure 4.1. In (a)
a single gage is located near the center of a 0.75-square-mile water
shed and the storm rainfall catches at the gage are seen to be quite
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close to those of the watershed averages, which were determined using a
dense network of gages. But in (b), where the gage is located 4 miles
from the watershed boundary, the storm rainfall catches at the gage of
ten differ significantly (in the statistical sense) from the watershed
averages. A similar effect is found when the area of application is in
creased as in (c), where the gage is near the outlet of a 5.4-square
mile watershed.

There is a close correspondence of gage catches and area averages when
the rainfall amounts being used are sums of catches, such as monthly or
annual rainfalls, because the errors for single storms tend to offset
each other. The gage ~nd watershed of (c) are used in (d) where annual
rainfalls are plotted. The differences between gage and watershed
amounts are seen to be relatively smaller than in (c). There will also
be a close correspondence of gage and area amounts if the storm rainfalls
are used with the methods of chapter 18 to construct frequency lines for
gage and area. The correspondence occurring then is for amounts having
the same frequency.

These examples show that the use of one gage brings up the question of
how much error is permissible in the area estimate. This subject is dis
cussed further under Accuracy.

Isohyetal Method

The spacing of gages in a network over an area is seldom uniform enough
for taking an average of the gage catches as the area average. Isohyetal
maps are used, with networks of any configuration, to get area averages
or for studies of rainfall distributions. An isohyet is a line connect
ing points of equal rainfall depth and the map is made by drawing the
lines in the same manner that contour lines are drawn on topographic maps,
using the gage locations as data points. The isohyetal method can be
used for hilly or mountainous areas when supplementary graphs, like that
of figure 4.8, are available for the locality.

Figure 4.2 shows a simple application of the isohyetal method to a re
search watershed in Nebraska. The watershed average depth can be ob
tained as follows: If the isohyetal pattern is fairly even across the
watershed as in (c), a point at the center of the area gives the average
depth. The estimate made using point A in (c) is 1.59 inches. If the
isohyetal pattern is not even, divide the watershed into parts for which
the pattern is sufficiently uniform, make an estimate for each part, and
get the watershed average by weighting or averaging the amounts for the
parts.



A denser network gives the more complicated isohyetal map shown in
(d), where the regular network on this research watershed is used for
the storm also shown in (c). There is an important change in depth I
on parts of the watershed but the watershed average is 1.61 inches,
not a significant improvement in accuracy over the estimate in (c).
A particular network may therefore be excessively close for one kind I
of estimate at the same time it is too open for another kind. The
relative error of an area average obtained through use of a network I
can be estimated as shown under Accuracy.

I

Thiessen Method I

Another method of using a rain gage network for estimating watershed I
average depths is the Thiessen method, especially suitable for elec-
tronic computer routines. In the Thiessen method the watershed area
is divided in subareas, using rain gages as hubs of polygons. The
subareas are used to determine ratios which are multiplied by the sub-
area rainfall and summed to get the watershed average depth. The poly-
gonic diagram is constructed as shown in figure 4.3 (a) and (b), and
the Thiessen weights are computed. These weights are the ratio of the
gage's polygon area divided by the area of the entire watershed as in
(c). Watershed average depths are computed as shown in table 4.1 in
which the storm of figure 4.2 is used. If a gage is added or removed
from the network, a new diagram is drawn and new weights are computed.

The Thiessen method is not used to estimate rainfall depths of moun
tainous watersheds since elevation is also a strong factor influencing
the areal distribution (see Orographic Influences).

Accuracy

Regardless of the method used the accuracy of the resulting rainfall
estimate depends mainly on the distance between a gage and the point
of application of the estimate. In mountainous areas the vertical
distance may be more important than the horizontal, but for flat or
rolling country only the horizontal distance matters. For a network
both distance and arrangement of gages affect the accuracy. It is
generally assumed that the catches at gages are exact measurements.
This is seldom true because wind or splash effects can occur even
when the gage is properly located, and there is always the possibil
ity of error in reading the catch. But unless special studies at a
gage site have been made the measurement errors are generally ignored.

Figure 4.4 is a diagram used for estimating the range of error likely
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Table 4.1.--Watershed rainfall depth by the Thiessen method.

Rain Measured Thiessen Weighted
gage rainfall weight rainfall

Inches Inches

A 1.40 0.407 0.570
B 1.54 .156 .240
C 1.94 .437 .848

Sum: 1.658

Watershed weighted rainfall depth is 1.658 inches, which is
rounded off to 1.66 inches.

to occur nine times out of ten when the catch at a single gage is used
as a depth for a location some distance away. It is modified from in
formation in "Rainfall Relations on Small Areas in Illinois", by F. A.
Huff and J. C. Neill, Bulletin 44, Illinois State Water Survey, Urbana,
Illinois, 1957. Equation 5 on page 31 of this reference was modified
to give results on a 10-percent level of significance. Horizontal dis
tance is used, so that the diagram does not apply in mountainous areas.
The following examples show how the diagram can be used.

Exar~ple 4.1. - -The storm rainfall depth at a gage is 3.5 inches.
What rainfall depth is likely to have occurred, with a probability
of 0.9 (nine chances out of ten), at a point 5 miles away from the
gage?

1. Enter figure 4.4 with the distance of 5 miles and at the inter
section of the 3.5-inch line (by interpolation), read a "plus er
ror" of 2.1 inches.

2. Compute a minus error as one-half of the plus error. This gives
2.1(2 = 1.05 inches. Round off to 1.1 inches.

3. Compute the range of rainfall likely to have occurred, nine
chances out of ten. The limits are: 3.5 + 2.1 = 5.6 inches, and
3.5 - 1.1 = 2.4 inches. Therefore, when the gage has a catch of
3.5 inches there is a probability of 0.9 (nine chances out of ten)
that the rainfall depth at a point 5 miles away from the gage is
between 5.6 and 2.4 inches.

In step 2 of Example 4.1 the minus error is taken as one-half the plus
error. This is an approximation, but it will be seen in the next example,

-



and the discussion following, that the approximation generally applies.
The graphs of figure 4.5 will be used. The plottings on this figure
show the variation to be expected when data at one gage are used to es
timate the rainfall depth at a distant point.

Example 4.2.--Rain gages B28R and G42R, on the Agricultural Re
search Service watershed in Webster County, Nebr., are 4.3 miles
apart. Given any storm rainfall of 0 to 4 inches depth at G42R,
compute the range of error to be expected if the rainfall at
B28R is to be estimated from that at G42R. Use figure 4.4. Com
pare the computed range with the plotting of actual data for the
two gages.

1. Plot a line of equal values, which is the middle line on
figure 4.5 (a).

2. Select three magnitudes on the G42R depth scale, these mag
nitudes to be used with figure 4.4. For this example the se
lected magnitudes are 1, 2, and 4 inches.

3. Enter figure 4.4 with the distance of 4.3 miles and at the
intersections of the 1-, 2-, and 4-inch rainfall lines read plus
errors of 1.15, 1.50, and 2.15 inches respectively.

4. Compute the minus errors. These are 0.58, 0.75, and 1.08
inches.

5. Plot the plus-error and minus-error lines as shown on figure
4.5 (a). The plotted points that are shown are for actual
measurements at the gages. Three points of the gaged data fall
outside the error range, so that the expected error for this pair
of gages is somewhat less than predicted by figure 4.4.

One advantage in using figure 4.4 is that when a rainfall estimate is
to be made for some distant point, the error lines can be drawn in ad
vance to give an idea of the value of the estimate. Note that the
percent error decreases as the rainfall amount increases. Error lines
have also been drawn for (b), (c), and (d) of figure 4.5, using the
method of Example 4.2, as a further check on figure 4.4. In each of
the plottings a different number of points falls outside the error
lines but on the average only 10 percent should be outside. This is
confirmed by .the following computation:

Figure 4.5: (a) (b) (c)

Number of Points: 91 35 7
Number outside lines: 3 10 0
Percent outside lines: 3.3 28.6 0

(d) Total

20 153
3 16

15.0 10.46
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Figure 4.6 serves the same purpose for an area that figure 4.4 serves
for a point. In using figure 4.6 it will be necessary to determine the
number of gages on the watershed. The number is seldom clearly evident,
as the typical examples of figure 4.7 show. In (a) of this figure the
gage network ABC would be used for an isohyetal map or in computing
Thiessen weights. The watershed average rainfall depth estimated from
an isohyetal map based on the use of ABC would be more accurate than if
based on BC. Therefore it would not be correct to say there are only
two gages "on" the watershed when figure 4.6 is used. In (b), however,
although all six gages of the network DEFGHI are physically within the·
watershed, gages DEFG are much too close together (by comparison with
the remaining gages) to be considered as individual gages. In (c)
where gages JKLMNP have varying distances between adjacent gages, it is
still more difficult to say how many gages are "in" the watershed. With
the case shown in (d), where the network QRST is completely outside the
watershed (but still usable for construction of an isohyetal map) any
decision on number of gages "in" the watershed would be arbitrary.

Therefore, figure 4.6 should be used without spending much time on de
ciding how many gages are applicable. The examples that follow will
illustrate what can be done even with the extreme cases of figure 4.7.
Note that figure 4.6 gives an average error that is of the same magni
tude plus and minus, in this respect differing from figure 4.4.

Example 4.j.--Assuming that the watershed of figure 4.7(a) has a
drainage area of 200 square miles and an average annual rainfall
of 35 inches, find the average error of estimate when the water
shed average depth is 4.5 inches.

Figure 4.6 is used first with a network of two, then of three
gages, and the results are compared. The figure shows that a 2
gage network gives an error of about I} percent, and a 3-gage net
work an error of about 8 percent. In either case the error is
relatively small.

Example 4.4.--The standard error in percent (see chapter 18) can
be estimated, if it is needed, by taking 1.5 times the average er
ror. For example 4.3 the computations are:

2-gage network, standard error =
3-gage network, standard error =

19.5 %
12.0 %

Example 4.5.--The size of the watershed itself can have no bearing
on the watershed average rainfall depth when the network is that
of figure 4.7(d). In such cases the area of the polygon formed by
the network QRST is used in figure 4.6. If the watershed average
annual rainfall is 35 inches and the network polygon area is 375
square miles then, for a 5-inch rain, figure 4.6 gives an estimate
of about 8 percent error. This is for the area of the polygon and,



presumably) for any watershed within it. It is reasonable to ex
pect that the smaller the watershed the larger the error will be)
but there is no way to determine this on the basis of present in
formation.

It should be evident that figure 4.6 must be used with some imagina
tion and that it gives only rough approximations. And for cases like
the networks in (b) and (c) of figure 4.7 neither the number of gages
to be used nor the area of applicability is easy to define. Despite
these limitations) figure 4.6 has the worthwhile function of keeping
the hydrologist aware of the range of error possible in his calcula
tions.

Use of Published Analyses

Methods of using the rainfall information in the USWB Technical Pa
pers are given in the papers themselves and additional examples will
be found in chapter 21. Figures 4.4 and 4.6 do not apply to rainfall
information from these papers. A discussion of the errors involved
in use of the depth-duration-frequency maps of those papers will be
found on Pages 4 and 5 of USWB Technical Paper 40) where the follow
ing statement is made:

"Evaluation.--In general) the standard error of estimate ranges
from a minimum of about 10%) where a point value can be used di
rectly as taken from a flat region of one of the 2-year maps) to
50% where a 100-year value of short-duration rainfall must be es
timated for an appreciable area in a more rugged region."

OROORAPHIC INFLUENCES

In hilly or mountainous country) rainfall catches are influenced by
physiographic variables) both local and distant. Some of these are
(1) elevation or altitude) (2) local slope) (3) orientation of the
slope, (4) distance from the moisture source, (5) topographic barriers
to incoming moisture) and (6) degree of exposure) which is defined as
"The sum of those sectors of a circle of 20-mile radius centered at
the station) containing no barrier 1)000 feet or more above station
elevation) expressed in degrees of arc of circle (azimuth))" (from
"The Analysis of Precipitation Data") by W. E. Hiatt; Vol. IV The
Physical and Economic Foundation of Natural Resources Series.).

In the ordinary watershed study it is seldom possible to determine
the influences of all these variables. When a special study is
needed for a project) the SCS hydrologist can apply to the Chief)
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I{ydrology Branch, who can make arrangements for a cooperative study by
the Weather Bureau.

When extreme accuracy is not required, the effects of elevation can be
estimated from elevation and rainfall data alone, if other influences
can be held constant within zones. The area or watershed is divided
into zones for which influences other than elevation are believed to
be fairly constant, and a graphical relation of elevation versus rain
fall is developed for each zone. The relation for a zone is used with
elevations in that zone to locate isohyetals on an isohyetal map, with
measured catches being firm data. Figure 4.8 is an example where ori
entation (coast side, desert side) is used to define zones. The rela
tion for "coast side" is seen to be satisfactory, but the one for "des
ert side" appears to be affected by the influences that were ignored.
A somewhat different example using orientation is given in Weather Bu
reau Technical Paper 47.

Antecedent Rainfall

Rainfalls in antecedent periods of 5 to 30 or more days prior to a
storm are commonly used as indexes of watershed wetness. An increase
in an index means an increase in the runoff potential. Such indexes
are only rough approximations because they do not include the effects
of evapotranspiration and infiltration on watershed wetness. Therefore,
it is not worthwhile to try for great accuracy in computing the index
described below.

ANTECEDENT MOISTURE CONDITION

The index of watershed wetness used with the runoff estimation method
of chapter 10 is Antecedent Moisture Condition (AMC). Three levels of
AMC are used:

AMC-I. Lowest runoff potential. The watershed soils are dry
enough for satisfactory ploWing or cultivation to take place.

AMC-II. The average condition.

AMC-III. Highest runoff potential. The watershed is practically
saturated from antecedent rains.

The AMC can be estimated from 5-day antecedent rainfall by the use of
table 4.2, which gives the rainfall limits by season categories. The
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table is adapted from material developed by the Fort Worth EWP Unit.
The rainfall limits are plotted as boundary points for the AMC groups
in figure 4.9, which illustrates the linear character of the index.
No upper limit is intended for AMC-III, as table 4.2 shows. The
limits for "dormant season" apply when the soils are not frozen and
there is no snow on the ground.

The 5-day rainfall amount used with table 4.2 or figure 4.9 is a sim
ple total. For example, if the AMC for a watershed is to be estimated
for the date of June 8, which is in the growing season, and if the rain
for the preceding five days is:

June 3

0.10

June 4

o

June 5

0.35

June 6

0.15

June 7

then the total rainfall of 1.32 inches, used with the "growing sea
son' column of table 4.2, shows the appropriate moisture group to be
AMC-I. Additional examples of the use of table 4.2 are given in chap
ter 10.

Storm Duration

The total duration of a storm is used in estimating a peak rate of
runoff or in developing a hydrograph. .The duration is always known
for a design storm, but for natural storms, such as those used in
some methods of watershed evaluation, the duration may be difficult
to determine. Methods of estimating the duration of natural storms
will be briefly discussed.

NATURAL STORMS

Durations of specific actual storms can generally be estimated to the
nearest hour by use of Weather Bureau publications of hourly precipi
tation data. With these data, or even with instrument charts from a
recording gage, it is often difficult to decide on the beginning or
ending times of a storm. Furthermore, if there are periods of no rain
within the storm, the duration may need to be arbitrarily defined.
The problem of hydrograph construction is simplified by using storm
increments and, in general, this is the best way of using natural
storms (for hydrograph construction in this manner, see chapter 16).
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Table 4.2.--Seasonal rainfall limits for AMC.

Total 5-day antecedent rainfall
AMC group

I
II
III

Dormant season

Inches

Less than 0.5
0.5 to 1.1

Over 1.1

Growing season

Inches

Less than 1.4
1.4 to 2.1

Over 2.1

Figure 4.10 illustrates a typical natural storm for which the storm du
ration must be arbitrarily defined. The figure shows the accumulated
runoff occurring when the runoff curve numbers of 100) SO) and 70 are
applicable. Note that the duration of excessive rainfall) which is the
rainfall producing the runoff) is always less than the storm duration ex
cept when runoff is 100 percent. Since the duration of excessive rain
fall is the correct duration to use with peak rate equations) such equa
tions will be more successful with natural storms that are brief and in
tense. The hydrologic design methods of chapter 21 have been developed
to account for the initial abstraction)so that duration of excessive rain
fall is used.

Effective Duration (De)

When standard gage data are used in a watershed project evaluation) the
storm durations will usually be unknown. An approximate duration for
use with all the storms can be estimated using figure 4.11) which shows
the relation between average annual rainfall and an "effective duration".
The gage rainfalls are used as if they had fallen in De hours. The
plotted points on figure 4.11 were obtained by different methods. The
method used in obtaining the St. Louis) Mo. point will be described)
since it best illustrates the significance of D •e

The hourly records of precipitation at st. Louis) Mo. were used to esti~

mate) to the nearest hour) the duration of each rain in the period March
1920 through December 1929. The form shown in table 4.3 was used to tally
the durations. If there was no rain for one or more hours, the duration
was decreased by the same number of hours. The preponderant number of
rains was continuous. After completing the tabulation) the number of
tallies was accumulated as shown in column 4. The median number of items
is 162.5 (the grand total is an even number, and the median is obtained



Table 4.3.--Duration of daily rainfalls at St. Louis, MO. for
the period March 1920 through December 1929.

Duration Tallies No. of Accumulated
tallies tallies

Hours

1 fllffHflf-+r 15 15
2 HH- IfH 1IfI-tHt- HIt / 26 41
3 tfft" J#t- J.J.H- IHf #-H- 4If- 30 71
4 -##- /HI-#+!- -IH+--l1l-I- /11 28 99
5 tHf fHf- Ifff ffft 1/ 22 121

6 -H+f+Iff- #/I- f#f IIII 24 145
7 Hff fHt tfH IHt II 22 167*
8 +fH J+4--J#f tfff tfI+ 25 192
9 J+H-++It /..J..l+ HfI. 41+ 25 217

10 -Htt -HI+- #+t If I 18 235

11 J#f Htf H1t I 16 251
12 I+H- 1111 9 260
13 --H+I I( 7 267
14

UH- "
7 274

15 ~ 5 279

16 -H#- ( 6 285
17 fttr 5 290
18 -I+H- 5 295
19 III 3 298
20 If{( 4 302

21 fI( 3 305
22 +H+ 5 310
23 '" , 4 314
24 -I/If-#ft 10 324

* Median is within this group.

4.13
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by averaging the two numbers adjacent to it). The duration De was found
by interpolating as fol~ows:

De 6 (7 - 6) 162·5 - 145
+ 167 - 145 6.8 hours

The average annual precipitation at St. Louis for this period was 38.45
inches. This amount is plotted versus the De as shown in figure 4.11.
In using this De' the daily'catches at St. Louis are assumed to have
fallen in 6.8 hours. Ratios obtained from Weather Bureau Technical Paper
40 do not apply to a De because the tabulations used for TP-40 were of
another kind.

* * * *

Addendum Regarding Figures 4.4 and 4.6.--These charts can be applied to
rainfall data in mountainous areas in this way: in those areas the error
will always be larger than that shown by either chart.

* * * *
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(b)

,ONE MILE I

STEP 1- LOCATE RAIN GAGES ON
WATERSHED MAP .. NO PLOT
RAINFALL AMOUNTS

Sl E P 2 ··INTERPOLATE
BETWEEN RAIN GAGES.

STEP 3-DRAW ISOHYETALS

(d) I
.s

/.5

~:>
1.6

1.7
1.7

\{O

SAME STORM WITH
ISOHYETALS BASED ON
A DENSER NETWORK.

Figure 4.2.--Steps in construction of an isohyetal map. Circles
used as decimal points also denote rain gages. The two lower maps
illustrate the variations due to use of different networks of gages.
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STEP I-DRAW LINES CONNECT- ST~P 2-0RAW PERPENOI-
ING RAIN GAGE LOCATIONS. CULAR BISECTORS.

( C) (d)

STEP 3-COMPUTE THIESSEN THIESSEN POLYGONS FOR
WEIGHTS. A DENSER NETWORK

Figure 4.3.--Steps in the determination of Thiessen weights. The
two lower maps illustrate the variations in polygons due to use of

different networks of gages.
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Figure 4.7.--Typical
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CHAPTER 5. STREAMFLOW DATA

Streamflow data are used to determine the present hydrologic condi
tions of a watershed and to check methods for estimating future con
ditions. Specific uses in Section 4 are for determining hydrologic
soil-cover complex numbers (chap. 9), constructing frequency lines
(chap. 18), determining water yields (chap. 20), and designing flood
water-retarding structures (chap. 21).

Sources

Chief sources of published streamflow data for the United States
are:

U. S. Geological Survey (USGS). Water Supply Papers (WSp)
and other publications are issued regularly. This is the major
source of streamflow data for the United States. The USGS now has
an office in Puerto Rico and also has personnel of the Water Re
sources Division assigned in about a dozen different countries un
der the auspices of the U.S. Agency for International Development
(AID). The USGS publications are listed in "Publications of the
Geological Survey," which is issued every 5 years, the latest for
196); yearly supplements are also issued. Both the main list and
the supplements are available free on application to the U.S. Geo
logical Survey, Washington, D. C. 20242. Complete files of WSP
are found in District offices of USGS.

U.S. Soil Conservation Service (SCS). Streamflow data from
plots and small watersheds formerly operated by SCS were published
in the SCS-TP, Technical Bulletin, and Hydrologic Bulletin series.
These publications are out of print but may be found in agricultural
experiment station libraries of States in which the studies were
conducted or borrowed from the Chief, Hydrology Branch, Engineering
Division, Soil Conservation Service, Washington, D. C. 20250. Much
of the data has been republished by ARS (see below). Records from
SCS "pilot watersheds" are being published in cooperation with USGS.

U.S. Forest Service. Streamflow data are published at irregu
lar intervals in technical bulletins and professional papers.



u.s. Agricultural Research Service (ARS). The Soil and Water Con
servation Research Division published its most recent compilation of
small watershed data as "Hydrologic Data for Experimental Agricul
tural Watersheds in the United States, 1956-59," U.S. Dept. of Agric.
Misc. Pub. 945, 674 pages, 1963. It is available from U.S. Govern
ment Printing Office, Washington, D. C. 20402, price $5.00. This book
lists earlier publications of ARS compilations, which include data from
watersheds formerly operated by SCS.

RELATED PUBLICATIONS. A list of streamflow stations having drainage
areas of 400 square miles or less is given in "List of Selected Gag
ing Stations in the United States," by C. R. Gamble, U.S. Geological
Survey, 91 pages, 1961. The listed stations are those for which USGS
has compiled annual-flood and other data in SCS Projects 1 and 2.
Copies of Gamble's report and of the project data were distributed
to SCS State engineers and no additional copies are available. The
project data will appear in a forthcoming WSP.

Descriptions of streamflow installations, methods of gaging, and other
facts about USGS gaging practices are given in "Stream-Gaging Proce
dure," by Dcm M. Corbett and others, U.S. Geological Survey Water
Supply Paper 888, 245 pages, 1945; available from U.S. Government Print
ing Office, Washington, D. C. 20402, price $0.75. Similar information
regarding Forest Service practices is in "Stream-Gaging Stations for
Research on Small Watersheds," by Kenneth G. Reinhart and Robert S.
Pierce, Agricultural Handbook 268, 37 pages, 1964; available from U.S.
Government Printing Office, Washington, D. C. 20402, price $0.30. ARS
practices are described in "Field Manual for Research in Agricultural
Hydrology," Agricultural Handbook 224, 215 pages, 1962; available on
request from U.S. Agricultural Research Service, Beltsville, Maryland
20705.

TEMPORARY S'ffiEAMFLOW -STATION INSTALLATIONS. The SCS cooperates with
the USGS in the installation and operation of streamflow stations
needed by SCS. This cooperation is on a formal administrative basis
and the Chief, Hydrology Branch, can advise on the administrative
procedure.

Sometimes a streamflow installation is needed for a brief period on
a small stream, irrigation ditch, gully, or reservoir, and the cir
cumstances do not justify the installation of a USGS station. If the
flow to be measured is small, use can be made of measuring devices de
scribed in NEH-15:9, Measurement of Irrigation Water. If only the maxi
mum stage or peak rate of flow is needed, a "crest staff gage" can be
used at a culvert or other existing structure. Figure 5.1 shows a
typical inexpensive staff gage. The pipe of the gage contains a
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loose material (usually powdered cork) that floats and leaves a
high-water mark or maximum stage. The stage is used with a rating
curve (chap. 14) to estimate the peak rate of flow.

Some Uses of Streamflow Data

MEAN DAILY DISCHARGES

Records of mean daily discharges (or "mean dailies") are gener-
ally published in the form shown in
cal page from a surface-water WSP.
appear in various forms; a typical
summaries is shown in figure 5.3.

figure 5.2, which is a typi
Summaries of discharge records
page from a WSP containing

When using daily flow records it is often desirable to plot dis
charge against time in one of the two ways shown in figure 5.4.
In ~ the mean dailies are plotted as point values at midday, with
a logarithmic scale for discharge and an arithmetic scale for time.
In ~ both scales are arithmetic. A plotting like ~ is used in
studying low flows or recession curves and one like ~ in study
ing high flows or for showing discharges in their true proportions
or for determining runoff amounts by measurement of areas. If a
watershed has a lag of about 20 hours or more, mean dailies are
suitable for plotting flood hydrographs because there is little
chance that more than one peak occurs in anyone day. But water
sheds with shorter lags have flows that vary more widely during
a day, so that a hydrograph of mean dailies may conceal impor
tant fluctuationsj a continuous record of flow is used instead.

An important use of mean dailies is in computing storm runoff
amounts including base flow (ex. 5.1) or excluding it (ex. 5.2).

Example 5.1.--Using data in figure 5.2, determine total
runoff (inclUding base flow) for the annual flood.

1. Determine the annual flood, the largest peak rate in
the year. In figure 5.2 under "Extremes" read "Maximum
discharge during year, 4,360 cfs Mar 4 •••• "

2. Find the low point of mean daily discharge occurring
before the rise of the annual flood. This point occurs
on March 2 (table 5.1, an excerpt from figure 5.2).



Table 5.1.--Mean daily discharges) annual flood period -
Date Mean daily discharge

cfs

Remarks

Feb. 27 156 Flow from previous rise.
28 136 Same.

Mar. 1 126 Same.
2 105 Low point of flow.
3 * 222 Rise of annual flood begins.
4 * 3)630 Date of peak rate.
5 * 1)730 Flood receding.
6 * 558 Same.
7 * 320 Same.
8 * 191 Same.
9 * 146 End of flood period.

10 206 New rise begins

3. Find the date on the receding side of the flood when the
flow is about equal to the low point of March 2. This
second low occurs on March 9.

4. Add the mean daily discharges for the flood period from
March 3 through March 9 (the starred discharges in table 5.1).
The sum) which is the total runoff) is 6)797 cfs-days.

Runoff in cfs-days can be converted to another unit by use of an
appropriate conversion factor (a table of factors follows chapter
22). For instance) to convert the result in example 5.1 to inches)
use the conversion factor 0.03719) the sum of step 4, and the water
shed drainage area in square miles (from fig. 5.2): 0.03719(6797)/258 =
0.9796 inches. Round to 0.98 inches.

If the flow on the receding side does not come down far enough) the
usual practice is to make a "standard" recession curve out of well
defined recessions of several floods, fit this standard curve to
the appropriate part of the plotted record, and estimate the mean
dailies as far down as necessary.

If only the direct runoff (chap. 10) is needed, the base flow can
be removed by anyone of several methods. A simple method, accu
rate enough for most problems) is used in the next example.

Example 5.2.--Determine the direct runoff in inches for the
annual flood of example 5.1.
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1. Determine the total runoff in cfs-days (ex. 5.1).

2. Determine the average base flow for the flood period.
This is an average of the flows on March 2 and March 9:
(105 + 146)/2 = 125.5 cfs. Round to 126 cfs.

3. Compute the volume of base flow. Table 5.1 shows the
flood period (starred discharges) to be 7 daysj the volume
of base flow is 7(126) = 882 cfs-days.

4. Subtract total base flow from total runoff to get total
direct runoff: 6797 - 882 = 5915 cfs-days.

5. Convert to inches. Use the conversion factor 0.03719
(from the table following chapter 22)) the total direct
runoff in cfs-days from step 4) and the watershed drainage
area in square miles (from the source of data) table 5.2):
0.03719(5915)/258 = 0.8527 inches. Round to 0.85 inches.

TRANSPOSITION OF STREAMFLOW RECORDS

Transposition of streamflow records is the use of records from a
gage~ watershed to represent the records of an ungaged watershed
in the same climatic and physiographic region. Table 5.2 lists
some of the kinds of data usually transposed and the factors af
fecting the correlations between data for the gaged and ungaged
watersheds. -The symbol ~ means that a considerable amount of anal
ysis may be required before a transposition is justified.

Data are transposed with or without changes in magnitude) depend
ing on the kind and the parameters influencing them. Runoff vol
umes of individual storms) for instance) are transposed without
change in magnitude if the gaged and ungaged watersheds are alike
in all respects. But if the hydrologic soil-cover complexes (CN)
differ) it is necessary to use figure 10.1 as shown in the follow
ing example.

Example 5.3.--A gaged watershed with CN = 74 had a direct
runoff of 1.60 inches. What is the comparable runoff for
a nearby ungaged watershed with CN = 83?

1. Enter figure 10.1 with the runoff of 1.60 inches) go
across to CN 74) go upward to CN 83) and at the runoff
scale read a runoff of 2.29 inches.

Transposition of flood dates and number of floods per year is dis
cussed in chapter 18j transposition of total and average annual
runoff is discussed in chapter 20.



Table 5.2.--Factors affecting the correlation of data: a guide to the transposition of
streamflow records

Factors:

Kind of data
Large Large Runoff from Large Snowmelt Difference
distance difference small-area difference runoff in hydrolog-
between in sizes thunder- in sizes of on one ic soil-cover
watersheds of lag storms drainage area only complexes

Flood dates A A A A A A
Number of floods per year A A A A A A
Individual flood, peak rate A A A A A
Individual flood, volume A A A A
Total annual runoff A A A A
Average annual runoff A A A

A means adverse effect on the correlation; if no ~, the adverse effect is minor.

) ,

\Jl.
0\
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DETERMINATION OF HYDROLOOIC SOIL-COVER COMPLEX NUMBERS (CN)

Storm rainfall and streamflow data for annual floods are the best
means by which CN can be established (chap. 9)) and such CN are su
perior to those made by other means. The method of the following
example is used; it applies only for antecedent moisture condition
II (AMC-II») which is discussed in chapters 4) 9) and 10.

Example 5.4.--Given the rainfall and runoff data of columns
5 and 6 of figure 5.5 (a typical page from SCS Project 1)) find
the CN for AMC-II.

1. Fasten an overlay sheet over figure 10.1. The sheet must
be transparent enough for the runoff curves to show through.

2. Plot runoff from column 5 against rainfall from column 6)
as shown in figure 5.6(a).

3. Find which curve of figure 10.1 divides the plotting into
two equal numbers of points. It may be necessary to inter
polate between two curves; this can be done by penciling a
curve on the overlay sheet. The CN for the selected curve is
the CN for the watershed) in this example 65.

Figure 5.6(a) also shows the runoff curves for AMC-I and AMC-III
(chap. 10). These were found by the relationship given in table
10.1) and no method comparable to that of example 5.4 is needed.
But CN for specific antecedent conditions can be estimated by other
methods) one of which is given in eX:.3.mple 5.5 where antecedent base
flow is used.

Example 5.5.--Use the data of figure 5.5 to determine the re
lation between antecedent base flow and the CN for a subse
quent storm runoff.

1. Enter figure 10.1 with each storm rainfall (col. 6) fig.
5.5) and its runoff (col. 5) and find the CN for each storm.

2. Find the S value for each CN) using columns 1 and 4 of
table 10.1.

3. Plot each antecedent base flow versus its ·associated S)
using log paper as shown in figure 5.6(b») and draw the line
of relation. Unless there is a strong indication of another
slope) use a slope of -1 and locate the line so that an equal
number of points falls on each side. Scales of CN on the
margins make the graph easier to use •



Tests of the significance of such relationship and methods for using
additional variables are discussed in chapter 18.

* * * *

/

(
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CREST STAFF GAGE
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Figure 5.l.--Construction details of a crest staff gage.
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FIGURE 5.2 - A sample page frOlll the U. S. Geological
Survey's Surface Water-Supply Papers.

-

...

.....
11."n.l'
a."
'.10

n.lI
lI.tl.....
11. If

n."II."
11.11
11."

......
UI.............
'01,.....
'"...."

n."
1'."
n.l'
".lI
'.It

10.tl
1....
10.01
11.0'

1.'1
LIS
."1

LIS.......,.....,..
1.\1...

'""'.01..

...
101..........
.10...,.,
.U

......,..,........' ..,.....
'.'...,..
",

JII3I11O~ IIYD WI'

10.100 .I"",. n. It"
1.0'0 ..... '. lU.
l.toeO .It1O\. SO.ItSt
'."0 ..... to. '''0
I •.eo J ..I, It. lMI
•• 1t0 ..... 10. 1'"'.»0 Rl&r. to. ".,
.,100 ',IMI
1.010 I. I"'

'.110 J_ U. I,.,
I.M<! .1_ •• IUl
•• are ,.. ... , u ••
.~= ~::: u. I::.!

"'arl 'I.e'" I,. c'" e t
_".. ...1 t.1O

1I.:;~. h="-=""::'''!..::-;:'':C-:=---i "0.._, ...,. .::... --::" "tIO\ ~
"DI~""'" o.tI.__ t---':=--+__+-""'''~'-+--''''''M",M".+__+"'M"..,,,.,--
~......
"'00,.,

.ot,(II
'""'.,

FIGURE 5.:3 - A sample page frOlll U. S. Geological
Water-Supply Paper 1:305, "Compilation
of Records of SUrface Waters of the
Uni ted States through September 1950. "

ro . ..t~l. c...... M ... 'rue,."",. OtIlo
~~:r4::::;:;~'·.~:'~~it~l:t.:c;1~lY. :W:: '..~ :t·.t1:'·~::"_
r~ 11Itllltwl.

~r.~~~~r.~= r:c::~ril .~=.~ta-W~'::. ~:.!t ::~~·~.~~~t.:~ l ••el. 'dJwlltaMlt

"'na 4Usbem·u14 ,..,., tll3l·60I. 16' cr..

~;';;::';~~e.::=dd;:~t.:'f~o~~~~r:.~~~.J~"t~~~t~~.~~~; ~:,;~~),
3.1 c:r~ Awe. 11-14, 1144 (.-. hel....t. 1.'0 rt).

- .. 0 , .
'=' 0".

_. _. ._. .... _. .... .. - -. .... _. ...-....
ooi 14.S

lU' n .• 'M n .• .11' ~l1
... ... ." .... .... It .• .. '.... II .• .... ... III 10' ... U • ..... ts.O ... ..., 10'USl U.S .... .... ... ... no ... .... ... ta.1 I .... I.U ...,N. .... 1'.1 St .• H. t" ... 'N ... m ... .... .'.1 ...

'N' 1'.' ... ... .H ... n.1 .,.. ILl ... O. ".' 11.1 ......., .s.' .., .0. ... IU ... ... ... ... .... 11.1 1••• ...,.., n.' •0. ... ... lit .., ... ... It.1 to ... U ... ...,... ,.. , .... I'.' ... 1•. 1 .to ... •01 .... .... .... II.' .00.... '0.' ILl 19.0 ... ... ... • n ... .... .... 'I.' n.o ....... lU '" ... ..0 ... .to ... .. ... ". ..., ••. 1 ..., ....... .... n.' II' ... ,.. " .. ... • 10 ... .. ,... 11.' m.... I •. ' ".1 ".0 ... ,n - .. ... II.' )f., 10.1 II.' ...
:~s: :~: ' ~:' I :~: :~ :-.: I::: :: ::~ ~ .. rl: ::., ::.. :~~.

......Ull .... ' .....1,. .....". II\I"~.

'=' 0".
_. .... ,•. ,.,. -. _. .. - "'.. .... .... ... ........ 0.11

un .... 1." 0." 10.04 .... 0.'• .... 1.11 ..... 0." 0.'1 ... n.".... ... ... .... .. 00 I.ts ... U ..... loll ... ... ." ... n.1l
ItS' ... ... ... 1..1 .... .... .... ... 1.1) ... • 11 ... n.1I.N. ... ... .n ... 1.11 S ... S.1l .... 1.11 ... ... .n II.".... . 10 .N ..... .... ... .n ... ... .. 00 ... ... ... '.'1lin ... ... . H ... ,... .... .." ... 1.01 ... • 10 ... 10.11.", ... ... ..... .... I." .. .., LII I.'" ... 1.11 .... ... II.M.N. ... ." ... ... .10 ".ft ,... ... . 10 ... ... ... 10.01.... .M ... ... ... .... .... 1.11 •. SS .... ... .•0 ... ".01

'N' ... .... 1.11 ... I.U ': ~;
... .... 1.11 ... .to ... 1•. SIo

'N' ... ... . H J.OI ... I." ,... .... ." ... ... 11.04

'N' ... ... .M .... 1.1l '.11 ... U I.tI ... ... ... .'0 1t.11

::~ .~ .:: I.: s. ~! ~ .~: I.~ 1.11 I.: .~ I.:~ ... ... ::.:~

....
un....
lU'
• NO

,..,,......,
Ittl....
,...........lr.:

...

I,.. _
III.•

et...
Ct••

I.' '.0 '.0 10
'.0 at '.0 n.
••• loS 10.0 41.
~'~o~~ ..t ...

""W\ "1"'AI'I"
~t" 1.1
~I" 1.'

lJ.O ''0
It..O 1.100
11.0 1 • ..,0
11'.0 "'~

•• , 11
'.1 M
'.0 ..
'.0 la

10.0 41'

.u.. ,,-,,1... _WI' :r-.r 1.'-4).....t "1'1'" of I... r,.., I....
("':-tt't:::.:~t~:::.a.::.~: ~ ..t:""';:. r;;~ :;t~~~JI

on. It..... ) .t..U ",t. JO

~
.••1At "0·»'60-, lorw. "-.'110·, 111 sal Me. 3, T. Ie •. , IL 16 I., fU.,

cl 1 .rldlan neat' cenwr or apen on towI., .1d.. or "rIte- on lndlana.atLlo
tat. rlne road, I all.....t of J .. Cor'}"dan andr;r'.l1•• dOWl.trMII r.-- .......,. C......

1lnlM&! V!!.·-U' .q 1l1.

lreard! '!lll'U'.--Aprll 11S1 to s.p~r ltU.

o.a.-·W.\4r·.~ ,..col'd,r. Data or ..... It 130.10 rt abcn, 8Mn .. 1...1, dat~ or--r"•. PMOI' to JW'te U. 11$3, w1n-..Uht. .... It ....It. and dat•.

~i~;":t~p~~·~~rG;cl:~:w:-r.4t.::"ihs~s·r:!::r~~tht. 11.)0 ttl; .inl-

i161-53: ..... La.. dlaNrl', ••o.r:t. Nu. h. 1162 (pp IMI"". 11.5t ttl; a1ll~,
1.3 ct. A"C. 11, 1Hl I.... hll&ht. 5.'0 nl.

!eY:U..••".e0t'4. lOod ezelpt tho.. tor ~rlO41 or no pp-hll&ttt ~oro. 1It\1ch aN "'1,..

!.!!.1.ls!nt..--WSP 1135: DNlNP'rM.

D" .... .... .... ,~ . ,,,". ':::-r~ - F----'-' r'--
"r. Apr. -, .1_ .1101, .... ....

· .. II .$ .. 111 111 ... .. .. .. .. ..· "to .. II .u til .... to .. .. .. .., .. .. 1.fI ... lit '" " .. It It ..· •• Ii ... lU t:4I3 ... It " 11 II· .. ... - It. ... .. .. .. U· II ... 'to ... lU aM lU .. n II " ", .. .. ... .. '" ... -: .10 H II ·10· .. II .. " .j; ... ... .. .. H ...· .. .. .. on ... .. ... " ... .. ...
10 " ... .n - ... ... ... .. ... .. " ...
" ij ... ... no .to ... ... .. W .. II ..... .. - ... ... ... .. .. n II "" II ... n. ... 000 .. .. .. II .. ".. .. .. .. ... ... ... .. .. .. .. " "" II .. n ... '" ... .. n .. II .. II

" .. II .. U • ... '" m ... to .. " 10
n .. n .. n. ... ... l.lto .. II II ..... .. .. to 1 .... ..... '0' ..... .. II .. ...
II II n u 1M '.- . .n n It .. ...
'" n .. .. n • ... ... .. m .. .. .. ...
11 .. .. ..00 on lofW - .. ... .. .. .. ..... .. n .... ... m .. ... .. .. .. ..... .. .. .... ... 'to ... .. HI .. '" .. ..... .. .... .... ... 111 ... It 11 .. 1+ '.'.. .. - ... - ,ot ... ... n .. ..... II ••to .. on ·'H ... .. '" 11 tl .. ...
" .. .... .. 'H .H '" .. ..• .. .. ...
II .. ... .. lI. ... ". .. l.S. .. " .. HII tl ... .. ... ... .. .n 61 .. .... ... .. '"~ ... ... ... ... .. '.'n u u '" .... • .. "- .. 1••Sl ..... 1.'10 '.101 It .... ,.... 10.'. '.111 H' ... 1M.'_M

1'.0 "., ... ... ... OIl ... ... 11.1 11.1 1'.' ..•cr_ "

10.

Cal.,...r ,.ar I".· ..... '.110
lIa"r ,.a. 1""'1 IIlu I.QO

I'tt ....~ j 000 '\'j"--' II 10 •• I .......... (u to nl - •• I. \ .• I •• In ,~ 4 I' '....SlO ara III JI n I ., II (I a•• ) "0.0 I" (ta 0 tt), ., II
(I a.) I. Ifl 11 "I

• SlI........ _""'-M ..... '1l1, ., ....: :.=~...1P.:.::-:~:t~,::~"" .. "'11 Ir • 4.1........ .......-..•• _ ..... __•

• hfree~"""" ...La.t.. .,,..... ~ 1".

,.-



5.11

10.000

!
~ 1000
II:
C
:z:
u
If)

i5

'00

1(0

• ~fP.l' f

Peak
• ~~~: efa-,u!Jeti

f1

~----- , N V \
\ \ , "\ \ \ ~i

-,

\j '\0
\)

'0 20 l' '0 20 30 I'
fEBRUARY MARCH

5000

4000

,;
.,:
U 3000

!...
C>
II:
c
~2000

i5

1000

o

(b)

.P,ak

"-.Peak • Plak

r1

~L~ ~jJ '--
'0 20 I' 10 20 301fEBRUARY MARCH

Figure 5.4.--Two methods of plotting daily flow records. In (a) the
discharge scale is logarithmic; in (b) the scale is arithmetic.

14. Amicalola Creek near Dawsonville, Ga. (28-3900) Lat 34°26', long 84°13';
drainage area 84 7 sq mi' mean annual precipitation 57 41, . .

Data relative to annual peak discharlles
Antecedent Antecedent

Water Peak base Direct Associated Storm prec ipitat ion Annual
year Date discharge discharge runoff precipitation duration (in) runoff

(ds) (ds) (in) (in) (days)
5-dav

(in)
3D-day

1940 Aug. 13 2,500 81 0.81 4.99 1 0.30 2.67 22.37
1941 July 5 5,200 188 1.40 5.72 4 1.54 4.99 21.80
1942 Feb. 17 7,450 143 1.74 5.24 1 .20 4.93 30.94
1943 Dec. 29 2,680 232 1. 65 4.31 2 1.36 6.63 39.12
1944 Mar. 19 3,460 305 1.16 3.80 2 .10 8.75 37.05
1945 Feb. 13 1,130 160 .36 1.95 1 .18 3.63 25.44
1946 Feb. 10 5,050 408 2.33 5.39 2 1.11 6.32 57.50
1947 Jan. 20 4,770 4~~ 1.59 4.05 2 2.62 8.66 30.31
1948 Aug. 4 5,650 130 1.36 5.69 2 .40 8.46 34.98
1949 Nov. 28 5,500 204 1.85 5.59 3 1.48 9.53 48.93
1950 Mar. 13 3,460 276 1.15 3.77 2 1. 22 4.14 37.91
1951 Mar. 29 2,380 189 1.33 4.71 2 .16 5.57 27.69
1952 Mar. 11 5,960 280 2.01 3.83 1 0 5.18 -

FIGURE 5.5 - A sample page from a compilation by the U.S. Geological
Survey for SCS-Project No.1.
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6.1

CHAPTER 6. STREAM REACHES AND HYDROLOGIC UNITS

The stream system of a watershed is divided into reaches, and the
watershed into hydrologic units, for the convenience of work during
project formulation. This chapter gives some details on the selec
tion of reaches for hydrologic or economic studies, presents alter
native means for studies of alluvial fans, and briefly describes a
hydrologic unit and its use in a project study.

Reaches

A reach is a length of stream or valley used as a unit of study in
project formulation. It contains a specified feature that is either
fairly uniform throughout (as hydraulic characteristics or flood
damages) or requires special attention in the study (as a bridge).
Reaches are shorter for hydraulic than for economic studies so that
it is best to consider hydraulic needs first when selecting reaches,
afterward combining the hydraulic reaches into longer ones for the
economic study.

Reaches are physically defined at each end by cross sections that
usually extend across the valley. A cross section is either straight
and at a right angle to the major path of flow in the valley, or it
is a connected series of segments that are at right angles to flows
in their vicinity. The "head" and "foot" of a reach are the upstream
and downstream ends respectively. "Right bank" and "left bank" are"
designated looking downstream. For reference, reaches and cross sec
tions are numbered in any simple and consistent way such as the one
in figure 6.1 and table 6.1. But if an electronic computer program
(chap. 2) will be used, the numbering must follow the system speci
fied in the program.

The purpose of a reach determines which relationships of the reach
must be developed from field surveys. For a hydrologic study the re
quired relationships include those of stage and discharge (chap. 14),
stage and end-area (chaps. 14 and 17), and, if manual flood routings
will be made, discharge and velocity (chap. 14). For an economic
study they are stage and discharge (chap. 14), stage and area-inundated
(chap. 13), and stage and damage (Economics Guide, chap. 3).



Table 6.1. Reach and cross-section data

Reach Cross- Cross-section Length of Travel Accumulated Soil-cover complex NO})
No. y section stationing reach ?J time 2/ drainage area

No. Present Future

Feet Hours Square miles

4 7500 0.60 80 78
FR-l 2231 + 00 3.6'2/
BB 2192 + 00 4.0 2/
AA 2160 + 00 4.4 11

6 15600 1.50 80 78
FF 2138 + 00 7.5 '2/
EE 2100 + 00 8.0
DD 2054 + 00 8.4
CC 2016 + 00 8.8
BB 2014 + 00 8.8
AA 2012 + 00 8.9 11

1/ Reach No. is same as subdivision No.
g; Channel length of reach.
~ Travel t~e of a 2-year frequency flow through the reach
~ Soil-cover complex Nos. for the total area above the foot of the reach.

obtained by weighting (chap. 10).
'2/ Drainage area at the head of the reach.
2/ The drainage area at this cross section was estimated.
II Drainage area at the foot of the reach.

\

They were

,



LOCATION

The head or foot of a reach is at or near one of the following places
on a stream:

1. Boundary of an agricultural area having flood damages.

2. Boundary where agricultural damages change significantly.

3. Boundary of an urban area, oil-storage field, or any other
area of high potential flood damage for which levees or other local
protective works may be proposed.

4. Junction of a major tributary and the main stream.

5. Station where streamflow is gaged.

6. Installation controlling streamflow, such as a weir or a
culvert in a high road fill.

7. Irstallation restricting streamflow, such as a bridge.

8. Site proposed for a floodwater-retarding or other structure.

9. Section where shape or hydraulic characteristics of the
channel or valley change greatly.

10. Section where channel control creates large storage up
stream.

In selecting reaches it must be kept in mind that the method of com
puting water-surface profiles may specify a maximum permissible
length of reach. Some electronic-computer programs have a built-in
routine for transposing or interspersing auxiliary cross sections to
avoid stopping the machine when an excessive length of reach is en
countered in the data. Even these programs have limitations that
must be observed.

Locations for reaches are selected by the hydrologist and others
in the work plan party. Tentative locations are made during the
preliminary investigation of a watershed (chap. 3) and shown on
a base map or aerial photograph. Low-altitude aerial reconnais
sance may be necessary for locating reaches in watersheds without
access roads or where timber, brush, or cultivated crops obstruct
vision at the ground level. If flood damage studies will be made,
flood-plain areas with potentially high damage are also located and
shown. The map or photograph is later used for identifying the
reaches that need most attention in the studies. Once the relative
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importance of the reaches is known, the hydrologist selects the loca
tions of cross sections and determines the intensities of work to be
done by the field survey crew.

MEASUREMENT

The measurements made during a field survey are usually those neces
sary to define the changes in ground elevation in the line of a cross
section and the horizontal distances between sections. At this same
time it is necessary to ,estimate Manning's n for hydraulic computations
(chap. 14). The value of n must represent roughness conditions for the
full length of the reach. If a cross section is divided into segments,
the n for each segment applies to a strip through the reach.

Length

The length of a reach is the distance between cross sections at the
head and foot, measured along the sinuous path of flow in the channel
or valley. The channel is nearly always longer than the valley so
that two lengths may be applied in a study: the channel length when
the flow is low (Within banks of the channel) and the valley length
when the flow is over the flood plain. This means that as a flood
rises the reach becomes shorter, a change that must be taken into ac
count when computing water-surface profiles (chap. 14) and flood
damages (chap. 13). Reach lengths are generally determined by use
of an aerial photograph or a detailed topographic map because the
paths of flow are often complex and not easy to determine in the field.

Profile

Elevations of cross sections are related to a common datum if profiles
of the valley or channel are needed for computation of water-surface
profiles by the Leach, Escoffier, or Doubt methods (chap. 14).

Hydraulic Roughness

Estimates of hydraulic roughness (Manning's n) are made by the proce
dure given in NEH-5, Supplement B, or an equivalent procedure. Chapter
14 contains a discussion of Manning's n and its variations in natural
channels.

/



REACH DATA FOR A COMPUTER PROORAM

If water-surface profile or similar computations will be made by an
electronic computer, the computer-program description should be ex
amined for limitations on the input data such as length of reach
and number of elements in a cross section. These limitations must
be kept in mind when working instructions are given to the survey
crew. Typical limitations are given in SCS Technical Release 14,
"Computations of Water Surface Profiles and Related Parameters by
the IBM 650 Computer."

Alluvial Fans

Alluvial fans, also called debris slopes or debris fans, are sedi
ment deposits ,formed where the grade of a mountain stream is
abruptly reduced as the stream enters an area of gentler 'slope,
such as the valley of another stream. Large fans may be inhabited
or have agricultural use. The paths of flood flows shift from one
side to another of a fan so that reaches are useless and a special
method for project evaluation must be adopted. In this method the
floodwater damages on alluvial fans are related to actual or esti
mated runoff volumes that are referenced to an upstream cross s;c
tion above the fan, such as a stream gage or other control section.
The evaluation of flood damages follows this order:

1. Information about the monetary value of damages for each
known flood on the fan is obtained by interviews or from histori
cal sources.

2. The volume of flood runoff for each flood is determined
from streamflow records or estimated by use of rainfall and water
shed data and the methods shown in chapter 10.

3. The relation between flood runoffs and damages is developed
(see the Economics Guide).

4. The frequencies of flood-runoff amounts are estimated
(chap. 18).

5. A damage-frequency curve is developed (chap. 18).

6. The average annual damage is determined (chap. 18).

7. The effects of a proposed upstream project on the amounts
of runoff are determined. The amounts (and therefore the flood
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damages) decrease when changes in land use and treatment decrease the
hydrologic soil-cover complex number (chap. 10) or when storage struc
tures reduce flood flows (chap. 17).

8. The runoff-damage relation of step 3 is used with the reduced
runoffs of step 7 to estimate damages still remaining.

9. A modified damage-frequency curve is developed and plotted on
the graph used in step 5.

10. The difference between present and future damage-frequency
curves is obtained as shown in chapter 18 to estimate the project ben
efits.

Hydrologic Units

When a large watershed or a river basin is studied it is desirable to
divide the watershed or basin into subareas or subwatersheds called
hydrologic units (HU) and to make the study in terms of these units.
By so doing, the work is more easily handled and the study takes less
time. An HU may also be used as a sample watershed; that is, project
costs and benefits within a selected HU are evaluated in detail and
afterward applied to other similar HUI S for which no internal evalua
tion is made. The small watershed in figure 6.1 has enough detail for
a sample watershed.

Each HU is the drainage area of a minor tributary flOWing into the main
stream or a major tributary. Areas between minor tributaries are com
bined and also used as HUls. Cross sections and reaches are needed
only when an HU is a sample watershed. storms in the historical or
frequency series (chap. 18) are developed on an HU basis, as are run
off curve-numbers and hydrographs. Hydrographs for present and with
land use and treatment conditions are developed for an entire HU with
reference to the HU outlet (chap. 16).

If an HU contains structural measures that affect the rates of a hy
drograph, the changes are determined by short-cut methods of routing
(chap. 17) and the modified hydrograph, like the others, is referenced
to the HU outlet. The watershed or basin flood routing is carried out
on the major tributaries and main stream, with the HUI S supplying the
starting and local inflow hydrographs.

* * * *
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CHAPTER 7. HYDROLOOIC son. GROUPS

This chapter gives definitions of four soil groups that are used in
determining hydrologic soil-cover complexes (chap. 9)) which are used
in a method for estimating runoff from rainfall (chap. 10). A table
gives the group-classifications of more than 4)000 soils in the
United States and Puerto Rico. Methods of making and using the clas
sifications are briefly discussed.

Watershed-Soils Classification

Soil properties influence the process of generation of runoff from
rainfall and they must be considered) even if only indirectly) in
methods of runoff estimation. When runoff from individual storms
is the major concern) as in flood prevention work) the properties
can be represented by a hydrologic parameter: the minimum rate of
infiltration obtained for a bare soil after prolonged wetting. The
influences of both the surface and the horizons of a soil are there
by included. The influence of ground cover is treated independently)
as discussed in chapters 8) 9) and 10.

The parameter) which indicates the runoff potential of a soil) is
the qualitative basis of the classification in this chapter of all
soils into four groups. The classification is broad but the groups
can be divided into subgroups) as shown in example 7.1) whenever
such a refinement is justified. Chapter 9 describes how the groups
are given quantitative significance in the runoff-estimation method
of chapter 10.

DEFINITIONS

In the definitions to follow) the infiltration rate is the rate at
which water enters the soil at the surface and which is controlled
by surface conditions) and the transmission rate is the rate at
which the water moves in the soil and which is controlled by the
horizons. The hydrologic soil groups) as defined by SCS soil sci
entists) are:
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A. (Low runoff potential). Soils having high infiltration
rates even when thoroughly wetted and consisting chiefly of
deep, well to excessively drained sands or gravels. These soils
have a high rate of water transmission.

B. Soils having moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep, moder
ately well to well drained soils with moderately fine to moderately
coarse textures. These soils have a moderate rate of water trans
mission.

C. Soils having slow infiltration rates when thoroughly wetted
and consisting chiefly of soils with a layer that impedes down
ward movement of water, or soils with moderately fine to fine tex
ture. These soils have a slow rate of water transmission.

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.

The Soil List

The list at the end of this chapter contains the names of more than
4,000 soils in the United States and Puerto Rico. The capital letter
following a name designates the hydrologic soil group classification.

The original classifications were based on the use of rainfall-runoff
data from small watersheds or infiltrometer plots, but the majority
are based on the judgments of soil scientists and correlators who used
physical properties of the soil in making their decisions. They clas
sified a soil in a particular group by comparing its profile with
profiles of soils already classified. They assumed that the soil
surfaces were bare, maximum swelling had taken place, and rainfall
rates exceeded surface intake rates. Thus, most of the classifica
tions are based on the premise that similar soils (similar in depth,
organic-matter content, structure, and degree of swelling when satu
rated) will respond in an essentially similar manner during a rain
storm having excessive intensities.

The classification of a soil in the list can be checked by using the
procedure of example 5.4. The soil in question must be the only one
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on the watershed and rainfall-runoff data for bare-soil periods
must be available. Checks that have been made so far have not
caused any changes in the present classification.

USE OF THE SOIL GROUPS

To use the soil list it is necessary to know only the names of the
soils on the watershed being studied. To use the classification
in estimating runoff (chap. 10) it is also necessary to know the
area of each soil and, if the watershed is large, its location by
hydrologic uni~s (chap. 6). The ses hydrologist usually consults
a State soil scientist when soils of a watershed are to be classi
fied. If there is no soil survey for the watershed the consultant
can usually get adequate information from work unit personnel.
Making a soil survey solely for hydrologic purposes is seldom justi
fiable. It should take less than a day to classify the soils on a
400-square-mile watershed. Often, when working with a watershed in
familiar territory, the hydrologist needs little more than a check
on his own estimates of the groupings.

Determining Areal Extents

Precise measurement of soil-group areas, such as by planimetering
soil areas on maps or weighing map cuttings, is seldom necessary
for hydrologic purposes. The maximum detail should not go beyond
that illustrated in figure 7.1: in ~ the individual soils in a
hydrologic unit are shown on a sketch mapj in b the soils are clas
sified into groupsj in ~ a grid (or "dot counter") is placed over
the map and the number of grid intersections falling on each group
is counted and tabulatedj in i is shown the tabulation and a typi
cal computation of a group percentage. Simplified versions of this
procedure are generally used in practice.

Number of Soil Groups to be Used

Often one or two soil groups predominate in a watershed, others
covering only a small part. Whether the small groups should be
combined with the predominate ones depends on their classifica
tions. For example, a hydrologic unit with 90 percent of its soils
in the A group and 10 percent in the D will have most of its storm
runoff coming from the D soils and putting all soils into the A
groups will cause a serious under-estimation of runoff. If the
groups are more nearly alike (A and B, Band e, or C and D) the
under- or over-estimation may not be as serious but a test may be
necessary to show this. Rather than test each case, follow the



rule that two groups are combined only if one of them covers less
than about 3 percent of the hydrologic unit. Impervious surfaces
should always be handled separately because they produce runoff even
if there is none from D soils.

Subgroups

If subgroups are used, the runoff curve numbers (CN) for them can
be determined by linear interpolation on table 9.1 or, more elabo
rately, by the method of the following example.

Example 7.1.--A soil is to be classified in a subgroup fall
ing midway between groups Band C. The land uses are "Row
crops, straight-row, good rotation" and "Legumes, straight
row, good rotation" (see table 9.1). Determine the CN for
the subgroup.

1. Use table 9.1 to find the CN for each of the four soil
groups and two land uses. The results are:

Land uses Soil groups
ABC D

Row crops, straight-row, good rotation 67

Legumes, straight-row, good rotation 58

78

72

86 89

81 85

2. ~lot the four CN for each land use as shown in figure 7.2,
using each CN as the midpc~nt of a soil group, and draw a curve
through the points. Each land use has its own curve.

3. Interpolate on the group scale and find the CN for each land
use. For this example the subgroup is midway between the Band
C groups so that the CN is 82 for the row crop and 77 for the
legume. Linear interpolation on table 9.1 gives 81.5 and 76.5,
respectively, which are rounded to 82 and 76.

The subgroup in example 7.1 can be designated the B- or C+ subgroup.
More elaborate classifications (Bl, B2, Bs, etc.) are not justified
unless the soil classifications were made using rainfall-runoff data.

Reclassification of a Soil

Some of the soils in table 7.1 are in the D group because of a high
water table that creates a drainage problem. Once these soils are
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effectively drained they can be placed in an alphabetically higher
group. They can be classified locally on a case by case basis.

When there is a need to reclassify a soil on the basis of additional
data, the SCS State soil scientist should submit the case for con
sideration to the soil correlator for that area.

•

* * * *



7.7
TA8LE T.I--HYDROL05IC 5ROUPS 01" THI! SOILS 01" THI! UNITED STATES

- U8A8 0 AOKINS. HARDPAN 8 I AL8EE C ALPOWA B ANOERLY C
UBI!R5 0 sueSTRATUM I ..8EMARLE 8 ALROS C ANDERS C
AASTAD I ADKINS. 5RAWI!LLY B I ALBERTVILLE C ALSCO 8 ANDERSON B
AAlOAHL I SU8STRATUM I AL8INAS 8 ALSPAUIiH C ANOOK B
ABAC 0 ADL!R C I AL8ION 8 ALSTAO C ANDOVER 0
A8AoIO C ADMAN 0 I AL8RIGHTS C ALSTONY B ANDRADA 0
A8ARCA I ADOLPH 8.101 AL8US 8 ALSUP C ANOREESDN C
A8BOTT D ADOS C I ALCESTER 8 ALTAMONT 0 ANOREIiG B
AB80TTSTOWN C ADRIAN A.lOI ALCOA 8 ALTAVISTA C ANDRES B
ABCAL 0 AOVOICAY 0 I ALCDNA B ALTOORF 0 ANOREIIS C
AlE" I AI!CET C I ALCORN B ALTHOUS!!': B ANDRY 0
AB!LA I A!NEAS 8 I ALCOT A ALTICREST 8 ANEO 0
AII!LL II AI"TAO!N 0 I ALCOYA 8 AL TIIAR B ANETH B
ABERO!!N C AI"TQN UO ALDA C ALTO C ANIiELICA 8.10
ABEROIC 8 AGAIPAH 0 ALDA. SALINIIO 8.101 ALT05A C ANGELINA 0
A8ERT II A5AN 0 ALOA. CHANNI!LI!O C I ALTON A ANIiELO C
AB!S 0 ASAR 8 ALOAX 0 I ALTOONA C ANGELUS 8
AIlGESE II AliASSIZ 0 ALDEN 0 ALTURAS C ANGIE 0
AIIILEN! C AGATE 0 ALDER C ALTUS 8 ANGLE A
ABIQUA C AliATHA B ALOERMANO 8 A,L TWAN 8 ANIiLEN C
AIIO C AGAWAM B ALDERWODO C ALUF A ANGOLA C
A80R 0 AGENCY C ALOI 0 ALUM B ANGORA 8
AIIRA C AGER D ALDINE 0 ALUSA 0 ANGOSTURA 8
A8RA. IEDROCJC II AGET 8 ALOING 0 ALYARAOO 8 ANHALT 0

SUBSTRATUI( AGNAL 0 ALOINO C ALVIN B ANIAK 0
AIAA. DRY 8 AGNES TON B ALEDO C ALYIRA C ANIMAS C
ABRAHAM B AGNESTON. C08aLY C ALIIOCiROS C ALViSO 0 ANINTO 0
ABRAlO 0 sueSTRATUM ALI!KNAGIK C ALYOR 0 ANITA 0
A8RAlO. GRAV!LLY C AGNEW C ALENEOA C ALVDR. DRAINED C ANKENY IIe A8RAlO. C0811LV 0 AGNOS 0 ALEX 8 ALWILOA 8 ANKLAM D
A8AEU 8 AGUA 8 ALEXANDER C ALlAOA 0 ANKONA 0
ABSAROKEE C AGUA OILCE 8 ALEXANDRIA C ALlOLA 0 ANNABELLA 8
ABSCDTA A AIiUA FAIA 8 ALI'IR B AIIAOOR 0 ANNANDALE C
A8SHER D AGUAOILLA A ALI'ORD 8 AMAIiON D ANNAII II
A8STEO C AIiUALT 8 ALIiANSEE 8 AMALIA B ANNEMAINE C
ABSTON C AIiUEOA I ALGARR080 A AIIALU 0 ANNIS C
ACACIO I AGUILARES 8 ALliER ITA 8 AMANA B ANNIS. SALINE B
ACAOEIIY C AGUILI TA B ALIiIERS C.lOI AMANDA C ANNIS. C
ACADIA 0 AIiUIRRE D ALGOA C I AIIARILLO 8 SALINE-ALKALI
ACANA 0 AIiUSTIN 8 ALGOMA a.lo AIIASA 8 ANNIS. DRAINED B
ACANOO C AHL C ALHAMIIRA 8 AM8ER B ANNISllUAM C
ACASCO 0 AHLSTROM 0 ALMARK 8 AMBIA 0 ANNISTON B

'8
ACEITUNAS B AHMEEK C ALICE 8 AM80AT C ANNONA 0
ACEL C AHOLT 0 ALICEL Il AII80Y C AND CON C
ACKER 8 AHR!!':N 8 ALIC IA Il AII8RANT B ANOKA 8
ACIt!RIIAN A.lO AHRNKLIN C ALIDA B AMBRAII 8.101 ANONES C
ACItERYILLI! C AHTANUM 0 ALIKCHI 8 aJlELIA B r ANSARI 0
ACItETT 0 AHTANUM. DRAINED C ALINE .. AMENIA 8 I ANSEL B
ACItLEY 8 AHWAHNEE 8 ALKO 0 AMENSON D I ANSELMO II
ACItICN 8 AIBONITO C ALLAGASH 8 AMERICUS A I ANSELMO. 8EDROCK A
ACIt_E 8 AIDo 0 ALLANORE 0 AMERY 8 I SU8STRATUM
ACItWATER 0 AIItEN 8 ALLANTON 8.10 AMES C.lol ANSGAR 111'0
ACNE C AlItMAN 0 ALLARD 8 AMESHA B ANSPING 8
ACO 8 AIKMAN. STONY C ALLEGHENY B AMESMONT C ANT FLAT C
ACOMA C AILEY a ALLEMANDS 0 AMHERST 0 ANTEL C
ACORO C AIMELIIK B ALL!!':N II ANISTAO 0 ANTELOPE SPRINGS C
ACOVE C AlNAKEA B ALLENDALE II AMITY 0 ANTERO C
ACREOALE 0 AINSLEY B ALLENS PARK a AllMON 8 ANTHO 8
ACREI! C AINSWORTH 8 ALLENTINE 0 AMOLE A ANTHONY 8
ACAELANe C AIRPORT 0 ALLIIONWOOD B AMOR B ANTIGO B
ACTON II AITS B ALLEY B AMOS C ANTI LON B
ACUI"I" II A.lO C ALLHANOS 0 AMOS TOliN C ANTIOCH 0
ACUfIA C AItAKA A ALLIANCE B AMPAO C ANTLEA C
ACY C AItAN B.lO ALLIIiATDR 0 AMPHIDN C ANTOINE II
AOA C AItASKA B ALLIS 0 AMSDEN B ANTONITO C
ADAIR C AKELA 0 ALLISON 8 AMSTEROAN 8 ANTOSA 0
ADANS A AKI!RCAN B ALLITRAL a AIITOI'T 0 ANTR08US B
AOAMSON 8 AItERUE 0 ALLOR 8 AMWELL C ANTIIEAP C
ADAMSVILLI! C AltLER 0 ALLOUEZ 8 AMY 0 ANTY II

"OATON D ALAOOIN 8 ALMAC 8 ANACAPA II ANUNOE B
AOAVEN C ALAOSHI 8 ALMAYILLE 0 ANACOCO 0 ANVIK 8
ADDICKS 0 ALAE A ALMENA C ANACONDA a ANIIAY II

AOOIELOU 8 ALAELOA 8 ALMIRANTE B ANAHEIN C AOIIA 8
"DE A ALAGA A ALNO 0 ANAHUAC 0 APACHE 0
ADEL 8 ALAItAI 0 ALMONT 0 ANAMITE 0 APAKUIE A
AD£LAlDE D ALAlIA 8 ALMOTA C ANAPRA a APALACHEE 0
ADELANTO 8 ALAMANCE 8 ALMY B ANASAll C APALO II
AOI!LINO 8 ALAND 0 ALNlTE 0 ANASAZI. NONSTONY II APELODRN A
AOELINQ. C ALANOGORDD I ALO 0 ANASAZI. DRY 8 APISHAPA C

SALINE-ALKALI ALANOSA 0 ALOHA C ANATONE 0 APISON B
ADELPHIA C ALANOS 8 ALOMAX 0 ANAYERDE II APIIAT II
AKNA C ALAPAHA 0 ALONA B ANAWALT 0 APMAY Q
ADGER 0 ALAPAI A ALONSO 8 ANCHD 8 APOLLO II
ADILIS 8 ALAZAN 8 ALOYAR C ANCHOR POINT 0 APOPKA A• AO.IU"'AS C ALBAN 8 ALPENA A ANCHORAGE A APPANOOSf 0
AOKINS 8 ALIANO 0 ALPHA 8 ANCLOTE 0 APPERSON C
ADKINS. lUlli I lLIlAH" C ALPIN A ANCO C APPIAN II

AOItINS. WET C AL8ATON II ALPON 8 ANOERGEORGE II

NOTES. TWO HYOROLOSIC SOIL &ROUPS SUCH AS 8.1C NOICATES THE ORAINED.IUNORAINEO SITUATION.
NOOII"II!RS SHOWN. E.G •• BEDROCK aUBSTRATUII. AEI'ER TO A SPECII'IC SOIL SERIES PHASE FOUND IN SOIL IIAP LEGEND •
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APPIAN. a ARIIA5H 0 ATCD 8 I AITEC C I 8AU8DD 8
IALI...·ALltALI A....CO C ATENCIO a I AIULI C I BA.AGA C

,
APPIAII. weT C ARIIILLI 8 ATIPIC 0 I AlWfLL 8 I 8AlATAAI A~ I

APPIAN. CUT 8 AANINIA D ATHeLWlll.1» B I .""H11M • I .A"AIIOIA I»
IUBSTRATUM ,....11A 8 ATHeNA • I BABa 8 I B..aA.' 0

APPIA". AECLAINIO C AJIN IEUUIt& a ATHeATON 8J'D1 8AallN5TOII I , BA.aIAT D
APPl.UUIH B AJlNI.IO 0 ATHOl. a , aABILTHUAP 8 I 8A..OUR 8
AP~TON C AAMIN5TON 0 ATICINI 0 , .ACA C , BAIIBOURVILLI a
APPl.IN. a ARIIIITEAD C ATit INION a , BACH BJ'D BAACAVI 8
APRON a A"ITAU C ATLAI 0 , .ACHUI C aA.CLA' C
APT C A....O 8 AfLEE C , aACKBAT 0 B..CD' 8
APTAUIIC 8 ARMONA 0 ULOW 0 , aACltaONE B aAACUS A
APTOI C ARIlOUR 8 ATNDRI aJ'D1 aACDNA B 8ABO 0
AQUILLA A AANITEA C ATlIltA C , ,8AOAKE 8 BARDEll C
AQUIIIAS C ARMITA_ C ATOIIIC 8 I BADIIIAUSH B 8A.DLI' C
ARADA 8 AJlNUCHl!1 C ATRAC a , aAOSI B BA.ELA C
ARASON C ARMEGARO a ATRING 8 I IAOGIRTON 8 8A.FULD 0
AAAIl8URU C ARNHUII 0 ATRYPA 0 I 8ADIN C BARFUSS 8
ARANSAS 0 AANO 0 ATIION 8'0 8AOIT0 C 8ARGI C
ARAPAHOI! 8'0 ARMOLD 8 ATIION. TIOI 0 8AOO 0 IA.IO 8
ARAPIIN C AANOT C'O FLooOIO BAOUI C'O 8A.ISHIIAN C
A.A'" C AAOL 0 ATTIR A BA&A.O I BARKCAIIP 8
A.AVAIPA C AAOSA C ATTER8IR.' 8 8AliOAO 8 8ARltI.VILLI! C
ARAft 0 ARP C ATTI!WAH A BAliliOTT 0 IA.KLI' C
AAAVI!TOII 8 AARADA 0 ATTI!WAN. 8 8AliLIV 8 BARKOF 0
AABlELA C ARRASTRI 8 MOOEAATEL' SLOW BAHIN I IA.LINli C
ARIIIOCil C AARI!DONOO A PlEAM BULl 0 BA.NAII 0
AAIIOLIS C ..AlaA C ATTIIIAN • WIT 0 BULEliAP I IA.NA.O C
AR8ONI! 8 ARR I Nli TON 8 ATTICA a 8A1LINli C 8AANl!S 8
AA80R 8 ARRIOLA 0 ATTO'AC a 8UNVILLI! C IARNESTOIl A
AAaUCltLI! 8 ARROLIMI C ATIIATIA II 841.0 HOLLOII C IA.NISTON. STONY A
AR8UCKLe. CLATI!Y 8 AARON 0 ATIIILL 0 BA.lUllA 0 IARNl!STON. 8

IUBITRATUM AAROIIHI!AO C ATIIOOO 8 BAKIOYI.. 0 NONG.AVELLV
AR8UC1tLI!. IIET C AAROVADA 0 AU GRI!S 8 BAKIA C IAANI!Y 0
AR8UCKLE. GRAVILLY 8 AAAO'O KCO 8 AU8AROUl! 0 8AKI!.SVlLLE 0 8ARNHAROT 8
AR8URUA 8 ARSITE 0 Aua8EENAUIIII!I 8 8ALU.. I BARNMOT 0
AR8US 8 ARTA C AURAAY a 8ALCO" B BA.NSOALL 8
ARCI!TT!! II ARTI!IIA 0 AU8REY C IALO C 8AANUN I
ARCH 8 ARTESIAN 0 AU8URN 0 BALDER 0 8AAOOA 0
ARCHA8AL 8 ARTNOC I AU8URNOALE 8/01 8ALOHILL I B..OIO A
ARCHeR C AATOIS C AutrCO 0 , aALOIIOUMTAIN I IAAOIO. IIET 0
AACHEROALI C AAUJO B AU"IE 8 , IALOOCK 0 BARR ADA 0
ARCHIS 0 ARUNDIL C AUGSSUA4l B'O' BALDOCK. GRAYILLY C BAARE 0
ARCHIN 0 ARVADA 0 AUSUSTA C I SUBSTRATUII. BAARE,TT 0
AACHULI!TA 0 ARVANA C AUliUSTINE B I ORUNEO IARRIER 0
AACIA C AAVESON 8'01 AULD 0 I IALOOCK. OAAINEO C BARRINliToN I
ARCO C ARVILLA A I AURA II , IIALOIIIN 0 IAAAON 8
AACO. ORAINEO B ARVIN B , AURELIUS 11/0 BALDY 8 8ARRONEn 8'0
AAO C ARID 0 I AUROAA C BALE C BAAAY B'O
AAD£NNONT 8 ASA B I AUITIN C 8ALE. lilT 0 e"SAC C
AROENVOIA 8 ASCALDN 8 , AUSTWI!LL 0 BALLA HACK 0 IAASHAAO 0
AAOILLA C AICAR C , AUT C BALLAAO I IART I
AAOIVI!Y I ASCHO.... I 1 AUTOMBA I IALLEA 0 IARTINE C
ARONAS I ASH IPRINSS B'CI AUTAYV,ILLE A BALLINSIA 0 BAATLE 0
AROToo B AIHION 0 1 AUXVASSI 0 IALLTOIlN 0 BARTLEY C
ARECI80 A ASHeROI'T I I AUIQUI 8 BALLY C IAATO 0
AAI!OALI! B AIHOALI! I I AVA B 8ALII 0 BAATOIIE 0
AAENA 0 ASHDOWN I I AVA C BALIIAN C BARTON 8
AAENA. ORAINI!O C ASHE 8 , AVALON 8 8ALMAN. DRAINED I BAATONFLAT I
ARENALES A ASHER C , AVAR 0 8ALMOAHEA C IAAVON 8
ARENDTSVILLE 8 ASHFORD 0 I AVAIIATI A IALON I BASCAL B
ARENOSA A ASH'O.K 0 I AYENAL 8 BALTIC 0 BASCO C
ARENZVILLE I ASHAOVE 0 I AVILLA I ULTlIIORE I IASCOII B
ARliE NT 0 ASHIPPUM C I AVIS A lAllA I 8ASCOVY 0
A.liENTA C ASHKUM 8'0 AVOCA 8 8A1I81. 8 BASEHOR 0
AAIiONAUT 0 ASHLAR 8 AVON C BANOS C IASHAII 0
ARliYLI B ASHLI!' B AVON8URli BAIITUIH 8 BASHIR I
ARIEL C ASHLO 8 AVONOA IAN8UR' 0 IASILE 0
ARIKAAA 8 ASHTON 8 AVOMOALI 8ANCAS C BAilN C
AAINO I ASNUI! 8 AVONVILLI IAIICAO'T 8 BASINGIR 8'0
AAIPEKA C ASHUELOT 0 AVTA8LI 8AlleY 0 8ASKIT 8
AAIS 0 ASHIIOOO C AIIBRlli 8ANOAI I IAISIL I
AAISPE C ASKEW C AUI UNDIAA I 8USI!TT B
AAIIO A AIOTIN C AKTIlLL IIANOIO I IAIS'IELO I
AAKA8UTLA C ASPARAI I A'AR IANOON C BAITUN C
AAKANA C ASPIN 8 A'COClC UNI A IASTON C
AAKAQUA C AIPERleONT B A,oeLOTTI 8ANliO I 8ASTAOP B
ARKONA 8 AIPEAIOIl C AVERIVILLI BA..eOA I IASTlIL 8
ARKPORT 8 AIIiNINI 8 A'LIIIR 8A..liITON A 8ATA 8
AAUON 8 AIIINNI801"1! II AVNOR B'O' UNIOA 0 BATAN 8
ARK TON C AISUMPTION II A'ON II , IlANKARO A IlA"'VIA I
AALANO II AlTA B A'A 8 I BANKI A IATEIIAN C
AALE C ASTATULA A A'AEI 0 1 IANLIC C IIATES I
AALIN.TOIl C AITOR 0 A'ASHlft C I BANNEL II IUESVILLE C
AALINliTON. THICK II AsTORU B A'IIII I I BA....ER C IlATH C

IOLUM ATAICO C AUAA C I UNNINS C IlAnERION 0
AALO 8 ATAICOSA 0 AIELTlNl! II I IANNOCK I IATTLE CREI!K C
AltLOYAL A ATeteE 0 AlULAN C ,

1lA~01 0 IAUA D

NOTES I TWO HTOROL05IC lOlL liROUPI IUCH AI B'C ..OICATES THE ORAINEOJ'UNORAI ..ro SITUATIOIl.
IIODI'IIAI IHOWII. E.li•••IOROCK I"BITAATUII. A!!I'IR TO A IP~CI'IC lOlL IERIU PMAIE 'OUMO IN SOIL IIAP L~lieNO.
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BAUDETTE B BEHANIN B BEANAL 0 I BINCiHAMPTON B I 6LANO C
BAUER C BEHEMOTOSH C BERNALOO B 1 BINCiHAMVILLE 0 I IILANOINCi B
8AUMCiARD B BEHAINCi 0 BEANARO 0 1 IIINNA II I IILANEY 8
6AUSCHER II IIUSICiL A BEANAAOINO C 1 UNNSVILLE 0 I 8LANKET C
IIAKENOALE II BE.lE 0 II£ANAAOSTON C I IIINS II 1 IILANTON A
IIAXTER 8 8E.lUCOS II B£RNHILL II I IIIMTON C I BlANYON C
IIAXTEAVILL£ B IIELUN C BERNIa A I 1II0YA II I 6LASOELL A
BAYAMON II IIELATE II B£RNINCi C I IIIPPUS II I IIlASE C
BAYAAO II II£l.CHEA 0 BEANOW B I IIIRCHBAY II I IIlASINCiAME C
BAY80RO 0 BELDEN C 8ERRYLANO 11/01 IIIRCHWOOD C I BLAYOEN 0
8AYERTON C BELOIN& B Il£ARYMAN C I IIIRDOW 8 I 8lAlON 0
IIA Yf' IElO C IlEL£N 0 BERSON B I 8JADS C/O IILEAKWOOO C
IlAYFIELO. WET 0 Il£LI'AST II 8ERTA& C I BIRDSALL D IlLEOSOE C
IIAYLIS II 8£LP'IELO C 8ERTELSON II I 81AOSIIORO II 8LEI8LERVIllE 0
IlAYMEAOE A IlELFO~ II IlEATHOUO II I BIROSLEY 0 IlLENCOE 0
II AYOU 0 BELCiRAOE II IlERTlE II I IIIROSVIEW A 6LENO 0
IlAYSHORE 0 IlELHAVEN 0 IIERTOLOTTI II I IlIAKIIECK II IlLfNODN 6
IlAYSHORE. II IIELINOA 0 IlERTRAM II I BIAMINGHAM II IlLETHfN 8

MODERATELY WE T IlEL.lICA II IlERTRANO II 1 URNEY II IlLEVlNS B
8AYTOWN B IIElK 0 IlEAVILLi 8/01 UROME C IlLEVINTON II
BAYUCOS 0 BELKNAP C IlERWOLP' II I 81SIlEE A IlLEWETT 0
BAYVI 0 6ELLAVISTA C IlERlATlC 0 1 IlISCAY 11/0 IIllCHTON 0
6AYVIEW 0 BELLE II IlESEMAN A/O IIISCiANI C BLINN C
BAYWOOD A IIELLECHESHR A IlESNER II BISHOP 0 IILOMFORO 81'0
BAlETTE C IIElLEVILLE 8/0 8ESSEMER C 81S0001 0 BLOOM 0
8AZlLE 6 IIElLEVILLE. PONOEO 0 BESSIE 0 BISPING B BlOOMF IELO A
8EACH 0 BELLEVUE II 8ESTROM C IlISSELL B IILOOMING 6
6EAO C 6ELLICUM B 8ETHANY C 81SS0NNfT 0 IILOOMSOALE 8e IIEAOlE C 'lIfLLJNCiHAM 0 IIETHE"A 0 lilT C 8l00R C
BEALES II BELL I N&HAM • PONDED 0 8ETHE$OA C IIlTnR II BLOOR. NONFlOOOfO C
8EAMTON C 8 ELL INGHAM. C IIETIS A 81TTER SPRING B 8LOOR. CiRAVELLY 0
BEANFLAT C ORUNfO 8ETTERAVIA C 81TTERROOT C SU8STRATUM
BEANO 0 8ELLPASS 0 IIETTS 8 81 TTERWA TER B 6l0UNT C
8EAR 6ASIN B IIfLLPlHE C BEULAH 8 BITTON II IILOWERS B
BEAR CREEK B BELNEAA 0 BfVENT A 81VANS 0 6LUCHER C
BEAR LAKf 0 IlELMILL 6 IIEYEAIOCiE 0 IIIXIIY B BLUE EARTH 11/0
BEAR PRAIRIE 8 BnNONT B 8EVERLY A 81XlER C IIlUE EARTH 11/0
BEAROALl C IIELMORE II BEll C 6.10RK C BLUE EARTH. 0
BEARDEN C BELPRE C BEWlEYVIlLE 6 BLACHLY C SLOPINCi
BEARDSLEY C 6ELTEO 0 8EXAR 0 IILACK BUTTE II BLUE lAKE A
BEARDSTOWN C BELTON C BEllANT 8 IIlACK CANYON 0 IIlUE STAR 6

e BEARMOUTH A BELTRANI B BIBB C BLACK CANYON. C BLUE6ELl B
BEARPAII C IIELTSVIlLE C BICE B DRAINED IILUEIIELL. COOL C
BEARSK IN 0 BnU&A 0 IIICKEROYKE 0 BLACK RIDGE 0 IIlUECHIEF 6
BEAR TRAP B BELVOIR C II ICKlETON B BlACKA C IIlUECREEK C
BEARYILlE C IIELlAR C BICKMORE C IILACKBURN B BlUEOOME C
6EARlIAlLOll B BEN LOMOND II IIICONOOA D BLACKETT II BlUEFLAT C
BEASLEY C BENCLARE C IIICONDOA. lOANY D IILACKFOOT C BLUECiROYE C
BEASON C BENCO B SU8STRATUM BLACKFOOT. II BLUEHlll C
BEATRICE 0 ilENE VOLA C IIICONDDA. DRAINED C I'REQUENTlY 8LUEHON 8
BEAUCOUP B/O BENEWAH 0 IlIDOEFORD 0 FLOODED BLUEHON. lIARM C
BEAUFORD 0 BENFIELD C 610DLENAN B BLACKFOOT. DRAINED 8 IILUEJOINT B
BEAUMONT 0 8ENCiAL C BIOMAN C 8lACKHALL 0 IILUENOSE 8
BEAURECiARO C BENGE B BIDWELL B BLACKHAMMER II BLUEPOINT A
BEAUSI TE B 8EMHAM II BIEBER 0 BLACKHAWK D IILUERIM C

e BEAUVAIS 8 8ENIN 0 BIEOEll 0 BLACK HOOF 0 IILUESLIOE 0
BE AVERCREEK 8 BENI TO 0 BIENYILLE A 8LACKlEEO II BLUESPRIN C
IIEAVEROAM C BEN.JANIN 0 IIIG BLUE 0 BLACKLEG C IILUESTDNE 0
BEAYERELl B BENKLIN C BICi HORN C BLACKLOCK 0 BLUEWING A
BEAVERLAND 8 BENNAN C IlICi TIMBER 0 BLACKMAN C BLUFF 0
BEAVERTON B 6ENNOALE B IlICiBEE A BlACKNOUNT II BLUFFDALE C
IIECKER 8 BENNINCiTON C BIGBROllN C IIlACKNOLL C I BLUFI'TON C/O
BECKET C 8ENRIOGE 8 61CiELOW 8 BLACK DAR 11/0 IILUFDRO C
BECKLEY A BENSLEV II 81&ETTY 8 IIlACKPIPE C 8lUM C
BECKLEY. STONY 8 8ENSON C/O II I CiP'ORK C BlACKROCK II illY B
BECKMAN 0 BENTEEN 8 81GNELL II IlLACKSPAR 0 BLYBURG B
BECKS C BENl 0 BICiRIVER C BLACKSTON B BLYTHE 0
BECK TON 0 1I ..0R 0 Il1CiSPRIN6S 0 BLACKTOP 0 BOARDMAN 0
8 .. CKWITH 0 1I..0SKA II 81CiWIN C IILACKWATER 0 BOARD TREE C
BECKWOURTH C 8EOTIA 8 III.JOU B BLACKWELL 0 BOASH 0
BECRElK 8 IIEOWAWE C BILIIO C IILAOEN 0 80Al C
8EOELl B BEQUINN II 8IL&..R 0 IILACi 0 BOSIIITT C
BEOEN D 8ERCUMII II 8ILL..TT 8 lilA GO 0 BOULlO A
BEDFORD C BEROA II 81LLINCiS C IILAINE C BOIS D
B.. OINGTDN B II ..R..A C 8ILLINCiS. II BLAIR C 80llTAll C
BEOKE II 8EAENICETON II NOOERATELY SLOW 8LAIRTON C B08TOllN 8
BEDNER C IIEACilANO 0 PERM IILAKABIN C BOCA B/D
BEDSTEAD C lI"ACiQ~IST I 8ILLINCiS. C BLAK" II 1l0CA. DEPRESSIONAL 11/0
B..OIlYA 0 IIEACiSTAOM II SALIN.. -ALKALI 6LAKElANO A 80CA. TIDAL 0
BEE B BERGSVIK 0 BILLYCREEK C BLAKENEY C 1I0CA. SLOUGH II/I)
B..EIIE A IIEAINO II IlILLYHAlI 0 8LAlOCK 0 BOCK •8EECHER C 8ERIT 0 81LTMORE A IIlAMER C 80CKER 0
BEEK C BERKS C IlIMMER 0 8LANCA II 1I0CltSTON B
BEEKMAN C BERKSHIRE II 81NCO 0 BLANCHARD A 80DE 8
BEELINE a BERLAK" II BINDLE 8 BLANCHE B 800ElL 0
BEENOII I) BERLIN C BINFORD a aLANCHESTER 11/01 800EN C
8EETWIlLE II BERMESA C 81NGER II BLANCHO C I Il00EN8URG 8
BECiAY a BERMUDIAN a IIINCiHAM 8 IILANCOT B I BODINE Il

NOTES: TWO HYDROLOGIC SOIL CiROUPS SUCH AS B/C INDICATES THE DRAINEO/UNDAAINED SITUATION.
MOOII'IERS SHOll". f.G •• IlEOROCK SUIISTRATUM. REI'ER TO A SPECII'IC SOIL SERIES PHA." FOUND IN SOIL NAP LECiEND.
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1I0DO C 1I0RDEAUX II 1 IIRAHAM II IIRISKY D IIUCAN C ,-
IIO_MPe C IIORDEN II I 8RAILS,.ORD C IIRISTOII D BUCAN. SIONY C
1I0EL A IIORDER II 1 IIRAINERD C BRITTO D IIUCAN. liRA VELL V D
1I0EL. OVEAIIASH C 1I0A&ES D 1 IIRALLIU D IIAITIIATEA II IIUCHANAN C
1l00LUS A lOR lANA 0 1 IIAAN C IIAOAD C BUCHIEL 0
1I0EAHE II IIDRKY C 1 IIAANARD II IIADAD CANYON II BUCHIENAU C
1I0ESEL II 1I0ANSTED' C 1 8RANLIETT 0 IIROADALIIIN C BUCHIENAU. SALINE C
IID£TTCHER C 110AD 0 1 IIRAMWELL C IIROAOA. II BUCHIENAU. THICK B
1I0&AN C 1I0llOllEY C 1 IIRANCH II IIROADIIRDOK C SOLUN
1I0URT II BORRIEIOO 0 1 IIRAND 0 IIROADHEAO C BUCKCREEK C
1I0"S C IlOATH C 1 IIRANDIEHBUR& A IIROADHURS' 0 BUCKEYE II
1I0"Y C 1I0RUP 11'0 IIRANDON II IIROAONDOR C IIUCKHALL B
BOSRAP B 1I0RYANT 0 IIRANDYWINE C IIROADUS B BUCKHQUSE B
1I0&UE ° 1I0So\JIIKO D IIRAN..ORD II IIROAOIIELL B IIUCKLANO C
1I0&US C 1I0SCO II IIRANHAN C BROCK 0 BUCKLE B
110HANNON C 1I0SKlET II IIRANT..ORO II BROCKET C BUCKLE BAR B
IIDHEMIAN B 1I0SLlR II IIRANTLEY C 8RDCKLISS 8 BUCKLEY 0
1I0HICKE' 0 liDSQUE II IIRANYON 0 IIROCKNAN C IIUCKLEY. DRAINED C
1I0HNA II 1I0SSIIURIi D BRASHEAR C IIROCKO B BUCKLICK C
1I0HNLY 0 1I0SS8UR&. ORAl NED C IIRASS,.IELD II BROCK PORI 0 BUCKLON 0
1I0HNSACK II 1105 TON C 8RATTON l! 8ROCKROAD C 8UCKNELL 0
80IST..ORT 8 80STRIIII C 8RAUN 8 BROCKS8URfO B BUCKNEY B
800lAC II BOSTIIICIt II IIRAYANE 0 8ROCKTON 0 BUCKPEAK B
110010 0 80SYILLE 0 IIRAXTON C 8ROCKIIAY B 8UCKS B
80LAN B BOSIIELL 0 II.AY 0 IIROCKIIELL 8 8UCKSK IN C
80LAR C 1I0SWORTH 0 8RAYTON C IIRDDALE C BUCKION B
IIOLO II 1I0TELLA 8 liRA I ITO A 8ROOY C IIUOE C
BOLlS C -IIO'HllIELL II liRAION C 8RO&AN B 8UDIHOL 0
BOL"AR C 80TTINEAU C BRAlORIA 0 8RO&OON 8 8UElL 8
IIDLIO 0 1I0TTLE C IIAECKENR I o fOE 11"01 8AOLLIAR 0 IIUENA VISIA B
IIOLIVAA II 1I0TTLEROCK C IIAECKNOCIC B IIROMER C BU"'ARAN 0
BOLLIN& C IlOU,.LAT C IIRECKSVllLIE C IIRONIDE 8 8U.... INfOTON B
1I0LSA C 1I0ULDEA II BREIECE II IIRDIlIO II IIU....MEyER B
IIOLTON 8 1I0ULDER L"KE 0 IIRE&AR 0 8RONAU&H 8 8U....ORK C
1I0LTUS 0 1l000DER POINT 8 8REMER C IIRONCNO B 8U.. TON C
BOMAR C 80ULDIN B 8RENER. SANOY 8 8RONSON 8 8UHAIG C
80M8ADIL 0 1I0UL..LAT C SU8STRATUM BRONTE C BUICK C
BOMB"Y B BOUNDARY II IIREJIO C BROOKE 0 BUIST II
liON 8 BOURBON II IlREMS " 8ROOK .. IELD B BUKO B
BONAIR 0 BOURNE C IIRENDA C BAOOICIN'S II BUKO. IIEI C
IIONANIA B 1I0USIC 0 BRENHAM C IIROOKLYN CI'ol BUKRfEK B
BONAPARTIE " 11011 C IlREHNAN II 8ROOKMAN 0 1 8ULAKE 0
1I0ND 0 80llBAC C IIRENNER 0 8ROOKSHIRE C 1 BULKLEY C
IIDHD"ARN 0 801lllELLS II BRENT 0 BROOKSIDE C I BULL AUN B ~

1I0NONAN 0 801l0lSH C IIRENTON B BROOKSTON BI'DI IIULl AUN. HAAOPAN C
BONORANCH 0 1101101 SH. DAY 8 IIRENTIIOOO 8 IIROOKSTON. BI'DI SUBSTAAIUM
BONDUEL C IIpllDLE 8 liRE55A C OYERIIASH I 8ULl lAAIl 8
80NE 0 801100 IN 0 8RESSER 8 IIROOK S TON. S TON 'I 0 1 IIULLAROS 8
80NlEEit II 1I0llDRE C IIREVARO II IIROOIC5YILLIE 0 1 BULLION 0
1I0NFIELD 8 1I0llEN 8 IIRIEYOAT B"O IIRooNE B I 8ULlNEL C
1I0N..RI C 1I0llERS C IIREII C IIROPHY A'DI BULLOCK 0
80NfO A 80llIES II IIREIIER C BROSE 0 I BULLREY II
BONHAM C 80lliE B IIREIISTER 0 IIROSELEY B I IIULlUNP II
1I0NI..AY A 1I0llMAN C IIREIITON C BROSS C 1 IIULLWINKLE 0
1I0NILLA B 1I0llMANSVILLE 11'01 IIRIIIUTTE 0 IIROU&HTON 0 I IIULLY B
1I0NI fA 0 1I0llNS C 1 IIRICKIEL C BROII"RO C I BULOW A
BONN 0 80llSTRIN' AI'DI IIRICKTON C IIROIIER B I BUNCOMBE A
BONNEAU A 1I0X..ORO C 1 BRICO C BROliNDELL D 1 BUNOO B
BONNIELL C 1I0XYILLE C I IIRID&l C BROIINIELL B I IIUNOORF 0
1I0NKER B 1I0XIIELL C 1 IIRID'ECREIER C IIROIIN.. IELD A I II UNO 'I C
1I0NNIET II BOY B 1 BRIDCiEHANPTON II IIROIlNLIEI! II 1 BUNOYMAN C
1I0NNIEVILLE A BOYCE 111'0 IIRIOfOEPORT II IIROIINRI 'fO 0 I BUNEoIUG C
IIONNIE CI'D BOYD 0 IIRIO'fR II IIROWNSCOMBIE C 1 BUN'AY CI'O
BONNYOOON 0 1I0YER II IIRIDfOESON 0 IIROIINSTO II I IIUNKER II
BOND 0 1I0YKIN II BRIDfOESON. DRAINED C IIROIINSVILLIE C 1 IIUNKERHILL 0
BONSALL 0 1I0YLE 0 BRIDCiIET II IIROWNTON CI'ol IIUNKY C
IIONTA II 1I0YU' 0 IIRllEDlllELL II IIRO.ON B 1 IIUNNElL II
1I0NTI C 80YSEN 0 IIRII!" II IIROYLES II I IIUHlINfOVILLE C
1I0NWlER C 1I011E II IIRlfO'S A IIRUIIECK 0 1 IIUNYAN B
IIDHllIIER. fORA OED 0 BOIIENAN II IIRI&IiSDALIE C BRUCE 111'01 IIURIIANK A
BOO"ORO C IIRACE II IIRlfOfOSVILLl C IIRU..,.y 8 I IIURCH 8
1I00ltCLI ..' II IIRACEVILLE C IIRlfOHTON 11'01 IIRUIN II 1 BURCHAM B
1l0000IER 0 IIRACKETT C IIRlfOHllIOOO II 1 IIRUNCAN 0 I BURCHARD 8
1I00lt0UT C IIRAO 0 IIRILEY II 1 8RUND"'E 0 , IIUROETT C
1I0OKWOOO II BRADDOCK II IIRILL II 1 IIRUNI!I!L 0 j IIUREN C
BOONIER B IIRAOEN 8 IIRILLIANT II I IIRUNO A IIURfOlESS C
1I00NTOIIN 0 IIRADENTON 0 IIRI_IIELO CI'D IIRUNIWICK B IIUR" II
BOONE A II"ADENTON. 111'01 IIRIMLEY II IIRUNlfLL II IIURKIE C
1I00NfSII01l0 II LlIII!STONIE I IIRINS'QNf 0 IIRUSSI!TT II IIURItETOWN C
BOONTON C SU8STRATUII 1 811IN1!'AR B 8RYAN A IIURKIEVILLE 0
1I00TH C BRADEN'ON. "LOODED 0 1 IIRII«IERT C IIRYANT B IIURKHAROI B
1I00THIIAY C IIRADI!R 0 I IIRINK£A'ON 0 IIRYARLY D IIURLElfOH AI'D
lloo'oIACK ° IIRADSHAII II 1 IIRI ...UN 0 IIAYCAN B IIURLESON 0
1I00TI AI'DI IIRADSOH II I IIRINNUII. DRAlN£P C IIRYCE ° BURLIEIIASH 0
1I0QUILLAS C 1 IIRADIIAY 0 1 IIRIONES B IIRY..AN II IIUltLlNfOTON A
80AACHO C 1 8RAOY II I 8RIOS A IIRYSTAL II IIURIIAH 0

-'
BORAH C 1 BRADYYILL£ C 1 8RISCDT 0 8U8 C IIURNAC 0
IIORDA 0 1 BRA&fO C , IIRISCOT. DRAINfD C IIUBUS II IIURNllOROUGH II

NOTES: 'liD HYDAOL051C SOIL ~ROUPS SUCH AS II'C INDICATES THE DRAINI!D'UNOItAINEO SITUATION.
1I001.. IIERS SHOIIN'. E.&•• lIEDROCK SUIISTRATUII. Ae:..£R TO A SP£CI,..C SOIL Sf AlES PHAS£ "OUND IN SOIL MAP LEfOIENO.
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TABLE 7.1--HYOROlOGIC GROUPS OF THE
7.11

SOILS OF THE UNITED STATES

- BURNEl C CAlCROSS C CANISTEO. SANOY B/OI CARSITAS. COBBlY A CATTCREEK B
BURNETTE C CAlO C SUBSTRATUM I CARSITAS. A CATTO 0
BURNHAM 0 CALDER 0 CANlON 0 1 NONGRAVEllY CAUDLE C
BURNSIDE B CALDWELL C CANNELL B I CARSON 0 CAUSEWA C
BURNSvILLE B CALDWELL. DRAINED B CANNING B 1 CARSTAIRS A CAUSEY B
BUANT lAKE A CAlE B CANNON B I CARSTUNP C CAVAL B
8URR D CAlEAST C CANOE B 1 CART B CAVANAUGH C
BURRITA 0 CALEB B CANOVA B/D CARTAGENA D CAVE 0
BURROWSVIllE C CALEDONIA 8 CANT ALA 8 CARTE CAY C CAVElT 0
BURSON C CALENDAR C CANTEY 0 CARTER 0 CAVENDISH 8
8URT D CAlHI A CANTON B CARTERE T 0 'AVO D
BURTON II CALHOUN D CANTON BEND C CARTHAGE B CAVODE C
IIURWELl C CALICO C CANTRIL B C"RUSO , C"VOUR 0
lUSBY B CALIcon " CANTUA B CARUTHERSVILLE B (AYA 0
BUSE B CALIFON C CANTUCHE D C"RVER " (AYAGUA C
BUSHER B CAlIMUS B CANUTIO B CARWILE 0 CAYUG" C
BUSHMAN B CAlITA B CANYON D C"RYTOWN 0 (AYUSE B
BUSHMElL C CAlIZA B CAPAC C CARYVIllE B (AZADERO C
IIUSHVAlLEY 0 CALKINS C CAPAY 0 CASA GRANDE C CAZENOVIA II
BUSKA B CALLABO C CAPE 0 CASABONNE B CEIIOlIA C
IUSSY C CALLAHAN 0 CAPE FEAR 0 CASAliA ( (EBONE C
BUSTER II CALLAN C CAPEHORN 0 CAS (loDE ( (EBOYA (
BUTCHE 0 CALLEGUAS D CA~RS D CASC"JO A CECIL II
BUTLER D CALLINGS D CAPERTON 0 C"SCILL" B CEDI. B
BUTLER TOWN C CALLISBURG C CAPHOR C C"SCO B CEoAR BUTTE D
BUTTfRFIELD C CALLOWAY C CAPIllO C C"SE B CEOAR MOUNTAIN 0
BUTTERS 8 C"LNAA B C"PISTAANO B CASEY 0 CEOARAN 0
BUTTON 0 CALOOO C CAPITAN 0 CUHEl , CEOAABLUFF C
BUTTONWILLOW 0 CALOUSE B CAPJA( ( ("SHION 0 CEOARGAP II
BUXIN D CALPAC B CAPLES 0 CASHMERE B CEOARHILL B
BUXTON C CALPINf B CAPLES. DRAINED C CASHMONT B CEDUPASS B
BYARS D CALRDY II CAPDNA C CASITO 0 CEoONU B
BYBEE D CALVERTON C CAPPS II CASMOS 0 ,CElACY C
BYLER C CALVIN C CAPSHAW C C"SPAR B CELESTE 0
IYLD II CALVISTA 0 CAPTINA C 1 C"SPUNA B CELIO TON D
BYNUM C CALWDDOS D CAPTIVA II/DI CloSS B CELINA C
BYRAM C CAMA4iUEY D CAPULIN B I CASSI" C CELIO D
II'RNIE 0 CAMARGO B CARACOLES D 1 CASSI". MOOER"TELY II CELLAR D
CABALLO B CAMAULLO C CARAOAN 0 I WELL DRAINED CELSOSPRINGS C
CABARTON D CAMARIllD. ORAIMED B CARAlAMPI B I C"SSIRO C CEMBER C
CABBA D CAMARIllO. FlOOOED C CARIIENGlE B I CASSOL"RY C CENCOVE B
CABBART D CAMAS A CARBO C I CAST"IC C CENU" B
CABElON D CAMATTA 0 CARBOl D I C"STAlI" C CENTENARY B

e- CA8IN B CAMBARGE II CARBONOAlE A/D C"ST"N" B CENTER C
CABINET C CAMBERN C CARCITY 0 CASTELL C CENTER (REEK C
CABLE B/ol CAMBERT C CARDIFF B ("STELLEIA B CENTERFIELD B
CABO ROJO C I CANBETH C CAROIlOAN B CASTELLO B CENTERVILLE 0
CABOOSE B 1 CAMBRIDGE C CARDINGTON C CASTEPHEN C CENTISSIMA B
CABOT 0 1 CAMDEN B CARDON 0 CASTILE B CENTRAL POINT B
CABS TON C I CAMELBACK B CAREFREE 0 CAsTINO C CENTR"LIA B
CACHE 0 I CAMERON 0 CARE' B CASTINO. NONS TONY 0 CERBAT D
CACIQUE C 1 CAIUlLUS B CAREY LAKE B CASTLE 0 CERESCO B
CACTUSFLAT C 1 CAMINO C CARGILL C C"STLEVALE 0 CERLIN C
CAODO D I CAMPBELL. MUCK C C"RIBEL B CASTNER 0 CERRILLOS B
(ADEVILLE D 1 SUBSTRATUM CARIBOU B CASTO C CERRO C
CADILLAC A I CAMPBELL. DRAINED B CARIOCA B CASTON B CESTNIK C
CADIZ B CAMPBELL TON C CARJO C CASTRO 0 CETRACIC B
CAOMUs B CAMPIA B CARLIN D C"STROvIllE B CHACON 0
CADOMA C CAMPO C CARlINTON C CAS USE 0 CHAO C
CAGEY 0 CAMP ONE C C"RLISLE 10/01 CASWELL B CHAFFEE C
CAGEY. DRAINEO C CAMPSPASS B CARL ITO 0 I CAT"LINA B CH"GRIN B
CAGLE C CAMPUS B CARLOS A/D CATALPA ( CHAIRES B/O
CAGUABO 0 CAMROOEN C CARLOW 0 CAT"MOUNT C CHAIIC B
CA4iWIN B CANA C CARLSBAD C CATANO A CHALCO 0
CAHABA II CANAAN C CARLSBORG A CATARACT B CHALFONT C
CAHONA II CANADIAN B CARLSON B C"T"RIN" 0 CHALMERS 8/0
CAID B CANADICE 0 CARLSTROM C CAT"SKA D CHAMA B
CAINHOY A CANALOU II CARLTON B CATAULA B CHAMATE 8
CURD D CANANDAI4iUA 0 CARMACK B C"TCHELl C CHAMBERINO C
CAJAlCD C CANASERAGA C CARMEL C CATELlI B CHAMISE D
CAJETE A CANAVERAL C CARMI B CATER B CHAMOKANE 8
CAJON. OVERWASH A CANIIURM D CARMODV C CloTH C CHAMPAc;NE II
CAJON. LOAMY A CANDELERO C CARNAGE D CATHARPIN C CH"MPION II

SUBSTRATUM CANDERlY B CARNASAW C C"THAY C CH"NAC II
CAJON. SILTY II CANDLER A CARNEGIE C CATHCART B CHANCE D

SUBSTRATUM CANDOR A CARNERO D CATHEDR"L 0 CHANCELLOR C
CAJON. B CANE C CARNEY 0 CATHERINE 8/01 CHANDLER II

SALINE-ALKALI CANEADEA 0 CAROLINE C CATHL"MET B I CHANEY C
CAJON. c;RAVELLY A CANEEIt B CAROLLO 0 C"THRO A/ol CH"NN"HON 0
CAJON. COOL A CANELO D CARON 10/01 CATlLlA II I CHANNING 8
CAJDN. WARM A CANEST D CARPENTER 8 I C"TlA D I CHANTA 8
CALABASAS 8 CANEYVILLE C CARR B 1 C"TLETT C/OI CHANTIER P
CALAMINE D CANEZ B CARRACAS D 1 CATL IN B I CHAPERTON C
CALAPOOYA C CANFIELD C CARR IZAlES A 1 CATMAN 0 1 CHAPIN C
CALAVERAS B CANISTEO B/OI CARRIZO A I CATNIP D I CHAPMAN B
CALAIIAH B CANISTEO. PONDED B/DI CARRYBACK C I CATOCTIN C 1 CHAPOT B
tALCo B/Ol CANISTEO. ITONY 0 I CARSIfAS A I CATOOSA B 1 CHAPPELL A
CAlCOUSTA B/Dl 1 CARsnAS. WET B I CAlPOINT A I CHAACOL 8

NDTES: TWO HYOAOL05IC SOIL 5ROUPS SUCH AS B'C INDICATES THE DRAINED/UNDRAINEO SI TUA TION.
MOOIFIERS SHOWN. E.4i •• IIEOROCK SUBSTRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LE5END.
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7.12 TAIILE 7.1--HYOROLO~IC GROUPS OP' THE SOILS Or' THE UNITED SUUS

CHARD II I CHILCOTT C CINEBAR II CLOUoLAND C COLNOR B
CHAROOTON C I CHIL~REN C CINNAMON II CLOU~H 0 COLD 111'0 .--.CHARETTE C I CHILHOlllE C CINTRONA C CLOVELLY 0 COLO. MAP<25 BI'O
CHARliO 0 I CHiLl B CIPRIANO 0 CLOVER SPAINliS II COLO. NONfLOOOEO II
CHARITON C I CMILICOTAL B CIRCLEllACK A CLOveRDALE 0 COLOCKUM II
CHARLEIIOIS 8 I CHILL 0 CIRCLEBAR C CLOYIS II COLOMA A
CHAALEBOIS. IIET C I CHILLUM II CIRCLEVILLE C CLOllERS II COLOMIIO 8
CHARLES C I CHILMARK C CISCO II CLOIIERS. IIET C COLONA C
CHARLESTOM C I CHILOQUIN II CISNE 0 CLOIIP'IN II COLONIE A
CHARLEVOIX II I CHILSON 0 CISPUS A CLUP'P' C COLONVILLE C
CHARLOS II I CHILTON II CITADEL C CLUNJE 0 COLORADO B
CHARLOS. IIET 81'01 CHIMAYO 0 CIT ICO II CLUROE 8 COLOROCK 0
CHARLOTTE 81'01 CHIME C CLACKAMAS 0 CLURO II COLOROIl 8
CHARLTON II I CHIMENEA CLAIBORNE II CLTOE BI'O COLO SO 0
CHASE C I CHIMENEA. STONY 0 CLAIRE A CLYNER B COLOSSE A
CHASEBUA~ B I CHINCHALLO 0 CLAIREMONT II COACHELL.A 8 COLP C
CHASEVILLE A I CHINIAK A CLALLAN C COACHELLA. IIET C COLRAIN 8
CHASKA 111'0 CHINO C CLAM GULCH 0 COAHUILA II COLTER 8
CHASTAIN 0 CHINO. SALINE C CLAMO C/O 1 COALIIANK II COL THORP 0
CHATBURN B CHINO. C CLANA A I COALORAII 0 COLTON A
CHATCOLET B SALl NE -ALKAL I CLANALPINE C COALMONT C COLTS NECK B
CHATEAU 0 CHINO. DRAINED B CLANTON C COANO C COLUMBIA. C
CHATP'IELO II CHINOOK B CLAPPER II COARSEGOLD C MODERATELY IIET
CHATHAM B CHIPETA 0 CLAREMORE 0 COATSBURG 0 COLUM8IA. fLOODED B
CHATSIIORTH 0 CHIPLEY C CLARENCE 0 COllll B COLUMIIIA. CLAY C
CHATT C CHIPMAN 0 CLARENDON C COIIIISP'ORK 0 SUBSTRATUM
CHATUliE 0 CHIPOLA A CLARE SON C COllEN 0 COLUMBIA. II
CHAUNONT 0 CHIPPENY 0 CLAREVILLE C COllEY II PROTECTED
CHAUNCEY C CHIPPEIIA 0 CLARINDA 0 COIIURli C COLUMBINE A
CHAYlES B CHIRENO 0 CLARION II COCHE TOPA C COLUNBUS C
CHAIIANAKEE C CHIRICAHUA 0 CLARITA 0 COCHINA 0 COLUSA C
CHAYSON C CHISCA 0 CLARK II COCHIT I C COLVARD II
CHAZOS C CHI SNORE 0 CLARK fORK A COCOA A COLVILLE 0
CHEADLE 0 CHiSOLM A CLARKRANliE C COCOLALLA 0 COLVILLE. oAAINEO C
CHEAHA 0 CHI SPA B CLARKSllURG C COCOLALLA. DRAINED C COLVIN C/O
CHECKElT 0 CHITINA C CLAAKSOALE C CODORUS C COLVIN. SALINE C
CHEOEHAP B CHI lTUM 0 CLARKSVILLE II COlO A COLVIN. PONDED C/O
CHEOSEY C CHI TIIOOO C CLARNO II COEROCK 0 COLli ODD 111'0
CHEE8E 0 CHIVATO 0 CLATO II COP'P' C COLY II
CHEEICTOIlAliA 0 CHIIIAIIA B CLATSoP 0 COP'P'EEN II COLYER 0
CHEESENAN II CHLORIDE 0 CLAVERACIC C COliliON II CONAO A
CHEHALEN C CHO C CLAVICON C COliNA B COMAR II
CHEHALIS B CNOBEE BI'O CLAIISON C CO~SlIELL C CONBE B
CHEHULPUN C CHOCCOLOCCO II CLAYllURN II COHAliEN 0 CONBS B
CHELAN II CHOCK 0 CLAYSPRINGS 0 COHASSET B CONER B
CHELSEA A CHOCORUA 0 CLAYTON II COHOCTAH 111'01 CONETA 0
CHEMAIIA 8 CHOICE 0 CLIO ELUM C COHOE II I CONfORT 0
CHEN 0 CHOOP 0 CLIIAR LAICE D COILS C I CONf"REY BI'O
CHENA A CHOPTIE 0 CLEARIIROOIC 0 COlT 0 I CONI US A
CHENANGO A CHORALMONT 8 CLEARf"IELO C COICEOALE C I CONLY C
CHENAULT B CHOSKA II CLEARP'ORIC 0 COICEL II I CONNERCE C
CHENEliA A CHOTEAU C CLEARIIATEA 0 COUR 0 I CONO A
CHENEY 8 CHAIS C CLEAVAliE 0 COICESIlUAY 0 I CON08A81 0
CHENNEBY C CHAISMAN 0 CLEAVER 0 COKEVILLE II 1 COMOOORE O·
CHENOIlETH 8 CHRISTIAN C CL!1l1T 0 COLA NO 81'01 CONORO 8
CHEQUEST C CHRISTUNA C CLE4i4i II COLIIAA C I CONPASS 8
CHERIONI 0 CHAlSTUN8UAli C CLEMAN II COLIIERT 0 I COIIPTCHE B
CHEROKEE 0 CHRISTINE 0 CLENS II COLBUAN C 1 COIISTOCK C
CHERRY C CHA ISTY C CL!MVILLE II COLBY II I COIIUS 8
CHERAY SPRING C CHROME C CLENDENEN 0 COLDCAEEK II I CONA C
CHERRYHILL II CHRYSLER C CLEORA II COLE C I CONA8Y 81'0
CHERUM 8 CHUALAR II CLERP' C COLE. MODERATELY C I CON ALB II
CHESAII A CHUBBS C CLER~ERN II IIET I CONANT C
CHESHIRE 8 CHUCICANUT 8 CL!RMONT 0 COLE. DAAINEo 8 I CONASAUliA C
CHESHNINA C CHUOCAWALLA II CLEVELAND C COLENAN C I CONATA 0
CHESTATEE 8 CHUCKLES II CLEVERLY II COLENANTOIIN CI'O CONIIOY 0
CHESTER 8 CHU4iCREEK C CLEVES B COL!STlNE C CONCEPCION D
CHESTERTON 0 CHUliTER II CLICK A COLP'AX C CONCHAS C
CHESTONIA 0 CHULITNA II CLIP'P'OELL II COLIllAO II CONCHO C
CHESUNCOOK C CHUJlSTlCK C CLIP'P'OOIlN II COLINAS II CONCONULLY II
CHETCO D CHUPAOEAA C CLIP'P'HOUSE C COLITA 0 COIICORD 0
CHETEK II CHURCH 0 CLIP'P'oAD C COLLAJlER C CONOA 0
CHETIIYNO II CHURCHILL 0 CLIP'TEASON II COLLAAo 8 CONDIE II
CHEVELON C CHURCHVILLE 0 CLIP'TON II COLLIIRAN 0 CONDIT 0
CHEVIOT II CHURN II CLIP'TY II COLLIIRAN. COIIIlLY C CONDON C
CHEWACLA C CHUSKA 0 CLIJlAAA 0 COLLEGEDALE C CONE A
CHEWELAH C CHUTE A CLIMAX D COLLE4ilATE 0 CONEJO B
CHEYENNE 8 CULES D CLIME C COLLE~UTE. C CONEJO. 8EOROCK B
CHIA 0 CIIlEOUE B CLINT C P'LOOOEO SUBSTRATUN
CHURA 0 CillO 0 CLINTON II COLLETT CONEJO. ~RAVELLY C
CHICANE C CIBOLA II CLODINE 0 COLLETT. DRAINED C SUBSTAATUM
CHICICAHONINY D CIDRAL C CLONTAAP' II COLL-JEA A CONESTOGA II
CHlaASHA B CIENII!:BA C CLOOUALLUM C COLLIM4iTON B CONESUS 8
CHICKAEU D CIEND 0 CLOQUATO II COL-LINS C CONETOE A
CHIEP'LAND II CIMARRON C CLOQUET II COLLINSTON II CON4iAIIEE II
CHI4iLEY C CINCINNATI C CLOUD P!AIC C COLLINSVILLE C CONG!A C
CHIKAMIN C CINCO A CLOUD RIM II COLLINllooD C CONGEII. COIIIILY D
CHILAO C CINDERHUAST 0 CLOUOCAOr'T D COLMA II SUIISTAA TUM

NOTESI TIIO HYOROLOlilC SOIL GROUPS SUCH AS ll/C INOICATES THe DRAINEO/UNORAINED IITUATION.
MODIP'IEAS IHOIIN. E.; •• llEOROCIC IUIISTAATUN. ~ER TO A IPECI'IC lOlL IERIES PHASE 'OUNO IN SOIL NAP LEGEND.
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TAIL! T.l--HYOROLOGIC GROUPS OF J~ SOILS OF TMe UNITED SUTES

__ CONGLE B CORIUL ITOS. SILTY I I COUTA C CROSS TELL 0 CUTHIERT. STONY C
CONI 0 SUBSTRATUM I COYNE I CROSSViLLE I CUTHIERT. GRADED 0
COMIC C CORRECO C 1 COUO I CROSWELL A CUTOFF C
CONltLIN I CORAl lOAN 0 I COZBERG " CROT 0 CUT SHIN I
CONL!N 8 CORSON C I COUUR 0 CROJON 0 CUTl 0
CONLEY C CORU 0 I CRAITREE 8 CROUCH 8 CUYON A
CONNEAUT C CORTAOA 8 I CRADDOCK 8 CROW C CYAN 8
CONNEL B CORTEZ 0 1 CRAOLEBAUGH 0 CROW CREEK I CYCLONE 81'0
CONNER TON 8 CORUNA B 1 CRAFT B CROW HILL C CYLINDER B
CONOSTA C CORTINA. STONY A 1 CRAFTON C CROWCAMP 0 CYMRIC 0
CDNOTTON I CORUNA. FLOODED A I CRAGGEY 0 CROWFLATS I CYNTHIANA 0
CONOYER C CORTINA. THIN A I CRAIOO B CROWFOOT I CYPHER D
CONOWINGO C SUR,.ACIE I CRAIOOLA 0 CROWHEART C CYRIL 8
CONRAD A1'0 CORTINA. PROTECTED I I CRAGOSEN D CROWLEY 0 CZAR B
CONROE I CORUNNA 81'D CRAIIO 8 CROWNEST 0 DAINEY A
CONSE,JO C CORWIN 8 CRAIGMILE 11'0 CROWS HAW B OABllB 8
CONSER 0 CORWITH 8 CRAIGSYILLE I CROYDON B OACKER C
CONSTA8LE A CORY C CRANER 0 CROZIER C DACONO C
CONSTANCIA 0 CORYDON 0 CRAMONT C CRUCES 0 OACORE B
CONSUMO 8 COSAO C CRANE 8 CRUCItTON I DACOSTA 0
CON TEE 0 COSEY 8 CRANECREEK C CRUICKSHANK AI'D DADE A
CONTI DE 8 COSH C CRANFILL 8 CRUISER I DAGAN B
CONTINE C COSHOCTON C CRANNLER I CRUMARINE 8 OAG"LAT C
CONTINENTAL C COSU I CRANSTON 8 CRUME B OAGLUN 0
CONTO I COSTILLA A CRARY C CRUMP 81'0 OAIOOR 8
CONTRA COSU C COSUMNES C CRASH I CRUMP. DRAINED C OAGUAO C
CON'tf:NT C CDIACO C CRATER LAKE " CRUNKER 8 OAGUEY B
CODERS I COT ANT D CRATIERNO C CRUTCH C OAHLOUIST 8
COOlt 0 COTATI C CRAVEN C CRUTCHER C DAICK 0

e COOKPORT C COTEAU C CRAW,.ORO D CRYSTAL LAKE I DAIGLE C
COOLIIRITH C COTHA C CREAL C CRYSTAL SPRINGS 0 DAILEY A
COOLIDGE I COT ITO I CREASEY CI'D CRYSTAL8UTTE I OAiNT I
COOLYILLE C COTO I CREDO II CUBA B DAKOTA B
COONIS I COTOPAXI A CREED C CUltRANT B DALBO B
COONEY II COTT I CREEDMOOR C CUCHILLAS C DALBY 0
COOPIER I COTTER 8 CREEMON II CUDAHY 0 OALCAN C
COOSAW 0 COTTERAL B CREIGHTON " CUDAHY. DRAINED C OALCO 0
COOSIAY 8 COTTONEYA C CRELOON C CUDAHY. YERY 0 DALE II
COOTER C COTTONTHONAS 8 CR!N I POORLY DRAINED OALEYILLE 0
COPAK! I COTTONWOOD C CR!S8ARO C CUDDEBACK C DALHART 8
COPALIS I COTTRELL C CRESCO C CUERO I OALIAN B
COPASTON 0 I COTULLA 0 CRESKEN II CUES TA C OALIG B

e COPELAND 11'0 COUCH 0 CRESPIN C CUEYA 0 OALKENA B
COPELAND. 0 COUSARIAY 0 CREST C CUEVITAS 0 OALLAN I

DEPRESSIONAL COUGHANOUR C CRESTLINE I CUE VOLAND I OALLAROSYILLE C
COPEMAN B COULSTONE I CRESTMAN 0 CULIERTSON I OALLESpbRT B
COPENHAGEN 0 COULTER 8 CRESTYALE C CULDESAC B DALTON C
COPITA I COUNCELOR I CRETE C CULLAIY 0 DALUPE II
COPPER RIYER 0 COUNCIL I CREYA 0 CULLEN C DALZELL C
COPPEREIO 0 COUNTRYMAN C CREYASSE A CULLEOKA B DAMASCUS 81'0
COPPER JON 8 COUNTS 0 CREWS 0 CULP C DAMEWOOD C
COPPOCK I COUPEE I CRIDER I CULPEPER C OAMLUIS C
COPSeY ° COUPEYILLE C CRINS 0 CULTUS I DAMON 0
COoUILLE 0 COURT I CRINKER C CULYING C DANA B
CORA 0 COURTHOUSE 0 CRIPPIN 8 CUMIERLAND 8 OAMCY 11'0
CORAL C COURTLAND I CRISFIELD I CUMIRES C DANCY. STONY 0

e CORlETT I COURTNEY 0 CRISTO C CUMLEY C DANDREA C
CORIIN I COURT ROCK I CRISTOIAL I CUMMINGS 0 DANDRIDGE 0
CORCEGA C COUSE C CRITCHELL 8 CUNDICK 0 OIlNGIERG 0
CORDELL D COUSHATTII I CRITTENDEN I CUNDIYO I OANIII II'D
CORDES I COUTIS I CROATAN 0 CUNNINGHAM C OAN,JER 0
COROESTOH I COYE 0 CROCKER A CUPCO C DANKO 0
COROOYA CI'ol COVELAND C CROCKETT 0 CUPOLA 8 DANLEY C
CORDY II 1 COYELLO C CRDESUS C CUPPER B DANNEMORA 0
CORIFF 81'01 COYERT A CRMTOM I CUPPLES C DANSKIN 8
CORINTH C I COVEYTOWN C CROGHAN B CURABITH A DANT D
CORKS TONE 0 I COVILLE II CRONWELL A CUR ANT 8 OANYERS C
CORL.ENA A 1 COYING C CRONKHITE C CUROLI C DANYILLE C
CORLETT A 1 COYINGTON D CRONKS C CURECANTI B OAPHNEOIlLE C
CORLEY 81'01 COWAN A CROOKED C CUR HOLLOW 0 DAR8Y 8
CORMANT AI'O COWARTS C CROOltEO CREEK 0 CURRAN C DARCO A
CORNELIA A COWCO II CROOKED CR!EK. C CURUER A DARDANELLE I
CORNELIUS C COWDEN D DRAINED CURRITUCK ° DARDEN A
CORNHILL II COWDREY C CROOKED CRE!K. 0 CURTIN 0 OAROOOW 8
CORNICK 0 COWEEMAN C RARELY FLOODED CURTI S CREU: ° DARE °CORNING 0 COWERS I CROOKED CREElt. 0 CURTIS SIDING A DARFUR 11'0
CORNISH C COWETA C YERY POORLY CURTISTOWN II OARGOL 0
CORNUTT C COWGIL B DRAINED CUSHENIURY I DARIEN C
CORNYILLE II COtIHORN I CROOKED CREEIt. LOW 0 CUSHING II OARKIULL I
COROl.LA 0 COWICH! II PRECIPITATION CUSHMAN C OARL C
CORONA I COW ODD 0 CROOKSTON I CUSHOOL C DARLAND I
CORONACA II COWSLY C CROOM C CUSICK C OARL INIO II
COROZAL C COW TON C CROPLEY 0 CUSTCO I DARMSTADT P
COROZO A COX 0 CROOUII 0 CUSTER 0 DARNELL C

~
CORPENING 0 COXVILLE 0 CROSIIY C CUSTER. ORAINEO C DARNEN I
CORRAL C COXWELL C CROSlfR C CUTAWAY II OAROII C
CORRALITOS A COY D CAOSS D CUTHANO B OARR II

COYANOSA 0 CROSSPLAIN (1'01 CUTHBERT C OARRET C

NOTESI TWO HYOROLOGIC SOIL 8ROUPS IUCH AI .'C MOICATEI T~ ORAI~O'UNOAAIN~O SITUATION.
MODIFIERS SHOWN. !.G•• BEOROCK IUISTRATUM. RE,.!R TO A SP!CI~IC SOIL SERIES PHASE ,.DUNO IN SOIL MAP LEGENO.
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TAIlL~ 7.1--HYDROLO~IC ~oUPS 0" THE SOILI OF TH~ UNITED STAns

DARROCH C DEFORD AI'D DENVER C DILLIIYN A DOHE' C
DARROCH. TILL II DE GARNO 0 DEODAR 0 DILIIIAN C DONICA A -SUBSTRATUM DEGNER c OEPALT 0 OILTON D DONIPHAN II
DARROCH. liED ROCK C DE~OLA B OEPCOR II DILTS 0 DONKEHILL 0

SUBSTRATUM DEGRAND 8 DEPORT D DIUL C DONLON TON C
DARROUZETT C DEGR£' 0 DEPUTY C DIMMICK 0 DONNA 0
DARSIL C DEHANA B DERA B DIMO B DONNAN C
DARST C DEHART B DERALLO B DIIIIYAII C DONNA ROO II
DART A DEHLINIOER B DER8 C DINA C DONNEL 8
OARVEY B OEJARNET B .DERECHO C DINES B DONNELLY A
DARIIIN 0 DEKAL8 C OERINOA C DINE'O 8 DONNER C
DASHER 0 DEICOVEN 0 O~RL' 0 DINGLE C 00NN'8ROOK 0
DASSEL BI'D DEL RE' C DEROUX C DINGLISHNA 0 DOOOLELINK B
OAST 8 DEL A B DERRICK II DINKELIIIAN B DOOLE' C
DATELAND 8 DELANCO C DES MOiNES C DINKELS B DOONE II
DATEMAN C DELANO A DES MOINES. OR' 8 DINNEN B ODOR B
DATIL 8 DELANE' A OESAN A DINSDALE B OOAA 81'0
DATINO 0 DELANO 8 DESART C DINUBA C DOAAN C
OATINO. sTON' 8 DELASSUS C OESATOVA C DINIIOOO' 8 OORB C
DATlI'LER C DEL CO Nll 0 OESCALA8RADO 0 DID8SUO B DORCHESTER 8
DAULTON 0 DELOOTA 0 DESCHELL 8 OIOU CE B DORER TON B
OAVEY 8 DELE:CO C DESCHUTES C OIPIIIAN 0 DORMONT C
DAVIDELL 8 OELENA 0 DESCOT 8 DIPSE:A B DOANA B
DAVIDSON 8 DELEON C DE:sEEO C OIQUE B DOROSHIN o.
DAVIS 8 DELETTE C OESERET C OIREIOO 0 DOROTHEA C
DAVISON B DELFINA 8 DESHA 0 DISABEL 0 OOROVAN 0
OAVTONE 8 DELFT 81'01 DESHLER C OISAUTEL B OOARANCE A
DAWES C DELIOADO 0 1 OESKAMP C DISCO B 00R5 8
DAWHOD 81'01 DELHI A I DESMET 8 DISHNER 0 DORSET 8
DAWSON AI'O DELICIAS B I DESPAIN 8 OISTERHEFF C OOSAMIGOS 0
DAWTDNIA 8 DELKS C/O DESTAZO B DISTON C DOSPALOS 0
DAn't 8 DELL C DESTER 8 DITCHCAMP C DOSS C
DAY 0 DELLEKER B DETER C DITHOD C OOSSMAN 8
DAY8ELL A OELLO. SALINE C DETOUR II OITNE' C DOTARD 8
DAnCHOOL 8 DELLO. IORAVELL' 0 OETRA 8 DIVERS B OOTEN 0
DAYTON 0 SU8STRATUIII. WET OETRITAL 8 DIVIDE 8 DOTHAN 8
DA'TONA B DELLO. A DETROIT C DIVOT C OOTLAKE 0
DAYVILLE C SALI NE -ALKALI DEUNAH 0 OU A DOTSERO 8
DAZE 0 DELLO. MODERATELY C DEV A OUALETA 0 OOTTA 8
DE 8ACA B WET OEVAOA 0 DIXIIORO B DOn B
DE NASTERS B DELLO. CLAY B DEVEN 0 DIXIE C DOUCETTE B
DE PERE C SUBSTRATUM DEVILS 0 DIXMONT C DOUDLE B
DEACON 8 OELLROS~ B OEV INE C DIXONVILLE C DOUDS B
DEADMAN B DELLS C DEVISAOERO C OI'OU C DOUGAL D
DEADWOOD D DELMA C DEVOE 0 DOAIt B DOUGAN B A

DEANA 0 DELMITA C DEVOIGNES 0 OOAK. MODERATELY C OOUGCLIFF 0
DEAN 8 DELIIIONT 8 DEVOL B ALKALI DOUGHERT' A
DEANOALE 0 DELNORTE C DEVORE B DOBBINS C OOUGHT' 8
DEAR80RN B DELDRO C OEVO' 0 008BS 8 DOUGLAS B
OEAR'tTOH C DELOSS 81'01 DEVRIES C 008E:L 0 OOUGVILLE B
DEATMAN C DELP A I DEWAR 0 DOBENT C OOUHIOE 0
D~AV~R C O~LPHI B I DEWE' B DOBROW BI'D DOURO B
O~8ENGE:R C OELPHILL C I DEWE'VILLE 0 OOBY 0 DOVER B
OE8OHE 0 OELPIEORA 0 I OEWVILLE II OOCAS B OOVRA' C/O
OEBORAH 0 OELPLAIN 0 I OEllTER II DOCOEE 0 DOW B
MBUl[ C DELPOINT C I OIA C DOCENA C 001110101 AC II
OECAN C DELRADORE 0 1 OIA. WET. SALINE 0 OOCItER' C OOWDE B
DECANTEL 0 DELRA' BI'DI OIl.. SALINE C DOCT C DOWELL TON 0
DECIlTHON C DE:LRAY. 0 I OIl.. W~T 0 DOOES B OOWNATA 0
DECATUR B DEPRESSIONAL I DIA. FLOODED C OODIOE II DOWNER B
DECCA B DELRA'. FLOODED BI'O DlA8LO 0 OOOIOEVILLE 8 DOWNEY B
OECHEL 0 D~LRID6E B OIAMANTE II DODSON C DOWNEYVILLE 0
DECKER C OELSON C DIANOND 0 DO~ER A DOWNS 8
D~CKERVILLE 0 DELTON B DUMOND SPAIN~S C DOGUE C OOYCE B
DECKERVILLE. C DELWIN A o UNONDV I LLE C DOLAND B DO'CE. LOAMY C

DRAINED DELYNDIA A DUNEV C DOLIIEE C SU8STRATUM
DECLO 8 oEMAR 0 DIANOLA 0 DOLflCEI 8 OOYCE. MODERATELY C
DECDLNE' 8 DEMAST 8 DIATEE II DOLEN 8 WET
DEcDADOVA 8 O~MENT C DI88LE C DOLI!: 5 C DOYLESTOWN 0
DE CRAM C DEMING II DIIlOLL C DOLLAR C OO'N 0
DECROSS 8 DEIIIKY 0 DICK A DOLLARD C ORA C
DECY C DEMNER 8 DICKERSON 0 DOLLARHIDE 0 OIUIOE B
ME C DEMONA C OICKEY 8 DOLL'CLARIt C DRAGOON B
OEE"AN 0 DEMONTREVILLE 8 OICKINSON 8 DOLPH C DRAGSTDN C
DEEMER II DEMOPOLIS C DICKINSON. MAP<215 II DOM~ 8 DRAKE 8
MEPEEK 0 o EMQPOL IS. COll8L' 0 DICKINSON. TILL A DOMELL 8 DRALL B
DEEPIIATER 8 DEMPSEY 8 SUIlSTRATUM OOMEAIE: 8 ORAN'ON 8
DEER CREU C DEMPSTER 8 OICKMAN A DOMINGUEZ C DRAPER C
DEER PARK A OENAY B DICKSON C DOlllNlc 8 DRAX 8
DUR.. IELD 8 DENHAWKEN 0 DIEHLSTADT C DOMINO C DRAX. WET C
DEER"DAO 0 DENNAN C OIETAICH C OOMINSON A OREDlOf 8
OEERHllttM C DENMARK 0 DIGIlY 8 DOMO 8 DRESOEN 8
D~I!RLODIOE C DENNIS C DIGGER C DONA ANA 8 DRESSLER C
DEIRTON A DENNOT B OIGHTON II DONAHUE C DREWING D
DEERTRAIL C DENNY 0 OIIOIORGIO 8 DONALD C DREWS II
DEERWOOD 8'01 DENROCK 0 DILL 8 DONALDSON 8 DREXEL 8
DUTI A I Dr:MTON 0 DILLARD C DONAVAN 8 DRIFTWOOD C/O
D""IIlNCE 0 I DENURE II OILLE' • 1l0NfRUL C DRIGIOS 8

IIOTES' TIIO HYOAOL05.C SOIL 6AOUPS SUCH AS 81'C NOICATES THr: ORAINED'UNDRAIN~D SITUATION.
IIODI .. Ir:RI SHOWN. E.G•••EDROCK SUIISTRATUM. Rr:"ER TO A SPECI.. IC SOIL SEAIr:S PHASI! "OUNO IN SOIL MAP LEGEND.
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TA8L~ 7.1--HYDRDL05IC &ROUP. O~ TNE lOlLS ~ TN~ UNITEO STAT~S 7.15
ORISCDLL. C I OURKE~ C ~ONUNOSTON B ,

ELL.~TT ° ~NDERS C
DRIT II , DUROC 8 ~DNA 0 I ELL illER A EN~RS8Y 8e DRIVER C I DURRSTEIN 0 ~DH~YTOWN 8 I ELL.ICOTT A I!NOICOTT C
DROEN C I DURST C ~D~YVILLE 8 I ~LLIN5TON II ENDL.ICH 8
DRUM C I DUSLER C EDDM C I EL.LIDTT C ~NDSAII C
DRUMMER 11'0 DUSTON A EDROY 0 I EL.L.IDTTSVIL.L.E a ENERIOY 8
DRUMMOND 0 DUTCHESS II EDSON C I EL.LIS 0 ENET 8
DRURY 8 OUTU A EDIIAROS B'O EL.L.ISFOROE 8 ENfIEL.O 8
DRY CREEK C DUTTON ° I:~L B EL.L.ISVILL.E a ENIOELHARo 8'0
ORYAOINE C DUVAL 8 EEP C ELLOAN D I:NCOLE a
DRYIIURG a DUXIIURY A I:fFII: C I:LLSIIORTH C I:NIOLEIIOOD C
DRYDEN 8 DUZI:L C I!~FIN5TON D ELLUM C ENKO C
DRYN C OWIIOHT 0 EIOAM C ELLlEY a,ol ENLOE D
DU PAGE a ollORSHAK a EIOAN a EL.M L.AKE 1.'0 ENNINIO D
DUANE a DWYER A E5AS 0 EL.MDALE a ENNIS 8
DUART C DYE 0 E5aERT 0 I:L.NENODRf 0 ENOCH C
oU8AKELL.A C DYKE a EIOIlERT. NOOERATfLY C EL.NINA C ENDCHVIL.L.E 0
DUIlIlS 8 DYRENIO 0 IIET ELNIRA A ENOCHVIL.L.E. C
DuaLDN 8 EACHUS a EIOIlI!RT. DRAINED C ~LMONT a DRAINED
DU80lS C EACHUS TON 1.'0 EIOIIERT. SANDY C ELNORE a ENDN C
DU8UQUE 8 EAIOAR a suaSTRATUN ELNRIolOE C ENOREE 0
DUCHESNE II EAIOLECDNE a EIOELAND B ELNVILLE a ENOS C
DUCII;HILL 0 EA5LEVILLE 0 ElOlNaENCH C EL.NlIOOo C ENOSaURG 0
OUCKREE 8 EAKIN a EIOYPT 0 ELNloO C ENSENAOA a
OUCKSTON 1.'01 EALY 8 EICII;S C ELNORA a ENSIGN 0
DUCO D 1 EAPA a I!IIOHTLAA 0 ~LO a ENSLEY a,o
DUDA A , EARCREE a I!ICiHTMIL.E 0 EL.OCHOMAN a ~NSTRON 8
OUDL.EY 0 I ~ARLE 0 EIL~RTS~N II ELOUA a ENTENTE 8
DUEL A I EARLNONT 0 EITZEN a EL.ONA C ENT~RPRISE 8
DUELM A , EARL.MOHT. DRAINED C EII;AH C ELPAM 0 ENTIAT 0

DUETTE A I EARP B I!KALnA 8 EL.P~DRO B ENTMOOT C
DUff 8 I EARSNAN 0 I:KRUa 0 ELREO 8'DI EOJ c
DUff AU II I EASLEY C EL OARA 8 ~L.RIN a I EPHRAIN C
OUffER 11.10' EAST fORK C EL. PECO C EL.ROo 0 I EPHRATA a
OUFFER. ORAINEO C I EAST LAKE A EL. RANCHO B ELROSE 8 I EPIKOM 0
DUFFER. FLOODEO a/o EASTAaL~ B EL SOL.YO C EL.S A I EPLEY C
DUFFIELO a EASTCAN a EL.ANOCO a EL.SAH 8 I EPOKE a
OUfFSON a EASTCOAT~ a EL.IIA C EL.SINaORO 8 I EPOUfETTE a'D
DUFORT a EASTL.AND B EL.aAV ILLE a ELSNERE A I EPPINCO 0
DUFUR II EASTON 0 EL.aERT 0 EL.STON 8 I EPSIE 0
DUGGINS C EASTONVILLE a ELaETH a I:L.TREE a I ERA a
DUGOUT 0 EASTPORT A EL.IION a EL.TSAC 0 I ERAM C
oUGIIAY C EASTIIEL.L. 0 EL.IIURN a EL.VAOA 8 I ERAMOSH 0
DUKES A EATON 0 EL.aUTTE 0 EL.VE 8 I ERaER C• OUL.AC C EAUCOAL.LIE a,o, EL.CO a EL.VEOERE C I ERCAN 8
OULCE 0 EAUPLEINE 8 I EL.O 8 EL.VERS 8'01 ERO 0
OUL.UTH a EaA C I EL.OEAN 8 EL.VIRA 8/0 ERICSON 8
DUMAS a EaAL. a I EL.OER a ELIIEL.L. C ERIE C
DUMONT a E8aERT c,ol EL.OER. GRAVEL.LY A EL.lIHA C ERIN 8
DUN COL.EN 8 EIUC C I SUIIS TRATUM. EL.1I00D C ERNEM 0
OUNaAR 0 ~1I00A II I FL.OOO~O EL.Y a ERNEST C
DUNBARTON 0 EIION C I EL.OER. FL.OODEO 8 EL.YSIAN 8 ERNo 8
DUNIIR10lOf: B EIIRO 0 I EL.OER. CORAV~L.L.Y 8 EL.lINGA 8 ERRAMOUSPE C
DUNCAN 0 ECCL.ES II I ELDER. 5RAVEL.LY A EM8AL 8 ERVIOE C
DUNCANNON a ECHARD 0 I SUIISTRATUN EM8ARCiO C ESCAaOSA c
OUNCII;LEY II ECHAII 8 , ELDER HOL.L.OW 0 EM80EN 8 E SCAL.ANTE II
OUNCOM 0 ECHEMOOR C I ELDERON 8 EMBERTON C ESCAM81A C
DUNOAS 8/D ECKERT 0 I ELDERON. STONY A ENIILEM B ESCANO C
OUNOAY A ECKLEY 8 ELoCiIN a EMaRY a ESCONDIDO C
DUNDEE C ECKMAN a ELODH 8 EN8UoO a ESHAMY 8
DUNELL.EN a ECKRANT 0 ELDORADO 8 EMDENT 0 ESMERALDA a
DUNFORD C ECKVDLL. a ELORI05E C EMDENT. 8EOROCK C ESNONo II
DUNlOf:NESS II ECOLA C ELECTRA C SU8STRATUN. ESPELIE a'D
DUNltlRK 8 ECONflNA A ELEROY a ORAINEo ESPIL .0
OUNLATOP II ECTOR 0 ELEVA a EMOENT. 8EOROCK 0 ESPINAL A
DUNMORE a EOALCOO C ELFRJDA 8 suas TRATUM ESPINOSA 8
DUNN A EDDINCOS 8 ELGEE A EMoENT. DRAINED C ESPLIN 0
DUNNING 0 EooS a ELIJAH C EMERALD B ESPY C
DUNNVILLE a EDDY C ELINDIO C EMERALDA 0 ESQUATll:L a
DUNOIR 8 EDEN C ELIOAK C ENERSON a ESRO 0
DUNPHY C EOENBOllER D ELIZA 0 EMICORANT C ESS 8
DUNPHY. DRAINED II EDENTON C ~LK a EMIGRATION 0 ESSAL 8
OUNTON C EOFRO 0 ELK HOLLOIl 8 ENIL.Y a ESSEN C
oUNUL A EoCOAR II EL.K MOUNTAIN a EMMA C ESSEX C
DUPEE C EOCiEHILL. C ELKADER a EMMERT A ESSEXVILLE A/O
DUPLIN C EOCiELEY C ~LKCREEK C EMMET 8 ESTACADO a
OUPO C EDGEMONT a ELKHART 8 EMORY 8 ESTACION a
OUPONT 0 EOCiElIATER 0 EL.KHORN II ENOT B ~STATE C
DUPREE 0 EOCiElIlClt C ELKINS 0 EMPEORAoO 8 ESTELLINE a
DURAOOS A EOCOJNGTON "DI ELKINSYILLE a ENPEYVIL.L.E C ESTER 0
oURALoE C EDINA 0 , EL.KMOUNO 0 EMPIRE a ESTERO 0
DURAND 8 EOINaUACO C I EL.KNER 8 EMPORIA C ESTHERVILLE 8
DURANGO Il EDISTO C I ELltOL 0 EMRICK a ESTIVE a
DURANT 0 EOLOE 8 I ELKSEL. C EN8AR a ESTO Q
OURIIIN 0 EOMINSTER 0 I ELKTON CJ'OI ENCAMPMENT a ESTREL.LA a
OURELL.E 8 EDMONDS 0 I EL.LA8ELL.E 0 I ENCIERRO 0 ETACH a
DURfEE C EDMORE 0 I ELLEDGE C I ENCJNA 8 ETCHEN C
DURHAM 8 EDMUND 0 I ELLEN II I ENoCAV C ETEL.KA C

NOTES: TIIO HYOROL.OCOIC SOIL. CiAOUPS SUCH AS 8/C INDICATES TH~ oRAINEo/UNDRAINEO SITUATION.
MODifiERS SHOIIN. E.CO •• IIEOROCK suaSTRATUM. REFER TO A SPI:CIFIC SOIL. SERIES PHAS~ fOUND IN SOIL. MAP LE5ENo.
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7.16 TAkE 7.1-·HYOAOlOGIC GROUPI OF THE SOilS OF THE UNITED STAnl

ETHAN a I'AlltllAY C ,.E Nil000 a FlOU 0 I "OIlWORTH A
ETHElllAN a FAl ItY DEll C FEItA C FlOU 0 I FRAOOlE a
ETteTE a "AJAAOO C "EAOEll'OAO C FlOIl a,o FAAllEY a
ETHeTE. SALINE C FALAYA 0 ,.EAOINANO C FLOIlATON A "'UILTDH 0
lTHAIOGl C I'AlBA 0 I'ERliUI a FlOIlOT a ,.AAM a
nIL A I'AlCON 0 I'ERN CL,II'I' II I'lOltAlA C FAANCIS A
lTOE a FAL,.A C ,.EANANOO 8 "LOAENCE C FAANCITAS 0
ETOILE 0 I'AlFUAItIAS A ,.EANHAYEN a "LORESYILLf C FAANOSEN a
ETOWAH a I'ALK C "EANlEY C ,.L.ORIOANA B'O FAANKFORT C
nOllN C "AlKIAK B FEANPOINT 8 "L.OAIN C FRANKIRK C
ETlEl 0 "AlKNEA C ,.ERNWOOO 8 ,.lORISSANT C I'RANKL.IN B
ETTA 8 ,.ALl8AOOIC B "EAAElO 8 "L.OAITA B FRANKS TOWN B
ETTU 8 FAllCMU C "EAAI5 0 "L.OTAG B I'RANKTOWN 0
ETTAICK 8'01 "ALLERT B I'EAR08URAO 0 I'LOWEL.l C FAANKYllLE B
EuaANKS a I FAllON C "ERAON 0 ,.L.OWEREE a I'R .. TERNIOAD D
EUCLID C I I'ALlSAM 0 ,.EATALINE D "LOYD a FRAVAL C
EUOOAA a 1 ,.ALLSINGTON B'OI I'EATf:li II "LUETSCH B FRAZEJI C
EUEA 8 1 ,.ALOIlA B'O ,.f:STINA 8 I'L.UCOL.E B FRAZER TON B
EU,.AULA A 1 ,.AllA.A 0 ,.ETT 0 ,.lUV .. NNA C FRED C
EUHARlEE C 1 I'ANAL B I'ETTIC 0 "L.YBOW 0 FREOENSBORG C
EULON'" C 1 ,.ANOANliLE C FETZEA C I'L.YliAAE B FREDEJlICIl B
f:UNOLA C 1 'ANOOW 0 'IANOEA 0 'OARO 0 FREDON C
EUREKA 0 1 FANG 8 'UNOER. DR AlNf:O C I'OEHLIN B FREDONIA C
EUS810 C 1 ,.ANNIN II FIOAlCOO C 'OL.A B FAEDONYE.R C
EUSTIS A 1 FAHHO C FIOOlEA C FOL.O"HL B FREEBUAG C
EUTAW 0 I "ANfl C FIDDLETOWN B ,.OL.EV 0 FAEECE 0
[VAOAL.E 0 1 'AHU II 'IOOYMENT 0 FOLL.ET 0 FREEOON C
f:YANGElINE C I 'ARAWAY 0 FIELD II FONSENG C FAEEHOLD II
EVAHS II I ,.AAII 0 FIELDING II I FOND .. 0 FAEEN"N C
EVANSTON B I FARIIER B FIELDON 11'0 FONOIS C FAEENANVI LLE B
EYANSVIlLE 11'01 'AAGO 0 FIFEA 0 FONNEA a FAEEON 8
EYANT 0 I FAAUITA 0 FILOEAT C FONTANA 8 FAEEA C
EVARO B I 'ARlANO e FILION 0 FONTREEN B FAEEST C
EYAAO e I ,.AALOW C F ILLMOAE 0 FOPIANO 0 FREESTONE C
EVART 0 I "AAMINGTON C FINCASTL.E C FORAOA eoi'D FAEETOWN 0
EVENDALE C I ,.AAMSWOATH 0 I'INCH C FORAICER 0 FREEW"TER 8
EVEAETT A I I'AAHTON 0 I'INCHI'OAO A FORBES C FREEZENER C
EVEAETT. STONY A I FAANHAN II FINOOUT 0 FORBING 0 FJlEEZEOUT C
EVERETT. HAAO B I I'AR""ANTON C FINCOAL C FOAO 0 FRELS8UJlG 0

SUIISTAATUN I I'AANUI' B FINGEROCIC 0 I'OROICE 8 FRENONT C
EVEACOLAOES 81'0 ,.ARNU'. WET C I'INLEY II I'ORONEY A FREN 8
EYE:ALY B 'AANU,.. COJiAVELL.Y B FINNERTY 0 FOROTAAN C FAENCH C
IlYf:RNAN C 5U8STRATUN FINOL C FOROUN 0 FRENCHCREEIC B
EYERSON 0 FAANUM e I'INAOO C I'OROYILLE a FAENCHTOWN 0
f:Vf:RWHITE C ,.AAAAGUT C I'IAAOA C ,.OREL.ANO 8 FRESHWATEJI 0
EVESBORO A I'AAAAR B I'IAE:8ALL. 8 I'ORE:L.L.E 8 FRESNO. 0
EllA B FAARf:ll B I'IRf:8011 II I'ORIlSMAN B SAL.INE-AL.KALI
EWA. 8EOAOCK C "AAAEN8URCO 8 I'IAf:STElll 8 FORE:STBURG .. FAESNO. THICK C

SUBSTAATUM I'AAAOT C FIAESTONf: C ,.ORESTO..LE 0 SOL.UN
IlIlAlL. A FAAYA C FIANACOE 8 FORE:STfA C FAEWA a
EllCELSJOA B ,.ASHING 0 nAO 0 ,.ORE:sTON C FREZNIIC 0
EllCHf:QUEA 0 ,.ASKIN II ,.IROICE 8 I'ORIC C I'RIANA 0
E:IlEl C I'ATHOM A FlATH C FORICWOOO a FR IANT 0
EXETER C ,.ATIMA 8 ,.IRTH. DRAINED 8 ,.ORMAOER C FRIOL.O C
EXETER. THICK B FATTI' C FISHHOOK 0 I'ORIl .. N B I'AIENOS 0

SOLUM I' AUQU lEA C ,.IIHLAKE 0 FORIIOAL.E B I'AIENOsHIP A
EllETTE II I'AUSIE 0 I'UHPOT C I'ORNEY 0 FRIES D
EXIAA B FAVRET C I'IIIC 8 I'ORAEsT C FAIEsLANO a
EXLINE 0 ,.AWlN 8 FITCHYlllE C ,.ORIEER C FAIJOLES B
EXPRESS a FAX C ,.ITZGERAlO B ,.ORsEY B I'RINOLE C
EllRAY 0 ,.AXON 81'01 ,.nZHUGH 8 ,.ORsGiREN C FRIO B
EllUM C FAYETTE B I I'IVEMllE 8 ,.ORsYTH A FRIONA C
EYAIC C ,.AYUTEYlL.lE 8 I ,.IYEMIL.E. SALIHE C "ORT COL.LINS B FRIOTON C
EYE:A8011 C FAYIIOOO C 1 ,.IVEOH 8 I'ORT ME:ADE A FRIPP A
f:YlAU C FE 0 I FIVU 8 I'ORT MOTT A FRISCO B
EYOTA A "EATHf:ALf:liS B I ,.LACOCO 8 I'ORUNIC C FA IZZEL.L. C
f:YAE 0 I'!OJI A I "lAGlE:R 8 "ORUsCUE CI'ol FROBERG 0
'ABJUS 8 I'EOOAA B'OI I'UGITAI'I' 0 I'OItTUNA 0 I FAOOO 0
'ACEVILLf: a FELAN 8 1 I'LAK C I'ORT"INGATE C I FROHNAN C
F'CEY B FELDA 8'01 I'lANING A I'ORVIC C I FROLIC B
FACTORY C I'ElDA. 0 1 I'LANACiAN 8 'ORIIARO a I FROLIC. C
'ACTORY. MOIST 8 DEPRESSIONAL I I'lAHOAEAU B I'OSS B I ELEV"TION<BOOO
'AOOIN 0 FELDA. I'L.000f:0 81'01 I'lANE C FOSSlL.ON 0 I FROLIC. fLOODED a
'AGAN c I'ELICI TV A I I'lASHE:A 0 FOSSUM AI'O FRONOOAF a
FACiASA C Ff:LIPE: D I FlATHE:AO B FOSfER C FRONT:NAC a
'AHEY II I'ELKEA B I FL.ATHORN B ,.OSTORIA B FRONTON 0
'AiM C I'EL.lO" SHIP 0 I FL.ATlRONs C FOUNTAIN 0 FROST 0
FAIA8ANKS B I'E:LOA 8 I I'lATNOSE B FOUR SUR 0 FRUlTA B
I'AlACHILO C I'ELT 8 1 FLATRON 0 FOUR STAR. ORAlNE:O 8 FRUITHURST C
FAlAOALE B ,.ELU C I FLATTOP 0 FOURCHE: B FRUITLAND e
FAIAI'All e I'ELTHAM 8 I I'LAllTON 8 FOURL.OG 0 FRUITLAND. WET C
I'UAFULO a I'ELTNEIl 0 1 ,.lE:AIC 0 FOUAMILE: e FRUITL.ANO. COOL B
FUAHAVEN a I'ELTON 8 I FLE:!R A,ol I'01l B FRYE C
'URLIE: 0 ,.ELTONIA 8 1 'L.EISCHIIANN 0 1 I'OIlCRE:f:1C C FRYEaURG B
'AIRtlOUIIT 0 "ENC!: B 1 FL.EIlING C I FOXHOME B FT. ORUN C
'AIRPlAY 8 FENO"L.L C 1 FLf:IlINGTON 0 1 I'OIlNOUHT C FT. GREEN 0
'URPOINT C 'f:NN 0 I FLf:TCHEA B I I'OXOL 0 FUIIBLE 0
FAiAPOAT C FENSTEIl B I FLf:1l 0 1 FOXTON C FUEGO C

NOTEI: TIIO HYOROLO'IC SOIL CiAOUPS SUCH AI 8'C INDICATES THE DAAINE:O'UNORAINED SITUATION.
MODI'IE:RS SHOWN. E.li •• 8EDROCIC SU8STRATUM. AEP'ER TO " IPECI'IC SOIL IEIlIE:S PHASE: FOUND IN SOIL MAP LEGEND.
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TAIlLf ?I--HYDROLOGIC 5AOUPS DI' THI! SOILS DI' THf UNlTfD STATU 7.17
I'UERA C 1 GARDeLLA D GERRARD C 1 GLENDORA A'D GOOSE LAKE 0

'e I'U5AWEE II 1 GARDfNA II GERST 0 1 GLfNfDEN 0 GOOSNUS 6
I'UGiICS C I GAAOINfA A GUSIE II I GLENELG II GOROANE C
I'ULCHER C , IOARONER"S I'ORK II GESSHER 11'01 IOLENI'ORO C 1001100 II
I'ULOA C'D GARONERYILLf C RSTRIN II I GLENliARY 0 GOIIE 0
I'ULLERTON II liAREY C GETCHELL C I GLfNHALL II GOREfN 0
I'ULMER D IOAAI'IELD C GETTYS C 1 GLENHAN II 100RIOAS 0
I'ULMER. DRAINED C IOARIPER C IOUZVIUE D I liLfNNAN II GORGDNID A
I'UL5HEAA C GARITA II IOEYSEN C I IOLfNNDRA C liOAHAN 6'0
I'ULSTa. 0 IOARLAND II GIIIIlLER C I liLfNNALLEN C GOIIIN C
'ULTON 0 GULET A IOllleoN II I GLENONA II GORING C
'ULTS 0 GARLOCK II GIDEON 11'0' GLfNPOOL A GORNAN C
I'UNTER 0 GARNDN C GI,.,.ORO D I GLfNRID 0 GORSKEL 0
'UQUAY II GARNDRE II GIGGER C 1 GLENROSE II GOIIST 0
,.URNISS 0 GARNER D GILA II I GLENRDSS D GDIIUS II
fURY C GARNES II GILIIERT 0 1 GLENS no 0 GOIIZELL 6
,.USULINA 0 GARD 0 GILIlY II I GLI!NTON II GOSA 6
IOAASTRA C GARII 0 GILCHRIST A 1 GLfNTDN. II GOSHEN II
GAIIALDON II GARRETSON II GILCD II I NDOERATELY WET GOSHUTE 0
GA_UALLY 0 GARRETT II GILCREST II 1 GLfNTDN. WET C GOSINTA C
'ABEL C GARRISON II GILEAD C I GLENTON. II GOSLIN II
lOAlllCA D GARAOCHALfS D GILES II 1 NONI'LOOOEO GOSNE' 0
SAIIINO 0 GARSJO C GILr-ORO 11'01 IOLfNTON. WAIIII II 1 GOSPEII II
'ACI!Y D IOARTON C GIL,.ORO. 0 I GLEIITOSH II I CiOSPOIIT C
1010 CHADD 0 GARYESDN II STRATI' lEO 1 GLENVIEW II I GOSS II
GACIIIA 0 GARVIN 0 SUIlSTRATUN I GLfNVILLE C I GOSUNI C
IOADOES C .GAIIWIN 11'01 GIL'OIlO. BEDROCK II'DI GLOHN C I liOTEIIO 6
GADOY A GARZA II I _STRAT"" I GLOIIIA 0 I GOTH AN A
CiA DSDe N 0 liAS CRfEK A'O CiILI'OIlO. IORAVI!LLY 11'0 GLOUCfSTER A I GOTHARO C
lOAGEIIY II GASCONADE 0 SUIISTRATlHI GLOVER C'D 60THENIIURCi 0e GAGETOWN II GASIL II GILISPIE 0 CiLYNOON II GOTHIC C
GAGIL II IOASOUI!T II CiILLANO C liLYNN C GO THO C
GAICE II GASSVILLf C GILLIA" C GLYNWDOD C GOULDING D
GAlli D GATES II CiILLIGAN II CiLYPHS II 100VE e
CiA lieS C GATESON C GILLS C GOIlERNAOllR D liOWEN II
GAlleSVlLLE A GATEVIEW II CiILLSIIURG C GOIlINI! II GOWKER C
GALATA 0 GiAT!wA-f C GILMAN II CiOIlLE C CiOWTON II
CiALIIRETH 0 IOATEWODO C GILMORE C GOIILIN 0 lOR AilE II
GALCHUTT C CiATLlN II GILPAR II GOCHEA II GRAIlLE II
GALE II CiATOR 0 GILPIN C 1000DAIIO II GRACEIIDNT C
GALEN II GATTON II IOILROY C GOODE 0 liRACEIIDIIE C
IOALEPPI II GAVILAN C GILSTDN II GOOECKE 0 GRACEVILLE II
liALESTDWN A IOAYINS 0 lilLT EOGE 0 GDOI'RI!Y 0 GRAOON C
1010 LEY II GAY IOTA 0 GINAT 0 GOOWIN 0 GRADY 0-e GALILff C GAY 11'0 GINI II GOI!MNfR C GRAFEN e
IOALISTED C liAYLESYILLE 0 GINLANO 0 GOI!SLING II GRAHAN 0
GALISTfD. 0 'AYLORD C GINNIS C GOESSEL D GRAlL C

SALINf-ALKALI GAYNOII C GINSEII C 100GI!IIIC II GRAINOLA 0
GALLANO 0 .GAYNOR. WfT 0 GIRARD 0 GOL C GRALEY 0
CiALLATIN C GAYVILLE 0 GIRAROOT 0 GOLCONOA C GRALIC II
IOALLI!100S II GAZELLE 0 101110 C GOLD CREfK 0 GRAN 0
GALLEN II GAZOS C GIST 0 GOLOll!RG 0 IORANATH II
GALLU II CiEAAHART A IOITAKUP C GOLOENOALE II IORANIlY 10'0
IOALLI"E II GEARY II GITAN 0 GOLOI' INCH 0 IORANOE 1I0NOE 0
lOALLION II GEl! C GIVIN C GOLOHILL C GRAHOnELO II
GALLNAN II CiEEIIURG C GLACIERCIIEfK A GOLONAN C GRANDPON II
GALLUP II IOEfR II liLAOOEN II GOLONIRI! C liRANOV lEW C

e lOALOO C'O liEERTSEN II GLAOEL 0 GOLORIOGE II GRANER e

I
GALYA II GEI'O A GLAOfYILLE 0 GOLORUN A GRANGENONT C
GALYESTON A GElSfL II GLAOEWATfR 0 GOLOSIIORO II liRANGEYILLE. II
GALYEZ C GELK II! II GLADWIN A GOLDSTON C ORAINEO. SLOPING

I CiALVlN 0 IOEN C GLANN 0 GOLOSTllfAN 0 GRANCiEYlLLE. e
GALWAY II GENIO C GLASGOW C GDLOU5T C SALINE-ALKALI
GA..LER A GENSON B GLASSNER 0 GOLOVALE II liRANGEVILLf. II
GAMIIOA II GENAW 0 GLEAN II GOLO'EIN C NOOEIU TI!LY WET
GANGEf C GENUEE II GLfASON II 1 GOLOYKf C GRANGEVILLI!. WET C
lOANCf C GENEYA II GUN II I GOLfTA II GRANGEVILLE. II
GANOO D GENOA 0 CiLENIlAR II I GOLUO C ORAINEO
'AN IS D GENOLA II GLENaERG II 1 GOLSUN C IORANGEYILLE. e
'ANNETT 0 CiENTI LL'J 0 liLENaROOK 0 I GOLTRY A OCCASIONALLY
SANSNfR 0 GENTRY 0 GLfNCARB. WfT. C I GOLYA II I'LOOOEO
'loPCOT 0 GEOHROCK II SALINE I GOMERY II liRANILE e
GAPO 0 GEORGfTOWN 0 liLENCARII. SALINE II 1 100MEZ e GRANO 0
'APO. ORAINfO C GEORGEYlLLf II GLENCARII. HAROPAN II 1 GONVICK II liRANT e
'APPMAYfR II CiEORlilA II SUIISTRATUN I GOOCH 0 liRANTI'DRK 0
IOARA C GfOROCK II liLlENCARII. DRY e I GOODING C liRANTHAN 0
GAAllfR II CiEPI'ORO 0 IOLfNCARII. C I liOOOINIOTON C lillANTSIIURG C
GARIIO II GEPP II OCCASIONALLY 1 10000LANO II IORANTSOALE II
'ARIIUTT II IOEPPERT C "LOOOEO I GOODLOW II GRANYILLE II
IOARtaNO C CifRALO 0 liLENCOE 11'01 GOODMAN e 'RANYON II
'ARas 0 IOERllER 0 'UNCOE. PONOfO 0 I GOODNIGHT A liRANZAN II
CiARCIlS. "DOERATELY 0 lifRORUN C liLl!NOALf II I GOODPASTER 0 GRAPEVINE e

WET GERINIO e GLENDAU. e I GOODRICH II GRASMERE II
lIARCES. HARD C GERLACH 0 SALINE-ALKALI I GOODSPRINGS 0 GRASSNA ~

SueSTRATUM 'ERLANE II GLENOAU. WET C I GOODWILL II liRASSVAL 0
GARCIA II GERLE II GLENDALE. ,.LOOOfO II I CiOOOWIN II liRASSVALLEY 0

~
GARCITAI C GERMANTOWN e GLENOERSON II I GOOSE CREEIt II GRASSY BUTTE A
CiARCON C CiERMANY II GLENOIYI! B I GOOSE CREU. WIH C 'RAsnCONE A

NOTES: TWO HYDROLO'IC SOIL CiAOUPI IUCH AS B" INDICATES THE ORAINEO'UNDRAINEO SITUATION.
MDDI,.IERS SHOWN. E.li •• BEDROCK SU'STRATUM. RE~ER TO A SPECIfIC SOIL SERIES PHASf fOUND IN SOIL MAP LfliENO.
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7.18 TABLE 7.1--HYDROLDGIC GRDUPs OF THI! SOILS OF THE UNITED STATES

GRAT D I GRIYER. DAAINEO C I HAGEN A I HANSEL C I HATERTON 0
GRATTAN A I GRIYEA. CLAY D I HAGEN8AATH 8 I HANSKA C I HATHAIIAY 8
GRAUFELS C I SUBSTRATUM I HAGER D I HANSKA. 8'0 HATLEY C
GRAYDEN O. I GRIZZLY 8 I HAGERMAN C I OEPRE5sIONAL HATLIFF C
CiRAVELTON 8,a CiRO.UTTf 8 I HAGERsTOIIN C I HANSON 8 HATMAKER C
CiRAYIlERT 8 liROliAN 8 I HAGGA 8'01 HAN THO B HATPEAK C
UAYCAL" A liROON C I HAGGA. 0 I HANTZ 0 HATT IE C
liRAYFORO 8 GROSECLOSE C I SALINE-ALKALI I HANTZ. SALINE 0 HATTON C
CiRA'LANO 0 GROSS C I HAGGERTY a I HAIIIT1. DRY C HATUR C
CiRA'LANO. DRAINED C liROTON A I HAGSTADT 8 I HAP a HAU8sTAOT C
CiRA'LI NCi A GROTTO A I HAGUE A I HAPGOOD 8 HAUG 8'D
CiRA'LOCK A CiROUsEVlLLE C I HAIG C'D HAP"IACK 0 HAUGAN 8
CiRA'LOCIt. STON' 8 liROVE A I HAiGHTs 8 HAPNE' C HAUL INGs 0
CiRAYPOINT 8 liROVECITY a I HAIKU a HARAHAN 0 HAUNCHEE 0
CiRA'POINT. IIET C liROVER a I HAlLMAN a HARAHILL C HAUZ C
CiRA'AOCIt C CiROVETON a I HAIRE C HARANA 8 HAVALA 8
GRAYS B GROIIOEN B I HAKKER C HARBIN B HAVANA B
liREAT BEND 8 liROIILER B I HALACAN D HARBORD B HAVELOCK B,O
liREEN BLUFF 8 liROWTON 8 I HALAIIA B HARCAN" B HAVEN 8
CiREEN CANYON 8 liAueBS 0 I HALBERT 0 HAACO B HAVEROAO a
CiREEN RIYER C GRUBSTAKE 8 I HALDER C HARCOT B'O HAVE.RHILL °GREEN AIYER. a GRUENE ° I HALE 0 HARDEMAN B HAVERL" C

STRONGLY SALINE liRULLA 0 I HALE. OAAINED C HARDESTY a HAVERSON 8
CiREEN RIVER. B GAUNMI T ° I HALEDON C HARDING 0 HAVILLAH 8

FLOODED liAUNDY C I HALE IliA B HAAOOL B HAVINCiOON C
CiREEN RIYEA. COOL C GRUVEA C I HALEY B HARDSCRABBLE 0 HAVRE 8
GRffNBRAE C liA"liLA 8'0 HALF MOON B HAROTRIGGER 8 HAVRE. SALINE C
CiAEENCREfIC 8 GUAOALUPE 8 HAL'IIAY 0 HAAG ILL 8 HAVRE. FLOODED. B
liREfNDALE B liUA"IE 0 HALl I B HARCiAEAVE C COOL
GRffNE 8 liUAMANI 8 HALIIMAILE 8 HARVO 0 HAVRE. FLOODED 8
GREENFIELD e "UANABANO 8 HALL B HARKERS C HAVRE. COOL e
"REENI'IELO. C liUANA"IlBO C HALL RANCH C HARKEY 8 HAVRE. PE>31 a

HAAoPAN liUAYABOTA 0 HALLANDALE B'OI HARKNESS C HAVRELON 8
SUBSTRATUM "UA"AMA 0 HALLANDALE. TIDAL 0 I HARLAN B HAil e

liAEENFULo. 8 CiU8E C HALLANDALE. SLOUGH Arol HARLEM C HAIII a
GRAVELLY "USEN 8 HALLORAN C I HAALESTON C HAIIIC'" A

GREENI'IELo. COOL 8 GUCKEEN C HALSEY C'OI HAALINGEN 0 HAliK EYE A
GAEENHALCiH B "UOGREY B HAMACER A I HARMEHL C HAliK INS C
liAEENHORN 0 liUELPH B HAMAKUAPOKO a I HARMON" C HAIIKSBILL 8
COREENLEA' B GUEMES B HAMAR A'o HAANEY B HAIIKsPRINGs B
liREENMAN C CiUENOC C HAMBLEN C HAROL 0 HAIILEY B
CiREENOUliH B GUENTHER 8 HAM80NE 8 HARPEA 0 HAilS LEY A
liREENsON C liUEANSEY C HAM8RIGHT ° HARPETH B HAll TUN 8
liREENTON C liUERRERO A HAM8URG B HARPS 8'0 HAYBOURNE B
liREENVILLE 8 .GUEST 0 HAM8Y C HAAPSTEA B'o HA¥CAIK C
CiREENV INE 0 liUI'FIN 0 HAMDEN 8 HARPT 8 HAYDEN 8
GREENWATER A liUliUAK 0 HAMEL C HARQUA C HAYES TON 8
liREENIIA' 8 GUiLDER C HAMERL" C HARRIET 0 HAYESVILLE 8
GREENIIOoo A'o liULER 8 HANILTON B HAAAIMAN B HAYESVILLE. STONY C
GREHALE.. B GULF 8'0 HAMLET 8 HARRINCiTON C HAYfIELD 8
"REL1. D liUMBLE 0 HAMLIN 8 HARAIS 0 HAYFORD C
liAEL1.TON B GUMBOOT 0 HAMMACK B HARRlsBUAG C HAYHOOK B
&REHAoA C CiUMBOOT. DRAINED C HAMMONTON 8 HARRISON C HAYMAAKET 0
liRENADIEA 8 GUNBARREL.. SALiNE C HAMPSHIRE C HARRISVILL.E C HAYMOND B
liRENVlLLE 8 GUNBARREL.. DRAINED A HAMPSON C HARROUN 0 HAYNESS 8
GRESHAM C GUND C HAMRE C'O HARSAN B HAYNIE 8
liRETolVlo 8 CiUNOY C HAMTAH C HARSHA B HAYPREsS A
liRElIlNGK 0 GUNN B HAMTAH. NONSTONY B HARSTINE C HAYSPUR 0
liRE'BACIt B GUNNEL. 0 HAMTAH. COOL. B HARSTON 8 HAYTER 8
liREYBO e "UNSIGHT 8 HANA A HART 0 HAYTI 0
CiREYBUL1. C liUNSONE 0 HANAKER C HART CAMP C HAYIlIRE C
liRE YEAGLE 0 CiUNTER B HANAL.E I C HARTFORD A HAYIIOOO a
liRE'S B "UP C HANAMAUL.U 8 HARTIG a HAZEL C
&RIBBLE C liUROON C HANCEVIL.L.E 8 HARTlL.L. C HAZELAIR 0
liAiDELL 0 liVALEY C HAND 8 HARTLAIIIO 8 HAZEN 8
&RIDliE 0 CiUSTlN C HANDRAN A HARTL.ETON a HAZlEHURST C
CORIOLE' C CiUSTSPRING 8 HANOs80RO 0 HAlt Till IT C HAZLETON 8
CR lETA 8 GUTHRIE 0 HANDY C HARTS8URG 8'0 HAZTON 0
GRIEVES 8 GUY 8 HANOV. STONY 0 HARTSEL.LS 8 HEA~QUARTERS II
GRIFFITH 0 CiU'TON 0 HANOY. NONFLOOOED C HARTSHORN 8 HEAKE 0
liRII'''' II GIIENA ° HANEV B HARTVILL.E C HEALDTON 0
liRll'TDN ° liUN 0 HANFORD 8 HARTIIELL. 0 HEAL.INIi B
GRlliS8Y 8 "WINLY 0 HANGAARO ° HARYARO 8 HEARNE C
GRIGSTON a lilllNNETT 8 HANGOO 8 HARVESTER 8 HEATH C
"RINM A liYMER C HANIPOE B HARVE V 8 HEATLY A
CiRIMM. STON' a GYNELLE A HANls C HARVEY. 8EOROCK C HEATON A
GRIMSLE' 8 liYPNEVEE 8 HANKINS C SUBSTRATUM. DRY HEBaRoNVILLE 8
CORIMSTAO B GysTRUM C HANlts B HARIIOOO C IfEBER 8
CORIMsTONE 8 HAAR 0 HANltsVILLE ° HAsKIL.L. A HE8ERT C
liRINA 0 HACCKE C HANKSV IL.L.E. C HASKINS C HEaD 0
liRINOBRDOIt C HACK 8 NONFLOOOEO HAssEE 0 HEIIRON 8
GRINDSTONE C HACItERS B HANLON B HAssEL.L. 0 HECATE 8
lOR I Nit C HACKRO' 0 HANLY A HASTINGS 8 HECETA 8'0
GRISOALE a HACItIlOOO 8 HANNA B HAT C HECHTMAN °liRISIIOI.D 8 HADAR 8 HANNAHATCHEE 8 HATBORO 0 HECKER 8
GRITNEY C HAOES 8 HANNING 8 HATCH 0 HECL.A A
GRIYER 0 HAOLE' 8 HANOVER C HATCHET C HECTOR 0
GRIVER. IIET ° HAI'LINCiER A HANS C HATERMUs 0 HEOOES C

NOTES: TIIO H'OROL.Olile SOIL. liROUPs SUCH AS 8'C INDICATES THE ORAINEO'UNORAINEO SITUATION.
MODIFIERS SHOWN. E .10 •• 8EOROCK SU8sTRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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7.19
TA8LE 7.1--HYOAOLO& C &AOUPS 0' THE SOILS 0' THE UNITED SUTES- HEOOX C I HUDER 8 HOlIOG 0 HONOIIANU A I HOYPUS A

HEDRICK 8 I HUDLA""I' 8 HOIIONNY 0 HONONEGAH A 1 HOYTYILLIE C'O
HEOYlLLE 0 I HinDU II HOIISON C HONOULIULI 0 I HUALAPAI C
HE'EO I I H1EZEL I HOCAR 0 HONTAS II 1 HUll II
HI'LIN 8 I HI YlllA C HOCHHflM II HONTOON 11'0 HU811A1tO A
HEGLAA II I HUAC C HOCKINSON 0 HONUAULU A HUII8AAOTON C
HEGHe 0 I HIIIAA C HOCKINSON. C HOOD II HUIIELL I
HEIDEL I I HI811NG C NOOEAATELY If!T HOOOLE I HUIERLY 0
HEIOEN 0 I HI8IANIA C HOCKINION. OAAINEO 8 HOODOO 0 HUIIEAT II
HEIOTIIAN C I HICKIIAN 8 HOCKLIEY C HOODSPORT C HUII·LEAS8URG I
HfiGHTS 1'0 HICKOAY C HOCKLEYe GAAOIEO 0 HOO&OAL C HUCKLfBERRY C
HIEIL 0 HICKI I HOOA C HOOItS I HUDSON C
HUIIOAL I HICOU I HOOEOO C HOOLIEHUA I HUIECO C
HEINSAW C HIOALGO II HOOENPYL 8 HOOLY C HUEL A
HEIIfTON II HIOUIA I HODGE A HOOPAL. 0 HUIENEIIE C
HUSITOH. STOHY C HIDEAWAY 0 HODGINS B HOOPIEA 0 HUIENEME. ORAl NIE 0 I
HIEIUTOH. C HIOewOOD C HOOGSON C HOOPIESTON B HUIEA'ANO 0

SALINE-ALKALI HUARD II HO"LANO 0 HOOSAN a HUEY 0
MlEISETON. ORAINEO II HUGINI 0 HO,.,IIANYILLIE C HOOUC A HUI'I'INE I
HIEIHTON. 'LODOIEO II HIGGINIYILLIE C HOI"STAOT 8 HOOUEAVILLE C HUI'FNAN II
HEISL.EA 8 HlliiH liiAP C HOGAOIEAO II HOOT 0 HUFF TON II
HIEIST II HlliiHAIIS 0 HOliiANSIIUA& B HOOTIEN 0 HUlii&INS C
HEITT C HlliiHllANK C HO&lii C HOPCO C HUIiHE' II
HE Uflt 0 HIGHCANP II HOGI4ALAT 0 HOPORAW A HU&HESYILLE C
HELOT C HlliiHl'IELO a HO&AIS B HOPEKA 0 HU&O II
HEL£IIANO II HlliiHIIORE II HOH 8 HOPICINS II HU&USTON 0
HELENA C HIIiHPOINT 0 HOHNANN C HOPLAND II HUICHICA C
HELENOALE II HIIiHTOWIEA C HOKAH e HOPLEY II HUICHICA. PONDED 0

e HELLNAN C HUiHIIOOO C "OICO B HOPSONl/ILL.E C HUIKAU A
HELIlIER C HIHIIIANU II HOLIIAOOIC 8 HOQUIAM I HUKILL a
HELIIICK 0 HI18NER C HOLCOMII D HOAO II HUL.ETT II
HEL TfIt II HIKO PEAK II HOLDAWAY 0 HOAEa C HULLS C
HELVETIA C HIICO SPRIN&S 8 HOLOEA II HOREII. &AAVELLY a HULL T II
HELY C HILAIAE B HOLOEAIIAN C SUBSTRATUN HULUA 0

. HEII8AIE 8 HILOEIIRECHT C HOLOEANESS C HORNEL.L 0 HUM II
HIli I Nlii,.QRO II HILOAETH 0 HOLOINgORO C HOANING 8 HUIIACAO 8
HENCO 8'0 HIL.IEA 0 HOLOREGIE B HORNITOS 0 HUIIATAS C
HENDERSON II HILES a HOLILLIPAH A HORNSBY C HUllaAAliiER I
HENDRICKS II HILliiEA a HOLLAND B HORNS"ILLE C HUII8Ilii C
HENDY C HILGRAVE 8 HOLLANDLAKE C HORROCKS 8 HUMBIRD II
HENEI'ER C HILL8AICK 0 HOLLENIIECK 0 HORSECAIIP 0 HUllaOLOT 0
HENHOIT II HILLCO II HOLLINGIER B HORSESHOE B HUIIBOLOT. II
HENKIN 8 HILLEIIANII C HOLLIS C'OI HORSETHIE,. II 1I00ERATELY WETt
HENLIEY C HILLERY 0 HOLLISTER 0 I HORSLEY 0 SAL INE -ALKALI
HENLINE C HILLET 11'0 HOLLOIIAN C I HORTONYlLLE B HUIIIIOLOT. I
HENIIEL C HILL,.IELO II HOLLONEX II I HOSUN C 1I00lERATELY WET.
HENNEKE 0 HILLliiAT! 0 HOLLOWAY B ,I HOSKI NN IN I 0 SALINE
HENNEPIN II HILLIARD II HOLLY a'DI HOSLEY 0 HUIIIIOLOT. SALINE 0
HENNESIY II HILLIAAO. C HOLLY. PONDED 0 I HOSMER C HUMaOLOT. a
HlNNINIiIEN C 1I00EAATELY WELL HOLLY SPRINGS 0 I HOSPAL 0 ..OOERATELY wn
HENRIETTA 11'0 DRAINIED HOLLYWELL a 1 HOUICK II HUIIIIOLOT. DRAINED I
HENRIEVILLE 8 HILLON C HOLLYWOOD 0 I HOSTAGE II HUIIOUN 8
MlENRY ° HILLSIIORO II HOLIIAN A I HOT LAKE C HUItEITON (I'D
HENSHAW C HILLIOALE II HOLIIOEL C I HOTAW C HUll.. I NliiTON C
HENILEY 0 HILLTO II HOLItES 8 I HOTCREEK 0 HU..PHRUS I

e HEPLER C HILLWOOD I HOLO""A I 1 HOTEL I HU..PTULIPS I
HEPPIIE 0 HILIIAR 0 HOLOPAW 8'01 HOUPRINGS I HU..SItEL C
HEAAltLE 0 HILIIAA. DAAlNED a HOLSINE 8 I HOUDEK I HUN II
HE AIlIAT II HILIIDE C HOLSTEIN II I HOUGH II HUNCH8ACK 0
HERIlIlAN 0 HILD A HOLITON II I HOUGHTON 1.'0 HUNt:wILL II
MlERO C HILOLO 0 HOLT 8 I HOUGHTON. IIunlO '"'01 HUNGRY C
HEAE'OAD II HILT I HOLTEA 8 I HOUIHTON. PONDED 0 I HUNNTON C
HERltI ..ER 8 HILTON 8 HOLTLE II I HOUGHTON. 1.'0 HUNTERS II
HER" C HINCKLEY A HOLTON C I ,.REQUENTLY HUNTlIIEA C
HE RME"INlii II HINOII C I(OLTVILLE C I 'LOOOEO HUNTING C
HERIIISTON II HINl!lllURlii C HOLYOKE C'O HOlHiHTONYILLE C HUNTINGTON 8
HERNON A HINCER C HO..A C HOUIt C HUNTIIDUNT II
HERNANDEZ II HINKLE 0 HO"E CAIIP C HOULA II HUNTSBURG 0
HERNDON I HI....AN C HOIll!LAItI! II HOULKA 0 HUNTSVILLE II
HERO 8 HI RSCHOALE C HOIll!LAHO C HOURliiLASS I HUPP 8
HEROO 0 HISEGA C HOliER B HOUSE MOUNTAIN 0 HURDS I
HERRICK II HilER II HOIll!STAKE C HOUSER 0 HURL8UT C
HERSH II HISLE 0 HOIIESTEAO II HOUITAKE C HURLEY 0
HERSHAL 0 HITILO A HOIIIIE C HOUSTON 0 HURRICANE C
HERTY 0 HITT I HO..IIf. "DOERATELY B HOUSTON BLACK 0 HURST 0
HESCH II HIYAL 0 wn HOVDE c HUSE 0
HElPER C HIWAN 0 HO"OSASSA 0 HOVEN 0 HUSSA. CLAYEY 0
HESPERIA II HIWAIIEE II HONAUNAU A HOVENWEEP C SUBITAATU..
HESPfAUS a HIWOOO A HONCUT B HOVERT 0 HUSSA. SAL.INt: 0
HEISEL ll,ol HIXTON 8 HONOALE 0 HOVEY C HUSSA. MODERATELY C
HlSSELKRG 0 I HOADLY C HONOOHO II HOWARD A WET
HESSELTINE II I HOIlACKER 8 HONEOYE ·8 HOWCAN I HUISA. DRUIIIO "HESSING II I HOllAN II HONEYGAOVE C HOWE C HUSSA. SANOY 0
HESSLAN C , HOIIIIS 8 HOIII.,., ILLE C HOWELL C SutlSTRATUII
HESSOflI C I H08CAW 0 HONN I HOWLAND C HUSS"AN 0
HfTU.. C I HOllE A HONOalA c HOWSON C HUSU" II
HETTINGER c,ol HOIlERG C HONDICAA A HOY! II HUrCHINSOII C
HEXT II I HOIIIT C HONOLUA B HOYLETON C HUTSON I

HOTUI TIIO HYDADLOIIC SOIL liiROUPS SUCH AI a,c NOICATEI THE ORAINl!OI'VNORAINEO SITUATION.
IIDOI'IERI IHOlfN. E.G •• IlEORDeK IUllITRATUII. AE"EA TO A SPECI,.IC SOIL SERIES PHASE 'OUNO IN SOIL ..AP LEGE..O.
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7.20
TAlllE 7.1--HYOROlO~IC ~ROUPS OF TH~ SOILS OF TH~ UNITED STATU

HUTT 0 I INSKIP C .IACOIISEN 0 .I0llPEAK 0 KACHEMAK II ...--....HUTTON C I INSULA 0 .IACOIlY C .I0CITY a KACHESS a
HUXLEY 0 I INTERIOR II .IACOT II JOCKO B ICAOE C
HUYSINIC II I INTON B JACQUES. C JOOEltO B UDlETl B
H'ANNIS B I INYERNESS B .IACQUITH C JOEL I! KADOKA a
H'AS II I INVEASHlEl C .IACRAll 0 .I0ENEY 0 KAENA 0
HYATTY IllE C I INVlllE 8 .IAC"IN II .I0ES I! KAFINCi I!
H'OE 11.101 10 8 .IAOIS 8 JOHNNIE C KAHAlUU 0
HYDER 0 I 10lEAU C .IA~UEY~S 8 JOHNS C KAHANA I!
HYDRO C I 10NA 8 .IAl 8 .I0HNS8URG 0 KAHANUI 8
H'E II I IONIA B .IAlMAR A JOHNSON B KAHLER B
H'lOC 0 I 10SCO B .IAM~S 0 .I0HNSTON 0 KAHLOTUS II
H'MAS 0 I 10SEPA 0 JANES CANYON C JOHNS"OOO a KAHOlA II
HYRUM I! I IOTlA B .lAMES CANYON. 8 JOICE 0 KAHUA 0
H'SHAM 0 I IPAGE A DRAINED JOINER B KAIOERS II
lAO B I IPANO C .IAM~STON CI'O .I0KOOO"SKI 0 KAILUA A
IBERIA 0 I IPAVA B .IANISE C .I0lAN 0 KAIMU A
ICAR IA 0 I IPISH C .IANISE. OVERBLOWN. B .I0llE T 0 KAINAllU A
ICEN£ 0 1 JPSON B DRAINED .I0NAlE B ICAiPOIOI B
ICHBOO 0 I IPSWICH 0 JANISE. DRAINED C JONAS II KAIWIItI A
ICHETUCKNEE 0 I IRA C .IANISE. OVERlllOWN C JONATHAN B ItAlAE II
IC IClE B I IRAAN II JANSEN B .I0NCA C KALALOCH II
JOA B I JREOEll C/O .IANUOE B JONOA II KALAMA C
IDABEL II IRELAND C .IA"",OE. CLAY C JONES B ItALAMAZOO II
10AMONT B IRETEBA II SU8STRATUM JONESVILLE I! KALAPA a
IDEE C IRIGUL 0 .IAAAa 0 JOPLIN C KALAUPAPA 0
IDLEWILD 0 IRIN C JAA~Al~S 0 JOPPA B KAlJFONSKY l)

IDLEWILD. DRAINED C IAHUlCO a .IARITA C JOAOAN 0 KALJeaA 81'0
10MON B IROCK C .IARMlllO 8 .I0R~~ II KAllHI 0
I~OEll C IRON Ill0SS011 C .IAAOlA 0 .I0AY C KALISPEll B
J~ERT C IRON NOUNTAIN 0 .IAROSO C JOS8URG C KALKASKA A
I~NACIO C IRON RIYER a .IARR~ 8 .I0SEPHINE II KALLIO C
IGO 0 IRONCO B JAARON 0 .I0SHUA C KALMARVILLE BI'O
I~UAlOAO 0 IAONDAlE C .IASCO 0 JOSIE II KALMIA B
IHLEN B IRONTON C .IASON 0 .I0SLlN B KAlOKO 0
I.lAM 0 IAOQUOIS 81'01 JAIPER B JOURDANTON II KALONA C
IlACHETOIIEl 0 IRRAWADDY C I .IAUCAS A .I0WEC 0 ItALSIN 0
IlOEFONSO B IRRIGON C I .IAYA a ..lOY B KALSTEO B
IlES C lAY INE 0 1 JAWIlONE 0 JUAB B KAMACIt B
ILIFF C IRYINCiTON C I JAY C ..lUANA OIAZ II KAMAKOA B
IllIll 0 IRWIN 0 I .IAYAR C JUBILEE 0 KAMAN 0
ILION 0 JSAAC C I .IAYBEE 0 .IUaILEE. CLAYEY 0 KAMAOA B
IllAaOT B ISAIlElLA B I .IAYEl 0 .IUallEE. WET 0 KAMAOlE B
IllER II ISAN AI'OI JA'EM II ..IUIlILEE. DRAINED B KAMAY 0
IlTON C I SANT I AI'OI JAYNES 0 .IUallEE. FLOODED 0 KAMELA C
ILWACO B ISBEll B I JEAN A ..IUaILEE. GRAVELLY 0 KAMIE II
IMA B I SHI PISHJ C I JEAN lAKE " .IUOA B KAMPVllLE C
IMBlEA B J SHPEMIN~ A I .IEANERETTE 0 ..IUOO C KAMRAR B
IMLAY 0 ISKNAT C I .IE80 a ..lUDELL B KANAKA II
u"u~ C ISLAND B I .IEOO C .IUD ICE 0 KANAPAHA BI'O
IMMOKALEE 111'01 ISlOTE II I .IE000 Cl'ol JUDITH II KANAR/lNZ I a
IIIIIOKAlEE. 0 I ISOLDE A 1 .IE,.,.ERS 81'0 .IUD I TH. IlEOROCK CI'O KANARRA 0

DEPRESSIONAL I I SOli B I .IEFFERSON B SUBSTRATUM KANAWHA II
I IIMOItAlEE. 111'0 ISTER C I JE,.FREY B JUDITH. ~RAVELLY II KANOALY A

liMESTONE I STOKPO~A 111'0 JEKlEY C JUDITH. COBBLY a KANDIK II
SUBSTRATUM I UNO C J~M~Z C JUDKINS C KANE II

IIIOCiiENE 0 I USCA a J~NA II ..IUDS ON a KANEBREAK C
IIIONIL II ITAT II .I~NKINS C ..IUOY C KANEOHE II
INPACT A ITCA 0 .I~NICINSON 0 JU~ A KANEPUU II
IMPERIAL 0 ITHACA C .I~NNESS B JU~ET 0 KANER A
INAVALE A ITSWOOT II J~NNIN~S C .IUCiiHANOlE II KANCiiAS A
INCEll 0 IUttA C JENNY 0 .IU~SON C KANIO II
INCHAU C I'A t .IEAAG 0 JULES II KANIKSU II
INeY A IVAN 8 J~RAULO 0 JUlESaURG A ICANIMA C
INOAAT C IVANEll C J~RICHO 0 .IULIN 0 KANKAKEE a
INDIAHOMA 0 IVER 8 JEAO~ 0 JUII80 II KANLEE C
INOJAN CREEK 0 lWES a .IERA' C .IUIIPE II KANONA 0
INOIANO C IVES. W~T 0 .IEAAYSlU C JUIIPEA C KANOSH C
INOIANOl.A A IYES. FLOODED 8 J~AU 8 .IUIIPO,.F C KAHTISHNA 0
INDIO 8 IVINS C .IESSE CAIIP 8 JUNCAL C KANUTCHAN 0
INDUS 0 lYRES 0 JESSUP C .lUNCOS 0 KAHZA 0
INEZ 0 IZA~ORA C JETlffA C JUNCTION a KAPAA II
IN~AllS a IlEE C olEYl 8 .IUNEAU a KAPAPAlA II
INIOENIO B 110 A .IE we TT 8 .IUN~ 0 KAPAPALA. BEDROCK C
INIOEASOll 8 I ZUSEA 8 JI~~S 8 .IUNIPEABUTE A SUBSTAATUN
INIiAAN 0 JAIIU B JllSON 0 .IUNIPERO II KAPIN C
INKLEA II .IACA~UAI 8 .1111I C JUNIUS C ICAPOO a
INKOM 0 .lAC ANA 0 .lIMBO 8 JUNKETT C KAPOwlI N 0
INItOM. OAAlNED C JACEE C .lIMit C JUNO A KAPTUAE II
INKOSA 0 .lAC INTO 8 .III11ENEZ C .IUNQUITOS C KAPUHIICANI 0
INKS 0 .lACK CAEEK A .IINLAKE 8 .IUPITEA II I'D I KAAANIN II
INKSTER II .IACICET C .IINIA~e 8 .IUAA 0 I KAAANKAwA D
INMACHUK 0 .I ACKMA" 8 .IIMTOWN C .IURVANNAH C I KAACAl II
INNAN C .IACKNIFE C .IIPPER 8 .lUliTESEN C I KAROf B
INMO A .IACICPOAT 0 olIVAS 8 .IUSTIN a I KAAlAN C
INNIN~ER C .lACKS C JOACHEM 0 JUVA B I KARLIN A
INPENDENCE B .IACKSON 8 .108 C .IUVAN 0 I KARlO 0
INiAlC 0 .IAC08 D .101105 C ICAAlUAlU A I ICARlS8UR~ 8

NOTES: TWO HYDROLOGIC SOIL ~AOUPS SUCH AS 81'C INDICATES THE DAAINED'UNDAAINEO SiTUATION.
IIIODI .. IEAS SHOWN. E .~.. IIEDAOCIC SU8STRATUIII. AI..EA TO A SPECI.. IC SOil SIEAIES PHASE ,.OUND IN SDIl MAP lE~NO.
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e TAILE ?l--H'OROLOIIC GROUPS O~ THE SOILI 01' THE UNITED STATEI

KARLSTAD A ItENAI C KILLPACK C KlTTION C KONERT. ORAI ..EO C
KARLUK 0 KENANSVILLE A KILMANA'" C UVA A KOMEIt 0
KARMA I KENOAIA C ULNEA C UWANls II KONNER. DRAI..EO C
KARNAK 0 KENDALL I KlLM!RQUE C KUHUYAK II KONOCTI I
KARNES • KENDALLVILLE II KILN 0 KolAR 0 KOIIIIL II
KARRO II KENDRICK A KILOA A KLAIIEA 0 KooLAU C
KARS A KENEIAW II KlLOHANA A KLAIIER. DRAINED C KOO.. ICH A
KARSHNER 0 KENNDOR I KlLOWAN C KL"DNICK " KOONTZ D
K"RTAR I KENN I KlLWlNNING 0 KL"N"TH D KOOSH"REIII •KASEIERG D KE....AN I KIM I KLAUS II KOOSKIA C
USHWIlNA II KENNEIIEC II KIM. I KLAWAII D KOOTENAI II
KASJLOF II KENNEA D ELEV"TION>6500 KLAWATTI C KOPIE °K"SKI II KENNEWICK II KIN. SALI~ C KL"WHOP II KOPPERL II
USOTA C KENNE' A K1M. COOL II KLA'ENT C KOPPES II
KASSLER A KENNEY L"KE C KIIIIAMA II KLUNIIUSH D KORCHElI 1
KASSON C KENO 0 ICIMIIALL 0 KLEoI 1 KORENT II
K"TAM" II KENDMA 0 KUllIERLINA II KLICKER C KOR....AN •KA TEMCY C KENSAL II UMIERL' II KLICICITAT 1 KOIlOIIAGO C
KATHER C KE"SEn II KIMllROUGH 0 KLICKSON II KORONII II
UTO 11'0 KENSPUR I KllIliIERLING 0 KLINE. CO.IL' II KORTn II
KA TSEAHES 0 KENT 0 ICINO C KLINE. PROTECTED A KOSCIUSKO II
KATULA C KENUSK' 0 KINA 0 KLIN!SWlLLE cn KOIUH •KAT' 0 K!NYON II KINCHELO! 0 KLIN$EA II KOSSE II
K"UDER C KED II KINCO A KLON! II KOSSUTH II'D
KAUFMAN D KEOKUK II KIN~R C KLOOCHMAN C KOSZ'" II
KAUKAUNA C KEOMAH C KINDIG II KLOOTCH C KOTO 0
ICAUPO A KEOTA II ICINOY C KLOOTeHIE ., KOTZMAN II

e KAUPPI II ICEOWNS 11'01 KINESAVA II KLOTEN ° KOVICH 0
KAVEn 0 KEPLER C I KINGI'ISHER II KLUG II KO'EN II
KAWAIHAE C KERIIER D 1 KINGHORN D KLUN II KO'NIK 0
KAIIAlHAPA I II KERII' II I KIKG ILE C KLUMP 1 KO'UKUK II
KAWIAWGAM C KERMIT A I UNG INGHAM C KLUTIN" II KAAOE II
KAIIICH A KERNAN C 1 KINGMAN 0 KNAPKE II KRAKON 0
KAIIKAIILIN C KERRICK II 1 KINGMONT II KNAPPA II KAAM 0
KAYO B KERSHAW A 1 KINGS 0 KNAPPTON II KRANIKI II
KEAAU 0 KEASICK 0 1 KINGSBUR' 0 KNEELAND C KRANZBURG II
KEAHUA I KERITON A,ol KINGSDOWN B KNII'I'IN C KRATKA 11'0
KEALAKEKUA " KERT C 1 ICINGSLANO An KNIGHT 11'01 KRAUSE II
KEALIA 0 KUSLER C I KINGSLEY II KNIK II 1 KAUMER C
KEARL C KESSON D 1 UNGSTON II KN IKLIIt II 1 KREIIS II

e- KlARNS II KESTERION 0 1 ICIN$SV ILLE A,ol KNIPPA C I KREM A
KEARSAA~ II KESWICK C KINGUIN II 1 KNOI HILL II I KREMLIN II
KEATING C KETCHLY II KINKIAO C 1 KNOB TOP C I KRESSON C
KEAUltAHA 0 KETCHUM II KINKEL C 1 KNOCO ° 1 KAnENHAGE.. II
KEAWAKAPU II KI!TONA 0 KINKEL. GRAVELL' II I KNOKE 11'0 KIUER 0
KEBLER II KETTE..IIACH C KlNKORA 0 1 KNOLLE II KAnlT II
KECH 0 KETTLE II KINMAN C I KNOTT 0 KRO~N II
KECKO II KETTLEMAN II UNNEAR II 1 KNOWLES II KRUEGER II
KECKSROAo C KETTNER C KINNEY II 1 KNOK I KA"" 0
KEOA II KEUTEAVILLE II KINROSS A'OI KNULL 1 KRUSE II.
KIORON C KEVANTON II UNSTON 11'0 KNUTSEN II KUIIE II
KEECHELUS C KEVIN C UNU 0 KOllAR C KUIILEA C
KEECH I C KEWAUNEE C UNTON C KOIIEH II KUIIL I 0
KEEFERI C KEWEENAW A KI"ZEL II KOIIEL D KUCERA IIe KEEl 0 KEYA II KlOMATIA A KOCH 0 KUCK C
KEEKEE II KEYEI 0 UONA I KOCH. DRAINED C KUOLAC 0
KEEL C KnNER 0 KIOWA II KODAK II KUHL II
KEELO"R II KEYPORT C KIPER II KODIAK II KUKAI"U A
KEELE II KE'STONE A KIPLING 0 KOORA C KUKAUU. IIEOItOCK C
KEENE C KEUN 0 KlPPEN A KOEHLER C SUIURATUM
KEENO C KEZAR I UPSON 0 KOELE II KULA II
KEESE 0 UAltUI C KIRII' A KOEPKE I KULLIT II
ItE!SEHA C ItIAMIC"1 0 ItIRIIYYILLE II KOERLIN$ II ItULSHA .. C
KEEWATIN C ItUWAH 11'0 ItIRK 0 KOERTH C KUMA I
KEG I UIIIlE I KIRltENOALL I 1t0ETHER 0 IIUNATON 0
KEGeL C UIESI LLAH II KIRKHAM C 1I0'A 0 IIUNA'OS" A
KEGeL. ORA INEO 0 UCIIAPOO I KIRltLAND 0 KOGIS," 0 IIUNIA II
KEGONSA II KICKERVILLE I KIRKSE' C KO"ALA I IIUNUWUA II
KEHENA C UOO 0 ItIRICYILLE C KOICAN A KUNZ II
KE~ 1 KIDDER I KIRLEY C KOlCE! I KUPRI!ANO' A
KEIGLE' I lCIONAN I URTLEY C KOKEANOT C KUREI A
KEISER I UEHL A ItIRYlN C KOKO II KURO 0
KElTH II U!lEL C UItYlN. $RAOEO 0 KOKOKAHI 0 KURU C
ItE ITHV ILLE D KUTZKE 0 UIA'CHU 0 KOKOMO 11'0 IIUIlCOKWIM 0
KEKAHA I UU I UIHONA I KOLAR 0 KUILINA 0
KEKAKE 0 lCIltONI II KIIHONA. ALKALI C KOLIII!RG C KUTCH C
KELK C lCILAGA C USRINCI C KOLEKOLE C KUTLEIt C
KELLER C ULARC 0 KISRING. lET 0 KOLIN C KU' A
KELL' D lCILAUEA I UIUCK C KDLLS 0 II:Y ICHAIC •KELSO C ULIURN I KlITIRN I KOLLUTUlt 0 lClIEO A
KELTNER I lCILCHII C KITCHELL I KOLOA C KYIIURZ •KELTYS II ULOOR C KITCHEN CAEEIt I KOLOII C K'DAKA D
KELVIN C KlL~OIL C KlTI 0 KOLOKOLO I K'LE 0
KEMAN II lCILGOAtt 0 KITIAP C KOLOMOU II K'LER 0
K£...r:AfR c lCILltI!NN' ., UTTfRLL 0 KOIIO I LA IlllER 0
KEMOO I KlLLIUCII "01 KITTITAI 0 KONA 0 LA ''''1 •KEMP C KlLLOU" I 1 KITTITAI. DRAlNI!O C KOIIAWA I LA 'ONDA •KEMPSVILLE I lCILLr:y D 1 KIlTREO&! I KONERT 0 LA GItANOE C

NOTEIZ TWO H'OROLOGIC lOlL GItOuPl IUCH AI II" INOICATEI THE OItAINED'UNDRAINI!O lITUATION.
NODI~IEAI lHOWN. E.G •• IIEDRDCIt IU.ITAATUM. RIPEA TO A IPI!CI~IC SDIL lilt lIS ~AII! ~OUND IN lOlL MAP LEGeND.
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TABLE 7.1--HYOROLOGIC GROUPS OF THE SOILS OF THE UNITED STATES

C
II
o
C
C
8
C
II
o
D
o
A

o
C
II
C
A
A
D
8
o
C
II
II
C
II
A
II
A
II
D
C
A
II
o
o
C
C
II
C
C

8
8
C
8
8
II
8
C
o
II
o
o
II
o
o
II
o
C
o
o
8
C
II
C
o
C
11'0
II
o

LA HOlOUE
LA LANDE
LA PALMA
LA POSTA
LA PRURIE
LA ROSE
LABENZO
LABEllE
LAB ISH
LAlIJSU
LABOU
LABOUNTY
LA8RE
LABSHAFT
LA8U
LA8UCK
LACAMAS
LACAMAS. DRAINED
LACEROA
LACHAPELLA
LACIU
LACK All ANNA
LACLEDE
LA CONNER
LACOOCHEE
LACOSTE
LACOTA
LACRESCfNT
LACY
LAOD
LADfLLE
LADNER
LADOGA
LADUE
LADYSMITH
LAFE
LAFITTE
LAlO
LAlOLORU
LAIiHAF
UGONDA
LAlORAN5E 0
LAlOAOSS A
LAlOUNITA A
LAGUMITA A
LAGUNITA. STRONGLY A

SALINE
LAlOUNITA. WET
LAHAINA
LAHONTAN
LAHAITY
LUOIG
LAIDLAW
LAJL
LAIRD
LAIRDSVILLE
LA JARA
LAJITAI
LAKE
LAKE CHARLES
LAKE CREEK
LAKE JANe!
LAKEHELEN
LAKEHURST
LAKELAND
LAKEMONT
LAKEPORT
LAKESHORE
LAKESIDE
LAItESOL
LAKETON
LAKEVIEW
LAKEWIN
LAItEWOOO
LAItI
LAItIN
LAItOA
LAItONA
LAItRIO~

LALAAU
LALIMDA
LALLI!
LAM
UMA
LAMANlOA
LAMAR
LAMAASH
UMAATIlIE

LAMAIIA
LAMIIERT
LAMIIETH
LAMIIMAN
LAIlIIRING
LAMEOEER
LAIlIN5TON
LAMKIN
LAIIO
LAMOILLE
LAMONOI
LAIIONI
LANOln
LANONTA
LAMOTTE
LANOURE
LANPHIER
LAMPSHIRE
LANSON
LANARK
LANCASTER
LANCE
LAND
LAHO. IIET
LAND. DRAINED
LANOCO
LANDER
LANDES
LANOLOII
LA_AN
LANE
LANEY
LANG. CLAYEY

sueSTRATUM
LANG. MODERATELY

WET
LANlOFORO
LANGHEI
LANlOLAOE
LANlOLOIS
LANIOOLA
LANlOAELL
LANGSPRING
LANGSTON
LANGTRY
LANIER
LANllOER
LANItIlUSH
LANlI:IN
~ANItTREE

LANOAK
LANSDALE
LANSDOWNE
LANSINlO
LANTERN
LANT iii
LAN TON
LANTONU
LANTRY
LANTZ
LANY£R
LANYON
LAP
LAPARI TA
LAPOUN
LAPEO
LAPEER
LAPHAM
LAPINE
LAPLATTA
LAPaN
LAPORTE
LAPOSA
LAAANO
LARCHMOUNT
LARDfLL
LAREDO
LAR!S
LARIOO
LARIAT
LARIM
LARIMER
LAAltIN
LAAItSON
LARMINE
LAROQUE
LARDS!
LARRY

II
8
C
o
8
B
o
B
C
8
B
C
II
o
B
C
8
o
8'0
8
8
8
C
o
8
C
8

8
C
B
C
Il
C

8

C
Il
8
o
8
II
B
II
o
A
8
II
C
C
8

8
C
8
8
8
o
8
8
o
C I
C/O
D
C
8
D
8
A
A

C
o
o
C
B
II
C
II
C
8
8
II
8
B
C
o
8
o
o

LARRY. DRAINED
LARSON
LARTON
LARUE
LARUSH
LARYIE
LAS
LAS ANIMAS
LAS FLORES
LAS LUCAS
LAS POSAS
LAS VEGAS
LAS"A
LASALLE
LASAUSES
LASIL
LASSEL
LASSEN
LASSITER
LAST ANa'
LATAH
LATAHCO
LATANIER
LATCH
LATENE
LATES
LATHAM
LATHER
LATHROP
LATINA
LATIUM
LA TOM
LATONIA
LATOUCHE
LATOURELL
LATTAS
LATTY
LAUDERDALE
LAUOERHILL
LAUGENOUR
LAUliHL IN
LAUNAIA
LAUREL
LAURELIIOOO
LAUREN
LAURENTlEN
LAVACREEK
LAVALLEE
LAVATE
LAVEEN
LAVERICIN
LAVIC
LAY INA
LAllA I
LAIIET
LAIlLER
LAWNDALE
LAIINIIOOO
LAWRENCE
LAIIRENCEV ILLE
LAIISHE
LAIISON
LAIITHER
LAIITON
LAWYER
LAX
LAXAL
LAXTON
LAYCOCIt
LAYTON
LAYVIEII
LAZEAR
LE 8AR
LE SUEUR
LEA
LEADER
LEAOPOINT
LEAOVALE
LEAOVILLE
LEAF
LEAFU
LEAlOUEVILLE
LEAItSVILLE
LEAL
LEALANOIC
LEANNA
LEANTO
LEAPS

C
o
A
A

II
o
C
C
o
C
C
o
A

o
o
o
C
o
8
8
C
C
o
A
II
C
o
o
8
o
o
o
B
o
8
o
o
o
B/O
8
C
B
o
8
B
II
II
8
8
II
C
II
o
8
8'01
8 I
II I
8/0
C
C
o
C
o
C
8
C
8
C
8
A

o
o
II
II
C
8
8
C
II
o
C
8/01
o 1
8 1
o 1
o 1
o I
C 1

LEATHAM
LEATHERMAN
L!:AYENVORTH
LEAYITT
LEAVITTVILLE
LEIIAN
LEliA NON
LEIIEAU
LEIIEC
LEIIO
LEIISACK
LECK ItILL
LEOl'ORO
LEOGEI'ORK
LEOIlOUNT
LEOOII
LEORU
LEOUII
LEOUCK
LEDWITH
LEE
LEEIIENCH
LEEDS
LEEFIELO
LEELANAU
LEEMONT
LEEPER
LEERAY
LEESIIURG
LEETONIA
LEEVAN
LEFOR
LEGAULT
LEGLER
LEGORE
LEHEII
LEHIGH
LEHMANS
LEHR
LE ICES TER
LEIOL
LEIGHCAN
LE ILEHUA
LEISY
LELA
LELAND
LEMAH
LEMCO
LEMERT
LEMETA
LEMINCi
LEMM
LEMOND
LEIlONEX
LEIlOORE
LEN
LENA
LENAPAH
LENA WEE
LENAWEE. PONOEO
LENIIERG
LENNEP
LENOIR
LENZ
LEIlZ. STONY
LENZIIURG
LEO
LEOL~

LEON
LEON. OCCASIONALLY

FLOODED
LEONARD
LEONARDO
LEONARD TOliN
LEONI
LEAOAL
LEROO
LEROY
LERROW
LESHARA
LESHO
LESLIE
LESON
LESTER
LESIIJLL
LETA
LETCHER
LETHA

C
o
II
8

8
8
C
o
II
8
C
8
II
A
o
A

o
8
C

8'0
o
o
C
C
A
o
o
o
II
C
o
II
o
8
II
C
C
o
8
C
C
II
8
8
o
o
A

C
o
o
C
8 I
B,pl
C I
C I
C I
A,pl
o I
11'01

° I
C I
C I
o I
8 I
C 1
8 I
II I
II I
8.rol
A'O

o
II
o
II
C
C
II
C
B
C
o
o
II
II
C
o
C

LETHENT
LETNEY
LETON
LETORT
LETRI
LETTIA
LEVASY
LEVEL TON
L!!VERETT
LEVIATHAN
LEVY
L!!II
LEIIIS
LEIIISIIERRY
LEWISIIURCi
LEIII S TON
LEIIISVILLE
LEVKALII
LEX
LEXINCiTON
LEXTON
LEYIlA
LEYDEN
LIB81NCiS
LIBECi
LIIlERAL
LIIlORY
LIIIRARY
LIBUSE
LICK
LICKOALE
LICK ING .
LICKSIt ILLE T
LICItSKILLET. STONY
LICKSItILLE T.

NONS TONY
LIDDELL
LIOOIEVILLE
LIOY
LIEN
LIGGET
LICiHTNINCi
LICiNUM
LIGON
LIGURTA
LIHEN
LIHUE
LIltES
LILAH
LILIIERT
LILIlOURN
LILLINGTON
LILY
LIMA
L IIlIlER
LIMERICK
LIMON
LIIlON. IIET
LIMON. NONFLOOOEO
LIMONES
LIIlPIA
LINCO
LINCOLN
LINOAAS
LINDALE
LINDELL
LINDEN
LINDER
LINDLEY
LINDRI TH
LINDSIDE
LINDSTROM
LINDY
LINE
LINEVILLE
LINGANORE
LINHART
LININGER
LINItER
LINltVILLE
LINNE
LINNET
LINNEUS
LINO
LINOYER
UNROI!!
LINSLAII
LINT

D
A

o
II
11'0
II
C
o
C
8
o
Il
o
8
C
C
II
C
8
Il
8
8
C
o
8
o
A

°C
B
o
C
o
o
C

8'0
8
8
o
8
o
C
o
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NUTESI 'va HYOAOLOlOIC lOlL lOROUPS IUCH AI 8'C INOICATEI TN[ DRAINEO~AINED IITUATION.
~DIFI!AI lHOWN. E.G •• BEDROCK SUIISTRATUIl. REFER TO A SPECIFIC lOlL IE.I!!S PHASE FOUND IN SDIL NAP LElOfND.
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TABL~ 1.1--HYDROLOliIC liAOUPS 0,. THE SOILS 01' THI!: UNITED STATES- LINTON B , LOLEKAA B LOUSCOT 8 , LYFORO C I IIAKAPILI B
LlllnLOT 8 , LDLO 8 LOUYIERS D , LYKENS C I NAKAWAO 8
LlNVI~ B I LOLON 8 LOVE.IOY C I LYLES 8'D' IIAKAWELI 8
LlNftLL C I LOll A C LOV~LACE 8 , LYIIAN C'O' NAKENA 8
LlNWOOO A,O' LOIIMI 8 LOY~LAND C , LYIIANSON C , IIAICI C
LIPAN 0 , LOIIALTA 0 LOV!!:LL 0 I LYIIE C I IIAKIKI 8
LlPleE 0 , LOIIART B LOV~LOCK B'O LYIICH 0 , IIMLAK A
LIPPINCOTT 8'0 LOll All 8 LOVELOCK. SALINE B LYIICH8URG C , IIMOTI 8
LIPPITT C LOIIETA C LOVELOCK. B LYNOEN A , IIAL C
LlRIOS 8 LOIIIRA 8 SALIN~-ALKALI LYNII HAYEN B~' IIALA II
LISAOE 8 LOIUTAS 0 LOYELOCK. B LYNNE 11'0 IIALABAR 11'0
LISAII 0 LOIIOINE 0 IIDOERATELY WET LYNNVILLE C IIALABON C
LISBON 8 LOIIOND B LOYEWELL 8 LYNNWOOD A IIALACHY II
LISCO C LOMPICO B LOYLIN!!: C LYNX II IIALAGA A
LISCOM8 II LONCAN C LOWELL C LYONIIAN C NALAMA A
LlSK B LONOO C LOIIERCREEK A LYONS 0 IIALAR'O 8
LISMAS D LONOONOERRY C'O LOWLEIN B LYONSVILLE B MALAYA 0
LISIIORE 8 LONE C LOWNDES B LYRA 0 IIALBIS B
LITCHFIELD A LONE ROCK A LOWRY B LYRE B MALCOLII B
LITHIiOW C LONEPIN~ B LOWS B'OI LYSTUR B MALDEN A
LI nll8ER 8 LON~RIO'E C LOIIYILLE B 1 LYTELL B IIALEZA 8
LITL~ 0 LONERI05E. COOL B LOX C 1 LYYILLE II IIALHEUR C
LITRO 0 LONESTAA B LOXLEY A'O IIABANK 0 MALI8U 0
LITTLE HOAN C LONETREE A LOYAL 8 NABEN C MALIN 0
LITTLE POLE 0 LONEWOOO B LOYALTON 0 NA81 0 IIALJAIIAR B
LITTLE WOOD 8 LON'CREEK 0 LOYSYILLE 0 MAIIRAY 0 NALM C
LI TTLE8EAR 8 LON~OE LOZA 0 MACAOO 0 MALO B
LITTLE.IOHN C LON"'ORD C LOZANO B IIACAA B IIALOTERRE 0

e LITTLETON B LON'JIM 0 LOllER 0 IIACAAEENO C IIALOY B
LITTSAN C LONGLOIS B LUALUALEI 0 NACE B NALPAIS 8
LITZ C LON'IIARE 0 LUANA B MACEDONIA B IIALSTROM B
LIV 0 LON'NONT C LU8BOCK B IIACFARLANE B MALVERN C
LIVEN'OOO 8 LONliRlE B LU8RECHT C NACHETE C MAliA LA 0
LlYERIIOR! 8 LONIiYAL B LUCAS 0 MACHIAS 8 IIANOU C
LIVIA 0 LONGYIEII C LUCEDALE B IIACHUELO 0 NANAHAA C
LIYIN'STON 0 LONlliAN 8 LUCERNE B MACIC C IIAMAHAWKIN 0
LIYONA II LONJON B LUCERO B MACKEN 0 IIANANA C
LlllANT B LONNA B LUCIEN C MACKEY C NANARD C
LLANOS C LONOKE 8 LUCILE A NACKINAC B NANASSA C
LOARC II LONTI 0 LUCKENBACH C NACKSBURG B IIANASSAS II
LOBDELL 8 LOQI( I NGGL A55 C LUCK IAIlUTE 0 NACIIEAL II IIANATEE 0
LOIIELVILLE C LOOKOUT C LUCKY C IIACOIIB II NANAWA Ce LOIIER, C LOOIIER 0 LUCKY SUR B IIACOIIBER C IIANBURN 0
L08ERT II LOONIS 0 LUCKYRICH B MACON 8 MANCELONA A
L08ITOS C LOPER C LUCY A ..AOALIN 0 NANCHESTEA A
LOIIO 0 LOPEZ 0 LUOO~N 0 MADAWASKA B "ANOAN II
LO_N 0 LOPWASH II LUOINGYON B IIAOOEN C IIANOARIN 8'0
LOCAN~ 0 LORACK 8 LUDLOW C MAOOOCIC A ,

"ANO~RF II! LO 8
LOCEY C LORAOALE C LUEDERS C MADELIA B'O ..ANOEYILLE 8
LOCHLOOSA C LORAIN C'O LUFKIN 0 "ADELINE 0 MAN!T B
LOCHSA II LORAN B LU'!RI B MADERA 0 IIANFREO 0
LOCKE II LOROSIOWN C LUHON B ..AOGE 8 IIANGU.. 0
LOCK~R8Y C LOR~AUYILLE C LUKE C ..AOILL 8 MANHATTAN A
LOCKHART 8 LOR~LLA 0 LULA B "AD ISDN 8 "ANHEI" C
LOCKMAN II LORENA 8 LULING 0 "AOONNA C "ANI C

e LOCKPORT 0 LORENZO II LULUOE B I MAORAK C "ANI LA C
LOCICTON II LORETTO B LU"BEE 11'0 "AORAS C ..ANISIEE A
LOCKWOOD II LORING C LUNNI 0 ..AORIO B "ANITA C
LOCKWOOD. WET C LORNAN 0 LU.... I. DRAINED C "AORONE C ..ANITOWISH B
LOCO C LOS ALA"OS B LUNA C ..AOUAEl 8 ..ANLEY II
LOCDOA 0 LOS 8ANOS C LUNCH C MAES C NAilL IUS C
LOCUliT C LOS GATOS C LUNDER 0 "A'ALLON A IIANN '''0
LOOALL~Y 0 LOS 'loTOS. II LUNOS C ..AGENS 8 MANNING IS
LOOAA 0 GRAYELLY LUNDY 0 NAGGIE 0 NANOGUE 0
LOOI II LOS 'UINEOS C LUIIT C ..AIiGIN C NANOR 8
LOOO 0 LOS OSOS C LUPE B ..AGHILLS 8 NANSELO B
LOFFTUS C LOS R08LES II LUPINTO B NAGIC 0 NANSFIELO 0
LOFTON 0 LOS lANDS C LUPINTO. SALINE C NAIiINNIS 0 NANSIC 8
LOIiAII 0 LOSEE 8 LUPOYOMA B NAGNA 0 MANSKER IS
LO~ELL II LOSTINE a LUPPINO 0 MAGNOR C NANTACHIE C
LOlO5l!AT A LOSTYALLY C LUPTON A~ NAGNUS C MANTECA C
LOGHOUSE a LOSTIIELLS B LURA C,O' ..AGOTSU 0 MANTEO C'O
LOliY 8 LOSTIIELLS. IIET 0 LURAY C'O MAHALASYILLE 8~ "ANTER B
LOHLER C LOTHAIR C LURNICK C MAHANA B "ANU C
LOHMILLEA C LOTT C LUTE 0 "AHA SICA a ..ANYEL a
LOHNES A LOUOERaACK C LUTH C ..AHONING 0 MANYEL. SALINE C
LOHSIIAN 0 LOUDON C LUTHER B ..AHTOIIEOI A ..ANZANI TA C
LOIRE a LOUOONVILLE C LUTIE B ..AHTOIIA C,O IIANZANO B
LOKEN 8 LOUELLA 8 LUTON 0 MAHUKONA B MANZANOLA C
LOKERN C LOUliH80AO C LUTTERLOH C "AlA B .. APLE 1I0UNTAIN B
LOKERN. 0 LOUliHTY 8 LUTZKE a MA I DE N C ..APLETON C/f)

IALINE-ALKALI. LOUIE C LUYERN! C MAILE A ..ARAGLAOE C
WET LOUIN 0 LUXOR 0 IIAINSTA" 0 ..ARAGUEl B

LOKERN. 0 LOUISA 8 LUZENA 0 MAITLAND a MARATHON II- SALINE-ALKALI LOUIS8URG a LYBROOK 0 MAJAOA a "AR8LE A
LOltOSEE 8'0' LOUP 0 LYOA ° MAlt AA LA!: 8 MAR8LfMOUNT 8
LOLAK 0 , LOUPLDUP 8 LYDICK B IIAKAH 8 IIARCELI HAS 0
LOLALITA II , LOURDES C LYERLY 0 MAKALAPA 0 "ARCELLON C

NOYES: TIIO HYOADLOlilC SOIL GROUPS SUCH AS 8'C INOICATES T~ ORAINEO'UN RAINEO SITUATION.
MOOI,.IIAS SHOWN. E.~ •• BEORDCK SU8STRATU... REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP Le~NO.
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TAILI 1.1--HYOROL05IC GROUPI OF TNI lOlLS OF TNE UNITED STATU

MARCETTA I I MARYYN II I MAYODAN II I MCLUN C MENDON II
MAACIAL 0 I MAAY C I MAYOllORTH C I MCLAURIN II MENDOTA II
"'RCOLA C I ....YSL.NO 1/01 MAYOUEEN A I MCLEOD II MENEFEE 0
MARCONI C J MAlAGA C J ""'SDDAf< I I "CLDU5HLIN II MENFRO B
"A"COTT C I ..AI'''OII A I MAY TOliN II I MCIIEEN C MENLO 0
..ARCU" C I ..ASARYIC A I ..AYVILLE II I MCMULLIN C "END C
"'RCUS "gl MASCAMP D I ..AYIIOOO II I MCMULLIN. II.RM D MENOKEN C
MARCUS. ALK.LI. ° I MASCARENU C I "AZASK' c,pl ..CMURDIE C MENOMINEE •IIET I MASCHETAN I I "AZUM' II I MC..URRAY ° MENTO C
MARCUSE ° I MAICOTTE 1/01 MC IIUN 0 "CMU~RAY. DR.INED C ..ENToR B
M.RCY D , MAICOTTE. II I MC CORT II MCNARY 0 MENZEL II
MARDIN C I OEPRESIION'L I MCAFEE C MCNUL 8 MEQUON C
MAREN50 "01 MASCOTTE. 11101 MCALLEN C MCNULL C MER ROUGE II
"ARESUA II I oCCASION.LLY I MCALLISTER C MCNULTY II IIERCEO D
MARGATE BID FLOODED I MCALPIN C IICP.UL II MERCEDES D
M.R5ERUM II MAIET B I MCIIEE C IICPNIE II MERCER C
M.RGO II MAIHAM D I MCIIEE. LOAMY II MCQU.RIUE 0 MERCEY C
MARIA. DRAINED B MASHEL C I SUIISTRATUM IICQUEEN C IIEROEN 0
MARIA. I'LOODED II MASHULAVILLE 11/0 MCIIIGGAII C IICR.E II IIEREDITH Il
II.RU. CLAY C MASKELL II MCBRIDE II IICRAVEN C MERETA C

SUBSTRATUM MAaON II MCCAffERY A MCYEGAS D IIERGEL. II
liAR IAN' C M"'ONI"ORT D MCC.IN C IICVICKERS C IIERIDIAN II
MARUS 0 MASSANETlA e MCCALfll II IIEAO 0 MERINO 0
M'R IAVILLE D MASSIIACH II MCCALL 8 IIEADIN A IIERKfL II
MAIUCAO 8 MASSENA C MCC.LLY D Mf.OL.NO C IIERLIN 0
MARICOPA II MASSIE D MCCAMMON C MEADollCREEK C MERMIL.L BID
MARIETTA C MAsnRSON II MCCANN II MEADOllLAKE C MERNA II
MARILLA C MAT.CioROA 0 MCCAREY C MfAOOllYlLLE B MEROS A
MARIMEL C M'TAMoROS C MCCARRAN 8 MECAN Il MERRICK II
MARIMfL. ORA INEO II MAT.NUSKA II MCCARTHY II MECHANICSIIURG C MERRIL.L C
M'RINA II M'TANZAS II MCCASH II MECKESYILLE C IIERRILLAN C
MARINf C ..ATAPEAKE II MCCLAYE C IIECKLENIIURG C IIERRIMAC A
MARION 0 MAT'lIAN C MCCLEARY 0 MECOSTA A MERRITT II
MARIPOSA C MATOlER A IICCLELLAN II MEOA B IIERSHON Il
MARISCAL D MATI'IELO C MCCLOUD C IIfOANO C MERTON B
MAR ISS' C MATHERS II MCCLURf C MEOANO. fLOODED D IIERTZ C
M'RKES D MATHfRTON II MCCOIN 0 MEDARY C IIERlIlN AID
MARKESAN II MATHESON II MCCOLL 0 MEDIlURN II MESA B
MARKET 0 MATHIAS II MCCOLLUM II MEOCo 0 MESABA C
MARKfY AIDI MATHIS C MCCONNEL II MEOfORD B IIESCAL C
MARKHAM C I MATHISTON C IICCooK II MEDFRA D MESCALERO C
MARKLAND C I MATHON B IICCoRT II MEDICINE Il IIESEI D
MARK TON C I MAToy C MCCOY C MEOLEY Il MESPUN A
liAR LA 0 I MATTAMUSKfET 0 MCCoYSIIURCi II MEDLIN D IIESSER C
IIARLAKE 0 I ..ATTAPEll C MCCAEE B MEDOMAK D MET Il
IIARLlIoRD 8 I MATTAPONI C MCCRORY D MEDORA Il METAMORA B
MARLEAN II I MATUNUCK D MCCAoSKET B MEDIIAY 8 METCAL.F 0
MARLE TTl! 8 MAU C MCCULLOUGH 8 MEEGEAo B METEA B
MARLoII C MAUDE 8 MCCULLY C MEfHAN B METH C
MARLTON C MAUGHAN C MCCUMIIER II MEEKS II IIETIGOSHE Il
MAAMARTH II MAUKEY C MCCUNE D MEETEETSE D METOLIUS B
MARNA D MAULDIN 0 MCDANIEL 8 MfGALoS D METRE 0
MARoSA 8 MAUII!E A/DI MCDOLE II ME5GETT 0 METl A
MARPA C MAUNAlIo D I IICDONALD C IIEGoNOT C IIETZ. SILTY B
MARDUETTE A MAUPIN C I MCDoNALOiYILLE C/D IIEGUIN B SUBSTRATUII
MARQUEZ C MAOAEPAI 0 I MCDUFf C MEHLHORN C METl. FLOODED A
MARR II M.URICf II I MCELROY II MEIKL.E D METl. GRAVELLY II
MARRIOTT II MAURY 8 I MCfllEN II NIH 55 D SUBSTRATUM
MARSDEN C MAUSIR 8 I MCI"ADDEN II NELAND C MElllCD 0
MARiflLLES II MAUVAlS C I MCI"AIN C MEL80URNE B MEllISPRINl; 0
MARSfLL 8 .MAYCo C I MCfARLAND 8 MEL8Y C MEYSTAI! B
MARSHALL 8 MAVERICK C I MCI"AUL C MELD C MHOON 0
MARSHAN 8/DI MAYlE 8/DI MCt.AFFEY II MELOER B MUMI 8
MARSHDALE C I MAIIAE A I MCGAAR C MELGA 0 MIAMIAN C
MARSHO'LE D I MAllER II I MCGARY C NELHOMES D MICANOPY C
MARSHDALf. DRAINED C I MAll II I MCGEHEE C MELITA A MICCO BID
MARSHDAL! • COOL D I MAllCRfr:K 1I/DI MCGILVfRY A MELLENTHIN D MICHELSON 8
IIARSHflllLD 1I1D MAllEY C I MCGINNIS II MELLo~ D MICHICOAMME II
MARliNG II MUI"IfLO a/DI MCGINTY 8 MELLOR. lIET D MICHIGAMNE. C
MART II MAll TO" a I MCURK C "'ELLOR. DRY C MODE~ATELY lIET
MARTEL D MUVILLE 8 I MCGIRK. LOll D MELLOTT 8 NICHIGAMME. C0811LY C
MARTELLA II MAllllELL 0 I PAECIPITATloN NELOCHE D MICKEY D
MARTIN C MAY 8 I MCliollAN a MELOLAND C MIDAS Il
MARTIN PENA 0 MAY DAY 0 I MCliRATH II NELON B MIDCD A
MARTlNfU D M.YAC'MA C I MCGAElI II NELROSE C MIDDLE C
MARTINEZ D MAYIIERAY 0 I MCGUIRE II MELTON 0 MIDDLE8URY II
MARTINI II MAYIIID D I MCHENRY a MELVILLE a MIDDLE TOliN B
MARTINSBURG II MUDoL II I MCILIIAINE II MELYIN D MIDDLElIOOD D
MARTINIDALE II MAYEA 8/DI MCINTOSH II MEMALOOSE C MIDELIGHT C
MARTINSON C Mun D I MCINTYRE II MEMPHIS B MIDESSA B
MARTINSVILLE 8 MAYl"lfLD II I MCKAMIE D NENAHGA A MIOFORK B
MARTINTON C MAYFLollEA C I MCKAY D NENARD II MIDLAND P
MARTII II MAYlifR C I MCKENNA D MENASHA D MIDMONT C
MARTISCO BIoi MAYHElI 0 I MCKENNA. DAAINEO C NEN8D C MIDNIGHT D
MAATY 8 I MAYMEAD II I MCKENZIE 0 MI!MDEIIQURE C MIDO A
MAAVAN 0 I MAYMIN 0 I MCKINLEY II MENDENHALL D MIDRAII D

I MAYNARD LAKE A I MCItINNEY C MEMDI Il MIDVAL.E C "..MARVfLL 8
MARVIN C I MAYO II I MCKNIGHT II MENDOCINO B MIDIIAY D

NOTfSI TIIO HYDRoLolilC SOIL GROUPS IUCH AI 1I/C INDICATES THf DRAINED/UNDRAINED SITUATION.
1I001l"IIRI SHOllN. E.G •• BEDROCK IUIIITRATUM. Rfl"fR TO A SPfCIFIC SOIL SERIfS PHASE I"oUND IN SOIL MAP LEGEND.
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TABLE 7.1--HYOROlOGIC GROUPS Of' THE SOilS OF THE UNITED 5 TATES

MIERHllL C 'URA8Al C MONOEY C I MORRISON 8 MUlTORPOR A- MIEUN 0 MIRACLE 8 MONOOVI 8 I MORRISTOIlN C MUNOAl C
MIESEN. ORAINEO C MIRAGE C MONEE 0 I MORROIl C MUNDELEIN 8
MIFFLIN 8 MIRANO 0 MONICO C I MORSE 0 MUNDEN 8
MIGUEL 0 MIRANOA 0 MONIOA C I MORSET 8 MUNOOS 8
MIItE 0 MIRES 8 MONIERCO 0 I MORTENSON C MUNDT C
MIltESElL C MIRItIlOOD 0 MONITEAU C/O I MORTON 8 MUNI 0
MIItIM 8 MIRROR 8 MONITOR C I MORVAl 8 MUNISING 8
MIItItALO C MIRROR LAKE A MONJEAU 0 I MOS8Y C MUNJOR 8
MILAN 8 MISAO 8 MONOGRAM 8 I MOSCA 8 MUNK C
MIL8UAY C MISENHEIMER 8 MONONA 8 I MOSCOIl C MUNSET 0
MILCAN C MISHAK C MONONGAHELA C I MOSEL C MUNSON 0
MILES 8 MISSION I 0 MONROE 8 I MOSHANNON 8 MUNUSCONG 8/0
Mllf'ORO 8/0 MISSISOUOI A MONROEVILLE C/OI MOSHE 1M 0 MURAO C
MILHAM 8 MISSLER 8 MONSERATE C I MOSHER 0 MURDO 8
MILITARY 8 MISSOULA 0 MONSERATE. THIN 0 I MOSHERVillE C MURDOCK C
Mill HOLLOW II MITCH 8 SURFACE I MOSIOA II MUREN II
MILLADORE C MITCHELL 8 MONSON C/O MOSINEE B MURNEN B
MIlLIlORO 0 MI TlIIANGA C MONTAGUE 0 MOSlANOER 0 MUROC 0
MILL8ROOK 8 MITRE C MONTALTO C MOSO B MURPHY C
MILLIlURNE 8 MI TTEN 8 MONTARA 0 MOSOMO A MURRIETA 0
MILLER 0 MIVIOA 8 MONTAUK C MOSQUE T 0 MURRilL 8
MILLERLAKE 8 MIZEL 0 MONT80RNE 8 MOSSYROCK 8 MURVlllE A/O
MILLERLUX 0 MOAG 0 MONTCALM A MOTA 8 MUSCA TINE B
MILLERTON 0 MOANO 0 MONTE 8 MOTEN C MUSE C
MILLERVillE A/OI MOAPA C MONTECITO 8 MOTLEY 8 MUSELLA 8
MILLETT 8 I "OAULA A MONTEGRANOE 0 MOToaUA 0 MUSICK 8
MILLIOROVE 8/01 M08ATE 0 MONT Ell 0 MOTT B MUSINIA 8
MILLHEIM C I MOBEETIE 8 MONTELLO C MOTTlANO 8 MUSKE60 A/O
MILLHOPPER A I MOBERG B MONTEOCHA 0 MOTTO 0 MUSK E60 0e MIlLICH 0 I M08RIOGE 8 MONTEOlA 0 MOTTSVlllE A MUSKEGO. OVERWASH A/O
MILllCOMA C I MOCA 0 MONTEROSA 0 MOULTON C MUSKINGUM C
MILLIGAN C I MOCAREY 0 MONTESA C MOULTRIE 0 MUSKOGEE C
MILLINIO 0 I MOCHO B MONTEVAllO 0 MOUND C MUSQUII C
MILLINGTON 8/01 MOCKLER 8 MONTEZ B MOUNOPRAIRIE 8/0 I MUSSEL 8
MILLIS C , MOCMONT 8 MONTGOMERY 0 MOUNOPRAIRIE. 0 , MUSSELSHELL B
MILlPAW C I MOCTllEME 0 MONTICELLO 8 PONDED , MUSSEY B/O
MIllPOT B I MOOA 0 MONTIETH 8 MOUNDVIllE A I MUSTANG A/O
MILLROCK A I MOOALE C MONTLIO C MOUNT HOME B I MUTNAlA B
MILLSAP 0 I MOoENA 8 MONTMORENCI 8 MOUNT lUCAS C I MUIZlER 0
MllLSOAlE 8/01 MODESTO C MONTOSO II MOUNTAINBOY 0 I MYAKKA 8/0
MILlSHOLM 0 I MOOJESKA II MONTOUR 0 MOUNTAIN8URG 0 I MYAKKA. 0
MILlSlTE 8 I MOOKIN C MONTOYA 0 MOUNTAINEER C I DEPRESSIONAL

-e MILLVIllE II I MOOOC C MONTOYA. OVERWASH C MOUNTAINVIEII C I MYAKKA. SHELL B/O
NIlLWOOO 0 I MOOYON C MONTOVA. FlooOEO 0 MOUNTAINVIllE 8 SU8STRATUM
MILNER B I MOE C MONTPElLIER C MOUNTVIEV 8 MYAKKA. TIDAL 0
MILPITAS 0 ~ MOEN C MONTROSS C MOVILLE C MYATT 0
MILREN C I MOENKOPIE 0 MONTVALE 0 MOIlATA 0 MYERS 0
MILTON C I MOEPIT I 8 MONTVERDE 8/0 MOWEBA 8 MYERSVillE 8
MIM8RES 8 I MOFFAT 8 MONTWEL B MOllER C MYFORO 0
MIMOSA C I MOGIO 0 MONUE 8 MOWICH C MYlREA C
MINALOOSA 8 I MOGLIA C MOODY 8 MOXEE 0 MYOMA A
MINAT 8 I MOIOOllON 8 MOOHOO 8 MOYERS C MYOI"". WE T 8
MINATARE 0 I MOGOTE C MOOlACK A MOYERSON 0 MYRICK C
MINCHEY II I MOHAll 8 MOONLIGHT 8 MOYINA 0 MYRTLE 8
MINCO 8 I MOHAVE II MOONSHINE 0 MROW C MYSTEN A
MINOEN B MOHAWK B MOONSTONE C MT. AIRY A MYS TIC Ce MINE B MOINGONA B MOONVIllE 8 MT. CARROLL B NAALEHU B
MINER 0 MOKELUMNE 0 MOOREVIllE C MT. VERNON C NAALEHU. BEDROCK C
MINERAL C MOKENA C MOOSE RIVER 0 MUCAIU 0 SUBSTRATUM
MINERAL MOUNTAIN C MOKIAK B "OOSElAKE 10/01 MUCKAlEE 0 NABESNA 0
NINIOO C MOKINS 0 MOOSILAUKE C I MUD SPRINGS C NACHES 8
MINGUS 0 MOKO 0 MOPANG 8 I MUORAY 0 NACHUSA B
MINIOOKA C MOKULEIA 8 NOQUAH 8 I MUOSOCK B/O NACIMIENTO C
MINKLER C MOLAllA 8 MORA C I MUES C NACllNA 0
MINt.I TH 0 MOLANO 8 MORAOO C I MUFF 0 NACOGDOCHES 8
MINNEHA C MOlAS 0 MORAN 8 I MUGGINS C NAOA 0
MINNEISKA 8 MOL CAL 8 MORO C I MU"HOUSE C NADEAU 8
MINNEOPA 8 MOLENA A MOREAU 0 I MU6HUT C NAOINA 0
MINNEOSA 8 MOlION 0 MOREHEAO C I MUIR 8 NADRA D
MINNEQUA 8 MOLL ICY C MOREHOUSE 0 I MUIRKIRK B NAEGEllN D
MINNETONKA 0 MOllMAN 8 MORELAND 0 MUK Il TEO 0 NAFF II
MINNEWAUKAN 10/01 MOlLVlllE 0 MORENO C MUKILTEO. PONOEO D NAGI TSY C
MINNIECE 0 I MOllY II MORET 0 MUKilTEO. DRAINED C NA6lE B
MINNIEPEAK A I MOlOKAI B MOREY 0 MUlAT 0 NA6ROM C
MINNIMAUO C I MOLSON 8 MORGAlA C MUlOOON 8 NAHATCHE C
MINNITH C I MOLYNEUX 8 MORGANFIELD 8 MULDROW 0 NAHMA B/D
MINNYE 8 I MOMOll 8 MORIARTY 0 MULETT 0 NAHON 0
MINOA C I MONA 8 MORICAl C MUlGON B NAHRU8 0
MINOCQUA 8/01 MONACAN C MORLEY C MULKEY C NAHUNTA C
MINTER 0 I MONACHE 8 MORlIN" 0 MUlliCA C NAIIIA B
MINTO C I MONAO II MORMON MESA 0 MUlllG B NAKAI 8
MINU 0 I MONAONOCK B MOROCCO II MUllINS 0 NAKARNA 8
MINVALE 8 I MONAHANS 8 MORONI 0 MUllYDN 0 NAKNEK 0
MINVENO 0 I MONAROA 0 MOROP C MUlSHDE C NALAKI C
MINWElLS C I MDNASTERIO 8 MORPH 11/01 MUlSTAY C NALDO 8
MION 0 I MONAVIllE 8 MORRIll B I MUlT C NAll 0
MIPPON A I MONDAMIN C MORRIS C I NULTNOMAH B NAIlBE B

NOTES: TWO HYORDLD61C SOIL GROUPS SUCH AS 8/C INDICATES THE ORAINEO/UNDRAINEO 51 TUA TlDN.
MODIFIERS SHOWN. E.G •• BEDROCK SU8S TRA TUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOil MAP lEGEND.
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TA"LE T.a--HYOROlO&IC &AOUPS 01' TH~ SOilS TH~ UNITEO01' STATES

MANEOIU 0 Nf:ENAH C NEl/COMB A NIIIOT C NDVACAN 0
MANON C NEER .. NEl/DAl~ B NIXA C NOVAAK •MAIIUR 0 NEE SOPA" .. N~l/Ell .. NIXON a NOVARY ./0
NANAMeIN A NEETO 8 NEIIElLTON 0 NIXDNTON 8 NOVATO 0 ---MANCY .. NUl' C NEl/FLAT 0 NIUNA A NOVINA II
..ANIAK D Nl!5LU II NUI'OAK D NOAAK B NOIATA II
NANICIN C NEHALEM II N~II"OUNO C N08~ 0 NOIIEN 8/0
MA...Y II NEHAA II Nfl/GLARUS .. N08lE II NOYEA II
NA...nON .. NEHd. ITONV C NEIIHAN A NOlllETON C NOYES C/O
NANHMCINO C NEIIIEA C NEl/HOUSE II NOIlSCOT A NOYO C
MANSENE II NEICE II NEWK IAK 0 NOCKEN C NOYSON C
NANSEPHP C NEILTON A NElILANOS C NOOAl/AY a NUIIY 0
NANTUCKET C NEUA C NElILiN II NOOEN II NUIlYo OAAINED C
NAPA 0 IlEKItEN a NElINAN c NOolNE II NUC C
IIAPIEA B NEItONA B NElINATA C NOElKE 0 NUCKOllS II
MAPU:ME .. NELoOK 0 N~WPASS C NO&Al 0 NUCLA II
NAPOLEON A/DI NELLA II N~WPORT C NOHIL.I 0 NUECES C
N.. PPAICE D 1 NELLII B NElIAY II NOKASIPPI Il/D NUFF C
II.. PTO..NE II NELII..N C NEl/SKAH II NOKAY C NUIOENT A
IIdANJnO C NELSCOn II NEilSON AID I NOKHU C NUKAUW 0
N"AANJO C NELSON a N~lISAOCK a I NOlAM II NUL.EY I
IIAACI..E II NENADJI a HEWSTEAO C I NOLICHUCKY a NUL.lIIOAM 8
NAKaollrr C NENAH 0 NEilTON AIO NOLIN 8 NUN A I
II..AO II NEN"'. OAAlNEO C NEWTONIA a NOLO 0 NUNOA C
N"AEL .. NENICO 0 NElITOl/N C NOl nN 0 NUNENAKER 0
....A"A .. NENOTE A N~WUlM .. NOMARA C NUNICA C
NAAIt C NENOUAI C NEIIVILLE D NOME 0 NUNN C
IIAALON 0 NENANA B NEYGAT D NONOALTON II NURKEY II
NAAON II NENIIO C NEZ PERCE C NONOPAHU 0 NUSS 0
NAAAA"NSETT II NEOTOMA II NIOAROMAU a NONPAREil 0 NUTI VOLI A
NARROWS 0 NEPAL TO A NGAROOK a NOOK C NUTLEY C
IIAATA 0 NEPESTA a NGATPANG C NOOKACHANPS 0 NUTRAS C
NAAU C NEPHI C NGEOEIlUS A NOOKACHANPS. C NUTRIOSO II
NASER II NEPONSET C NGEASUUL. C DRAINED NUVALOE II
NAIH II NEPPEL II NCOERUNCiOR 0 NOOKSACK C NYAlA II
NAlHOBA C NEPTUNE A NIAGARA C NOONAN 0 NYCON A
NAIHYILLf II NERESON a NURAOA a NORA II NYE •NAIHlIA,* C NESIII TT a NIART a NOAAO a NYJACK C
MASON C NESOA a NIBlEY C NORIIERT 0 NYMORE A
IIASI 0 NESHAMINY a NlaSON D NORIORNE II NYSSA C
IIAIIAU C NESHOBA C NICANOR 0 NORCAN C NYSSATON II
N..IIET II NESIKA a NICASIO 0 NORD II O'IlRIEN II
NATAL 0 NUKAHI a NICHOLFLAT 0 NOROIlY II O'LEARY 8
NATCHEZ II NESKOlllN C NICHOllA 0 NORDEN II O'LENO 0
NA TCH I TOC..I 0 NEISPElEN a NICHOLS B NORDIC II O'NEIL.L. B
NAT..lJII I Nrs~LEM. ALKALI C NICHOLSON C NOAOICOl II OAHE 8
NAT I I NESS 0 NICHOLYllLE C NOAONESS a OAK GLEN II
II.. TlONAL II NEIIEL a NICKEL II NOAI'OLK B OAK IOROVE C
NATltI. II NESTEA C NICKIN II NOAFORK 0 OAKAL.L.A a
NATAOY 0 NESTUCCA C NICODEMUS B NOAIOE a OAUOAO C
II.. TUAITA a NET C NICODEMUS. FLOODED C NOAGO 0 OAKDEN 0
IIAUMllUIte C NETAATS B NICOLLET B NOAKA B OAKES B
II..UVOO II NETCONIO a NIDO C NORLAND B OAKlAMO C
NAYAC" 0 NUO a NIELSEN 0 NORMA 0 OAKlET C
MAUCITY .. NETRAC A NIIOHTHAWK II NORMA. DRAINED B OAKLIMETER C
IIAUJO 0 NETTLES 0 NIHlll II NOAMA. IORAVEllY 0 OAKVILLE A
NAVAN 0 NETTLETON C NIKfY II SUIISTAATUM OAUOOO a
II..VO D NEUIlERT a NIKFUl 0 NOAMANIOEE 0 OANAPUKA II
NAlf..' D NEUNI C NIKISHKA A NOAMANIA B OATMAN B
....T 0 NEUAALIA C NIKL.ASON B NOROB C OATUU D
NAII1I8 II NEUIltE B NIKOLAI 0 NORREST C OIlAN C
NAYE C NEVAOOR a NilAND C NOAAIE B OIANION C
N"'PED C "VARC C NILEA D NORAIS D OBARO a
NUAIII D NEV,,", II NIMIIAO a NORRIITON A DilEN C
NAI a IIEV!!E B NIMMO 0 NOATE C OIlISPD 0
NUATON I NEVIL.LE a NIMAOO C NOATH POWDER C DaRAST 0
NUIIICO C NEVILLE. WET C NIMUE B NOATHIlOAO C OIlRAY 0
NCIIA&O C NEVIN a NINEkAR ° NORTHCASTLE B OIlUAN D
NI:IIEKEIt C IIEVINE a NINEMllE 0 NOATHCOTE C'O OCALA C
NEII&I!N 0 NEVKA C NINEVEH B NORTHDALE C OCAMBEE C
ICIIISH II NEVOYER 0 NINIIORET II NOATHI'IELD 0 OCANA a
IC.CIliI.. D NEVTAH C NIOBELL C NORTHMORE C OCCOQUAN B
NECANJCUM II NE. CAMBRIA C NIOTA D NOATHWATER B OCCUM a
NCCEIIITY C NE.ALaIN BID NIOTAZE C NOATON C OCEANET 0
_CIC C N!!IIALIIIN. MUCK 0 NIPE a NORTONVilLE C OCEANO A
NECTAA C SUIlSTAATUN NIPINTUCK 0 NORIIAY C OCHEYEDAN B
IIEDA C NE.ALaIN. PONDED 0 NIPPT a NORIIELL C OCHLOCKONEE B
NEOlflILANO II NEll ANNA C NIPSUM C NOAWICH 0 OCHO 0
NEEOLa 0 NEWARK C NIRA a NORIIOOO a OCHOCO C
ICl!DLI HAlt e NElIARK. PDNDEO 0 NISENE a NOIAAC B OCIE C
NEEDLE HAlt. II NlElIAUKUN II NIIHNA c'OI NOTAL 0 OCillA C

OCCASIONALLY NUAYIOO a NISHON ° I NOTCHEA a OCKLEY B
PLODDeD NEl/IIELl a NISQUALlY A I NOTI 0 OCOEE B'O

KEDLEYl! C NElIerA& a NISULA a I NOTTAIIA B OCONEE C
NfEOIlOAE C NElIBERN C NITTAW 0 I HOTTEA B OCONTO II
Nl!ELE' .. NEWIIEAAY C NIU a I NOTUS C aCOSTA 0
KEN C NEllliON a NIULII C I NOTUS, OAAINEO B OCOST'" DRAINED C
NCEN. DRAINED II NEweo 0 NIWANA a I NOUQUE 0 OCQUEOC A

NOTEII "'0 NYOAOLOIIC SOIL &AOUPS SUCH AS BIC INDICATES THE DR.. INEO/UNDRAINEO SiTUATION.
NOOI'IEAS IHOlIN. E.&•• BEDAOCK SUIISTAATUM, AEFER TO A SPECIFIC SOIL SEAlES PHASE FOUND IN SOil MAP lE&ENO.
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TA8LE 7.1--H'OROLO~IC ~OUPS 01'" THE SOiLS 01' THE UNIYEO STATES

e OCQUEDC. II OLDMPALI D I DROVADA II DXLE' C PALOS VERDES 0
MDDEAATEL' IIET OLDT II I ORPAAK C DXIIALL 0 PALOUSE 8

OCRAI~ 0 OLOTANIA A 1 OAPHANT D D'HUT B PALSGADVE 8
DCTA~DN B OLPE C I DRR 8 DZAMIS 0 PALUXY 8
OCTAVIA II OLSON 0 I DRR. ~RAVELLY C OZAN 0 PAIlL[CO 0
DDAS 0 DLTDN C I SU8STRATUM DZAUICEE C PAIIOA B
ODELL II OLUSTEE 8/0 ORRV[LlE C OZETTE C PAIISDEL C
DOEM A OLUSTEE. THICK 8 ORSA A PAA[IC[ B PAIlUNICEY B
DDENSDN 0 SURfACE ORSA. GAAVELLY B PAALOA 8 PANA 8
DOERMOTT C OlYIC B ORSET 8 PAAUHAU A PANAEWA 0
OOEAMDTT. STONY B OL'MPIC C DRSIND A PA8lD 0 PANAMA B
ODESSA 0 DMAO[ 8 DRTEGA A PACHAPPA B PANAM[NT 8
ODIN C OMEGA A DRTELLO 8 PACHECD C PANASDI'fICEE C/D
DONE D OMENA 8 ORTING C PACHECO. ORA[NEO B PANCHERI B
DOD 8 OMID 8 DATIZ C PACifiCO C PANDO 8
OELOP 8 OMNI D ORTON 8 PACIC C PANODAH C
OEST 8 OMRO C ORWET A/ol PACICARO 8 PANDORA 8/D
OESTERLE C OMSTDTT C DRWI~ B I PACICER 8 PANOURA 0
DfU 8 OMULGA C ORWODD 8 I PACICHAM 8 PANE B
O~AATY C DNA 8/01 DSA~E 0 I PACICTRAIL C PANGBORN 0
O~EECHEE 8/01 ONAMIA 8 I OSAKIS B I P,.CIC.OOO 0 P,.NGUITCH 8
D~EMAW c/DI ONAQUI 0 I DSBORN C I P,.CO C PANIN . 8
D~[LVlE 8/D ON,.RGA 8 I OSC,.R 0 I PACOLET 8 P"NIOGUE B
D~lAlA 8 DNA SON 0 I OSCUR,. C I PACTOL,. 8 PANIOGUE. IIET C
DGLE 8 ON,..,. 0 I OSGOOD A I PACTDlUS ""C P,.N[TCHEN B
O~AAl 8 ONAWAY B I DSHA B I PAOODCK C/O PANK' C
DHACO C ONDAWA B I OSHAWA C/OI P"OEN C PANNOO C
DHAN,. C ONECO B I OSHICOSH C I PADILLA C PANOCHE B
DHIA A DNEll C I OSHONE C I PAD IN,. a PANOCHE. C

e D[DEN A ONIYA C I OSHTENO a I PADUCAH a SAL INE-ALICALI.
Dol,.", 0 ONITE B I DSIER A/OI PAOUS a IIET
OollBIIAY C ONDTA 8 I OS[TO C I PAESl B PANOCHE. B
Dol lTD C ONSLOII 8 I OSICA C I pA6EaRODK 0 SAL [NE -AlICALI
DICANO~AN 8 ONT,.RIO 8 1 OSMUND 8 I PAGET C PANOLA D
OKATON 0 ONTICO 0 I 050 C I PAGDOA C PANSEY 0
OKAW D ONTDNAGON 0 1 DSOB8 0 I PAGOSA C PANT AND 0
DICAY 8 ONYX 8 I OSORIO~E 0 1 pAHOI(EE 8/0 PANTEGO B/D
DICEE B OOI(ALA A OSOTE 0 I pAHRANAGAT C pANTERA 8
DKEECHOIIEE 8/01 OOSEN A OSSIAN B/OI p,.HRANAGA T. ( PANTHER 0
OICEELANTA 8/01 OPAL D OSSIPEE 0 I DRAI NED. SAL INE PANTON 0
DKEELANTA. 0 , OPELIKA 0 OST 8 I PAHRANAGAT. SAL[NE C pADLA A

OEpRESsr ONAl I OpEQUON C DSTLER ( I PAHRANAGAT. B PAOLI II
DKEELANTA. TlOAL 0 I OpH[R C OSTRANDER B I ORA[NEO pAPAA De DKEEffE 0 I OP[H[KAO 0 DSWALO 0 I PAHRANGE C pApAC C
OKEMAH C I OpLIN C OTEEN C I PAHREAH 0 pAPAGUA C
OUOU D I OpplD D OTERO 8 I PAHROC 0 PAPAl A
OKLAREO 8 I OaUAGA C OTHElLD C/1l1 PAHRUIlp C pAP,.LOTE C
OKLAIIAHA II/DI DR,. ( OTISCO A I PAHS[NERO[ 8 pAP[NEAU (

OKO 0 1 ORACLE 0 OTJS¥llLE A I PA[A 8 PARA a
OKOIIDoI[ 8/D ORAIO A OTLEY 8 I PAlCE 0 pAIiACHUTE B
DlCOLONA 0 ORAN II OTOMO 0 I PAINESVILLE C pAAADISE C
OKREEK 0 OR,.NGE 0 OTOOLE C I 1'10 [NT 0 pARANAT C
OK Tl8BEHA D OR"N~EIIURG 8 OTTER B/D PAISLEY 0 pAIlASDL 8
OLio C ORCAI' C OTTERHOLT 8 PAiT B pARCELAS 0
OLAA A ORCAS D DTTERSON A p,.oIARA C pAACHIN D
OLAC D DRC,.S. DRAI NED C OTTDKEE A pAoIARlTO 8 pAROAlDE 8

e OLAND 8 DRCHARO B DTTOSEN 8 pAoIUELA 8 PAROEE D
DLANTA 8 DRCKY a OTWAY 0 pAKA 8 PARDEEVILLE B
OLASH!!:S 8 ORO 8 OTWELL C PAKALA a pAREHAT C
DLIIUT 0 ORDNANCE D OUACHITA C pAKlN[ 8 PARENT B/D
OLD CioNI' 0 DRDIIAY 0 DUARD 0 PALAfOX C PARISIAN D
DLDHAN (/01 ORE 01105 0 OupICO C PALANUSH C PARKAY B
DLDS D I DRELIA D DURAY 8 PALAPAlAI a PARKDALE a
DLDSMAA 8/0' OAELLA D OUSLEY C PALATINE 8 PARKE 8
DLELO II I ORfORD C DUTLET C PALAU a PARKER 8
DLENUN~' 10/0 ORICTD 8 DUTLODK 0 pAlAZZD ( PARKFIELD C
OLEQUA 8 ORIDIA 0 DUTlDOK. OAAlNED C PAlINDR C PARI(HILL 8/D
OLETE C ORIDIA. OAAlNED C OVAN D PALlSAOE B PARKINSON 8
DLEX 8 OAlf A DVERGAAAD C PALllC 8 PARICVIEII 8
DL~A C DAI~O 8 DVERLAND C PALLS C PARKVILLE C
OLI 8 ORINOCO ( I OVERL' C PALM 8E,.CH A PAliK WOOD 8/0
OLIA~A C OAIO 8/DI DVEATDN 0 PALNA 8 PAillE'S a
OLIN II DR[ON C I OVIATT II PALMAREoIO C PAAL IN C
OLINDA II ORITA 8 I OVID C PALNAS AL TAS 0 PARlD a
OLIPHANT II ORIZAIIA 0 OVINA II PALMER CANYDN II PARMELE C
OI..IVENHUN D DRIZAIIA. WET D DWEGO D PALMERDALE a PARIlELOII C
OLI'IER ( ORIZAIIA. ORA[NEO C OWEH CREEK C PALMETTO 11/0 PARMENTER 8
OLoIETO A OALA 8 OWENS D PALIlETTO. 0 PARNELL C/O
DLLEI 0 ORLAND 8 OWHI II DEPAESS IONAL PAROUAT II
OLMITO 0 ORLANDD A OIlINZA 0 PALMICH 8 PARA a
OLMITZ II OALEANS D OWlCAN 8 PALMS A/DI PAAAAN D
OLMOS C DRLIE C OWOSSO 8 PALIlYAA 8 I PARA[SH C
OLMSTED II/DI DRMAS 8 OWSEL II PALODURO a I PAAAITA 0
DLIIES 8 I DAMSIIY C OWYHEE 8 pALOMAAIN II I PARSHAll a

e·
OLNEY B I ORHIIAUH C OXIIOW C PALOMAS 8 I PARSIPPANY C/O
OLOAYA 8 I ORO fINO 8 OXCOAEL D PAlOllINO 0 I PAASONS 0
OLOKUJ 0 I OAO CORANOE 0 OXEAIHE C PALON 8 I PAIULOW 0
OI..OMOUNT C I OAONOCO II OXFORD D PALOPINTO 0 1 PARTOV D

NDTESI TIIO HYDAOLDCOI( SOIL ~AOUPS SUCH ,., II/C INDICATES THE DRAINED/UNORAINEO SITUATION.
MODIFIERS SHDWN. E.~ •• aEDAOCK SUIISTRATUM. AEI'ER TO A SPECII'"IC SOIL SEAlES PHASE FOUND IN SOIL M,.P LECOENO.
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PARTRI C I PECOLEG C I PERRY 0 PILLIKEN 8 PLACITAS C
PASAGSHAIt 0 I PEGLER 0 I PERRYPARIt 8 PILLOT 8 PLACIt 0
PASCO 0 I PEGRAM 8 I PERRYVILLE B PIL.LSBURY --C PLAINaO A
PASCO. DRAINED C I PEItAY C I PER SANTI C PILOT PEAK 0 PLAINFIELO A
PASO SECO 0 I PEItIN C I PERSAYO 0 PILOT ROCK C PLoUSTED C
PASaUETTI 0 I PELAN 8 1 PERSHING C PILTOOWN 8 PLANK 0
PASaUE TT I. c/ol PELEE 8 1 PERSIS 8 PIL TZ e PLANKINTON 0

MODERATELY WET I PELELIU 0 I PERT 0 PIMA B PLANO 8
PASaUETTI. DRAINED C I PELHAM 8.101 PERU e PIMER B PLANTATION 8.10
PASOUOTANK 8.10 PElle 0 I PERVINA e PINAL 0 PLASKE TT 0
PASS CANYON 0 PELION 81'01 PERWICK C PINALENO B PLATA 8
PASSAR C PELKIE A I PESCADERO 0 PINAMT B PLATEA C
PASSCREEIt C PELLA 81'01 PESCAR C PINATA C PLATNER C
PASTIK 8 PELLEJAS 8 I PESERO 0 PINAVETES A PLATO C
PASTORIUS " PELLICER 0 1 PESHASTIN 8 PIN81T a PLATORO 8
PASTURA 0 PELONCILLO 0 I PESHEKEE 0 PINCHER C PLATTE 8
PATCHIN 0 PELTIER C I PESO C PINCHOT a PLATTE. WET 0
PATE C PEM"ERTON 8 I PETACA 0 PINCKNey C PLATTE. CHANNELED 0
PATENT C PEM"ROKE 8 I PETAL C PINCONNING 81'01 PLA TTV ILLE 8
PATHEAO C PEMENE 8 I PETAN 0 PINE FLAT 8 1 PLAYCO "PATILLAS 8 PENA " 1 PETEETNEET 0 PINEAL 0 I PLAYER 0
PI. TlLO 8 PENAPON " I PETERMAN 0 PINE8UTTE 8 I PLAYMOOR C'O
PATIO C PENASCO 0 I PETERS 0 PINEDA 81'01 PLAZA C
PHIT CREEIt 8 PENCE 8 1 PETERSON 8 PINEDA. 0 I PLeASANT C
PATMOS C PEND OREILLE 8 1 PETRIE 0 DEPRESSIONAL I PLEASANT. PONDED 0
PATNA " PENDARVIS C 1 PETROLIA 81'01 PINEDA. LIMESTOrolE 8'01 PLEASANT. FLOODED C
PATOS C PENOEN " I PETROS 0 1 SU8STRATUM 1 PLEASANT IOROVE 8
PATOUTVILLE C PENDER C I PETSPRING 0 I PINEDALE a I PLEASANT VALE 8
PATRICIA a PENDERGRASS 0 I PETTIGREW 8/01 PlrolEGUEST II 1 PLEASANT VIEW 8
PATRICK II PENDROY 0 I PETTUS C 1 PJrolEHUIlST B 1 PLEASANTON 8
PI. TROlE C PENGilLY 8'01 PETTY B I PINELLAS 81'01 PLEDGER 0
PATTANI 0 PENGRA 0 I PEllAMO CI't> PINELLI 8 I PLEINE 0
PI. TTEE 8 PENINSULA C I PEYTON B PINETOP C 1 PLEIOVILLE C
PI. TTEN"UIlG 8 PENIITAJA 8 1 PFE IFFER 8 PINETUCKY a I PLEITO C
PATTER 8 PENITENTE 8 I PHAGE 8 PINEVAL a I PLEVNA 0
PATTERSON C PENlAW C I PHALANX B PINEZ a I PLITE B
PATTON 8'01 PENN C I PHANTOM C PINGREE 0 I PLOME 8
PAUL 8 I PENNEItAMP A 1 PHARO B PINHOOK BI'O PLOVER C
PAULDING D I PENNELl. 0 I PHARR 8 PINICON B PLUCK C
PAULINA 0 1 PENNICHUCIt " PHE8A C PINltEL C PLUMMER 81't>
PAULSON 8 I PENNSUCO D PHEENEY C PINItHAM 8 PLUSH 8
PAUlVlllE B I PENNY 0 PHELAN 0 PINKSTON 8 PLUTOS 8
PAUIlAlU 8 PEND C PHELPS 8 PINNACLES C PLYMOUTH A
PAUNSAUCOUNT D PENOYER B PHERSON B PINNEBOG 1.'0 POARCH 8
PAUSANT 8 PIINROSE 0 PHIFERSON B PINO C POIlER C -PAUllELA 8 PENSORE 0 PHIl80N II PINOLE 8 POCALLA A
PAVAIAI C PENTHOUSE 0 PHILOER 0 PINON 0 POCAN "PAVANT 0 PENTZ 0 PHILIPPA C PINONES 0 POCASSET "PAVILLION 8 PENllEll A PHIlIPS8URG 8 PINTAS 8 POCATELLO 8
PAVO 8 PENllOOO A PHilLIPS C PINTLAR B POCATY 0
PAVOHAOO 8 PEOGA C PHILO 8 PINTO C POCKER 0
PAWCATUCK 0 PEOH 0 PHILOMATH 0 PINTURA A POCOLA 0
PAWHUSKA 0 PEOH. DIlAINEO C PHING 0 PINTWATER 0 POCOMOKE 8'0
PAWLING 8 PEONE 0 PHIPPS C PIOPOLIS C/O 1 POCONO 8
PAWNEE 0 PEONE. DRAINED C PHOE8E B PIPELIrolE D , POOEN II
PAXTON C PEORIA 0 PHOENIX D PIPER C I PODMOR C
PAXVillE 8'0 PEOTONE 8.10 PHYS 8 PI PES TONE 8 I PODO 0
PAYETTE 8 PEPAL 8 PIASA 0 PIRO a 1 POOUNK 8
PAYMASTER 8 PEPOON 0 PI8lER 0 PIRO A 1 POE C
PAYNE C PEPPER 0 PICA80 C PIROUETTE 0 1 POGAL C
PAYNECREEK 8 PEQUAMING A PICACHO C PIRUM 8 I POGANEAB C
PAYSON D PEQUEA 8 PICANTE 0 PISGAH C I POGANEA8. CLAYEY 0
PAZAR • PEAAZZO " piCAYUNE 8 PISHKUN 8 I SU8STRATUM
PEACHAM 0 PERCE TON 8 PICEANCE C PISMO 0 I POGANEA8. SALINE. C
PEARL 8 PERCHAS 0 P ICJ:AWAY C PIT 0 I DRAINED
PEARL HAA80R D PERCILlA 0 PICKENS 0 PITCHER a I POGANEA8. SALINE D
PfARSOLL D PEACIVAL C PICKETT C PI TeO 0 1 POGANEA8. HIGH 0
PEASLEY D PERCOUN C PICKFORD 0 PITNEY C I RAINFALL
PfAVINE C PEACY 8.101 PICKNEY AI't> PITTMAN C I POGANEA8. STRONGLY D
PfAlIlCK ° PEAOIN C I PICKRELL ° PITTSFIELD II 1 SALINE
P£8BlEPOINT C PEAEllA 8'0 PICJ:TON A PI TTSTOWN C I POliANEA8. D
PECATONICA II PER!lLA. 8 PICJ:UP D PITZER C SALINE -ALJ:ALI
PECKISH D IIDD!RA TEL. Y IIET PICJ:IIICK 8 PIUTE 0 POGANEA8. DRAINED C
PECOS D P!AHAM 8 PICO 8 PIVOT A POGANEA8. SANOY C
PECTURf • PUICO 8 PICOSA C PIXLE Y C SU8STRATUM
PEOf! C PERIOliE 8 PIDINEEN 0 PI lENE 8 POGUE II
PEDERNAlES C PEAIlSA C PIE CRfEIt 0 PLACEDO 0 POHAJ:UPU "PEOIGD 8 P£AKINS C PIfRIAN 8 PLACENTIA 0 POIN D
PEOLEFOAO C PERKS A PIERPONT C PL.ACER I TOS. 8 POINDEXTER 8
PEOOLI 8 P£RlA C PlfRRE 0 SALINE. DRAINED POINSETT 8
PEDRICK 8 PERMA II PIERSONTE A PLACERITOS. C POINT C
PfDllO C PERN 8 PIETDWN 8 SALINE-ALKALI POINT I SABEL C
PEE8LfS C PERNITAS C PIIHONUA A PLACER ITOS. 8 POISONCREEK D
PEfL C PfRNTY D PIKE 8 MODERATELY WET POJOAQUE 8
PEElfR 8 PERGUIIlANS D PIKeVilLE 8 PLACERITOS. WET C POItEGEMA 8

'PEETZ A PEAAIN 8 P ILCHUCJ: • C PLACERITOS. 8 POKE""N C
peEVER C PERRINE ° PilEUP 8 DRAINED POKER C
PEEVYIIEll C PERRINTON C PlllNE D PLACID 8.10 POKEY C

NDTEU TIIO HYDROLOGIC SDll GROUPS SUCH AS 81'C NOICATES THE ORAINEO'UNDRAINED SITUATION.
1ID011'IEAS SHOWN. f •••• BEDAOCK SU8STRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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POLALLIE C I POTH C I PUGSLEY C QUINLAN C I RANOSIIURC> 0
POLAR II I POTLATCH C I PUHI II QUINN 11"0 RANGER C
POLATIS C I POTOIIAC A I PUHIIIAU 0 QUINNEY C RANRUFI' 0
POlLAIIANA A;'O POTOSI A I PULA C QUINTANA II RANSLO 0
POLI!CRUK 0 POTRATZ C I PULASKI II QUINTON C RANSON II
POLI!LINE II POTSOAII C I P~CAN C QUITNAN C RANSTEIN II
POLEPATCH A POTTER C I PULEHU II QUIVERA C RANTOUL 0
POLERUN II POTTINGER II I PULEXAS II QUONSET A RAPATEE 0
POLEY C POTTS II I PULLIIAN 0 QUOSATANA C RAPELJE 8
POLICH C POTTS8URG 11;'0 PULPIT C RA8111 TEX 8 RAPH II
POLICING 0 POUORE C PULS 0 RA8ER C RAPHO 8
POLLARO C POULSIIO C PULSIPHER 0 RAIIIDEUX 8 RAPIDAN II
POLLUX C POUNCEY 0 PULTNt:Y C RA8UN II RAPLEE C
POLLY II POVERTV 0 PUIlEL 0 RACE 8 RAPPAHANNOCK 0
POLO. MODERATELY C POVEY II PUIIPER 8 RACHERT 0 RAPSON 8

SLOII PERil POWOER II PUNA A RACINE II RARDEN C
POLO. IIClOERATE 8 POWDERHORN C PUNALUU 0 RACKER A RAIUCK C

PERIIEA81LITY POWELL C PUNCH80WL 0 RACDN8ES 8 RARI TAN C
POLONIO 8 POWER 8 PUNOIP 0 RACOON C'O RAS8ANO 8
POLSON II POWLEY 0 PUNG C RAO 8 RASILLE 8
POll'" C POY 0 PUNGO 0 RAD. ALKALI 8 RASSER 8
POII£LLO C POYGAN 0 PUNOHU A RAD. LACUSTRINE 8 RASSET 8
POMI'RET A POYNOR 8 PURCELLA 8 SU8STRATUM RATAKE 0
POliO 8 POlO C PURCHES C RAD. FLOODED C RATHBUN C

POIIONA 8'01 POlO IILANCO II PUROAM C RADDLE 8 RATHDRUM B
POMONA. 0 I PRAG C PUROV 0 RADER 0 RATLIFF II

e DEPRESSIONAL I PRAIRIEVILLE II PURETT II RAOERS8URC> II RATON 0
PONPANO vol PRATHER C PURGATORY C RAOFORD 8 RATSOW C
POIIPANO. A"O PRATLEY C PURNER ° RADLEY 8 RATTLER 0

OEPRESSIONAL PRATT A PURSLEY II RADNOR C RATTO C
PONPANO. FLOODED 0 PREACHER II PURVES ° RA!'AEL 0 RATTO. STONY °POMPTON 8 PREAKNESS 11'01 PUSHIIATAHA C RAI'TON C'O RAU8 C
POMROY C PREATORSON II I PUSTOI 8 RAGLAN 8 RAUGHT B
PONCA II PRE81SH C'O PUTNAN 0 RAGNAR A RAUVILLE °PONCENA 0 PRE8LE C PUTNEY 8 RAGO C RAUll B
PONCHA A PRELO II PUTT C RAGSDALE 8'0 RAVALLI 0
POND 0 PREMIER 8 PUU 00 A RAC>TOWN C RAVEN A
POND CREEK 8 PRENTISS C PUU OPAl! II RAHAL C RAVENDALE 0
PONDER 0 PRESA II PIN PA A RAHN C RAVENELL D
PONIL 0 PRESHER 8 PUU PA. NONSTONV II RAHWORTH 8 RAVENNA Ce-- PONINA 0 PRESTO 8 PUUKALA 0 RAIL C'D RAVENSWOOD C
PONTO II PRESTON A PUUONE C RAiLCITY A RAVIA C
PONTOTOC 8 PREWITT II PUYALLUP II RAiNBOII C RAVOLA B
PONZEI! 0 PREY C PYLE C RAINEV C RAIIAH C
POOKU II PRICE I!l PYLON 0 RAINIER C RAilE C
POOLER 0 PRIOA C PYOTE A RAiNO 0 RAWLES 8
POOLEVILLE C PRloHAM 0 PVRANIO 0 RAINS 8'0 RAIISON II
POORCAL 8 PRIESTUKE II PVRNONT 0 RAIN580RO C RAVBUIIN 0
PoORMA 8 PIIIETA 0 PYIIELL 0 IIUIIDENT B RAVfX 0
POOSE 0 PRIM 0 QUAI'ENO C IIA1SIO C RAYFORD C
POOTATUCK II PRIMEAUX C QUAKER C RAKE 0 RAYMONDVILLE 0
POPASH 0 PRIIIEN 0 QUAKER TOliN C RAKIED C RAYNE II
POPE II PRIMGHAR II QUAM 11;'0 RALEIGH 0 RAYNESFORD II

e POPLE C;'O PRINCETON II QUANON A RALLOD 0 RAYNHAM C
POPLINENTO C PRINEVILLE C QUANAH 8 RALLS B RAYNOL-DSON 8
POPPLETON A PRING II QUANDER II RALPH II RAY POL- C
POQUITA II PRINGLE C QUANTICO II RALPHS TON 8 RAll TO A
POQUONOCK C PRITCHETT C I QUARLES 0 RANADERO 8 RAIOR C
PORI'IRIO C PROCHASKA A;'O QUARTIIIURG C RAN8lA C RAIORBA 8
PORRETT 0 PROCTOR II QUARTIVIlLE II RANElll 0 RAIORT II
PORT II PROGRESSO C QUARl C RAN IRES C READING a
PORT 8YRON II PROMI5~ 0 QUATAMA C RANI RES. COa8lY C REAOINGTON C
PORTAGE 0 PROMO 0 QUAY II SUIISTRATUII READLYN 8
POIHAGEYlLlE 0 PRONG C OVAZO 0 RAMIIiES. STONY C REAGAN 8
PORTALES II PROSPECT II QUE ALMAN a RANI RES. ° REAKOR II
PORTAlTO II PROSPER 8 QUEALY 0 NONGRAVEllY REAL 0
PORTI!Ill'IElO C PROSSER C QU~BRADA C RA'NMEL C REAP 0
PORTERS B PROTIVIN C QUEENY 0 IIAMO C REARDAN C
PORTERVILLE 0 PROUT C QUEETS II RANONA a IIEAVlllE C
PORTHIll. 0 PROUTY C QU~NAOO C RANONA. GRAVELLY. 8 REBA C
PORTIA C PROVIDENCE C QUENZER 0 COOL RE8El 8
PORTINO C PROVO 0 QUERC C RANONA. COOL 8 RED BAY II
PORTLAMO 0 PRO YO lIAY 0 OVERENCU II RAMONA. HARO C REO 8L-Uf!' C
PORTMOUNT It PROW • 0 QU~TlCO 0 suaSTRATUII liED BUTTE 8
PORTNEUI' II PRUE II QUICKSEll C RANPART B RED HOOK C
PORTOLA II I PRUITTON It QUIOEN II RANPARTER 8 REO ROCK II
PORTSNOUTH 11'0 PRUNIE 0 QUIETUS C RANPS B RED SPUR 8
PORUII 0 PRVOR C QUIQ.EY II RANIIOO C RED8ANK II
POSANT C PTARNIGAN C QUIHI C RANSDELL C RE08ELl •POSEY II PUAPUA 0 QUILCENE C RANUY D REOIIY •
POS~YVllL~ C PUAULU A GUILlAYUTE II RAMSHORN 8 REOCAN 0
POSITAS 0 PUCHYAN • QUIlOTOIA 0 RANCE C REDCHIEI' C
POSKIN C PUERCO 0 QUILT 0 RANOAOO C REOCLIF!' C
'0505 C PUERTA 0 QUIIIA I RANDALL 0 REDCLDUO II
POIIT 0 PUETT 0 GUINCY A IIANoCORE 0 REO CO 0
PO TCHUII C PUI'I'~R 0 GUINCY. lilT B RANONAN 0 IIEOCREEK 0
POTEI!T C PUGET 0 OUINCY. GRAYELlY A RANDOLPH C REODICK 11;'0
PO TELL II PUGET. QRAINED C IUBSTRATUII RANDS C REDOING 0

NOTESI TWO HVoROLOGIC SOIL GROUPI SUCH AI .;'C INOICAT~S THE ORAINED;'UNORAINEO IITUATION.
1I001l'IERI 5HOIIN. E.G •• IIEDROCK SU'STRATUN. R!rER TO A SPECII'IC lOll SEIII~S PHASE !'OUNO IN SOil MAP LEGEND.
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TAIIL~ 7.1--HYDROLOGIC GROUPS O~ THE SOILS OF THE UN nED STATES ,,-
REDFEATHER D RENSHAII B I RIDGEPOAT B I ROBOZO ( ROSE VALLEY C
REDFIELD 8 AfNSL.D. 8 I RIDIOEYIElI D 1 R08ROOST II ROSEBERRY D
REDFIELD. IIET C RENSSf:LAEA II/DI RIDGEVILL.E B I ROBSON 0 ROSEIILOOH 0
RfCDIG B Rf:NSSf:LAf:A. TILL B/DI RIDIT C I ROBY C ROSEBUD B
RtlOLAKE D SUIISTRATUM I RIDOTT C I ROCA C ROSEBURG B
R[DLANDS B RENSS~LAER. 11/01 RIEDEL C 1 ROCA. GRAVELL. Y 0 ROSEDHU B/D
REDLODGE D Itf:DRDCK I RIf:DTOIlN C 1 ROCHE 0 ROSEGLEN B
R[DMANSON II SUBSTRATUM 1 RI~SEL C I ROCHELLE C ROSEHAYEN B
REDMOND C RENSSELAER. SANDY 11/0 RIETBRDCK C I ROCHESTER A ROSEHILL 0
REDNIK B SUBSTRATUM RI~LE 1./01 ROCIO ( ROSELAND B
REDNUN C RENSSELAER. CLAY C RIGA 0 I ROCK CREEK 0 ROSELLA D
RED~A B L.OAM SUBSTRATUM RIGGINS 0 I ROCK RIYER B ROSELMS 0
REDONA B RENTILL B RIGGS 0 I ROCKAWAY C ROSENWALL 0
REDONDO B RENTON 0 RllOLEY B I ROCKBRIDGE B ROSEVILLE B
Rf:DPOAT II RENTON. DJlAINf:O C RIGOLETTE C 1 ROCKCASTLE 0 ROSEWOOD A/O
REDRIDGE B RENTSAC D RILf:Y B I ROCKDALE A ROSEWOOD. IIET 0
REOROB D RENTlf.L C RILLA B I ROCKERS C ROSHE SPRINGS 0
REOSPRINGS B REP All ADA 0 RILLINO B I ROCK~ RV ILLE B ROSHE SPRINGS. C
REOSPRINGS. lORAD[D D REPP D RILLITO B I ROCKFORD B DRAINED
REDSTOE B REPPART B RIMER C I ROCKHOUSE A ROSHE SPRINGS. 0
REDSTONE A REPUBLIC II RIMINI A RO(KINCHAIR C CLAY SUBSTRATUM
RED THAYNE 8 RESCUf: II RIMROCK 0 ROCKL.IN 0 ROSHE SPRINGS. 0
R[DTOM II RESNER B RIMTON C ROCKLY D VERY POORLY
REDYAL[ C RESORT 0 RIN B ROCKOA B ORAINED
REDVIEII B RESOTA A RINCON C ROCKTON B I ROSHOLT B
REDYIEII. IIET C RESTON C RINOA 0 ROCKWELL B/DI ROSITAS A
R~OWASH 0 R~T 0 RINDGE 0 ROCKWOOD C I ROSITAS. IIET C
REE II RnRIEY~R 0 RINDGE. DRAINED C ROCKY FORO II 1 ROSITAS. lORAYELLY A
REE80K D RETROP C RINEARSON B ROCKYIIAR II I ROSITAS. LOAMY A
REED D REYA 0 IUNEY B RODELL 0 , ROSLYN B
REED. DRAINED C REYEL C RING C RODEO 0 I ROSMAN 8
REEDER B AEYf:NTON B RINGLE B RODESSA 0 I ROSNEY 8
REEOS8URG C REYERE 11/0 RINGLING A RODMAN A I ROSS 8
REEDSPORT C REWARD B RINGO 0 ROE8UCK 0 I ROSSBURG B
REEDY 0 REXBURG II RINGIIOOD 8 ROELLEN 0 I ROSSFIELO 8
REEFRIDGE D REIt~ORD C RINKER C ROEMER C I ROSSMOYNE C
REELFOOT C REXMONT D RID 0 ROETEX 0 ROSWELL A
REESE C REItOR A RIO ARRIBA 0 ROFISS II ROSY 8
REESYILLE C REYAIl 8 RIO DIA8LO C ROGAN 8 ROTAMER 8
REEYES II REYES D RIO GRANDE B ROGERSON 0 ROTAN C
REFLECTION B REYNOSA 8 RIO LAJAS A ROGEIH 0 ROTHIEMAY B
REFU(iE C REYWAT D RIO PIEDRAS 8 ROGUE B ROTHIEMAY. STONY C .-
REGAL 8/DI RElAYE 0 RIOCONCHO C ROHNERVILLE B ROTHIEMAY. IIET 0
REGAN 8/01 RHAME II RION 8 ROHRERSVILLE 0 ROTHSAY B
REGENT C RHEA 8 RIPLEY B ROIC 0 ROTINOM B
REGGAO A RHINf:IIECK 0 RIPON B ROLETTE ( ROTO B
RElOGEAR C R.HOADES D RIPPLE 8 ROLFE C ROTTULfE C
REHBURG C RHOANE C RIPPOWAM C ROLISS 8/0 ROUIIIOEAU C
REHFIELD C ""DAME TT C RIRIE 8 ROLLA C ROUEN C
REHFIELD B RHONE II RIS8ECK II ROLLI NGS TONE C ROUGHCREEK D
REHM C lUll 8/DI RISLEY 0 RDLOC 0 ROUGHMOUNT C
REICHEL B RIBERA C I RISUE D ROLOFF ( ROUND 8UTTE D
RElI'F 8 RI8HILL 8 1 RITA 0 ROMBERG 8 ROUNOOR C
REILLY A RICCO D 1 RITCHEY 0 ROMBO C ROUND TOP C
REINA 0 RICEIIORO B/D RITNER C ROME B ROUNDUP C
AEINACH B RICERT II RITO 8 RONEO 0 ROUNDY C
REINER B RICETON B RITTI!:R B ROMERO 0 ROUSSEAU A
REKOP 0 RICEYILLE C RITTMAN C ROMGAN C ROUTON 0
RELAN 8 RICH C RITl 0 ROMIA B ROUTT C
RELAY B RICH. IIET 0 RITl. DRAINED C ROMINE 8 ROYAL 0
RELIANCE C RICHARDliON II RlTlCAL II ROMINELL C I ROWDEN C
RELIZ 0 RICHENS C RITlVILLE 8 ROMNELL 8/01 ROWDY B
RELLfY It RICHEY C RIVEROALI!: A ROMULUS 0 I ROWE D
RELS08 B RICHI'IELO' II RIYERHf:AD B RONAN 0 I ROWEL 0
RELUCTAN C RICHI'ORO A RIYf:RSlOI!: A RONO C I ROWENA C
RfMBERT D RICHLAMO II RIYERTON 8 RONDEAU A/OI ROVLANO C
REMLAP C RICHMOND 0 RIYERYIEII 8 RONNEBY C I ROWLEY C
REMLIK A RICHTe:R B RIYIERA C/O RONSEL 8 ROXAL 0
RE.... IT II RICHYAU 8 RIYIERA. 0 RONSON 8 ROXANA II
REMMOY 0 RICHYIEW C oEPRE SS IONAL ROONEY 0 ROX8URY B
REMOTE B 'UCHYILLE C RIYRA A ROOSET 8 ROKER B
REMSEN 0 RICHWOOD B RIltIE C ROOT 111'0 ROll TON D
REMUNOA C RICKER D RIZ 0 ROOTEL. C ROY II
REMUS II RICKMAN C RUOlO 0 ROPER B/O ROYAL B
RENBAC 0 RICKMOAf: C ROANE C ROSALIE B ROYCE C
AENCALSON C IIICKRI!ALL D ROANHIDE C ROSAMOND 8 ROyoSA A
RENCOT 0 lUCKS A ROANOKE D ROSAMOND. C ROYST C
RENI'ROll 0 RICOT C ROARINCi II SALINE-ALKALI ROYSTONE B
RI!NICK 0 RICREliT B ROil ROY C ROSAMOND. SANDY C ROZA C
RENISH C RIOD C ROil ANA 8 SUBSTRATUM ROZELLYILLE I
RfNNER 8 RIDDLES II R081S D ROSANE BI'DI ROlEnA II
RENNIE D RIOENIIAUlOH D ROIICO C ROSANKY C I ROZLEE C
RENNIE. DRAINED C RIDGI! B ROllER II ROSARIO C I RUARK 8/0
RENO 0 RIOGE8UAY C ROBERTSDALE C ROSCOE 0 I RUBICON A

C RIDGECREST C ROBERT iY I LLE 0 ROS(ONMON Al'D 1 AUIIIO C/O A
RENOHILL
REIlOL C RIDGEDALE 8 ROBIN II ROSE CAEEK ( I RUliSON II
RENOYA B RID~LAND B/DI ROBINETTE 8 ROSE CREEK. 8 I RUBY B
RENOIt 8 RID~LAIIN B I R081NSONYILLE 8 DAUNEO I RUIIYHILL C

NOTESI TIIO HYDROLOGIC SOIL GROUPS SUCH AS II/C IND ICATES THE DRAINED/UNDRAINED SITUATION.
NODI~II!R8 IHOWN. E.Ii •• BEDROCK IUIIITRATUM. RUER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LE~NO.
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- RUCH II SAGERTON C SAN5ER 0 I SAIIIIUCK II I SEAIIAN II
RUCKER II SA6LE C SANGO C I SAIICAEEK C I SEAQUEST C
RUCKLES 0 SAGO 0 SANHEDRIN II I SAIIIIILL 111'0 SEAR II
AUCLICK C SA60USpE C SANIBEL III'D SA liTE LL C SEARING II
RUOD 0 SAGUACHE II SANILAC 8 SAIITELPUK 0 SEAALA II
RUDOLEY 0 SAL 0 SANJE 8 SAil Yf A C SEAALES C
AUOEEN C SALAoAR 0 SANLOREN 8 SAICBY 0 SEAASPoAT 0
RUOYAAo 0 SALAOoN 0 SANPETE 8 SAICON II SEARSTILLE 0
AUELLA II SALAL C SANPITCH C SAY B SEASTAANO 0
AUI'US 0 SALAIIATOl' 0 SANSAAC 0 SAYBAOOK II SEATON II
AU6LES II SALANOEA II SANTA 0 SAYOA8 C SEATTLE 0
AUHI!' 0 SALAS C SANTA CLARA C SAYEAS A SEA TTLE. OAA INEO C
AUlDOSO C SALCHAKET B SANTA I'E 0 SAYLES 0 SEAVERSON 0
AUKo 0 SALCO II SANTA LUCIA C SAYLESVILLE C SEAIIILLolI B
AULE B SALEII B SANTA IIARTA C SAYNER A SEBAGO 0
AUMIILECREEK SALERATUS C SANTA YNEZ 0 SCALA II SEIIASTIAN 0
AUIIBO C SALERNO 8'01 SANTANA 0 SCALLEY II SEBASTOPOL C
RUIII'ORO II SALGA C I SANTANELA 0 SCAIIIIAN 0 SEIIEIIA B'O
RUllNEY C SALIDA A I SANTAROSA 8 SCANOARO C SEIIREE 0
RUIIPLE C SALINAS II I SANTEE 0 iCANTlC 0 SEIIRING B'O
AUIIUHG C SALISBURY 0 I SANTIAGO B SCAPONIA B SEBUO B
RUNE C SAL JIC B I SANTIAN C SCAR II SECCA C
RUNEBER6 C'OI SALKUM C I SANTO B SCARIIORO 0 SECESH II
RUNGE II I SALLISAW II I SANTO TOMAS II SCATLAKE 0 SECRET CREEK B
RUNN 0 I SALLYANN C I SANTONI 0 SCAVE C SEOALE 0
AUpLEY A I SALMO C'O SAPELO 0 SCHAI'I'ENAKER A SEOGEFIELO C
RUSCO C I SALliON II SAplNERO II SCHANIIER A S~OGwICK II

Auseo. PONDED D I SALONIE 0 SApKIN C SCHANp C SEDILLO II
RUSE 0 I SALT CHUCK A SAPPHIRE 8 SCHApTlLLE C SEDNU De RUSH B I SALT LAKE 0 SAppIN'TON II SCHAWAHA 0 SEOWELL C
RUSHFORD B I SALTAIR 0 SARA 0 SCHENCO 0 SEEOSKAOEE 0
RUSHMORE 11'0 SALTER II SARAGOSA 8 SCHEIIIIARO 0 SEELEZ II
RUSHTOWN A SALTERY 0 SARALEGUI 8 I SCHLEY II SEELOVERS C
IIUSHVILLE 0 SAL HSE 0 SARANAC C/O SCHMUTZ II SEELYEVILLE A'O
IIUSO 8 SALTESE. OIiUNEO C SARANAC. 'RAVELLY C SCHNEIILY 0 SEELYEVILLE. 0
RUSON C SALTINE C SUBSlRATUM SCHHflOER II SLOPING
RUSSELL II SALTON 0 SARA TON C SCHNlpPER C SEEPRIO II
RUSSIAN II SALUDA C SARBEN II SCHNOORSON C SffS C
RUSSLER C SALVISA C SARDINIA C SCHNOAIIUSH II SEE WEE II
RUSTlCO B SALZER 0 SAROIS C SCHOO SON C SEGIOAL 0
RUSTJ6ATE C SALlER. ORAl NED C SARGEANT 0 SCHOl'IELO C SEGNO C
AUSTON B SAMI". 0 SARITA A SCHOHAAlE C SEGUIN II

e- AUSTY II SAMBRI TO II SARKAR 0 SCHOLLE II SEGURA 0
IIUTAII II SAMISH 0 SARNOSA II SCHOOOIC 0 SEHOME C
RUTHERFORD C SAM ISH. ORAINEO C SARONA 8 SCHOOLCRAFT II SEHORN 0

IIUTLANO C SAMNAMISH 0 SARPY A SCHOOLEY 0 SEIS C
IIUTLE'! 111'01 SAMMAMISH. ORUNEO C SARTELL A SCHOOLEV. ORAINEO C SEITZ C
AYAH 0 I SAMPSEL 0 SASKA 8 SCHOOLHOUSE 0 SEJITA 0
RYAN PARK II I SAMPSON II SASpAMCO II SCHOONEII 0 SEKIL II
IIVAIIK A I SAMSIL 0 I SASSAFRAS II SCHRAOEA C SEKIU 0
AYOE C I SAMSULA 11'0 SASSER B SCHAAP 0 SELAH C
IIYOEII C I SAN ANDREAS II SA TANKA C SCHAIER II SELDEN C
RYOOLPH C I SAN ANTON B SATANTA II SCHIIOCK II SELEVIN 0
RYEGATE C I SAN ANTONIO C SATATTON 0 SCHULINE II SELFRIOGE B
RYELL B I SAN ARCACIO B SATELLITE A SCHUMACHER II SELIA C
RYEpATCH 0 I SAN ARCACIO. C SATILLA 0 SCHUSTER II SELIGNAN 0e RYER C I SALINE SATIM C SCHUYLER II SELKIRK C
AYKER II I SAN BENITO B SATSOP II SCIO II SELLE B
RYORp C I SAN EMIGOIO B SATTLEY B SCIOTOVILLE C SELLERS 11'0
RYpOO II I SAN GERMAN 0 SATTRE II SCISII C SELMA B/O
AYUS II I SAN ISABEL A SATURN II SCITICO C SELIIAC 0
SAAR C I SAN JOAQUIN 0 SATUS B SCITUATE C SELON
SAIIANA 0 I SAN JON C SAUCEL 0 SCOAP II SELWAY -B
SABANA SECA 0 I SAN JOSE B SAUCIER C SCOBEY C SEIIIAHIIOO 0
SABE II I SAN JUAN A SAUDI!' a SCOGIOIN 0 SENIA~NOO. DRAINED C
SAaENYO II I SAN LUIS C SAUGATuCK C SCOON D SEMINOLE 0
SA81NA C I SAN IIATEO C SAUGUS B SCOOTENE Y B SEN II
SABLE 11'0 SAN 141 GUEL 0 SAUK a SCORUP C SENCHERT C
SAC II SAN SABA 0 SAULICH 0 SCOTCO A SENECAVILLE B
SACHEEN A SAN SEBASTIAN II SAUII C SCOTJ A B SENSAIIAUGH B
SACHETT C SAN SIIIEON 0 SAUNDERS 0 SCOTT 0 SEQUATCHIE B
SACO 0 SAN TIMOTEO II SAURIN C SCOTT LAKE a SEQUIN A
SACRAIIENTO 0 SAN TIIIOTEO. C SAUVIE CI'DI SCOTT IES II SEClUOIA C
SACUL C IORAVI!'LLY SAUV II!'. MOOERATI!'LY C I SCOUT 8 SEROI!'N A
SADDLE C SAN YSIDRO 0 WET I SCAABaLERS A I SEIIENE C
SADER 0 SANCHEZ 0 SAUVIE. PROTECTED CI'DI SCIIANTON A/ol SEROCO A
SADIE C SANDALL C SAUVOLA C I SCRAVO II I SEllpA 0

SAOLEIl C SANDERSON B SAUl B I SClllllA C I SERpEN fj

SAI'I'ELL B SANDHILL B SAVA6E C I SCIIIVEIi B I SERpENTANO B
SA' B SANDIA B SAVAGE. SALINE 0 I 5CII01OIOIN C I SEIlPOO C
SAGANINIO A'ol SANDOVAL 0 SAVAGE. PE>31 C I SCULLIN C I SERRANO 0

SAGASER II I SANDOVAL. DRY B SAVANNAH C I SCUPPERNONG 0 I SERVILLETA D
SA'E 0 I SANDRIDGE A SAVENAC C I SEABROOK C I SESAIIE L
SAGECREEK B I SANOUN B SAVO C I SEA"IELD ., I SESpE C• SA'EDALE C I SANOWASH C SAVOIA B I SEA"DATH II I SESSIONS C
SA'EHILL B I SANDWICK B SAVONIA ., I SEAIOATE A/OI SESSUM 0
SAIOEIIIODR 8 I SA NEll 0 SAIIABE 0 I SfA'OVILLf I> I SfT C
SAGERS B I SANFORD II S4WATCH 111'01 SEALY B I SETH C

NOTES: TWO HYOROLO'IC SOIL GROUPS SUCH AS B/C NOICATES THE ORAIHEO/UNORAINEO SITUATION.
NODI"IERS SHOWN. E.G •• IIEDROCK SUIISTRATUII. RE"ER TO A SpECII'IC SOIL SERI~S PHASE "OUNO IN SOIL IIAP LE'EIID.
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Sl!TTEAS C SHELIIURNE C SHOWAL TER. D I IIOUX A SIlYRHA A'D -IETTLEMEMT D SHELilY II GRAVELLY I IIPPLE 8 SNAG 8
SETTL~"~nR 0 SHELBYVILLe: B SHOWLOW C I IlItDRAK A SNAHDPISH 8
I~ TTL~NeY~R. D SHELD B SHREe; II I SIRI II SNAKE C

SALINE-ALKALI SHELL II SHREWDER II I SlROCO C SNAlte; HOLLOW II
Sl!TTLl!Ml!YER. D SHELLAIIARGER II SHREwSIIURY "D SlRAETTA C SNAltELUM II

MODERATELY WET SHELLIILUFF 8 SHAINE II SISK IYDU II SNAPP C
SI! TTLl!NEYI! A. 0 SHELLORAKE A .HROUTS D SlSI~TON II SNUO D

OAAlICD SHELLROCK A SHUIIUTA C SISION 8 SNEFF~LS C
If TTLI!M~Y~R. 0 SHELMAOINE 0 SHU~ C SlIT~RS A SN~LL C
'LODD~D SHELOCTA II IHUKASH A .IITES C SN~LLING II

S~TTL~MI!Y!R. COOL D SHELTON C SHUKSAN C SlW~LL C INIOElI C
IETTUNeY!R. C SH~NA 0 SHULE C S IXUACOH 8 SNOHOMISH D
AAA~LY FLOO~D SHENANDO"'H D SHULLSIIURG C IIXMILE C SNOHOMISH. DRAINED C
I!V~NMIL~ II SHENKS 8J'D SHUML'" C SIZER I SNOMO C
I~V~RN 8 SHENVAL 8 SHU..WAY D SltACiGS C SNOOK D
IfVILLE 0 SHEP 8 SHUPERT C SKACiIT 0 SNOQUALMJE A
lEVY 8 SHEP... N C SHURLEY A SKAHA ... SNOW I
IEWANEE II SHEPP ... RD ... SHUSTER C SKAL"'N C SNOWLI N I
I~WARO II SHERANOO 8 SI C SKAMANIA I SNOWMORE C
IEXTON C'O SHERAR C SUIELIA II IKAMO C SNOWSHOE II
IEYMOUR 0 SHER8URNE C SIIILEY II SKANEE C SNOWSLIOE II
'HAAK C SHfRIO ...N 8 SJILEYVILLE II SKANJO 0 SNOWSTORM 0
IHAILIII 0 SHERLE'S 8 SiCKLES 1l.ID SKAn II SNOWVILLE 0
IHACK II 'Hfl:fLOCK 8 IJCKLESTI!ETI II SK~O"'ODLE D SNUfFUL C
IHADELAND C SHfRM ° SIDELL II SK~LLOCK 8 SOAltPAK II
IHAOOW I SHERMORE 8 SIOL...KE C SKELON C SOBAY 8
'HADY5ROVE C SHERRY 11.101 IIDON C nERRV C SOUGA C
'HAFFTON II SHERRY. STONY D I SI~IlEN II SKIDMOR~ Il S0808A ...
SHAGNA'TV C SHERRYL Il I SI~IIfRT A SKIPANON Il 'OllDL C
'HAKAMAK C SHERWOOO 8 I SlECHE C SKIPOPA 0 SOllRANTE C
'HAKER C SHEVLIN C I SJELO C SItIYOU II SOCORRO C
'HAK~IPE"'RE C SHIOLER 0 I SJEROCLIFF C SKOKOMISH 0 SODA II
'HAKOPEE C SHIELOS C I SlfRR... Il SKDKOMISH. DRAINED C 500... LAKE II
SHALAKE C SHIFFER C , SIERRAVILLE II SKOLY II SOOERVILLE ...
'HALAKO D SHILOH 8'DI SlfSTA D SKOOKUM C SODHOUSE 0
IHALIIA D SHIMA C I 'JFTON II SKORO II SODUS C
SHALC"'R 0 SHJMMON C I SICiNAL C SKOWHEG... N 8 SOEL8ERG 8
IHALC...R. DRAINED C SHINAKU ° I SIGURD II SKULL CREEK C SOEN C
IH... LET D SHIN8AR... 0 , SIKESTON 1lJ'D SKUMP ...H 0 SOFIA C'O
SHALON'" II SHINDLER C I SIL...S Il SKUTUM C SOFTSCR...B8LE C
SHAM 0 SHINER C I SIL...S. WET C SKYIIElIG C 50401 C
SH... IIlDO 8 SHINGLE 0 I SIL...S. FLOODED II SKYH ... VEN C S06N 0
SHANeL 8 SHINGLETOWN C I SILAW... 3 SKYHIGH C SOGO 8 ,...
IHAMOCK C SHI NlCEE C I SILER II SKYKOMJSH ... SOGlIE 8
IH...NAHAN 8 I SHINROCK C SILERTON II SXYLICK II SOLAK 0
SH...NDEP 8'D SHIOCTON C Sill C SKYLINE 0 SOLAND 0
IHANE 0 SHIPLEY B S1LSTIO A SKYMOR D SOLOATN'" 8
SHANKLER ... SHIPLEY • B SJLY... C SKYYILL... COE 0 SOLD IER C
SHAND B STR... TlFIEO SILVElI C SKYW ... Y II SOLOUC II
'HANTA B SUIISTR... TUH SJLVER CREEK ° SL... IITOWN 8 SOLEDAD II
IHARATIN II SHIPLEY. C SILVERADO II SLAGLE C SOLlER 0
'HAAKEY 0 S...LINE-ALK ... LI SILVERIOW ° SLAUCiHTER C SOLIS C
SHARL"'NO 8 SHIPLEY. B SILVERCHIEF C SLAYEN C SOLLEKS C
SHARON 8 NONfLOOOEO SILVERCLIFF e SL"'W C SOLLfR 0
SHARPS C SHIPLey. RARELY 8 SILYERDALE A SLAYTON D SOLOMON 0
'HAAPSIIURCi II FLOODED SILVERN ... SLEEPER C SOLONA C
SHARROTT 0 SHJPLEY. CiR"'VELLY B SILVERTON C SLEETH C SOHBORDORO D
'HAAVANA C SUBSTR"'TUM SILVJES ° SLICKROCK e SOME AS 8
SHASER B SHIPROCK 8 SJ"AS C SLIDELL 0 SOMERVf:LL 8
SHASKIT 8 SHIPS ° SJMCOE C SLIGHTS C SOMSEN C
IHASTA II SHIPSHE 8 SI"EON A SLIGTJNG C SON... HNPIL II
'HATAUCE C SHIRK t SIMEAOI II SllKOK 0 SONOCAN ·C
'HATTA C SHIVELY fI SIN..ONT C SLIIIIIUTTE II SONOIT ... 8
SHATTUCK B SHOALS C SIMON C SLINCiER 8 SONOM'" C
SHAVANO 8 SHO"'T D SI"ON. CORAYELLY Il SLlPM... N 8 SONOM.... MOOERAT~LY C
SHAV"'SH C SHOEPEG C SUBSTRATUM SLO"'N 8/0 I WET. S...LINE
SH"'V~R B SHOESTRING 8 SIMON... ° SLOCU" C I SONOMA. S"'LINE. B
SHAWA B SHOKEN 0 SI ..ONTON e SLUICE 8 I DRAINED
IHAWANO ... SHONKIN 0 S1MP...RK 0 SLY B I SONOMA. S... LINE. C
SHAWMUT 8 SHODI'LIN C SIMP... TlCO e SN"'CKOUT B I FLOODED
IHAY 0 SHOOFLY 0 SIMPSON C SM"'LLCONE 0 I SONOM.... S"'LINE C
'HAYL... 0 SHOOK C SIMS 0 SMARTS 8 I SONOMA. MOOERATfLY C
SHf...A C SHOOKER C SiNAI C SN... UCi 8 I WET
SHEAVILLE a SHOREEK C SINAMOX II SMEDLEY 0 I SONOM'" • ORAJN~O II
IH~IlANi 0 SHOREWOOD C 5 INCL... IR C SMEL TfR C I SONOMA. FLOODED C
IHfllEOH C SHORIM C SIN<iATSE 0 SMILEY 8J'D SONOM.... NON FLOODED C
IHeDAOO C SHORT CREEK C SINGERTON II SNILEYVILLE 0 SONOR'" 8
SH~OD C SHORTCUT C SINCiLETREE C SNJLO C SONT ... li 0
SHeDHORN a SHORTYORK 0 SINGS......S 8 SMITH80AO a SOON... H8E 8
SHeEU 0 SHOSHONE ° SINKSON Il SMITHO... LE II SOD SAP C
SHf:~P CREEK C SHOTGUN C SINLOC a SIIITHNECK 8 SOPER C
IH~EPCAN 8 SHOTWELL 0 SINLOC. DRAINED C SIIITHTON 0 SOQUEL 8
IHE~PHEAD C SHOUNS 8 SJNNICr; A SMITHV JLLE B SORENSEN 8
IHUPAOCK ... SHOW'" LTl!R 0 SINNIli ...M 0 SIIITHWICK 0 SORf C
SHEEPSCOT II SHOWALTER. 1I015T ° SJNTON II SIIOCREEK C SORRENTO B
IHfUIRON Il SHOW ... LTfR. STONY B SINUK 0 SIIOKEY C SORTElI 0
SHEFFIELD D SION e SMOLAN C SORUH 0

NOTEII T~O HYOROLOlilC SOIL GROUPS SUCH "'S II'C NO ICA TES THe DR ... INfD'UNOR... INEO SITU... TION.
MODIFIERS SHOWN. E.G •• 8EOllOCK SUIISTR... TUM. REFER TO A SPECIFIC SOIL SERIES PH ...Sf FOUND IN SOJL .....P LEGEND.
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sonM II SPAUC~DALE D snINIl~CK II SYlUN'TOWN II SUA~EM C
SOUCiHE D SPUD C ST~INSlIUAG C STAINGTOWN. GRAOfO C SUAGH 8
SDULAoIUL~ C SPUKWUSH II STUWEA C STAOLE C SUAPRISE 8
SOUTHACE II SPUA II ST~LLAA C STAOM C SURAENCY 0
IOUTHAM D SPUAGEA C STEMILT C STADMAL A SURAETT C
.OUTIWORK 0 SPUAL.OCK a STEMLEY C STRONGHURST a SUAVEYOAS II
IDUTHliAT~ D SQUALl CUM a ST~NPLE a STROU~ C SURVYA C
SOUTHPOAT II SDUALLY a ST~NOAL C STAYIC~A C SUSANNA c/o
10UTHR10" • SQUAW II ST~PH~N C .TUIIIlS C SUSIE CAEEIC C
IOUTHWICK C SOUAWCRUIC D ST~PHENVILLE STUCICY a SUSITNA II
101lCAN • SQUAWROCIC C STEPROCIC S TUlt!L 0 SUSQUEHANNA 0
SPAIo 0 SQUIRES C SYEPSTOHE STUMaLf A SUTA II
IPAC~ CITY A SRI ADA 0 ST~ALIN' STUMPP 0 SUTCLlf"1' II
IPADE II ST. ALIIANS B STEALINUON 5 TUNNfA II SUTHER C
SPADAA II ST. ANTHONY II STDRETT STUNTZ C SUTHEALIN C
IPAGEA 0 ST. AUCiUSTIHE C STETSON STUA'EON II SUTICIN II
SPALIHNG D ST. AUGUSTINE. II STETTEA STUAICIE II SUTLEY II
SPANA 0 ORGANIC STEUBEN STUTTGAAT 0 SUTPHEN 0
SPANAWAY II SUBSTAATUM ST~UBER STUTZMAN C SUTAO C
SPANEL 0 ST. AUGUSTINE. C STEVENS STUTZMAN. WET 0 SUTTLEA II
SPANG II CLAY~Y SUIlSTRATUM STEVENSON STUTZVILLE C SUTTON II
IPA~LEA C ST. CHAALES B STEWAAT 0 STYX 8 SUVER 0
SPA.ANK 0 ST. CLAIR 0 ST~WVAL 0 suaACO 0 SVEA 8
SPARHAM 0 ST. ELMO A STICKNEY C SU8LETTE 8 SVENSEN II
SPAAKHUl.f 0 ST. lifDRGf B STIDHAM 8 SU8LI'NA 8 SVEAOAUP II
'PAANO II "ST. GEOR(;E. SALINE C STJEN B SUCHES II SWAGER C

SPARR C ST. IOEOAIOE. WET 0 STlCiLER D SUOIIUAY II SWAKANE 0

e SPARTA A ST. lliNAC! D STlLliAR II SUDDUTH C SWALER 0
SPARTA. SILTY CLAY 8 ST. oI0HNS 11.10 STILL a SUOWORTH 8 SWANBOY 0

LOAM SUIlSTRATUN ST. oI0HNS. 0 STILLMAN B SUEPEAT C SWANOAO II
SPARTA. LOAMY A OEPAESSIONAL STILLWATEA 0 SUEY 8 SWANLAKE 8

SUBSTRATUM ST. LUCIE A ST ILSKIN C SUf"f"IELO C SWANNEA 0
SPAATA. B~DROCIC A ST. MAATIN C STILSON B SUf"I'OLK 8 SWANSEA 0

SUBS TAATUIl ST. NAAYS B STIMSON D SUGAAIIOWL 8 SWANSON C
SPASPAEY C ST. ON~ B STINGAL a SU'AROEE B SWANTON C'O
SPEAltEA C ST. PAUL B STINGDOAN D SUGARLOAF 8 SWANTOWN C
SPEAAFISH 0 ST. THONAS 0 STIPE C SU'LO 8 SWANVILLE C
SPEAAHfAO 8 ST.H~LENS B STIAK D SUISUN 0 SWANWICIC 0
SPfARMAN 8 STABLEA 8 STIAAUP a 1 SULA 8 SWAPPS C
SPEARVILLE C STAOY 8 STiRUM B.lDI SULLIVAN 8 SWARTSWOOD C

• SPECK 0 STAFI'OAD C STIAUM. PONDED D I SULLY II SWAATZ 0
SPEELYAI 0 STAGECOACH B STISSING C I SULOAI' 8 SWASEY 0
SPEEA B STAHL C STlVEAsvlLLE B I SULPHURA 0 SWASTIKA C
SPElkE B STAltE C STOCICAOE B/Ol SULSAVAA B SWAUK 0
SPENARO 0 S~ALEY B STOCK8AIOGE C I SULTAM C SWEATMAN C
SPENCER B STALLINGS C STOCKEL C I SUNAN 8.10 SWEDE 8
SPENLO B STANaAUlOH B STOCltLANO B t SUMAS 0 SWEEN C
SPENS A STA~OAO 0 STOCltPfN D SUNAS. DRAINED 8 SWEENfY II
SPEARY C/Dl STAMP 0 STDCKTON 0 SUMATAA 8 SWEET C
SPEXARTH B I STAMPEDE 0 STDDA B SUNINE B SWEET APPLE 8
SPHINX 0 I STAN B STODICK D SUMMEAI'IELO 0 SWEETGRASS B
IPICER a'D STANDLEY C STOHLMAN D SUNMERS 8 SWEETWATER 0
IPIC~ATON 0 STANOUP 8 STOICES D SUMMEATON 8 SWEM C
IPICfWOOO C STANfY D STDICLY B SUMMEAVILLE 0 SWENOOA II

e SPILLCO B STANI'lfLO C STOMAA C SUMMIT C SWIFT B
SPILLYILLE B STANISLAUS 0 STONEBeAGEA D SUMMITVILLf C SWlf"T CREflC 8
SPINEKOP B STAPALOOP 8 STDNf8UAG B SUMPI' 0 SWlf"TON A
SPlNeKOP. SALINE C STAPLETON B STONEHAM B SUMTfR C SWIMLEY C
SPINEKOP. C STAPP C STONEHEAO C SUMYA D SWIMS B

MODERATELY WET STARIIUCK 0 STONfLICK B SUN 0 SWINGLEA 0
IPINltI A STAA'O B STONEA B SUNAPEf B SWINGLER. AL~AL I B
SPINLIN C STAAHOPf 0 STONEVILLE B SUN8URG B SWINGLER. 0
SPIRES D STARICHKOl' 0 STONO B'O SUNBURST C SAL INE -ALKALI
SPIRIT C STAAKEY C STONYFOAO ° SUNBURY 8 SWINK 0
SPIRO B STAAt( S C STOOKEY C SUNCITY 0 SWINOMISH C
SPIVEY B 5TARLEY 0 STOAD£N B SUNCOOK A SWINT B
SPLENDORA C STAAMAN 0 STORLA B 5UNOANCf B SWIS808 0
SPLITAO 0 STARA C STORMITT B SUNDAY A SWISSHELM 8
SPLlTTOP C STASfA I STOTT C SUNDELL B SWITCH8ACK C
SPO""ORD D STAn II STOUGH C SUNfV B SWITZERLAND B
SPOKANE I STATLEA I STOUT D SUNFIELD 8 SWOPE C
SPOltEL • STATZ 0 STO'lHO C SUNLIGHT 0 SWOAMVILLE C
IPONlfLLEA B 5TAVE 0 STOWE C SUNNYHAY 0 SWYGERT C
SPOOL D STAYTON D STOWfLL ° SUNNYSIDE B SYBLON 0
SPOONER C/D STEAANS D STOY C SUNRAY 8 SYCAMORE. ORAlNfO B
SPOTSYLVANIA C STfCUM C STAABfA C SUNSET I SYCAMOAE. FLOODED C
IPOTTSWooD B STEED A STAAHAN B SUN5HINE C SYCAMORE. CLAY B
SPRAY B STfEOMAN C STAAl'HT C SUNSWffT C SUBSTAATUM
SPRECKELS C 5TfEOMAN. STONY D STRAN~QUIST B/Ol SUNUP 0 SYCAN A
SPRIH' C SfEUfE C STRAT II 1 SUOMI C SYCLE II
SPRINGDALE A STffLE C STRATFOAO B I SUP B SYENITE C
SPRIN~R 8 STEfNS C STRATTON C 1 SUPAN 8 SYLACAUGA 0
SPRJNGfAVILLE 0 STfEPLAN 0 STRAW B 1 SUPERIOA 0 SYLCO C
SPRINGFIELD 0 STEfVER B STAAWN B I SUPERSTITION A SYLVAN B
SPRINliMfYER II STEfl' C STR~ATllA B.ID/ SUPERVISOR C SYLVESTER II
SPRINGSTEfN C STfGALL C STAEVELL II / SUPPLEE B SYLYU C
SPRINGWATER C STU'ER A STRICKEA B I SUR 8 SYNCO C
SPROUL 0 STEINAUEA B STRICKLAND C 1 SURI'SIOE 0 SYNERTON B

NDlfS: TWO HYDAOLOlilC SOIL GROUPS SUCH AS B/C NOICATES THE OAAINED.lUNDAAINfO SITUATION.
MODI~lfRS SHOWN. E.G •• BEDROCK SUBsTAATUM. RE~~R TO A SPECI~IC SOIL SERIES PHASE I'OUNO IN SOIL NAP LE'ENO.
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"

SYNAAEP 8 I TAALOC 8 TfNNO 0 THAfflUU 8 TlSIIOATH C
SYRACUSE 8 1 TARPLEY 0 TENORIO e THROCK C TITUS 8.10
SYRENE 8.101 TAAA A TENOT C THULEPAH C TI TUSVILLE C
SYAETT C 1 TARAANT 0 TENPIN 0 THUIUIEALANO 8 TIYOLI A
TASECHEDING C 1 TAARETE 0 TfHRACO 8 THUNOER81AD 0 TIVY C
TA8fANASH 8 1 TARAYALL C TENSAS 0 THUAIIER 0 TOA 8
TAIIU! NOUNTAIN B 1 TASAYA C TENSfO C THUALONI C TOIll CO A'O
TABLER 0 I TASCOSA 8 TfNSLEEP B THUALOII B TOIIIN B
TABOA 0 I TASSfL 0 TENSNOIA B THUAIIAN A TOIllSH C
TACAN B 1 TASSELIIAN 0 TENVORRO D THUAIIDNT B TOIILEA B
TACOIIA D 1 TASSO B TEOCULLI 8 TUliOS B TOIIOSA 0
TACOMA_ DAAINEO C 1 TATE B TEPETE D TlAK C TOllY B
TACONIC c'DI TUIYEE C TEQUESTA 8'0 TIBAN B TOCAL C
TACooSH 8'DI TAlLUII 0 TEA ADA 8 Tl8BITTS B TOCALOIIA C
TADLOCK B I TATOUCHE 8 TEABIES 8 Tl8S C TOCAN C
TAI'OYA C I TATTON 0 TEAENCE 8 TlIIUAONfS 0 TOCCOA B
TAFT C I TATUII C TEAESA 0 TlCA 0 TOCK C
TAI'UNA A I TAUNTON C Tf:RINO 0 TlCE B TOCOI B'O
TACOGAAT C 1 TAVARES A TERLCO 8 TlCELL 0 TODDLER II
TACOLAKE II 1 TAIIAH B TERLINGUA 0 TICHNOR 0 TOODSTAV D
TAHItENITCH B I TAIIAS A'OI Tf:RIII"AL 0 TlCINO C TODDVILLE B
TAHONA B I TAIICAII C I TERMO 0 TlCKASON B TODOS C
TAHOULA 0 I TAYLOR C 1 TERONOTE B TIDINGS B TOEHEAO C
TAHOUATS B I TAYLOR CRE~K C I TEROUGE 0 TlOIIELL 0 TOE.JA C
TA INTOA C'OI TAYLORSI'Ll. T B I TERRA CEIl. 11'01 TIERRA 0 TOE.JA. NONGRAVELLY B
TA.JO C I TAYLORSI'Ll. T. C I TfRRA Cf II.. TIOAL 0 1 TIfTON II TOEM C
TAKEUCHI C 1 SALINE-ALKALI TERRA CE II.. B'O TlI'I'ANY B,ol TOGNONI 0
TAK ILI'A B I TAVLORSVILLE C I'REOUENTLY TlI'TON B 1 TOGO B
TAKOTNA 8 1 TAlLINA A I'LOODEO TlCOEA CREEK B I TOCOUS 0
TALAG 0 I TEAGULI' C Tf:RRAD C TlCOERON B I TOHONA C
TALANTE 0 I TEAKEAN 8 TERRETON C Tlcon B I TOINE B
TALAPUS B I TfALSON 0 TEARIL B TlCOIIION B I TOISNOT 8'0
TAL80TT C 1 TEALIIHI T 0 TEARY B TICOON 0 I TOISNOT. PONDED 0
TALCOT 8'0 TEANAIIAY B TERIIILLIGEA 0 TlCOUA 0 1 TOIVOLA A
TALIHINA 0 TI!APO C TERIIILLIGEA. STONY C TI.lERAS B I TonABE C
TALItEETNA C TEASDALE B TESA.JO A TIKI 0 I TOICLAT 0
TALLA C TEBO B Tf:SSI" IVE 0 TlLI"EA 8'0 TOKUL C
TALLAC 8 TECHICK 8 TETHA ICK B TlLI"ORD B TOLANY II
TALLAOECOA C TECO 0 TETON C TILLEDA B TOLBY B
TALLAPOOSA C TECOLOTE 8 TETONIA 8 TlLLICUII B TOLEDO 0
TALLEYVILLE B TECOPA 0 TETONKA C'O TILLMAN C TOLEX 0
TALLS B TEOAOW B TETONVIEII 0 TlLLOU C TOLICE B
TALLULA 8 TEEL B TETONVILLE C TILMA C TOLL A
TALLY B TEELE A B TETOTUM C TlLSI T C TOLLGATE B
TALMAGE A TEEMAT B TEViS 8 TIL TON II TOLLHOUSE 0
"'LNO A TEETERS C'O TEll C TlMBALIER 0 TOLMAN 0
ULMOON 0 TEEWINOT 0 TEX B TlMIIERli C TOLNA II
TALOKA 0 TEI"TON C TEXARK 0 TlMIIERHEAD II TOLO B
TALPA 0 TEGUAO 0 TEXLINE B TlIIIIERYILLE II TOLONIER B
ULOUIN B,g TEHACHAPI C TEXROY 8 TlIIENTWA II TOLOVANA II
UNA B TEHAMA C TElUNA C TlMHILL 0 TOLSONA 0
TAIIAHA 0 TEHAAN A THACKER C TlMKEN 0 TOLSTOI 0
UMALCO 0 TE llifN 0 THACKERY B TIMMERMAN A TOLTEC C
TAIIALPAIS C TE.lA 0 THAOE'" C TlMPAHUTE 0 TOLUCA 8
UMANEfN 8 TE.lA8E 0 THAGE C TlMPANOCOOS 8 TOLVAR 8
TAMBA 0 TE.lANA 8 THATCHfR B TlMPER 0 TOMAH B
TAMELY 8 TEKENINK 8 THATUNA C TlIIULA B TOMAHAIIK A
UMI'ORO 0 TEItISON C THAYNE B TINA C TOMALES 0
TA ....ANY CREEK B TEKLANIKA A THEBES • TlNA"A B TOMAST C
TAMP B TEKOA C THEBO 0 TlNOAHAY II TOM8AR C
TAMPICO B TELA 8 THEOALUNO C TINE A TOME 8
TANAK 0 TELCHEA 8 THENAS C TINEMAN B TOMEL 0
TANAIIA 0 TELE..ONO C THEOOOA 0 TlNEMAN. IIET C TOMEAA 0
TANANA 0 TELEPHONE 0 THEON 0 TlNCOEY 8 TOIIICHI A
TAN8ARK 0 TELESCOPE A THEAESA 8 TlNKEA C TONOKA B'O
TAHOY C TELI'EA A THEA lOT 0 TlNN D TOIIOTLEY B'D
TANEUII • TELI'ERNfR 0 THERMOPOLIS 0 TlNN IN A TOMSHERAY C
UNEY C TELL 8 THESS 8 TINSLEY A TOMTY 0
"'NGAIA C TELLEA 8 THETI'OAD A TINTON A TONASKET B
TANNA C TP:LLICO 8 THETIS 8 TI NYT OliN II TONAU D
TANNAHILL 8 Tf:LLIIAN 8 THIEI'AIYER 8'01 TlOCANO 0 TONCANA 8
"'NNER C Tf:LLURA C THIEL 8 1 TlOCOA B TONEY 0
TANDa I Tf:LOS C THIOItOL 8 1 TlPPAH C TONGUE RIVER C
TANSEM 8 TELSTAO C THISTLEOEII B I TIPPECANOE B TONIO 8
TANTALUS B TEMBLOR 0 THO£:NY 0 I TIPPER C TONKA C'O
TANTILE "01 TEMESCAL 0 THOMAS 0 I TIPPERARY A TONK AliA A
TANWAX 0 1 TEMO C THOMS 0 I TIPPERARY. ALItALI II TONKEY 8'0
TANWAX. DRAINED C 1 TEMPLE C THORNBURCOH B I TIPPERARY. DRY A TONK IN II
TANYARO C I TEMPLETON 8 THORNDALE 0 I TIPPO C TONK IN. MODERATELY C
TAPCO 0 1 TEMVlIt 8 THORNDIKE C'OI TIPTON II IIET
TAPIA 8 I Tf:NABO 0 THORNOCK 0 1 TIPTONVILLE II TONKS C
TAPICITOES 0 1 TENAHA B THORNTON C I TIPTOP B TONOPAH A
TAPPAN 8'01 TENAS C THOROUCitlI"AAE 8 1 TIRO C TONOR C
TARA I I TENCEE 0 THORP C'OI TlSIIURY II TONOllfK II
TARIIOAO A 1 TENDOY 0 THOUT C I TISCH 0 TONRA I
TARGHEE C 1 TENEll I THOll II 1 TlSDlILE C TONSINA 8
URUO 0 1 TENINO C THRASH II I TlSHAR C TONTI C
UAKLIN C I TENMILE C THREAOGILL 8 I TlSONlA 0 TOHUCO 0

NOTES: TIID HYDROLOGIC SOIL COROUPS SUCH AS B'C INDICATES THE ORAINf:D'UNDRAINEO SITUATION.
MOOII'IERS SHOIIN. E.G •• BEDROCK SU8STRATUM. RE"ER TO A SPEClrlC SOIL Sf AlES PHASE rOUND IN SOIL .AP LEGEND.
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TOOMES 0 TREATY 11.1'0 TUIIAC C TWISSflMAN C I UPSPAIN(O 0
TOONE C TIlEalE a TUCANNON C TWISSElM..N. 0 I UPTMOIl C
TOP C TIlEBlOC 0 TUCKAHOE a SALINE-..LKAll. I UPTON C
TOPEIti 0 TAEaOIl C TUCKU C WET 1 UIlACC" B
TOPE MAN 0 TIlEEKOIl 0 TUCKEIlMAN 0 TWUSElM..N. 0 I UIlIIANA C
TOPIA 0 TRE(OO C TUCSON a SAL I NE -AlUl I I URIIO 0
TOPll .." a TRfHAIlNE C TUCUMCARI C TWOMILE C.I'ol UREAL 0
TOPONCE C TllfLK a TUI".. n C TWOTOP 0 I UIlICH C.I'O
TOPPENISH 0 TRELONA 0 TUGHllL 0 TYEE 0 I UIUPNES C
TOPPfNISH. 011.. INfO C TAEMANT a TUJUNGA A TYlOAAT 0 I UIILAND C
TOPSEY C TAEMaLES a TUKI:Y C T\'(iH 8 I UANI: B
TOQUEIlVILLE 0 TilE MONA C TUKWILA 0 TYLEII 0 I UIlNESS a.l'o
TOQUI 0 TIlEMPE A TUKWILA. ORAINEO C TYNDALL C I UIlSA C
TOQUOP A TAE.... fAlEAU B TULA C TYNEIl A I UASlNf 0
TOIlIlOY .. TilE NARY II TULAN". OIlAiNED C.I'D TYIlE A.I'D UATAH C
TOACHLllOHT C TAENT II TULANA. NON..LOODED C TYIIONE C USAL II
TOAOI" 0 TAENTON D TUL"RE 0 TYSON C USHAII II
TOREX A TAEON 0 TUlARlOO a UIlANK 8 USK C
TOAHUNTA C TAEP 8 TULAROSA II UIAR 0 UTAB" A
TORNEY D TAl'S HfAMANOS II TULASf a UIlIK a UTALINE 8
TOANILLO I TAl'SAND B TULIA a UaLY 8 UTE C.I'O
TORNING B TAESfO C TULIK a UCHfE A UTICA 8
TOROOA a TRESTLE a TUllAHA"EE C UCOLO D UTLEY B
TORONTO C TAEVINO 0 TULlEIl 0 UCOPIA 8 UTSO a
TORPEOO LAKf D TRfVL .. C II TULLOCK C UOAHO II U'fUAOO II

TOAAEON C TAEY A TULLY C UOEL 0 U\/ADA 0

e TORRES A TRIANGLE ° TULOSO 0 UDELOPE D UV..LOE II
TORRO a TIlIBaEY C TUMAC a UDOLPHO 11.1'0 U\/I B
TORRY 11.1'01 TAICON C TUMALO C U""fNS 0 I UllAL~ II
TOR5100 C I TRIO II TUMIIATER C U""ENS. 8 VABEM 0
TORTUlOAS 0 I TRIOELL II TUNaAIOC;E C ELI' VA TlON>1I1100 VAIIUS C
TOSCA 8 1 TRl(OGfR 0 TUNICA 0 UIOAK D VACHERIE C
TOSTON C I TRIGO 0 TUNIS 0 UHALDI B VAOfR B
TO fA VI A I TRIMAO B TUNKHANNOCK A UHL 8 VADNAIS C
TOTELAKE 8 1 TRIMaLf II TUOMI II UHLAND 8 VADo 8
TOTEM II I TRIHMEA C TUPELO 0 UHLIG 8 VAEOA 0
TOllER C 1 TRINITY 0 TUPUKNUK ° UHLORN C VAIDEN 0
TOTO 8.1'01 TRIO 0 TUOUE a UINTA 8 VAlL TON 8
TOTTEN C.I'O TRIOMAS 8 TURBEYILLE C UKIAH 0 VAlVA 0
TOUCHfT 8 TIlIPIT C TURaOTVILLE C ULA C VAL8Y C

e TOUNEY 8 TRIPLfN a TURaY.. ILL 8 ULEN II VALCO C
TOULON II TRIPOLI 1.1'01 TUIlK C ULlOA 0 VALCREST C
TOUIlNOUIST 8 TIlIPP II I TUIIKfYSPR INlOS C ULM C VALOEZ. CLAYEY 0
TOUllS II TIlISTAN B 1 TURLEY a ULIlI C C SUBSTRATUM
TOUTLE 8 Till TON 0 I TUIILIN a ULIlICHEIl II VALOEZ. ollAiNfO C
TOUTLE. ..LOOOEO 8 TIlIX B I TURLOCK 0 ULTIIA 0 VALDOSTA A
TOUTLE. PROTECTfO A TIIOCKEN B I TUIlNBULL 0 ULUPALAKUA 8 VALE 8
TOVAII C TIlOJAN II 1 TUIlNEIl II ULY 8 VALENCIA II
TOWAVE 8 TROMP C I TURNEIlV I LLE II ULYSSES 8 VALENT A
TOllHEI D TRONSEN B 1 TURNEY a UMA A VALENTINE A
TOWNER 8 TIIOOK II 1 TURIIAH 0 UMAPINf D VALEIlA C
TOWNLEY C TIIOOK. SAL I NE C I T~RRET II UMAPINE. DRAINED C VALHALLA A
TOllNSENO C TROOK. lOllAVELLY a I TUIlR III C UMATILLA II VALKAIIIA 8.1'0
TOllOSAHlOY 8 SUBSTRATUM 1 TUIlSON C UN8AII& II VALLAN 0e TOUll'" 8.1'D TIIOPAL 0 I TUSAYAN C UMIlEIILANO C VALLI' B
TOY D TROPIC II I TUSCAN 0 UMllfRLANO. PONDED D VALLECI TOS 0
TOYAH 8 TROSI D I TUSCARAWAS C UMIlEIlLAND. I'LOODfD C YALLfONO 8
TOYUSKA 8 TROSKY 8.1'01 TUSCAWILL.. 0 UMIAT 0 VALLEIIS C
TOZE 8 TROUGHS D I TUSCOL" II UMUOA II VALLfYCny 0
TIl ..BUCO C TIIOUP A I TUSCOSSO II UMIL D VALMAII C
TAACHUTE II TROUT CREEK C I TUSCUNalA 0 UMPA II VALMONT C
TR"CK D TROUT RIVfA .. I TUSEL II UMPCOOS C VALMY 8
TAACK. ORAINEO C TROUTOALE II 1 TUSK a UMPUlIP II VALNOA C
"'ACOSA 0 TROUTER C TUSKAHOMA 0 I UNA 0 VALOIS II
TAACY a TROUTVILLE B TUSKEEGO C.I'D UNADILLA 8 YALUTZ C
TRAOEOOLlAA a TROXEL a TUSLEA a UN"KA a VALTO 0
TAAU a.l'o TAUCE C TUSClUI TEf II UNUWU 0 VAL TON C
TIIA(O II TAUCHOT C TUSSY 0 UN.. llffP II V..LVEIIOE II
TIIAG. OilY II TRUCKEE C TUST IN II UNCAl D VAMEIl 0
TRAG. COOL C TRUCKfE. I ..LINf C TunUMfN.. a UNCOMP..H&RE 8.1'D VANONT 0
TRAHAM C TRUCKEE. 011 ..1NED II TUTf II UNDERHILL B VAMP C
TRAIL .. TIlUCKEE. SANOV C TUTHILL a UNOEIlWOOO II VAN OUSEN B
TAAMP"S C SUIlSTRATUM TUTNI II UNOUSK II VAN HORN a
TRANWAY II TRUCXEE. lOR ..VELLY C TUTWILEA II UNlieAS II V"N NOITUN C
TA ..NQUIl..R C suas TAATU" TUWEEP II UNICOI II V"N WAGONER 0
TA ..NSYLV..NIA a TAUCKTON II TWEIIA a.I'D UNION C YAN"JO 0
TA ..PPfA II TRUOAU II TWEIl... IIJ'D UNIONTOWN 8 VANANO" 0
TAAPPIST C TRUOE B SALINe-ALKALI UNIONVILLe B VANCI! C
TR..PPS II TAUE.. ISIURE A TWEIl ... MODEA.. TElY II UN liON II YANDA 0
TR"SK C TRUESOALe: C wn UNIU5 0 VANDALIA P
TR"VELEAS ° TAULON C TWEEDY C UNLIC a V"NoA"ME c
TAAVER B TAUN"N a TWiCIC 0 UNSI!L II VANO.... OAE II• TAAVEATINE C TRUNIllJU. 0 TWIG 0 UNSON a VANOEAlORlI'T C
TA..VESSlLL .. D TAUMP 0 TWILI&HT a UPOUE 0 VANDEAHO.... C
TRAVIS e TRUNK C TWIN CAUK e UPSAlA A VAHDULI' A
TAAWICK II TRYON 0 TWIHING C UPSHUA 0 VANEPPS C
TAAY C TSCHICOMA a TWINL ..KE C UPSON a VANET 0
TAE"Oll'" 0 Tua C TWiNSI C UPSON. STONY C VAN& II

Nonu TWO HYOAOLOlOlC SOil GROUPS IUCH AS • .I'C INDICATES THE OA .. INfO.l'UNOA"INfD SITU.. TION.
NOOI~II!AS SHOWN. E.li •• IlEO_OCK aU.ITR.. TUM. AE"I!A TO A SPECI~IC SOIL SEAlES PHASe ~OUNO IN SOIL MAP LE(i!HO.
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TABLE 7.1--HYOROLOGIC GROUPS Of' THE SOILS OF THE UNITED STATES -VANGUARD 0 VERNONIA B 1 VIRTUE ( WAINEE B I WARM SPRINGS. VERV 0
VANMETER C VERO BI'OI VISTA B VA INOLA B I POORLY DRUNED
VANNI B VERONA. WET ( I VITALE C WAIPAHU C I WARMAN BI'o
VANNOY C VERONA. DRAINED B I VIUDA D WAISKA B ,

W""~"AN • GRAVELLY AI'D
VANDCKER B VERONA. FLDDDED B I VIVES B WAITS B I SUBSOiL
VANOSS B VERONA. CLAY ( I VIVI B WAKE 0 1 WARNEKE 0
VANPETTEN B SUBSTRATUM I VlASATY C WAKEEN B I WARNERS (I'D
VANSQN B VERSHIRE C I VOATS B WAKEFIELD B , WARRENTON D
VANS TEL B VERSON C I VOCA C WAKELAND C I WARSAW B
VANWYPER C VERTEL 0 I VODERMAIER B WAK I TA I , WARSING B
VANZANDT ( VERTREES e t VOIGHT B WAKONOA C I WARWICK A
VAQUERO 0 VES B I VDLAOORA B WAKULLA A I WASA 0
VAR(O D YESEY B I VOL ASH B WALCOTT B I WASCO B
VARELUM B VESPER D I VOLBORG D WALOBILLIG B I WASOA BI'O
VARELUM. CLAY LOAM C VESSER C I VOLCO 9 WALDECK C I WASEPI B

SUBSTRATUM VESSILLA 0 I VOLENTE C WALDEN 0 I "ASHBURN 0
VARICK 0 VESTA B I VOLINIA B WALDO 0 1 .. ASHINGTON B
VARINA C VESTABURG Mol VOLKMAR 8 WALDORF CI'ol WASHINGTON. wET C
VARNA C VESTON 0 , VOLNEY B WALDPORT A I SUBSTRATUM
VARNEY 8 VETA B I VOLPERIE C WALDRON 0 I WASHINGTON. STONY B
VARRO 8 VETAL B I VOLTA 0 WALDROUP 0 I WASHINGTON. B
VARYSBURG B VETEAoO C 1 VOLTA IRE 0 WALES B I GRAVELLY
VASA B VEVO 0 I VOLTAIRE. 0 WALES. WARM B I WASHOE B
VASHTI C VIA B 1 SALINE-ALKALI WALES. OVERBLOWN C I WASHOUGAL B
VASQUEZ B VIAN B I VOLTAIRE. WET 0 WALFORD BI'OI WASHTENAW CI'O
VASSALBORO 0 VIBLE A I VOLTAIRE. DRAINED C WALHALLA B I WASILLA C
VASSAR B VIBO B I VOLTAIRE. FLOODED 0 WALKE C I WASIOJA B
VASTINE C VIBORAS 0 I VOLTAIRE. GRAVELLY 0 WALKIlIOLLS 0 WASKISH 0
VAUCLUSE C VIBORG B I SUBSTRATUM WALKON 0 WASKOM C
VAUGHAN 0 VICEE B I VOLUS IA C I WALL B WASPO 0
VAUGHHSVILLE C VICK C VONA B 1 WALLA WALLA B WASSAIC B
VAY B VICKERY C VOORHIES C I WALLACE B WATAB C
VAYAS D VICKING B VORE B I WALLEN B WATAMA C
VEAL B VICKING. HIGH B VOSBURG B I WALLER BI'O WATAUGA B
VEATCH B RAINFALL VOSS B I WALLINGTON C WATCHABOB C
VEATCH. STONY C VICKING. DRY 0 VOSSE T A I WALLKILL CI'O WATCHAUG B
VEAZIE B VICKSBURG B VULCAN C I WALL ROCK C WATCHUN" 0
VEBAR B VICTINE 0 VYLACH 0 I WALLSBURG 0 WAHRilURY 0
VECONT 0 VICTOR B VAAS B 1 WALLSON B .. ATERCANYON 8
VEEOUM 0 VICTORIA 0 VABASH 0 I VALLUSKI B VATEREE B
VEET B VICTORVILLE B WABASHA 0 1 VALNE TT C WATER'UN 0
VEGA C VICTORY B VABASSO BI'OI WALONG B WATERTOVN A ...
YEGA ALTA B VICU C WABBASEKA 0 I VALPOLE C WATKINS B
VEGA BAJA C VIDA B VABEK A 1 VALREES B WAn I loiS RIOGE B
VEKOL 0 VIOAURI 0 WABEN B I WALSH B VATO B
VEKOL. COOL C VIDRINE 0 VABUSKA C , VALSTEAO B VATONGA 0
VELASCO 0 VIEJA 0 VACA B 1 WALTERS B WATROUS B
VELDA B VIENNA B I WACAHOOTA 0 1 VALTI C WATSEKA B
VELO"AMP B VIEQUES B I VACOTA B I VALUM B WATSON C
VELMA B VIGAR C I WACOUSTA BI'OI VALVAN B WATSONIA 0
VELOW B VIIOIA 0 I WADAMS B 1 VALVILLE B WATSONVILLE 0
VELVA B VIIOO 0 I WADoOUPS B I VAMBA 0 WATT 0
VENA C I VIGUS B I VAoELL B 1 WA"'aA. DRAINED B WA TTON C
VENABLE 81'0 VlK ING 0 I WADENA B I WAMIC B VATUSI C
VENA8LE. STONY C VIL 0 1 WAOENILL B VAMPOO 0 VAUBAY B
VENANGO C VILAS A , WADER C WAMPSVILLE B WAUBEEK B
VENA TOR C VILLA B 1 WAOESPRING B VANBLEE 0 VAUBERG 0
VENETA 0 VILLA GAOVE B I WAOMALAW 0 WANDO A VAUBONSIE B
VENEZIA 0 VILLEGREEN C I WADSWORTH C VANETTA B VAUCHULA BI'O
VENICE C VILLY II I WAGES B WANILLA C WAUCHULA. 0
VENLO 0 VILLY. D I WAGNER 0 VANN B DEPRESSIONAL
VENTAIS 0 ELEVATlON>5500 I WAGONBOX 0 VANOGA B VAUCOBA 0
VENTURE 0 VILLY. DRAINED B 1 WAGONTIRE 0 VANSER 0 VAUCOHA II
VENUM B VILOT C I WAGRAM A WANSER. ORAIN.EO II WAUCONDA B
VENUS B VIMVILLE 0 I wAHA C WAPAL A VAUKEE B
VERBOORT 0 VINA B I WAHATOYA C WAPATO 0 WAUKEGAN B
VEAOE C VINCENNES C/D WAHEE 0 WAPELLO B VAUKENA 0
YERoEL 0 YINCENT C VAHIAVA B WAPI 0 WAUKON II
YEROICO 0 VlNEIOARAOON C WAHIKULI C WAPINI TIA B VAULO 8
VEROIIORIS ., VINEYARD C VAHKEENA B VAPPING B WAUMBEK B
YERDUN 0 VINGO B WAHLUKE B WAPPINGER B WAUNA 0
YERGAS C VINING C WAHOO D WAPSHILLA B WAUNA. PROTECTED C
VERGENNES 0 VININI 0 WAHPETON C WAPSIE B VAUPACA B/O
VERHALEN 0 VINITA C VAHREKOAM C WAPTUS C VAUPECAN B
VERICK C VINLANO 0 WAHTIl;UP 8 VARBA B VAUR IKA 0
VERLOT C VINSAO C .AHTUM 0 .ARDBORO A VAUSEDN B/O
VERMEJO 0 VINSON B WAIAHA 0 WARDELL C VAUTOHA 8/0
V~RMILAC C VINT B wAIAKOA C WARDEN B WAVELAND 8/0
VERMILLOH C VlNTAS A WAIALEALE 0 VARDENOT A WAVERLY BI'O
VERMISA D VINTON 8 WAIALUA B WARDWELL C VAVASEE B
VERNAL B VIPONT C WAlAWA 0 WARE B WAWINA A
VERNALIS B VIAATON C .AIHUNA 0 VAREHAM C WAX C
VERNALIS. e VIRDEN B/OI WAIKALOA B WARM SPRINGS C WAYBE 0

SALINE-ALKALI YIR40ELLE C I WAIKANE B WARM SPRINGS. C .AYCUP B
VERNALIS. WET C VIR40IL B t VAIKAPU B ALKALI WAYOEN 0
YERNIA A VIRGIN PEAK 0 I WAIKOMO D WARM SPRINGS. WET 0 WAYLAND C/O
VERNIGlHl C VIAIOIN RIVER C 1 WAILUKU B IIARM SPRINGS. CLAY C IIAYNOII B
VERNON 0 VIRKULA C I WAIlEA B SUBSTRATUM .... YNECO 0

NOTES: TWO HyoROLOIOIC SOIL IOROUPS SUCH AS B/C INOICATES THE DRAINED/UNDRAINED SITUATION.
MODIFIERS SHOWN. E.IO •• BEDROCK SUBS TAATUM. RUER TO A SPECIFIC SOIL SEAlES PHASE FOUND IN SOIL MAP LEGEND.
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TAaLE 7.1--HYDRDLDGIC GROUPS OF THE SOILS OF THE UNITED ITATeS

• WAYNESBORO a I WESTBURY C I WHOBREY 0 WINDY B WOLLARD C
WAYNfTOWN C I Wf5TBUTTE C I WHOLAN a WINEG B WOLLfNT D
WfA B I WESTCAIIP C I WIBAUX a WINfllA C WOLDT B
WEASH C I WESTCREEK B I WICHnA C WINETTl B WOLVERINE A
WfATHfRFORo a I WESTERVILLE B I WICHUP D WINEVADA C WOO B
WEAVER C I WESTHAVEN C I WICKAHoNfY D WINfALL B WOO. DVERWASH C
WEBB C I WfSTLAKE D I WICKENBURG 0 WINfiELD B WOO. WET C
WEBaAlDGE a I WESTLAND 81'0 wlCKERSHAII a WING D WOO. GRAVELLY 8
WE8aTOWN (; I WESTIIoRE C WICKETT C WINlOATE B SU8STRATUII
WE8ER 8 I WESTIIoRELAND 8 WICKHAII a WINGER BI'D WOOD RI VER D
WEBlLE C I WfSToN 0 WICKIUP C WING INloW D WooD8ECK 8
WE8STER 81'DI WESToVfR B WICKSBURG 8 WINGVILLE 0 WooD81NIO 8
WEDEKIND 0 I WfSTPHALIA a WIDEIIAN A WINIFRED C WOoD8RIDGE C
WEDERTZ B I WESTPLAIN C WIDEN C WINK II WODD8URN C
WEDGE A I WESTPORT B WIOTSDE a WINKEL D WoOD8URY D
WEDLAR C I WESTYACO C WJEHL C WJNKLEIIAN C WOODCOCK B
WEDOWEE a I WfSlYnW 8 WIELAND C WINKLEIIAN. IALJNE C WOODFORD 0
WEfO a I WESTVlLLf 8 WIERGATf 0 WINKLEIIAN. WET 0 WOOOGULCH A
WEfDING D I WfSTWEGO D WIGGLETON a WINKLER a WOODHALL. C
WEEDIIARK a I WESWooD B WJGToN A WINL.ER D WOoDHUR$T C
WfEUWACHEE D I WEU 0 WJLAHA B WJNL.O D WOODIN 8
WEEKS C I WETHERSFJELD C WJLaANKs D WJNN C WoODJNGTON BI'O
WEEKSVILLE al'DI WETHEY C WILaRAHAII C WJNNEBA'O B WOOD J NV JLL.E D
WffNA D I WETHEY. DRAINED A WILaUR a WINNfCoNNE C WooDINVJLL.E. C
WEEPAH C I WETIIORE D WlLBURTDN B WJNNECOOK C DRAINED
wffSATCHf .. I WfTSAW C WIL.CO C WINNEIIUCCA a WDODL.AWN B
WEGA 8 I WETTERHDAN C WJLCOX 0 WINNfSHJfK a WoOOL.Y IS

WEHADItEE D I WUUL 0 WILCOXSON D WINNETT D WOODLYN 0

e we IGANG C I WEwEL.A B WIL.OAL.E C WINNSBORO D WOOOL.YN D
we IGLE D I WEWOKA C wiLDCAT 0 WINONA 0 WOODLYN. DRAINED C
we IKERT CI'D WEYIIOUTH 8 WILDERNfSS C WINOOSU B WOOOL'N. DRAINED D
WEIMER D WHAKANA 8 WJLCHOR6f A WINOPff II WoOOIIANSH 8
WEIN8ACH C WHAL.AN 8 WILDORS C WINRIDGf C WOODIIERE B
WEINGART D WHAL.EY D WIL.DWOOD 0 WINSHlt' C WOOOIIONT C
WEINGARTEN C WHARTON C WIL.E C WINSPECT B WOODPASS B
WEIR D WHATCOII 8 WILEY B WINSTON B WOODROCK C
WEIRIIAN A WHATEL.Y D WJL.HOIT a WJNTERFIEL.D AI'D WOODRDW 8
WEIRIIAN. WET D WHEATLEY AI'D wiLKES C WINTeRHAVEN B WOODROW. C
WEIRIIAN. A WHfATRIDGE B WILKfSON 8 WINTERIDGE B SALlNe-AL.KALI

NONfLOODED WHEATYIL.LE a WIL.KINS D 1 WINTfRS C WOODS CROSS 0
WEISBURG C WHEELER 8 WILL al'o WINTERSIIURG C WOOOSE'E D
WEISER a WHEEL.ERVlL.L.E a WILL.A8Y C WINTERSET C WODDSflELD C

e WEI.SHAUPT D WHEEL.ING a WILL.ACY a WINTHROP A WOODSIDE A
WEITCHPEC C WHfELoN D WIL.L.AKENZIE C WINTON C WOODSON D
WEL.AKA A WHeTAOCK C WILL.AIIAA B WINToNEA 8 WOODSTOCK CI'O
WEL.8Y a WHETSTONE C WIL.L.AMETTE 8 WINU C WOODSTOWN C
WEL.CH 0 WHICHIIAN 8 WILL.AMETTf. WET C WIOTA B WOoDTEL.L. D
WEL.CH. DAAINEO 8 WHID8EY C WJL.LANETTE. B WIRT B WOoDVIL.L.E D
WELCHLAND B WHIPPAN' C GRAVEL.LY WISCow D WooDIIARD B
IIELO C WHJPSToCK C SU8STRATUII IIISE C WODL.PEA C
WEL.OA C WHIALo 8 WJLL.ANCH C WISEMAN A WooL.SEY 8
WEL.LER C WHISPEAING C 1I1L.L.APA 8 WISENoA D WooL.S'AL.f 8
WEL.LINGTON 0 WHISTL.E a WIL.L.ARO B WlSERL.AKE D WOoL.STED B
WEL.L.MAN B WHIT B WJLL.ETTE 101'01 WISHARD BI'D WOONSOCKET B
WEL.L.S B WHITAKER C IIILLHIL.L. C I WISHBONE B WooSL.E' C
WfLL.S80AO C WHITE HOUSE C 1I1L.L.UIIS 8 I WISHEYL.U C WOOSTER Ce IIEL.L.SED C WHITf $TORE 0 WILL. UIISaURG a I WISHKAH 0 WORCfSTER C
WELL.STON B WHITf SWAN C WIL.L.UIISON C I WISHKAH. DRAINED C WoRf D
IIEL.L.SYILLE B IIHITECAP D WILL.UIISTOWN C I WISKAN C WORFKA D
WEL.LTON B WHITECL.OUD a WIL.L.JAIIIY JLL.E C I WISNER BI'D I WORFMAN D
WEL.OY C WHITECOW a WIL.LJIIAN al'Ol WISTER C I WORK C
WELAING D Ill'll TEFUH 8 wILL.1S C I WITBeCK 81'D lloRL. 8
WELTER D WHITEFOAD B WIL.L.ISTDN C I WITEFEL.6 B 1l0RL.AND C
WEIIPLe B WHITEHALL. a WIL.L.OW CRffK 8 I WITHAN D WoRL.EY C
WENAS D WHITEHILL.I C WIL.L.OWDAL.E II 1 WITHEE C WORNSER D
WENAS. DRAINED C WHITEHORN D WIL.LOWNAN 8 1 WITHERBff AI'D WoROCK 8
WENATCHEE C WHITEHORSf 8 WJL.LOWS 0 I WITHEREL.L. 0 WORSHAII 0
WfNDANf C WHJTEKNOB 8 WJLL.WOOO A I WITHEAS C WORTH C
WENOANE. DRAJNED B WHI TELAKE 8 WILIIEA C I WITT 8 WORTHEN 8
WENDOVER D WHITfllAN 0 WILNONTON 8 I WI TTEN 0 WO,nHING D
WENDTE D WHJTEPEAK D WILPOINT 0 1 WJTTENIIERG 8 WOATIIAN D
WENONA C WHITEROCIt D WIL.SHIAE A I WITZ~L. D WD"OItA D
WENTWORTH B Wi'll TES80A0 C WIL.SON D I Wilt C WAANGO A
WENZEL C WHlTfSBURli C WILSONVIL.L.E C I Wlltoll B WREDAH 8
WEOGUFKA C WHITESON D WIL.SOR II I WoCKL.EY C WRENCOE D
WERL.OG. C WHITEWATfR D WILTON 8 I WODEN 8 WRENNAN C

SAL.INE-ALKALI Wi'll TEWOl.f A WINADA C I WODSKOW II WAfNTHAN C
WEAL.OG. ,..LOODED C WHJTEWOOD (I'D I WINBEARY C I WDHL.' B WAIGHT C
WERLOG. ND....LOODED B WHITEWRIGHT C I WINCHESTfR A I WOL.CO C WRlliHT ..AN C
WEAL.OG. COOL C WHITLEY 8 I wlNCHUCIt C I WDL.CoTT BI'OI WAIGHTS80AD C
WEANER D Wi'll TLOCK 8 I WIND RIVER 8 I WoL.DAL.E 0 I WAIGHT5YlL.LE D
WEANOCK B WHITNAN D I WINDER BI'DI WOL.DAL.E. DRAINED C 1 WRIGHTWOOD ~

WESCONNETT D WHITNEY C I WINDHAII 8 I WOL.F B I WUKOKI 8
WEIKA D WHITOAE 8 I WINDIIIL.L. 8 I WOL.F POINT C I WUItSI A- WESL.EY B WHITSOL 8 I IIINDSOA A 1 WOL.F~SON C I WULFERT D
WESO II WHITSON D I WINDTHORST C I WOLFE SON. WET D I WUNJEY B
WESSEL C WHITTll!R B I II I NDIIHISTLE C I IIOLFPEN A I WUPATItI 0
WESTBROOK D WHITWELL C , wINDWHISlL.E. WAAII 8 I WDL.FTfVER C I WURNO C

NOTeSI TWO H'DROLOliIC SOIL GROUPS SUCH AI a", INDJCATES THE DRAINfDI'UNDRAINED SITUATION.
MODIFIERS SHOWN. E.G •• eEDROCK SUIISTRATUM. REFER TO A SPECifiC SOIL IERIES PHASE FOUND IN SOIL NAP LfGfND.
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TAIlLE 7.1--HYOROLO~IC GROUPS OF THE SOILS OF THE UNITED STATES

WURSTEN 0 YEOMAN C lAlA 0 -IIURTSBORO C YEOPIM B ZEALE B
WVALUSING 0 YERIN~TON A lEO 0
WYANDOTTE D YERMO 0 lECANYON C
IIYARO 0 'IE SO 0 lEEOAA B
WYARNO 0 YESUM 0 lEEKA C
IIYATT C 'IE TTEM 0 ZEESIX C
liVE B YETULL A ZEGRO C
WYEAST C YIPOR 0 ZEIOAIGHT 0
WYETH 0 YOBE C ZELL 0
IIYEVILLE C YOCHUM C ZEN C
WYKOI"F B YOCKEY C ZENDA C
WYMAN 0 YODER 0 lENI C
IIVMORE 0 YOOY C ZENIA C
IIYNONERE 0 YOHURT 0 ZENIFF 0
WYNN 0 YOKAYO 0 ZENITH 0
IIYNNVILLE C YOKONL 0 ZENKER 0
WYNONA C YOLLAOOLLY 0 lENOO 0
WYNOOSE 0 YOLO 0 lENOR 0
WYOCENA 0 YOLOGO 0 ZEONA A
WVOMING A YOMOA 0 ZEORELY Il
WYRENE 0 YOMONT 0 ZEPHAN C
WYSOCKING C.lol VONCALLA 0 ZEPHYA 0
kAYIER 0 I YONGES 0 ZEAltEA B
XENIA 0 I YONNA 0 ZIE~NFUSS 0
XEATA 0 I YOAOA 0 ZIEGLEA C
XINE C I YOAK C ZI~WEIO 0
IIMAN 0 I YOAKTOWN 0 ZlLABOV 0
YACOLT 0 I YORK TREE C ZILLAH 0
VA~O C YORKVILLE 0 ZILLAH. DRAINED C
YAHAAA C YOST 0 ZILLION B
YAHNE C YOST. DRAINED C llLLMAN 0
YAHOLA 0 YOUO 0 ZIMMERMAN A
YAINAII 8 YOU~A B ZINEB 0
YAItI 0 YOUJA Y 0 ZIN~ C
YAKIMA 8 YOUMAN C ZlNZER 0
YAItUS 0 VOUNGSTON 0 ZINlER. MOOERATEL~ 0
YAKUTAT A YOUNGS TON. 8 SLOW PERM
YALELAItE 0 ELEVA"ON>IIZ00 ZINlER. SALINE C
YALESVILLE C YOUN~STON. 0 lINlER. HIGH 8
VALLANI 8 MODERATELY WET RAINFALL
YALMER II YOUN~STON. WET 0 ZION C
VAMAC B YOUNGS TON. DRY B lIPP 0
YAMHILL C I YOUNGS TON. 8 ZlRAM C
VAMSAY C'O OCCASIONALLY lITA B
'lANA 0 FLOOOED lITTAU C
YANCY D YOURAME B ZOAR C
YANKEE D YOUTLKUE D ZOATE 0
VANKTON B YOVIMPA D ZOE D
VANUIH 8 YPSI C ZOESU C
YAP II 'IRIBARREN D ZOHNER 0
VAPOAH 0 YSIOORA C lOLA C
YAQUINA 0 YTURBIDE A ZOLFO C
VARCO 0 VTURRIA A lOLTAY C
VAROLEY C YUBA D ZOOIt c'OI
YARTS II YUKO D ZORRA 0 I
VATAHONEY C YUICON D lORRA.,ISTA A I
UTES 0 YULEE D lUIIER C ,
YAUCO C YUNES D lUFELT C I
VAUNANNAH B YUNQUE C lUICA" 0 I
YAWOIM 0 YUTRUE 0 lUNA.. C'O
YAWHEE B YUVAS D lUNBRO A
YAWICEY C lAAR D ZUMWALT C
VAIION II lABA B lUHOELL C
Y~AAV C lACA 0 ZUNHALL C
YEATES HOLLOW II lACHARIAS B lUNI D
YEATES HOLLOV. C lACHARY C lURICH 0

LOAMV SUitS TAA TUI.. lAOO~ A'O lWIEFEL C
STONY lAFRA 0 ZWINGLE D

nATES HOLLOW. C lAGG C lV~ORE 0
LOANY SU8STAATUII lAHILL B lYNE 0

YEATES HOLLOW. C ZAHL 0 lYIIEA 0
STONY ZAIOY C lYN8AR 0

'EATES HOLLOW. C ZAKe 0 lYlYL 8
NONS TONV lALCO A lUll 0

VECROSS A ZALOA 0
YEOLICK 8 lALLA A
YEIiEN II lAIIOllA 0
YELJACK II ZAIISCAN II
YEL1.0WOAV 8 lANE: II
Ye:LLOWHDUNO 8 lANEIS II
YELLOW ROCK A ZANESVILLE C
Ye:LLOWSTONf 0 ZANGO 0
VELII C ZAPATA C
YEMASSE:E: C ZAU C
YENCE C lAVALA B
Ye:NLO 8 lAVCO C
nHAAII A ZAYANTE A

HOTESI TWO HVOAOLOGIC SOIL GROUPS SUCH AS It'C INDICATES THE ORAINEO'UHORAINED SITUATION.
HOOI ...EAS SHOIIN. E.~ •• BE:DROCK SUOSTRATUN. AE:"ER TO A SPECIFIC SOIL SE:RIES PHASE FOUND IN SOIL MAP LE:IiEHO.
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8.1

CHAPTER 8. LAND USE AND TREATMENT CLASSES

The land use and treatment classes ordinarily evaluated in watershed
studies are briefly described. These classes are used in determin
ing hydrologic soil-cover complexes (chap. 9), which are used in a
method for estimating runoff from rainfall (chap. 10).

Classification of Land Use and Treatment

In the SCS method of runoff estimation the effects of the surface
conditions of a watershed are evaluated by means of land use and
treatment classes. Land use is the watershed cover and it includes
every kind of vegetation, litter and mulch, and fallow (bare soil,
to which the classification of chapter 7 also applies) as well as
nonagricultural uses such as water surfaces (lakes, swamps, etc.)
and impervious surfaces (roads, roofs, etc.). Land treatment ap
plies mainly to agricultural land uses and it includes mechanical
practices such as contouring or terracing and management practices
such as grazing control or rotation of crops. The classes consist
of use and treatment combinations actually to be found on water
sheds.

Land use and treatment classes are readily obtained either by ob
servation or by measurement of plant and litter density and extent
on sample areas.

CLASSES

The land use and treatment classes discussed here are listed in
table 9.1, which also shows the runoff curve numbers (CN) for hy
drologic soil-cover complexes in which the classes are used. Ag
ricultural terms not defined here are defined in the glossary
(chap. 22).

Cultivated Land

Fallow listed in table 9.1 is the agricultural land use and
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treatment with the highest potential for runoff because the land is
kept as bare as possible to conserve moisture for use by a succeeding
crop. The loss due to runoff is offset by the gain due to reduced
transpiration. Other kinds of fallow} such as stubble-mulch, are not
listed but they can be evaluated by comparing their field condition
with those for classes that are listed.

Row crop is any field crop (maize, sorghum, soybeans, sugar beets,
tomatoes, tulips) planted in rows far enough apart that most of the
soil surface is exposed to rainfall impact throughout the growing sea
son. At planting time it is equivalent to fallow and may be so again
after harvest. In most evaluations average seasonal condition is as
sumed but special conditions can be evaluated as shown in chapter 10.
Row crops are planted either in straight rows or on the contour and
they are in either a poor or good rotation. These land treatments
are discussed later in this chapter.

Small grain (wheat) oats, barley, flax, etc.) is planted in rows close
enough that the soil surface is not exposed except during planting and
shortly thereafter. Land treatments are those used with row crops.

Close-seeded le urnes or rotation meadow (alfalfa) sweetclover} timothy,
etc. and combinations are either planted in close rows or broadcast.
This cover may be allowed to remain for more than a year so that year
round protection is given to the soil. The land treatments used with
row crops are also used with this cover, except for row treatments if
the seed is broadcast.

Rotations are planned sequences of crops, and their purpose is to
maintain soil fertility or reduce erosion or provide an annual supply
of a particular crop. Hydrologically, rotations range from "poor" to
"good" in proportion to the amount of dense vegetation in the rotation,
and they are evaluated in terms of hydrologic effects. Poor rotations
are generally one-crop land uses such as continuous corn (maize) or
continuous wheat or combinations of row crops, small grains, and fal
low. Good rotations generally contain alfalfa or other close-seeded
legume or grass to improve tilth and increase infiltration. Their hy
drologic effects may carry over into succeeding years after the crop
is removed though normally the effects are minor after the second year.
The carry-over effect is not considered in table 9.'1.

Straight-row fields are those farmed in straight rows either up and
down the hill or across the slope. Where land slopes are less than
about 2 percent, farming across the slope in straight rows is equiva
lent to contouring and should be so considered when using table 9.1.
Contoured fields are those farmed as nearly as possible on the con
tour. The hydrologic effect of contouring is due to the surface stor
age provided by the furrows because the storage prolongs the time dur
ing which infiltration can take place. The magnitude of storage de
pends not only on the dimensions of the furrows but also on the land
slope, crop, and manner of planting and cultivation. Planting small



grains or legumes on the contour makes small furrows that disap
pear because of climatic action during the growing season. The
contour furrows used with row crops are either large when the crop
is planted and made smaller by cultivation or small after plant
ing and made larger by cultivation, depending on the type of farm
ing. Average conditions for the growing season are used in table
9.1. The relative effects of contouring for all croplands shown
in the table are based on data from experimental watersheds hav
ing slopes from 3 to 8 percent. Stripcropping is a land use and
treatment not specifically shown in table 9.1 because it is a
composite of uses and treatments. It is evaluated by the method
of example 10.5. The terraced entries in table 9.1 refer to sys
tems containing open-ena level or graded terraces, grassed
waterway outlets, and contour furrows between the terraces. The
hydrologic effects are due to the replacement of a low-i;~filtration

land use by grassed waterways and to the increased opportunity·
for infiltration in the furrows and terraces. Closed-end leVEl
terraces, not shown in table 9.1, are evaluated by the methods in
chapter 12.

Grassland

Grassland in watersheds can be evaluated by means of the three
hydrologic conditions of native pasture or range shown in table
8.1, which are based on cover effectiveness, not forage production.
The percent of area covered (or density) and the intensity of
grazing are visually estimated. In making the estimates keep in
mind that grazing on any but dry soils will result in lowering of
infiltration rates due to compaction of the soil by hooves, an
effect that may carryover for a year or more even without fur
ther grazing.

An alternative system of evaluation is shown in table 8.2, in
which density and air-dry weights of grasses and litter are used.
The air-dry weights are determined by sampling. The field work
can be kept to a minimum by sampling a small number of represen
tative sites rather than a large number of random sites. In the
table the classes with plus signs are midway between adjacent
classes, so that the CN for these classes must be obtained by
interpolation in table 9.1 or by the method shown in example
7·1.

Contour furrows on native pasture or range are longer lasting than
those on cultivated land, their length of life being dependent on
the soil, intensity of grazing, and on the density of cover. The
dimensions and spacings of furrows vary with climate and topography.
The CN in table 9.1 are based on data from contoured grassland
watersheds in the central and southern Great Plains. Terraces are
seldom used on grassland. When they are, the construction methods
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Table 8.1.--Classification of native pasture or range

Vegetative condition Hydrologic condition

Heavily grazed. Has no mulch or has plant
cover on less than 1/2 of the area. Poor

Not heavily grazed. Has plant cover on 1/2
to 3/4 of the area. Fair

Lightly grazed. Has plant cover on more than
3/4 of the area. Good

Table 8.2.--Air-dry weight classification of native pasture or range

Cover density
(percent)

Plant and litter air-dry weight (tons per acre):
Less than 0.5 0.5 to 1.5 More than 1.5

Less than 50
50 to 75

More than 75

Poor
Poor +
Fair

Poor +
Fair
Fair +

Fair
Fair +
Good

expose bare soils and for 2 or 3 years the terraced grassland is more
like terraced cropland in its effect on surface runoff.

Meadow is a field on which grass is continuously grown, protected from
grazing, and generally mowed for hay. Drained meadows (those having
low water tables) have little or no surface runoff except during storms
that have high rainfall intensities. Undrained meadows (those having
high water tables) may be so wet as to be the equivalent of water sur
faces in the runoff computations of chapter 10. If a wet meadow is
drained, its soil-group classification as well as its land use and
treatment class may change (see chapter 7 regarding the change in soil
classification).

Woods and Forest

Woods are usually small isolated groves of trees being raised for farm



or ranch use.
which is based
The hydrologic

The woods can be evaluated as shown in table 8.3,
on cover effectiveness, not on timber production.
condition is visually estimated.

In areas where National or commercial forest covers a large part
of a watershed, the SCS hydrologist is guided by the memorandum of
understanding between the Forest Service and the SCS. The Forest
Service procedure for determining forest hydrologic conditions is
given in chapter 4 of "Forest and Range Hydrology Handbook" U.S.
Forest Service, Washington, D. C., April 1959. Excerpts from that
handbook are given in chapter 9.

Determinations of Classes

The land use and treatment classes on a watershed can be determined
at the same time the soils are classified (chap. 7). As with soils,
the classes are determined for hydrologic unit~ (chap. 6). Locations
of the classes within the units are ignored. 11 A work sheet with
classes shown in the order given in table 9.1 is convenient for tab
ulating percentages or acreages and is useful later in computing
weighted CN as shown in chapter 10. It should take less than a day
to classify the cover on a watershed of 400 square miles.

11 For an analytical study of the effects of location of cover in a
watershed on the shapes of outflow hydrographs, see the chapter by
Merrill Bernard in "Headwaters Control and Use," U.S. Dept. of Agric.,
April 1937. Bernard's study shows that the percentage of area in
high runoff producing crops has more influence on the hydrographs
than does the location of these crops within the watershed. The ef
fect of location is significant, however, when corn and grass are
concentrated in equal-sized areas.
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Table 8.3.--Classification of woods --
Vegetative condition

Heavily grazed or regularly burned.
Litter, small trees, and brush are
destroyed.

Grazed but not burned. There may be some
litter but these woods are not protected.

Protected from grazing. Litter and shrubs
cover the soil.

Hydrologic condition

Poor

Fair

Good

* * * *
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CHAPTER 9. HYDROLOOIC SOIL-COVER COMPLEXES

A combination of a hydrologic soil group (soil) and a land use and
treatment class (cover) is a hydrologic soil-cover complex. This
chapter gives tables and graphs of runoff curve numbers (CN) assigned
to such complexes. Its CN indicates the runoff potential of a com
plex during periods when the soil is not frozen, the higher a CN the
higher a potential, and specifies which runoff curve of figure 10.1
is to be used in estimating runoff for the complex (chap. 10). Ap
plications and further discussions of CN are given in chapters lO,
11, and 12.

Determinations of Complexes and CN

AGRICULTURAL LAND

Complexes and assigned CN for combinations of soil groups of chap
ter 7 and land use and treatment classes of chapter 8 are given in
table 9.1. Also given are some complexes that make applications of
the table more direct. Impervious and water surfaces, which are not
listed, are always assigned a CN of 100.

ASSIGNMENT OF CN TO COMPLEXES. Table 9.1 was developed as follows.
The data literature was searched for watersheds in single complexes
(one soil group and one cover)j watersheds. were found for most of
the listed complexes. An average CN for each watershed was obtained
by the method of example 5.4, using rainfall-runoff data for storms
producing the annual floods (chap. 18). The water~heds were gener
ally less than 1 square mile in size, the number of watersheds for
a complex varied, and the storms were of 1 day or less duration. The
CN of watersheds in the same complex were averaged, all CN for a
cover were plotted as shown in figure 7.2, a curve for each cover was
drawn with greater weight given to CN based on data from more than
one watershed, and each curve was extended as far as necessary to
provide CN for ungaged complexes. All but the last three lines of
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Table 9.1.--Runoff curve numbers for hydrologic soil-cover complexes -
(Antecedent moisture condition II) and I a =0.2 S)

Cover
Land use Treatment Hydrologic Hydrologic soil group

or practice condition A B C D

Fallow Straight row 77 86 91 94

Row crops " Poor 72 81 88 91
" Good 67 78 85 89

Contoured Poor 70 79 84 88
" Good 65 75 82 86
"and terraced Poor 66 74 80 82
" " " Good 62 71 78 81

Small Straight row Poor 65 76 84 88
grain Good 63 75 83 87

Contoured Poor 63 74 82 85
Good 61 73 81 84

"and terraced Poor 61 72 79 82
Good 59 70 78 81

Close-seeded Straight row Poor 66 77 85 89
legumes y " " Good 58 72 81 85
or Contoured Poor 64 75 83 85
rotation " Good 55 69 78 83
meadow "and terraced Poor 63 73 80 83

"and terraced Good 51 67 76 80

Pasture Poor 68 79 86 89
or range Fair 49 69 79 84

Good 39 61 74 80
Contoured Poor 47 67 81 88

" Fair 25 59 75 83
" Good 6 35 70 79

Meadow Good 30 58 71 78

Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 25 55 70 77

Farmsteads 59 74 82 86

Roads (dirt) 5.1 72 82 87 89
(hard surface) 5.1 74 84 go 92

Y Close-drilled or broadcast.
g; Including right-of-way.



Table 9.1A.--Runoff curve numbers for hydrologic soil-cover complexes
for conservation tillage and residue management

(Antecedent moisture condition II, and I = 0.2S)a

9.2a

Cover
Treatment Hydrologi t/ Hydrologic soil group

Land use or practice condi tion--: A B C D

Fallow Conservation tillage poor 76 85 90 93
Conservation tillage good 74 83 88 90

Row crops Conservation tillage poor 71 80 87 90
Conservation tillage good 64 75 82 85

e Contoured + conservation poor 69 78 83 87
tillage good 64 74 '81 85

Contoured + terraces poor 65 73 79 81
+ conservation tillage good 61 70 77 80

Small grain Conservation tillage poor 64 75 83 86
Conservation tillage good 60 72 80 84
Contoured + conservation poor 62 73 81 84

tillage good 60 72 80 83
Contoured + terraces poor 60 71 78 81

+ conservation tillage good 58 69 77 80

y For
the
300

For
of
or

conservation tillage poor hydrologic condition, 5 to 20 percent of
surface is covered with residue (less than 750 #/acre row crops or
#/acre small grain).

conservation tillage good hydrologic condition, more than 20 percent
the surface is covered with residue (greater than 750 #/acre row crops
300 #/acre small grain).

NOTE: Percent cover should be estimated at the time of year storms occur.

(210-VI-NEH-4, Amend. 6, March 1985)
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CN entries in table 9.1 are taken from these curves. For the arbi
trary complexes in the last three lines the proportions of different
covers were estimated and CN computed from previously derived CN.

Table 9.1 has not been significantly changed since its construction
in 1954 but supplementary tables for special regions have been de
veloped. These tables are given ~ater in this chapter.

USE OF TABLE 9.1. Chapters 7 and 8 describe how soils and cover of
a watershed or other land area are classified in the field. After
the classification is completed, CN are read from table 9.1 and ap
plied as described in chapter 10. Because the principal use of CN
is for estimating runoff from rainfall, the examples of applications
are given in chapter 10.

NATIONAL AND COMMERCIAL FOREST: FOREST-RANGE

Chapter 4 of "Forest and Range Hydrology Handbook," U.S. Forest Ser
vice, Washington, D. C., 1959, describes how CN are determined for
national and commercial forests in the eastern United States. Sec
tion 1 of "Handbook on Methods of Hydrologic Analysis," U.S. Forest
Seryice, Washington, D. C., 1959, describes how CN are determined
for forest-range regions in the western United States. Selections
from these handbooks are given here to show the differences from SCS
procedure; the handbooks should be consulted for details and examples.

Forest in Eastern United States

In the humid forest regions of the eastern United States, soil group,
humus type, and humus depth are the principal factors used in the
Forest Service method of determining CN. The undecomposed leaves or
needles, twigs, bark, and other vegetative debris on the forest floor
form the litter from which humus is derived. Litter protects humus
from oxidation and therefore indirectly enters into the determina
tion; if the depth of litter is less than 1/2 inch the humus is con
sidered unprotected and the hydrologic condition class (fig. 9.1) is
reduced by 0.5.

Humus is the organic layer immediately below the litter layer from
which it is derived. It may consist of mull, which is an intimate
mixture of organic matter and mineral soil, or of mor, which is
practically pure organic matter unrecognizable as to origin from
material lying on the forest floor. Humus depth increases with age



of forest stand until an equilibrium is reached between the processes
that build up humus and those that break it down. As much as 12 inches
of humus may be produced under favorable conditions, but a depth of 5
or 6 inches is considered the maximum attainable under average condi
tions. Under good management practices (proper use, protection, and
improvement), humus is porous and has high infiltration and storage
capacities. Under poor management practices (burning, overcutting, or
overgrazing), humus is compact enough to impede the absorption of water.

Humus is evaluated by means of degrees of compaction, which are:

1. Compact. Mulls are firm; mors are felty.

2. Moderately compact. A transition stage.

3. Loose or friable. Mulls are not firm; mors are not felty.

Frost in compact humus is the concrete form, which inhibits infiltra
tion, and in loose humus it is the granular or stalactite form, which
does not. Because of the correlation between humus type and frost, a
separate determination of the effects of frost is unnecessary.

The hydrologic condition of a forest area is the runoff ··producing po
tential. The condition class is indicated by a number ranging from 1
to 6, the lower the number the higher the pdtential. The relation be
tween classes and humus type and depth is shown in figure 9.1.

DETERMINATION OF CN FOR PRESENT HYDROLOO IC CONDITION. The CN for the
present hydrologic condition of a forest area is determined as fol
lows: sample plots are located in the area; soil group, litter depth,
humus type, and humus depth are determined by means of shallow soil
wells dug in the plots; the nomograph, figure 9.1, gives the hydrologic
condition class of the plot; the network chart, figure 9.2, gives the
CN. An average or weighted CN is obtained as described in chapter 10.

DETERMINATION OF CN FOR FUTURE HYDROLOOIC CONDITION. The CN for the
future hydrologic condition of a forest area is determined from the
improvement potential of the area, which is estimated by means of table
9.2. Definitions of terms used in the table are:

Improvement potential. The potential for improvement of the hy
drologic condition of a site by proper use and treatment in the future.
Physiography of the site enters into the determination of potential.
The symbols for classes of potential are H = high, M = moderate, and
L = low. A high potential means the most rapid rate of improvement, a
low potential the slowest.



Table 9.2.--Physiographic factors and forest hydrologic-condition-improvement potential indexes

Aspect Soil Soil Slope position
class depth Lower slope One-fourth to One-half to Upper slope

(streambank one-half dis- three-fourths (three-fourths
to one-fourth tance up slope distance up distance to
distance up slope top of slope)
slope)

Slope percent Slope percent Slope percent Slope percent
0-20 21-40 41+ 0-20 21-40 41+ 0-20 21-40 41+ 0-20 21-40 41+

(inches)

North to east Clay 13-24 H H M H M M M M L M L L
25+ H H H H H H H H M H M M

Loam 13-24 H H H H H M H M M M M L
25+ H H H H H H H H H H H M

Sand 13+ H M M M M L M L L L L L

South to west Clay 13-24 M M L M L L L L L L L L
25+ H M M M M L M L L L L L

Loam 13-24 H M M M M L M L L L L L
25+ H H H H H M M M M M M L

Sand 13+ M L L L L L L L L L L L

Northwest and Clay 13-24 H M L M M L M L L L L L
southwest 25+ H H H H M M H M L M M L

Loam 13-24 H H M H M M M M L M L L
25+ H H H H H H H H M H M M

Sand 13+ M L L M L L L L L L L L \0.
Vl

This is table 4.1 in U.S. Forest Service "Forest and Range Hydrology Handbook."



Aspect. A compass reading to the nearest octant, taken from the
center of the sample plot and looking downslope on a line at right
angles to the contours.

Soil class. Texture of the mineral soil immediately below the
humus layer if any. Note that these classes differ from the soil
groups of chapter 7 because the classes are concerned with forest
growth, the groups with runoff.

Soil depth. A determination made in the sample plot. Rock out
crops or soils less than 13 inches deep are put in the 13- to 24-inch
class.

Slope. A percentage reading of land slope, taken at the center
of the plot.

Slope position. A forest growth class based on the vertical
position of the plot relative to a stream (fig. 9.3).

Once the improvement potential is known, the time period for achiev
ing the potential is estimated on the basis of use and treatment to
be given the areaj consideration is given to measures for protection
from fire, overgrazing, overcutting, damaging logging; and epidemics
of insects or diseases, to tree planting in open fields or woods open
ings, and to stand improvement. The CN for the area is estimated us
ing figure 9.4, as illustrated in the following example.

Example 9.1.--A forest area has a present hydrologic condition
class of 1.3 and soils in the A group. The improvement poten
tial is high and it is estimated that a 50-year period is neces
sary to bring the area to this level. Determine the future CN
for the area.

1. Determine the present CN. Enter figure 9.2 with the hydro
logic condition class of 1.3 and at the line for soil group A
read a CN of 54.

2. Determine the future hydrologic condition class. Enter
figure 9.4 with the present class of 1.3, go across to the
curve for high potential, and read 6 years on the time scale.
To this value add one-half the improvement period: 6 + (50/2)
31 years, follow the "high" curve to its intersection with 31
years on the time scale, and read a future class of 3.4. This
estimate is based on 100 percent accomplishment of recommended
use and treatment; if less accomplishment is expected, the con
dition class is proportionately reduced.

3. Determine the future CN. Enter figure 9.2 with the fu
ture class of 3.4 and at the line for soil group A read a CN
of 37.

-
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Forest-Range in Western United States

In the forest-range regions of the western United States} soil
group} cover type} and cover density are the principal factors
used in estimating CN. Figures 9.5 and 9.6 show the relationships
between these factors and CN for soil-cover complexes used to date.
The figures are based on information in table 2.l} part 2} of the
Forest Service "Handbook on Methods of Hydrologic Analysis." The
covers are defined as follows:

Herbaceous.--Grass-weed-brush mixtures with brush the minor
element.

Oak-Aspen.-- Mountain brush mixtures of oak} aspen} mountain
mahogany} bitter brush} maple} and other brush.

Juniper-Grass.--Juniper or pinon with an understory of grass.

Sage-Grass.--Sage with an understory of grass.

The amount of litter is taken into account when estimating the den
sity of cover.

Present hydrologic conditions are determined from existing surveys
or by reconnaissance, and future conditions from the estimate of
cover and density changes due to proper use and treatment.

SUPPLEMENTARY TABLES OF CN

Tables 9.3} 9.4, and 9.5 are supplements to table 9.1 and are used
in the same way.

Table 9.3 gives CN for selected covers in Puerto Rico. The CN
were obtained using a relation between storm and annual data and
the annual rainfall-runoff data for experimental plots at Mayaguez.

Table 9.4 gives CN for complexes in a typical watershed in Contra
Costa County} California. The CN were obtained by the Contra Costa
County Flood Control District and SCS} using streamflow data from
the watershed and a trial-and-error process. The range in CN for
a particular cover and soil group indicates the variation for soil
subgroups.

Table 9.5 gives CN for sugarcane complexes in Hawaii. The CN are
tentative estimates now undergoing study. Degrees of cover in
the table are defined as follows:
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Table 9·3.--Runoff curve numbers for hydrologic soil-cover complexes
in Puerto Rico (antecedent moisture condition II, and I a =
0.28).

Hydrologic soil group
Cover and condition

A B C D

Fallow 77 86 91 93
Grass (bunch grass, or poor stand of sod) 51 70 80 84
Coffee (no ground cover, no terraces) 48 68 79 83
Coffee (with ground cover and terraces) 22 52 68 75
Minor crops (garden or truck crops) 45 66 77 83
Tropical kudzu 19 50 67 74
Sugarcane (trash burnedj straight-row) 43 65 77 82
Sugarcane (trash mulchj straight row) 45 66 77 83
Sugarcane (in holesj on contour) 24 53 69 76
Sugarcane (in furrowsj on contour) 32 58 72 79

Table 9.4.--Runoff curve numbers for hydrologic soil-cover complexes
of a typical watershed in Contra Costa County, California
(antecedent moisture condition II, and I a = 0.2 S).

Hydrologic soil group
Cover Condition

A B C D

Good

Good
Good

Fair
Good
Good

46-49 57-60 68-72 74
61-64 69-71 76-80 81
67-69 74-76 80-83 84

69-71 75-78 82-84 86

71-73 77 -80 84 -86 88

73 -75 79-82 86 -88 90

66
67

62-68 70
64-69 71

41-46 57-63
43-48 59-65

25-30
29-33

32-37 46-51
37 -41 50-55

Scrub (native brush)
Grass-oak (native oaks with

understory of forbs and
annual grasses)

Irrigated pasture
Orchard (winter period with

understory of cover crop)
Range (annual grass)
Small grain (contoured)
Truck crops (straight-row)
Urban areas:

Low density (15 to 18 per
cent impervious surfaces)
Medium density (21 to 27 per
cent impervious surfaces)
High density (50 to 75 percent
impervious surfaces)



9·9

Table 9.5.--Runoff curve numbersj tentative estimates for sugarcane
hydrologic soil-cover complexes in Hawaii (antecedent
moisture condition II, and I a = 0.2 S).

Hydrologic soil group

Cover and treatment
A B C D

Sugarcane:
Limited cover, straight row 67 78 85 89
Partial cover, straight row 49 69 79 84
Complete cover, straight row 39 61 74 80
Limited cover, contoured 65 75 82 86
Partial cover, contoured 25 59 75 83
Complete cover, contoured 6 35 70 79

Limited cover.--Cane newly planted, or ratooned cane with a
limited root systemj canopy over less than 1/2 the field area.

Partial cover.--Cane in the transition period between limited
and complete coverj canopy over 1/2 to nearly the entire fie~d area.

Complete cover.--Cane from the stage of growth when full canopy
is provided to the stage at harvest.

Straight-row planting is up and down hill or cross-slope on slopes
greater than 2 percent. Contoured planting is the usual contour
ing or cross-slope planting on slopes less than 2 percent.

* * * *
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CHAPTER 10.

10.1

ESTIMATION OF DIRECT RUNOFF FROM STORM RAINFALL

The SCS method of estimating direct runoff from storm rainfall is de
scribed in this chapter. The rainfall-runoff relation of the method
is developed) parameters in the relation are discussed) and applica
tions of the method are illustrated by examples.

Introduction

The SCS method of estimating direct runoff from storm rainfall is
based on methods developed by SCS hydrologists in the last three
decades) and it is in effect a consolidation of these earlier meth
ods. The hydrologic principles of the method are 'not new) but
they are put to new uses. Because most SCS work is with ungaged
watersheds (not gaged for runoff) the method was made to be usable
with rainfall and watershed data that are ordinarily available or
easily obtainable for such watersheds. If runoff data are also
available the method is adaptable to their use as illustrated in
chapter 5.

The principal application of the method is in estimating quantities
of runoff in flood hydrographs or in relation to flood peak rates
(chap. 16). These quantities consist of one or more types of run
off. An understanding of the types is necessary to apply the meth
od properly in different climatic regions. The classification of
types used in this handbook is based on the time from the beginning
of a storm to the time of the appearance of a type in the hydro
graph. Four types are distinguished:

Channel runoff occurs when rain falls on a flowing stream or
on the impervious surfaces of a streamflow-measuring installation.
It appears in the hydrograph at the start of the storm and con
tinues throughout it) varying with the rainfall intensity. It is
generally a negligible quantity in flood hydrographs, and no at
tention is given to it except in special studies (see the discus
sion concerning the relationship of I to S in figure 10.2).a
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Surface runoff occurs only when the rainfall rate is greater
than the infiltration rate. The runoff flows on the watershed sur
face to the point of reference. This type appears in the hydrograph
after the initial demands of interception, infiltration, and surface
storage have been satisfied. It varies during the storm and ends
during or soon after it. Surface runoff flowing down dry channels
of watersheds in arid, semiarid, or subhumid climates is reduced by
transmission losses (chap. 19), which may be large enough to elimi
nate the runoff entirely.

Subsurface flow occurs when infiltrated rainfall meets an un
derground zone of low transmission, travels above the zone to the
soil surface downhill, and appears as a seep or spring. This type
is often called "quick return flow" because it appears in the hydro
graph during or soon after the storm.

Base flow occurs when there is a fairly steady flow from natural
storage. The flow comes from lakes or swamps, or from an aquifer re
plenished by infiltrated rainfall or surface runoff, or from "bank
storage", which is supplied by infiltration into channel banks as the
stream water level rises and which drains back into the stream as the
water level falls. This type seldom appears soon enough after a storm
to have any influence on the- rates of the hydrograph for that storm,
but base flow from a previous storm will increase the rates. Base
flow must be taken into account in the design of the principal spill
way of a floodwater-retarding structure (chap. 21).

All types do not regularly appear on all watersheds. Climate is one
indicator of the probability of the types. In arid regions the flow
on smaller watersheds is nearly always surface runoff, but in humid
regions it is generally more of the subsurface type. But a long suc
cession of storms produces subsurface or base flow even in dry cli
mates although the probability of this occurring is less in dry cli
mates than in wet climates.

In flood hydrology it is customary to deal separately with base flow
and to combine all other types into direct runoff, which consists of
channel runoff, surface runoff, and subsurface flow in unknown pro
portions. The SCS method estimates direct runoff, bu~ the proportions
of surface runoff and subsurface flow (channel runoff is ignored) can
be appraised by means of the 'runoff curve number (CN), which is
another indicator of the probability of flow types: the larger the CN
the more likely that the estimate is of surface runoff. This principle

is ,&l~o. ,employed for estimating,,-,-v4t.#r'shed 1-~: 8,8, shown in figure 15"~__1

The' --ralnfa11-runot:f.'-re-n:tfon cf; the SCS iiiethod can be :lIUL~e- to Qpe~~'tie
with a.:-1?ar._~icule.r_,..~yp,e -,Of,'r],o1t; it was linked with'!Mree$' t"Unoff\~e '
deScribed 'in' chaptiit 9; f"or the ",convenience of app1ication!'l' -

NEH Notice 4-102, August 1972



The Rainfall-Runoff Relation

The most generally available rainfall data in the United States are the
amounts measured at nonrecording rain gages, and it was for the use of
such data or their equivalent that the rainfall-runoff relation was
developed. The data are totals for one or more storms occurring in a
calendar day, and nothing is known about the time distributions. The
relation therefore excludes time as a variable; this means that rainfall
intensity is ignored. If everything but storm duration or intensity is
the same for two storms, the estimate of runoff is the same for both
storms. Runoff amounts for specified time increments of a storm can be
estimated as shown in example 10.6, but even in this process the effect of
rainfall intensity is ignored.

DEVELOPMENT

If records of natural rainfall and runoff for a large storm over a small
area are used, plotting of accumulated runoff versus accumulated rainfall
will show that runoff starts after some rain accumulates (there is an
"initial abstracti,pn" of rainfall) and that the double-mass line curves,
becoming asymptotic to a straight line. On arithmetic graph paper and
with eqQal scales, the straight line has a 4S-degree slope. The relation
between rainfall and runoff can be developed from this plotting, but a
better explanation of the relation is given by first studying a storm in
which rainfall and runoff begin simultaneously (initial abstraction is
zero). For the simpler storm the relation between rainfall, runoff, and
retention (the rain not converted to runoff) at any point on the mass
curve can be expressed as:

10.3

where:

F Q
S P (l0.1)

F actual retention after runoff begins
5 ~ potential maximum retention after runoff begins (5 ~ F)
Q ~ actual runoff
P • rainfall (p ~ Q)

Equation 10.1 applies to on-site runoff; for large watersheds there is a
lag in the appearance of the runoff at the stream gage, and the double
mass curve produces a different relation. But if storm totals for P and Q
are used equation 10.1 does apply even for large watersheds because the
effects of the lag are removed.

The retention, S, is a constant for a particular storm because it is the
maximum that can occur under the existing conditions if the storm
continues without limit. The retention F varies because it is the
difference between P and Q at any point on the mass curve, or:

(210-VI-NEH-4, Amend. 6, March 1985)
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F ::: P - Q

Equation 10.1 can therefore be rewritten:

(10.2)
-

P - Q
S

Solving for Q produces the equation:

Q
P

(l0.3)

(10.4)

which is a rainfall-runoff relation in which the initial abstraction is
zero.

If an initial abstraction (I ) greate-r than zero is considered t the amounta
of rainfall available for runoff is P - I instead of P. By substitutinga
P - I for P in equations 10.1 through 10.4 the following equationsa
result. The equivalent of equation 10.1 becomes:

I::: _ .......Q__
S P - I

a
(10.5)

where F ~ St and Q ~ (P - I a ). The total retention for a storm consists
of I and F. The total potential maximum retention (as P gets very large)

a
consists of I and S.a

Equation 10.2 becomes:

equation 10.3 becomes:

and equation 10.4 becomes:

F (P - I ) - Qa

(p - I ) - Q
a

S
Q

(p - I )
a

(10.6)

(10.7)

Q

(P _ I )2
a

(P - I ) + S
a

(10.8)

(210-VI-NEH-4 t Amend. 6. March 1985)



which is the rainfall-runoff relation with the initial abstraction taken
into account.

The initial abstraction consists mainly of interception, infiltration, and
surface storage, all of which occur before runoff begins. The insert on
figure 10.1 shows the position of 1a in a typical storm. To remove the
necessity for estimating these variables in equation 10.8, the relation
between I and S (which includes I ) was developed by means of rainfalla a
and runoff data from experimental small watersheds. The relation is
discussed later in connection with figure 10.2. The empirical
relationship is:

10.5

Substituting 10.9 in 10.8 gives:

Q

0.2 S

(p - 0.2 S)2
P + 0.8 S

(10.9)

(10.10)

which is the rainfall-runoff relation used in the SCS method of estimating
direct runoff from storm rainfall.

Retention Parameters
I

Using the equation 10.9 relationship, the total maximum retention can be
expressed as 1.2 S. I, as previously stated, consists mainly ofa
interception, infiltration, and surface storage occurring before runoff
begins. S is mainly the infiltration occurring after runoff begins. This
later infiltration is controlled by the rate of infiltration at the soil
surface or by the rate of transmission in the soil profile or by the
water-storage capacity of the profile, whichever is the limiting factor.
A succession of storms, such as one a day for a week, reduces the
magnitude of S each day because the limiting factor does not have the
opportunity to completely recover its rate or capacity through weathering,
evapotranspiration, or drainage. But there is enough recovery, depending
on the soil-cover complex, to limit the reduction. During such a storm
period the magnitude of S remains virtually the same after the second or
third day even if the rains are large so that there is, from a practical
viewpoint, a lower limit to S for a given soil-cover complex. Similarly,
there is a practical upper limit to S, again depending on the soil-cover
complex, beyond which the recovery cannot take S unless the complex is
altered.

(210-V1-NEH-4, Amend. 6, March 1985)
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In the SCS method, the change in S (actually in CN) is based on an
antecedent moisture condition (AMC) determined by the total rainfall in
the 5-day period preceding a storm. Three levels of AMC are used: AMC-I
is the lower limit of moisture or the upper limit of S, AMC-II is the
average for which the eN of table 9.1 apply, and AMC-III is the upper
limit of moisture or the lower limit of S. The CN in table 9.1 were
determined by means of rainfall-runoff plottings as described in chapter
9. The same plottings served for getting CN for AMC-I and AMC-III. That
is, the curves of figure 10.1, when superimposed on a plotting, also
showed which curves best fit the highest (AMC-III) and lowest (AMC-I)
thirds of the plotting. The CN for high and low moisture levels were
empirically related to the CN of table 9.1; the results are shown in
columns 1, 2, and 3 of table 10.1, which also gives values of S and I fora
the CN in column 1. The rainfall amounts on which the selection of AMC is
based are given in table 4.2; the discussion in chapter 2 concerns the
value of rainfall alone as a criterion for AMC. Use of tables 4.2 and
10.1 is demonstrated later in this chapter. In the section on comparisons
of computed and actual runoffs, an example shows that for certain problems
the extreme AMC can be ignored and the average CN of table 9.1 alone
applied.

RELATION OF I a TO S. Equation 10.9 is based on the results shown in
figure 10.2 which is a plotting of I a versus S for individual storms. The
data were derived from records of natural rainfall and runoff from
watersheds less than 10 acres in size. The large amount of scatter in the
plotting is due mainly to errors in the estimates of I. The magnitudesa
of S were estimated by plotting total storm rainfall and runoff on figure
10.1, determining the CN, and determining the S from table 10.1. The
magnitudes of I were estimated by taking the accumulated rainfall froma
the beginning of a storm to the time when runoff started. Errors in S
were due to determinations of average watershed rainfall totals; these
errors were very small. Errors in I were due to one or more of thea
following: (i) difficulty of determining the time when rainfall began,
because of storm travel and lack of instrumentation, (ii) difficulty of
determining the time when runoff began, owing to the effects of rain on
the measuring installations (channel runoff) and to the lag of runoff from
the watersheds, and (iii) impossibility of determining how much
interception prior to runoff later made its way to the soil surface and
contributed to runoff; the signs and magnitudes of these errors are not
known. Only enough points are plotted in figure 10.2 to show the
variability of the data. The line of relationship cuts the plotting into
two equal numbers of points, and the slope of the line is 1:1 because the
data do not indicate otherwise. A significant statistical correlation
(chap. 18) between I and S can be made by adding more points anda
increasing the "degrees of freedom," but the standard error of estimate
will remain large owing to the deficiencies in the data.

(210-VI-NEH-4, Amend. 6, March 1985)
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Graphs and Tables for the Solution of Equation 10.10

Sheets 1 and 2 of figure 10.1 contain graphs for the rapid solution of
equation 10.10. The parameter eN (runoff curve number or hydrologic
soil-cover complex number) is a transformation of S, and it is used to
make interpolating, averaging, and weighting operations more nearly
linear. The transformation is:

or

CN = 1000
S + 10

1000
CN

- 10

(10.11)

(10.12)

Tables for the solution of equation 10.10 are given in SCS Technical
Release 16 for P from zero to 40.9 inches by steps of O.l-inch and for
all whole-numbered CN in the range from 55 through 98.

USE OF S AND CN. It is more convenient to use CN on figure 10.1, but
it will generally be necessary to use S for other applications such
as the anal~sis of runoff data or the development of supplementary
runoff relationships. Example 5.5 and figure 5.6(b) illustrate a
typical use of S. The relationship is developed using S, but a scale
for CN is added later to the graph for ease of application.

July, 1969



Table 10.1. Curve numbers (CN) and constants for the case I = 0.2 S
a

12345 123 4 5

CN for
condi
tion
II

CN for S Curve*

d Ot' 1 * startscon l lons va ues h
I III were

p =
(inches) (inches)

CN for
condi
tion
II

CN for S Curve*
d 't' 1 * startscon l lons va ues h

I III were
p =

(inches) (inches)

100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
1'5
72
71
70
69
68
67
66
65
64
63
62
61

100 100
97 100
94 99
91 99
89 99
87 98
85 98
83 98
81 97
80 97
78 96
76 96
75 95
73 95
72 94
70 94
68 93
67 93
66 92
64 92
63 91
62 91
60 90
59 89
58 89
57 88
55 88
54 87
53 86
52 86
51 85
50 84
48 84
47 83
46 82
45 82
44 81
43 80
42 79
41 78

o
.101
.204
.309
.417
.526
.638
·753
.870
.989

1.11
1.24
1.36
1.49
1.63
1.76
1.90
2.05
2.20
2.34
2.50
2.66
2.82
2·99
3.16
3.33
3.51
3·70
3.89
4.08
4.28
4.49
4.70
4.92
5·15
5.38
5.62
5.87
6.13
6.39

o
.02
.04
.06
.08
.11
.13
.15
.17
.20
.22
.25
.27
.30
.33
·35
.38
.41
.44
.47
.50
.53
.56
.60
.63
.67
·70
.74
.78
.82
.86
.90
.94
.98

1.03
1.08
1.12
1.17
1.23
1.28

60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30

25
20
15
10

5
o

40
39
38
37
36
35
34
33
32
31
31
30
29
28
27
26
25
25
24
23
22
2l
2l
20
19
18
18
17
16
16
15

12
9
6
4
2
o

78 6.67 1.33
77 6.95 1.39
76 7.24 1.45
75 7.54 1·51
75 7.86 1.57
74 8.18 1.64
73 8.52 1.70
72 8.87 1.77
71 9.23 1..85
70 9.61 1.92
70 10.0 2.00
69 10.4 2.08
68 10.8 2.16
67 11.3 2.26
66 11.7 2.34
65 12.2 2.44
64 12.7 2.54
63 13.2 2.64
62 13.8 2.76
61 14.4 2.88
60 15.0 3.00
59 15.6 3.12
58 16.3 3.26
57 17.0 3.40
56 17.8 3.56
55 18.6 3.72
54 19.4 3.88
53 20.3 4.06
52 21.2 4.24
51 22.2 4.44
50 23.3 4.66

43 30.0 6.00
37 40.0 8.00
30 56.7 11.34
22 90.0 18.00
13 190.0 38.00
o infinity infinity

*For CN in column 1.
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Applications

The examples in this part mainly illustrate the use of tables 4.2,
9.1, and 10.1 and figure 10.1. Records from gaged watersheds are
used in some examples to compare computed with actual runoffs. The
errors in a runoff estimate are due to one or more of the following:
empiricisms of table 4.2 or figure 4.9, or table 9.1 and similar
tables in chapter 9, of the relation between AMC (columns 1, 2, and
, of table 10.1), and of equation 10.9; and errors in determinations
of average watershed rainfall (chap. 4), soil groups, (chap. 7), land
use and treatment (chap. 8), and related computations. Consequently
it is impossible to state a standard error of estimate for equation
10.10; comparisons of computed and actual runoffs indicate only the
algebraic sums of errors from various sources.

SINGLE STORMS. The first example is a typical routine application
of the estimation method when there is no question regarding the ac
curacy of rainfall, land use and treatment, and soil group determina
tions.

Example 10.1.- During a storm an average depth of 4., inches
of rain fell over a watershed with a cover of good pasture,
soils in the C groupj and an AMC-II. Estimate the direct run
off.

1. Determine the CN. In table 9.1 at "Pasture, good" and un
der soil group C read a CN of 74, which is for AMC-II.

2. Estimate the runoff. Enter figure 10.1 with the rainfall
of 4., inches and at CN = 74 (by interpolatio~findQ = 1.8,
inches.

In practice the estimate of Q is carried to two decimal places to
avoid confusing different estimates. Except for such needs the es
timate should generally be rounded to one decimal place; in example
10.1 the rounded estimate is 1.8 inches. If the storm rainfall amount
is not accurately known the estimate is rounded even further or the
range of the estimate is given as in the following example.

Example 10.2.--During a thunderstorm a rain of 6.0 inches was
measured at a rain gage 5.0 miles from the center of a water
shed that had a flood from this storm. The drainage area of
the watershed is 840 acres, cover is fair pasture, soils are
in the D group, and AMC-II applies. Estimate the direct run
off.

-



1. Determine the average watershed rainfall. Enter figure 4.4
with the distance of 5.0 miles and at line for a rain of 6.0
inches read a plus-error of 2.8 inches. The minus-error is
half this, or 1.4 inches. The watershed is small enough that
no "areal correction" of rainfall is necessary (see figure 21.-
and related discussion in chapter 21), therefore the average
watershed rainfall ranges from 8.8 to 4.6 inches.

2. Determine the CN. In table 9.1 the CN is 84 for fair pasture
in the D soil group.

3. Estimate the direct runoff. Enter figure 10.1 with the rain
fall of 8.8 inches and at CN = 84 (by interpolation) read an
estimated runoff of 6.87 inches; also enter with the rainfall
of 4.6 inches and read a runoff of 2.91 inches. After rounding,
the estimate of direct runoff is given as being between 2.9 and
6.9 inches or, better yet, between 3 and 7 inches. The proba
bility level of figure 4.4 can also be used with the runoff es
timate.

Table 10.1 is used when it is necessary to estimate runoff for a
watershed in a dry or wet condition before a storm:

Example 10.3.--For the watershed of example 10.1, estimate the
direct runoff for AMC-I and AMC-III and compare with the esti
mate for AMC -II.

1. Determine the CN for AMC-II. This is done in step 1 of
example 10.1; the CN is 74.

2. Determine CN for other AMC. Enter table 10.1 at CN = 74
in column 1 and in columns 2 and 3 read CN = 55 for AMC-I and
CN = 88 for AMC-III.

3. Estimate the runoffs. Enter figure 10.1 with the rainfall
of 4.3 inches (from ex. 10.1) and at CN = 55, 74, and 88 read
(by interpolation as necessary) that Q = 0.65, 1.83, and 3.00
inches, respectively. The comparison in terms of AMC-II run
off is as follows:

AMC CN Direct runoff, Q
Inches As percent As percent of

of rainfall .s....f£r AMC-II

I 55 0.65 15.1 35.6
II 74 1.83 42.5 100
III 88 ;.00 69.8 164

Note that the runoff in inches or percents is not 'simply proportional
to the eN so that the procedure does not allow for a short cut.
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ALTERNATE METHODS OF ESTIMATION FOR MULTIPLE COMPLEXES. The direct
runoff for watersheds h~ving more than one hydrologic soil-cover com
plex can be estimated in either of two ways: in example 10.4 the run
off is estimated for each complex and weighted to get the watershed
estimatej in example 10.5 the CN are weighted to get a watershed CN
and the runoff is estimated using it.

Example 10.4.--A watershed of 630 acres has 400 acres in "Row
crop, contoured, good rotation" and 230 acres in "Rotation
meadow, contoured, good rotation." All soils are in the B group.
Find the direct runoff for a rain of 5.1 inches when the water
shed is in AMC-II.

1. Determine the CN. Table 9.1 shows that the CN are 75 for
the row crop and 69 for the meadow.

2. Estimate runoff for each complex. Enter figure 10.1 with
the rain of 5.1 inches and at eN of 75 and 69 read Q's of 2.52
and 2.03 inches respectively.

3. Compute the weighted runoff. The following table shows the
work.

Hydrologic soil-cover complex Acres Q(inches) Acres X Q---

Row crop etc. 400 2·52 1,008
Meadow etc. 230 2.03 ~§1

Totals: 630 1,475

The weighted Q is 1475/630 = 2.34 inches.

Example 10.5.--Use the watershed and rain data of example 10.4
and make the runoff estimate using a weighted CN.

1. Determine the CN. Table 9.1 shows that the CN are 75 for
the row crop and 69 for the meadow.

2. Compute the weighted CN. The following table shows the work.

Hydrologic soil-cover complex Acres CN Acres X CN---

Row crop etc. 400 75 30,000
Meadow etc. 23Q 69 15 z870

Totals: 630 45,870

The weighted eN is 45,870/630 = 72.8. Use 73.

-
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3. Estimate the runoff. Enter figure 10.1 with the rain of
5.1 inches and at CN = 73 (by interpolation) read Q = 2.36
inches. (Note: Q is 2.34 inches just as in example 10.4 if
the unrounded CN is used.)

Without the rounding in step 2 of example 10.5, both methods of
weighting give the same Q to three significant figures, and there
appears to be no reason for choosing one method over the other.
But each method has its advantages and disadvantages. The method
of weighted~ always gives the correct result (in terms of the given
data) but it required more work than the weighted-CNmethod especially
when a watershed has many complexes. The method of weighted-CN is
easier to use with many complexes or with a series of storms, but
when there are large differences in CN for a watershed this method
will under- or over-estimate Q, depending on the size of the storm
rainfall. For example an urban watershed with 20 acres of impervious
area (eN = lOO) and l75 acres of lawn classed as good pasture on a
B soil (CN = 61) will have the following Q's by the two methods (all
entries in inches):

Storm rainfall:

Q
Q

(weighted-Q method):
(weighted-CN method):

1

0.10
o

2

0.27
.13

4

1.14
1.03

8 16 32

26.10
26.34

This comparison shows that the method of weighted-Q is preferable
when small rainfalls are used and there are two or more widely dif
fering CN on a watershed. For conditions other than these the method
of weighted-CN is less time-consuming and almost as accurate.

MULTIPLE-DAY STORMS AND STORM SERIES. Data from a gaged small
watershed will be used in the following example to illustrate (i)
an application of the method of estimation to a storm series such
as used in evaluation of a floodwater-retarding project, (ii) treat
ment of multiple-day storms, which differs from that of design storms
in chapter 21, and (iii) the amount of error generally to be expected
from use of the method. The data to be used are taken from:

Reference 1. "The Agriculture, Soils, Geology, and Topography
of the Blacklands Experimental Watershed, Waco, Texas," Hydro
logic Bulletin 5, UoS. Soil Conservation Service, 1942.

Reference 2. "Summary of Rainfall and Runoff, 1940-1951, at
Blacklands Experimental Watershed, Waco, Texas," U.S. Soil
Conservation Service, 1952.

The watershed is W-l with an area of 176 acres, average annual rain
fall of 34.95 inches for the period 1940-1952 inclusive, and average
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storm rainfall depths determined from amounts at four gages on or
very near the watershed. According to figure 4.6 (its scales must
be extended for so small a watershed) the storm rainfall amounts will
have a negligible error. With this exception the data to be used are
equivalent to those ordinarily obtained for ungaged watersheds.

Example 10.6.--Estimate the runoff amounts from storms that pro
duced the maximum annual peak rates of flow at watershed W-l,
Waco, Texas, for the period 1940-1952 inclusive.

1. Determine the soil groups. Reference 1 shows that the soils
are Houston Black Clay or equivalents. Table 7.1 in chapter 7
shows these soils are in the D group.

2. Determine the average land use and treatment for the period
1940-1952. Reference 2 gives information from which the aver
age land use and treatment is determined to be:

--

Land use and treatment Percent of area

Row crop, straight row, poor rotation 58
Small grain, straight row, poor rotation 25
Pasture (including hay), fair condition 15
Farmsteads and roads 2

3. Tabulate the storm dates, total rainfall for each date, and
the 5-day antecedent rainfall. Reference 2 gives the informa
tion shown in columns 1 through 5 of table 10.2.

4. Determine the CN for AMC-I, -II, and -III. Table 9.1 gives
the CN for each complex; the computation of the weighted CN for
At-C -II is:

Hydrologic soil-cover complex Percent/100 CN Product

Row crop etc. 0.58 91 52.7
Small grain etc. .25 88 22.0
Pasture etc. .15 84 12.6
Farmsteads etc. .02 94 ~

Totals 1.00 89.2

No division of the product is necessary because "percent/100"
is used. The CN is rounded to 89. CN for the other two AMC
are obtained from table 10.1 and are:

-

AM::: :
CN:

I
76

II
89

III
96

-
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~. Determine which AMC applies for each rain in column 4} table
10.2. The AMC for the first day of a multiple-day storm is ob
tained by use of dates in columns 2 and 3 (to get the season),
antecedent rainfall in column 5, and figure 4.9. The AMC for
succeeding days in a multiple-day storm is similarly obtained
but with the previous day's rain (from column 4) added to the
antecedent rainfall. The results are shown in column 6. The
CN for the AMC are shown in column 7.

6. Estimate the runoff for each day. Enter figure 10.1 with the
rainfall in column 4 and the CN in column 7 and estimate the run
off. The results are tabulated in column 8.

7. Add the daily runoffs in a storm period to get the storm to
tal. The totals are shown in column 9. This step completes
the example.

Actual runoffs for W-l, taken from reference 2, are given in columns
10 and 11 for comparison with the estimates in columns 8 and 9. Dif
ferences between computed and actual runoffs are shown in columns 12
and 13. For some estimates the differences (or estimation errors) are
fairly large; the errors may be due to one or more of several causes,
of which the most obvious is applying an average land use and treat
ment to all years and all seasons in a year. The quality of land use
and treatment varies (that is, the CN varies from the average) from
year to year because of rainfall and temperature excesses or deficien
cies and during the seasons of a year because of stages in crop growth
as well. In practice the magnitudes of the variations are generally
unknown so that the method of this example is usually followed; if they
are known, the CN are increased or decreased on the basis of the hydro
logic condition as described in the next section. A comparison made
later in this chapter illustrates that errors of estimate, even when
fairly large, do not adversely affect frequency lines constructed from
the estimates as long as the errors are not all of one type.

SEASONAL OR .ANNUAL VARIATIONS. The average CN in table 9.1 apply to
average crop conditions for a growing season. If seasonal variations
in the CN are desired, the stages of growth of the particular crop in
the complex indicate how much and when to modify the average CN.

For cultivated crops in a normal growing season the CN at plowing or
planting time is the same as the CN for fallow in the same soil group
of table 9.1; midway between planting and harvest or cutting times the
CN is the average in table 9.1; and at the time of normal peak growth
or height (usually before harvest) the CN is:

--

-

eNnormal peak growth 2 (CN )average
(CN

fallow) (10.13)

-
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Thus, if the average CN is 85 and the fallow CN is 91, the normal
peak growth CN is 79. After harvest the CN varies between those for
fallow and normal peak growth, depending on the effectiveness of the
plant residues as ground cover. In general, if 2/3 of the soil sur
face is exposed, the fallow CN applies; if 1/3 is exposed, the aver
age CN applies; and if practically none is exposed the normal peak
growth CN applies.

For pasture, range, and meadow, the seasonal variation of CN can be
estimated by means of tables 8.1 and 8.2; for woods or forest, the
Forest Service method in chapter 9 is applicable.

Changes in CN because of above- or below-normal rainfall or tempera
ture occur not only from year to year but also within a year. They
are more difficult to evaluate than changes from normal crop growth
because detailed soil and crop histories are necessary but seldom
available; climate records are a poor substitute even for estimating
gross departures from normal. Runoff records from a nearby stream
flow station are a better substitute because they provide a means of
relating CN to a runoff parameter (for an example see figure 5.6(a))
and approximating the variations of CN.

The CN of table 9.1 do not apply for that portion of the year when
snowmelt contributes to runoff. The methods of chapter 11 apply for
melt periods. Chapter 12 contains a discussion of snow or freezing
in relation to land use and treatment.

VARIATION OF RUNOFF DURING A STORM. The variation of runoff during
the progress of a storm is found by the method of the following ex
ample. This method is also used for design storms in chapter 21.

Example 10.7.--Estimate the hourly pattern of runoff for a
watershed having a CN of 80 and condition AMC-II before a
storm of 20 hours' duration, using rainfall amounts recorded
at a rain gage.

1. Tabulate the accumulated rainfalls at the accumulated
times. Accumulated times are shown in column 1, rainfalls
in column 2, of table 10.3

2. Estimate the accumulated runoff at each accumulated time.
Use the CN and the rainfalls of column 2 to estimate the
runoffs by means of figure 10.1. The runoffs are given in
column 3.

3. Compute the increments of runoff. The increments are the
differences given in column 4. Plotting these increments shows
the pattern of runoff (the plotting is not given).
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Table 10.3.--Incremental runoffs for a storm of long duration ..-

Time Accumulated Accumulated
b.Qrainfall runoff

(inches) (inches) (inches)

1:00 a.m. 0 0
0

2:00 .15 0
0

3:00 .30 0
0

4:00 .62 0
.08

5:00 1.01 .08
.10

6:00 1.27 .18
.04

7:00 1.36 .22
0

8:00 1.36 .22
.01

9:00 1.38 .23
0

10:00 1.38 .23
.09 ..-

11:00 1.55 .32
.16

12:00 noon 1.87 .48
.24

1:00 p.m. 2.25 .72
.25

2:00 2.61 ·97
.03

3:00 2.66 1.00
.01

4:00 2.68 1.01
.41

5:00 3.22 1.42
.76

6:00 4.17 2.18
.56

7:00 4.82 2.74
.09

8:00 4.93 2.83
.06

9:00 5.00 2.89

-
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INDEXES FOR MULTIPLE REGRESSION ANALYSES. The parameter CN is not
a desirable index of watershed characteristics in a multiple re
gression analysis (chap. 18) because there is generally insufficient
variation in the eN to provide a statistically significant result.
The parameter S is the preferred index. It is used without change
if it is an independent variable in a regression equation with the
final form of:

APPLICATIONS TO RIVER BASINS OR OTHER LARGE AREA. The runoff
estimation method is not restricted to use for small watersheds.
It applies equally well to river basins or other large areas pro
viding the geographical variations of storm rainfall and soil-cover
complex are taken into account; this is best accomplished by work
ing with hydrologic units (chap. 6) of the basin. After runoff is
estimated for each unit the average runoff at any river location is
found by the area-runoff weighting method of example 10.4.

(10.14)Y = a + b Xl + c X2 ••••••

RUNOFF FROM URBAN AREAS. Whether a conversion of farmlands to ur
ban area causes larger amounts of storm runoff than before depends
on the soil-cover complexes existing before and after the conver
sion; determination of the "before" and "after" CN is sufficient
for a decision. A comparison of runoffs} using real or assumed
rainfalls} gives a quantitative answer. Impervious surfaces of an
urban area cause runoff when the remainder of the area does not so
that the method of example 10.4 is best used. But these surfaces
may not contribute runoff in direct ratio to their proportion in
the area as the folloWing case illustrates.

Figure 10.3 shows storm rainfall amounts plotted versus runoff
amounts for Red Run} a fully urbanized watershed of 36.5 square
miles' drainage area} near Royal Oak} Michigan. The data are from
"Some Aspects of the Effect of Urban and Suburban Development upon
Runoff" by S. W. Wiitla; open-file report} U.S. Geological Survey}
Lansing} Michigan; August 1961. This watershed has 25 percent of
its area in impervious surfaces and presumably runoff amounts should
never be less than those shown by the 25-percent line on the figure.
But the data show that the surfaces are only about half effective
in generating runoff. The report does not state why this deficiency
occurs but does state that "Flood peaks on the urban basin were found
to be about three times the magnitude of those for natural basins of
comparable size." Determination of the effects of urbanization may
therefore require as much use of the methods in chapters 16 and 17
as of those in this chapter.
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where Y is the dependent variable; a, b, c, etc. are constants; and
the subscripted XIS are the independent variables. But if the final
form is

Y
b c

a Xl X2 ••••• (10.15)

it is necessary to use (8 + 1) instead of 8 to avoid the possibility of
division or multiplication by zero. The equation for lag used to develop
figure 15-3 uses (8 + 1) for this reason; otherwise the graph would give
a lag of zero time for an impervious surface (because S is zero when CN
is 100) no matter how large an area it might be.

ACCURACY. Major sources of error in the runoff-estimation method are
the determinations of rainfall and CN. Chapter 4 provides graphs for
estimating the errors in rainfal~. There is no comparable means of
estimating the errors in CN of ungaged watershedsj only comparisons
of estimated and actual runoffs indicate how well estimates of CN are
being made. But comparisons for gaged watersheds, though not directly
applicable to ungaged watersheds, are useful as guides to judgment in
estimating CN and as sources of methodology for reducing estimation
errors.

A comparison of storm totals in example 10.6 shows that estimated
amounts are fairly close to recorded amounts in 7 out of 12 years,
despite the use of a CN for average land use and treatment. On the
whole, this is acceptable estimation in view of the limitation on the
CN. But the results are better if the storm totals are used as data
in a frequency analysis (chap. 18). Figure 10.4(a) shows data from
columns 9 and 11, table 10.2, arranged in order of magnitude in their
respective groups, and plotted versus their sample percent-chance
values. Solid or broken lines connecting the points identify the
groups. It is evident from the plotting that one frequency line serves
equally well for either group. Thus the estimation errors, though
large for some estimates, do not preclude the construction of an ade
quate frequency relationship. The reason is that the errors are ran
dom, being neither all plus or all minus nor all confined to a particu
lar range of magnitudes.

The example of W-l at Waco demonstrates that estimation errors should
be kept random. One way of accomplishing this is to apply the CN for
AMC-II to all storms in a series. A second example illustrates this.

Storm runoffs and rainfalls for Amicalola creek, Georgia, are given
in columns 5 and 6 of figure 5.5. The CN is 65 for AMC-II, as de
termined in example 5.4. This CN and the rainfalls give the following
estimates of runoff (actual runoffs are shown for comparison):

NEH Notice 4-102, August 1912
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Runoff (in. ) Runoff (in. )
Year Year

Estimated Actual Estimated Actual

1940 1.64 0.81 1947 1.06 1.59
1941 2.15 1.40 1948 2.13 1.36
1942 1.81 1.74 1949 2.06 1.85
1943 1.22 1.65 1950 .89 1.15
1944 ·91 1.16 1951 1.46 1.33
1945 .12 .36 1952 ·93 2.01
1946 1.92 2.33

In a plotting of estimated versus actual runoff the scatter of
points indicates a moderately low degree of correlation, but the
scatter also indicates that the errors are randomly distributed,
which means that a reasonably good result on probability paper can
be expected. Figure 10.4(b) substantiates this: again a single
frequency line will do for either group. The curvature of the
plottings signifies only that 13 years of record on this watershed
are insufficient for an adequate frequency line (chap. l8)j discrep
ancies in the lower half of the plotting come from this insufficiency.

In ,practice the CN for an ungaged watershed cannot be estimated by
means of runoff data, as the CN for Amicalola Creek was, but it can
be estimated from watershed data at least as well as that for W-l
at Waco. It will take correct identification of soil-cover complexes,
especially if there are few complexes in a watershed or they differ
little from each other or one of them dominates the area. But if
there are many complexes of about equal area and in a wide range of
eN, it is likely that misjudgment of several will not adversely af
fect the estimate of the average CN. Using complexes that are
properly identified and rainfall data that are adequate, runoff es
timates are made accurately enough for practical purposes.

* * * *
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This chapter gives methods for estimating snowmelt runoff volumes for
flood damage evaluations. Methods of snowmelt forecasting, for
irrigation and similar purposes, are described in the Snow Survey
Handbook of the Service.

Details of the thermodynamics of snowmelt are omitted from this chapter
because of their limited value in the methods presented here. Some
standard references are:

Clyde. George D. - Snow-melting characteristics.
Technical Bulletin 231, August 1931. Utah Agricultural
Experiment Station, Logan, Utah.

Light. Phillip - Analysis of high rates of snowmelting.
Pages 195-205, Transactions of the American Geophysical
Union, 1941.

Wilson. W. T. An outline of the thermodynamics of snowmelt.
Pages 182-195, Transactions of the American Geophysical
Union, 1941.

Significance of Snowmelt Floods

Bankfull capacities in csm are normally greater for small watersheds
than for large ones. Since snowmelt rates are relatively low in csm
there may be flooding on large watersheds when streams on small water
sheds are flowing less than bankfull.

The hydrologist acquainted with an area will know the relative
importance of snowmelt as a source of flooding in that are. In
doubtful cases the data normally gathered by interview for an historical
flood series will usually define the character of flood flows. In
other instances, the runoff records will show how important snowmelt
flooding is. It is seldom necessary to make detailed hydrologic
investigations into the matter.
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Methods of Estimation ..-

Regional analysis
This method is one of the most useful for snowmelt floods.
for details of the method.

See Chapter 2

Degree-day method. ungaged watersheds
This method is widely used because of its adaptability to usual data
conditions. Similar methods going into more detail are available but
seldom applicable because of lack of required data.

The degree-day method uses the equation:

M=KD

where M = the watershed snowmelt in inches per day.

(11-1)

K = a constant that varies with watershed and climatic conditions.

D = the number of degree-days for a given day.

A degree-day is a day with an average temperature one degree above 320 F.
Maximum and minimum temperatures, as found in "Climatological Data," are
averaged to.get the daily average temperature. A day with an average of
400 F. gives eight degree-days; with an average of 510 F., nineteen
degree dayS. The general form of the method is given below. A working
arrangement of the data is shown on table 11-1. In most cases the table
can be condensed. The steps in the method are:

1. Using precipitation stations or snow survey data, show either
(a) the total available water equivalent at the beginning of
the melt season (table 11-1) or (b) the precipitation and the
water equivalent by days (table 11-2). The first procedure is
used where there is generally only one melt period per year; the
second, where melt periods occur intermittently through the
winter and. spring. Water equivalent is the depth of water, in
inches, that results from melting a given depth of snow, and
it is dependent on both depth and density of snow. Snow
surveys give field determinations of water equivalents. Where
such surveys are not made, it is customary to use one-tenth of
the snow depth as the depth of water equivalent.

2. For temperature stations in the watershed, tabulate average
temperatures for the melt periods. (Note: maximum and
minimum values as given in "Climatological Data" can be
averaged mentally to avoid tabulation of averages below
330 F.)
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Table 11-1. Estimation of snowmelt by degree-day method. One melt

period

Watershed
Dates average Degree- Estimated Total available

tempera1/'e days snowmelt 2J water equivalent
of. 1

Inches Inches

April 5 32 0 0 4.50

6 35 3 .18 4.32

7 34 2 .12 4.20

8 36 4 .24 3.96

9 48 16 .96 3.00

10 43 11 .66 2.34

etc. etc. etc. etc. etc.

11 Average of two stations; adjusted for altitude.

2J Using K = 0.06 in equation 11-1.
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Table 11-2. Estimation of snowmelt b,y degree-day method. Intermittent -melt period.

Snowmelt
Dates Precipi- Water Degree- Remaining

tation equiv- days Potential Estimated water
alent 11 2/ equivalent

Inches Inches Inghes Inghes Inches

Nov.3 0.85 0.08 0.08
Nov 4-18 .08
Nov 19 5 0•.30 O.O~ 0
Nov 20-29 0
Nov .30 .3.80 •.38 •.38

Dec 1-24 •.38
Dec 25 4.15 .42 .80
Dec 26- .80

Jan 18

Jan 19 .52 .05 .85
Jan 20-
Feb.2 .85

Feb .3-2P 6.92 .69 1.54
Feb 21-
Mar 14 1.54 -

Mar 15 14.24 1.42 2.96
Mar 16-28 2.96
Mar 29 .3 .18 .18 2.78
Mar .30 11 .66 .66 2.12
Mar .31 22 1..32 1..32 .80

Apr 1-9 .80
Apr 10 7 .42 .42 •.38
Apr 11 .32 1.92 •.38 0

11 One-tenth of snow depth.
~ Using K = 0.06 in equation 11-1.

-
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3. Adjust the average temperatures to the average watershed
elevation, using the method given below in Adjustment of
temperatures for altitude. This step is omitted when elevation
data are crude or otherwise unreliable.

4. Compute the watershed average daily temperatures by averaging
the station averages (adjusted for altitude, if desirable).

5. Subtract 320 F. from each watershed average daily temperature
to get the degree-days per day.

6. Use equation 11-1 to get an estimate of the potential snowmelt
for each day. See K faotors below for selection of K.

7. Where the daily potential is not greater than the water
equivalent remaining on the watershed, it is shown as an
estimate of snowmelt.

Once the estimates of snowmelt are obtained, they are used to obtain
hydrographs as described in Chapter 16.

Some hydrologists suggest that the effects of infiltration be subtracted
from the estimated snowmelt. However, the K factors as generally
developed already include the effects of infiltration. The effects of
measures such as contour furrows are obtained as described in Chapter 12.
The effects of reservoirs, levees, etc. are obtained as usual.

Refinements in the degree-day method are best made by first improving
the accuracy of determinations of snow depth and areal distribution on
the watershed. When these are known within small limits of error, then
water equivalents should be refined, since the 1/10 ratio is a rough
approximation. Refinements in K factors should come last.

Degree-day method. gaged watershed
The degree-day method has a very limited use, if any at all, for flood
evaluations on gaged watersheds. When gaging station data are available,
those data should be used to estimate flood peaks and volumes on other
portions of the watershed.

Adjustment of temperatures for altitude
In general, air temperatures decrease about 30 to 50 for every 1,000
feet of rise·in altitude. Other factors influence this "lapse rateo"so that refinements are not justified, and an average decrease of 4 F.
per 1,000 feet rise should be used.
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Example ll-l--A watershed with an aver~e elevation of 4,600 feet
had temperature station readings of 380 F. at a 5600-foot elevation,
and 480 F. at a 3000-foot elevation. The average temperature for
the watershed is then:

(38) - 4 (4600 - 5600) =42.0
1000

(48) - 4 (4600 - 3000) =41.6
1000

Sum: 83.6

Average: 41.8

Round off to: 42

While further refinements, such as weighting, can be made, they are seldom
justified.

K factors
The constant K in equation 11-1 is known to vary not only from watershed
to watershed, but also from day to day on a given watershed. It is
seldom possible to do more than make a broad estimate of K. An average
value of ·0.06 can be used. The following table may be of assistance in
special cas.es:

Table 11-3. K factors

--

-
Condition

Extremely low runoff potential

Average heavily-forested areas;
north-facing slopes of open country

Average

South-facing slopes of forested areas;
average open country

Extremely high runoff potential

11 Recommended by A. L. Sharp.

..1L.

0.02

.04 - .06 11

.06

.06 - .08 11

.30
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Concordant flow method
The method of Chapter 2 can be simplified to estimate both peaks and
volumes of snowmelt runoff, when at least one streamflow record is
available. The method is very similar to the Regional analysis method
mentioned above and in Chapter 2.

The volume of snowmelt for an ungaged subwatershed is the same as that
for the gaged watershed, assuming equal coverage of snow over both areas.
Where it is possible to estimate the amounts or degrees of snow coverage,
the snowmelt volumes in inches may be taken as directly proportional to
snow depth or degree of coverage. For example, if there is a 3.2"
snowmelt runoff from a gaged watershed of 82 square miles with 76 percent
of the watershed having snow cover, then a subwatershed of 12 square miles
and 100 percent snow cover will have an estimated runoff of:

3.2 (100)
(76)

= 4.2 inches.

Note that area in square miles is not used in the computation unless
acre-feet are needed. If instead of the percents the gaged watershed is
known to have an average of 16.2 inches of snow-depth and the ungaged
subwatershed 20.4 inches, then the runoff for the subwatershed is:

3.2 (20.4) =4.0 inches.
(16.2)

Other factors can be brought in, but here again refinement is not
justified.

Peaks of snowmelt runoff can be obtained as described in Chapter 16.

Other methods
Where intensive study has been or can be made of a watershed, more
detailed and more accurate methods of estimating snowmelt runoff can be
used.
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The effects that are discrussed here are (a) changes in volumes of direct
runoff and (b) changes in lag, which affect peak rates of direct runoff.

Volume Effects

Land use and treatment measures reduce the volume of direct runoff during
individual storms b.1 either (1) increasing infiltration rates, or (2)
increasing surface storage, or both. Other factors influencing runoff
volume are usually of minor importance. Interception increases, for
instance, are appreciable only under certain climatic and vegetative
conditions and generally need not be considered in Service watershed
studies.

The unit hydrograph principle states that with other things constant, the
peak rate of flow varies directly with the volume of flow. This
pri~ciple is the basis for proportionate reductions in peaks when volumes
are reduced (see Chapter 16). Figure 12-1 shows a typical peak vs.
volume relation. The straight line is drawn so that some points are on
the line, if possible, with half of the remaining points on one side of·
the line and the other half on the other side. Drawing a curve is not
justified, since other important relations must be accounted for (see
Chapter 16) if greater accuracy is required. The figure shows that a
30 percent reduction in volume gives a 30 percent reduction in the peak
rate, and so on.

Table 12-1 shows the principal effects of land use and treatment measures
on direct runoff. The degree of effect of any single measure generally
depends on the quantity that can be installed. Contour furrows, however,
can be made to have a small or large effect b.1 changing the dimensions of
the furrows. The effect of a land use change depends on the change in
cover. A change from spring oats to spring wheat would ordinarily be
hardly noticeable, while a change from oats to a permanent meadow could
have a large effect. Graded terraces with grass outlets to some extent
will increase both over-all infiltration and over-all storage. These
effects are also confused with a ~ effect. It should be noted that
lime and fertilizers, b.1 increasing plant or root density, can indirectly
reduce direct runoff volumes.
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Table 12-1. Principal effects of land use and treatment measures
on direct runoff.

Reduction in direct runoff volume is due to:
Measure

Increasing infiltration
rates 11

Increasing surface
storage

1. Land use change that
increases plant or
root density. 2/

2. Increasing mulch or
litter

3. Contouring

4. Contour furrowing

5. Level terracing

6. Graded terracing

x

x

x

x

x

x

11 Assuming soils not frozen.

2/ Example: Row crop to grass for hay. Poor pasture to good pasture.

Lag Effects

Lag, as used here, means the delay between the production of direct runoff
on upland areas and its appearance at a given cross section in a stream
channel. Another discussion of lag is given in Chapter 15.

Land use and treatment measures can produce lag effects by (1) increasing
infiltration (reducing surface runoff) and causing the increased
infiltration to appear some time later as subsurface flow, or (2) by
causing a delay in the arrival of surface runoff by increasing the
distance or reducing the velocity of flow.

Either effect is best studied by the methods of Chapters 15 and 16.
Table 12-2 shows the relative effects of land use and treatment measures
on the two types of lag. The subdivisions of small and large watersheds
do not depend solely on size in square miles. The methods of Chapters
15 and 16 are necessary in quantitative studies of lag.

-
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Table 12-2. Relative effects of land use and treatment measures on
types of lag. -

Measure
Effect on subsurface

flow]j

Effect of increasing
surface flow distance
or decreasing velocity

Small
watersheds

Large
watersheds

Small
watersheds

Large
watersheds

Can be Can be Not usually considered
large. large.

Can be Usually Can be Negligible.
large negligible. large.

Can be Can be Not usually considered.
large. large.

Can be Can be Not usually considered.
large. large. --

1- Land use changes
that increase
plant or root
density. 2J

2. Increasing mulch
or litter.

3. Contouring.

4. Contour furrow-
ing.

5. Level terracing.

Can be
large.

Can be
large.

Not usually considered.

6. Graded terracing. Usually Usually
negligible. negligible.

11 Assuming soils not frozen.

Can be
large.

Negligible.

gj Examples: Row crop to grass; poor pasture to good pasture.

Determination of Effects

Determination of effects on volume
The same procedure used in determining the present hydrologic conditions
of a watershed is used to estimate future hydrologic conditions. The
future effects of land use and treatment changes can be estimated with
relatively little additi~nal work. Assuming that present conditions have
been studied, the steps are:

1. Determine the hydrologic soil-cover complex number, antecedent
moisture condition (MC) II, for future land use and treatment
conditions. (Chapters 7, 8 and 9.)
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2. Obtain complex numbers for AMC I and III (table 10-1).

3. Prepare a working table similar to table 12-3.

4. Plot the corresponding present and future values as shown on
figure 12-2. For example, plot 0.23 vs. 0.02; 0.60 vs. 0.18;
and 1.10 vs. 0.43, and draw in the curve for AMC 1. Similarly
for the other conditions.

5. Enter figure 12-2 with the present volume and condition for a
storm or flood in the evaluation series and find future volume
on the appropriate curve.

Determination of effects on lag
Increased infiltration appearing some time later as subsurface flow is
seldom easy to evaluate quantitatively. Fortunately, however, in most
flood prevention surveys the changes in the hydrograph due to this lag
effect can generally be neglected. Where it cannot, special studies
are needed to determine the source areas (which may var'y with infiltrated
volumes) and watershed retention. The techniques for these special
studies have not been fully developed, however, and the results are
likely to be controversial.

Table 12-3. Sample working table. Estimation of effects of future
land use and treatment on direct runoff volumes.

Direct runoff, in inches, for selected values of "P",
Selected from figure 10-1

values of "p" AMC* I AMC* II AMC* III
Present Future Present Future Present Future

0.5 0 0 0 0 0.08 0

1 0 0 .02 0 .35 .12

2 0 0 .38 .11 1.15 .70

3 .23 .02 .97 .50 2.05 1.45

4 .60 .18 1.68 1.03 3.00 2.30

5 1.10 .43 2.46 1.65 3.95 3.20

Curve numbers: 57 45 75 65 91 83

*AMC is antecedent moisture condition•
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Quite often this first type of lag can be assumed to take place in the
manner of the second type of lag, and the technique given below can be
used to estimate expected changes in hydrograph quantities.

The effect of causing a delay in the arrival of surface runoff by
increasing the distance of flow is easily computed when it must be
considered. Figure 12-3 shows hydrographs for adjacent treated and
untreated watersheds. (For additional data see "Runoff from conservation
and non-conservation watersheds" by J. A. Allis, Agricultural Engineering,
Vol. 34, No. 11, Nov. 1953.) Two effects are evident. Some of the
reduction in peak rate is due to the lesser amount of runoff from the
treated watershed. Given the data as shown, the expected peak for the
treated watershed would be:

1.74 f~:gg~ = 1.40 in./hr., since ql = q2 when runoff is
Ql Q2

uniformly (or nearly so) distributed on each watershed, but the actual
value for W-5 is 0.87 in./hr. The difference is due primarily to a lag
caused by graded terraces and open-end level terraces (which tend to grade).

Following the methods of Chapters 15 and 16, the additional lag can be
computed from data on figure 12-3. The time to peak (Tp) for W-3 is about
0.72 hour, and for W-5, about 1.05 hour. The increase in lag (since
storm D is essentially identical for both hydrographs) is:

1.05 - 0.72 = 0.33 hour

Since Tp consists of storm duration and time of concentration (see Chapter
16), the changes in either (or both) factors can be studied in a graph
like that of figure 12-4. The graph shows that, for this case, the
second type of lag effect becomes relatively insignificant at about
Tp = 5 hours.

Ordinarily, in practice, the second type of lag effect is neglected.
The technique given above can be used when the second type must be
evaluated and, quite often, for evaluations of the first type of lag
effect. The altered hydrographs can be reproduced by the methods of
Chapter 16.

~termination of effects on snowmelt runoff
The effects of land treatment on snowmelt runoff may vary considerably
from the effects on runoff from rainfall. The principal changes in
effects are due partly to changes in the measures themselves, and partly
to frost action.

-

-
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By the time of arrival of the snow season, cultivation and weathering
have usually eliminated the mechanical distinction between straight~
and contour farming on cultivated lands. Other effects of contouring
are usually small enough to be overshadowed by variations in areal
distribution'of precipitation and are usually neglected. Graded terracing
effects would be confined to :the second type of lag and determined by the
method shown. Closed-end level terraces and contour furrows are usually
dependent on storage, not infiltration, for their effect, which is
therefore calculable. The effect of land use or cover on cultivated land
and pastures is small enough to be obscured by the effects of topography,
fences, roads, and nearby trees and shrubs on the distribution of snow
on the ground. The effect of crop rotation is similarly obscured.

In order for land treatment measures to be effective through the snow
season, the,y must either (1) maintain high infiltration rates on soils
that have a large water storage potential; or (2) maintain surface
storage; but seldom both at once. High infiltration rates are maintained
by vegetation that provides heavy litter or large depths of humus.
Ordinary practices on cultivated lands and pastures seldom provide
sufficient residues and such areas need not be considered. Permanent
meadows usually provide enough litter and humus to prevent mild frost
action, but not enough to be effective against heavy freezes. Commercial
forest and woodland, with the exception of areas like swamps and spruce
flats, are effective maintainers of infiltration, and when located on a
soil with sufficient internal storage capacity, are very effective in
reducing flood runoff from snowmelt. The Forest Service procedure given
in Chapter 9 (see figure 9-1) covers the evaluation of commercial forest
and woodland.

Surface storage in closed-end level terraces, and in contour furrows,
may be effective in reducing snowmelt runoff as described below. Generally,
on field-size watersheds, the storage has to be quite large in order to
control the additional volumes of snowmelt from snow drifting from
adjacent smooth fields and caught by the earthwork.

Determination of surface storage effects
Storage n closed-end level terraces and contour furrows can be evaluated
on a watershed or subwatershed basis using the equation:

(12-1)

where Qs = runoff in inches with storage in effect
As = square miles of area draining into storage and including

storage pond area
Ss = storage in inches
Qo = runoff in inches with no storage
Ao = square miles of area not draining into storage

/
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When Ss exceeds Qo' then only the storage equal to Qo is effective.
For example, if Ss =3.0 inches and Qo =1.2 inches, then 1.8 inches
of storage have not been used, and the effective storage is 1.2 inches,
i.e., when S Qo' use As (Qo - Ss) = O.

(Note: Equation 12-1 and subsequent equations 12-2, 12-4,
12-5a, and 12-5b, are for use when runoff and storage volumes
are distributed uniformly (or nearly so) on a watershed. When
the distribution is not uniform, the watershed is divided into
subwatersheds on which the distribution may be considered
uniform. See remarks accompanYing equations 12-5a and 12-5b.)

Infiltration in the storage area, including that due to increased head,
is generally assumed to offset storm rainfall on the storage pond area.
When this infiltration is significantly large or small, it can be
accounted for on a volumetric basis by changing equation 12-1 to read:

Ap (p - F) + (A - A ) (Q - S ) + A Qs p 0 s 0 0
Qs = --------~-------

As + Ao

(12-2)

where Ap is the average pond surface area in square miles; P is the
storm rainfall, in inches; and F is the total infiltration, in inches,
on the area occupied by the pond. If P is less than F, use (p - F)
equal "to zero. When other data are lacking, and the average depth of
the pond is less than about .3 feet, F may be approximated using the
following equation:

F =D f c (1.5 h + 1) (12-3)

where F = total infiltration in inches on the pond area
D =storm duration in hours for equation 12-2, or snowmelt

duration in hours for equation 12-4
f c =minimum infiltration rate in inches per hour
h = average depth of pond in feet during time D

Acres or square feet may be used instead of square miles in equations
12-1 and 12-2, but whichever unit is chosen must be used for all the
areas in a particular computation.

The effect of storage on snowmelt runoff is generally computed by
equation 12-1 since the increase in infiltration due to head in the
pond area is usually negligible because of the temperature. When this
infiltration is important, equation 12-2 becomes:

(A _~) (Q - S ) + A Q - Ap(Q - F)s -p 0 s 0 0 0

Qs =----------------
As + Ao

(12-4)
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unless there is rainfall on the pond surface during the melt period, in
which case equation 12-2 is used. The effect of the earthwork in increasing
the average depth of snow on an area (by catching drifting snow) is
important only on very small areas, and is usually ignored.

According to unit hydrograph theory, the effect of surface storage on peak
rate of flow is proportional to the effect on volume of flow when both
the storage and runoff are about equally distributed over the watershed:

qs = Qs

qo Qo

or Qs
qs = % Qo

(12-5a)

(12-5b)

where qs is the reduced peak, ~ is the original peak, and the other
symbols are as before. Equation l2-5b is adequate for many watersheds.
However, when the distribution of Qo and Ss is not sufficiently uniform,
or when a watershed has a complex drainage pattern, or is unusually
shaped, or has channel improvements, it is necessary to determine the
storage effects on a subwatershed basis, prepare hydrographs on a sub
watershed basis, and route floods, in order to determine qs. It is
usually necessary to follow this routing procedure for large watersheds,
since the distribution of Qo and Ss is nearly always nonuniform on large
watersheds.
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The economist requires data or curves showing the relation between the
area inundated and (1) stage, (2) discharge, (3) flood volume, or
(4) frequency. The hydrologist generally provides information on these
relations, using data obtained in field surveys by both survey engineers
and economists. The party leader chooses one of the above relations
accordipg to the problem at hand. The hydrologist, therefore, should
learn the specific needs of the economist before determining area
inundated relations.

Stage Versus Area Inundated Methods

Simple cases
This,method relates the flooded acres in a stream reach to the stage at
either end (or middle) of the reach, usually the downstream end, except
when tne concordant flow method is used (see Chapter 2). As given to the
economist, the stage-inundation relation shows the number of acres flooded
at depths selected by the economist.

The simplest case occurs when one cross section is used to represent
conditions in a reach. Table 13-1 sh9wS a typical computation of a
stage versus total-area-inundated relation for this case.

The acres inundated at selected depths of flooding are, computed as shown
in table 13-2. Figure 13-la shows the results as generally given to the
economist. Note that the curves of acres flooded at given depth
increments can also be obtained directly from the "total acres" curve
by use of an engineer's scale.

Complex cases
The computation of this relation becomes more laborious when more than
one cross section per reach is used, the labor increasing about in
proportion to the number of cross sections to be averaged. The
computation also becomes complex if a variable length of reach is used,
but this procedure is seldom followed for determining acres flooded.
The number of acres flooded at various depths is sometimes obtained
by planimetering the areas between flow lines plotted on a map of the
floodplain.
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Table 13-1. Sample computation of stage versus area inundated, for a
simple case using one representative cross section in the
reach.

Cross section Width minus Inundated
Stage top width channel width area in Remarks

reach
Feet Feet Feet Acres

4 24 0 0 Bankfull
stage

6 92 68 13.5

8 367 343 68.2

10 608 584 116.0

12 786 762 151.2

14 872 848 168.2

Column 4 is computed using Column 3 and the valley length of the reach.
In this case the reach is 8640 feet long. To get acres, the formula is:

8640 (Col. 3) =0.1984 (Col. 3) = (Col. 4)
43560

Slide rule computations.
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Table 13-2. Sample computation of stage versus area inundated at
selected depths of flooding.

Acres inundated at given depths

4 0 0 0 0 0

6 13.5 13.5 0 0 0

8 68.2 54.7 13.5 0 0

10 116.0 47.8 54.7 13.5 0

12 151.2 35.2 47.8 54.7 13.5

14 168.2 17.0 35.2 47.8 68.2

Values in columns 3, 4, 5, and 6 can also be obtained graphically. See
figure l3-la, and text.

11 Values in last column are those of Column 2 shifted downward three
lines.

When two cross sections per reach are used, and the drainage areas at
the sections are not significantly different in size, the sections may
be averaged as shown in table 13-3. Determination of acres flooded for
given depth increments follows the procedure of table 13-2. When the
two cross sections have significantly different sizes of drainage areas,
the sections may be averaged as shown in table 13-4, with the procedure
of table 13-2 used to get flooding by depth increments. In this case,
the inundated acreage has been related to the foot of the reach. The
footnote on table 13-3 tells how the acreage may be related to the
middle of the reach for that method. The method given in table 13-4 is
probably at its best when acreage is related to the foot of the reach,
as shown.

In table 13-4, column 3, the corresponding discharges at the upstream
cross section have been proportioned using the ratio of the bankfull
discharges. This method is applicable when the channels are not
excessively eroded or silted. The method of taking the same discharge
in csm is sometimes used, but this method ignores the fact that the
upstream bankfull discharge in csm is normally greater (for natural
channels in noncohesive materials and in an equilibrium condition or
nearly so) than the downstream bankfull discharge in csm. In these
cases the exact discharges that should be used are those of the same
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Table 13-3. Sample computation of stage versus area inundated with two
cross sections in the reach (head and foot) and drainage
areas not significantly different.

related to foot of reachllFoot of reach Head of reach Areas

Cross section 1 Cross section 2 Stage Average Average Inun-
top top dated

Stage Top width Stage Top width width width area in
minus reach

channel y
width

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

lryY 41 r,l! 30 loll 35.5 0 0

12 168 9 125 12 146.5 111.0 10.7

14 646 11 478 14 562.0 526.5 51.0

16 1070 13 786 16 928.0 892.5 86.5

11 If related to middle of reach, the stages (col. 5) are 8.5, 10.5,
12.5, and 14.5.

gj Length of valley in reach is 4230 feet, and

4230 (col. 7) = (col. 8)
43560

Y Bankfull stage.
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Table 13-4. Sample computation of stage versus area inundated with two
cross sections in the reach (head and foot), and drainage
areas at the sections vary significantly.

-
Cross section A
Foot of reach

(D.A.=36.0 S9.mi.)

Cross section B Areas related to stages
Head of reach at foot of reach

(D.A.=24.0 s9.mi.) (Cross section A)

12 1510

14 3060

o

ILl

43.7

87.0

o

118.0

467.5

927.5

Feet) Feet) (Acres)

Average Average top Inundated
top width minus area in

width channel width reach

32 36.5

141 154.5

362 504.0

858 964.0

41

168

646

1070

Top
width
(Feet)

503016

11 Bankfull discharge.

g; Proportioned by the bankfull discharge ratio 680/720. For example,

680 (1510) = 1430 cfs
720

Length of reach 4080 feet.
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frequency. For example, the top width for the 2-year frequency discharge
at the upper section is averaged with the top width for the 2-year
frequency discharge at the lower section, and so on. When this frequency
method is not used and the channel sections vary widely, much accuracy
in the averaging should not be expected.

With more than two cross sections, a system of weighting must be used.
Figure 13-lb shows a typical reach with seven cross sections on it.
The weight for section A is aiL, for section B it is blL, and so on.
Table 13-5 shows a computation using three cross sections. The method
of table 13-2 is used to complete the work.

Planimetering method
This procedure can be used either to develop a stage vs. area-inundated
relation or to check such a relation developed by other methods.

1. Locate the limits of a selected large recent flood at each
cross section on aerial photographs (4-inch to the mile pre
ferred).

2. Using a stereoscope, outline the flood plain for this flood.

3. Layout and match the photographs, and make a tracing of the
floodplain outline. Show the cross section locations and
details of land use.

4. Planimeter the area flooded in each reach.

5. Compute the area flooded by using the water surface width at
each cross section, for each reach, and multiplying by:

reach length in feet
43560

6. Compare the planimetered area with the computed area.

C = planimetered area
f computed area

7. Compute the area for various other floods, using widths as in
Step 5, and assuming the flood plain outline increases and
decreases parallel to the outline of the selected recent large
flood. Use the correction factor of Step 6, if required •
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Table 13-5. Sample computation of stage versus area inundated with three
cross sections in the reach and drainage areas at the
sections not significantly different.

Cross section Cross section Cross section
1 2 3 Related to cross section 1

Weight = 0.22 Weight = 0.47 Weight = 0.31 Weighted Weighted Inundated
top top width area
width minus in

Top channel reach
Sta e width width
(Feet) (Feet) Feet

g1I 42 44 71/ 32 39.,;} 0 0

10 154 12 250 9 140 194.8 155.0 30.7

12 702 14 540 11 603 595.2 555.4 109.9

14 1100 16 832 13 948 926.9 887.1 175.5

1/ Bankfull stage. Widths at this stage are channel widths.

2/ 39.8 = 0.22 (42) + 0.47 (44) + 0.31 (32). The weights are in
proportion to total reach length as shown on figure 13-lb.

Length of reach = 8620 ft.

8. Plot area flooded versus stage at the selected cross section.

9. Determine areas flooded at required depth increments (table
13-2).

Other methods involving planimetering are sometimes useful.
flood lines for each of several floods may be used to define
areas on aerial photos, which are planimetered and related to
runoff or frequency. Generally, lack of data on the location
flood lines of historic floods limits the application of this
methods.

Flood Peak or Volume Versus Area Inundated Method

This method is generally used with alluvial fan floods, although it can
also be used instead of the stage methods described above.

1. Make field interviews (the economist usually does this) to
determine the areas flooded, for as many floods as possible.
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2. Determine actual or estimated flood peak or volume for each
flood, using a cross section or gage upstream from the fan as
a reference point.

3. Plot the flooded area, in acres, versus the flood peak or
volume for each flood, using arithmetic paper. Draw the
relation between area and peak or volume.

Once the relation is determined, the effects of upstream projects can
be computed in terms of runoff. A reduced runoff means a reduced area
flooded. When a channel system within the fan is proposed for reducing
flooding, hydrographs are prepared at the upstream section or gage and
routed downstream.

Frequency Versus Area Inundated Method

This method is sometimes used instead of the methods described above.
It is applicable to both stream reaches and alluvial fans.

1. Determine the area flooded for all known floods by field
interview. The earliest known flood determines the length of
record, y.

2. Array the "area flooded" values in order of size, the largest
first.

3. Refer to Chapter 18 to get frequency plotting positions and
tabulate these next to the array for convenience in plotting.

4. Arrange arithmetic graph paper with convenient scales for
"area flooded" on the vertical axis and plotting positions on
the horizontal axis.

5. Plot the "area flooded" values versus their plotti'l'lg positions.
The point for zero area is determined by field studies.

6. Draw the frequency versus area curve. The area under the curve
divided by y gives the average area flooded.

A major objection to this method is that the dollar damage per acre may
vary greatly from flood to flood. In such cases, it is more accurate
to use a damage-frequency curve.
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Introduction

In planning and evaluating the structural measures of watershed protec
tion, it is necessary for ses engineers and hydrologists to develop
stage discharge curves at selected locations on natural streams.

Many hydraulics textbooks and handbooks, as well as NEH-5, contain
methods for developing stage discharge curves assuming non-uniform
steady flow. Some of these methods are elaborate and time consuming.
The type of available field data and the use to be made of these stage
discharge curves should dictate the method used in developing the curve.

This chapter presents alternate methods of developing these curves at
selected points on a natural stream.

Manning's formula has been used to develop stage discharge curves for
natural streams assuming the water surface to be parallel to the slope
of the channel bottom. This can lead to large errors, since this
condition can only exist in long reaches having the same bed slope with
out a change in cross section shape or retardance.

This condition does not exist in natural streams.

The rate of change of discharge for a given portion of the stage dis
charge curves differs between the rising and falling sides of a hydrograph.
Some streams occupy relatively small channels during low flows, but
overflow onto wide flood plains during high discharges. On the rising
stage the flow away from the stream causes a steeper slope than that for
a constant discharge and produces a highly variable discharge with dis
tance along the channel. After passage of the flood crest, the water
re-enters the stream and again causes an unsteady flow, together with
a stream slope less than that for a constant discharge. The effect on
the stage-dischar

7
ge relation is to produce what is called a loop rating

for each flood.l Generally in the work performed by the SCS the maximum
stage the water reached is of primary interest. Therefore, the stage dis
charge curve used for routing purposes is a plot for the maximum elevation
obtained during the passage of flood hydrographs of varying magnitudes.
This resu~ts in the plot being a single line.

1/ Handbook of Applied Hydrology, Ven Te Chow, page 15-37.
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Development of Stage Discharge Curves

Direct Measurement

The most direct method of developing stage discharge curves for natural
streams is to obtain velocities at selected points through a cross sec
tion. The most popular method is to use a current meter though other
methods include the use of the dynamometer, the float, the Pitot tube
and chemical and electrical methods. From these velocities and associ
ated cross sectional areas, the discharge is computed for various stages
on the rising and falling side of a flood flow and a stage discharge curve
developed.

The current meter method is described in detail in USGS Water Supply
Paper 888, "Stream Gaging Procedure", and in "Handbook of Hydraulics,"
by King and Brater, McGraw-Hill, 1963, Fifth edition (generally referred
to as King's ~andbook).

The velocity head rod (Figure 14-1) may be used to measure flows in small
streams or baseflow in larger streams. In making a measurement with a
velocity head rod, a tape is stretched across the flowing stream, and
both depth and velocity head readings are taken at selected points that
represent the cross section of the channel. Tab~e 14-1 is an example of
a discharge determined by the velocity head rod. The data is tabulated
as shown in columns 1, 2 and 3 of the table and the computation made
as shown.

The total area of flow in the section is shown in column 9 and the total
discharge in column 10. The average velocity is 45.19/15.00 or 3.01
ft/sec.

Indirect Measurements

Indirectly, discharge is measured by methods such as slope-area, contracted
opening, flow over dam, flow through culvert, and critical depth. These
methods, which are described in "Techniques of Water Resources Investiga
tions of the United States Geological Survey," Book 3, Chaps. 3-7, utilize
information on the water-surface profile for a specific flood peak and
the hydraulic characteristics of the channel to determine the peak dis
charge.

I
It should be remembered that no indirect method of discharge determina
tion can be of an accuracy equal to a meter measurement.

Fairly accurate discharges may be computed from measurements made of
flows over different types of weirs by using the appropriate formula
and coefficients selected from King's "Handbook of Hydraulics," Sections
4 and 5. Overfall dams or broad-crested weirs provide an excellent
location to determine discharges. Details on procedures for broad
crested weirs may be found in King's Handbook or USGS Water Supply Paper
No. 200, entitled "Weir Experiments, Coefficients, and Formulas" by
R. E. Horton.

NEH Notice 4-102, August 1972
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VelOCit7,
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The average discharge for the stream is obtained by
taking a number of measurements of depth and velocity
throughout its cross section. Q = AV. in which Q =
discharge cfs; A = cross sectional area, sq. ft.
V = velocity, ft. per sec.

The rod is first placed in the water with its foot
on the bottom and the sharp edge facing directly up
stream. The stream depth at this point is indicated
by the water elevation at the sharp edge, neglecting
the sl i ght r i pp le or bow wave. I f the rod is now re
volved 180 de~rees, so that the flat edge is t~rned

upstream a hydraulic jump will be formed by the
o b s t r u c t ion tot he flo w 0 f the s t rea m• Aft e r the
depth or first readin~ has been subtracted from the
second reading, the net height of the jump equals the
actual velocity head at that point. Velocity can
then be computed by the standard formula,

-,
8

r
f

v = I2gh = 8.02 /h
t

in which = Velocity in ft.C? v per sec.
'Of g = Acceleration o·f gravity (32.16 ft. per

sec. per sec. )
h = Velocity head, in ft.

...

SECTION 8 8

VELOCITY HEAD ROO
D.v.loped at San Dill.s

Expe r I.entl I Forest

Figure 14-1. Velocity head rod for measuring stream flow.
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Table 14-1. Computation of discharge using Velocity Head Rod (VHR) measurements.

Depths of
flow

using VHR Velocity Mean
Distance Cut- ~h Average depth Width Area Discharge

along ting Flat Col 3 - At for (from (from (Col 7 x (Col 9 x
Section edge edge Col 2 point':/ section Col 2) Call) Col 8) Col 6)

(ft. ) (ft. ) (ft. ) (fps) (fps) (ft. ) (ft. ) (ft. 2
) (cfs)

(1) (2 ) (3) (4) ( 5 ) (6 ) (7) (8 ) (9 ) (10 )

3.5 0 0 0
0.9 0.68 1.00 0.68 0.61

4.5 1. 35 1. 40 .05 1.8
2.15 2.05 0.40 0.82 1. 76

4.9 2.75 2.85 .10 2.5
3.35 2.90 1.00 2.90 9.72

5.9 3.05 3.32 .27 4.2
4.05 3.03 1. 50 4.54 18.39

7.4 3.01 3.25 .24 3.9
3.40 2.60 .50 1. 30 4.42

7.9 2.18 2.31 .13 2.9
2.35 1.48 2.80 4.14 9.75

10.7 .78 .83 .05 1.8
.90 .39 1.60 .62 .56

12.3 0 0 0

Totals 15.00 45.19

~/ Column 5 is read from Figure 14-1 using the 6h in column 4.

) )
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Slope-Area Estimates
Field measurements taken after a flood are used to determine one or
more points on the stage-discharge curve at a selected location. The
peak discharge of the flood is estimated using high water marks to
determine the slope.

Three or four cross sections are usually surveyed so that two or more
independent estimates of discharge, based on pairs of cross sections,
can be made and averaged. Additional field work required for slope
area estimates consists of selecting the stream reach, estimating "n"
values and surveying the channel profile and high water profile at
selected cross sections. The work is guided by the following:

1. The selected reach is as uniform in channel alignment, slope,
size and shape of cross section, and factors affecting the roughness
coefficient "n" as is practicable to obtain. The selected reach should
not contain sudden breaks in channel bottom grade, such as shallow drops
or rock ledges.

2. Elevations of selected high water marks are determined on both
ends of each cross section.

3. The three or more cross sections are located to represent as
closely as possible the hydraulic characteristics of the reach. Dis
tances between sections must be long enough to keep small the errors
in estimating stage or elevation.

The flow in a channel reach is computed by one of the open-channel for
mulas. The most commonly used formula in the slope area method is the
Manning equation

Where Q is the discharge, n is the coefficient of roughness, A is the
cross sectional area, R is the hydraulic radius, and S is the slope of
the energy gradient. Rearranging Eq. 14-1 gives

o 1.49
:::"1/2 = --S n

(Eq. 14-2)

The right side of Eq. 14-2 contains only the physical characteristics
of the cross section and is referred to as the conveyance factor Kd.
The slope is determined from the elevations of the highwater mark and
the distances between the high water marks along the direction of flow.

Modified Slope Area Method
The following equations based on Bernoulli's theorem are discussed
fully in NEH-5, Supplement A.

~ =
2g (Eq. 14-3)

NEH Notice 4-102, August 1972
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-
where

q =
E

1 =
E2 =
U! =

discharge, in cfs
elevation of the water surface at the upstream section
elevation of the water surface at the downstream section
and Ul = symbols used by Doubt for certain computed values;

(See NEH-5, page A.14)

The working equation is derived from equation 14-1,

q = (2g (E1 - _ E2 )) 1 / 2

u! - Ul

Also from NEH-5 -

(Eq. 14-4)

U! = + (Eq. 14-5)

and:
(Eq. 14-6)

where .R. is the length of the reach between sections 1 and 2, and the
other symbols are as defined in NEH-5. The nomographs shown in NEH-5,
Supplement A as standard drawings ES-75, 76, and 77 are expedient work
ing tools used to solve Equations 14-4, 14-5 and 14-6.

The following example illustrates the modified slope area method and the
use of Eq. 14-2. The example is based on data taken from USGS Water
Supply Paper 816 (Major Texas Floods of 1936).

Example 14-1 - Using data for the Concho River near San Angelo, Texas,
for the September 17, 1936, flood compute the peak discharge that occurred.
Figure 14-2 shows Section A and B with the high water mark profile along
the stream reach between the two sections.

1. Draw a water surface through the average of the high water
mark. From Figure 14-2 the elevation of the water surface at
the lower cross section B is 55.98 designated in the example
as E2. The elevation of the water surface at cross section A
is 56.50 designated as El.

2. Compute the length of reach between the two sections.
From Figure 14-2 the length of reach is 680 feet.

3. Divide each cross section into segments as needed due to
different "n" values as shown in Figure 14-2.

In computing the hydraulic parameters of a cross section on
a natural stream when flood plain flow exists, it is desirable
to divide the cross section into segments. The number of seg
ments will depend on the irregularity of the cross section and

NEH Notice 4-102, August 1972
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the variation in "n" values assigned to the different portions.
NEH-5, supplement B, gives a method of determining "n" values
for use in computing stage discharge curves.

4. Compute the cross sectional area and wetted perimeter for each
segment of each cross section. Tabulate in columns 2 and 3 of
Table 14-2(a) for cross section A and Table 14-2(b) for cross
section B.

5. Com ute F = 1.486 AR 2/ 3 for each se ent. Using standard
drawing ES-76 NEH-5 , compute F and tabulate in column 4,
Table 14-2(a) and 14-2(b).

6. Compute Q/Sl/2 = 1.486 AR 2/ 3
• Tabulate the "n" value assigned

to each segment in column 5 of Table 14-2(a) and 14-2(b). Col
umn 6 is A/S 1/ 2and is computed by dividing column 4 by column 5
or by using ES-77 (NEH-5). This is commonly called the flow
factor of conveyance and is generally designated as Kd.

7. Compute the total area and the total Kd. Sum columns 2 and 6
of Table 14-2(a) and 14-2(b).

8. Compute U-. Using Eq. 14-6 or ES-77 compute U- for the down
stream cross section A using data from Table 14-2(a).

From Eq. 14-6: U- = 1

1 1 8.29 X 10- 10= =
at (34729)2

s 1 = 1.18 X 10-11t=
2 (91. 88 x 105) 2ql

19 (:f )= (680) (32.2) (1.18 x 10- 14
) =2.58 X 10-10

U- = (8.29 x 10- 10 ) - (2.58 x 10- 10 ) = 5.71 X 10-10

9. Compute U+ Using Eq. 14-5 or ES-77 compute U+ for upstream
cross section B using data in Table 14-2(b).

1 1
= 9.31 X 10- 10-=

2 (32771) 2a2

s 1 1. 32 X 10_11t- = =
2 (87.11 x 10 5 ) 2q2

•
NEH Notice 4-102, August 1972



14-9

Table 14-2(a) Data tor computing discharge trom modified elope-area
measurements; CroBB Section A at Station 4+20. Ex~p1e 14-1

Wetted q
!segment Area Perimeter F n 8 112

0

(1) (2) (3) (4) (5 ) (6)

1 2354 252 1.55 x 10" 0.080 1.94 x 105

2 12691 735 12.60 x 10" .030 42.00 x 105

3 5862 231 7.50 x 10" .050 15.00 x 105

4 5385 167 8.1 x 10" .035 23.14 x 105

5 2523 135 2.64 x 10" .100 2.64 x 105

6 2498 350 1.38 x 10" .050 2.76 x 105

7 3416 645 1.54 x 10" .035 4.40 x 105
._.

34729 91.88 x 105

Table 14-2{b) Data for computing discharge from modified slope-e.rea 4
meaeuremen's; CroBB Section B at Station 11+100. Example 1 -1

Wetted ct
~egrnent Area Perimeter F n Bo1l2

0' (2) (3) (4) (5) (6)
•

1 1598 236 0.85 x 10" 0.080 1.06 x 105

2 11750 725 11.18 x 10" .030 37.27 x 105

3 4750 227 5.37 x 10" .045 11.93 x 10 5

4 2486 78 3.71 x 10" .055 6.75 x 105

5 4944 153 7.43 x 10" .035 21.23 x 105

6 3455 134 4.47 x 10" .100 4.47 x 105

7 2270 273 1.38 x 10" .045 3.07 x 105

8 1518 513 0.465 x 10" .035 1.33 x 105

32771 87.11 x 105

(210-VI-NEH-4, Amend. 6, March 1985)
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U+ = (9.31 X 10- 10 + 2.89 x 10- 10 ) = 12.20 X 10- 10

10. Compute q. Using Eq. 14-4.

= 105 ,J?:i:3
xV~

,= (2) (32.2) (56.50 - 55.98)

(12.20 - 5.71) x 10- 10

q = 2.265 X 105 or q = 226,500. This compares with the
discharge of 230,000 cfs computed by USGS in Water Supply
Paper 816.

Synthetic methods
There are various methods which depend entirely on data which may be
gathered at any time. These methods establish a water surface slope
based entirely on the physical elements present such as channel size and
shape, flood plain size and shape and the roughness coefficient. The
method generally used by the SCS is the modified step method.

This method bases the rate of friction loss in the reach on the elements
of the upstream cross section. Manning's equation is applied to these
elements and the difference in elevation of the water surface plus the
difference in velocity head between the two cross sections is assumed
to be equal to the total energy los~ in the reach. This method, ignor
ing the changes in velocity head, is illustrated in Example 14-6.

Selecting Reach Lengths

The flow distance between one section and the next has an important
bearing on the friction losses between sections. For flows which are
entirely within the channel the channel distance should be used. On a
meandering stream the overbank portion of the flow may have a flow dis
tance less than the channel distance. This distance approaches but does
not equal the floodplain distance due to the effect of the channel on
the flow.

From a practical standpoint the water surface is considered level
across a cross section. Thus the elevation difference between two
cross sections is considered equal for both the channel flow portion and
the overbank portion.

It has been common practice to compute the conveyance for the total sec
tion then compute the discharge by using a given slope with this convey
ance, where the slope used is an average slope between the slope of the
channel portion and the overbank portion. The average slope is computed
by the formula:

--

S ::::a

NEH Notice 4-102, August 1972
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where: Sa = average slope of energy gradient in reach
H = elevation difference of the energy level between sections
La = average reach length

The reach length La can be computed as follows:

qc = Kdc x Sc
1/2

qf = Kdf X St i
/

2

qt = Kdt x S 1/2a

where qc = discharge in channel portion
Kdc = conveyance in channel portion
Sc = energy gradient in channel portion
qf = discharge in floodplain portion
Kdf = conveyance in floodplain portion
Sf = energy gradient in floodplain portion
qt = total dis charge
Kdt = total conveyance
Sa = average slope of energy gradient

(Eq. 14-8)

(Eq. 14-9)

(Eq. 14-10)

The total discharge in a reach is equal to the flow in channel plus the
flow in the overbank.

•
Then (Eq. 14-11)

Substituting from Equations 14-8, 14-9 and 14-10

H
Let S =

L

(Eq. 14-12)

where H = elev. of reach head - ele~ of reach foot
L = length of reach

Then substituting into Eq. 14-12 using the

Kdt x ( ~a r/2 = Kdc X ( ~c) 1 /2

Divide both sides by HI
/

2

proper subscripts

( H) 1/2
+ Kdf x Lf

Kdt

La1/2
= Kdc

Lc i / 2
+

(Eq. 14-13)

If the average reach length is plotted vs. elevation for a
section then it is possible to read the reach length directly
to use with the Kd for any desired elevation. The data will
plot in a form as shown in Figure 14-3.

NEH Notice 4-102, August 1972
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This procedure is somewhat difficult to use as each time a new elevation
is selected for use a new reach length must also be used.

The procedure can be modified slightly and a constant reach length used
in all computations.

Multiply both sides of Equation 14-9 by (~~) 1/2

This gives:

(Eq. 14-14)

The (~) on the left hand side drops out with a value of 1 giving

(Eq. 14-15)

Sf and Sc can be

. H
Sf = - or

Lf

orSc = H
Lc

represented as follows

( )
1/2

(Sr) 1/2 = ~f

(S )1/2 = (~)1/2
C Lf

(Eq. 14-16)

(Eq. 14-17)

Divide Equation

=

14-16 by

(ir)1/2

(~Jl/2

Equation 14~17

(Eq. 14-18)

Equ~tion 14-15 becomes by substitution:

1/2
qf = (Kdf )(Sc) 1/2 (~~)

The term (~.) is 'oommonly referred to as the meander
factor.

(Eq. 14-19)

Then substituting Equation 14-19 and 14-8 into Equation 14-11 we get

qt = (Kdc)( Sc ) 1 /2 + (Kdf )( Sc ) 1 /2 (~;r/2

Rearranging we get

qt =(Kdc + (!Cdr) (~'/» (Se)'/>

NEH Notice 4-102, August 1972
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Equation 14-20 can be used to compute the total stage discharge at a
section by using the channel reach length rather than a variable reach
length. Example 14-5 illustrates the use of modifYing the flood plain
conveyance by the square root of the meander factor in developing a
stage discharge curve.

Discharge vs. Drainage Area

It is desirable for the water surface ~rofile to represent a flow which
has the same occurrence interval throughout the watershed. The CSM
(cubic feet per second per square mile) values for most floods vary
within a channel system having a smaller value for larger drainage areas.
Thus when running a profile the 50 CSM of the outlet, the actual CSM
rate will increase as the profile progresses up the watershed.

The rate of discharge at any point in the watershed is based on the
formula!/

-

(Eq. 14-21)

where Q is discharge in CSM
A is the drainage area

and C is a coefficient depending on the characteristics of
the watershed

Assuming that C remains constant for any point in the watershed, then
the discharge at any point in the watershed may be related to the dis
charge of any other point in the watershed by the formula

( .894
- 1)Ai . 04 e

9:1.=
Ai

K = (Eq. 14-22)
Q2 ( .894

A2· o4e - 1)
A2

where Qi and Ai represent the discharge rate in CSM and drainage area
of one point in the watershed and Q2and A2 represent the CSM and drain
age area at another.

In practice Q2 and A2 usually represent the outlet of the watershed and
remain constant and Ai is varied to obtain Qi at other points of interest.

Equation 14-22 is plotted in Exhibit 14-1 for the case where A2 is 400
square miles. This curve may be used directly to obtain the CSM

1/ Engineering For Dams, Vol. 1 page 125, Creager, Justin & Hines.
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discharge of the outlet if the outlet is at 400 square miles as shown in
Example 14-2. Example 14-3 shows how to use Exhibit 14-1 if the drain
age area at the outlet is not 400 square miles.

Example 14-2

Find the CSM value to be used for a reach with a drainage area of 50
square miles when the CSM at the outlet is 80 CSM. The drainage area
at the outlet is 400 square miles.

1. Determine K for a draina e area of 0 s uare miles.
From Exhibit 1 -1 with a drainage area of 50 square
miles read K = 2.61.

2. Determine CSM rate for 50 square miles. Multiply CSM at
the outlet by K computed in step 1.

(80) (2.61) = 209 CSM @ 50 square miles.

Example 14-3

Find the CSM rate to be used at a reach with a drainage area of 20
squar.e miles if the drainage area at the outlet is 50 square miles.
The CSM rate at the outlet is 60 CSM.

L Determine K for a drainage area of 20 square miles.
From Exhibit 14-1 for a drainage area of 20 square miles
read K = 3.66.

2. Determine K for a draina e area of 0 s uare miles.
From Exhibit 1 -1 for a drainage area of 50 square miles
read K = 2. 61.

3. Compute a new K value for a drainage area of 20 square
miles. Divide step 1 by step 2.

~ = 1.402.01

4. Determine CSM rate for the 20 square mile drainage area.
Multiply K obtained in step 3 by the CSM at the outlet.

(1.40) (60) = 84 CSM

Computing Profiles

When using water surface profiles to develo~ stage discharge eurves for
flows at more than critical depth, it is necessary to have a stage dis
charge curve for a starting point at the lower end of a reach. This
starting point may be a stage discharge curve developed by current meter
measurements or one computed from a control section where the flow passes
through critical discharge; or it may be one computed from the elements

(210-VI-NEH-4. Amend. 6, March 1985)
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of the cross section and an estimate of the slope. The latter case is
the most commonly used by SCS since the more accurate stage discharge
curves are not generally available on small watersheds. In most cases
it is advisable to locate three or four cross sections close together
in order to eliminate part of the error in estimating the slope used
in developing the stage discharge curve at the lower or first cross sec
tion on a watershed.

Example 14-4

Develop the starting stage discharge curve for cross section M-l (Figure
14-4) shown as the first cross section at the outlet end of the water
shed, assuming an energy gradient of .001 ft/ft.

1. Plot the surveyed cross section. From field survey notes, plot
the cross section, Figure 14-5(a) noting the points where there
is an apparent change in the "n" value.

2. Divide the cross section into segments. An abrupt change in
shape or a change in "n" is the main factor to be considered in
determining extent and number of segments reQuired for a par
ticular cross section. Compute :the "n" value for each segment
using NEH-5, Supplement B, or the "n" may be based on other
data or publications.

3. Plot the channel se~ent on an enlarged scale. Figure 14-5(b),
for use in computing the area and measuring the wetted peri
meter at selected elevations in the channel. The length of the
segment at selected elevations is used as the wetted perimeter
for the flood plain segments. The division line between each
segment is not considered as wetted perimeter.

4. Tabulate elevations to be used in making computations.
Starting at an elevation equal to or above any flood of record,
tabulate in column 1 of Table 14-3 the elevations that will be
reQuired to define the hydraulic elements of each segment.

5. Compute the wetted perimeter at each elevation listed in step 4.
Using an engineer's scale and starting at the lowest elevation
in column 1, measure the wetted perimeter of each segment at
each elevation and tabulate in columns 3, 7, 11, and 15 of
Table 14-3. Note that the maximum wetted perimeter for the
channel segment is 62 at elevation 94.

6. Com ute the cross sectional area for each elevation listed in
step Starting at the lowest elevation, compute the accumu-
lated cross sectional area for each segment at each elevation
in column 1 and tabulate in columns 2, 6, 10, and 14 of Table
14-3.

7. Compute F factor. F = 1.486ARz/ 3 for each elevation. Using
standard drawing ES-76, compute the F factor for each segment

NEH Notice 4-102, August 1972
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Table 14-3.

•

Hydraulic parameters for starting cross section M-l, Example 14-4.

n· .08 SegEnt 1 n & .045 Sepent 2 n • .040 Seglaent 3 n & .045 Sepent 4

Elev Area WP F Qrid/so JP. A WP F Qrid/soJP. A WP F 'lnd/soVl A WP F Ctnd/So JP. 1: qnd./ S
o
l/ 2 1: Area

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19)

105 4862 550 30600 3.80 x 105 10268 925 75500 1.67 x 106 1006 62 95601/ 2.38 x lOS 15555 1460 112000!1 2.49 x 106 4.78%10 6 31691

102 3272 510 17000 2.12 % 105 7493 925 44700 9.83 x 105 856 62 7300 1.82 x 10 5 11175 1440 65000 1.44 %10 6 2.81 % 106 22796

100 2272 490 9350 1.17 % 105 5643 925 27900 6.20 %105 756 62 5940 1.48 % lOS 8325 1400 40800 9.06 % lOS 1.79 % 106 16996

98 1322 460 3970 4.96 x 104 3793 925 14400 3.20 % 10 5 656 62 4700 1.17 x lOS 5523 1380 20800 4.60 x 10 5 9.47 % lOS 11294

96 487 375 860 1.07 x 104 1943 925 4740 1.05 % 105 556 62 3560 8.9 x 104 2833 1300 7040 1.56 %10 5 3.61 % lOS 5819

95 150 300 140 1. 75 x 103 1018 925 1615 3.59 % 104 506 62 3040 7.6 %104 1543 1275 2600 5.:78 %104 1.72 x lOS 3217

94 0 0 0 0 93 925 30 6.67 % 102 456 62 2560 6.4 % 104 378 1050 284 6.32 x 10 3 7.10 x 10" 927

93 0 0 0 0 407 58 2250 5.61 % 104 0 0 0 0 5.61 % 104 407

91 315 52 1560 3.92 % 104 3.92 % 104 315

·89 231 46 1080 2.51 % 104 2.51 % 104 231

87 155 41 560 1.40 % 104 1.40 % 104 155

85 87 35 236 5.90 % 103 5.90 % 103 87

82 0 26 0 0 0

liTo solve this on m-77 divide F by 2. then double results read t'r0lll Sheet 3. m-77.
Urn order to solve this on m-76 it is necessary ·to divide both area and WP by 2 and then double the F factor read from Sheet 3. ES-76.

NOTE: llnd/So JP. is the same as !Cd .or commonly referred to as the conveyance factor.

- - - -----------
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at each elevation in column 1 and tabulate in columns 4, 8,
12, and 16, Table 14-3.

8. Compute the conveyance faetor ~d/SOI/2 ~or each elevation.

Using standard drawing ES-77 and the assigned "n" value for
each segment compute ~d /S01/2 for each segment at each eleva
tion in column 1 and tabulate in columns 5, 9, 13, and 17 of
Table 14-3. This can also be done by dividing F by n using a
slide rule or desk calculator.

9. Sum columns 5, 9, 13, and 17 and tabulate in column 18. A
plot of column 18 on log-log paper is shown on Figure 14-6.
The elevation scale is selected based on feet above the channel
bottom.

10. Compute the discharge for each elevation. Using the average
slope at cross section M-l, S = .001, develop stage discharge
for cross section M-l, q = SI/2 x qnd/So1/2, or q = S1/2 x Kd.
The stage discharge curve for cross section M-l is shown on
Figure 14-7.

The next example shows the effect of a meandering channel in a flood
plain on the elevation discharge relationship. Equation 14-20 will be
used to determine the discharge.

Example 14-5

Develop the stage discharge curve for cross section M-l (Figure 14-4)
if M-l represents a reach having a channel length of 2700 feet and a
floodplain length of 2000 feet. The energy gradient of the channel por
tion is 0.001 ft./ft.

1. Compute the total floodplain conveyance Kdf.

Figure 14-5 shows segments 1, 2 and 4 of section M-l are
I

floodplain segments. 1able 14-3 of Example 14-4 was used to
develop the hydraulic arameters for sect~on M-l for each
segment. From Table 1 -3 add the Qnd/So 1

/
2 values for each

elevation from columns 5, 9, and 17 and tabulate as Kdf in
column 2 of Table 14-4

2. Determine the meander actor Lc/Lf. For the channel length

of 2700 feet and the f oodplain length of 2000 feet the meander
factor is:

2700
2000 = 1. 35

3. Determine Lc / Lf l/2.

(1.35)1/2 = .16

NEH No ice 4-102, August 1972
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Table 14-4. Stage discharge for Section M-l with meander correction, Example 14-5

!Elevation Floodplain
(~;r

Channel Col. 3 + Discharge
Kd

f
Kdf Kd Col. 4 Qtc

(1) (2 ) ( 3) (4) (5 ) (6)

105 4.54 X 106 5.27 X lOti 2.38 X 10 5 5.51 X 10 6 174000

102 2.64 X 10.6 3.06 X 10 6 1.82 X 10 5 3.24 X 10 6 102000

100 1.64 X 10 6 1.90 X 10 6 1.48 X 10 5 2.05 X 10 6 64800

98 8.30 X 10 5 9.63 X 10 5 1.17 X 10 5 1.08 'X 10 6 34100

96 2.72 X 10 5 3.16 X 10 5 8.9 X 10" 4.05 X 10 5 12800

95 9.55 X 10" 1.11 X 10 5 7.6 X 10" 1.87 X 10 5 5910

94 6.99 X 10 3 8.11 X 10 3 6.4 X 10" 7.21 X 10" 2280

93 o. o. 5.61 X 10" 5.61 X 10" 1170

91 o. o. 3.92 X 10" 3.92 X 10" 1240

•

I--'
.j::"'"

I
I\)
W
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4. Compute (Kdf) (Lc/Lf)1/2. For each elevation in column 1 of

Table -14-4 multiply column 2 by (Lc /Lf)1/2 and tabulate in col
umn 3.

5. Compute the channel conveyance Kd. From Figure 14-4 the chan
nel is segment 3 and the conveyance has been calculated in col
umn 13 of Table 14-3. Tabulate Kdc in column 4 of Table 14-4.

6. Compute Kdc + (Kdf) (Lc/Lf)1/2. From Table 14-4 add columns

3 and 4 and tabulate in column 5.

7. Compute the discharge for each elevation. Use 8c = .001
and Equation 14-20. Multiply columns by 8 c

1/ 2and tabulate
in column 6.

Qt = (Kdc + (Kdf) (Lc /Lf)1/2) (8C )1/2

Qt = (5.51 x 10 6
) (3.16 x 10-2) = 1.74 X 10 5 = 174,000 cfs.

The next example will show the use of the modified step method in comput
ing water surface profiles. It is a trial and error procedure based on
estimating the elevation at the upstream section, determiqing the con
veyance, Kd, for the estimated elevation and computing 8 1

/
2 by using

Mannings equation in the form 8 1/ 2 = ~d where Kd = 1.~86 AR 2/ 3
• 8 is

the head loss per foot (neglecting velocity head) from the downstream
to the upstream section. This head loss added to the downstream water
surface elevation should equal the estimated upstream elevation.

Example 14-6

Using the rating curve developed in Example 14-4 for cross section M-l
and parameters plotted on Figures 14-8 and 14-10 for cross sections
M-2 and T-l, compute the water surface profiles required to develop
stage discharge curves for cross sections M-2 and T-l. The changes in
velocity head will be ignored for these computations. The drainage area
at section M-l is 400 sq. mi., at M-2 is 398 sq. mi. and at T-l is 48 r
sq. mi. The reach length between M-l and M-2 is 2150 feet and between
M-2 and T-l is 1150 feet. Assume the meander factor for this example is
1.0.

1. Determine the range of csm needed to define the stage discharge
curve. One or more of the csm's selected should be contained
within the channel. Tabulate in column 1, Table 14-5(a).

2. Compute the discharge in cfs for each csm at the two cross sec
tions M-l and M-2. At section M-l the drainage area is 400 sq.
mi. Using Exhibit 14-1 the K factor is 1.0 and the cfs for 2
csm is 2 x 400 x 1.0 = 800 cfs. At section M-2 the drainage

NEH Notice 4-102, August 1972



~
""",.,

~- ------- --"-
I-
"-

~-
I- v~
I--

VI--

I-- V~

:/v

~

•

99

94

Z
.f:"" 0
~ ~89
o ex::
f\) >

W

~ d
()Q
r::
til
c+

~
\0
-..;j
f\)

85
1 2 3 4

Ix 104
681

•

2345681

I x 105

qndjSOV2 (Kd)

2 3 4

I x 106
6

15

10~
o
~
~

o
CD
w

5>o
CD
ex::
w
C-'
ex::
~
(/)

1
8 1

Figure 14-8. Conveyance values section M-2, Example 14-6.
~
.f:""
I
f\)
Vl



!2lo
et
~.

n
(l)

+=""
I
I-'
o
r\)

Table l4-5(a). Water Surface profiles from cross section M-l to M-2, Example 14-6.

Col 5 +
Assumed

(K~=:r = Sf
Col 9 Computed

Elev. @ elev. @ KdM_2 estimate elev. @

CSM Discharge in cfs M-l M-2 t c M-l M-2 Sf x t elev @ M-2 M-2

(1) (2) (3) (4) ( 5) (6) (7) (8) (9) (10) (ll)

2 2 x 400 x 1.000 = Boo
2 x 398 x 1.00zl/= 798 215&./ 89.22 90.0 3.70 x 104 .00046 .99 90.21+

90.2 3.89 x 104 .00044 .95 90.17- 90.2

90.1 3.75 x 104 .00045 .97 90.19+

10 10 x 400 x 1.000 = 4000

10 x 398 x 1.002 = 3990 2150 94.66 95.2 1.20 x 105 .00107 2.30 96.96+

95.6 1.60 x 10 5 .00062 1. 34 96.00+ 95.7

95.8 1.90 x 10 5 .00044 .95 95.61-

20 20 x 400 x 1.000 = Booo
20 x 398 x 1.002 = 7980 2150 95.52 96.7 3.50 x 10 5 .00052 1.12 96.62-

96.7
96.6 3.30 x 10 5 .00059 1.26 96.78+

50 50 x 400 x 1.000 = 20000

50 x 398 x 1.002 = 19950 2150 97.12 98.3 7.80 x 10 5 .00065 1. 40 98.52+

98.4 8.00 x 10 5 .00062 1. 34 98.46+ 98.4

98.5 8.20 x 10 5 .00059 1.27 98.39-

100 100 x 400 x 1.000 = 40000

100 x 398 x 1.002 = 39900 2150 98.96 100.3 1.60 x 106 .00062 1.33 100.29- 100.3

200 200 x 400 x 1.000 • Boooo
200 x 398 x 1.002 = 79800 2150 101.68 103.2 3.20 x 106 .00062 1.33 103.01- 103.1

103.1 3.00 x 106 .00071 1.52 103.20+

!I Computed from equation shown on Exhibit 14-1.
Y Where the channel length is different from the f'lood plain length. Kd values for flood plain portion of section are

modif'ied so channel length may be used in all calculations.

)



14-27

area is 398 sq. mi. and from Exhibit 14-1 the K factor is 1.002.
For 2 csm the discharge at M-2 is 2 x 398 x 1.002 = 798 cfs.
Tabulate the discharges at M-l and M-2 on Table 14-5(a), col
umns 2 and 3 of Table 14-5(a).

3. Tabulate the reach length between the two cross sections in
column 4. The reach length between section M-l and M-2 is 2150
feet.

4. Determine the water surface elevation at M-l. For the discharge
listed in column 2 read the elevation from Figure 14-7 and tabu
late in column 5 of Table 14-5(a).

5. Assume a water elevation at section M-2. For the smallest
discharge of 798 cfs assume an elevation of 90.0 at M-2 and
tabulate in column 6 of Table 14-5(a).

6. Determine Kd for assumed elevation. Read Qnd/So 1
/

2 or KdM_2
of 3.70 x 10 4 at elevation 90.0 from Figure 14-8 and tabulate
in column 7 of Table 14-5(a).

7. Determine Sf· Sf = (QM_2)2 . Divide column 3 by column 7 and
(KdM_2)

square the results (798/37000)2 = .00046 and tabulate in column
8 of Table 14-5(a) .

8. Determine Sf x ~. Multiply column 8 by column 4, .00046 x 2150 =
.99, and tabulate in column 9 of Table 14-5(a).

ReFeat steFs 5 through 10 for each csm value selected.

Compute elevation at M-2. Add column 9 (Sf) to column 5
(elevation at M-l) and tabulate in column 10 of Table 14-5(a).

Repeat steps 5 through 10 until a reasonable balance between
column 10 and 6 is obtained. A tolerance of 0.1 foot was used
in this example.

I

I

I

I

I

I

I
columns 3 and 11 as shown on Figure

Compare computed elevation with assumed elevation. Compare
column 10 with column 6 and adjust column 6 up if column 10
is greater and down if it is less. For 2 c.sm discharge the
computed elevation is 90.12 and the estimated elevation is 90.0.
Since column 10 is greater a reVlSlon in the estimated elevation
at M-2 in column 6 must be made.

14-9.
Plot stage discharge curve,

9.

10.

11.

12.



1009030 40 50 60 70 80
DISCHARGE IN 1000 c.t.s.

Figure 14-9. Stage discharge section M-2, Example 14-6.
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•
Table l4.5(b). Water surface profiles from cross section M-2 to T-l. Example 14-6.

Col 5 +
Assumed

(~r
Col 9 Computed

Elev. @ elev. @ Kd.r-l KdT-l = Sf Sf J[ J.
estimate elev. @

CSM Discharge in cfs M-2 T-l J.C M-2 T-l elev @T-l T-l

(1) (2) (3) (4) (5 ) (6) (1) (8) (9) (10) (11)

2 2 J[ 398 J[ 1.002 = 198
2 J[ 48 J[ 2.6Bl! = 260 1150 90.15 93.0 1.7 J[ 103 .0234 26.9 116.9+

94.0 3.4 J[ 103 .0058 6.70 96.8+

94.5 4.4 J[ 103 .0035 4.02 94.2- 94.4

94.4 4.2 J[ 103 .0038 4.42 94.6+

10 10 J[ 398 J[ 1.002 = 3990
10 J[ 48 J[ 2.68 = 1290 1150 95.70 91.0 1.65 J[ 10" .0062 1.05 102.15+

98.0 5.7 J[ 10" .00051 .59 96.29- 91.5
91.5 3.2 J[ 10" .00163 1.81 91.5r

20 20 x 398 J[ 1.002 = 7980
20 x 48 x 2.68 = 2580 1150 96.65 98.0 5.7 J[ 10" .00205 2.36 99.01+

98.5 9.0 J[ 10" .00082 .94 97.59- 98.2
98.2 7.0 J[ 10" .00135 1.56 98.21+

50 50 x 398 x 1.002 = 19950

50 x 48 x 2.68 = 6450 1150 98.45 100.0 2.32 J[ 105 .00017 .89 99.34-

99.5 1. 85 J[ 10 5 .00122 1.40 99.85+ 99·7
99.65 2.00 x 105 .00104 1.20 99.65-

100 100 x 398 x 1.002 = 39900
100 x 48 J[ 2.68 = 12900 1150 100.3 101.0 3.6' J[ 105 .00128 1.41 101.17+

101.2 4.0 x 105 .00104 1.2 101.5+ 101.3
101.3 ~.4 x 105 .00086 .99 101.29-

200 200 x 398 J[ 1.002 = 19800

200 x 48 x 2.68 = 25800 1150 103.15 104.0 9.2 x 105 .00018 .90 104.05 104.0

~aken from Exhibit 14-1.
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Figure l~10. Conveyance values section T-l, Example 14-6.
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Table l4-5(b) shows computations similar to step 1 through step 11 comput
ing water surface profiles between cross section M-2 on the main stem
and T-l the first cross section on a tributary. Kd values are shown on
Figure 14-10. Figure 14-11 was plotted from Table 14-5(b).

Road Crossings

Bridges

In developing the hydraulics of natural streams, bridges of all types
and sizes are encountered. These bridges mayor may not have a signifi
cant effect on the stage discharge relationship in the reach above the
bridge. Many of the older bridges were designed without regard to their
effect on flooding in the reach upstream from the road crossing.

The Bureau of Public Roads (BPR) in cooperation with Colorado State Uni
versity initiated a research project with Colorado State University in
1954 which culminated in the investigation of several features of the
bridge problem. Included in these investigations was a study of bridge
backwater. The laboratory studies, in which hydraulic models served as
the principal research tool, have been completed and since then consider
able progress has been made in the collection of field data by the U.S.
Geological Survey to substantiate the model results and extend the range
of application. The procedure developed is explained in the publication
"Hydraulics of Bridge Waterways," U. S. Department of Transportation,
Federal Highway Administration, Bureau of Public Roads, 1970. This is
one method which is recommended by the Soil Conservation Service for use
in computing effects of bridges in natural channels and floodplains.

The FHWA document may be obtained from the Superintendent of Documents,
U. S. Government Printing Office, Washington, D. C. and it should be
included in the working files of any engineer concerned with the effect
of bridges on stream hydraulics.

The Bureau of Public Roads (BPR) Method has been formulated by applying
the principle of conservation of energy between the point of maximum back
water upstream from the bridge and a point downstream from the bridge at
which normal stage has been re-established. The general expression for
the computation of backwater upstream from a bridge constricting the flow
is:

z
( a, v~ VI )h* K* az Vnz +

al
(E<l' 14-23)=1 ---

2g 2g 2g

where h* = total backwater, in feet1

K* = total backwater coefficient

aI, az, a4 = velocity head energy coefficients at
the upstream, constriction, and downstream
section.

Vnz = average velocity in constriction or ~ in feet per second.

NEH Notice 4-102, August 1972
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V4 = average velocity at section 4 downstream in
feet per second.

VI = average velocity at section 1 upstream in feet
per second.

(For a more detailed explanation of each term and the development of the
equation refer to "Hydraulics of Bridge Waterways.")

Equation 14-23 is reasonably valid if the channel in the vicinity of the
bridge is essentially straight, the cross sectional area of the stream
is fairly uniform, the gradient of the bottom is approximately constant
between sections 1 and 4, the flow is free to expand and contract, there
is no appreciable scour of the bed in the constriction and the flow is
in the subcritical range.

This procedure relates the total backwater effect to the velocity head
caused by the constriction times the total backwater coefficient. The
total backwater coefficient is comprised of the effect of constriction
as measured by the bridge opening coefficient, M, type of bridge abut
ments, size, shape and orientation of piers, and eccentricity and skew
of bridge.

For a detailed discussion of the backwater coefficient and the effect of
constriction, abutments, piers, eccentricity and skew of bridges refer
to "Hydraulics of Bridge Waterways."

A preliminary analysis may be made to determine the maximum backwater
effect of a bridge. If the analysis shows a significant bridge effect
then a more detailed procedure should be used. If the analysis shows
only a minor effect then the bridge may be eliminated from the backwater
computation.

The examples shown in this chapter are based on the approximate equation
to compute bridge head losses taken from the BPR report:

h* V2

= K* 2g (Eq. 14-24)

where: h* = total backwater, in feet

K* = total backwater coefficient

V

A

= average velocity in constriction ~
A

= gross water area in constriction measured
below normal stage.

The following data are the minimum needed for estimating the maximum
backwater effect of a bridge using Equation l4~24.

1. Total area of bridge opening.

2. Length of bridge opening.

NEH Notice 4-102, August 1972
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3. Cross section upstream from the bridge a distance approximately
e~ual to the length of the bridge opening.

4. Area of approach section at elevation of the bottom of bridge
stringers or at the low point in the road embankment.

5. Width of flood plain in approach section.

6. Estimate of the velocity of unrestricted flow at the elevation
of the bottom of the bridge stringers or at the low point in the
road embankment.

A preliminary analysis to determine an estimate of the maximum backwater
effect of a bridge is shown in Example 14-7. Exhibits 14-2 and 14-3 were
developed only for use in making preliminary estimates and should not be
used in a more detailed analysis.

Example 14-7.
Estimate the backwater effect of a bridge with 45° wingwalls given the
following data: area of bridge = 4100 s~. ft., length of bridge = 400 ft.,
area of approach = 11850 sq. ft., width of flood plain = 2650 ft., esti
mated velocity in the natural stream = 2.5 ft./sec.

1. Compute the ratio of the area of the bridge to the area of
approach section. From the given data: 4100/11850 = .346

2. Compute the ratio of length of bridge to the width of the flood
plain. From the given data: 400/2650 = .151

the chan e in velocit head. Using the results of
and the estimated velocity in the natural stream

(2.5 ft/sec), read the velocity head~ h, from Exhibit 14-2. This
is the velocity head, V2 in E~uation 14-24 and (from Exhibit 14-2)
is 0.8 ft. 2g

l

4. Estimate the constriction ratio, M. Using the results from step
1 (.346) and step 2 (.151) read M = .67 from Exhibit 14-3.

5. Estimate the total backwater coefficient. Using M= .67 from
step 4 read from Exhibit 14-4 curve 1, Kb = .6. Kb is the BPR
base curve backwater coefficient and for estimating purposes is
considered to be the total backwater coefficient, K*, in E~. 14-24.

6. Compute the estimated total change in water surface, h*. From
E~uation 14-24 the total change in water surface is h* = K* V2 =
(.6)(.8) = .48 ft. 2g

,

If the estimate shows a change in water surface that would have an appre
ciable effect on the evaluation or level of protection of a plan or the
design and construction of proposed structural measures, a more detailed
survey and calculation should be made for the bridge and flood in question.

(210-VI-NEH-4, Amend. 6, March 1985)
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Example 14-8 shows a more detaile<'l. solution to the backwater loss using
Equation 14-24. In order to use the BPR method it is necessary to develop
stage discharge curves for an exit and an approach section assuming no
condtriction between the two crOSti sections.

The exit section should be located downstream from the bridge a distance
approximately twice the length of the bridge. The approach section should
be located upstream from the upper edge of the bridge a distance approxi
mately equal to the length of the bridge.

If the elevation difference between the water surface at the exit section
and the approach section prior to computing head loss is relatively small
the bridge tailwater may be taken as the elevation of the exit section
and the bridge head loss simply added to the water elevation of the
approach section. However, if this difference is not small the bridge
tailwater should be computed by interpolation of the water elevation at
the approach section and exit section and the friction loss from the
bridge to the approach section recomputed after the bridge headwater is
obtained.

In Example 14-8 it is assumed that all preliminary calculations have been
made. The profiles are shown on Figure 14-12a and the stage discharge
curve for cross section M-5 is shown on Figure 14-13, Natural Condition.

Example 14-8
Develop stage discharge curves for each of four bridges located at cross
section M-4 (Figure 14-4), 300, 400, 500, and 700 feet long (Figure 12c)
with 45° wingwalls. The elevation of the bottom of the bridge stringer
is 10 3 for each trial bridge length. The main span is 100 feet with the
remaining portion of the bridge supported by 24" H-columns on 25 foot
centers. Assume the fill is sufficiently high to prevent over topping
for the maximum discharge (70000 cfs) studied. It is assumed that water
surface profiles have been run for present conditions through section
M-5 and that this information is available for use in analyzing the effect
of bridge losses.

1. Select a range of discharges that will define the rating
curve. For this problem select a range of discharges from
5000 to 70000 cfs for each bridge length and tabulate in
column 1 of Table 14-6.

2. Determine resent condition elevation for each dischar e at
the bridge section M-. For this example water surface pro
files have been computed from section M-3 to M-5 without the
bridge in place. The results are plotted in Figure 14-12a.
From Figure 14-12a read the normal elevation for each dis
charge at cross section M-4 and tabulate in column 2 of
Table 14-6.

3. Compute the elevation vs. gross bridge opening area. The
gross area of the bridge is the total area of the bridge
opening at a given elevation without regard to the area of

NEH Notice 4-102, August 1972
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5
70000 cfs

60000 cfs

3 50000 cfs

2 40000 cfs

I 30000 cfs

20000 cfs

9
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Figure 14-12a. Water surface profile without constriction.
Example 14-8.
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Figure 14-12b. Water surface profile with constriction.
Example 14-8.
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Example 14-8.
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Table 14-6. Backwater computations through bridges, Example 14-8.
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Normal Velocity Normal
Discharge e1. @ through e1. @ 2

Elev. with
in x-sec Restricted bridge x-sec VU2 Y 24" H. col.

1000 cts M-4 area An2
openings M-5 JIJ../ Kr,J.! JJ! ~Y K*l..! 2g h* 25' on cen.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

t 5 97.20 885 5.65 97.35 .470 1.24 .020 .06 1.30 .495 .64 97.99
en 10 98.25 1280 7.81 98.55 .350 1.74 .028 .08 1.82 .947 1.72 100.27IIJ.-i

1lO.-i 20 99.82 1720 11.63 100.00 .276 2.08 .035 .08 2.16 2.10 4.53 104.53'" .,
-;::~ 30 100.95 2060 14.56 101.15 .243 2.24 .038 .08 2.32 3.29 7.63 108.78
II:l C 40 101.90 2340 17.10 102.10 .222 2.34 .040 .08 2.42 4.54 10.99 113.09

oM

a ~ 5&- 102.80 2600 19.23 103.00 .208 2.41 ~D41 .08 2.49 5.74 14.29 117.29
00 60 103.55 2660 22.56 103.75 .183 2.54 .042 .08 2.62 7.90 20.70 124.45
""""~ 70 104.25 2660 26.32 104.50 .160 2.66 .042 .07 2.73 10.76 29.37 133.87+ ..

t 5 97.20 l!l30 4.85 97.35 .510 1.09 .027 .10 1.19 .365 .43 97.78
en 10 98.25 1470 6.80 98.5' .385 1.59 .036 .12 1.71 .718 1.23 99.78IIJ.-i

1lO.-i 20 99.82 2070 9.66 100.00 .315 1.90 .043- .12 2.02 1.45 2.93 102.93'" .,
-;::~ 30 100·95 2540 11.81 101.15 .282 2.05 .046 .12 2.17 2.17 4.71 105.86
II:l C 40 101.90 2950 13.56 102.10 .265 2.13 .048 .12 2.25 2.86 6.44 108.54oM- ~ 50 102.80 3300 15.15 103.00 .250 2.21 .049 .12 2.33 3.56 8.29 111.290
00 60 103.55 3380 17.72 103.75 .220 2.35 .049 .11 2.46 4.89 12.03 115.78
~""~ 70 104.25 3380 20.71 104.50 .192 2.49 .049 .10 2.59 6.66 17.25 121.75+

t 5 97.20 1160 4.31 97.35 .525 1.03 .032 .13 1.16 .288 .33 97.88.,
10 98.25 1670 5.99 98.55 .420 1.44 .042 .15 1.59 .557 .89 99.44IIJ.-i

1lO.-i 20 99.82 2550 7.84 100.00 .350 1.74 .049 .16 1.90 .955 1.81 101.81'" .,
-;::~ 30 100.95 3050 9.84 101.15 .325 1.85 .052 .16 2.01 1.50 3.02 104.17
II:l C 40 101..90 3520 11.36 102.10 .310 1.92 .054 ·16 ·2.08 2.00 4.16 106.26oM- ~ 50 102.80 3950 12.66 103.00 .298 1.98 .055 .16 2.14 2.49 5.33 108.330
00 60 103.55 4050 14.81 103.15 .262 2.15 .055 .14 2.29 3.41 7.81 111.56
""'"~ 70 104.25 4050 17.28 104.50 .230 2.30 .055 .13 2.43 4.64 11.28 115.78+

t 5 91.20 1420 3.52 91.35 .580 0.84 .040 .19 1.03 .192 .20 97.55.,
10 98.25 2110 4.61 98.55 .480 1.20 .050 .21 1.41 .330 .47 99.02IIJ.-i

1lO.-i 20 99.82 3300 6.06 100.00 .-415 1.46, .056 .21 1.67 .570 .95 100.95'" .,
-;::~ 30 100.95 4080 7.35 101.15 .394 1.55 .058 .21 1.76 .839 1.48 102.63
II:l C 40 101.90 4750 8.42 102.10 .311 1.62 .059 .21 1.83 1.10 2.01 104.11oM- ~ 50 102.80 5380 9.29 103.00 .367 1.67 .060 .20 1.87 1.34 2.51 105.470
00 60 103·55 5520 10.87 103.75 1.85 .061 2.04 1.83 3.73 107.48.... '" .325 .19
~

70 104.25 5520 12.68 104.50 .285 2.04 .061 2.21 2.50 5.53 110.03+ .17

l! These letters and symbols are the same as used in Hydraulics of Bridge Waterways, U. S. Dept. of Transpor.tation,
Bureau of Public Roads, 1970. This publication is for sale by Superintendent of Documents.
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Stage discharge without embankment
Section M-5, Example 14-8.
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piers. The channel area is 600 ft. 2 and for the 300 ft.
long bridge the gross bridge area is:

Elevation

96
97
99

103

Bridge Area

600
900

1500
2700

Plot the elevation vs. gross bridge opening area as shown in
Figure 14-14.

4. Determine the gross area of the bridge opening at each water
surface elevation. Using Figure 14-14 read the gross area
at each elevation tabulated in column 2 and tabulate in
column 3 of Table 14-6.

5. C~mpute the average velocity through the bridge opening.
Divide column 1 by column 3 and tabulate in column 4 of Table
14-5. For the 300 ft. long bridge:

~ 5000 6 /Y = A = 885 = 5. 5 ft. sec.

6. Compute the velocity head (y2)/2g. Using the velocities from
column 4 compute the velocity head for each di&charge and tabu
late in column 11 of Table 14-6. For a discharge of 5000 cfs
and a bridge length of 300 feet the velocity head is (5~65)2 _
.495 (2) (32.2) -

7. Determine the elevation for each discharge at section M-5 under
natural conditions. Using Figure 14-12a or Figure 14-13 (natural
condition curve) read the elevation for each discharge at cross
section M-5 and tabulate in column 5 of Table 14-6.

8. Compute M vs. elevation for each bridge size. M is computed as
outlined in "Hydraulics of Bridge Waterways.1f It is computed as
the ratio of that portion of the discharge 'at the upstream sec-•tion computed for a width equal to the length of the bridge to
the total discharge of the channel system. If Qb is the discharge
at the upstream section computed for a flood plain or channel
width equal to the length of the bridge and Qa and Qc is the re-
maining discharge on either side of Qb then M = Qb = Qb

Qa+%+Qc Q

The bridge opening ratio, M, is most easily explained in terms
of discharges, but it is usually determined from conveyance relations.
Since conveyance (Kd) is proportional to discharge, assuming all sub.
sections to have the same slope, M can be expressed also as:
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Figure 14-15. M values for bridge, Example 14-8.
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Figure 14-16. J values for bridge, Example 14-8.
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M =

The approach section information is not shown for this example.

Plot M vs. elevation for each bridge size as shown in Figure 14-15.

9. Read M for each elevation. Using Figure 14-15 prepared in step
8 read M for each elevation in co~umn 2 and tabulate in column
6 of Table 14- 6.

10. Determine the base backwater coefficient Kb. Using M from
step 9, read Kb Exhibit 14-4 for bridges having 45° wingwalls
and tabulate in column 7 of Table 14-6.

11. Compute the area of pier/area of bridge vs. elevation.

area of piers
area of bridge

Then:

For the 300' bridge the piers are located in an area 200' wide.
(300' - 100' clear span = 200'). The piers are on 25 foot
centers and are 2 feet wide. Within the 200 foot width the
piers will occupy (200) (2) = 16 feet.

( 25)

At an elevation of 103 the piers will occupy an area 25 feet
wide by 7 feet deep (103-96 = 7 feet). From Figure 14-14 the
gross area of the bridge opening is 2700 feet.

~ = (16)(7) = 41
An2 2700 .

Compute and plot Ap/An2 vs. elevation for each oridge length
as shown in Figure 14-16.

12. Determine J for each elevation. Read J from Figure 16-16 for
each elevation in column 2 and tabulate in column 8 of Table
14-6.

13. Determine the incremental backwater coefficient 6Kp .

Using J from step 12 read 6K from the appropriate curve (for
this example curve 1) from Exhibit 14-5a. Using M from step 9
read a from the appropriate curve (curve~l) from Exhibit 14-5b.
Multiply 6K by a and tabulate as 6Kp in column 9 of Table 14-6,

for 5000 cfs and a 300' bridge:
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6K ; .105 a = .59

6Kp = 6Ka = (.105) (.59) = .06

14. Determine the total backwater coefficient K*. Add columns 7 and
9 and tabulate as K* in column 10. This is the total backwater
coefficient for the bridge that will be considered for this
example. If there are other losses that appear to be signifi
cant, the user should follow the procedure shown in the BPR
report for computing their effects.

15. Determine the total change in water surface h*. Multiply
column 10 by column 11 and tabulate in column 12. From Eq. 14-24:

V 2

h* = K*
2g

for 5000 cfs and a 300 foot bridge with piers:

h* = (1.30) (.495) = .64 feet

If the example did not include piers or if the effect of elimi
nating the piers are desired the h* could be determined by
multiplying column 7 by column 11.

for 5000 cfs and a 300 foot bridge without piers:

h* = (1.24) (.495) ; .61 feet

16. Determine the elevation with bridge losses. Add column 5 and
column 12 and tabulate in column 13. Column 13 is plotted on
Figure 14-13 which shows the stage discharge curve for cross
section M-5, assuming the fill to be high enough to force all
of the 70,000 cfs discharge through the bridge opening.

* *
Full bridge flow

The analysis of flood flows past existing bridges involves flows which
submerge all or a part of the bridge girders. When this condition
occurs the computation of the head loss through the bridge must allow
for the losses imposed by the girders. This may be accomplished in
several ways.

One method is to continue using the BPR method but hold the bridge flow
area and Kd· constant for all elevations above the bridge girder. Example
14-8 uses this pr~cedure. (See Figure 14-14).

Another approach commonly taken is to compute the flow through the bridge
opening by the orifice flow equation.

q = CA~

NEH Notice 4-102, August 1972
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where ~ = discharge, in cfs
~ =the difference in water surface elevation between

headwater and tailwater, in feet
A = flow area of bridge opening, in s~uare feet
g = acceleration of gravity
C = coefficient of discharge

14-45

In estimating C, if con~itions are such that flow approaches the bridge
opening with relatively low turbulence, the appropriate value of C is
about 0.90. In the majority of cases C probably is in the 0.70 to 0.90
range. For very poor conditions (much turbulence), it may be as low
as 0.40 to 0.50. In judging a given case, consider the following.

(1) Whether the abutments are sQuare-cornered or shaped so as
to reduce turbulence

(2) the number and shape of piers
(3) the degree of skew
(4) the number and spacing of pile bents since closely-spaced

bents increase turbulence
(5) the existence of trees,drift, or other types of obstruc

tion at the bridge or in the approach reach.

Using a C value of 0.8 has given approximately the same results as the
BPR method for Example 14-7, However, the corresponding C value varied

* with discharge.

Overtopping of bridge embankment

When the fill of a bridge is overtopped the total discharge at the bridge
section is equal to the discharge through the bridge opening plus the
discharge over the embankment. A reliable estimate of the effect of the
bridge constriction on stages upstream under these conditions is difficult
to obtain.

*

A generally accepted procedure to use in analyzing flows over embankments
is to consider the embankment as acting as a broad crested weir. The broad
crested weir e~uation is:

Q = CLHe
3 /

2 (Eq. 14-26)

where L =
He =

C =

length of weir, in feet
energy head which is comprised of the velocity
head at the upstream section plus the depth of
flow over the weir, in feet
a coefficient

Equation 14-26 was developed for use in rectangular weir sections. Since
road profiles encountered in the field seldom represent rectangular sections

•
The following approximate ranges of C
are recommended for use in Eq. 14-26.
2.5 to 2.8; for single-track railroad
track railroad fills, C = 1.9 to 2.2.

values for flows over embankments
For road and highway fills, C =

fills, C = 2.2 to 2.5; for double-
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it becomes difficult to determine the weir length to use. Many approaches
have been formulated to approximate this length. One approach suggests
measuring the top width at the maximum depth of flow over the road and
computing d + A- for each depth.

He = c 2T

Another method suggests measuring the weir length from the cross section
at an elevation equal to 5/6 of h above the low point on the embankment.

A method suggested for use in this chapter substitutes the flow area A
for the weir length ana flow depth over the weir in Eq. 14-26.

Then: (Eq. 14-27)

where: A = flow area over the embankment at a given depth,
h, in square feet

h = flow depth measured from the low point on the
embankment, in feet

C' = coefficient which accounts for the velocity of
approach.

The coefficient .C' can be computed by equating Equations 14-26 and 14-27
and solving for C'.

C' = C{ de~th } 3/Z

depth+velocity head

(Eq. 14-28)

In Eq. 14-28 the depth is measured from the low point on the embankment
of the bridge section and the velocity head is computed at the upstream
section for the same elevation water is flowing over the embankment. The
approach velocity may be approximat~d by V = Q/A where Q is the total
discharge and A is the total flow area at the upstream section for the
given elevation. In cases where the approach velocity is sufficiently
small C' will equal C and no correction for velocity head will be needed
to use Equation 14-27.

The free discharge over the road computed using Eq. 14-27 must be modified
when the tailwater elevation downstream is great enough to submerge the
embankment of the bridge section. The modification to the free discharge,
Qf, is made by computing a submergence ratio, Hz/HI, where Hz and Hl are
the depths of water downstream and upstream, respectively, above the low
point on the embankment. A submergence factor, R, is read from Figure 3-4,
NEH-ll, Drop Spillways? and the submerged discharge is computed as Qs =
RQf. Then the total discharge at the bridge section is equal to the dis
charge through the bridge opening plus the submerged discharge over the
embankment.

Example 14-9 shows the use of Eq. 14-27 and E~. 14-28 in computing flows
over embankments using a trial and error procedure to determine C'.
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Example 14-9.
Develop a stage discharge curve for the overflow section of the highway
analyzed in Example 14-8 (see Figure 14-12c) for the bridge opening of
300 feet. The top of embankment i.s at elevation 107. Assume a C value
of 2.7.

1. Select a range of elevations that will define the rating curve
over the road. Tabulate in column 1 of Table 14-7. The low point
on the road is at elevation 107.

2. Compute the depth of flow, h, over the road. For each elevation
listed in column 1 compute h and list in column 2 of Table 14-7.

3. Compute h l
/

2
. Tabulate in column 3 of Table 14-7.

4. Compute the flow area, A, over the road. For each elevation listed
in column 1 compute the area over the road and tabulate in column 4
of Table 14-7.

Steps 5 through 11 are used to calculate the modified coefficient, C' to
account for the approach velocity head. If it is determined that no
modification to the coefficient C is required these steps may be omitted.

5. Compute the flow area at the upstream section. For each elevation
listed in column 1 compute the total area at the upstream section
and tabulate in column 5 of Table 14-7. The flow area can be obtained
from the Kd computations at the upstream section or computed directly
from the surveyed cross section.

6. Determine the discharge through the bridge. For the elevation
in column 1 read the discharge through the bridge opening previously
computed using bridge loss equations and tabulate in column 6 of
Table 14-7.

7. Estimate the discharge over the road. Tabulate in column 7 of
Table 14-7.

8. List the total estimated discharge going past the bridge section.
Sum columns 6 and 7 and tabulate in column 8 of Table 14-7.

9. Compute the average velocity at the upstream section. The
velocity can be estimated by using the total upstream area from
column 5 and the estimated discharge from column 8 for the eleva
tions listed in column 1 in the equation V = Q/A. For example for
elevation 107.5:

V = 28250 ft
3
/sec = 1.06 ft/sec.

26700 ft 2

Tabulate the velocity in column 9 of Table 14-7.
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Table 14-7. Stage discharge over roadway at cross section M-4 without submergence. Example 14-9.

h l /2
A A Q Q Q V V2 Q Q

Elevation h over up- through est.over est. 2g C' over total
road stream bridge road total road

ft ft 2 ft2 cfs cfs cfs ft/sec cfs cfs

(1) (2 ) (3) (4 ) ( 5 ) (6 ) (7 ) (8) (9) (10) (11) (12) (13)

107.0 o. o. o. 25500. 26000. 0 26000 1.02 .016 0 0 26000

107.5 .5 . 707 625 26700. 27000 . 1300 28300 1.06 .0175 2.85 1300 28300

108.0 1.0 1.000 1500 28000. 28000. 4300. 32300 1.15 .021 2.79 4200
4200. 32200 1.15 .021 2.79 4200 32200

108.5 1.5 1.225 2525. 29200. 29300. 8500. 37800 1. 30 .027 2.76 8500 37900.

109.0 2.0 1. 414 4000. 30400. 30300. 12000 42000 1. 38 .030 2.76 15600
15600 45900 1. 51 .035 2.76 15600 45900.

110.0 3.0 1. 730 7500. 32800. 32800. 35000 67800 2.06 .066 2.79 36200
36200 69000 2.10 .068 2.79 36200 69000

. .. -_ _ .._-------_._.__ _---_.. _---------------------------

,, )



•

10090807040 50 60
DISCHARGE-lOOO CFS

302010

/
/

/ - L
L-----7 ~

~ /J
~ --- ----~: tJ ~VJ ./ ~

/ ® ,0/ STAGE DISCHARGE / -/ STAGE DISCHARGEV }V 13001 BRIQGE V 700 l BRIDGE I
I "? PLUS WEIR FLOW ~ PLUS WEIR FLOW

o 5 10 15 fj OVER EMBANKM7 OVER EMBANKMENT

STAGE DISCHARGE 5]
~WEjR FLOW OVER~r ~ V--EMBANKMENT ~ .aGo

-'
"'I '1~ ~~~ ~s

~~) '0~ CO'Af7 jY ,Y~ X' c; ~\I-\
<b t:

~ cVy

~~-$)

1 / ~~ V
JV/V

//V/
f//V

,V

7

9

2

3

8

11

13

12

99

98

100

110

Z 6o
~ 5
>
W
--l 4
w

ga
::r:
~
o
c+
f-'o
()

CD

+:""""
I
f-'
o
I\)..

Figure 14-17. Stage discharge with embankment overflow, section M-5, Example 14-9.
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10. Compute the velocity head. Using the velocity from column 9
compute V2 j2g and tabulate in column 10 of Table 14-7.

11. Compute C'. Using equation 14-28 and data from Table 14-7 com
pute C'. For example at elevation 107.5:

C' = 2.7
1

( .5 \3/2

.5+.0175 l

= = 2.85

List C' in column 11 in Table 14-7.

12. Compute discharge over the road. Using equation 14-27 and
data from Table 14-7 compute the discharge over the road. For
example at elevation 107.5:

Q = C'Ah 1
/

2 = 2.85(625)(.707) = 1260 cfs

Round to 1300 cfs and list in column 12. Compare this discharge value
to the estimated discharge listed in column 7. If the computed dis
charge is less than or greater than the estimated discharge modify
the estimated discharge in column 7 and recompute C' following steps
8 through 12.

13. List the total' dischar e oin ast the brid e section. Sum
columns 6 and 12 and Tabulate in column 13 of Table 1 -7.

14. Plot the stage discharge curve. Using the computations shown
in columns 1 and 13 of Table 14-7 plot the elevation versus dis
charge. The portion of the discharge flowing over the road (col
umn 12) and the total discharg~ curve is shown in Figure 14-17 for
the 300 foot bridge. This is the total stage discharge curve for
the approach section (M-5).

Multiple bridge openings

Multiple openings in roads occur quite often and must be considered
differently from single openings. The M ratio in the BPR procedure is
defined as:

Kd Bridge
Kd Approach

When multiple openings are present the proper ratio must be assigned to
each opening and then the capacity computed accordingly. If the flow
is divided on the approach, the porblem is then one of divided flow with
single openings in each channel. In many cases the flow is not divided
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for overbank flows. In these cases the headwater elevation must be con
sidered to be the same elevation for each opening and the solution becomes
trial and error until the head losses are equal for each opening and the
sum of the flows equals the desired total.

The approaches are divided as shown in Figure 14-18. When the headwater
is below the physical dividing point as illustrated by Level A then the
M ratio is computed as in a single opening.

When the headwater is above the physical dividing point cross flow can
occur. When this occurs the approach used to compute the M ratio and J
is as follows:

1. Compute the Kd value for each bridge opening.

2. Compute the Kd value for the total approach section.

3. Proportion the approach Kd value for each opening by the
relationship:

Kd apprx = K~ridgex
K~ °d .... Kdb"d .... +Kd °d-orl gel rl ge2 !brl gen

x total approach Kd.

4. Compute M as before using the Kd value computed in step 3 for
the approach.

5. Compute the approach area contributing to this opening by
the relationship:

Area apprx = K~ridgex
x total approach

area

6. Compute J as before using the area computed in step 5 for the
approach area.

Culverts

Culverts of all types and sizes are encountered when computing stage
discharge curves in natural streams. These culverts mayor may not
have a significant effect on the development of a watershed work plan.
However, in many cases they present a problem in evaluating a plan and
must be analyzed to determine if an acceptable plan can be installed
without enlarging or replacing the existing culvert.

The Bureau of Public Roads has developed procedures based on research
data for use in designing culverts. This document, Hydraulic Charts for
the Selection of Highway Culverts, Hydraulic Engineering Circular No.5,
December 1965, is available from the Superintendent of Documents,
Washington, D. C.
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WATER SURFACE
0----- __ ----

Figure 14-19a. Unsubmerged inlet

Figure 14-19b. SubmeL'ged inlet
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Figure 14-19c. Submerged outlet
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Figure 14-19d. Outlet flowing full

WS

Figure 14-1ge. Pipe full part way

Figure 14-19f. Open flow through pipe
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Culverts of various types, installed under different conditions, were
studied in order to develop procedures to determine the backwater effect
for the two flow conditions: 1) culverts flowing with inlet control;
2) culverts flowing with outlet control.

Inlet Control
Inlet control means that the capacity of the culvert is controlled at
the culvert entrance by the depth of headwater (HWI) and the entrance
geometry of the culvert including the barrel shape and cross sectional
area and the type of inlet edge, shape of headwall, and other losses.
With inlet control the entrance acts as an orifice and the barrel of the
culvert is not subjected to pressure flow. Figure 14.19a and 14.19b show
sketches of two types of inlet controlled flow.

The nomographs shown on Exhibits 14-6 through 14-10 were developed from
research data by the Division of Hydraulic Research, Bureau of Public
Roads research data. They have been checked against actual measurements
made by USGS with favorable results.

Types of Inlets. - The following descriptions are taken from "Electronic
Computer Program for Hydraulic Analysis of Circular Culverts" Bureau of
Public Roads, February 1969. Some of the types of inlets are illustrated
in Figure 14-20.

a. Tapered - This inlet is a type of improved entrance with can be made
of concrete or metal. Shapes are shown in Figure 14-20a.

b. Bevel A and Bevel B - These bevels, a type of improved entrance, can
be formed of concrete or metal.

c. Angled wingwall - Similar to headwall but at an angle with culvert.

d. Projecting - The culvert barrel e~tends from the embankment. The
transverse section at the inlet is perpendicular to the longitudinal
axis of the culvert.

e. Headwall - A headwall is a concrete or metal structure placed around
the entrance of the culvert. Headwalls considered are those giving
a flush or square edge with the outside edge of the culvert barrel.
No distinction is made-for wingwalls with skewed alignment.

f. Mitered - The end of the culvert barrel is on a miter or slope to con
form with the fill slope. All degrees of miter are treated alike since
research data on this type of inlet are limited. Headwater is measured
from the culvert invert midway into the mitered section.

g. End section - This section is the common prefabricated end made of
either concrete or metal and placed on the inlet or outlet ends of
a culvert. The closed portion of the section, if present, is not
tapered. (Not illustrated)
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PLAN VIEW

o
SECTION A-A

Tapered inlet
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BEVEL b a c d
"If 0 "0 0

A 0.041 0.0.' 0042 0015

B 0.013 011$ 0042 O.I2:~

o
SECTION BB

Bevel c:an be ::nade of
Metal or Concre'te

Projecting

Headwall

Bevel A and Bevel B Mitered

Figure 14-20. Types of culvert inlets.
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h. Grooved edge - The bell or socket end of a standard concrete pipe
is an example of this entrance. (Not illustrated)

Outlet Control
Culverts flowing with outlet control can flow with the culvert barrel
full or part full for part of the barrel length or for all of it.
Figures 14-19c, 14-19d, 14-1ge, and 14-19f show the various types of
outlet control flow. The equation and graphs for solving the equation
give accurate results for the first three conditions. For the fourth
condition shown in Figure 14-19f, the accuracy decreases as the head
decreases. The head H, Figure 14-19c and 14-19d, or the energy required
to pass a given discharge through the culvert flowing in outlet control
with the barrel flowing full throughout its length consists of three
major parts: 1) velocity head Hv , 2) entrance loss He' and 3) friction
loss Hf, all expressed in feet. From Figure 14-21a:

(Eq. 14-29)

V2

= 2g when V is the average velocity in the culvert barrel.

He = entrance loss which depends on the geometry of the inlet.
The loss is expressed as a coefficient Ke (Exhibit 14-21)
times the barrel velocity head.

V2

He = Ke 2g (Eq. 14-30) , .
Hf = friction loss in barrel

29n 2 L
Hf = Rl. 3 3 (Eq. 14-31)

n =
L =
V =
g =
R =

Mannings friction factor
length of culvert barrel (ft)
velocity in culvert barrel (ft/sec)
acceleration of gravity (ft/sec 2

)

hydraulic radius (ft)

Substituting in Equation 14-23:

29n 2 L
H = (1 + Ke + R1 .33 ) (Eq. 14-32)

Figure 14-21a shows the terms of Eq. 14-29, the hydraulic grade1ine, the
energy gradeline, and the headwater depth HWo .

The expression for H is derived by equating the total energy upstream
from the culvert to the energy just inside the culvert outlet.

VI
2

H = dl + 2g + L8 0 - d2 = Hv + He + Hf (Eq, 14-33)
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Figure 14-21. Elements of culvert flow.

NEH Notice 4-102, August 1972



14-58

From Figure 14-21a:

CEq. 14-34}
V 2

If the velocity head in the approach section (~) is low it

can be ignored and HWo is considered to be the difference between
the water surface and the invert of the culvert inlet.

The depth, d2, for culverts flowing full is equal to the culvert height
Figure 14-19d, or the tailwater depth (TW) whichever is greater, Figure
14-21b.

The hydraulic gradeline for culverts flowing with the barrel part full
for part of the barrel length passes through a point where the water
breaks with the top of the culvert and if extended as a straight line
will pass through the plane of.the outlet end of the culvert at a point
above the critical depth. This point is approximately halfway between dc
and the crown of the culvert, or equal to dc + D .

The depth d2 or ho

With the above definition of d2 which will be designated as ho , an equa
tion common to all outlet control conditions can be written:

2

2
(see Figure 14-21c) for this type of flow is equal to dc + D
whichever is greater.

HWo = H + ho - L80

or TW

(Eq. 14-35)
-

This equation was used to develop the nomographs shown on Exhibits 14-11
through 14-15 which can be used to develop stage discharge curves for the
approach section to culverts flowing with outlet control.

Exhibit 14-16 shows dc for discharge per foot of width for rectangular
sections. Exhibits 14-17 to 14-20 show dc for discharges for various
non-rectangular culvert sections.

Example 14-10
Develop a stage discharge curve for cross section T-4 (Figure 14-4) show
ing the backwater effect of eight 16' x 8' concrete box culverts for each
of three conditions: 1) inlet control, 2) outlet control, present channel,
and 3) outlet control, imp~oved channel. Figure 14-22a shows a cross
section along the centerline of the roadway at cross section T-3. Figure
14-22b shows a section through the roadway with water surface profiles
prior to and after the construction of the culverts and roadway embank
ment.

The culvert headwalls are parallel to the embankment with no wingwalls,
and the entrance is square on three edges.

The following are given in this example: a stage discharge curve for cross
section T-2, present condition and with proposed channel improvement

NEH Notice 4-102, August 1972



14-59

2+00 4+00 6+00 8+00 10+00 12+00

"'-- - ---_//

1l1li.lll..F='e-16'X e' CONCRETE BOXES
I I , f I ,

" " TOP OF ROADWAY"" T-

0+00

10!5

100

9~

Figure 14-22a. Cross section T-3.

10!5

z
o
~

.~ 100
W
.J
~

9!5

ell.. Col

~
..
i

IA.I
~ IA.I
:::) ~

c:> :::)

~ c:>
~ ..2:

0 2: I

~ 0 ~

~ ~ 0
It')

~
I

IA.I ~
VI It)

co 0
VI + IA.I 0
V)

iii
V) 0

0 V) +cr
0

V) It)
0
cr
0

9!5.00

\
\
\
\

N
I
~

o It)

IA.I +
VI 0
V) 10
VIo
cr
o

Figure 14-22b. Profile through culvert, Example 14-10.

NEH Notice 4-102, August 1972



I--'
+:""
I
0\
o

1I0t-------1r-----j----f----f--+--+--+--t---+---t---+---t--+--t---f-----j:--__+-___t--+--1

108..------1f-----j-__+----+--+--+--+--t---+---t---+---t--+--t---I------j~__+-___t-__+-_1

20198 9 10 II 12 13 14 15 16 17 18

DISCHARGE IN 1000 c f S
Stage discharge exit section T-2,Examp1e 14-10.

765

Figure 14-23.

43

~
~ Z 106.--1------lr------i--+----+--+--+--+---+--+--+--+---t--t--1------l~_+-_+-_+-__l
~ 0
~ r- ~_-

~~ ~~ ~
CD ~ STAGE DISCHARGE..~ ~ ~~ ~~ -
T w 104..----j----+--+--+--+---+--PRESENT CONDIT'IO~ ~ Iooo1C" --~
~ ~~~~~~

u ~~l::=~~I'STAGE DISCHARGEl .-'....--- __~ IMPROVED CHANNEL
~ 102..--I------j~__+--±.,._:.'---+-~~-+--t---+---t---+---t--+--t---f-----j-__+-___t-__+-_1

~ ~~~

i'l VV/
f\) 100 / V

/,V
980 2

\ \ \



14-61

(Figure 14-23, curves A and B). Also given is a stage discharge curve
for cross section T-4 disregarding the effect of the culverts and road
way fill (Figure l4-24a).

Condition l--Inlet Control
1. Select a range of discharges sufficient to define the new stage

discharge curve. Tabulate in column 1 of Table 14-8.

2.

3.

4.

5.

6.

7.

Determine the discharge for each culvert. Divide the discharges
in column 1 by the number of culverts (8) and tabulate in col
umn 2 of Table 14-8.

Determine the discharge per foot of width. Divide the discharges
in column 2 by the width of each culvert (16 feet) and tabulate
in column 3 of Table 14-8.

HW
Compute 0-' Using the nomograph,

Exhibit 14-6, read HW!D for each discharge per foot of width
in column 3 and tabulate in column 4 of Table 14-8. Referring
to Exhibit 14-6 project a line from the depth of culvert (8 feet)
through the discharge per foot of width (line q!B) to the first
HW!D line, then horizontal to line (3), which is the HW!D for
the type of culvert in this example.

Compute HW. Multiply column 4 by the depth of the culvert (8
feet) and tabulate in column 5 of Table 14-8.

Add the invert elevation at the entrance to the culvert (elev.
95.33) to column 5. Tabulate in column 6 of Table 14-8.

Plot the sta e dischar e inlet control. Plot
column 1 and column of the stage discharge
curves for cross section T-4 (see Figure 14-24b curve A). This
assumes inlet control with the road sufficiently high to prevent
over topping.

•

Condition 2--0utlet Control, Present Channel
1. Compute the entrance loss coefficient, Ke . Read Ke = 0.5 from

Exhibit 14-21 for the type of headwall and entrance to box cul
vert and tabulate in column 7 of Table 14-8.

2. Compute the head loss, H, for the concrete box culvert flowing
full. Using the nomograph on Exhibit 14-11, draw a line from
L = 130 feet on the Ke = 0.5 scale to the cross sectional area
scale, 16' x 8' = 128 square feet, and establish a point on the
turning line. Draw a line from the discharge (q) line for each
of the discharges shown in column 2, through the turning point
to the head (H) line. Tabulate H in column 8 of Table 14-8,
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Table 14-8. Headwater computations for eight 16' x 8' concrete box culverts, headwalls
parallel to embankment (no wingwalls), square edged on three sides, Example 14-10.

Outlet Control Present Channel Outlet Control.
'rotal Discharge Discharge Inlet Control

hoY lfWol!
Improved Channel

Discharge for per foot ~ IfW IfW 1I Ke H dc
dc + D TW

LSo
TW HIls>

q Each Culv. of Width D I- 2 Elev. E1ev. Elev. Elev. Elev.

(1) (2) (3) (4) (5) (6) (7 ) (8) (9) (10) (ll) (12) (13) (14) (15) (16)

3000 375 23.5 0.55 4.40 • !:..I 0.5 0.22 2.6 5.30 100.30 10~.4 0.33 • !:..I 100.7 • Y
5000 625 39.1 0.77 6.15 • ~I 0.5 0.~1 3.6 5.80 100.80 102.3 0.33 102.57 101.6 101. 87

8000 1000 62.5 1.08 8.65 103.9aV 0.5 1.55 4.9 6.45 101. 45 103.0 0.33 104.22~ 102.6 103.8~

.10000 1250 78.0 1. 31 10.46 105.79 0.5 2.50 5.7 6.85 101.85 103.5 0.33 105.67 103.0 105.1T

12500 1565 98.0 1.61 12.88 108.21 0.5 3.90 6.7 7.35 102.35 104.0 0.33 107.57 103.6 107.17

15000 1875 117.0 71 16.08 111.41 0.5 5.60 7.5 7.75 102.75 104.5 0.33 109.77 104.0 109.272.01-

20000 2500 156.3 -- - -- 0.5 10.00 9.r)~j 8.0el! 103.00 105.5 0.33 115.77 104.8 114.47

11 HWI· HW + 95.33 (invert elevation at entrance end of culvert· 95.33).
de + D (

~! ho ~ ---2-- + 95.00 invert elevation at outlet end of culvert· 95.00).

]/ HWo = H + TW - LSo or B + ho - LSo • whichever is greater.

~I Tailwater elevation is higher.than the computed elevation and open channel flow exists.

21 See example on Exhibit 14-11.

~ Note: with channel improvement the control switches from outlet to inlet between 5000

and 8000 cfs.

II See example on Exhibit 14-6.

~I If de ~ D. the outlet always controls.

21 dc + D cannot exceed D.

2

\
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Tabulate in column 10 of Table 14-8

3. Compute the critical depth, dc, for each discharge per foot Of
width. Using Exhibit 14-16, read dc for each discharge per foot
of width shown in column 3 and tabulate in column 9 of Table 14-8.

dc + D
Compute

2
4.

Note: dc + D cannot exceed D.

2

2

5. Co~pute ho . Add the invert elevation of the outlet end of the
culvert (elev. 95.00) to dc + D and tabulate as ho in column 11
of Table 14- 8.

6. Compute the TW elevation for each discharge in column 1. Using
Figure 14-23, curve A, read the elevation for each discharge in
column 1 and tabulate as TW elevation in column 12 of Table 14-8.

7. Compute the difference in elevation of the inlet and outlet in
verts of the culverts. Multiply L x So = 130 x .0025 = 0.33
and tabulate in column 13 of Table 14-8.

8. Compute the water surface elevation, HWo ' assuming outlet control.

Add values in column 8 to the larger of column 11 or column 12
minus column 13 and tabulate as HWo in column 14 of Table 14-8.

9. Plot the stage discharge curve assuming outlet control. Plot
column 1 and column 14 on Figure 14-24c curve A assuming outlet
control with the roadway sufficiently high to prevent over top
ping.

Condition 3-- Outlet Control, Improved Channel.
1. Compute the tailwater elevation at the culvert for the improved

channel condition.
Using Figure 14-23, curve B, read the elevation for each discharge
in column 1 and tabulate as TW elevation in column 15 of Table
14-8.

2. Compute the elevation assuming outlet control, improved channel.
Add column 8 plus the layer of column 15 or column 15 minus
column 13 and tabulate in column 16 of Table 14-8.

3. Plot the stage discharge curve assuming outlet control with
improved channel. Plot column 1 and column 16 on Figure14-24d,
curve A, as the stage discharge curve for cross section T-4
assuming outlet control with improved channel and the roadway
sufficiently high to prevent over topping.

Condition for flow over roadway.
Assume the approach velocity head for this example is negligable and the
coefficient C will equal C1 used in Eq. 14-26. If the velocity head
is significant and a correction to the coefficient C is desired by using
Eq. 14-27 follow steps 5 through 9 of Example 14-9.
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1. Select a range of elevations that will define the rating curve
over the road. Tabulate in column 1 of Table 14-9. The low
point on the road is at elevation 106.

2. Compute the depth of flow., H, over the road. For each elevation
in column 1 compute H and list in column 2 of Table 14-9.

3. Compute H1
/

2
• Tabulate in column 3 of Table 14-9.

4. Compute the flow area, A, over the road. For each elevation
listed in column 1 compute the area over the road and tabulate
in column 4 of Table 14-9.

5. Determine coefficient, C. Assume C = 2.7 for this exam:ple and
assume C = CI. Tabulate C1 in column 5 of Table 14-9.

6. Compute the discharge over the roadway using Eg. 14-26.

7. Plot the sta~e discharge curve. Using the computations shown
in Table 14-9 plot column 1 and column 6 shown on Figure 14-24b,
c, and d as curve B.

8. Graphically combine curves A and B on Figures 14-24b, c and d to
form the stage discharge curve for the culverts and weir flow
over the roadway.

Table 1~-9. Stage discharge over roadway at cross section T-3, Figure
14-4. Example 14-10.

Elevation H HI / 2 A C1 q

(1 ) (2) ( 3) (4 ) (5) (6)

106. o. o. 0 2.7 0

106.5 .5 .707 340 2.7 650

107. 1.0 1. 750 2.7 2020

107.5 1.5 1.225 1230 2.7 4070

108 2.0 1.414 1790 2.7 6830

Each of the 3 flow conditions were computed independent of each other.
The flow condition that actually controls is that which requires the
greater upstream elevation for the discharge being considered. By com
paring elevations for the same discharge for the J conditions tabulated
on Table 14~8 and plotted on Figure 14-24 b, c and d the type of control
at any given discharge can be determined. It may be advantageous to
plot all the curves on one graph to better define points of intersection.
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Under the old channel conditions it can be determined that open channel
flow conditions. exist for discharges less than about 4000 cfs, outlet
control governs between about 40"00 and 9000 efs. arid inlet control governs
for discharges greater than 9000 cfs.

Under new channel conditions open channel flow exists for discharges less

Ithan 3800 cfs, outlet control governs for discharges between 3800 and 7300
I :fs and inlet control governs for discharges greater than 7300 cfs. Also,

J.n both cases, discharges greater than 10,200 cfs flow will occur over the
road embankment.

If the actual profil~ for discharges occurring under open channel. t'low
conditions is desired water surface profiles should be run through the
culverts.

It can also be seen from Figure 14-24a and 14-24b that by constructing
the highway with 8 - 16' x 8' concrete box culverts elevations upstream
will increase over present conditions for discharges greater than ~)OOO cfs.
for improved outlet conditions upstream elevations will not be increased

. above present conditions until a discharge of 7200 cfs occurs.
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Exhibit 14-21. Entrance loss coeft"lcients.

Coeffieicnt ke to apply to velocity head ~ for determinatton of head

loss at entrance to a structure, such as a culvert or conduit, operat
ing full or partly ~ll with control at the outlet.

V
2

Entrance head 1055 He ke 2g

•

~ of Structure and Design of Entrance

Pipe, Concrete

Projecting from fill, socket end (groove-end)
Projecting from fill, sq. cut end
Headwall or headwall and wingwalls

Socket end of pipe (grooye-end) . .
Square-edge . . . . . . . . . .
Rounded (radius = 1/120). . . .

~litered to conform to fill slope ..
End-Section conforming to fill slope

Pipe, or Pipe-~rch, Corrugated Metal

ProjecHng from fill (no head.rall)
Headwall or headHall and wingwalls

Square-edge . . . . . . . . •
l~tered to conform to fill slope .
End-Section conforming to fill slope

Box, Reinforced Concrete

HeadwaLl parallel to embankment (no wingwnlls)
Square-edged on 3 edges . . . . . . . . • .
Rounded on 3 edges to radius of 1/12 barrel
dimension . . • . . . . . . .

Wi~·alls at 30° to 75° to barrel
Square-edged at crown . . . . . . . . . . . •
Crown edge rounded to radius of 1/12 b~rrel
dimens ion . . . . . . . . . . .

Wi~Ialls at 10° to 25° to barrel
Square-edged at crown . . .

Willgllalls parallel (extension of sides)
Square-edged at crown . • . . . . .
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HYDROLOGY

CHAPTER 15. TRAVE1 TIME, TIME OF CONCENTRATION AND LAG

Introduction

There is a delay in time, after a brief heavy rain over a watershed,
before the runoff reaches its maximum peak. This delay is a water
shed characteristic called lag. It must be known before computing a
peak flow time and rate for an ungaged watershed. Lag is related to
time of concentration and may be estimated from it. Both lag and time
of concentration are made up of travel times, which are also used in
flood routings and hydrograph construction. This chapter contains
methods for estimating travel time, lag, and time of concentration.

1'YPes of Flow
Figure 15.1 shows four types of flow that may occ'xr singly or in
combination on a watershed.

~

o

Surface flow
with trans
mission losses

Quick return flow

Base flow

Figure 15. l.--Types of flow
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Surface Flow. - - Travel from point 1 to point 2 in figure 15.1 is along
the surface of the watershed. This is surface runoff (also see Chl:l.pter
10). The floy takes place as overland floy or channel flow. This type
is commonly discussed in hydrograph analysis but it seldom occurs 1n its
ideal form.

Surface Flow with Transmission Losses. - - Water traveling toward the
watershed outlet is infiltrated into the soil or channel material. This
type is common in arid, semiarid, and subhumid climates. When the
infiltration takes place in a channel, it is called a transmission loss
(see Chapter 19). The distance from point 3 to point 4 in figure 15.1
will depend on the amount of runoff, the moisture characteristics of the
soil and on hydraulic features of the flow.

Interflow or Quick Return Flow. - - Water infiltrated at point 5, figure
15.1, eventually returns to the surface at point. 6, continuing as sllrface
flow to point 7. This flow reappears rapidly in comparison to base flow
and is generally much in excess of normal base flow. Springs or seeps
that add to flood flows are of this type. It is common in humid climates
and in watersheds with soils of high infiltration capacities and moderate
to steep slopes.

Base Flow. - - Rainfall entering at point 8, figure 15.1, goes directly
to the ground water table, eventually entering a stream at point 9. This
type of flow has little effect on flood peaks in small watersheds.
However, if it is a factor, it is usually added to the hydrograph as a
constant discharge.

Measurement of flow
On figure 15.1, flows from points 1 to 2, 3 to 4, and 6 to 7 can be
measured directly (see Chapter 14). Flows from points 5 to 6 and 8 to
9 are usually determined indirectly by storm and hydrograph analy::Jes or
by field observation of rainfall and runoff. The distance from point 3
to 4 in figure 15.1 will depend on the amount and rate of runoff, moisture
condition in the soil and the hydraulic features of the flow. Suc:h water·
cannot be measured except indirectly by a~alyses of precipitation, soil
moisture movements, and evapotranspiration.

Travel Time, Lag and Time of Concentration

Travel time
Travel time (Tt ) is the time it takes water to travel from one loeation
in a watershed to another location downstream. The travel may occmr on
the surface of the ground or below it or in a combination of the two.
Tt is affected by hydraulic factors and storage. It is a component part
of lag (L) and time of concentration (Tc)' It can be estimated by
equation 15.1.

.-
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tTt = 3600 V . . . . . . . . . . . • . . . . . . . . Eq. 15.1

Where Tt = travel time in hours
t = hydraulic length in feet

V =velocity in feet per second

Lag
The lag (L) of a watershed may be thought of as a weighted time of
concentration. If for a given storm the watershed is divided into
increments, and the travel times from the centers of the increments
to the main watershed outlet are determined, then the lag is:

L:(B;e Qx Tt )
L x= I

A Q
a

1 =
L:(ax ~ Ttx)

L:( Box Gtx)

••••••• Eq. 15.2a

•..•......•••••••• Eq. 15.2b

where 1 = lag in hours

~ = the x-th increment of watershed area in square miles

Qx = runoff in inches from area B;e

Tt = travel time in hours from the center of ~ to the point
x of reference

A = total area of the watershed above the point of reference

Qa = average runoff in inches from the total area (A), ·or
L:(B;e Qx)/A

Equation 15.2 will give the watershed lag for all the types of flow
shown in figure 15.1. However, the difficulties of obtaining accurate
estimates of underground flow rates and paths limits the use of the
equation. Instead, the approach in general practice is to develop a
hydrograph for each of the subareas (Ax) in equation 15.2 and route the
hydrographs downstream to the point of reference. The subareas ~re

usually a s~bdivision of a hydrologic unit as described in Chapter 6.
A lag time (1) or time of concentration (Tc) is usually estimated for
each hydrologic unit by one of the methods in this Chapter. Hydrographs
are then developed for each by a method of Chapter 16 and routed to the
point of reference by a method of Chapter 17.
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In simple hydrograph analysis, lag is the time from the center of :mass
of excessive rainfall to the peak rate of runoff (see Chapter 16). When
combinations of flow occur together, a compound hydrograph with more than
ene peak and lag time may result. Ideally the various types of fl w
should be separated for lag analysis and combined at the end of the
study. Water exists in a watershed system as a shapeless mass ccc rring
in varying combinations of surface runoff, interflow and ground water
f~ow. These components are characterized by the path the water takes
from where it is generated to the point of reference, downstream. The
velocity distribution varies both horizontally and vertically and lacks
constant boundaries, thus the flow pattern cannot be evaluated by i3imple
hydraulic analysis. In practice, lag is usually determined only for the
direct runoff portion of flow.

The role of channel and valley storage are important in the development
and translation of a flood wave and the estimation of lag. Both tlle
hydraulics and storage may change from storm to storm, so that an H.verage
lag may have a large error. The problem of evaluating lag is sufficiently
complex that theoretical hydraulic analysis must be complemented with a
hydrologic appraisal of the relative effect of basin characteristics in
order to make the best estimate.

Time of concentration
This 1s the time it takes for runoff to travel from the hydraulic~_lymost
distant part of the storm area to the watershed outlet or other point of
reference downstream. In hydrograph analysis, Tc is the time from the
end of excessive rainfall to the point on the falling limb of the hydro
graph (point of inflection) where the recession curve begins (see
Chapter 16). Tc is generally understood as applying to surface ruIloff.

The implication in the definitions of L and Tc , that the time factor is
only a case of calculating a theoretical velocity of a segment of water
moving through a hydraulic system, is 8...'Yl over-simplification. As with
lag, Tc may vary because of changes in hydraulic and storage conditions.

Estimating Tc ' Tt and L

Each method presented here is in effect a short-cut from which one or more
watershed characteristics have been omitted. It is a good practice to
consider more than one method, choosing the one that best fits the
characteristics of a given watershed. It is not worthwhile averaging
estimates made using two or three methods. Instead, the method that
appears most applicable because of field and data conditions should be
used.
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Field observations
At the time field surveys to obtain channel data are made, there is a
need to observe the channel system and note items that may affect channel
efficiency. Observations s~ch as the type of soil materials in the
banks and bottoms of the channel; an estimate of Manning's roughness
coefficient; the apparent stability or lack of stability of channel;
indications of debris flows as evidenced by deposition of coarse sediments
adjacent to channels, size of deposited materials, etc., may be
significant.

Indications of channel stability can sometimes be used to bracket the
range of velocities that normally occur in the stream channels.
Because high seiiment concentrations frequently affect both channel
velocities and peak rates of runoff, it is important to note when this
potential exists.

Intensity of investigations
The purpose for which a study is made is a guide to the amount of work
that should be done in securing data to serve as a basis for estimating
Tc (Chapter 6). Where the hydrograph is to be the basis for design or
for an important conclusion in planning, sufficient surveys should be
made to serve as a basis for (a) dividing the main drainage course into
reaches that are approximately uniform as to channel sizes, slopes and
characteristics and (b) determining average cross sections, roughness
coefficients and slopes for each reach. Where the hydrograph is to be
the basis for preliminary conclusions, Tc may be estimated by taking the
travel distance from maps or aerial photographs and estimating average
velocity from general knowledge of the approximate sizes and characteris
tics of channels in the area under consideration.

Many natural streams have considerable sinuosity, meander, etc. as well
as overfalls and eddies. Tendencies are therefore, to underestimate the
length of channels and overestimate average velocities through reaches.

Stream hydraulics for estimating travel time and Tc
This method is recommended for the usual case where no usable hydrographs
are available. This procedure is illOSt applicable for areas where surface
runoff predominates. It can result in too short of Tc for areas where
interflow and ground water flow are a ~ajor part of runoff.

Stream or valley lengths and flow velocities are used, being taken from
field survey data. It is assumed the stream has been divided into reaches.

1. Est.Lmate the 2-year frequency discharge in the stream. When
this cannot be done, use the approximate bankfull discharge of the low
flow channel •
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2. Compute the average velocity. In watersheds with narrow flood
plains where the depth of overbank flow may be 10 to 20 feet during a
major flood event, it may be desirable to use correspondingly higher
velocities for frequencies of 10 to 100 years or greater.

3. Use the average velocity and the valley length of the reach to
compute the travel time through the reach by equation 15.1.

4. Add the travel times of step 3 to get the Tc for the watershed.
Use of the low flow channel bankfull discharges with valley lengths is a
compromise that gives a Tc for average floods. For special cases (channel
design, for instance) use whatever average velocities and lengths ~re

appropriate.

In most cases the hydraulic data do not extend upstream to the watershed
ridge. The remaining time (to add in step 4) can be estimated by &lding
the time obtained by the upland method or the Tc obtained by the ~W
number method. See figures 15.2 and 15.3 respectively. Use the one most
applicable to the upper watershed characteristics.

Lag may be estimated in terms of Tc using the empirical relation:

L = 0.6 Tc . • • • Eq. 15.3

This is for average natural watershed conditions and for an approximately
uniform distribution of runoff on the watershed. When runoff is not.
uniformly distributed the watershed can be subdivided into areas within
which the runoff is nearly uniform, enough so that equation 15.3 can be
applied.

Upland method
Types of flow considered in the upland method are: overland; through
grassed waterways; over paved areas; and through small upland gullies.
Upland flow employed in this method can be a combination of these various
sl.lxface runoff conditions. The velocity is determined using figure 15.2.

The most remote segment of runoff that becomes part of the total tiDle of
concentration may occur in wide sheets overland rather than in defined
channels. This type of flow is of practical importance only in very
small watersheds because runoff is usually concentrated into small
gullies or terrace channels within less than a thousand feet of its
origin. The velocity of overland flow varies greatly with the surf~we

cover and tillage as demonstrated in figure 15.2.

Surface runoff along terrace channels is another type of upland flow.
The velocity and distance of flow that relate to time of concentration
is based on the terrace gradient and length. A velocity of 1.5 feet
per second can be assumed for the average terrace channel. Runoff soon
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concentrates from sheet flow into small gullies. Their path of flow
and location may change from one flood to the next. Ordinary tillage
operations may obliterate them after each period of runoff. Still larger
gullies are formed which under a good conservation practice are trans
formed into permanent grassed waterways.

The travel time (Tt) for each type of upland flow can be computed using
equation 15.1. The summation of these travel times will equal the To
in the upland or subwatershed, to the watershed outlet, or down to the
point w.here hydraulic cross sections have been made for the stream
hydraulics method.

In a small watershed the elapsed time for overland flow in figure 15.2
may be a substantial percent of the total watershed time of concentration.
Conversely, it is a much smaller portion of the total time of concentra
tion in larger watersheds. In watersheds larger than 2000 acres, it can
usually be ignored by extrapolating the average measuroo velocity over
the entire hydraulic distance as previously described.

The upland method should be limited to small watersheds (2000 acres or
less) and to the sub-watershed portions of larger watersheds above and
beyond the point where it is impractical to survey cross sections and
make other detailed hydraulic measurements. This upstream limit is
usually. selectoo where natural reach storage ceases to be an important
element in shaping a unit hydrograph for the watershed in question.

Curve number method
This method was developed for areas of less than 2000 acres.

. . . . . . . . . . . . . . . . .
Equation 15.4 was developed from research watershed data:

L = R, 0.8 (8+1)°·7

1900 YJ.6

Where L = lag in hours

R, = hydraulic length of watershed in feet

8 = 1000 - 10 where CN' ~ hydrologic soil cover
eN'
complex number (CN) in Chapter 9.

Y = average watershed land slope in percent

Eq. 15.4

The curve number method was developed to span a bro~ set of conditions
ranging from heavily forested watersheds with steep channels and a high
percent of the runoff resulting from subsurface or inter-flow and
meadows providing a high retardance to surface runoff, to smooth land
surfaces and large paved parking areas. The CN' is a measure of the

NEH Notice 4-102, August 1972
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retardance of surface conditions on the rate at which runoff concentrates
at some point in question. This retardance factor (CN') is approxUnately
the same as the CN in Chapter 9. A thick mulch in a forest is associated
with a low CN in Chapter 9 and reflects a high degree of retardance as
well as a high infiltration rate. A hay meadow has a relative low CN,
other factors being equal, and like a thick mulch in a forest provides a
high degree of retardance to overland flow in small watersheds. Conversely,
bare surfaces with very little retardance to overland flow are represented
by a high CN'. Runoff curve number tables in Chapter 9 can be used for
approximating the CN' for the "S" in equation 15.4. A CN' of less than
50 or greater than 95 should not be used in the solution of equation 15.4.

I The slope (Y) in percent is the average ~and slope of "the watershed.
Theoretically, it would be as if slopes were obtained for each corner of
a grid system placed over the watershed, and then averaged.

Figure 15.3 provides a quick solution to equation 15.4.

Variations in Lag and Te Due to Urbanization

Investigations have indicated that a significant increase in peak
discharge can result from urbanization of a watershed. Such increases
in the peak discharge are generally attributed to the construction of
collection systems that are more efficient in a hydraulic sense than
those provided in nature. These systems increase conveyance velocities
so that greater amounts of discharge tend to reach points of concentra
tion concurrently. Where flow once prevailed over a rough terrain and
along field gullies and stream channels, urbanization provides
hydraulically smooth concrete gutters, streets, storm drains and open
channel floodways that convey runoff rapidly to downstream points.

The amount of imperviousness due to urbanization in a watershed varies
from about 20 percent in the case of low density residential areas to
about 90 percent where business and commercial land use predominates.

Table 15.1 illustrates the degree of imperviousness with land use for
typical urban development.

NEH Notice 4-102, August 1972
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Table 15.1.--Percent of imperviousness for various densities of urban
occupancy.

Land Use

Low Density Residential
Medium Density Residential
High Density Residential
Business - Commercial
Light Industrial
Heavy Industrial

%Imperviousnes;h!

20 - 30
25 - 35
90 - 40
40 - 90
45 - 65
50 - 70

11 E££ects o£ Urbanization on Storm Runo££ - Cudworth and Bottorf 
South Pacific Division - Corps of Engineers. Presented to Water
Management Subcommittee, PSIAC, March 1969.

A CN' of 90 or 95 can be used to estimate the impervious portion. CN'
for lawns, parks, etc. can be selected from one of the curve number
tables in Chapter 9.

Travel Time Through Reservoirs. Lakes. and Swamps

It is sometimes necessary to compute a Tc for a watershed having a
relatively large body of water in the flow path. In such cases, Tc is
computed by one of the above methods to the upstream e::1.d of the lake
or reservoir, and for the body of water the travel time is computed
using the equation:

• • • • • 0 • • • • • • • • • • Eq." 15.5

Where Vw = the wave velocity, in fps, across the water

g = 32.2 feet/sec/sec

Dm = mean depth of lake or reservoir in feet

Generally, Vw will be high, as shown in table 15.2.

One must not overlook the fact that equation 15.5 only provides for
estimating travel time across the lake and for the inflow hydrograph to
the lake's outlet. It does not account for the travel time involved
with the passage of the inflow hydrograph through spillway storage and
the reservoir or lake's outlet. This time is generally much longer
than and is added to the travel time across the lake. The travel time
through lake storage and its outlet can be determined by one of the
storage "routing procedures in Chapter 17.

NEH Notice 4-102, August 1972
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For additional discussion of equation 15.5 see King's "Handbook of
Hydraulics," fourth edition, page 8-50, or "Elementary Mechanics of
Fluids" by Hunter Rouse, John Wiley and Sons, Inc., 1946, page 142.

Equation 15.5 can be used for swamps with much open water, but where the
vegetation or debris is relatively thick (less than about 25 percent
open water), Manning's equation is more appropriate.

Table 15.2.--Wave velocities on lakes and reservoirs

-

Mean depth, Dm
(feet)

Wave velocities, Vw
(fps) (mph)

2
4
8

16
32

8.0
11.3
16.0
22.7
32.1

Examples

5.45
7.70

10.9
15.5
21.9

The following examples illustrate the use of the methods previously
described to estimate travel time (Tt), time of concentration (Tc)
and lag (L). The sample watershed of Chapter 6 showing the subdivision
of a hydrologic unit is repeated here as figure 15.4 for the examples
that follow.

Example 15.1, Upland Method.--Subdivision (1) in figure 15.4 has
a diversion terrace below a short grass pasture outletting into
a' grassed waterway down to a road crossing. The overland flow
length across the pasture down to the diversion terrace is 900 feet.

The length of the longer diversion terrace is 2100 feet. The
ave age slope of the pasture is 8 percent. The grassed waterway
is 2400 feet long with an average slope of 4 percent. A raw gully
extends from the road crossing where the grassed waterway terminates,
down to the point where a grade stabilization structure is planned.
The length of the gully is 2700 feet with a 3 percent grade.

1. Read the following velocities from figure 15.2:

-

Short grass pasture @ 8 percent •
Grassed waterway @ 4 percent
Gully @ J percent • • • • • • •

• 2 ft./sec.
• 3 ft./sec.

• • 3.5 ft./sec.
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2. The average velocity for terraces is 1.5 ft./sec.

3. SUbstituting velocity and length in equation 15. 1:

Tt (pasture)
Tt (terrace)
Tt (waterway)
Tt (gully)

= (900/3600) -;. 2 := 0.125 hr.
= (2100/3600) -;'1. 5 = 0.390 hr.
= (2400/3600) -;. 3= 0.222 hr.
= (2700/3600) -;. 3.5 = 0.215 hr.

4. Tc = ~t = 0.125 + 0.390 + 0.222 + 0.215 = 0.952 hr.
Round to 1.0 hr (to the nearest tenth hour).

Example 15.2, Curve Number Method.--Su1::xiivision (5) in figure 15.4
is a wooded area with soils primarily in hydrologic group B. The
hydrologic condition is good, having a heavy cover of litter. The
slopes are steep, averaging about 16 percent. The hydraulic length
according to map measurement is 16,000 feet.

1. The soil cover number from table 9-1 (Chapter 9) for this
su1::xiivision would be 55. CN ~ CN' = 55

2. Using figure 15.3, L = 1.4 hrs.

3. Use equation 15.3 to convert lag to Tc :

Tc = 1.4/0.6 = 2.3 hrs.

Example 15.3, Stream Hydraulics Method. --It can be assumed that back
water curves (or water surface profiles) have been computed by
methods in Chapter 14 from the river outlet of the sample
watershed in figure 15.4 up stream to the proposed floodwater
retarding structure sites FR-l and FR-2. Example 15.2 provided
the Tc for developing inflow hydrographs to the proposed FR-2 site
and example 15.1 provided the Tc for inflow hydrographs to the
proposed grade stabilization structure, GS-l site. A flood
hydrograph for present conditions (without structures) is desired
at the junction below su1::xiivisions (4) and (5). Therefore a simple
flood hydrograph is neErlErl at the outlet of su1::xiivision (4) to
combine with the hydrograph at the proposed FR-2 site and outlet
of su1::xiivision (5). To develop a simple hydrograph at the lower
end of su1::xiivision (4), the travel time (Tt) is needed for reaches
R-2 and R-4 and each added to the Tc for the GS-l site. There
floodplain lengths are:

GS-l to FR-l •
FR-l to B-B ••••
B-B to A-A ••
A-A to junction

• • • • • • 6000'
. . . . . . . . . . 2400'

• • • • • • • • 2800'
. . . . . . . . 900'
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The bankfull discharge and cross sectional area obtained from the
W.S. profile rating curves at surveyed sections A-A and B-B give
a mean velocity of 3.6 and 3.8 feet per second respectively.
Similarly, the velocity obtained from the water surface profile at
the FR-l site is 6.1 feet per second. A surveyed cross section
was available at the GS-l site but other than that surveyed cross
sections were not made beyond the upstream point of site FR-1.
They were not considered necessary for the sole purpose of estimat
ing travel time in this upper reach. Instead, handlevel channel
cross sections were made at four intermediate locations in reach
R-2aIrl an overall gradient estimated. These data appear in the
following steps.

1. A table is made showing the field data obtained in R-2 and
the estimated mean velocities for each section therein computed
from Manning's formula, V = 1.486 r 2/::3 sl/2

n

Bankfull Wetted Hydraulic
S 1/2X-Section area Perimeter Radius r 2/3 n V

( a) (p) ( r)

ft ft ft ft/ft ft/sec

GS-l 48 22 2.18 1.68 0.040 0.10 6.2
hde-l 55 35 1.57 1.35 0.055 0.10 3.7
hde-2 55 39 1.42 1.26 0.055 0.10 3.4
hde-3 50 26 1.92 1. 55 0.040 0.10 5.8
hde-4 56 28 2.00 1.59 0.040 0.10 5.9
FR-l (obtain from water surface profile rating) 6.1

2. Since the handlevel sections were taken at approximately equal
intervals, the velocities are averaged without weighting them with
res~ect to length. The average velocity for reach R-2 is 5.2
ft/sec.

3. Applying equation 15.1:

Tt = (6000/3600) -;- 5.2 = 0.3:'2 hrs.

4. Obtain Tt for R-4 by equation 15.2:

~ NEH Notice 4-102, August 1972



15-16

From To Distance Velocity Tt
(d) (V) (hr)

FR-l Midway to B-B 1200 6.1 0.051
Midway between Midway between

FR-l & B-B B-B & A-A 2600 3.8 0.190
Midway between junction

B-B & A-A 2300 3.6 0.181
Total 0.422

5. Tc for subdivisions (1), (2), (3) and (4):

Tc for subdivision (1) from example 15.1
Tt for R-2 . . . . . . . . . . . . .
Tt for R-4 • • • • • . . • • •
Tc (total) • • • • • • • •

Round to

0.95
0.32
0.42
1.69
1. 7 hrs.

A hydrograph developed at the junction by combining the two tributary
areas and using the longer Tc of 2.3 hours would be less accurate than
by estimating the Tc for each tributary, as was done in the examples
above, and then combining the two hydrographs developed for each.
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CHAPTER 16. HYDROGRAPHS

Purpose

Hydrographs, or some elements of them such as peak rates, are used in
the planning and design of water control structures. They are also used
to show the hydrologic effects of existing or proposed watershed projects-r

Development of Hydrograph Relations

Runoff occurring on the uplands flows downstream in various patterns
of flow which are affected by many factors such as spatial and temporal
distribution of rainfall, rate of snowmelt, hydraulics of streams,
watershed and channel storage, and others that are difficult to define.
The graph of flow (rate versus time) at a stream section is the hydro
graph, of which no two are exactly alike. There is no satisfactory
mathematical analysis of flood hydrographs, and empirical relations
have been developed, starting with the "Rational Method" in the 19th
century, progressing to the Unit Hydrograph in the 1930's, and to more
recent use of Dimensionless or Index Hydrographs. The empirical rela
tions are simple elements from which as complex a hydrograph may be
made as needed.

Present-day difficulties with hydrograph development lie in the precise
estimation of runoff from rainfall (chapter 10) and determination of
paths of flow (chapter 15).

Types of Hydrographs

This classification is a partial list, suitable for use in watershed
work.

l. Natural hydrographs. Obtained directly from the flow
records of a gaged stream.

2. Synthetic hydrographs. Obtained by using watershed param
eters and storm characteristics to simulate a natural
hydrograph.

3. Unit hydrograph. A natural or synthetic hydrograph
for one inch of direct runoff. The runoff occurs
uniformly over the watershed in a specified time.
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4. Dimensionless hydrograph.
unit hydrographs by using
peak rates as basic units
graphs in ratios of these
hydrograph.

Made to represent many
the time to peak and the
and plotting the hydro
units. Also called Index

Unit Hydrograph

In 1932, 1.K. Sherman1advanced the theory of the unit hydrograph, or
unit graph. The unit hydrograph procedure assumes that discharge at
any time is proportional to the volume of runoff and that time factors
affecting hydrograph shape are constant.

Both field data and laboratory tests have shown that the assumption of
a linear relationship between watershed components is not strictly true.
The non-linear relationships have not been investigated sUfficiently
to ascertain their effects on a synthetic hydrograph. Until more in
formation is available the procedures of this chapter wlll be based
on the unit hydrograph theory.

The fundamental principles of invariance and superposition make the unit
graph an extremely flexible tool for developing synthetic hydrographs:
1) the hydrograph of surface runoff from a watershed due to a given pat
tern of rainfall is invariable, and 2) the hydrograph resulting from a
given pattern of rainfall excess can be built up by superimposing the
unit hydrograph due to the separate amounts of rainfall excess occurring
in each unit period. This includes the principle of proportionality by
which the ordinates of the hydrograph are proportional to the volume of
rainfall excess.

The unit time or "unit hydrograph duration" is the optimum duration for
occurrence of precipitation excess. In general, this unit time is ap
proximately 20 percent of the time interval between the beginning of run
off from a short high-intensity storm and the peak discharge of the cor
responding runoff.

The "storm duration" is the actual duration of the precipitation excess.
The duration varies with actual storms. The dimensionless unit hydro
graph used by SCS (figure 16.1) was developed by Victor Mockus. It was
derived from a large number of natural unit hydrographs from watersheds
varying widely in size and geographical locations. This dimensionless
curvilinear hydrograph, also shown in table 16.1, has its ordinate
values expressed in a dimensionless ratio q/qp or Qa/Q and its abscissa
values as t/Tp . This unit hydrograph has a point of inflection ap
proximately 1.70 times the time-to-peak (Tp ) and the time-to-peak 0.2
of the time-of~base (Tb).

11see References at end of chapter.
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Table 16.1 Ratios for dimensionless unit hydrograph
and mass curve.

Time Ratios Discharge Ratios Mass 'Curve Ratios
<. t/Tp ) (q/qp) (Qa/Q)

0 .000 .000
.1 .030 .001
.2 .100 .006
.3 .190 .017
.4 .310 .035
.5 .470 .065
.6 .660 .107
.7 .820 .163
.8 .930 .228
.9 .990 .300

1.0 1.000 .375
1.1 .990 .450
1.2 .930 .522
1.3 .860 .589
1.4 .780 .650
1.5 .680 .705 ,
1.6 .560 .751
1.7 .460 .. 790
1.8 .390 .822
1.9 .330 .849
2.0 .280 .871
2.2 .207 .908
2.4 .147 .934
2.6 .107 .953
2.8 .077 .967
3.0 .055 .977
3.2 .040 .984
3.4 .029 .989
3.6 .021 .993
3.8 .015 .995
4.0 .Oll .997
4.5 .005 .999
5.0 .000 1.000

(210-VI-NEH-4, Amend. 6, March 1985)
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Elements of a Unit Hydrograph
The dimensionless curvilinear unit hydrograph. lfigure. 16.1) has 37.5%
of the total volume in the rising side, which. is. repres.ented by one
unit of time and one unit of discharge. This. dimens:ionles,s unit hydro
graph also can be represented by an equivalent triangular hydrograph.
having the same units of time and discharge, thus having the same per
cent of volume in the rising side of the triangle (figure 16.21.

43o I ?

1::===~_T_p===~.~1:-·~~T-b-=--=-=T_r-=========::I
t/Tp

?/ T
r~>-EXCESS RAINFALL

1.0
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--~: I- 0 ( / \\ MASS CURVE ~",,--- 1
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J /' \\, qp
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/1 J \ 1\
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Figure 16.2 Dimensionless curvilinear unit hydrograph and
equivalent triangular hydrograph
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This allows the base of the triangle to be solved in relation to the
time to peak using fue geometry of triangles. Solving for the base
length of the triangle, if one unit of time Tp equals .375 of volume:

To= 1.00
.375

= 2.67 units of time,

Tr = Tb - Tp = 1.67 units of time or 1.67 Tp '

These relationships are useful in developing the peak rate equation for
use with the dimensionless unit hydrograph.

Peak Rate Equation

From figure 16.2 the total volume under the triangular unit hydrograph
is:

Q = qp Tp + qp Tr = qp
(Tp2 2 2

With Q in inches and T in hours, solve for peak
per hour:

2Q
qp = Tp + Tr

Let K 2

1 +
Tr
Tp

Therefore qp = KQ
Tp

(Eq. 16.1)

rate qp in inches

(Eq. 16.2)

(Eq. 16.3)

(Eq. 16.4)

CEq. 16.5)

In making the conversion from inches per hour to cubic feet per sec
ond and putting the equation in terms ordinarily used. including
drainage area "A" in square miles, and time "T" in hours, equation
16.4 becomes the general equation:

645.33 x K x A x Q
qp = Tp

Where qp is peak discharge in cubic feet per second (cfs) and the con
version factor 645.33 is the rate required to discharge one inch from
one square mile in one hour.

The relationship of the triangular unit hydrograph, Tr = 1.67 Tp •
gives K = 0.75. Then substituting into equation 16.5 gives:

(Eq. 16.6)

Since the volume under the rising side of the triangular unit hydro
graph is equal to the volume under the rising side of the curvilinear
dimensionless unit hydrograph in figure 16.2, the constant 484, or
peak rate factor. is valid for the dimensionless unit hydrograph in
figure 16.1.



16.7

Any change in the dimensionless unit hydrograph reflecting a change in
the percent of volume under the rising side would cause a corresponding
change in the shape factor associated with the triangular hydrograph and
therefore a change in the constant 484. This constant has been known to
vary from about 600 in steep terrain to 300 in very flat swampy country.. .
The E&WP Unit hydrologist should concur in the use of a dimensionless
unit hydrograph other than figure 16.2. If for some reason it becomes
necessary to vary the dimensionless shape of the hydrograph to perform
a special job, the ratio of the percent of total volume in the rising
side of the unit hydrograph to the rising side of a triangle is a use
ful tool in arriving at the peak rate factor.

Figure 16.2 shows that:

T :: 6D + L
P 2

where 6D is the duration of unit excess rainfall and L is the water
shed lag in hours. The lag (L) of a watershed is. defined (chapter 151
as the time from the center of mass of excess rainfall (6D) to the
time to peak (T ) of a unit hydrograph. From equation 16.6:

p

:: 484 A Q
qp 6D + L

2

(Eq. 16.8)

The ayerage relationship of lag (L) to time of concentration (Tc ) is
L = 0.6 Tc (chapter 15).

Substituting in equatiop 16.8, the peak rate equation becomes:

= 484 A Q
qp LID

~ + 0.6 Tc
--

The time of concentration is defined in two ways in chapter 15:
1) the time for runoff to travel from the furthermost point in the
watershed to one point in question, and 2) the time from the end of
excess rainfall to the point of inflection of the unit hydrograph.

These two relationships are important since Tc is computed under the
first definition and 6D, the unit storm duration, is used to compute
the time to peak (Tp ) of the unit hydrograph. This in turn is applied
to all of the points on the abscissa of the dimensionless unit hydro
graph using the ratio t/Tp as shown in table 16.1.

The dimensionless unit hydrograph shown in figure 16.2 has a time to
peak at one unit of time and point of inflection at approximately 1.7
units of time. Using the rel~~jonships Lag = 0.6 Tc and the point of
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inflection =1.7 Tp , bD will be .2 Tp• A small variation in 6D is.per
missible, however, it should be no greater tl"ocm .25 Tp • See example 1.

Using the relationship shown on the dimensionless unit hydrograph,
figure 16.2 to compute the rel~tionship of 6D to Tc :

(Eq. 16.10)

(Eq. 16.11)

Solving these two equations:

6D
Tc + ~D =1.7 (;r +.6 Tc )

.15 flO = .02 T
c

AD = .133 Tc

Application of Unit Hydrograph

(Eq. 16.12)

The unit hydrograph can be constructed for any location on a uniformly
shaped watershed, once the values of qp and Tp are defined (figure 16.3.
areas A and B).

Area C in figure 16.3 is an irregularly shaped watershed having two
uniformly shaped areas (C2 and Cl) with a big difference in their time
of concentration. This watershed requires the development of two unit
hydrographs which may be added together forming one irregularly shaped
unit hydrograph. This irregularly shaped unit hydrograph may be used
to develop a flood hydrograph in the same way as the unit hydrograph
developed from the dimensionless form (figure 16.1) is used to develop
the flood hydrograph. See example 1 for area shown in figure 16.3.
Also, each of the two unit hydrographs developed for areas C2 and Cl
in figure 16.3 may be used to develop a flood hydrograph for its re
spective C2 and Cl areas. The flood hydrographs from each area are
then combined to form the hydrograph at the outlet of area C.

There are many variables integrated into the shape of a unit hydro
graph. Since a dimensionless unit hydrograph is used and the only
parameters readily available from field data are drainage area and
time of concentration, consideration should be given to dividing the
watershed into hydrologic units of uniformly shaped areas. These divi
sions, if at all possible, should be no greater than 20 square miles in
area and should have a homogeneous drainage pattern.

The "storm duration" is the actual time duration of precipitation excess.
This time duration varies with actual storms and should not be confused
with the unit time £E. unit hydrograph duration.

(210-VI-NEH-4, Amend. 6, March 1985)
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Example 1

Develop a composite flood hydrograph using the runoff produced by the
rainfall taken from a recording rain gage (figure 16.4(a)) on watershed
(Area A) sho~n on figure 16.3.

Given the following information:

Drainage Area - 4.6 square miles

Time of Concentration - 2.3 hours

CN-85

Moisture Condition II

Storm Duration - 6 hours

Step 1. Develop and plot unit hydrograph.

Using equation 16.12, compute 6D:

~ = .133 x 2.3 = .306 use .30 hours

Using equation 16.7, compute Tp :

Tp = .~o + (.6 x 2.3) = 1.53 hours

Using equation 16.6, compute q for volume of runoff equal to
one inch:

q = 484 x 4.6 x 1 = 1450 cfs
P 1.53

The coordinates of the curvilinear unit hydrograph are shown in table
16.2 and the plotted hydrograph on figure 16.5.

Step 2. Tabulate the ordinates of the unit hydrograph from figure 16.5
in 0~3 hour increments (table 16.3a, column 2).

Step 3. Check the volume under unit hydrograph by summing the
ordinates (table 16.3a, column 2) and multiplying by ~:

9898 x 0.3 = 2969.4 efs-hours

Compare this figure with computed volume under unit hydrograph:

645.33 x 4.6 = 2968 cfs-hours

If these fail to check, re-read the coordinates from figure
16. 5 and adjust if necessary until a reasonable balance in
volume is attained.

Step 4. Tabulate the accumulated rainfall in .3 hour increments
(table 16.4, column 2).
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Table 16.2. Computation of coordinates for unit hydrograph
for use in Example 1.

1 2 3 4

Time Ratios Time Discharge Ratios Discharges
(table 16.1) (call x 1.53) (table 16.1) (col 3 x 1450)

( t/Tp ) (hours) (q/qp) (cfs)

.0 a a 0

.1 .1~ .030 44

.2 .31 .100 145

.3 .46 .190 276

.4 .61 .310 450

.5 .76 .470 682

.6 .92 .660 957

.7 1. 07 .820 1189

.8 1. 22 .930 1349

.9 1. 38 .990 1435
1.0 1. 53 1.000 1450
1.1 1. 68 .990 1435
1.2 1. 84 .930 1349
1.3 1.99 .860 1247
1.4 2.14 .780 1131
1.5 2.29 .680 986
1.6 2.45 .560 812
1.7 2.60 .460 667
1.8 2.75 .390 565
1.9 2.91 .330 479
2.0 3.06 .280 406
2.2 3.37 .207 300
2.4 3.67 .147 213
2.6 3.98 .107 155
2.8 4.28 .077 112
3.0 4.59 .055 80
3.2 4.90 .040 58
3.4 5.20 .029 42
3.6 5.51 .021 30
3.8 5.81 .015 22
4.0 6.12 .011 16
4.5 6.89 .005 7
5.0 7.65 a 0
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Table 16.3. Computetlon 01 a flood hydrograph

(e.ample 1).

Table 16.3 (al Table 16.3 (b) Table 16.3(c) Tallie 16.l(dl

.09

.19 .09

.24 .19

.31 .24

.42 .31

.36 .42

.25 .36

.11 .25

.05 .11

.01 .05

.0 .01

(1)
.0

(2) (3) (1) .0 (2) (3) (1) (2) (3) (1) (2) (3)
.06 -- .0 --- ---- .12 .06

Unit Flood Unlt Flood Unit Flood Flood
.18 .12

Unit

Time .26 lfyd. Hyd. Time
.18

Hyd. lfyd. Time lfyd. Hyd. Time Hyd. Hyd.

-- .33 -- .26 -- --
0 .27 0 0 0 .33 0 0 0 0 0 0 0 0

.3· .12 140 0 .3 .27 140 0 .3 140 0 .3 140 0

.6 .0- 420 17 .6 .12 420 17 .6 .09 420 17 .6 420 17

.9 960 .9 .0- 960 88 .9 .19 960 88 ·9 960 88
1.2 1330 1.2 1330 1.2 .24 1330 275 1.2 1330 275
1.5 1450 1.5 1450 1.5 .31 1450 594 1.5 1450 594
1.8 1370 1.8 1370 1.8 .42 1370 984 1.8 1370 984
2.1 1140 2.1 1140 2.1 .36 1140 1337 2.1 1140 1337
2.4 860 2.4 860 2.4 .25 ·860 1563 2.4 860 1563
2.7 . 610 2.7 610 2.7 .11 610 1620 2.7 610 1620
3.0 440 3.0 440 3.0 .05 440 1516 3.0 440 1516
3.3 320 3.3 320 3.3 .01 320 1300 3.3 320 1300
3.6 230 3.6 230 3.6 .0 230 1050 3.6 230 1050
3.9 170 3.9 170 3.9 .0 170 838 3.9 170 838
4.2 120 4.2 120 4.2 .06 120 726 4.2 120 726
4.5 85 4.5 85 4.5 .12 85 765 4.5 85 765
4.8 70 4.8 70 4.8 .18 70 988 4.8 70 988
5.1 55 5·1 55 5·1 .26 55 1359 5.1 55 1359
5.4 40 5.4 40 5. 4 .33 40 1787 5.4 40 1787
5.7 30 5· 7 30 5.7 .27 30 2143 5.7 30 2143
6.0 20 6.0 20 6.0 .12 20 234:1 6.0 20 234?
6.3 15 6.3 15 6.3 .0_ 15 2350 6.3 15 2350
6.6 10 6.6 10 6.6 10 6.6 10 2170
6.9 7 6.9 7 6.9 7 6.9 7 1854
7.2 4 7.2 4 7·2 4 7.2 4 1488
7· 5 2 7.5 2 7.5 2 7.5 2 1138
7.8 0 7.8 0 7.8 0 7.8 .09 0 840
8.1 8.1 8.1 8.1 .19 608
8.4 8.4 8.4 8.4 .24 438
8.7 8.7 8.7 8.7 .31 318
9.0 9·0 9.0 9.0 .42 233
9.3 9.3 9.3 9·3 .36 172
9.6 9.6 9.6 9.6 .25 128
9.9 9.9 9.9 9.9 .11 96

10.2 10.2 10.2 10.2 .05 72
10.5 10.5 10.5 10.5 .01 53
10.8 10.8 10.8 10.8 .0 38
11.1 11.1 11.1 11.1 .0 27
11.4 11.4 11.4 11.4 .06 18
11. 7 11. 7 11. 7 11. 7 .12 12
12.0 12.0 12.0 12.0 .18 7
12.3 12.3 12.3 12.3 .26 4
12.6 12.6 12.6 12.6 .33 2
12.9 12.9 12.9 12.9 .27 1
13.2 13.2 13.2 13.2 .12 0
13.5 13.5 13.5 13.5 .0-
13.7 13.7 13.7 13.7

Total 9898 Total 33359



Table 16.4 Rainfall tabulated i r 0.3 hour increments from
plot of Rain Gage Chart, Figure 16.~a

6.15

1 2

Accum.
Time Rainfall

0 0
.3 .31
.6 .81
.9 1. 40

1.2 1. 89
1.5 2.24
1.8 2.48
2.1 2.63
2.4 2.10
2.1 2.10
3.0 2.10
3.3 2.11
3.6 2.11
3.9 2.91
4.2 3.20
4.5 3.62
4.8 4.08
5.1 4.43
5.4 4.10
5.1 4.9(,
6.0 5.00

3

Accum. 1

Runoff

.00

.12

.39

.12

.98
1.16
1.28
1. 34
1. 34
1. 34
1. 35
1. 40
1. 51
1.16
2.12
2.54
2.85
3.09
3.28
3.31

4

Incremental
Runoff

00
.12
.21
.33
.26
.18
.12
.06
.00
.00
.01
.05
.11
.25
.36
.42
.31
.24
.19
.09

5
Reversed

Incremental
Runoff

.09

.19

.24

.31

.42

.36

.25

.11

.05

.00

.00

.00

.06

.12

.18

.26

.33

.27

.12

.00

lRunoff computed using eN 85 moisture condition II.

Step 5. Compute the accumulated runoff (table 16.4, column 3) using
CN-85, condition II.

Step 6. Tabulate the incremental runoff (table 16.4, column 4).

Step 1. Tabulate the incremental runoff in reverse order (table 16.4,
column 5) and/or tabulate it on a strip of paper having the
same line spacing as the paper used in step 2.

Step 8. Place the strip of paper between column 1 and column 2 of
table 16.3(a) and slide down until the first increment of
runoff (0.12) on the strip of paper is opposite the first
discharge (140) on the unit hydrograph (column 2). Multi
plying 0.12 x 140 = 16.8 (round to 11). Tabulate in column
3 opposite the arrow on the strip of paper.
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Step 9. Move the strip of paper down one line (table 16.3(b)) and
compute (0.12 x 420) + (.27 x 140) = 88.2 (round,to 88).
Tabulate in column 3 opposite the arrow on the strip of

paper.

Continue moving the strip of paper containing the runoff
down one line at a time and accumulatively multiply each run
off increment by the unit hydrograph discharge opposite the
increment.

Table 16.3(c) shows the position of the strip of paper con
taining the runoff when the peak discharge of the flood hy
drograph (2350 cfs) is reached. If only the peak discharge
of the flood hydrograph is desired, it can be found by making
only a few computations, placing the larger increments of
runoff near the peak discharge of the unit hydrograph.

Figure 16.3(d) shows the position of the strip of paper con
taining the runoff at the completion of the flood hydrograph.
The complete flood hydrograph is shown in column 3. These
discharges are plotted at their proper time sequence on
figure 16.6 which is the complete flood hydrograph for
example 1.

Step 10. Check the volume under the flood hydrograph by summing the
ordinates (table 16.3(d), column 3) and multiplying by ~D.
33359 x .3 = 10007.7 cfs-hours, compared to computed volume,
645.33 x 4.6 x 3.37 = 10003.9 cfs-hours.

Example 2

Using the same data given in example 1, graphically develop a composite
flood hydrograph using a triangle for the unit hydrograph.

Step 1. Plot the triangular unit hydrograph (dashed line) on figure
16.7: Tp = 1.53 hours, Tb = 4.08 hours.

Step 2. Compute the p~ak discharge for the first incremental triangular
hydrograph by multiplying the first increment of runoff shown
in table 16.4, column 4, by the peak discharge for one inch
of runoff (1450). The peak of the first incremental triangular
hydrograph is 1450 x .12 = 174. Since the storm did not pro
duce runoff for the first' incremen~ of time and the zero point
of the first incremental triangular hydrograph is plotted at 0.3
hours. The peak discharge of 174 cfs is plotted at 1.83 hours
and end of the base is 4.38 hours. Continue developing and
plotting incremental triangular hydrographs for each increment
of runoff shown in table 16.4, column 4. Each incremental hyd
rograph is plotted one ~ (0.3) hour later in time.
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St.ep 3. Sum the ordinates of each incremental triangular hydrograph
at enough. locations to make it possible to draw the completed
flood hydrograph (figure 16.71. The composite peak is 2230
cfs ..

Step 4. Check the area under the completed hydrograph and convert to
cfs/hours, which is 40 sq. inches ~ 250 cfs-hours/sq. inch =
10,000 cfs-hours compared to the computed volume 645.33 x 4.6 x
3.37 = 10,003.9 cfs-hours. (Note: figure 16.7 has been reduced.)1

Example 3

Using the same data given in example 1, but using a 6D of 1.5 hours
rather than 0.3 hour, graphically develop a composite flood hydrograph
produced by the runoff from the rainfall shown on figure l6.4(a) and
tabulated in table 16.5, column 4. This example will illustrate the
effect of using a 6D which is too large.

T = 1.5 + (.6 x 2.3) = 2.13 hours
p 2

Tb = 2.13 x 2.67 = 5.68 hours

q =p
484 x 4.6 x 1

2.13 = 1043 cfs

Following the same procedure outlined in example 2 of computing,
plotting, and summing the ordinates of the incremental triangular
hydrographs, a composite flood hydrograph is developed as shown in
figUre 16.8.

Table 16.5 Rainfall tabulated in 1.5 hour increments
from plot of Rain Gage Chart, Figure 16.4a

Time

o
1.5
3.0
4.5
6.0

Accum.
Rainfall

°2.24
2.70
3.62
5.00

1Accum..
Runoff

.98
1.34
2.12
3.37

Incremental
Runoff

.98

.36

.78
1.25

_.
1Runoff computed using CN-85 moisture condition II.

The area under the composite flood hydrograph should be determined and
the volume checked against the computed volume.

NEH Notice 4-102, August 1972
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Examples 1 and 2 show that there is very little ·difference in the flood
hydrograph developed using either a curvilinear unit hydrograph or a
triangular unit hydrograph providing the unit of time (~D) is approxi
mately 0.2 the time to peak of the unit hydrograph.. This is the time
defined by Mitchell, 1948, as the optimum time of a unit storm. Example
3 shows the effect of increasing the time increment to 1.5 hours which
is approximately equal to the time to peak of the unit hydrograph when
the optimum time increment is used.

Peak Discharge Determination

In using the triangular unit hydrograph to develop composite flood hy
drographs, the peak of each triangular unit hydrograph is determined
by multiplying the peak for one 1nch of runoff by the amount of runoff
in each AD time. Assuming uniform runoff for an indefinite period of
time and using AD as 0.2 of the time to peak of the unit hydrograph,
figure 16.9 shows that 13 increments of runoff is the maximum number
that will add to the peak discharge of the flood hydrograph. It also
shows the percent of the peak of each incremental hydrograph that con
tributes to the peak of the composite flood hydrograph.

Table 16.7, column 2, shows a tabulation of these percentages in deci
mal form. This tabulation is used to compute the peak discharge and
time to peak for any duration or pattern of rainfall.

Example 4

Compute the peak discharge and time to peak produced by the runoff fro~

the rainfall shown in figure 16.4(b) and Table 16.6 for two locations
on a homogeneous watershed. Given the following information:

Location 1 - Drainage Area, 2 square miles; Tc - 1.5 hours;
CN-85.

Location 2 - Drainage Area, 20 square miles; Tc - 6 hours;
CN-85; storm duration - 12 hours.

For Location 1:

=484 x 2 x 1 = 968 cfs
qp ~ + 9

2 .

Step 1.

Step 2.

Step 3.

Compute the time increment &D.

From equation 16.12: ~ = .133 x 1.5 = .2 hour

Compute qp the peak discharge for the unit hydrograph.

From eq~ation 16,9:

Knowing that 13 ~'s is the maximum number of runoff increments
that will contribute to the peak of the flood hydrograph, com
pute the maximum length of excess rainfall or runoff that will

NEH Notice 4-102, August 1972
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Table 16.6 Rainfall tabulated in 0.2 hour increments from plot of
Rain Gage Chart, Figure 16.4(b)

Accum. Accum.l/ Accum. Accum.1.7
Time Rainfall Runoff t.Q Time Rainfall Runoff tlQ

(hours) (in.) (in. ) (in. ) (hours) (in. ) (in. ) (in. )
(1) (2) (3) (4) (1) (2) (3) (4)

0 0 0 0 6.2 5.00 3.37 .41
.2 .02 0 0 6.4 5.35 3.70 .33
.4 .05 0 0 6.6 5.52 3.86 .16
.6 .08 0 0 6.8 5.68 4.01 .15
.8 .13 0 0 7.0 5.83 4.15 .14

1.0 .20 0 0 7.2 6.00 4.31 .16
1.2 .27 0 0 7.4 6.15 4'.45 .14
1.4 .36 6 0 7.6 6.30 4.59 .14
1.6 .48 0 0 7.8 6.42 4.71 .12
1.8 .60 .03 .03 8.0 6.54 4.82 .11
2.0 .80 .09 .06 8.2 6.66 4.93 .11
2.2 .95 .15 .06 8.4 6.80 5.06 .13
2.4 1.18 .27 .12 8.6 6.90 5.16 .10
2.6 1.45 .42 .15 8.8 7.02 5.28 .12
2.8 1.68 .58 .16 9.0 7.12 5.37 .09
3.0 2.00 .80 .22 9.2 7.21 5.46 .09
3.2 2.22 .96 .16 9.4 7.30 5.55 .09
3.4 2.42 1.12 .16 9.6 7.40 5.64 .09
3.6 2.62 1.27 .15 9.8 7.50 5.74 .10
3.8 2.82 1.43 .16 10.0 7.60 5.84 .10
4.0 3.00 1. 59 .16 10.2 7.70 5.93 .09
4.2 3.10 1.68 .09 10.4 7.80 6.03 .10
4.4 3.18 1. 74, .06 10.6 7.86 6.09 .06
4.6 3.20 1. 76 .02 10.8 7.90 6.12 .03
4.8 3.20 1. 76 .00 11.0 7.92 6.14 .02
5.0 3.21 1.77 .01 11.2 7.94 6.16 .02
5.2 3.23 1. 79 .02 11. 4 7.96 6.18 .02
5.4 3.38 1.91 .12 11.6 7.98 6.20 .02
5.6 3.60 2.11 .20 11.8 7.99 6.21 .01
5.8 3.83 2.31 .20 12.0 8.00 6.22 .01
6.0 4.55 2.96 .65

YRunoff computed using CN = 85 moisture condition II
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Table 16.7 Peak discharge determined for example 4.

Location 1 Location 2 Location 2
t.D = 0.2 hour t.D= 0.8 hour aD = 0.8 hours

Trial 1 Trial 2
Triangle yY Col 2 x Col 2 x Col 2 x
Number Time Runoff col 4 Time Runoff col 7 Time Runoff col 10

(hours) (inches) (hours) (inches) (hours) (inches)
(1) (2) (3) (4) (5 ) (6) (7) (8 ) (9) (10) (11)

1 .04 4.2 .06 .0024
2 .16 4.4 .02 .0032 .0 .0 .8 .0
3 .28 4.6 .00 .0000 .8 .0 1.6 .27 .0756
4 .40 4.8 .01 .0040 1.6 .27 .1080 2.4 .69 .2760
5 .52 5.0 .02 .0104 2.4 .69 .3588 3.2 .63 .3276
6 .64 5.2 .12 .0768 3.2 .63 .4032 4.0 .17 .1088
7 .76 5.4 .20 .1520 4.0 .17 .1292 4.8 .35 .2660
8 .88 5.6 .20 .1760 4.8 .35 .3080 5.6 1.59 1.3992
9 1.00 5.8?:/ .65 .6500 5.6?:/ 1. 59 1.5900 6.4?:/ .61 .6100

10 .80 6.0 .41 .3280 6.4 .61 .4880 7.2 .51 .4080
11 .60 6.2 .33 .1980 7.2 .51 .3060 8.0 .46 .2760
12 .40 6.4 .16 .0640 8.0 .46 .1840 8.8 .36 .1440
13 .20 6.6 .15 .0300 8.8 .36 .0720 9.6 .39 .0780

1.6948 3.9472 3.9692

Y See figure 16.9 for definition of Y.
?:/ The time to peak of the flood hydrograph is the time of beginning of incremental runoff opposite triangle

number 9 plus the time to peak of the unit hydrograph.

----------------_._---------- ---- ._._---._--
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contribute to the peak of a composite flood hydrograph at
location 1 (0.2 x 13 = 2.6 hours). From table 16.6 note the
maximum runoff for one ~D (0.2 hour) is 0.65 inches, which
occurs during the period from 5.8 to 6.0 hours from the
beginning of rainfall.

Step 4.

,Step 5.

Step 6.

Tabulate the runoff in ~D time increments each way from the
maximum ~D of runoff. There should be at least eight incre
ments of runoff ahead of and four increments of runoff after
the maximum increment as shown in table 16.7, column 4, where
the ~D increments of runoff are tabulated opposite the
elapsed time after rainfall begins on the watershed.

Multiply column 2 by column 4 and tabulate in column 5 of
table 16.7.

Compute the peak discharge and time to peak of the flood
hydrograph at location 1 by multiplying the total of column
5 by the peak discharge of the unit hydrograph.

~ = 1.695 x 968 = 1640 cfs

T = 5.8 + 1 = 6.8 hours (from beginning of rainfall)
p

For Location 2:

Step 1. Compute the time increment, ~D.

From equation 16.12, ~D = .133 x 6 = .8 hour

Step 2. Compute qp the peak discharge for the unit hydrograph. From
equation 16.9:

~ = 484 x 20 x 1 = 2420 cfs
~ + 3.6

2

Step 3.

Step 4.
I

Step 5.

Step 6.

Compute the maximum length of excess rainfall or runoff that
adds to the peak of the composite flood hydrograph at location
2 (.8 x 13 = 10.4 hours). From table 16.6 the maximum runoff
for one ~D (.8 hour) is 1.59 inches and occurs during the per
iod from 5.6 to 6.4 hours after the beginning of rainfall.

Tabulate the runoff in ~D time increments each way from the
maximum ~D of runoff. This tabulation is shown in table 16.7,1
column 7.

Multiply column 2 by column 7 and tabulate in column 8.

Compute the peak discharge and time to peak as shown in step
6 of example at location 1:

~ = 3.947 X 2420 = 9550 efs

T = 5.6 + 4.0 = 9.6 hours (from beginning of rainfall)
p
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Generally, the peak of the composite flood hydrograph can be computed
by placing the largest increment of runoff opposite triangle number 9

las shown in table 16.7, column 1 and 4. However, if runoff is irregular,
more than one computation may be required before determining the peak of

I the composite flood hydrograph. Trial 2 also is shown in table 16.7.
In this case, the largest increment of runoff is placed opposite
triangle number 8. Using the same procedure as in trial 1, the results
are:

~ = 3.969 x 2420 = 9600 cfs

T = 6.4 + 4.0 = 10.4 hours (from beginning of rainfall)
p

Trial 2 shows that the peak discharge is greater when the largest incre
ment of runoff is placed opposite triangle number 8. Other patterns of
runoff may require several computations before the peak discharge is
determined.
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NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

CHAPTER 17. FLOOD ROUTING

Introduction

In the American Society of Civil Engineers' manual, "Nomenclature for
Hydraulics," flood routing is variously defined as follows:

routing (hydraulics).--(l) The derivation of an outflow hydro
graph of a stream from known values of upstream inflow.
The procedure utilizes wave velocity and the storage equa
tion; sometimes both. (2) Computing the flood at a down
stream point from the flood inflow at an upstream point, and
taking channel storage into account.

routing. flood.-- The process of determining progressively the
timing and shape of a flood wave at successive points along
a river.

Touting, streamflow.--The procedure used to derive a downstream
hydrograph from an upstream hydrograph. or tributary hydro
graphs. and from considerations of local inflow by solving
the storage equation.

Routing is also done with mass curves of runoff or with merely peak
rates or peak stages of runoff. as well as hydrographs. The routing
need not be only downstream because the process can be reversed for
upstream routing. which is often done to determine upstream hydro
graphs from hydrographs gaged downstream. Nor is routing confined to
streams and rivers; it is regularly used in obtaining inflow or out
flow hydrographs. mass curves, or peak rates in reservoirs. farm ponds.
tanks. swamps. and lakes. And low flows are routed. as well as floods.
The term "flood routing" covers all of these practices.

The purpose of flood routing in most engineering work is to learn what
stages or rates of flow occur, without actually measuring them. at
specific locations in streams or structures during passages of floods.
The stages or rates are used in evaluating or designing a water
control structure or project. Differences in stages or rates from
routings made with and without the structure or project in place
show its effects on the flood flows. In evaluations. the differences
are translated into monetary terms to show benefits on an easily compa
rable basis; in design, the differences are used directly in developing
or modifying the structure or project characteristics.
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The routing process is based on one of the following approaches:

1. Solution of simultaneous partial differ~ntial equations of
motion and continuity. Simplified versions of the equations are
generally used in electronic computer routings; even the simplifi
cations are too laborious for manual routings.
2. Solution of the continuity equation alone. A simplified form
of the equation is the basis for many routing methods.
3. Use of inflow-outflow hydrograph relationships.
4. Use of unit hydrograph theory.
5. Use of empirical relationships between inflow and outflow peak
stages or rates. Mostly used for large rivers.
6. Use of hydraulic models.

Methods based on the second, third, and fourth approaches are presented
in this chapter. The routing operations in the methods can be made
numerically by means of an electronic computer, desk calculator, slide
rule, nomograph, network chart, or by mental calculations; or graphically
by means of an analog machine, special chart, or by successive geometri
cal drawings. Methods specifically intended for electronic computers
or analog machines are neither presented nor discussed.

All methods presented in this chapter are accurate enough for practical
work if they are applied as they are meant to be and if data needed for
their proper application are used. Advantages and disadvantages of par
ticular methods are mentioned and situations that lead to greater or
lesser accuracy of a method are pointed out, but there is no presenta
tion of tests for accuracy or of comparisons between routed and gaged
hydrographs.

SCS electronic computer program
The electronic computer program now being used in SCS watershed evalua
tions contains two methods of flood routing. The Storage-Indication
method is used for routing through reservoirs and the Convex method
for routing through stream channels. Manual versions of both methods
are described in this chapter.

References
Each of the following references contains general material on flood
routing and descriptions of two or more methods. References whose
main subject is not flood routing but which contain a useful example
of routing are cited in the chapter as necessary.

1. Thomas, H. A., 1937, The hydraulics of flood movements in rivers:
Pittsburg, Carnegie Inst. Tech., Eng. Bull. Out of print but it
can be found in most libraries having collections of engineering
literature.

2.. Gilcrest, B. R., 1950, Flood routing: Engineering HydraUlics
(H. Rouse, ed.), New York, John Wiley and Sons, Chapter 10, pp.
635-710.
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3. U.S. Department of the Army, Corps of Engineers, 1960, Routing
of floods through river channels: Eng. Manual EM 1110-2-1408.

4. Carter, R.W., and R. G. Godfrey, 1960, Stora~e and flood
routing~ U.S. Geol. Survey Water-Supply Paper 15 3-B.

5. Yevdjevich, Vujica M., 1964, Bibliography and discussion of
flood-routing methods and unsteady flow in channels: U.S. Geol.
Survey Water-Supply Paper 1690. Prepared in cooperation with the
Soil Conservation Service.

6. Lawler, Edward A., 1964, Flood routing: Handbook of Applied
Hydrology (V.T. Chow, ed.), New York, McGraw-Hill Book Co., sec
tion 25-11, pp. 34-59.

Summary of chapter contents
The remainder of this chapter is divided into four parts: elevation
storage and elevation-discharge relationships, reservoir routing methods,
channel routing methods, and unit-hydrograph routing methods. In the
first part, some relationships used in reservoir or channel routing are
discussed and exhibits of typical results are given; in the second, the
continuity equation is discussed and methods of using it in reservoir
routings are shown in examples of typical applications; in the third,
the theory of the Convex method is presented and examples of typical
applications in channel routings are given; and in the fourth, the unit
hydrograph theory is discussed and methods of applying it in systems
analysis are shown in examples using systems of floodwater-retarding
structures.

Elevation-Storage and Elevation-Discharge Relationships

In the examples of routing through reservoirs and stream channels it
will be necessary to use elevation-storage or elevation-discharge
curves (or both) in making a routing or as a preliminary to routing.
Preparation of such curves is not emphasized in the examples because
their construction is described in other SCS publications. The
relationships are briefly discussed here as preliminary material;
exhibits of tables and curves used in routings are given here and in
some of the examples. Conversion equations used in preparing the tables
and curves are given in Table 17-1.

Elevation storage relationships for reservoirs
Table 17-2 is a working table that shows data and computed results for
an elevation-storage relationship to be used in some of the examples
given later. Columns 1 and 7 or 1 and 8 give the relationship in
different units of storage.

The relationship is developed from a contour map (or equivalent) of the
reservoir area and the table is a record of the computations that were
made. Once the map is available, the work goes as follows: (1) select
contours close enough to define the topography with reasonable accuracy
and tabulate the contour elevations in column 1; (2) determine the
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reservoir surface area at each elevation; for this table the areas were
determined in square feet as shown in column 2 and converted to acres
as shown in column 3; (3) compute average surface areas as shown in
column 4; (4) tabulate the increments of depth in column 5; (5) compute
the increments of storage for column 6 by multiplying an average area
in column 4 by its appropriate depth increment in column 5; (6) accumu
late the storage increments of column 6 to get accumulated storage in
column 7 for each elevation of column 1; (7) convert storages of col
umn 7 to storages in another unit, if required, and show them in the
next column. The relationship of data in columns 1 and 8 is plotted in
figure 17.1 as an elevation-storage curve.
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17-5

Conversion Equation No.

= drainage area in square miles

= cross section end-area in square
feet' for discharge x

= acre-feet

= reach length in feet

= discharge in acre-feet per day

= discharge in acre-feet per hour

= discharge in cfs

= discharge in inches per day

= discharge in inches per hour

= reach storage in cfs-hours for
a given discharge x

= reach storage in acre-feet for a
given discharge x

cfs-hours =
cfs-days =
inches =
qid =
qih =
qad =
~h =
Sx =
S' =x

where A

Ax

AF

L

qad

qah

qcfs

qid

qih

Sx

S'x

12.1 (AF)

0.504 (AF)

(AF)/53.3 A

qcfs/26.9 A

qcfs/645 A

1.98 qcfs

0.0821 qcfs

L (Ax)/3600

L (Ax )/297

(Eq. 17.1)

(Eq. 17-2)

(Eq. 17-3)

(Eq. 17-4)

(Eq. 17-5)

(Eq. 17-6)

(Eq. 17-7)

(Eq. 17-8)

(Eq. 17-9)
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Table 17-2. Elevation-storage relationship for a reservoir. --
E1e- Surface Surface Average !:1 !:1 Storage Storage
vation area area surface depth storage

area
(feet) (sq. ft. ) (acres) (acres) (feet) (AF) (AF) (inches)

(1) (2) (3) (4) ( 5 ) (6 ) (7) (8)

570 0 0 0 0
4.82 2.00 9.64

572 420,000 9.64 9.64 .022
18.36 2.00 36.72

574 1,180,000 27.09 46.36 .109
38.34 2.00 76.68

576 2,374,000 54.50 123.04 .288
71.62 4.00 286.49

580 3,866,000 88.75 409.53 .960
106.67 5.00 533.35

585 5,427,000 124.59 942.88 2.210
153.60 5.00 768.00

590 7,954,000 182.60 1710.88 4.010
205.64 5.00 1028.20

595 9,961,000 228.67 2739.08 6.420 "250.01 5.00 1250.05
600 11,820,000 271.35 3989.13 9.351
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Elevation-discharge relationships for reservoirs
The elevation-discharge relationship for a reservoir is made using ele
vations of the reservoir and discharges of the spillways to be used in a
routing. A typical relationship for a 2-stage principal spillway is
given by columns 1 and 6 of Table 17-3 for discharges in cfs, and in col
umns 1 and 7 for discharges in in./day. The procedure for developing
the relationship will not be given here because sufficient charts, e~ua

tions, and examples for principal spillways are given in NEH-5 and in
ES-150 through 153, and for emergency spillways in ES-98 and ES-124.
Table 17-3 illustrates a useful way of keeping the work in order: by
tabulating the data for different types of flow in separate columns,
and by keeping the two stages separate, the total discharges are more
easily summed. Note that the totals in cfs are not merely sums of all
cfs in a row; the operation of the spillway must be understood when se
lecting the discharges to be included in the sum. To combine the princi
pal spillway flow with emergency spillway flow a column for the emergency
spillway discharges is added between columns 5 and 6, and totals in
column 6 must include those discharges where appropriate. Column 7 gives
discharges converted from those in column 6; it is shown because this
table is used in examples given later and that particular unit of flow
is required (see Figure 17-1).

Storage-discharge relationships for reservoirs
If the elevation-storage and elevation-discharge relationships are to be
used for many routings it is more convenient to use them as a storage
discharge relationship. The relationships are combined by plotting a
graph of storage and elevation, another of discharge and elevation, and,
while referring to the first two graphs, making a third by plotting
storage for a selected elevation against discharge for that elevation;
for a typical curve see Figure 17-2. The storage-discharge curve can
also be modified for ease of operations with a particular routing method;
for a typical modification see Figure 17-6 and step 4 of Example 17-4.

Elevation, stage, storage, discharge relationships for streams
It is common practice to divide a stream channel into reaches (see Chap
ter 6) and to develop storage or discharge relationships for individual
reaches rather than the stream as a whole. A stream elevation- or stage
discharge curve is for a particular cross section. If a reach has several
cross sections within it they are all used in developing the working tools
for routing. Some routing methods re~uire the use of separate discharge
curves for the head and foot of a reach; such methods are not presented
in this chapter.

Elevation- or stage-discharge curves for cross sections or reaches are
prepared as shown in Chapter 14. They will not be discussed here.

Elevation- or stage-storage curves for a reach can be prepared using the
procedure for· reservoirs but ordinarily a modified approach is used and
the storage-discharge curve prepared directly. Table 17-4 is a working
table for developing such a curve. The work is based on the assumption
that steady flow occurs in the reach at all stages of flow. The reach
used in Table 17-4 has four cross sections so that a weighting method
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Table 1'7-3 Elevation-discharge relationship for a 2-stage principal
spillway.

Discharge

Elevation First stage: Second stage:
Weir Orifice Weir Pipe Total Total

(feet) (cfs) (cfs) (cfs) (cfs) (cfs) (in./day)

(1) (2) (3) (4 ) (5 ) (6) ('7)

580.2 0 0 0
580.'7 4.1 4.1 .019
581.2 11.6 11.6 .054
581.'7 21.3 21.3 .099
582.2 32.8 32.8 .153
582.'7 45.8 45.8 .213
583.2 60.3 0 60.3 .281
583.'7 '75.3 89.5 '75.3 .350
584.2 92.8 101 92.8 .432
585.2 130 120 120 .559
586.0 162 133 133 .620
58'7.0 206 149 0 0 149 .694
587.5 159 44.6 343 204 .950
588.0 163 126 347 289 1.346
588.5 170 232 353 353 1.644
589.0 176 357 357 357 1.663
589.5 182 499 361 361 1.680
590.0 656 365 365 1.697
590.2 722 367 367 1.707
591.0 374 374 1. 740
592.0 382 382 1.778
595.0 401 401 1.8~3
600.0 432 432 2.003
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is needed; with only one or two sections the weighting is eliminated
but the reach storage is less well defined. Development of the
storage-discharge curve goes as follows: (1) select a series of dis
charges from zero to a discharge greater than any to be routed and
tabulate them in column 1; (2) enter the stage-discharge curve for
each cross section with a discharge from column 1 and find the stage;
(3) enter the stage-end-area curve for that section with the stage
from step 2 and find the area at that stage, tabulating areas for all
sections as shown in columns 2, 3, 4, and 5; (4) determine the dis
tances between cross sections and compute the weights as follows:

From To
cross cross Distance

section section (feet)

1 2 1000
2 3 6000
3 4 3000

Sum: 10000

Weight

0.10
.60
.30

with the weight for sub-reach 1-2 being 1000/10000 = 0.10, and so on;
(5) compute weighted end areas for columns 6, 7, and 8; for example, at
a discharge of 3,500 cfs cross section 1 has an end area of ·2,500 square
feet and section 2 has 640 square feet, and the weighted end area is
0.10(2500 + 640)/2 = 157 square feet; (6) sum the weighted areas of
columns 6, 7, and 8 for each discharge, tabulating the sums in column
9; (7) compute storages in column 10 by use of Equation 17-8 or 17-9,
whichever is required; for example, at a discharge of 3,500 cfs the
storage in cfs-hrs is S3500 = 10000(1189)/3600 = 3300 cfs-hrs, by a
slide-rule computation. The storage-discharge curve is plotted using
data from columns 1 and 10. Data of those columns can be used in
preparing the working curve for routing. How this is done depends on
the routing method to be used. For the Storage-Indication method the
working curve is prepared as shown in Example 17-4.
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Table 17-4 Working table for a storage-discharge relationship I-'

0

Out- Cross sectl0n end-areas Weighted end-areas Avg. Stor-
flow 1 2 3 4 1-2 2-3 3-4 end- age

areas
(cfs) (sq.ft) (sq.ft) (sq.ft) (sq.ft) (sq.ft) (sq.ft) (sq.ft) (sq.ft) (cfs-hrs)

(1) (2) (3) (4) (5 ) (6) (7) (8) (9 ) (10)

0 0 0 0 0 0 0 0 0 0
50 40 27 21 33 3 14 8 25 70

~
150 90 44 44 64 7 26 16 49 164

~ 300 150 83 83 100 12 50 27 89 248
~

800 470 180 220 325 32 120 82 234 651
0 1500 950 310 460 700 63 231 174 468 1302c+..... 3500 2500 640 1200 2000 157 552 480 1189 3300()

m 5000 3250 860 1700 2700 205 768 660 1633 4540
+=" 7000 4400 1050 2050 3400 272 930 819 2021 5620I
I-' 10000 5800 1300 2550 4500 355 1155 1055 2565 71300
I\)..
~
~
m
c+

I-'
\0
~
I\)
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Reservoir Routing Methods

Res~rvoirs have the characteristic that their storage is closely re
lated to their outflow rate. In reservoir routing methods the storage
discharge relation is used for repeatedly solving the continuity equation,
each solution being a step in delineating the outflow hydrograph. A
reservoir method is suited for channel routings if the channel has the
reservoir characteristic. Suitable channels are those with swamps or
other flat areas in the routing rea<.:h and with a constriction or similar
control at the foot of the reach. There is an exception to this: a
reservoir method is also suitable for routing through any stream reach
if the inflow hydrograph rises and falls so slowly that nearly steady
flow occurs and makes stora~e in the reach closely related to the out
flow rate. Examples in this part show the use of reservoir methods for
both reservoirs and stream channels.

The Continui~y Equation

The continuity equation used in reservoir routing methods is concerned
with conservation of mass: For a given time interval, the volume of
inflow minus the volume of outflow equals the change in volume of
storage. The equation is often written in the simple form:

lit (1 - 0) = liS (Eq. 17-10)

where lit = a time interval

I = average rate of inflow during the time interval

o = average rate of outflow during the time interval

liS = change in volume of storage during the time interval

2o =

In most applications of the continuity equation the flow and storage
variables are expanded as follows:

01 + 02

so that Equation 17-10 becomes:

(Eq. 17-11)

where lit = t 2 - t l = time interval; t l is the time at the beginning
of the interval and t 2 the time at the end of the interval

11 = inflow rate at tl

12 = inflow rate at t2

°1 = outflow rate at t l
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-
°2 = outflow rate at t2

Sl = storage volume at t l

S2 = storage volume at t 2

When routing with Equation 17-10 the usual objective is to find 0, with
Equation 17-11 find 02; this means that the equations must be rearranged
in some more convenient working form. It is also necessary to use the
relationship of outflow to storage in m~ing a solution. Most reservoir
routing methods now in use differ only in their arrangement of the routing
eQuation and in their form of the storage-outflow relationship.

It is necessary to use consistent units with any routing eQuation. Some
commonly used sets of units are:

Time Rates Volumes
Inflow Outflow Inflow Outflow Storage

Hours cfs cfs cfs-hrs cfs-hrs cfs-hrs
days cfs cfs cfs-days cfs-days cfs-days
days AF!day AF!day AF AF AF
hours in.!hr in.!hr inches inches inches
days in. /day in./day inches inches inches

Methods and Examples
Two methods of reservoir routing based on the continuity eQuation are
presented in this section, a mass-curve method and the Storage-Indication
method. The mass-curve method is given because it is one of the most
versatile of all reservoir methods. It can be applied numerically or
graphically; examples of both versions are given. The Storage-Indication
method is given because it is the method used at the present time in the
SCS electronic computer program for watershed evaluations and because
it is a widely used method for both reservoir and channel routings. Ex
amples of reservoir and channel routing are given.

Mass-Curve Method: Numerical Version - According to item 52 in reference
5, a mass-curve method of routing through reservoirs was already in use
in 1883. Many other mass-curve methods have since been developed. The
method described here is similar to a method given in King's "Handbook
of Hydraulics," 3rd edition, 1939, pages 522-527; another resembling it
is given in "Design of Small Dams," U. S. Bureau of Reclamation, 1960,
pages 250-252.

The method reQuires the use of elevation-storage and elevation-discharge
relationships either separately or in combination. The input is the
mass (or accumulated) inflow; the output is the mass outflow, outflow
hydrograph, and reservoir storage. The routing operation is a trial-and
error process when performed numerically, but it is simple and easily
done. Each operation is a solution of EQuation 17-10 rewritten in the
form:

NEH Notice 4-102, August 1972

-



17-13

MI 2 - (MOl + o ~t) = S2 (Eq. 17-12)

where ill2 = mass inflow at time 2

MOl = mass outflow at time 1

° = average discharge during the routing interval

~t = routing interval = time 2 minus time 1

S2 = storage at time 2

The routing interval can be either variable or constant. Usually it is
more convenient to use a variable interval. making it small for a large
change in mass inflow and large for a small change. The PSMC of Chapter
21 are tabulated in intervals especially suited for this method of rou
ting.

The following example shows the application of the method in determining
minimum required storage for a floodwater-retarding structure by use of
a PSMC from Chapter 21.

Example 17-1.--Determine the m1n1mum required storage, by SCS criteria,
for a floodwater-retarding structure having the drainage area use in
Example 21-2 of Chapter 21. Use the data and results of that example
for this structure. Work with volumes in inches and rates in inches per
day; round off all results to the nearest 0.01 inch.

1. Develop an elevation-discharge curve for the structure. A
curve for the principal spillway discharges is needed for this
routing. Columns 1 and 7 of Table 17-3 will be used for this
structure. The elevation-discharge curve is plotted in Figure
17-1.

2. Develop an elevation-storage curve for the structure.
Columns 1 and 8 of Table 17-2 will be used for this structure. The
elevation-storage curve is plotted in Figure 17-1.

(Note: The curves of steps 1 and 2 can be combined into a storage
discharge curve as shown by the inset of Figure 17-2. This curve is a
time-saver if more than one routing is made.)

3. Develop and plot the curve of mass inflow (PSMC).
The PSMC developed in Example 21-2, and given by columns 1 and 7 of
Table 21-7. will be used for this example. The plotted mass inflow
is shown in Figure 17-2. The plotting is used as a guide in the
routing and later used to show the results but it is not essential
to the method.

4. Prepare an operations table for the routina.
Suitable headings and arrangement for an operations table are shown
in Table 17-5.
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5. Determine the reservoir storage for the start of the routing.
If the routing is to begin with some storage already occupied then
either the amount in storage is entered in the first line or column
5 of the operations table (as done in Example 17-2) or the elevation
storage curve is modified to give a zero storage for the first line.
In this example the sediment or dead storage, which is not to be
used in the routing, occupies the reservoir to elevation 580.2 feet
as shown in Figure 17-1. Storage at that elevation is 1.00 inches
and because this is a whole scale unit the storage curve for routing
is easily obtained by shifting the point of origin as shown in
Figure 17-1. Ordinarily, if the Sediment or dead storage is some
fractional quantity it is better to re-plot the curve to show zero
storage at the elevation where the routing begins.

6. Determine the spillway discharge at the start of the routing.
If the spillway is flowing at the start of the routing the discharge
rate is entered in the first line of column 7 of Table 17-5 (see
Example 17-2). For this example the starting rate is zero.

7. Do the routing.
The trial-and-error procedure goes as follows:

a. Select a time and tabulate it in column 1, Table 17-5. For
this example the times used will be those given for the PSMC
in Table 21-7, except for occasional omissions unimportant for
this routing.

b. Compute ~t and enter the result in column 2.

c. Tabulate in column 3 the mass inflow for the time in column
1. The entries for this example come from column 7 of Table
21-7.

d. Assume a mass outflow amount and enter it in column 4.

e. Compute the reservoir storage, which is the inflow of
column 3 minus the outflow of column 4, and enter it in col
umn 5.

f. Determine the instantaneous discharge rate of the spillway.
Using the elevation-storage curve of Figure 17-1, find the ele
vation for the storage of column 5; with that elevation enter
the elevation-discharge curve and find the discharge, tabulating
it in column 6. If a storage-discharge curve is being used,
simply enter the curve with the storage and find the corres
ponding discharge.

~. Compute the average discharge for ~t. The average is
always the arithmetic mean of the rate determined in step £
and the rate for the previous time. For the time 0.5 days the
rate in column 6 is 0.03 in./day; for the previous time the
rate is zero; the average rate is (0 + 0.03)/2 = 0.015, which
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Table 17-5. Operations table for the mass-curve method of routing
for Example 17-1.

17-15

Spillway
Time Ace. Assumed Res. discharge Outflow Ace.

Ace. ~t inflow ace. volume lnst. Avg. for ~t outflow
outflow

(days) (days) (in. ) (in. ) (in. ) (in./d~)(in./day)(in.) (in. )

(1) (2) (3) (4 ) (5 ) (6) (7 ) (8) (9)

0 0 0 0 0 0 0
.• 5 0.5 .13 .01 .12 .03 0.02 .01 .01
1.0 ·5 .30 .04 .26 .08 .06 .03 .04
2.0 1.0 .69 .15 .54 .21 .14 .14 .18

.17 .52 .19 .14 .14 .18
3.0 1.0 1.14 .40 .74 .31 .25 .25 .43

.42 .72 .29 .24 .24 .42
3.5 .5 1.42 .60 .82 .36 .32 .16 .58

.59 .83 .37 .33 ~16 .58
4.0 .5 1. 76 .75 1.01 .46 .42 .21 .79

.78 .98 .44 .40 .20 .78
4.4 ._4 2.11 1.02 1.09 .52 .48 .19 .97

.98 1.13 .53 .48 .19 .97
4.8 .4 2.62 1.20 1.42 .61 .57 .23 1.20
5.0 .2 3.38 1. 35 2.03 1.00 .80 .16 1.36
5.1 .1 4.07 1. 45 2.62 1.66 1. 33 .13 1.49

1. 48 2.59 1.65 1.32 .13 1.49
5.2 .1 4.43 1. 70 2.73 1.68 1.66 .17 1.66

1.67 2.76 1.68 1.66 .17 1.66
5.3 .1 4.66 1.85 2.81 1.69 1.68 .17 1.83

1. 84 2.82 1.69 1.68 .17 1.83
5.4 .1 4.81 2.10 2.71 1.67 1.68 .17 2.00

2.01 2.80 1.68 1.68 .17 2.00
5.6 .2 5.05 2.30 2.75 1.67 1.68 .34 2.34

2.33 2.72 1.67 1.68 .34 2.34
6.0 .4 5.38 2.80 2.58 1.66 1.66 .66 3.00

2.95 2.43 1.64 1.66 .66 3·00
3.00 2.38 1.60 1.64 .66 3.00

6.5 .5 5.70 3.80 1.90 .80 1.20 .60 3.60
3.70 2.00 .94 1.27 .64 3.64
3.65 2.05 1.04 1.32 .66 3.66

7.0 .5 5.98 4.10 1.88 .70 .89 .44 4.10
8.0 1.0 6.43 4.80 1.63 .66 .68 .68 4.79
etc. etc. etc. etc. etc. etc. etc. etc. etc.

Mass outflow is plotted using entries in column 4 or column 9. The ollt..
flow hydrograph is plotted using column 6, which gives inst antaneous• rates at the accumulated times shown in column 1.
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is rounded to 0.02 in./day. For the time 1.0 days the average
is (0.03 + 0.08)/2 = 0.055, which is rounded to 0.06 in./day;
and so on.

~. Compute the outflow for ~t. Multiply the ~t of column 2
by the average rate of column 7 and get the increment of out
flow for column 8.

i. Add the outflow increment of column 8 to the total of column
9 for the previous time and tabulate the sum in column 9.

I. Compare the mass outflow of column 9 with the assumed mass
outflow of column 4. If the two entries agree within the spe
cified degree of accuracy (0.01 inch, in this routing) then
this routing operation is complete and a new one is begun with
step a. If the two entries do not agree well enough then assume
anoth;r mass outflow for column 4 and r~peat steps ~ through 1.

8. Determine the minimum re~uired storage.
Examine the entries in column 5 and find the largest entry, which is
2.82 inches at 5.3 days. This is the minimum re~uired storage.

The routing gives the reservoir storages in column 5, outflow hydrograph
in column 6, and mass outflow in column 9, for the times of column 1.
Unless the results are to be used in a report or exhibit, the routing is
usually carried only far enough past the time of maximum storage to
ensure that no larger storage will occur. The mass inflow and outflow
for this example are plotted in Figure 17-2, with outflow shown only to
8.0 days. If the mass outflow plotting is made during the routing the
trend of the curve indicates the best assumption for the next step in
column 4.

The next example shows how the routing proceeds when it must start with
the reservoir containing live storage and the spillway discharging.

Example 17-2.--For the same reservoir used in Example 17-1, determine
the elevation and amount of storage remaining in the reservoir after
10 days of drawdown from the minimum level allowed by 8C8 criteria.
The base f~ow used in developing the P8MC (see Example 21-2) is assumed
to continue at the same rate throughout the routing. Round all work
to the nearest 0.01 inch.

1. Determine the storage volume in the reservoir and the spillway
discharge for the start of the routing.
8CS criteria permit the drawdown routing to start with storage at
the maximum elevation attained in the routing of the PSH or PSMC
used in determining the minimum re~uired storage, even though the
structure may be designed to contain more than the minimum storage.
For this example the starting storage of 2.82 inches is found in
column 5, and the associated discharge of 1.69 in./day in column 6,
of Table 17-5 in the line for 5.3 days.
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2. Prepare an operations table for the routing.
Ordinarily the suitable headings and arrangement are those of Table
17-5, but if base flow, snowmelt, or upstream releases must be
included (base flow in this routing) then one or more additional
columns are needed. Table 17-6 shows headings and arrangement suit
able for this example.

3. Do the routing.
The procedure of step 7, Example 17-1, is slightly modified for this
routing. The first line of data in the operations table must con
tain the initial reservoir volume in column 4 and the initial spill
way discharge in column 7. Accumulated base flow is added to the
initial value of column 4 to give the "accumulat~d inflow" of that
column. In all other respects the routing procedure is that of
step 7, Example 17-1.

4. Determine the stora e remalnln after 10 da s of drawdown.
The entry in column at day 10 shows that the remaining storage
is 0.20 inches, which is at elevation 581.1 feet.

The routing for this example has been carried to 14 days to show that
when the inflow rate is steady, as it is in this case (0.045 in./day),
then the outflow rate eventually also becomes steady at the same rate.
The larger the steady rate of inflow the sooner the outflow becomes
steady. Note that if the routing had been done with an accuracy to the
nearest 0.001 inch, the out£low rate would be 0.045 in./day, the base
flow rate.

The mass inflow, storage, and mass outflow curves for this example are
shown in Figure 17-3. Note that the work is accurate to the nearest
0.01 inch, therefore the curves must follow the plotted points within
that limit. Slight irregularities in the smooth curves are due to slope
changes in the storage-discharge curve.

Mass-Curve Method: Direct Version.- It is easy enough to eliminate the
trial-and-error process of the mass-curve method but the resulting
"direct version" is much more laborious than the trial-and-error version.
To get a direct version the working equation is obtained from Equation
17-12 as follows.

The average discharge 0 in Equation 17-12 is (01 + 02)/2 so that the
equation can be written:

(Eq. 17-13)

Because 02 as well as S2 is unknown it is necessary to make combinations
of Sand 0 to get direct solutions in the routing operation. At any time,
mass outflow is equal to mass inflow minus storage, or:

(Eq. 17-14)
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Table 17-6 Operations table for determining storage after 10 days
of drawdown for Example 17-2.

As- Spillway Out-
Time Ace. Ace. sumed Res. discharge flow Ace.

Ace. flt base in- ace. vol- lnst. Avg. for out-
flow* flow outflow ume ~t flow

(days) (days) (in. ) (in. ) (in. ) (in·. ) (in./day) (in./d~)(in.) (in. )

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10)

0 0 2.82 2.82 1.69 0
.2 0.2 .01 2.83 0.34 2.49 1.66 1.67 0.33 .33
.4 .2 .02 2.84 .64 2.20 1.35 1. 50 .30 .63
.6 .2 .03 2.85 .92 1.93 .87 1.11 .22 .85

.86 1.99 .98 1.16 .23 .86
1.0 .4 .04 2.86 1.20 1.66 .66 .82 .33 1.19
1.5 .5 .07 2.89 1.50 1. 39 .60 .63 .32 1.51
2.0 .5 .09 2.91 1.80 1.11 .53 .56 .28 1. 79
2.5 .5 .• 11 2.93 2.03 .90 .37 .45 .22 2.01

2.01 .92 .38 .46 .23 2.02
3.0 .5 .14 2.96 2.23 .73 .27 .32 .16 2.18

2.19 .77 .29 .34 .17 2.19
3.5 .5 .16 2.98 3.30 .68 .24 .26 .13 2.32

2.32 .66 .23 .26 .13 2.32
4.0 .5 .18 3.00 2.42 .58 .20 .22 .11 2.43
~.5 .5 .20 3.02 2.52 .50 .17 .18 .09 2.52
5.0 .5 ~22 3.04 2.59 .45 .15 .16 .08 2.60
6.0 1.0 .27 3.09 2.73 .36 .12 .14 .14 2.74
7.0 1.0 .32 3.14 2.85 .29 .09 .10 .10 2.84
8.0 1.0 .36 3.18 2.94 .24 .07 .08 .08 2.92

2.93 .25 .08 .08 .08 2.92
9.0 1.0 .40 3.22 3.00 .22 .07 .08 .08 3.00

10.0 La .45 3.27 3.07 .20 .07 .07 .07 3.07
11.0 1.0 .50 3.32 3.13 .19 .06 .06 .06 3.13
12.0 1.0 .54 3.36 3.19 .17 .05 .06 .06 3.19
13.0 1.0 .58 3.40 3.25 .15 .04 .04 .04 3.23

3.24 .16 .05 .05 .05 3.24
14.0 1.0 .63 3.45 3.29 .16 .05 .05 .05 3.29
etc. etc. etc. etc. etc. etc. etc. etc. etc. etc.

* At a rate of 0.045 inches per day.
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Substituting MIl - Sl for MOl in Equation 17-13 and rearranging gives:

(Eq. 17-15)

which is the working equation for the direct version. Working curves of
01 and (Sl - (6t 01)/2) and of 02 and (82 + (6t 02)/2) are needed for
routing.

Other arrangements of working equations can also be obtained from Equa
tion 17-12. Equation 17-15 is the mass-curve version of the 8torage
Indication method, which is described later in this part. Routing by
use of Equation 17-15 takes about twice as much work as routing by the
Storage-Indication method.

Examples of direct versions of the mass-curve method are ~ot given in
this chapter because the trial-and-error version is more efficient in
every respect.

Mass-Curve Method: Graphical Version.- The graphical version of the
mass-curve method is in a sense a direct version because there is no
trial-and-error involved. The graphical version is usually faster than
the trial-and-error version if the routing job is simple. For complex
jobs the trial-and-error version is more efficient and its results more
easily reviewed. For any routing it gives mass outflow, storage, and the
outflow hydrograph; the graphical version gives only the mass outflow
and storage. The following example shows the use of the graphical ver
sion with the data and problem of Example 17-1.

Example 17-3.--Use the graphical version of the mass-curve method to
determine the minimum required storage for the structure used in
Example 17-1. Use the data of that example.

1. Develop an elevation-discharge curve for the structure.
The curve used in Example 17-1 will be used here.

2. Develop an elevation-storage curve for the structure.
The curve used in Example 17-1 will be used here.

3. Prepare a working table for the routing.
Using the curves of steps 1 and 2, select enough discharges on the
discharge curve to define the curve accurately and tabulate them in
column 2, Table 17-7. Tabulate the associated elevations in column
1 and storages at those elevations in column 4. Compute average dis
charges from column 2 for column 3. The designations in column 5
show which line is associated with each pair of storages shown on
Figure 17-4. Thus, line A applies when the storage is between 0
and 0.18 inches; line B when it is between 0.18 and 0.40 inches; and
so on.

4. Plot the mass inflow.
The PSMC used in Example 17-1 is used here. It is plotted in Figure
17-4.
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5. Do the routing.
The work is done on the graph of mass inflow, Figure 17-4. Table
17-7 is used during the work. The procedure goes as follows:

a. Draw line A with its origin at the beginning of
and with its slope equal to the as'sociated average
(column 3 of Table 17-7), which is 0.025 in./day.
first portion of the mass outflow curve.

mass inflow
discharge
This is the

(Note: Every part
mass inflow curve.
and storage limits

of the line of mass outflow must fallon or below the
If some part is above the inflow, determine the slope

for a line with a flatter slope and use it instead.)

b. Determine the time at which the difference between mass
inflow and line A is equal to the larger of the storage limits
for line A, in this case 0.18 inches, which occurs at 0.65 days.
This is the point of origin for line B.

c. Draw line B with its origin at the point found in step b
and with a slope of 0.09 in./day.

d. Determine the time at which the difference between mass in
flow and line B is equal to the larger of the storage limits
for line B, in this case 0.40 inches, which occurs at 1.50 d~s.

This is the point of origin for line C.

~. Repeat the procedure of steps £ and i with lines C, D, E,
etc., until the storage being used is so large it exceeds the
possible difference between mass inflow and mass outflow. For
this example this occurs with line H. The parallel line above
it shows that the associated storage of 3.44 inches falls above
the mass inflow line. When this step is reached the required
storage is obtained by taking the maximum difference between
line H and the mass inflow curve. The difference occurs at the
point on the mass inflow curve where a line parallel to line
H is tangent to the inflow curve. For this example it is 2.80
inches at 5.33 days. This step completes the routing.

The grephical method can also be used for routings starting with some
storage occupied and with the spillway discharging. For the problem used
in Example 17-2 the graphical method starts with line H and continues
with lines G, F, E, D, C, B, and A in that order. The results are
shown in Figure 17-5. The storage after 10 days of drawdown is 0.18
inches, which is nearly the same as found in Example 17-2. Differences
between results of the two methods are due mainly to the use of small
scale graphs for working curves; larger scales increase the accuracy.
Note that line A in Figure 17-5 is flatter than the line of accumulated
base flow. This indicates that the flow becomes steady at or near 10
days and that the dashed line (parallel to mass inflow) is the actual
outflow.
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-' Table 17-7 Working table for the graphical version of the mass-curve
method for Example 17-3.

Elevation SEillway discharge Storage Designation
Inst. Avg. on Fig. 17-4

(feet) (in. /day) (in./day) (inches)

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

580.2 0 0
0.025 line A

581.0 .05 .18
.09 line B

582.0 .13 .40
.23 line C

583.5 .33 .80
.42 line D

584.6 .52 1.09
.61 line E

587.0 .70 1.86
.95 line F

587.8 1.20 2.16
1. 42 line G

588.4 1. 64 2.38
1.69 line H

591.0 1. 74 3.44
1.77 line I

592.5 1.80 4.15
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Storage-Indication Method.- Reservoir routing methods that are also used
for stream routings are generally discharge, not mass, methods because
it is usually only the discharge hydrograph that is wanted. The Storage
Indication method, which has been widely used for channel and reservoir
routings, has discharge rates as input and output. The method was given
in the 1955 edition of NEH-4, Supplement A. Example 17-4, below is the
same example used in that publication except for minor changes.

in the form:The Storage-Indication method uses Equation

=

17-11

S2

6t + (Eq. 17-16)

where I = (11 + 12)/2. The values of I are either taken from midpoints
of routing intervals of plotted inflow hydrographs or computed from in
flows tabulated at regular intervals. A working curve of 02 plotted
against (S2/6t) + (02/2) is necessary for solving the equation.

In channel routing the Storage-Indication method has the defect that
outflow begins at the same time inflow begins so that presumably the in
flow at the head of the reach passes instantaneously through the reach
regardless of its length. This defect is not serious if the ratio Tt/Tp
is about 1/2 or less, where Tp is the inflow hydrograph time to peak and
Tt is a travel time defined as:

L A
Tt = 3600 q

L= 3600 V (Eq. 17-17)
-

where Tt = reach travel time in hours; the time it takes a selected
steady-flow discharge to pass through the reach

L

A

q

V

=

=

=

=

reach length in feet

average end-area for discharge q in square feet

selected steady-flow discharge is cfs

q/A = average velocity of discharge q in fps

In determining Tt the discharge q is usually the bank-full discharge
under steady flow conditions (see Chapter 15).

Another defect of the Storage-Indication method, for both channel and
reservoir routing, is that there is no rule for selecting the proper
size of routing interval. Trial routings show that negative outflows
will occur during recession periods of outflow whenever 6t is greater
than 2 S2/02 (or whenever 02/2 is greater than S2/6t). This also means
that rising portions of hydrographs are being distorted. In practice,
to avoid these possibilities, the working curve can be plotted as shown
in Figure 17-6; if any part of the working curve falls above the line of
equal values then the entire curve should be discarded and a new one
made using a smaller value of 6t. For channel routing the possibility
of negative outflows is usually excluded by taking 6t less than Tt.
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The following example shows the use of the Storage-Indication method in
channel routing. The example is the one used in the 1955 edition of
NEH-4, Supplement A, with some minor changes.

Example l7-4.--Use the Storage-Indication method of reservoir
routing to route the inflow hydrograph of Figure 17-7 through the
stream reach of Table 17-4.

1. Prepare the storage-discharge relationship for the reach.
This is done in Table 17-4 and the text accompanying it.

2. Determine the reach travel time.
This is done using Eq~atipn 17-17. Table 17-4 and the accompanying
text supply the following data: L = 10,000 feet and for a bank
full discharge of 800 cfs as q the end-area A = 234 square feet.
Then by Equation 17-17, Tt = 10000(234)/3600(800) = 0.813 hours.

3. Select the routing interval.
The routing interval for this example will be 0.5 hours, which is
less than the travel time of step 2 and which is a convenient size
for the given inflow hydrograph. (See the discussion in the text
accompanying Equation 17-30 for further information on the selec
tion of reach routing intervals.)

4. Prepare the working curve.
Use the storage-discharge relationship of step 1, which is given in
columns 1 and 10 of Table 17-4. These two columns are reproduced
as columns 1 and 3 of Table 17-8, the working table; columns 2, 4,
and 5 of the table are self-explanatory. The working curve is
plotted using columns 1 and 5. The finished curve is shown in
Figure 17-6.

5. Prepare the operations table.
Suitable headings and arrangement for an operations table are shown
in Table 17-9.

6. Enter times and inflows in the operations table.
Accumulated time in steps_of the routing interval is shown in
column 1 of Table 17-9. I values read from midintervals on the
inflow hydrograph of Figure 17-7 are shown in column 2.

7. Do the routing.
The procedure is shown in Table 17-10. The routing results are
shown in columns 3 and 4 of Table 17-9. The outflow hydrograph
given in column 4 is plotted in Figure 17-7.

In routing through channels it is generally necessary to add local inflow
to the routed outflow. The method of doing this is described later in
the part on channel routing methods.
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The Storage-Indication procedure for reservoir routing is identical with
that for channel routing except that there is no need to determine a
travel time. The following example shows the reservoir procedure. The
problem and data of Example '17-1 are used in order to allow a comparison
of procedures and results.

Example 17-5.--Use the Storage-Indication method to determine the
minimum required storage for the structure used in Example 17-1.
Use the data of that example where applicable. Make the routing with
discharges in cfs.

1. Develop an elevation-discharge curve for the structure.
The curve used in Example 17-1 will be used here. That curve is
for discharges in in./hr. Ordinarily when cfs are to be used the
curve is developed in that unit. The conversion to cfs will be
made in step 5.

2. Develop an elevation-storage curve for the structure.
The curve used in Example 17-1 will be used here. That curve is
for storage in inches. The conversion to cfs-days will be made in
step 5.

3. Develop and plot the inflow hydrograph.
Because of the type of problem the inflow hydrograph must be a Prin
cipalSpillway Hydrograph (PSH) taken from Chapter 21. The PSH
corresponding to the PSMC of Example 17-1 is given in columns 1
and 4 of Table 21-7. The PSH is plotted in Figure 17-8.

4. Select the routing interval.
Examination of the PSH in Figure 17-8 shows that two routing inter
vals will be needed, one of 0.5 days for small changes in rates
and one of 0.1 days for large changes.

5. Prepare the working curves..
Data and computations for the working curves are shown in Table
17-11. Two curves are needed because two routing intervals will be
used. The elevations of column 1 and discharges of column 2 are
taken from the curve of step 1 with the discharges being converted
from in./hr.to cfs in the process. The discharges are selected so
that they adequately define the elevation-discharge relationship.
Column 3 of Table 17-11 gives the corresponding storages from the
curve of step 2, converted from inches to cfs-hrs during the tabula
tion. The remaining columns contain self-explanatory computations.
Columns 2 and 6 give the first working curve and columns 2 and 8
the second; they are plotted in Figure 17-9. Note that "lines of
equal values" if drawn would be well above the working curves,
therefore the routing intervals are adequately small. Also note
that the second curve is shown only for the higher discharges in
order to use a larger scale; ordinarily the entire curve is plotted.
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Table 17-8 Working table for preparation of the
working curve for Example 17-4.

°2 82 82 02
O2 - 82 -+-2 I1t I1t 2

(cfs) (Cfs) (cfs-hrs) (cfs) (cfs)

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

0 0 0 0 0
50 25 70 140 165

150 75 164 328 403
300 150 248 496 646
800 400 651 1302 1702

1500 750 1302 2604 3354
3500 1750 3300 6600 8350
5000 2500 4540 9080 11580
7000 3500 5620 11240 14740

10000 5000 7130 14260 19260
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Table 17-9 Operations table for the 8~I method for
Example 17-4.

82 °2
Time I -+- 06.t 2

(hrs) (cfs) (cfs) (cfe)

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

0 0 0 0
.5 625* 625 285

1.0 1875 2215 1030
1.5 3125 4310 1880
2.0 4375 6805 2880
2.5 4615 8540 3610
3.0 3865 8795 3710
3.5 3125 8210 3450
4.0 2375 7135 3050
4.5 1635 5720 2440
5.0 900 4180 1810
5.5 265 2635 1210
6.0 0** 1425 630
6.5 0 795 375
7.0 0 420 160
7.5 0 260 82
8.0 0 178 53
etc. etc. etc. etc.

* 625 cfs is the average discharge for the time from 0 to
0.5 hours, 1875 cfs the average discharge from 0.5 to 1.0
hours, and so on.

** Inflow ceases at 5.33 hours.
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Table 11-10 Procedure for routing by the Storage-Indication method
for Example 11-4.

11-21

S2 O2
Time I -+.- 0 RemarksI1t 2

(hrs) (cfs) (cfs) (cfs)

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

0 0 0 0 Given

.5 625 Given

625 0-0 + 625 = 625

285 From Figure 11-6

1.0 1815 Given

2215 625 - 285 + 1815 = 2215

1030 From Figure 11-6

1.5 3125 Given

4310 2215 - 1030 + 3125 = 4310

1880 From Figure 11-6

2.0 4315 Given

6805 4310 - 1880 + 4315 = 6805

2880 From Figure 11-6

etc. etc. etc. etc. etc.
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6. Prepare the operations table.
Suitable headings and arrangement are shown in Table 17-12. Note
that there is a column for inst~ntaneous rates of inflow. These
rates will be used for getting I values because it is difficult to
select I values accurately enough from some portions of the plotted
hydrograph.

7. Tabulate times and rates of inflow and compute I values.
Accumulated times are shown in column 1 of Table 11-12 at intervals
of 6t = 0.5 days for the initial slow-rising portion of the PSH, at
6t = 0.1 days for the fast-rising and -falling portion, and again
at 6t = 0.5 days for the slow recession. Instantaneous rates of
inflow for those times are taken from the PSH of Figure 17-8 (or
from column 4 of Table 2!-1 if they are for the selected times) and
shown in column 2. The I values of column 3 are arithmetic averages
of entries in column 2.

8. Do the routing.
The procedure is the same as that given in Table 11-10 except when
a change is made from one working curve to another. The changes are
made as follows. At time 4.5 days the routing interval changes,
therefore, the working curve must be changed. The outflow rate at
that time is 116 cfs. Entering the second working curve with this
rate gives 2,640 cfs as the value of (S2/6t) + (°2/2) in column 4
for the same time. Once this value is entered the routing continues
with use of the second working curve. At time 6.0 days the routing
interval changes back to the first one and therefore the first
working curve must again be used. The outflow rate at that time is
357 cfs. Entering the first working curve with this rate gives
1,270 cfs as the value of (S2/6t) + (02/2) in column 4 for that
time. After entering this value the routing continues with use of
the first working curve.

9. Determine the maximum storage attained in the routing.
Th2 maximum storage attained in a reservoir during the routing of
a single-peaked hydrograph occurs at the time when outflow equals
inflow. The plotting in Figure 17-8 shows that this occurs at 5.33
days. For this time, Table 17-12 shows that 02 = 364 cfs and
(S2/6t) + (02/2) = 6,480 cfs. Solving for S2 gives S2 = 6t 6480 
(°2/2). With 6t = 0.1 days and 02 = 364 cfs, S2 = 0.1 6480 
(364/2) = 629.8 cfs-days, the maximum storage. To convert to AF
use Equation'17-2, which gives 629.8/0.504 = 1,247 AF as the maxi
mum storage in AF. To convert AF to inches use Equation 17-3 and
the given drainage area of 8.0 square miles (see Example 17-1),
which give 1247/53.3(8.0) = 2.93 inches as the maximum storage in
inches. tNote: The storage can also be found by use of a storage
discharge curve or elevation-discharge and elevation-storage curves
but with the Storage-Indication method it is generally best to use
the above method.)

A comparison of peak rates of outflow shows that the mass-curve method
of Example 17-1 gave a peak rate of 1.69 in./day, which converts to 363
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Table 17-11 Working table for preparation of the working curves
for Example 17-5.

For I1t = 0.5 days For I1t = 0.1 days
Eleva- Dis- Storage O2 S2 S2 O2 S2 S2 O2tion charge (S2) I1t

-+- !:,.t -+-
(0 2)

2 !:,.t 2 !:"t 2

(feet) (cfs) (cfs-days) (cfs) (cfs) (cfs) (cfs) (cfs)

(1) (2) (3) (4) (5 ) (6) (7) (8 )

580.2 0 0 0 0 0 0 0
581. 2 11.6 47.0 6 94 100 470 476
582.2 32.8 96.5 16 193 209 965 981
583.3 60.3 165 30 330 360 1650 1680
584.6 108 236 54 472 526 2360 2414
586.0 133 324 66 648 714 3240 3306
587 .0 149 393 75 786 861 3930 4005
587.5 204 431 102 862 964 4310 4412
588.0 289 471 144 942 1086 4710 4854
588.5 353 512 176 1024 1200 5120 5296
590.0 365 643 182 1286 1468 6430 6612

- 592.0 382 832 191 1664 1855 8320 8511
595.0 401 1165 200 2330 2530 11650 11850
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Table 17-12 Operations table for Example 17-5.

- 82 O2 Out-Time Inflow I -+-llt 2 flow

(days) (cfs) (cfs) (cfs) (cfs)

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

0 0 0 0 0
.5 70 35 35 3

1.0 79 74 106 12
1.5 84 82 176 28
2.0 88 86 234 38
2.5 99 94 290 48
3.0 110 104 346 57
3.5 128 119 408 72
4.0 156 142 478 94
4.5 245 200 584* 116

2640** 116
4.6 269 257 2781 119
4.7 308 288 2950 123
4.8 380 344 3171 129
4.9 522 451 3493 137
5.0 2002 1262 4618 240
5.1 1049 1526 5904 359
5.2 577 813 6358 363
5.3 393 485 6480 364
5.4 312 352 6468 364
5.5 267 290 6394 363
5.6 217 242 6273 362
5.7 200 208 6119 361
5.8 184 192 5950 360
5.9 174 179 5769 358
6.0 164 169 5580** 357

1270* 357
6.5 138 146 1059 266
7.0 118 128 921 175
7.5 106 112 858 148
8.0 94 100 810 142

etc. etc. etc. etc. etc.

* From first working curve.
**From second working curve.

NEH Notice 4-102, August 1972



•

17-31

cfs, and the Storage-Indication method gave 364 cfs, which is excellent
agreement. But a comparison of maximum storage in inches shows that the
mass-curve method of Example 17-1 gave 2.82 inches, the graphical mass
curve method of Example 17-3 gave 2.80 inches, and the Storage-Indication
method gave 2.93 inches. The discrepancy is for the most part due to use
of small-scale graphs for the working curves. Larger graphs would reduce
the discrepancy.

Storage-Indication Method as Used in the SCS Electronic Computer Program.
SCS electronic computer program for watershed evaluations uses the
Storage-Indication method only for reservoir routings. The chief differ
ence between the manual procedure of Example 17-5 and the electronic
computer procedure is that in the latter no working curves are used. In
stead, the working equation is solved during a process in which interpo
lations are made in the elevation-discharge and elevation-storage data
stored in the computer. The process is repeated during the routing just
as the working curve is repeatedly used in manual routing. The machine
routing has a numerical accuracy greater than that of the manual routing,
but the machine cannot improve the accuracy of the input data. Details
of the machine routing process are given in pages A-61 through A-66 of
the report titled "Computer Program for Project Formulation - Hydrology,"
by C-E-I-R, Inc. Arlington, Va., January 1964, which was prepared for
SCS. Copies of this report are available from the Washington, D. C.
office of SCS.

Culp's Method.- Some routing methods are developed for solving special
problems, for which they have a high efficiency. One such method is
described next.

In the design of an emergency spillway of a dam it is SCS practice to
base the design on the results from a routing of an Emergency Spillway
Hydrograph. Because all of the spillway dimensions cannot be known in
advance, it is necessary to route the hydrograph through three or four
different spillways with assumed dimensions before the spillway with
the proper dimensions can be found. M. M. Culp's routing method elimi
nates much of that work by giving the routed peak discharge without the
use of spillway dimensions. The following example shows an application
of the method to the structure used in previous examples. The example
is lengthy because many details are given; after the method is understood
it will be seen to be fast and easy to apply.

Example 17-6.--Find the routed peak discharge to be used in design of
an emergency spillway for the structure of Example 17-1. The required
difference in elevation between the crest of the spillway and the reser
voir water surface, Hp , is 4.0 feet during the peak discharge. Water
shed and structure data are given in examples 17-1 and 17-2.

1. Prepare the elevation-discharge curve for the principal spill
way.
This curve was prepared for Example 17-1 with the discharges in
inches per hour. It will be used here as shown in Figure 17-10(a)
with discharges in cfs.
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2. Prepare the elevation-storage curve for the structure.
This curve was prepared for Example 17-1. Only the portion above
the sediment storage will be used here; it is shown in figure
17-10(a).

3. Determine the elevation of the emergency spillway crest.
According to SCS criteria, the elevation of the emergency spillway
crest can be at or above the maximum water-surface elevation
attained in the reservoir during the routing of the Principal
Spillway Hydrograph (PSH) or its mass curve (PSMC). The water
surface elevation found in Example 17-1 will be used here as the
crest elevation. This elevation is 589.5 feet with floodwater
storage of 2.82 inches.

4. Determine the water-surface elevation of the floodwater remain
ing in the reservoir after 10 days of drawdown from storage at the
water-surface elevation attained in routing the PSH or PSMC.
This step is required by SCS criteria. The determination is made
in Example 17-2 and those results will be used here. The water
surface elevation after 10 days of drawdown is 581.1 feet with
floodwater storage at 0.20 inches.

5. Pre are h (ESH) and its mass
curve ESMC
The ESH for this example was prepared using the method of Example
21-5 and the following data: drainage area = 8.0 square miles,
time of concentration = 2.0 hours, runoff curve number = 75, design
storm rainfall = 9.1 inches, storm duration = 6.0 hours, runoff =
6.04 inches, hydrograph family = 2, To = 5.05 hours, initial Tp =
1.4 hours, TolTp = 3.61, selected TolTp = 4, revised Tp = 1.26 hours,
qp = 3,073 cfs, and Q(q ) = 18,560 cfs. The ESMC was prepared using
Table 21-17 and the following data: hydrograph family = 2, TolTp =
4, Tp = 1.26 hours, and Q = 6.04 inches. The hydrograph is shown
in Flgure 17-10(b) and the mass curve in Figure 17-10(c).

(Note: The above steps are taken, in much the same way, regardless of
which manual method of routing is used for this kind of problem. The
following steps apply to the Culp method. )

6. Determine the time at which the emergency spillway begins to
flow during passage of the ESH or ESMC.
For this example the time was found by routing the ESMC of step 5
by the method of Example 17-1, using the curves of Figure 17-10(a)
as working curves. The routing was started with 0.20 inches of
floodwater in the reservoir (SCS criteria require the ESH or ESMC
routing to start at the elevation for the floodwater remaining
after the 10-day drawdown period; see step 4). The emergency spill
way began to flow at 2.9 hours, at which time the mass outflow was
0.06 inches. The time and outflow are indicated by point cIon
Figure 17-10(c)
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7. Determine the average discharge of the principal spillwal
during passage of the ESH or ESMC through the emergency spillwal.
The principal spillway average discharge is for the period during
which the reservoir storage rises from the elevation of the emer
gency spillway crest to the crest elevation plus lin. Use the ele
vation-discharge curve of Figure 17-10(a) to find the discharges
at the two elevations. These discharges are 361 and 392 cfs res
pectively; their average is 376 cfs.

8. Locate a reference oint in the ESH for use in later ste s.
The reference point, shown as point bl in Figure 17-10(b " is
located at the time determined in step 6 and at the average dis
charge determined in step 7. A second point, not actually necessary
in the work, is shown as b2 on the recession side. A straight line
connecting points bl and b2 represents the principal spillway out
flow rate during the period used in step 7.

9. Compute the slope of the principal spillway mass outflow line
for use on the mass inflow graph.
The mass outflow to be used is for the period considered in step 7.
Full pipe flow occurs and the mass outflow is adequately represented
by a straight line. The slope of the line for this example must be
in inches per hour because the mass inflow scales are for inches
and hours. To get the slope, convert the average discharge of
step 7 by use of Equation 17-5, which gives 376/645(8.0) = 0.073
inches per hour.

10. Plot a reference line and a working line of principal spillway
mass outflow on the graph for mass inflow.
The lines are for the period considered in step 7 but for working
convenience they are extended beyond the limits of the period. To
plot the reference line, first locate point c2 on the mass inflow
curve of Figure 17-10(c) at the time determined in step 6, then
through c2 draw a straight line having the slope determined in
step 9; this gives line A as shown. To plot the working line,
first determine the storage associated with ~' which is 1.84 inches
as shown in Figure 17-10(a), then draw line B parallel to line A
and 1.84 inches of runoff above it as shown in Figure 17-10(c).

11. Find the period within which the emergency spillway peak dis
charge will occur.
Point c3 is at the intersection of the mass inflow curve and line B
in Figure 17-10(c). Locate point b3 on the ESH of Figure 17-10(b)
at the time found for c3. Points b3 and b2 are the end points for
the period within which the emergency spillway peak discharge will
occur.

12. Select several working discharges between points b3 and b2.
Four selected working discharges are indicated by points b4, b5,
b6, and b7 in Figure 17-10(b); the discharges are 4,750, 3,500,
2,200, and 920 cfs respectively. These discharges represent the
peak discharges of outflow hydrographs.
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(Note: After some experience with this method, it may be found easier
to select only two working discharges in this step, to work through
steps 13 to 15, and if the results are unsatisfactory to return to step
12 again by selecting a third working discharge, working through steps
13 through 15 for that discharge, and so on.)

13. Compute a volume-to-peak for each working discharge of step 12.
In the Culp method the rising side of the outflow hydrograph for
a trapezoidal spillway is taken as being nearly parabolic so that
the volume from the beginning of rise to the peak rate, or the
volume-to-peak, is:

Qe = 0.62 (qe - qps) Te (Eq. 17-18)

where Qe is the volume in cfs-hrs, qe is the working discharge of
step 12 in cfs, qps is the principal spillway rate of step 7 in
cfs, and Te is the time in hours from point bl to the peak time.
The volume Qe must be converted to a unit usable with the mass
inflow curve, in this case, inches. The summary of work for this
step is given in Table 17-13. In the columns for points b4 through
b7, the items in line 1 are from step 12; items in line 2 are from
step 7; items in line 3 are obtained by subtracting qps from qe;
items 'in line 4 are obtained by inspection of Figure l7-l0(b);
items in line 5 are products of (qe - qps) x Te; items in line 6
are products of (Qe/0.62) x 0.62; items in line 7 are Qe's of line
6 divided by the drainage area of 8.0 square miles; items of line
8 are Qe's of line 7 divided by 645. Each Qe of line 8 applies
only at the time indicated by its point on the ESH.

14. Plot a curve of mass inflow minus mass outflow.
This is a working curve, not the complete curve of inflow minus
outflow. Subtract each Qe of line 8, Table 17-13, from the inflow
amount at the identical time on the mass inflow curve of Figure
l7-l0(c) and plot the result as shown for points c4, c5, c6, and
c7. Connect the points with a curve, line C.

15. Determine the time and rate for the emergency spillway peak
discharge.
The intersection of lines Band C, at point c8 in Figure l7-10(c),
gives the time at which the emergency spillway peak discharge occurs
The total discharge rate at that time is 3,050 cfs as shown by the
corresponding point b8 on the ESH of Figure l7-l0(b). The emer
gency spillway discharge rate is 3050 - 376 = 2,674 cfs, which
occurs when the reservoir water surface is at the given elevation
of 593.5 feet (crest elevation plus Hp )' This step completes the
routing. Design of the emergency spillway now follows with use of
ES-98, ES-124, and spillway criteria.

If Hp is not known in advance, the Culp method can be used with assumed
values of Hp to get associated discharges from which the suitable combi
nation of Hp and discharge can be selected. For earth spillways Hp can
be closely approximated from permissible velocities and the appropriate
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17-35

Line Item Unit b5
Point:

b7

1 q,e efs 4750 3500 2200 920
2 q,ps efa 376 376 376 376
3 q,e - q,ps efs 4374 3124 1824 544
4 Te hrs 2.1 2.8 ~.4 4.1
5 QejO.62 cfs-hrs 9180 8750 6200 2230
6 Qe cfs-hrs 5680 5420 3840 1380
7 Qe esm-hrs 710 677 480 173
8 Qe in. 1.102 1.050 0.745 0.268
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length and chosen profile of the inlet channel. A close approximation
of the emergency spillway discharge rate can be obtained in this way for
an ~ value near the middle of the desired range to get a "c curve" (line
C on Figure 17-10(c)). The average discharge in the conventional drop
inlet under full pipe flow conditions varies only slightly as H~ varies
relatively greatly, thus the discharge through the emergency splllway
can be closely approximated from such an average C curve. If refine
ment is justified, then trial adjustments on the slope of line B will
give the required accuracy. The correction process converges rapidly.
For preliminary layouts or comparative cost studies such refinement is
seldom justified.

Short-Cuts for Reservoir Routings.- Various equations and charts have
been developed for quickly estimating the required storage in a reser
voir or the required capacity of a spillway, such estimates being used
in preliminary studies of structures or projects. The equations and
charts are usually based on the results of routings so that using the
equation or chart is in effect a form of routing.

A typical short-cut is the graph, Figure 17-11. The curve through the
circled points is based on information in table 2 on page 39 of "Low
Dams," a design manual prepared by the Subcommittee on Small Water
Storage Projects, National Resources Committee, Washington, D. C., 1938
(the manual is out of print and no longer available for purchase).
Relationships of this kind are developed from routings made through a
particular type of spillway and they apply only to that type. The form
of standard inflow hydrograph used for routing also affects the relation
ship and the same form must be applicable when the short-cut is used.
With such a relationship if any three of the four variables are known
the fourth can be estimated. Usually either the reservoir storage or
the reservoir discharge rate is the unknown.

The triangular point on Figure 17-11 is for the routing made in Example
17-6. For that example the outflow/inflow ratio is 3050/10200 = 0.30
and the storage/inflow-volume ratio is 2.82/(2.62 + 1.84) = 0.63. Note
that the '2mergency spillway "surCharge" storage is included when com
puting the volume ratio. The cross points, for "miscellaneous routings",
are for routings of several kinds of hydrographs through emergency spill
ways of the SCS type. The "Low Dams" curve appears to be an enveloping
curve for the points. As such it can be used for making conservative
estimates. Thus, if the inflow volume is 8.15 inches of runoff and the
total available storage is 5.7 inches then the storage ratio is 0.7; at
that ratio the discharge ratio is 0.4, which means that the peak outflow
rate will be not more than 0.4 of the peak inflow. Such estimates are
often useful in preliminary work.
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Channel Routing Methods

The Convex method of routing through stream channels is presented in
this part. The method is derived from inflow-outflow hydrograph rela
tionships and, because of this, the method has some features not pos
sessed by channel routing methods derived from consideration of the
continuity equation. The Storage-Indication method of channel routing,
presented in Example 17-4, will not be discussed here, but discussions
of procedures for adding local inflows, deducting transmission losses,
and routing through stream systems also apply to that ~ethod.

Theory of the Convex Method
The Convex method is based on the following principle: When a natural
flood flow passes through a natural stream channel having negligIble
local inflows or transmission losses, there is a reach length L and a
time interval ~t such that 02 is not more than the larger nor less than
the smaller of the two flows Ii and 01' ~t is considered as both the
travel time of the flood wave through the reach measured at the beginning
of the rising portion of the hydrograph at both ends of the reach; and
the required routing time interval.

The principle requires that:

(Eq. 17-19)

(Eq. 17-20)

In general, inequality Equation 17-19 applies to rlslng portions of hy
drographs and Equation 17-20 to falling portions. Note that 12 does not
enter into the principle; this makes the Convex method a forecasting
method (see under "Discussion").

The routing principle can be extended to include local inflows and
transmission losses but this unnecessarily complicates the working equa
tion. It is common pr~ctice to add local inflows to the routed outflow
hydrographs to get the total outflows, and this practice will be fol
lowed here. There may be situations, however, in which the local inflow
is added to the inflow hydrograph and then routed. Small transmission
losses are generally deducted after the routing, large ones during the
routing; for a discussion of transmission losses see the heading "Effects
of transmission losses on routed flows."

The routing or working equation is formed after examination of typical
inflow and outflow hydrographs such as those in Figure 17-12. Typical
flood wave combinations of 11' 01 and 02 are shown on the rising and
falling sides of the hydrographs. The routing principle states that
for a properly selected reach length L, hence ~t, 02 will fall some
where on or between ~l and 01 in magnitude but not above or below them.
This is evident on Figure 17-12 despite the displacement of 02 in time;
it is the magnitudes that are of concern here.
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The next step is to recognize that II, 01 and 02 'are members of a
Convex set1/. For such a set, if points A and B are in the set then
all points on a straight line connecting A and B are also in the set.
Because the concern is with magnitudes and not with time it is not
necessary for 02 to be physically on the line between II and 01. The
routing equation can now be written based on the theory of convex sets.
For the situation just described, and using proportions as shown on the
inset of Figure 17-12, the routing or working equation is:

17-49

where C is a parameter with the range:

zero ~ C ~ one

(Eq. 17-21)

(Eq. 17-22)

Given Equation 17-22, Equation 17-21 meets the requirements of Equations
17-19 and 17-20 and therefore of the routing principle.

The routing method based on Equation 17-21 is called the Convex method
to call attention to the equation's background.

It follows from Equation 17-21 that:

C = (Eq. 17-23)

In the inset of Figure 17-12 the relationships between II' 01' and 02
make similar triangles, so that:

= (Eq. 17-24)
6t K

where K is considered the reach travel time for a selected steady flow I
discharge of a water particle through the given reach. From Equation
17-24 it follows that:

6t = °2 - °1
K II - 01

Combining Equations 17-23 and 17-25 gives:

(Eq. 17-25)

C =
6t
K

(Eq. 17-26)

1/ Enough of the theory of convex sets for the purposes of this chap
ter is given in pag~s 41-42 of "An Introduction to Linear Program
ming," by A. Charnes, W. W. Cooper, and A. Henderson; John Wiley
and Sons, Inc., New York, 1953.
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from which comes the equation that defines 6t, the wave travel time and I
also the required routing interval:

6t = C K CEq. 17-27)

Discussion
This much of the theory is enough for making a workable routing method.
The emphasis in this chapter is on working examples, not on theory,
therefore the additional results from the theory are summarized in the
next section without giving derivations or proofs. Further work can
be done on some aspects Qf the Convex routing method but even in its
present state the method is highly useful for most types of problems of
routing flood flows through stream channels.

The theory as given so far can be used for exploratory routings by
assuming magnitudes for any two of the variables in Equation 17-27 com
puting the third, and using Equation 17-21 with various inflow hydro
graphs. Such routings show the features of the Convex method. In
Figure 17-12, for example, note that outflow begins at one routing inter
val, 6t, after inflow begins, which is to be expected for a stream reach
because it takes water waves time to travel through the reach. It is
chiefly this characteristic that distinguishes the Convex method from
channel methods based on the continuity equation. In Convex routing
the peak rate of the outflow hydrograph does not fallon the recession
limb 'of the inflow hydrograph, as in reservoir methods. But, as in
all routing methods, the maximum storage in the reach is attained when
outflow equals inflow (at point A in Figure 17-12). The maximum storage
is represented by the area under the inflow hydrograph to the left of
point A minus the area of the outflow hydrograph to the left of point A.
Also note that inflow 12 does not appear in the working equation though
it does appear in equations for other channel methods. This feature
makes the Convex method a forecasting method. For example, if the rou
ting interval is one day, today's inflow and outflow are known and local
inflow is known or negligible, then tomorrow's outflow can be predicted
accurately without knowing tomorrow's inflow. The predictive feature
is more important for large rivers than for small streams because the
routing interval for reaches of such streams is usually short.

Some Useful Relationships and Procedures
Of the equations so far given, only Equations 17-21 and 17-27 are needed
in practical applications of the Convex method. The first is the working
equation and the second an auxiliary equation used once before a routing
begins. Several other relationships and procedures also useful in appli
cations follow.

Determination of K. - K is the reach travel time for a selected steady
flow discharge and can be computed using Equation 17-7 substituting K
for Tt. Example 17-8 shows a preferred method for selecting the dis
charge. The K used in the Muskingum routing method (refs. 2 and 3) may
also be used as the K for the Convex method.
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Determination of C. - From Equations 17-17 and 17-26 the parameter or
routing coefficient C can be derived as the ratio of two velocities:
that is, C = V/U, where V is the steady-flow water velocity related to
the reach travel time for steady flow discharge, K, and U is considered
the wave velocity related to the travel time of the wave through the
reach, ~t. For practical purposes C may be estimated .from an empirical
relationship between C and V shown in Figure 17-13. The dashed line in
the Figure is represented by the equation:

C = V
V + 1. 7

(Eq. 17-28)

In some applications it is more convenient to use Equation 17-28 than
Figure 17-13. The "x" used in the Muskingum routing method (refs. 2
and 3) may also be used to approximate C. The approximation is:

C~ 2 x (Eq. 17-29)

In the Muskingum procedure the x is sometimes determined only to the
nearest tenth; if this is done then C is approximated to the nearest two
tenths and accurate routing results should hot be expected.

Determination of ~t. - If C and K are known, from Equation 17-27, there
is only one permissible routing interval. This permissible interval
may be an inconvenient magnitUde because it is either an unwieldy frac
tion of an hour or does not fit the given hydrograph. In selecting a
suitable routing interval keep in mind that too large an interval will
not accurately define the inflow hydrograph and that too small an inter
val will needlessly increase the effort required for the routing. A
generally suitable rule of thumb to follow is that the selected routing
time interval, ~t*, should be no greater than 1/5 of the time from the
beginning of rise to the time of the peak discharge of the inflow hydro
graph, or:

~t* < Tp

5
(Eq. 17-30)

where Tp is the time to peak (Chapter 16). If the hydrograph has more
than one peak the interval should be selected using the T for the
shortest of the rise periods of the important peaks. It ~s important
that an end-point of a time interval f~ll at or near the inflow peak
time and any other large change in rate.

* *
Procedure for routing through any reach length.- The relationship of K,
C, and ~t is valid for one and only one routing reach length for a given
time interval and inflow hydrograph. If ~t is to be changed to ~t*

(desired routing time interval) it follows from Equation 17-27 that either
(1) C or K must be changed (Method 1) or, (2) routing through a series
of subreaches, L*, (Equation 17-32) must be made until the sum of the
travel time of the ~t's for each subreach, L*, equal the desired travel
time, ~t*, for the total reach, L (Method 2). Selection of either method
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(Eq. 17-31)

(t...t*+.5~t)

C* = 1 - (1 _ C) 1.5~t

I
depends on the manner o~ computation and the consistency of the answers
desired. Method 1 may be used when rough approximations of the routing

Ieffect are desired and manual computation is used. Method 2 is used
I when consistency of the routing is important or a computer is used. Con
i sistency, as used here, refers to the changes in the outflow hydrograph
I (Tp and q ) caused by varying L\t*. If there is little change in the
IhydrograpE when ~t* is changed the routing is considered consistent.

I

I
In Method 1, the reach length is fixed, hence, K is fixed (Equation

117-17) and C must be modified by the empirical relationship:

!
I

I
I

where C* is the modified routing coefficient required for use with ~t*,
C is the coefficient determined from Figure 17-13 or computed by Equa-

! tion 17-28, ~t* is the desired routing interval, and ~t is the routing

I
interval determined from Equation 17-27. After selecting ~t* the coeffi
cient C* is found by using either Equation 17-31 or Figure 17-14 (ES-

! 1025 rev.)
I

(Eq. 17-32)
~t*

C
K* =

Method 2 assumes that C and the desired routing interval ~t* are fixed
and the routing is made for a reach length L*. From Equation 17-27, the

i desired travel time is:

i
i
I

i From Equation 17-17 the proper routing reach length to match C and ~t*
; is then:
!

L* = (3600) (v) (K*) (Eq. 17-33)
!

IIf L* is less than the given reach length, L, the inflow hydrograph is
I repetitively routed until the difference between the sum of the L*'s
I and L becomes less than the next L*. The last routing in the reach is a
fractional routing using C* computed by Equation 17-31. The 6t used in
Equation 17-31 is the time interval for routing through the fractional
length increment of L, L**. (See Example 17-11 Method 2).

If L* is greater than the given reach length, L, the' inflow hydrograph
is routed once using Method 1. Example 17-11 illustrates the use of
Methods 1 and 2.

Variability of routing parameters; selection of velocity, V.
As shown by preceding relationships, the magnitudes of the routing para
meters C and K (and therefore of ~t) depend on the magnitude of the
velocity V. For steady flow in natural streams this velocity varies
with stage but the variation is not the same for all seasons of a year
or for all reaches of a stream, nor does the velocity consistently in
crease or decrease with stage. For unsteady flow, velocity varies not
only with stage but also with the rate of change of the stream flow. -

NEH Notice 4-102, August 1972



These facts would appear to require a change in routing parameters for
each operational step in a routing. But exploratory routings with the
Convex method show that constant parameters must be used to conserve
mass, that is, to make total outflow equal total infiow. Th€ necessity
for the use of constant parameters is a characteristic of coefficient
routing equations, including not only Equation 17-21 but also with the
Muskingum routing equation (refs. 2 and 3) and the Storage-Indication
equations. Therefore all of the examples in this part show a use of con
stant parameters. In practice the parameters need not be constant for
all steps of a routing but the more often they are changed the more likely
that the total outflow will not equal total inflow.

The average, dominant, and peak velocities of one inflow hydrograph will
nearly always differ from the corresponding velocities of another hydro
graph. Even though a single value of V is used to get the constant val
ues of C, K, and 6t for a routing, this V will nearly always be different
for different inflow hydrographs to a reach. Each inflow hydrograph will
need its own routing parameters determined from its own selected velocity.
There are various methods of selecting the velocity.

One method, useful when a computer is used, computes the velocity as the
average of velocities for all given discharges of the inflow hydrograph
~ 50 percent of the peak discharge.

A manual method with the same objective as the machine method will be
used in this chapter to make manual routings comparable to machine rou
tings. In this method the dominant velocity of the inflow hydrograph is
used to determine the parameters to be used in the routing. If the inflow
hydrograph has a single peak the velocity is for a discharge equal to 3/4
of the peak inflow rate. If the inflow hydrograph has two or more peaks
the velocity is for the discharge with the largest value of Tq, where:

Tq = (3/4-discharge) x (duration of 3/4-discharge) (Eq. 17-34)

The use of Equation 17-34 is illustrated in Example 17-8. Some additional
remarks concerning the selected velocity are given in the paragraph pre
ceding Example 17-7.

Examples.- The Convex method is generally used for routing hydrographs
through stream reaches. It can also be used, without any change in pro
cedure for routing mass curves through reaches. Examples of both uses
will be given. The method can be used for routing through reservoirs but
for this it is not as efficient as the mass-curve method of Example 17-1;
therefore no examples of reservoir routing are given in this part. Exam
ples are given showing various aspects of Convex routing.

17-53

Example 17-7

Example 17-8

- Basic routine using assumed parameters.

- Routing with parameters determined from reach
data and with local inflow added at bottom of
.reach.
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Example l7-9 - "Reverse Routing" or determining the inflow
hydrograph for a given outflow hydrograph.

Example 17-10 - Routing of Mass Curve and method of getting
the outflow hydrograph.

Example 17-11 - Routing any hydrograph through any reach.
Method 1 and Method 2 are. compared.

For the following examples it is assumed that stage-discharge and
stage-end-area curves are available for the routing reach. These curves
are used for determining the velocity, V, after the dominant discharge
of the inflow hydrograph is obtained. In preliminary work such curves
may not be available, in which ca~e the velocity can be estimated during
a field trip to the stream area, or a suitable velocity assumed, and the
routing made as a tentative study; such routings need verification by
routings based on reach data before making firm decisions about a project.

In the first example the values of C and 6t are assumed; therefore the
reach length and K do not directly enter into the work:

Example 17-7.--Route the triangular inflow hydrograph of Figure 17-15 by
the Convex computational method. Use assumed values of C = 0.4 and 6t =
0.3 hours. There is no local inflow into the reach.

1. Prepare the operations table.
Suitable headings and a~rangement are shown for the first three col
umns in Table 17-14. The "remarks" column is used here to explain
the steps; it is not needed in routine work.

2. Tabulate the inflow rates at accumulated times, using intervals
of 6t.
The accumulated times at intervals of 6t = 0.3 hours are shown in
column 1 of Table 17-14. The inflow rates at these times are taken
from the inflow hydrograph of Figure 17-15 and shown in column 2.

3. Prepare the working eTuation.
Since C - 0.4 then (1 - C = 0.6 and the working equation is
02 = (1 - C) 01 + C II = 0.6 01 + 0.4 II' When inflow ceases
the working equation is 02 = 0.6 01'

4. Do the routing.
Follow the steps shown in the remarks column of Table 17-14.

The computational work in step 4 can usually be done on most desk
calculators by using a system of making the two multiplications and the
addition in one machine operation.

The outflow hydrograph of Table 17-14 is plotted on Figure 17-15. The
circled points are the outflow discharges obtained in the routing. Dis
charges between the points are found by connecting the points with a
smooth curve. Sometimes the routing points do not define the peak region
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Table 17-14 Basic operations in the Convex routing method.

17-55

Time
(hrs)

o
.3

.6

.9

1.2

1.5

1.8

2;1

2.4

2.7

3.0

3.3

3.6

3.9

4.2

4.5

4.8

5.2

5.5

etc.

Inflow, I
(cfs)

o
800

1600

2400

3200

4000

3520

3040

2560

2080

1600

1120

640

160

ofl
o
o
o
o

etc.

Outflow, 0
(cfs)

o
Oll

320

832

1459

2155

2893

3144

3102

2885

2563

2178

1755

1309

849

509

305

183

110

etc.

Remarks

Given.

02 = 0.6(0) + 0.4(0) = zero

02 = 0.6(0) + 0.4(800) = 320

02 = 0.6(320) + 0.4(1600) = 832

02 = 0.6(832) + 0.4(2400) = 1459

O2 = 0~6(1459) + 0.4(3200) = 2155

02 = 0.6(2155) + 0.4(4000) = 2893

02 = 0.6(2893) + 0.4(3520) = 3144

02 = 0.6(3144) + 0.4(3040) = 3102

O2 = 0.6(3102) + 0.4(2560) = 2885

02 = 0.6(2885) + 0.4(2080) = 2563

02 = 0.6(2563) + 0.4(1600) = 2178

02 = 0.6(2178) + 0.4(1120) = 1755

O2 = 0.6(1755) + 0.4(640) = 1309

02 = 0.6(1309) + 0.4(160) = 849

02 = 0.6(849) = 509 11 = zero.

O2 = 0.6(509) = 305 " " "

02 = 0.6(305) = 183 " " "

02 = 0.6(183) = 110 " " "

etc.

II Outflow starts at ~t = 0.3 hrs.

~I Inflow ceases at 4.0 hrs.
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well enough; this usually happens when the routing interval is large.
In such cases the peak is estimated by use of a smooth curve or the
routing is repeated using smaller intervals (see Example 17-11 for use
of l'..t *) .

The recession curve or tail of the outflow hydrograph continues to infin
ity, the discharges getting smaller with every step but never becoming
zero. This is a characteristic of most routing methods. In practice
the recession curve is either arbitrarily brought to zero at some con
venient low discharge or the routing is stopped at some low discharge as
shown in Figure 17-15.

The next example is typical of the routine used in practice. Ro~ting

parameters are obtained from reach data and local inflow is added in
the conventional manner. Local inflow is the (usually) small flow
from the contributing area between the head and foot of a reach. Local
inflow and the inflow into the head of the reach together make up the
total flow from the drainage area above the foot of the reach. The
local inflow is generally given as a hydrograph made with reference to
the foot of the routing reach. When it is added to the routed outflow
the sum is the total outflow hydrograph.

Example 17-8.--The inflow hydrograph in Figure 17-16 is to be routed
tnrough a reach having a low-flow channel length of 14,900 feet and a
valley length of 12,400 feet. Stage-discharge and stage-end-area curves
for the reach are available (not illustrated). A hydrograph of local
inflow is given in Figure 17-16. Obtain the total outflow hydrograph
for the reach.

1. Determine the discharge to be used for getting the velocity V.
The inflow hydrograph has two peaks and it is not readily appar
ent which peak is the dominant one, therefore the rule expressed
by Equation 17-34 will be used. The 3/4-discharge for the first
peak is 3,750 cfswith a duration of 2.63 hours; for the second,
2,680 cfs with a duration of 5.35 hours. Then Tq = 3750(2.63) =
9,850 cfs-hrs for the first peak and Tq = 2680(5.35) = 14,320 cfs
hrs for the second, therefore the second discharge will be used.

2. Determine the velocity, V.
Enter the stage-discharge curve for the reach with the selected 3/4
discharge from step 1 and find the stage for that flow. Then
enter the stage-end-area curve with that stage and get the end-
area in square feet. The velocity is the discharge divided by the
end area. For this example V will be taken as 3.0 fps.

3. Determine K.
The r~ach has two lengths, one for the low-flow channel, the other
for the valley.' From an examination of the stage-discharge curve
arid the inflow hydrograph it is evident that most of the flow will
exceed the capacity of the low-flow channel; therefore use the
valley length. This is given as 12,400 feet. By Equation 17-17,
using Tt = K, the value of K = 12400/3600(3.0) = 1.15 hours by a
slide-rule computation.
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4. Determine C.
Enter Figure 17-13 with V = 3.0 fps and find C = 0.65.

5. Compute L\t.
Using results from steps 3 and 4, and by Equation 17-27, L\t = 0.65
(1.15) = 0.745 hours. Round to 0.75 hours.

6. Prepare an operations table for the routing.
Suitable headings and arrangement are shown in Table 17-15.

7. TabUlate accumulated time at intervals of ~t and the discharges
for inflow and local inflow at those times.
The times are given in column 1 of Table 17-15, inflows in column
2, and local inflows in column 4. Inflows and local inflows are
taken from the given hydrographs, which are shown in Figure 17-16.

8. Prepare the working equation.
From step 4, C = 0.65 so that (1 - C) = 0.35. The working equation
is O2 = 0.35 01 + 0.65 II'

9. Do the routing.
Follow the routine used in Table 17-14 to get the outflows for col
umn 3 of Table 17-15.

10. Get the total outflow hYdrofraPh.
Add the local inflows of column ,Table 17-15, to the routed out
flows of column 3 to get the total outflows for column 5. This
step completes the example. The total outflow hydrograph is shown
in Figure 17-16.

Note in Figure 17-16 that the routed outflow peaks are not much small
er than the inflow peaks. The first routed outflow peak is 93.0 per
cent of its respective inflow peak, and the second 97.7 percent of its
inflow peak. The reach has relatively small storage when compared with
the inflow volumes; the first inflow peak has less volume associated
with it than the second and it is reduced more than the second.

The next example illustrates a routine sometimes needed to get the up
stream hydrograph when the downstream one is given. The working equa
tion for this routine is a rearranged form of Equation 17-21:

17-57

(Eq. 17-35)

Example 17-9.--0btain the inflow hydrograph of a reach from the total
outflow hydrograph by use of reverse routing. The total outflow hydro
graph and local inflow are given in Table 17-16.

1. Determine the routing coefficient C and the routing interval
~t.

Follow the procedure of steps 1 through 5 of Example 17-8. For this
example C = 0.44 and ~t = 0.5 hrs.
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Table 17-15 Operations table for Example 17-8.

Local Total
Time Inflow Outflow Inflow Outflow

(hrs. ) (cfs) (cfs) (cfs) (cfs)

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

0 0 0 0 0
.75 380 oJ/ no 110

1. 50 1400 247 430 677
2.25 3000 996 830 1826
3.00 4450 2299 1000 3299
3.75 5000 3697 890 4587
4.50 4600 4544 650 5194
5.25 3750 4580 460 5040
6.00 2800 4040 320 4360
6.75 2100 3234 2200 3454
7.50 1600 2497 180 2677
8.25 1280 1914 170 2084
9.00 1150 1502 210 1712
9.75 1210 1273 310 1583

10.50 1480 1232 470 1702
11.25 1880 1393 650 2043
12.00 2360 1710 830 2540
12.75 2$80 2132 950 3082
13.50 3250 2618 1000 3618
14.25 3500 3029 970 3999
15.00 3580 3335 880 4215
15.75 3480 3494 780 4274
16.50 3240 3485 650 4135
17.25 2930 3326 550 3876
18.00 2600 3069 470 3539
18.75 2280 2764 400 3164
19.50 :;'980 2449 330 2779
20.25 1730 2144 280 2424
21.00 1480 1875 230 2105
21.75 1280 1618 190 1808
27.50 1130 1398 150 1548
23.25 980 1224 120 1344
24.00 850 1065 100 n65
24.75 720 925 90 1015
25.50 620 792 80 872
26.25 530 680 70 750
27.00 450 582 60 642
27.75 400 496 50 546
28.50 350 434 40 474
29.25 310 353 30 383
30.00 270 325 20 345
etc. etc. etc. etc. etc.

y Outflow starts at ~t = 0.75 hrs.
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2. Prepare the operations table for the routing.
Suitable headings and arrangements are shown in Table 17-16.

3. Tabulate accumulated time at intervals of 6t and the dis
charges for total outflow and local inflow at those times.
The times are given in column 1 of Table l7~16, total outflows
in column 2, and local inflows in column 3. The total outflow
(but not the local inflow) is shown in Figure 17-17.

4. Determine the outflows to be routed upstream.
A value in column 2, Table 17-16, minus the corresponding value
in column 3 gives the outflow for column 4, which contains the
outflows to be routed upstream.

17-59

5. Prepare the working equation.
C is given in step 1 as 0.44. By Equation l7~35, Il
1.27 01'

· 'e
',' .

6. Do the routing.
The routine is slightly different from that in Table 17-14. Using
values from Table 17-16, the sequence is: for outflow time 0.5
hrs, 11 = 2.27(0) - 1.27(0) = 0, which is recorded for inflow
time zero; at outflow time 1.0 hrs, Il = 2.27(163) - 1.27(0) =
370, recorded for inflow time 0.5 hrs; for outflow 1.5, 11 =
2.27(478) - 1.27(163) = 878, recorded for inflow time 1.0 hrs;
and so on. The work is easily done by accumulative positive
and negative multiplication on a desk calculator. The inflow
hydrograph to time 7.5 hours is plotted on Figure 17-17.

It will sometimes happen in reverse routing that the working equation
gives negative values for the inflow. This occurs when the total
outflow hydrograph or the local inflow is in error.

The next example shows. the downstream routing of a mass curve of inflow.
The routine is the same as that for Example 17-7. The outflow hydro
graph can be obtained from the mass outflow curve by a series of simple
calculations; these outflows must be plotted at midpoints of time incre
ments, not at end points.

Example l7-l0.--Route the mass curve of inflow of Figure 17-18 by the
Convex method. There is no local inflow.

1. Determine the routing coefficient C and the routing interval
6t.
Follow the procedure of steps 1 through 5 of Example 17-8. For
this example C = 0.40 and 6t = 0.3 hrs.

2. Prepare the operations table for the routing.
Suitable headings and arrangement are shown in Table 17-17.
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Table 17-16 Operations table for Example 17-9

Outflow
Time Total Loea1 to be Inflow

Outflow Inflow routed
(hrs) (cfs) (cfs) (efs) (efs)

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

0 0 0 0 0
.5 120 120 O!I 370

l.0 310 147 163 878
1~5 680 202 478 1508
2.0 1250 318 932 2278
2.5 1850 325 1525 2978
3.0 2490 325 2165 3398
3.5 3030 322 2708 3648
4.0 3440 318 3122 3793
4.5 3700 280 3420 3899
5.0 3900 269 3631 3819
5.5 3940 226 3714 3539
6.0 3840 203 3637 2972
6.5 3500 156 3344 2370
7.0 3000 85 2915 1800

:' ::.: \

7.5 2485 61 2424 1300
8.0 1960 31 1929 etc.
etc. etc. etc. etc.

II Outflow starts at ~t = 0.5 hours.

..
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3. Tabulate accumulated time at intervals of ~t and the mass
inflows at those times.
The times· are given in column 1 of Table 17-17 and mass inflows
in column 2.

4. Prepare the working equation.
C is given in step 1 as 0.40. By Equation 17-21, 02 = 0.6 01 + 0.4
II'

5. Do the routing.
The routine is exactly the same as that in Table 17-14. For exam
ple, at inflow time 2.7 hrs, 02 is computed using inflow and out
flow for the previous time or 02 = 0.6(3707) + 0.4(5952) = 4605 cfs
hrs.

(Note: If only the mass outflow is needed the work stops with step 5.
If the outflow hydrograph is also needed, the .following steps are also
taken. )

6. Compute increments of outflow.
These are the differences shown in column 4, Table 17-17.

7. Compute average rates of outflow.
Dividing the increment of outflow of column 4, Table 17-17~ by
the increment of time (in this case, 0.3 hrs) gives the average
rate of outflow for the time increment. For example, between 1.8
and 2.1 hours in Table 17-17, the time increment is 0.3 hrs and
the outflow increment is 906 cfs-hrs~ then the average rate is 906/
0.3 = 3,020 cfs. The average rates must be plotted as midpoints
between the two accumulated times involved; for this case, 3020
cfs is plotted at a time of (1.8 + 2.1)/2 = 1.95 hours.

The mass inflow, mass outflow, and rate hydrograph are plotted in
Figure 17-18.

The next example shows how to route any hydrograph through any reach
length. Methods 1 and 2 are compared.

Example 17-11.--Route the inflow hydrograph of Figure 17-19 through
a reach 30,000 feet long. Assume no local inflow.

Method 1

1. Determine desired routing time interval, ~t*.

Following the rule expressed in Equation 17-30, ~t* will be 0.4 hrs.

2. Determine routing coefficient, C, and routing interval ~t.

If a stage-discharge-velocity table for a typical section in
the reach is used, the average velocity V is determined using
the method from page 17-54, and C is .computed using Equation 17-28.
If a rating table is not used the C or V must be assumed; in this
case, let C = 0.72. Rearranging Eq. 17-28 gives V = 1.7C/(1-C) =
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Table 17-17 Operations table for Example 17-10.

Incre-
Time Mass Mass ment of Outflow

Inflow Outflow Outflow Rate
(hrs. ) (cfs-hrs) (cfs-hrs) (cfs-hrs) (cfs)

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

0 0 0 0 0
.3 120 O~/ 48 160
.6 480 48

173 577
.9 1080 221 344 1146

1.2 1920 565 542 1806
1.5 .3000 1107 757 2523
1.8 4128 1864 906 3020
2.1 5112 2770 937 3123
2.4 5952 3707 898 2993
2.7 6648 4605 817 2723
3.0 7200 5422 711 2370

"

\

3.3 7608 6133
\

590 1966
3.6 7872 6723 460 1533
4.2 7992 7183 324 1080
4.5 7992 7507 194 647
4.8 7992 7701 116 387
5.2 7992 7817 70 233
5.5 7992 7887 etc. etc.
etc. etc. etc.

y Outflow starts at 6t = 0.3 hours

'::..J
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(1.7)(.72)/0.28 = 4.37 fps. Combining Equations 17-17 and 17-27,
L 6t CL

K = 3600v = C- or 6t = 3600v = (.72)(30000)/(3600)(4.37) =

1.37 hrs. Use 1.4 hrs. 6t is also the wave travel time through
the entire reach.

17-63

3. Determine C*
Using Equation 17-31 with 6t =

(0.4+0.5(1.4))
C* = 1 (1-.72) 1.5(1.4)

1-0.51 = 0.49.

1. 4 hrs, 6t* =
(1.1)

= 1-( .28) 2.1

0.4 hrs, and C =

= 1_(.28)°.524 =

0.72

4. Prepare an operations table for the routing.
Suitable headings and arrangement are shown in Table 17-18.

5. Tabulate accumulated time intervals of 6t* and the inflow
discharges for those times.
The times are given in column 1 Table 17-18, the inflows
taken from Figure 17-19 in column 2.

6. Prepare the working equation.
From step 3, C* = 0.49. Using Equation 17-21
C*Il or 02 = 0.51 01 + 0.49 Ii' Solutions of
easily be made by accumulative multiplication

02 = (1 - C*) 01 +
this equat ion can
or a desk calculator.

,";',.

7. Do the routing.
Follow the routine of. Table 17-14. The outflows are shown in col
umn 3 of Table 17-18.

8. Determine the times for the outflow.
Outflow begins at the end of the first 6t (not 6t*) interval.

With 6t = 1.4 hrs, show this time in column 4 of Table 17-18 in the
row where outflow begins. Get succeeding times by adding 6t* inter
vals, 0.4 hours in this case, as shown in column 4. In plotting or
otherwise displaying the inflow and outflow hydrographs they are put
in their proper time order, using columns 1 and 4, as shown in figure
17-19.

Method 2

1. Determine desired routing time interval, 6t*.
Same as Method 1, Llt* = 0.4 hr.

2. Determine routing coefficient C.
The routing coefficient '.'C" for each subreach is computed from
the outflow hydrograph of the preceding subreach as done in Step
2, Method 1. A constant C may be used for the entire reach but
the resultant hydrograph will vary from one produced by recomputing
C for each subreach. For simplicity in this example, a constant
C = 6.72 is assumed. V = 4.37 fps.
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3. Determine length of subreach L*.
This is the length of reach required to satisfy the relationship
of Equation 17-26 with C = 0.72 and ~t* = 0.4 hrs. Combining Equa
tions 17-26 and 17-17 (let K = Tt) we have L* = (~t)(V)(3600)/c =
(0.4)(4.37)(3600)/0.72 = 8740 ft.

4. Compare the total of subreach lengths, LL* with the given
reach length, L.
For LL*SL go to step 5
For IL*>L go to step 7

In this example L,L*n=l = 8740

LL*n=2 = 17480

LL*n=3 = 26220

LL*n=4 = 34960

Therefore, the first t4ree routings are made by going to step 5 and
the last routing by going to step 7.

5. Prepare working equation and do the routing.
Using Equation 17-21 and the routing coefficient computed in step
2, 02'= (1 - C)Ol + CI1 = 0.28 01 + 0.72I1' The outflows for each
subreach are shown in Table 17-19.

6. Go to step 2.

7. Determine the length of the remalnlng subreach to be routed.
Subtract the LL* of the 3 completed routings, i.e~, 26220 ft from
the total reach length to get the remaining reach length to be routed.
L** = 30000 - 26220 = 3780 ft.

8. Determine the ~t time interval for the remaining subreach.
The time interval used here is the same as the wave travel time
through the remaining subreach. Combining Equations 17-17 and 17-27
as in step 2 Method 1 ~t** = CL** = (0.72)(3780)/(3600)(4.37) =
0.173 hrs. 3600v

9. Determine the modified routing coefficient C*.
Using Equation 17-31 with ~t** = 0.173, ~t* = 0.4 and

(~t*0.5~t**) (0.4+0.5(.173))
C* = l-(l-C) 1.5~t** = 1-(1-.72) 1.5 (.173)

(.4865)
1-(.28) .2595 1_(.28)1.89 = 1 - .090 = .91

C = 0.72,

=

'A..~.

10. Pre are workin e uation.
Following Method 1 02 = 1-C*)01 + C*I1 = (1 - .91) 01 + 0.91I1 =
.09 01 + 0.91 I1'
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11. Do the routing.
The outflow for the fractional routing are shown in column 6
Table 17-19.

12. Determine the time for the routing.
The hydrograph for each subreach routing is set back one ~t time
interval. In this example the first three routings are set back
0.4 hrs each and the last (fractional) routing is set back 0.173
hrs (round to 0.2 hrs). See column 7 Table 17-19 and Figure 17-19.

When C* and ~t* are used and local inflow is to be added, the
local inflow must be used in its actual time position regardless
of ~t and ~t*. That is, the local inflow is not shifted back or
forth because it is not affected by the use of C* and ~t*.

* *Effects of transmission losses on routed flows
A flood hydrograph is altered by transmission losses occurring during
passage of the flow through a reach. The amount of loss depends on the
percolation rate of the channel, the wetted perimeter of channel during
flow, and the duration of flow for a particular wetted perimeter (Chap
ter 19). Transmission loss varies with the amount of flow in the
channel which means that the most accurate method of deducting the trans
mission loss from the routed flow will be on an incremental flow basis.
It is seldom worthwhile to handle it in this manner unless the trans
mission loss is very large.

An acceptable practice for handling transmission losses is to route the
inflow hydrograph in the usual manner and afterwards deduct a suitable
quantity of flow from the outflow hydrograph (mainly from the rising
limb). If that outflow is to be routed downstream again, the manner of
flow deduction will not be critical. In some cases it may be reasonable
to assume that local inflow will be completely absorbed by transmission
losses, thus no local inflow is added to the unmodified outflow hydro
graph. In other cases local rai~fall may completely satisfy transmission
losses, requiring unmodified local inflow to be added to the unmodified
outflow hydrograph. The use of detailed procedures outlined in Chapter
19, "Transmission Losses", may be necessary for more complex situations.

Routing through a system of channels
The methods of channel routing given in Examples 17-7 through 17-11 are
used for individual reaches of a stream.. Ordinarily a routing progres
ses from reach through reach until the stages, rates, or amounts of flow
are .known for selected points in the entire stream system of a watershed.
The method of progression will be illustrated using a schematic diagram
or "tree graph" of a stream system. A typical graph is given in Figure
17-20. It does not need to be drawn to scale. The main purpose of the
graph is to show the reaches in their proper relationship to each other,
but various kinds of data can be written down at their respective points
of application to make the graph a complete reference during the routing.

Routing through a stream system begins at the head of the uppermost reach.
If there is more than one possible starting place, as in Figure 17-20,
the most convenient should be chosen.
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Table 17-19 Operation table for Example 17-11 Method 2

e
Time Outflow Outflow Outflow Outflow Outflow

Inflow Inflow l:L*=8740 l:L*=17480 l:L*=26220 l:L*=30000 Time
.(hrs) (cfs) (cfs) (cfs) (cfs) (cfs) (hrs)

(1) (2) (3) (4 ) (5) (6 ) (7)

0 0
OJ.!.4 260

.8 980 187 0
1.2 2100 758 135 0

0~11.6 3120 1724 584 97 1.4
2.0 3500 2729 1405 447 88 1.8
2.4 3220 3284 2358 1137 415 2.2
2.8 2630 3238 3025 2016 1072 2.6
3.2 1960 2800 3178 2743 1931 3.0

e 3.6 1470 2195 2906 3056 2670 3.4
4.0 1120 1673 2394 2948 3021 3.8
4.4 840 1275 1875 2549 2955 4.2
4.8 630 962 1442 2064 2586 4.6
5.2 455 723 1096 1617 2111 5.0
5.6 345 530 827 1242 1661 5.4
6.0 265 397 613 944 1280 5.8
6.4 180 302 457 706 974 6.2.,t". 6.8 130 214 345 527 730 6.6

, . 7.2 100 154 251 396 545 7.0
7.6 75 115 181 292 409 7.4
8.0 60 86 133 212 303 7.8
8.4 45 67 99 155 220 802
8.8 35 51 76 115 161 806
9.2 20 40 58 87 119 9.0
9.6 10 25 45 66 90 9.4

10.0 0 14 31 51 68 9.8
etc. etc. 4 19 36 53 10.2

1 8 24 38 10.6
0 3 13 25 10.0

etc. 1 6 14 11.4
0 2 7 11.8

~tc • 1 2 12.2
a 1 12.6

etc. a 13.0
etc.

II Outflow from subreach 1, 2, & 3 starts Llt* = 0.4 hours after inflow
starts into each subreach.

~./ Outflow from subreach 4 starts Llt = 0.2 hours (rounded from 0.17
hours) after inflow starts into subreach 40

'~'.e
NEH Notice 4-102, August 1972

17-67



17-68

The first major step in routing through a stream system is to develop
the routing parameters, C and 6t, for each reach. Many times it is
necessary to use 6t* to make the routing interval uniform through the
stream system; these parameters should be obtained before the touting
begins. The method of developing the parameters C, K, and 6t is given
in steps 1 through 5 of Example 17-8. The method of determining C*
and 6t* is given in steps 1 through 3 of Example 17-11.

The second major step is the development of the inflow hydrographs
at heads of uppermost reaches and of local inflow hydrographs for all
reaches. The methods of Chapter 16 are used.

The third major step is the routing. For routing any particular flood
on the stream system pictured in Figure 17-23 a suitable sequence is as
follows:

1. Route the inflow hydrograph at (a) through reach (a,b).

2. Add local inflow of reach (a,b) to the routed outflow to get
the total outflow hydrograph, which becomes the inflow hydrograph for
reach (b,c). It should be noted here that local inflow for a reach
is usually added at the foot of the reach. These may be circumstances,
however, in which the local inflow should be added at the beginning of
the reach. The proper sequence for adding local inflow can be determined
only by evaluating each reach.

3. Route the total outflow from reach (a,b) through reach (b,c).

4. Add local inflow of reach (b,c) to the routed outflow to get
the total outflow hydrograph for that tributary.

5. Route the inflow hydrograph at (d) through reach (d,c).

6. Add local inflow of reach (d,c) to the routed outflow to get
the total outflow hydrograph at point (c).

7. Add the total outflow hydrographs from reaches (b,c) and (d,c),
steps 4 and 6, to get the total outflow hydrograph at point (c).

8. Route the total hydrograph at point (c) through reach (c,f).

9. Add local inflow of reach (c,f) to the routed outflow to get
the total outflow hydrograph at point (f).

10. Route the inflow hydrograph at point (e) through reach (e,f).

11. Add local inflow of reach (e,f) to the routed outflow to get
the total outflow hydrograph for that tributary.

12. Route the inflow hydrograph at point (g) through reach (g,f).

13. Add local inflow of reach (g,f) to the routed outflow to get
the total outflow for that tributary at point (f).

NEH Notice 4-102, August 1972

.;

'.



,-:.~ ," I •

14. Add the total outflow hydrographs frDm reaches (c,f), (e,f),
and (g,f), steps 9, 11, and 13 to get the total outflow hydrograph at
point (f).

15. Route 'the total hydrograph at point (f) through reach (f,h).

16. Add local inflow of reach (f,h) to the routed outflow to
get the total outflow hydrograph for reach (f,h).

17. Route the total hydrograph at point (h) through reach (h,i).

18. Add local ,inflow of reach (h,i) to the routed outflow to get
the total outflow hydrograph for reach (h,i).

19. Route the inflow hydrograph at point (j) through reach (j ,k).

20. Add local inflow of reach (j,k) to the routed outflow to get
the total outflow hydrograph for reach (J,k).

21. Route the hydrograph at point (k) through reach (k,i).

22. Add local inflow of reach (k,i) to the routed outflow to get
the total outflow hydrograph for this tributary.

23. Add the total outflow hydrographs from reaches (h,i) and (k,i),
steps 18 and 22, to get the total outflow hydrograph for point (i).

24. Route the hydrograph at point (i) through reach (i,t).

25. Add local inflow of reach (i,t) to the routed outflow to get
the total outflow hydrograph at point (t). This completes the routing
for a particular flood on this stream system.

When manual computations are used, an operations table with times, inflow
hydrographs and local inflows tabulated in their proper sequence is use
ful. Blank columns are left for the routed outflows and total outflows,
which are tabulated as routing progresses. Above the appropriate columns
the required data and routing parameters are tabulated so that the table
becomes a complete reference for the routing. A sample operations table
for routing by Method 2 is shown as Table 17-20. After the inflow hydro
graph and local inflows are tabulated the sequence of the work is as
follows:

17-69

Tabulate the reach numbers in the order in which the routing will
progress; perform the routings as shown in Example 17-11 and continue
in this manner through the stream system. Note the routed outflow at
1.17 hrs which is rounded to 1.0 hrs. Theoretically, the outflow hydro
graph should be interpolated on a multiple of ~t to properly position
the hydrograph in relation to time. The linear interpolation equation is:

":"e'_I.:,.. "

(Eq. 17-36)
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*

where: qi and qi+i are consecutive discharges, 6t* is the desired time
interval and 6t is the required time interval of the partial routing.
When using Method 2, 6t is always less than 6t*.

If the interpolation step is omitted and the starting times rounded as
in Table 17-20 it is recognized an error is introduced, the magnitude
of which depends on the relative values of 6t ~d 6t*.

*
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Table 17-20. Portion of a typical operations table for routing through a stream system.

REACH 16 15 14
L(ft) 19300. 4000. 37000.
V( fps) 2.9 4.8 3.2
C .63 .63 .74 .65 .65
tlt*(hrs )1.00 1.00 1.00 1.00 1.00
L* (ft) 16541. 2759. 4000. 17486. 17486. 2028.
t>t thrs) .17 .17 .12
C* .986 1.00 .998

Time Inflow Outflow Outflow Local Total Outflow Local Total Outflow Outflow Outflow Local Total
Subrch1 Inflow Outflow Inflow Outflow Subrch1 Subrch2 Inf1o\o1 Outflo\o1
@16540. I @174%. I @34972. I

; hrs.-----------------------------------------(Al1 Discharges in cfs)-------------------------------------------------------------------

0 0
Oll

0 0 03.1 0 0 80 80
!2: 1 450 0 190 190 190 40 230 0 80 800
c:+ 2 1680 2{l4 280 700 980 980 140 1020 150 0 0~.I 80 801-"
0 3 3600 11 r

J 1151 1000 2151 2151 300 2451 715 97 97 600 697
Cll 4 5340 2698 2678 810 3488 3488 445 3933 1844 498 498 850 1248
-l:=""
I 5 6000 4363 4340 520 4860 4860 500 5360 3202 1371 1371 690 2061I-'
0 b 5520 5394 5380 315 5695 5695 460 6155 4605 2560 2560 410 2970f\)

7 4500 5473 5472 205 5677 5677 380 6057 5612 3887 3887 200 4087

~
8 3360 4860 4868 120 4988 4988 280 5268 5901 5007 5007 100 5107
9 2520 3915 3928 75 4003 4003 210 4213 5490 5588 5588 80 5668

(Jl 10 1920 3036 3048 45 3093 3093 160 3253 4660 5525 5525 80 5605c:+
11 1440 2333 2343 25 2368 2368 120 2488 3745 4963 4963 80 5043

I-' 12 1080 1770 1778 15 1793 1793 90 1883 2928 4173 4173 80 4253\0
-.:.l 13 780 1335 1341 10 1351 1351 65 1416 2249 3365 3365 80 3445f\)

14 580 986 990 8 998 998 50 1048 1707 2640 2640 80 2720

15 450 735 739 5 744 794 35 779 1279 2034 2037 80 2117
etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc. etc.

11 Outflow begins at 1.00 hrs .• rounded from 1.17 hrs.
3.1 Outflow begins at 0.00 hrs .• rounded from 0.17 hrs.
!I Outflow begins at 2.00 hrs .• rounded from 2.12 hrs.
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542 3
TIME, HOURS

Figure 17-18. Mass inflow, mass outflow and rate hydrograph for
EXample 17-10.
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Unit-Hydrograph Routing Methods

Principles of the unit hydrograph theory are given in Chapter 16. They
apply to single-peaked hydrographs originating from uniform runoff on
the contributing area bu t they can be extended to apply to more complex
runoff conditions. Despite the limitations of the theory it has features
that can be used in determining peak rates in stream reaches not only
when the watershed is in a "present" unreservoired condition but also
when it is controlled by many reservoirs. It is the ease with which
complex systems of control structures are evaluated that has made the
unit-hydrograph type of routing a popular method for many years. If
suitable data are used the results are usually as good as those obtained
by more detailed methods of routing.

In this part of the chapter the basic equations for unit-hydrograph
routing will be given and discussed and some of their uses explained by
means of examples. The unit-hydrograph method of routing gives only
the peak rates of runoff. The peak-producing hydrograph, if it is needed,
must be obtained in some other way.

Basic Equations
All of the. unit-hydrograph working equations are derived from·the rela
tionship for the peak rate of a unit hydrograph:

where

(Eq. 17-37)

qp = peak rate in cfs

K = a constant (not the routing parameter used in the Convex
method)

A = drainage area contributing runoff; in square miles

Q = average depth of runoff, in inChes, from the contributing
area

Tp = time to peak, in hours

...,0:

\::'.0"0

By letting q~, K, A, Q, and Tp stand for a watershed in one condition
and using pr~med symbols qp' K', A', Q', and T' for the same watershed
in a condition being studied, then by use of ~uation 17-37 it is evi
dent that:

(Eq. 17-38)

which is a typical working equation of the unit hydrograph method. It
can be used, for example, in determining the peak rates after establishment
of land use and treatment measures on a watershed. In such work the pre
sent peaks, areas, runoff amounts, and peak times are known and it is
only a matter of finding the change in runoff by use of Chapter 10 methods .
The areas and peak times are assumed to remain constant.
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• When a floodwater retarding structure, or other structure controlling a
part of the watershed, is being used in the "future" condition then the
value of AI is reduced. And if there are releases from the structure
then they must also be taken into account. For a project having struc
tures controlling a total of A* square miles and having an average release
rate of q* csm, the peak rate equation becomes:

17-83

(AI - A*) Q' Tp
qp = qp A Q T I

P
+ q* (A*) (Eq. 17-39)

When using Equation 17-39 to find the reduced peak rate the major assump
tion is that the structures are about uniformly distributed over the
watershed. Another assumption is that all structures contribute to q*,
but this is sometimes too conservative an assumption (see the section
titled "Use of Equation 17-43 on large watersheds").

~. When A' = A and T' = T , which is the usual case when evaluating land
use and treatmentPeffegts, Equation 17-38 becomes:

which is one of the basic expressions of the unit hydrograph theory. If
the same simplification applies when evaluating structures then Equation
17-39 becomes:

q' = q s.:.p p Q

A - A* ()q' = q + q* A*
P P A

Equation 17-41 can be further simplified by using:

A*
r=-

A

(Eq. 17-40)

(Eq. 17-41)

(Eq. 17-42)

where r is the fraction of drainage area under control or the percent,of
control divided by 100. Using Equation 17-42 in Equation 17-41 gives:

q' = q (1 - r') + q*(A*)p p (Eq. 17-43)

Effects of storm duration and time of concentration
When the effects of a change in either the storm duration or the time of
concentration must be taken into account, one way to do it is to use the
following relation from Chapter 16:

(Eq. 17-44)

where Tp = time to peak, in hours

a = a constant

D = storm duration, in hours, during which runoff is
generated; it is usually less than the total storm dura
tion,
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b = a constant

TC time of concentration, in hours

As shown in Chapter 16, the constants a and b can be taken as 0.5 and
0.6 respectively, for most problems, in which case Equation 17-44
becomes:

(Eq. 17-45)

Using Equation 17-45 in equations 17-37, 17-38, and 17-39 produces work
ing equations in which either the storm duration or the time of concen
tration can be changed and the effect of the change determined. Such
equations are not often used because the main comparison is usually
between present and future conditions in which only runoff amount and
drainage area will change. In special problems where storm duration
must be taken into account there are other approaches that are more
applicable (see the section titled "Use of Equation 17-43 on large
watersheds" ) .

Elimination of Tp
In many physiographic areas there is a consistent relation between Tp
and A because there is a typical storm condition or pattern. The rela
tionship is usually expressed as:

(Eq. 17-46) . '\

where c is a constant multiplier and d is a constant exponent. Sub
stituting cAd for Tp in Equation 17-37 gives:

qp = k A (1 - d) Q (Eq. 17-47)

where k = K/c. Letting (1 - d) = h, Equation 17-47 becomes:

q = k Ah Qp (Eq. 17-48)

which is the working equation in practice. The parameters k and h are
obtained from data for a large storm over the watershed or region being
studied. Values of qp at several locations are obtained either from
streamflow stations or by means of slope-area measurements (Chapter 14):
values of Q associated with each qp are obtained from the station data
or by use of rainfall and watershed data and methods of chapter 10; and
drainage areas at each location are determined. A plotting of qp/Q
against A is made on log paper and a line of best fit is drawn through
the plotting. The multiplier k is the intercept of the line where A = 1
square mile and the exponent h is the slope of the line. See the section
titled "Use .of Equations 17-48, 17-50, and 17-52" for an application of
this procedure.

After h is known, the equivalent of Equation 17-38 is:
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q' = qp p

The k's cancel out in making this change.

h 9,'
Q
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In the "Concordant Flow" method of peak determination, Equation 17-48 is
modified to take into account the effects of control structures and their
release rates, with the working equation being:

or:

q' = k Ah Q (1 - r) + q*(A*)
P

q' = q (1 - r) + q*(A*)P P

(Eq. 17-50)

(Eq. 17-51)

which is the same as Equation 17-43 in form but where qp is now determined
from Equation 17-48.

~ Equations 17-39, 17-41, 17-43, 17-50, and 17-51 should be used only when
the storm runoff volume does not exceed the storage capacity of the struc
ture with the smallest capacity. If the runoff does exceed that capacity
these equations must be modified further. Equation 17-50, for example,
becomes:

where Qs is the average storage capacity of the structures, It is shown
in Example 17-20 how Equation 17-51 and similar equations can be used
even when the capacity varies from structure to structure.

','-.'
~ = k Ah (Q - r Qs) + q*(A*) (Eq. 17-52)

Working equations for special cases
Additional equations can be developed from those given if a special pro
blem arises in watershed evaluation. For an example, suppose that Equa
tion 17-43 is to be used for determining the effects of a proposed system
of floodwater retarding structures in a watershed, and that the evaluation
reaches are so long that the percent of area reservoired varies signifi
cantly from the head to the foot of the reach. To modify Equation 17-43
for this case, let A* be the area reservoired, A the total area, and r =
A*/A for the head of the reach; and let B* be the total area reservoired
(inclUding A*), B the total area (including A), and r" = B*/B for the
foot of the reach. For evaluations to be made at the foot of the reach,
Equation 17-43 then becomes:

(
2 - r - r" ) + q* (A* +2 B* )qp = qp 2 (Eq. 17-53)

After first computing (2 - r - r")/2 = C' and (A* + B*)/2 = C" for the
reach, the working equation becomes:

qp =~ C' + q* C" (Eq. 17-54)

.. '. ~

'~ ,~
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where C' and C" are the computed coefficients. Each evaluation reach
requires its own set of coefficients.

Examples
The problems in the following examples range from the very simple to
the complex, the latter being given to show that unit-hydrograph methods
have wide application. For some complex problems, however, it will
generally be more efficient to use the SCS electronic-computer evaluation
program.

Use of Equation 17-40. - This basic ~xpression of the unit hydrograph
theory has many uses. The major limitation in its use is that Q and
Q' must be about uniformly distributed over the watershed being studied.
The following is a typical but simple problem.

Example 17-12.--A watershed has a peak discharge of 46,3DO cfs from a
storm that produced 2.54 inches of runoff. What would the peak rate
have been for a runoff of 1.68 inches?

1. Apply Equation 17-40.
For this problem qp = 46,300 cfs, Q = 2.54 inches, and Q' = 1.68
inches. By Equation 17-40 qp = 46300(1.68/2.54) = 30,604 cfs, which
is rounded to 30,600 cfs.

Use of Equation 17-43 - The major limitations in the use of this equation
are that both the runoffs and the structures must be about uniformly dis
tributed over the watershed and that the stream travel times for the
"future" condition must be about the same as for the "present." The
following is a typical but simple problem.

Example 17-13.--A watershed of 183 square miles has a flood peak of 37,800
cfs. If 42 square miles of this watershed were controlled by floodwater
retarding structures having an average release rate of 15 csm, what would
the reduced peak be?

1. Compute r.
By Equation 17-42 r = 42/183 = 0.230 because A* = 42 and A = 183
square miles.

2. Apply Equation 17-43.
For this problem, qp = 37,800 cfs, r = 0.230 from step 1, q* = 15
csm, and A* = 42 square miles. By Equation 17-43 q' = 37800(1 
0.230) + 15(42) = 29,736 cfs, which is rounded to 29,700 cfs. This
is the reduced peak.

Use of Equation 17-43 on large watersheds.- If Equation 17-43 is us~d for
evaluating the effects of structures in a large watershed or river basin
the releases from structures far upstream may not add to the peak rates
in the lower reaches of the main stem. And if releases from certain up
stream structures do not affect peaks far downstream then those structures
also are not reducing the peak rates, therefore their drainage areas
should not be used in the equation.
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···e In problems of this kind the approach to be taken is relatively simple
though there are supplementary computations to be made before the equa
tion is used. The key step in the approach is finding the Tp for an
evaluation flood and using only those areas and structures close enough
to the sub-basin outlet to affect the peak rate of that flood. How this
is done will be illustrated using the data and computations of Table
17-21. The data are for a sub-basin of 620 square miles, with a time of
concentration of 48 hours. Storm durations for the floods to be evalu
ated will vary from 1 to over 72 hours, which means that the sub-basin
Tp will also vary considerably.

Table 17-21 is developed as follows:

Column 1 lists the travel times on the sub-basin main stem from the
outlet point to selected points upstream, which are mainly junctions
with major tributaries. The first entry is for the outlet point.

Column 2 gives the total drainage area above each selected point.

Column 3 gives the increments of area.

Column 4 gives the accumulated areas, going upstream. These are
the contributing areas when the flood's Tp is within the limits shown in
column 1. For example, when Tp is between 3.5 and 9.1 hours, the con
tributing drainage area is 74 square miles. Tp must be at least 48 hours
before the entire watershed contributes to the peak rate.

Column 5 shows the total areas controlled by structures.

Column 6 gives the increments of controlled area.

Column 7 gives the accumulated controlled areas, going upstream.

Column 8 gives values of r, which are computed using entries of
columns 7 and 4.

Column 9 gives values of (1 - r), which are computed using entries
of column 8.

Column 10 gives the total average release rate in cfs for the con
trolled areas of column 7. For this table the average release rate q*
is 7 csm. Therefore the q*(A*) entry for a particular row is the column
7 area of that row multiplied by the average rate in csm.

Only columns 1, 9, and 10 are used in the remaining work. To determine
the effect of the structures the qp and Tp of the evaluation flood must
be known, the proper entries taken from the table, and Equation 17-43
applied. For example, if qp = 87,000 cfs and Tp = 24 hours for a parti
cular flood, first enter column 1 with Tp = 24 hours and find the row to
be used, in this case it is between Tt values of.2l.l and 28.0 hours;
next select (1 - r) = 0.459 from column 9 of that row and q*(A*) = 1,491
cfs from column 10; finally, use Equation 17-43 which gives qp = 87000
(0.459) + 1491 = 41,424 cfs, which is rounded to 41,400 cfs.
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Table 11-21 Data and working table for use of Equation 11-43 on a large watershed

Tt A /}.A Au A* /}.A* Ai! r (1 - r) q*(A*)~/
(hrs) (sq.mi. ) (sq.mi. ) (sq.mi. ) (sq.mi. ) (sq.mi. ) (sq.mi. ) (efs)

I

(1) (2) (3) (4) (5) (6) (1) (8) (9) (10 )

0 620 359
8 8 0 0 0 1.000 0

~ 2.0 612 359
~ 6 14 3 3 .214 .186 21
~ 3.5 606 3560
c+ 60 14 24 27 .365 .635 189.....
n 9.1 546 332(l)

+:" 90 164 43 70 .426 .574 490
I 15.3 456 289I-'
0 80 244 56 126 .517 .483 882f\)..

21.1 316 233
S' 150 394 81 213 .541 .459 1491
~ 28.0 226. 146
en 101 495 .586 .414c+ 17 290 2030
I-' 31.0 125 69
\0

98 593 48 338 .570 .430 2366-4
f\)

42.0 21 21
21 620 21 359 .580 .420 2513

48.0 0 0

1/ Using an average rate of q* = 1 esm.
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If any other point in the sub-basin is also to be used for evaluation of
structure effects then a separate table is needed for that point.

17-89

Use of Equations 17-48, 17-50, and 17-52.- When streamflow data or slope
area measurements and Q estimates are available for a watershed and its
vicinity, the information can be used to construct a graph of qp/Q and A
as shown in Figure 17-21. This is the graphical form of Equation 17-48.
If a line with an intercept of 484 cfs/in. and slope of 0.4 can be reason
ably well fitted to the data, as in this case, it means that the hydro
graph shapes of these watersheds closely resemble the shape of the unit
hydrograph of Figure 16-1 (see Chapter 16). Usually the slope will be
0.4 for other shapes of hydrographs (the reason for this is discussed
in Chapter 15) but the intercept will vary. For the line of Figure 17-21,
Equation 17-48 can be written:

(Eq. 17-55)

· .a••••

.'..... _/

The following examples show some typical uses of the graph or its equa
tion.

Example 17-14.--For a watershed in the region to which Figure 17-21
applies, A = 234 square miles and Q = 3.15 inches for a storm event.
What is qp?

1. Find qp/Q for the given A.

Enter the graph with A = 234 square miles and at the line of rela
tion find qp/Q = 4,290 cfs/in.

2. Compute qp'

Multiplying qp/Q by Q gives qp' therefore, qp = 3.15(4290) = 13,500
cfs by a slide-rule computation.

If part of a watershed is controlled by floodwater retarding structures
the graph can be used together with equation 17-50, as follows:

Example 17-15.--A watershed of 234 square miles has a system of flood
water retarding structures on it controlling a total of 103 square
miles. Each structure has a storage capacity of 4.5 inches before
discharge begins through the emergency spillway. Each structure has an
average release rate of 15 csm. When the storm runoff Q is 4.1 inches
what is the peak rate with (a) structures not in place, and (b) struc
ture in place?

1. Determine the flood peak for the watershed with structures not
in place.
Use the method of Example 17-14. Enter Figure 17-21 with A = 234
square miles and find qp/Q = 4,290 cfs/in. Multiplying that result
by Q = 4.1 inches gives qp = 4.1(4290) = 17,600 cfs by a slide
rule computation. This discharge is (k Ah Q) in Equation 17-50 .
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2. Determine (1 - r).
From Equation 17-42 r = A*/A
1 - 0.440 = 0.560.

103/234 0.440. Then (1 - r) =

3. Determine the flood peak for the watershed with structures in
place.
Use Equation 17-50 with the results of steps 1 and 2 and the given
data for controlled area and release rate: qp = 17600(0.560) +
15(103) =. 11~410 cfs, using a slide-rule for the multiplications.
Round the discharge to 11,400 cfs.

If the storm runoff exceeds the storage capacities of the structures but
the capacities are the same for all structures then Equation 17-52 can
be applied as shown in the following example.

Example.17-l6.--For the same watershed and structures used in Example
17-18 find the peak rates without and with structures in place when the
storm runoff is 6.21 inches.

1. Determine the flood peak for the watershed with structures not
in place.
qse the method of Example 17-14. Enter Figure 17-21 with A = 234
square miles and find qp/Q = 4,290 efs/in. This is (k Ah) in Equa
tion 17-52. Multiplying that result by Q = 6.21 inches gives qp =
6.21 (4290) = 26,700 cfs by a slide-rule computation. This is the
peak rate without structures in place.

2. Determine r.
From Equation 17-42 r = A*/A ~ 103/234 = 0.440

3. Determine the flood peak for the watershed with structures in
place.
Use Equation 17-52 with (k Ah ) = 4,290 cfs/in. from step 1; Q =
6.21 inches, as given; r = 0.440, from step 2; and Qs = 4.5 inches,
q* =15 csm, and A* =103 square miles as given in Example 17-17.
Then qp = 4290(6.21 - 0.440(4.5)) + 15(103) =18160 + 1540 =
19,700 cfs.

Note that the effect of the release rate on reducing the storm runoff
amount is not taken into account in this example. This means that the
peak of 19,700 cfs is slightly too large and that this approach gives a
conservatively high answer.

If the storage capacities of the structures vary then Equation 17-52 is
used with (Q - r Qs) computed by a more detailed method, as shown in
the following example.

Example l7-l7.--A watershed of 311 square miles has a system of flood
water retarding structures controlling a total of 187 square miles and
having average release rates of 8 csm. Storage capacities of the struc
tures are shown in column 3 of Table 17-22; these are the capacities
before emergency spillWay discharge begins. When the storm runoff is
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uniformly 7.5 inches over the watershed, what is the peak rate of flow
with (a) no structures in place and (b) structures in place?

1. Determine the flood peak for the watershed with structures not
in place.
Use the method of Example 17-14. Enter Figure 17-21 with A = 311
square miles and find qp/Q = 4,800 cfs/in. This .is (k Ah) in Equa
tion 17-52. Multiplying that result by Q = 7.5 inches gives qp =
36,000 cfs by a slide-rule computation. This is the peak rate with
out structures in place.

2. Compute the equivalent of (r Qs) in Equation 17-52.
The factor (r Qs) can also be expressed as:

L: (Ax x Qsx)
17-56)(r Qs) = (Eq.

A

where Ax is the drainage area in square miles of the x-th structure
and Qsx is the reservoir capacity in inches for that structure. In
Table 17-22 each drainage area of column 2 is multiplied by the res
pective storage of column 3 to get the entry for column 4. But note
that when the storage exceeds the storm runoff it is the storm runoff
amount, in this case 7.5 inches, which is used to get the entry for
column 4. Equation 17-56 is solved for (r Qs) by dividing the sum
of column 4 by the total watershed area:

(r Qs) = 96~ii6 = 3.11 inches

(Note: Column 4 is not needed if the calculations are made by
accumulative multiplication on a desk-calculator. )

3. Determine the flood peak for the watershed with structures in
place.
Use Equation 17-52 with (k Ah ) = 4,800 cfs/in. from step 1; Q = 7.5
inches, as given; (r Qs) = 3.11 inches as computed in step 2; and
q* = 8 csm and A* = 187 square miles, as given. This gives: qp =
4800(7.5 - 3.11) + 8(187) = 21100 + 1495 = 22,595 cfs, which is
rounded to 22,600 cfs. This is the peak rate with structures in
place.

, ....
"w

DISCUSSION. These examples are a sample of the many ways in which the
unit-hydrograph method of routing can be used. Accuracy of the method
depends on what has been ignored, such as variable release rate, surcharge
storage, and so on. In general, the method gives conservative results-
that is, the effects of structures, for example, are usually underesti
mated so that the peak rate is slightly too high.

The examples also show that as the problem contains more details the pro
cedure gets more complex. It is easily possible to make this "short-cut"
method so complicated it becomes difficult to get the solution. For this
Teason, and for reasons of accuracy, it is better to use the SCS eleetronic
computer program for complex routing problems.
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Table 17-22 Area and storage data for Example 17-17.

Floodwater Contributing
retarding drainage Storage Ax x Qsx
structure area

(sq. mi.) (in. ) (sq. mi. x in. )

(1) (2 ) (3) (4) I

1 14.2 6.1 86.62
2 8.3 6.8 56.44
3 3.7 9.2 2.J-.75*
4 9.4 5.5 51. 70

5 17 .1 4.5 76.95
6 25.2 3.7 93;24
7 12.9 5.1 65.79
8 6.0 7.5 45.00

9 3.2 10.0 24.00*
10 5.5 8.0 41. 25*
11 21.0 4.0 84.00
12 16.4 4.3 70.52

13 9.3 6.5 60.45
14 11.6 5.5 63.80 J
15 12.5 5.3 66.25
16 10.7 5.0 53.50

L:(Ax x Qsx) = 967.26

* This is (drainage area) x (storm runoff of 7.5 inches)
because the storage greater than the runoff is ineffec
tive and should not be used in the computation.
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Chapter 18
Selected Statistical Methods

Introduction

': ".'. Chapter 18 is a guide for applying selected statistical
'. :"~·-,.methods to solve hydrologic problems. The chapter in

cludes a review of basic statistical concepts, a discus
sion of selected statistical procedures, and references
to procedures in other available documents. Examples
illustrate how statistical procedures apply to typical
problems in hydrology.

In project evaluation and design, the hydrologist or
aengineer must estimate the frequency of individual
• hydrologic events. This is necessary when making

economic evaluations of flood protection projects; deter
mining floodways; and designing irrigation systems,
reservoirs, and channels. Frequency studies are based
on past records and, where records are insufficient, on
simulated data.

Meaningful relationships sometimes exist between
hydrologic and other types of data. The ability to
generalize about these relationships may allow data to
be transferred from one location to another. Some pro
cedures used to perform such transfers, called
regionalization, are covered in this chapter.

The examples in this chapter contain many computer
generated tables. Some table values (especially loga
rithmic transformations) may not be as accurate as val
ues calculated by other methods. Numerical accuracy is

.. ", aa function of the number of significant digits and the
" ,"algorithms used in data processing, so some slight dif-

: ferences in numbers may be found if examples are
checked by other means.

Basic Data Requirements

Basic Concepts

To analyze hydrologic data statistically, the user
must know basic definitions and understand the intent
and limitations of statistical analysis. Because collection
of all data (entire population) from a physical system is
usually not feasible and recorded data from the system
may be limited, observations must be based on a sam
ple that is representative of the population.

Statistical methods are based on the assumption of
randomness, which implies an event cannot be
predicted with certainty. By definition, probability is
an indicator of the likelihood of the occurrence of an
event and is measured on a scale from 0 to I, with 0
indicating no chance of occurrence and 1 indicating cer
tainty of occurrence.

Events or values that do not occur with certainty
are often called random variables. There are two types
of random variables, discrete and continuous. A
discrete random variable is one that can only take on
values that are whole numbers. For example, the out
come of a toss of a die is a discrete random variable
because it can only take on the integer values 1 to 6.
The concept of risk as it is applied in frequency
analysis is also based on a discrete probability distribu
tion. A contz"nuous random variable can take on values
defined over a continuum: for example, peak discharge
takes on values other than discrete integers.
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A function that defines the probability that a random
value will occur is called a probability distribution func
tion For example, the log-Pearson Type III distribution,
often used in frequency analyses, is a probability distri
bution function. A probability mass function is used for
discrete random variables while a density function is
used for continuous random variables. If values of a
distribution function are added (discrete) or integrated
(continuous), then a cumulative distribution function is
formed. Usually, hydrologic data that are analyzed by
frequency analysis are presented as a cumulative dis
tribution function.

Types of Data

The application of statistical methods in hydrologic
studies requires measurement of physical phenomena.
The user should understand how the data are collected
and processed before they are published. This
knowledge helps the user assess the accuracy of the
data. Some types of data used in hydrologic studies in
clude rainfall, snowmelt, stage, streamflow,
Lemperature, evaporation, and watershed
characteristics.

Rainfall is usually measured as an accumulated
depth over a period of time. Measurements represent
the amount caught by the gage opening and are valid
only for the gage location. The amount collected may
be affected by gage location and physical factors near
the gage. Application over large areas requires a study
of adjacent gages and determinations of a weighted
rainfall amount. More complete discussions of rainfall
collection and evaluation procedures are found in
Chapter 4 of this handbook section.

Snowfall is measured as depth or as water
equivalent on the ground. As with rainfall, the
measurement represents only the depth at the
measurement point. The specific gravity of the snow
times the depth of the snow determines the water .
equivalent of the snowpack, which is the depth of
water that would result from melting the snow. To use
snow information for such things as predicting water
yield, the user should thoroughly know snowfall, its
physical characteristics, and its measurement. National
Engineering Handbook, Section 22, "Snow Survey and
Water Supply Forecasting" (1972) further discusses
these subjects.

Stages are measurements of the elevation of the
water surface as related to an established datum,
either the channel bottom or mean sea level, called Na
tional Geodetic Vertical Datum (NGVD). Peak stages
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are measured by nonrecording gages, crest-stage
gages, or recording gages. Peak stages from nonrecord
ing gages may be missed because continuous visual
observations are not available. Crest-stage gages
record only the maximum gage height and recording
gages provide a continuous chart or record of stage.

Streamflow or discharge rates are extensions of the
stage measurements that have been converted through
the use of rating curves. Discharge rates indicate the
runoff from the drainage area above the gaging station
and are expressed in cubic feet per second lefs).
Volume of flow past a gage, expressed as a mean daily
or hourly flow (cfs-days or cfs-hours), can be calculated
if the record is continuous. Accuracy of streamflow
data depends largely on physical features at the gaging
site, frequency of observation, and the type and ade
quacy of the equipment used. Flows can be affected by
upstream diversion and storage. U.S. Geological
Survey Water Supply Paper 888 (Corbett 1962) further
discusses streamflow data collection.

Daily temperature data are usually available, with
readings published as maximum, minimum, and mean
measurements for the day. Temperatures are recorded
in degrees Fahrenheit or degrees Celsius. National
Weather Service, Observing Handbook No.2, Substa-
t ion Observations (1972), describes techniques used to
collect meteorological data.

Evaporation data are usually published as pan
evaporation in inches per month. Pan evaporation is
often adjusted to estimate gross lake evaporation. The
National Weather Service has published pan evapora
tion values in "Evaporation Atlas for the Continguous
48 United States" (Farnsworth, Thompson, and Peck
1982).

Watershed characteristics used in hydrologic studies
include drainage area, channel slope, geology, type and
condition of vegetation, and other features. Maps, field
surveys, and studies are used to obtain this informa
tion. Often data on these physical factors are not
published, but the U.S. Geological Survey maintains a
file on watershed characteristics for most streamgage
sites. Many federal and state agencies collect and
publish hydrometeorological data (table 18-1). Many
other organizations collect hydrologic data that are not
published but may be available upon request.

..':".J..
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Table l8-I.-Sources of basic hydrologic data collected by
federal agencies

Data

Stream- Evapo- Air Water
Agency Rainfall Snow flow ration temp. stage

Agricultural
Research
Service X X X X X X

Corps of
Engineers X X X X X

Forest Service X X X X X

U.S.
Geological

~rvey
AT-

STORE) X X X X

International
Boundary &
Water
Commission X X X X X

River Basin
"-'~ '.tt!0mmissions X X X

.' ureau of
Reclamation X X X X X X

Soil
Conservation
Service X X X X X

Tennessee
Valley

_uthority X X X X X

National
Climatic
Data
Center,
NOAA X X X X X

Data Errors

The possibility of instrumental and human error is
inherent in data colleetion and publication for
hydrologic studies. Instrumental errors are caused by
the type of equipment used, its location, and conditions
at the time measurements are taken. Instrumental er-

_rors can he accidental if they are not constant or do
.' :&t create a trend, but they may also be systematic if
..~ey occur regularly and introduce a bias into the

. ~ record. Human errors by the observer or by others
who process or publish the information can also be ac
cidental or systematic. Examples of human errors in-

clude improper operation or observation of equipment,
misinterpretation of data, and errors in transcribing
and publishing.

The user of the hydrologic data should be aware of
the possibility of errors in observations and should
recognize observations that are outside the expected
range of values. Knowledge of the procedures used in
collecting the data is helpful in recognizing and resolv
ing any questionable observations, but the user should
consult the collection agency when data seem to be in
error.

Types of Series

Hydrologic data are usually presented in chronolog
ical order. If all the data for a certain increment of
observation (for example, daily readings) are presented
for the entire period of record, this is a complete
duration series. Many of these data do not have signifi
cance and can be excluded from hydrologic studies.
The complete-duration series is only used for duration
curves or mass curves. From the complete-duration
series two types of series are selected, the partial
duration series and the extreme~vent series.

The partialrliuration series includes all events in the
complete-duration series with a magnitude above a
selected base for high events or below a selected base
for low events. Unfortunately, independence of events
that occur in a short period is hard to establish
because long-lasting watershed effects from one event
can influence the magnitude of succeeding events. Also,
in many areas the extreme events occur during a
relatively short period during the year. Partial-duration
frequency curves are developd either by graphically fit
ting the plotted sample data or by using empirical coef
ficients to convert the partial-duration series to
another series.

The extreme-event series includes the largest (or
smallest) values from the complete-duration series, with
each value selected from an equal time interval in the
period of record. If the time interval is taken as 1 year,
then the series is an annual series, for example, a
tabulation of the largest peak flows in each year
through the period of record as an annual peak flow
series at the location. Several high peak flows may oc
cur within the same year, but the annual peak series
includes only the largest peak flow per year. Table 18-2
illustrates both a partial-duration and annual peak flow
series.
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Table 18-2. - Flood peaks for East Fork Big Creek near Bethany, Mo. (06897000)'

Peaks Peaks Peaks Peaks
above above above above
base base base base

Year (efs) Year (cfs) Year (cfs) Year (cfs)

1940 1,780· 1947 2,240 1958 1,780· 1967 1,640
1,120 8,120· 1,780 3,350·

2,970 1,640
1941 2,770 3,700 1959 3,800

2,950· 4,920 3,000 1968 3,150·
1,500

1942 1,190 1948 1,260 2,660 1969 2,990
1,400 2,310· 5.100· 3,110·

925 3,660 1,730
925 1949 2,000· 2,280 2,910

1,330 1,890 2,270
1.330 1950 1,160 2,060
5,320 1,300· 1960 2,280
6,600· 4,650 1970 2,090

1951 1,090 1,960 3,070·
1943 958 2,920· 1,680 2,060

1,680 1,090 4,740·
2,000 1,720 2,040 1971 2,000·
3,110· 2,030 ........

925 1,060 1961 1,760 1972 3,190· \,
2.470 1,000 1,520
1,330 3,100
1.190 1952 1,440 5,700·
2,240 1,610 2,300
3,070 1,090

1,230 1962 2,630
1944 1,120 2,970· 2.750

3,210· 2,280 1,760
2.620 1,820
2,170 1953 925· 3.880·

1945 3,490 1954 1,330· 1963 2,100·
4,120·
2,310 1955 1,500 1964 1,880
2,350 2,240· 1,910·

1,500
1946 4,400 1965 1,730

1.520 1956 1,560 3,480·
1,720 2,500*
6,770* 1966 2,430*
1.960 1957 1.620·

I Partial-duration base is 925 cis. the lowest annual flood for this series.
Annual series values are starred (.). Data from USGS Water Supply Papers.
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location parameter that measures the central tendency
of the data and is computed by:

A biased estimate of the variance results when the
divisor (N - 1) is replaced by N. An alternative form
for computing the unbiased sample variance is given by:

S! ~ ---L- [tXt - .!. ( tXi)2J (18-3)
N - 1 i-I N i-I

(18-1)

(18-2)

(184)

S2 ""' [ 1 t (Xi - X)2J
N - 1 i-I

N ~N - JG = (N _ 1)(N _ 2)83 ~~ (Xi - X"

where X is the sample arithmetic mean having N
observations and X; is the it. observation of the sample
data.

The remaining two moments of interest are taken
about the mean instead of the origin. The first moment
about the mean is always zero.

The variance, a scale parameter and the second mo
ment about the mean, measures the dispersion of the
sample elements about the mean. The unbiased
estimate of the variance (S2) is given by:

This equation is often used for computer application
because it does not require prior computation of the
mean. But, because of the sensitivity of equation 3 to
the number of significant digits carried through the
computation, equation 2 is often preferred.

The standard deviation (S) is the square root of the
variance and is used more frequently than the variance
because its units are the same as those of the mean.

The skew, a shape parameter and the third moment
about the mean, measures the symmetry of a distribu
tion. The sample skew (G) can be computed by:

Although the range of the skew is theoretically
unlimited, there is a mathematical limit, based on sam
ple size, that limits the possible skew (Kirby 1974). A
skew of zero indicates a symmetrical distribution.
Another equation for computing skew that does not re
quire prior computation of the mean, is:

A probability distribution function, as previously
defined, is represented by a mathematical formula that
includes one or more of the following parameters: loca
tion, which provides reference values for the random
variable; scale, which characterizes the relative disper
sion of the distribution; and shape, which describes the
outline or form of a distribution.

A parameter is unbiased if the average of estimates
taken from repeated samples of the same size con
verges to the population value. A parameter is biased
if the average estimate does not converge to the
population value.

'..:a A probability density function can be characterized
..Wly its moments, which are also used in characterizing

..'. data samples. In hydrology, three moments of special
interest are mean, variance, and skew.

The first moment about the origin is the mea71, a

Some data indicate seasonal variation, monthly varia
tion, or causative variation. Major storms or floods
may occur consistently during the same season of the
year or may be caused by more than one factor, for ex
ample, by rainfall and snowmelt. Such data may re
quire the development of a series based on a separa
tion by causative factors or a particular time frame.

In many instances, complex data relationships re
quire that variables be transformed to approximate
linear relationships or other relationships with known

~apes. Types of data transformation include:.1. Linear transformation, which involves addition,
subtraction, multiplication, or division by a constant.

2. Inverted transformation by use of the reciprocal
of the data variables.

3. Logarithmic transformation by use of the
logarithms of the data variables.

4. Exponential transformation, which includes rais
.....", ing the data variables to a power.

~. ~.;~e 5. Any combination of the above.
. The appropriate transformation may be based on a

physical system or may be entirely empirical. All data
transformations have limitations. For example, the
reciprocal of data greater than + 1 yields values be
tween 0 and + 1. And logarithms, which are commonly
used in hydrologic data, can only be derived from

fjOSitive data.

Data Transformation

Distribution Parameters and Moments
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(18-5)

This equation is extremely sensitive to the number of
significant digits used during computation and may not
give an accurate estimate of the sample skew.

Frequency Analysis

Basic Concepts

Frequency analysis is a statistical method commonly
used to analyze a single random variable. Even when
the population distribution is known. uncertainty is
associated with the occurrence of the random variable.
When the population is unknown, there are two
sources of uncertainty: randomness of future events
and accuracy of estimation of the relative frequency of
occurrence. The cumulative density function 'is
estimated by fitting a frequency distribution to the
sample data. A frequency distribution is a generalized
cumulative density function of known shape and range
of values.

The probability scale of the frequency distribution
differs from the probability scale of the cumulative
density function by the relation (1 - p) where:

p + q - 1 (l~)

The variables p and q represent the accumulation of
the density function for all values kss than and greater
than, respectively, the value of the random variable. ......\
The accumulation is made from the right end of the
probability density function curve when one considers
high values such as peak discharge. U.S. Department of
Agriculture, Soil Conservation Service, Technical Re-
lease 38 (1976) presents the accumulation of the Pearson
III density function for both p and q for a range of
skew values.

When minimum values (p) such as low flows are con
sidered, the accumulation of the probability density
function is from the left end of the curve. The resulting
curve represents values kss than the random variable.

Plotting Positions and Probability Paper

Statistical computations of frequency curves are in
dependent of how the sample data are plotted, so the
data should be plotted along with the calculated fre
quency curve to verify that the general trend of the
data reasonably agrees with the frequency distribution
curve.

Various plotting formulas are used and many are of
the general form:

pp.. 100M - a)
N-a-b+1

(18-7) ..;-
. '0' }

..~

1~

where PP is the plotting position for a value in percent
chance; M is the ordered data (largest to smallest for



Probability Distribution Functions

The Weibull plotting position is used to plot the sample
data in the chapter examples:

maximum values and smallest to largest for minimum
values); N is the size of the data sample; and a and b
are constants. Constants of some commonly used plot
ting position formulas are:

(18-9)

Pearson III

Karl Pearson developed a system of 12 distributions
that can approximate all forms of single-peak statistical
distributions. The system includes three main distribu
tions and nine transition distributions, all of which
were developed from a single differential equation. The
distributions are continuous but can be fitted to various
forms of discrete data sets (Chisman 1968).'

The type III (negative exponential) is the distribu
tion frequently used in hydrologic analysis. It is non
symmetrical and is used with continuous random
variables. The probability density function can take on
many shapes. Depending on the shape parameter, the
random variable range can be limited on the lower end,
the upper end, or both. Three parameters are required
to fit the Pearson type III distribution. The location
and scale parameters (mean and standard deviation)
are the same as the normal distribution. The shape (or
third) parameter is approximated by the sample skew.

When a logarithmic transformation is used, a lower
bound of zero exists for all shape parameters. The log
Pearson type III is used to fit high and low discharge
values, snow, and volume duration data. Example 18-1
illustrates the dev~lopment of a log-Pearson type III
distribution curve.

regionalization analysis. Its range is 0 to + 00. Example
18-1 illustrates the development of a log-normal
distribution curve.

Two-Parameter Gamma

The tw<>-parameter gamma distribution is nonsym·
metrical and is used with continuous random variables
to fit high- and low-volume duration, stage, and
discharge data. Its probability density function has a
·lower limit of 0 and a defined upper limit of 00. Two
parameters are required to fit the distribution: f3, a
scale parameter, and 'Y, a shape parameter. A detailed
description of how to fit the distribution with the two
parameters and incomplete gamma function tables can
be found in TP-148 (Sammons 1966). As a #ose approx
imation of this solution, a three-parameterVpearson
type III fit can be made and TR-38 tables used. The
mean and 'Y must be computed and converted to stand
ard deviation and skewness parameters. Greenwood
and Durand (1960) provide a method to calculate an a~

proximation for 'Y that is a function of the relationship
(R) between the arithmetic mean and geometric mean
(Gm) of the sample data:

(18-8)

Name a b

Weibull 0 0
Hazen -M+l -N+M
California 0 1

Blom 34 34

_ PP = 100(M)
• N + 1

Normal

The normal distribution, used to evaluate continuous
. random variables, is symmetrical and bell-shaped. The
range of the random variable is - 00 to + 00. Two
parameters Uocation and scale) are required to fit the
distribution. These parameters are approximated by
the sample mean and standard deviation. The normal

0" .ustribution is the basis for much of statistical theory,.:._t generally does not fit hydrologic data.
o • The log-normal distribution (normal distribution with

logarithmically transformed data) is often used in
hydrology to fit high or low discharge data or in

Each probability distribution has its own probability
paper for plotting. The probability scale is defined by
transferring a linear scale of standard deviates (K
values) into probabilities for that distribution. The fre-

o quency curve for a distribution will be a straight line'.. -It paper specifically designed for that distribution.
';.' _:-: Probability paper for logarithmic normal and ex-

treme value distributions is readily available. Distribu
tions with a varying shape statistic H.e., log-Pearson III
and gamma) require paper with a different probability
scale for each value of the shape statistic. For these
distributions a special plotting paper is not practical.
The log-Pearson III and gamma distributions are usual-

• plotted on logarithmic normal probability paper. The
~otted frequency line may be curved, but this is more

desirable than developing a new probability scale each
time these distributions are plotted.
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R ~ In [;J (18-\0)

where In is the natural logarithm.

a) If 0 < R < 0.5772

'Y = R -1 (0.5000876 + 0.1648852R -
0.0544274R2

) (18-11)

b) If 0.5772 < R < 17.0

'Y = 8.898919 + 9.059950R + 0.9775373R2 (18-12)
R (17.79728 + 11.968477R + R2

)

cl If R > 17.0 the shape approaches a log-normal
distribution. and a log-normal solution may be
used.

Cumulative Distribution Curve and TR-38

Selected percentage points on the cumulative
distribution curve for normal, Pearson III, or gamma
distributions can be computed with the sample mean,
standard deviation. and skewness. TR-38 contains stand
ard deviate <Kp) values for various values of skewness
and probabilities. The equation used to compute points
along the cumulative distribution curve is:

(18-15)

where Q is the random variable value at a selected ex
ceedance probability, X is the sample mean, and
S is the sample standard deviation. If a logarithmic
transformation has been applied to the data. then the
equation becomes:

The standard deviation and skewness can now be com
puted from 'Y and the mean: (18-16)

x
S =

2G=-
-v:Y

(18-13)

(18-14)

where X and S are based on the moments of the
logarithmically transformed sample data. With the
mean. standard deviation. and skew computed. a com
bination of TR-38 and either equation 15 or 16 is used
to calculate specified points along the cumulative
distribution curve.

Extreme Value
The extreme value distribution. another nonsym

metrical distribution used with continuous random
variables. has three main types. Type I is unbounded;
type II is bounded on the lower end; and type III is
bounded on the upper end. The type I (Fisher-Tippett)
is used by the National Weather Service in precipita
tion analysis. Other federal. state. local. and private
organizations also have publications based on extreme
value theory.

Binomial
The binomial distribution. used with discrete random

variables. is based on four assumptions:
1. The random variable may have only one of two

responses (for example. yes or no. successful or unsuc
cesful. flood or no flood).

2. There will be n trials in the sample.
3. Each trial will be independent.
4. The probability ~f a response will be constant

from one trial to the next.
The binomial distribution is used in assessing risk.

which is discussed later in the chapter.
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Data Considerations in Analysis

Outliers

If the population model is correct. outliers are popu
lation elements that occur but are highly unlikely to oc
cur in a sample of a given size. Therefore. outliers can
be due to sampling variation or to the use of the incor
rect probability model. After the most likely probability
model is selected. outlier tests can be performed for
evaluating extreme events.

Outliers can be detected by use of test criteria in ex
hibit 18-1. Critical standard deviates <Kn values) for the
normal distribution can be taken from the exhibit.
Critical K values for other distributions are computed
from the probability levels listed in the exhibit 18-1.
Critical K values are used in either equation 15 or 16.
along with sample mean and standard deviation. to
determine an allowable range of sample element
values.

The detection process is iterative: (1) use sample
statistics. X and S. and K. with equation 15 or 16 to

: ..~~
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detect a single outlier; (2) delete detected outliers from
the sample; (3) recompute sample statistics without the
outliers; and (4) begin again at step (1). Continue the
process until no outliers are detected. High and low
outliers can exist in a sample data set.

Two extreme values of about the same magnitude
are not likely to be detected by this outlier detection
procedure. In these cases, delete one value and check
to see if the remaining value is an outlier. If the re
maining value is an outlier, then both values should be
called outliers or neither value should be called an
outlier.

The detection process depends on the distribution of
the data. A positive skewness indicates the possibility
~ high outliers, and a negative skewness indicates the
.ssibility of low outliers. Thus, samples with a

positive skew should be tested first for high outliers,
and samples with negative skew should be tested first
for low outliers.

If one or more outliers are detected, another fre
quency distribution should be considered. If a frequen
cy distribution is found that appears to have fewer

"; ".tliers, repeat the outlier detection process. If no bet
." . -_ .. model is found, treat the outliers in the following
.-, -, order of preference:

1. Reduce their weight or impact on the frequency
curve.

2. Eliminate the outliers from the sample.
3. Retain the outliers in the sample.
When historic data are available, high outlier

~ighting can be reduced by use of Appendix 6, Water
.sources Council (WRC) Bulletin #17B (1981). If such

data are not available, you must decide whether to re-
tain or delete the high outliers. This decision involves
judgment concerning the impact of the outliers on the
frequency curve and its intended use. Low outliers can
be given reduced weighting by treating them as miss
ing data as outlined in Appendix 5, WRC Bulletin
# 17B.

Although WRC Bulletin # 17B was developed for
peak flow frequency analysis, many of the methods are
applicable to other types of data.

Mixed Distributions

A mixed distribution occurs when at least two
events in the population are due to different causes. In
flow frequency analysis, a sample of annual peak

_ ~-.~charges at a given site can be drawn from a single
"" . ~stribution or mixture of distributions. A mixture oc

. curs when the series of peak discharges are caused by
various types of runoff-producing events such as

generalized rainfall, local thunderstorms, hurricanes,
snowmelt, or any combination of these.

Previously discussed frequency analysis techniques
may be valid for mixed distributions. If the mixture is
due to a single or small group of values, these values
may appear as outliers. After these values are iden
tified as outliers, the sample can then be analyzed.
However, if the number of values departing from the
trend of the data becomes significant, a second trend
may be evident. Two or more trends may be evident
when the data are plotted on probability paper.

Populations with multiple trends will cause problems
in analysis. The skewness of the entire sample will be
greater than the skewness of samples that are
separated by cause. The larger skewness will cause the
computed frequency curve to differ from the sample
data plot in the region common to both trends.

The two methods that can be used to develop a mixed
distribution frequency curve are illustrated in exam
ple 18-3. The preferred method (method 1) involves
separating the sample data by cause, analyzing the
separated data, and combining the frequency curves.
The detailed procedure is as follows:

1. Determine the cause for each annual event. If a
specific cause cannot be found for each event, method 1
cannot be used.

2. Separate the data into individual series for each
cause found in step 1. Some events may be common to
more than one series and, therefore, belong to more
than one series. For example, snowmelt and generalized
rainfall could form an event that would belong to both
series.

3. Collect the data that are necessary to form an an
nual series for each cause. Some series will not have an
event for each year-for example, a hurricane series in
an area where hurricanes occur about once every 10
years. If insufficient data for any series are a problem,
then the method will need a truncated series with con
ditional probability adjustment. See Appendix 5, WRC
Bulletin #17B.

4. Compute the statistics and frequency curve for
each annual series separately.

5. Use the addition rul~ of probability to combine
the computed frequency curves.

P{A U B} - P{A} + P{B} - [P{A} x P{B}] (18-17)

where P{AUB} is the probability of an event of given
magnitude occurring from either or both series, P{A}
and P(B} are the probabilities of an event of given
magnitude occurring from each series, and [PIA) x
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PIBIl is the probability of an event from each series oc
curring in a single year.

An alternative method (method 2) that requires only
the sample data may be useful in estimating the fre
quency curve for q < 0.5. This method is less
reliable than method 1 and requires that at least the
upper one-half of the data be generally normal or log
normal if log-transformed data are used. A straight line
is fitted to at least the upper half of the frequency
range of the series. The standard deviation and mean
are developed by use of the expected values of normal
order statistics. The equations are:

Historic Data

At many locations there is information about major
hydrologic occurrences either before or after the
period of systematic data collection. Such information,
called historic data, can be used to adjust the frequen
cy curve. The historic data define an extended time
period during which rare events, either recorded or
historic, have occurred. Historic data may be obtained
from other agencies, from newspapers, or by inter
views. A procedure for incorporating historic data into
the frequency analysis can be found in Appendix 6 of
WRC Bulletin #17B.

;.

where n is the number of elements in the truncated
series and Ki is the expected value of normal order
statistics for the ith element of the complete sample.
Expected values of normal order statistics are shown
in exhibit 18-2.

Incomplete Record and Zero Flow Years

An incompkte record refers to a sample in wlrich
some data are missing either because they were too
low or too high to record or because the measuring
device was out of operation. In most instances the
agency collecting the data provides estimates for miss
ing high flows. When the missing high values are
estimated by someone other than the collecting agency,
it should be documented, and the data collection agen
cy advised. Most agencies do not routinely provide
estimates of low flow values. The procedure that ac
counts for missing low values is a conditional probabili
ty adjustment explained in Appendix 5 of WRC
Bulletin #17B.

Data sets containing zero values present a problem
when one uses logarithmic transformations. The
logarithm of zero is undefined and cannot be included.
When a logarithmic transformation is desired, zeros
should be treated as missing low data.

S (18-18)

(18-19)

Frequency Analysis Reliability

The following discussion, which originally appeared
in U.s. Corps of Engineers, Hydrologic Engineering
Methods, Volume 3, Hydrologic Frequency Analysis
(1975), concisely covers the main points of frequency
reliability, including examples based on flood frequen
cies.

The reliability of frequency estimates is influenced by:
a) The amount of infonnation available.
bl The variability of the events.
cl The accuracy with which the data were measured.

In general with regard to item a. errors of estimate are in
versely proportional to the square root of the number of in
dependent items contained in the frequency array. Therefore.
errors of estimates based on 40 years of record would nonnally
be half as large as errors of estimates based on 10 years of
record. other conditions being the same.

The variability of events in a record litem b) is usually the
most important factor affecting the reliability of frequency
estimates. For example. the ratio of the largest to the smallest
annual flood of record on the Mississippi River at Red River
Landing. Louisiana. is about 2.7. whereas the ratio of the largest to
the smallest annual flood of record on the Kings River at Piedra,
California, is about 100. or 35 times as great. Statistical studies
show that as a consequence of this factor. a flow corresponding
to a given frequency that can be estimated within 10 percent on
the Mississippi River. can be estimated only within 40 percent
on the Kings River.

The accuracy of data measurement litem c) nonnally has
relatively small influence on the realiability of a frequency
estimate. because such errors ordinarily are not systematic and
tend to cancel, and because the influence of chance events is
great in comparison with that of measurement errors. For this
reason. it is usually better to include an estimated magnitude
for a major flood; for example. that was not recorded because of
gage failure. rather than to omit it from the frequency array.
even though its magnitude can only be estimated approximately.
However. it is advisable always to use the most reliable sources
of data and. in particular. to guard against systematic errors
such as result from using an unreliable rating curve.

It should be remembered that the possible errors in
estimating flood frequencies are very large. principally because
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Outline of Frequency Analysis Procedures

of the chance of having a nonrepresentative sample. Sometimes
the ocurrence of one or two abnormal floods can change the ap
parent exceedance frequency of a given magnitude from once in
l,(JOO years to once in 200 years. Nevertheless. the frequency
curve technique is considerably better than any other tool
available for some purposes and represents a substantial im
provement over using an array restricted to observed flows
only.

Effects of Watershed Modification

The analysis of streamflow data is complicated by
the fact that watershed conditions are rarely constant
during the period of record. Fire. floods. changing land
use. channel modification. reservoir construction. and
land treatment all contribute to changes in the
hydrologic responses of a watershed. If the changes are

_ignificant. then standard statistical procedures cannot
be used to develop the frequency curve.

····e',. -
~. ~ .'
.:': l'

,":,.a.., .. .,
.:".j

A. Obtain site information, historic data, and
systematic data.

1. Examine record period for changes in physical
conditions. Use only data that are from periods of
constant physical conditions (homogeneous).

2. Estimate missing high data. The effort expended
in estimating data depends on the use of the final
frequency analysis.

3. Obtain historic information.
B. Plot sample data.

1. Use normal Qogarithmic normal) probability
paper.

2. Observe general trend of plotted data.
3a. For single-trend data, select the distribution

that best defines the population from which the .
sample is drawn.

3b. For multiple-trend data, use one of the mixed
distribution techniques.
C. Compute frequency curve.

1. Use sample statistics and distribution tables
(such as TR38).

2. Plot curve on -the paper with sample data.
3. Compare general shape of curve with sample

data. If the computed curve does not fit the data,
check for outliers or for another distribution that
may fit the population.
D. Detect outlier$.

1. Check for outliers according to the value of
skewness, high first for positive skewness and low
first for negative skewness.

2. Delete outliers and recompute sample statistics.

3. Continue the process until no outliers remain in
sample.
E. Treat outliers and missing, low, and zero data.

1. Check another frequency distribution model.
2. For high outliers,

a. if historical data are available, use Appendix 6
WRC Bulletin #17B.

b. if historic data are not available, decide
whether outliers should be retained in the sample.

3. For low outliers and missing, low, and zero
data, use Appendix 5, WRC Bulletin #17B.
F. Check reliability of results.

1. Frequency curve estimates are based on prior
experience and should be used with caution.

2. Uncertainty of estimates increases as estimated
values depart from the mean.
Example I8-l.-Development of log-normal and log

Pearson III frequency curves.
Annual peak discharge data for East Fork San Juan

River near Pagosa Springs, Colo. (Station 09340000),
are analyzed. Table 18-3 contains the water year (col
umn 1) and annual peak values (column 2). Other col
umns in the table will be referenced by number in
parentheses in the following steps:

1. Plot the data. Before plotting the data, arrange
them in descending order (column 6). Compute Weibull
plotting positions, based on a sample size of 44, from
equation 8 (column 7), and then plot the data on
logarithmic normal probability paper (fig. 18-1).

2. Examine the trend of plotted data. The plotted
data follow a single trend that is nearly a straight line,
so a log-normal distribution should provide an adequate
fit. The log-Pearson type III distribution will also be in
cluded because it is computational, like the log normal.

3. Compute the required statistics. Use common
logarithms to transform the data (column 3). Compute
the sample mean by using the summation of sample
data logarithms and equation 1:

X a 130.1245 = 2.957376
44
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Table 18-3.- Basic statistics data for example 18-1 (Station 09340000 E. Fork San Juan River near Pagosa Springs. Colo. Drainage area =
86.9 sq.mi. Elevation = 7.597.63 feet)

Ordered Weibull
Water Peak x= peak plot position
year (cfs) Log{peak) (X - Xl' (X - X)' (cfs) 100 M/(N +1)

(1) (2) (3) (4) (5) (6) (7)

1935 1480.0 3.170260 0.0453200 0.0096479 2460.0 2.2
1936 931.0 2.968948 0.0001339 OO015סס.0 2070.0 4.4
1937 1120.0 3.049216 0.0084347 0.0007747 1850.0 6.7
1938 1670.0 3.222715 0.0704052 0.0186813 1670.0 8.9
1939 580.0 2.763427 0.0376161 -0.0072956 1550.0 11.1
1940 606.0 2.782472 0.0305914 -0.0053505 1510.0 13.3
1941 2070.0 3.315969 0.1285889 0.0461111 1480.0 15.6
1942 1330.0 3.123850 0.0277137 0.0046136 1410.0 17.8
1943 830.0 2.919077 0.0014668 -0.0000562 1340.0 20.0
1944 1410.0 3.149218 0.0368034 0.0070604 1330.0 222
1945 1140.0 3.056904 0.0099059 0.0009859 1320.0 24.4
1946 590.0 2.770850 0.0347917 -0.0064895 1270.0 26.7
1947 724.0 2.859737 0.0095332 -0.0009308 1270.0 28.9
1948 1510.0 3.178975 0.0491064 0.0108819 1170.0 31.1
1949 1270.0 3.103803 0.0214409 0.0031395 1140.0 33.3
1950 463.0 2.665580 0.0851447 -0.0248449 1120.0 35.6
1951 709.0 2.850645 0.0113914 -0.0012158 1070.0 37.8
1952 1850.0 3267170 0.0959725 0.0297318 1050.0 40.0
1953 1050.0 3.021188 0.0040720 0.0002598 1030.0 42.2

, .\

1954 550.0 2.740361 0.0470952 -0.0102203 934.0 44.4
1955 557.0 2.745853 0.0447416 -0.0094638 931.0 46.7
1956 1170.0 3.068185 0.0122787 0.0013606 923.0 48.9
1957 1550.0 3.190331 0.0542680 0.0126420 .880.0 51.1
1958 1030.0 3.012836 0.0030758 0.0001706 865.0 53.3
1959 388.0 2.588830 0.1358257 -0.0500580 856.0 55.6
1960 865.0 2.937015 0.0004146 oo84סס0.0- 856.0 57.8
1961 610.0 2.785329 0.0296001 -0.0050926 830.0 60.0
1962 880.0 2.944481 0.0001663 oo21סס0.0- 820.0 622
1963 490.0 2.690195 0.0713854 -0.0190728 776.0 64.4
1964 820.0 2.913813 0.0018977 OO827סס.0- 724.0 66.7
1965 1270.0 3.103803 0.0214409 0.0031395 709.0 68.9
1966 856.0 2.932472 0.0006202 OO154סס.0- 610.0 71.1
1967 1070.0 3.029383 0.0051850 0.0003734 606.0 73.3
1968 934.0 2.970345 0.0001682 oo22סס0.0 600.0 75.6
1969 856.0 2.932472 0.0006202 OO154סס.0- 590.0 77.8
1970 2460.0 3.390934 0.1879728 0.0814972 580.0 80.0
1971 515.0 2.711805 0.0603047 -0.0148090 557.0 822
1972 422.0 2.625311 0.1102667 -0.0366157 550.0 84.4
1973 1340.0 3.127104 0.0288077 0.0048895 515.0 86.7
1974 490.0 2.690195 0.0713854 -0.0190728 490.0 88.9
1975 1320.0 3.120572 0.0266331 0.0043464 490.0 91.1
1976 923.0 2.965200 0.0000612 0.o00ooo5 463.0 93.3
1977 . 600.0 2.778150 0.0321219 -0.0057571 422.0 95.6
1978 776.0 2.889860 0.0045583 -0.0003078 388.0 97.8

Summation 130.1245 1.659318 0.023534
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Then compute differences between each sample
logarithm and the mean logarithm, and use the sum of
the squares and cubes of the differences (columns 4 and
5) in computing the standard deviation and skew.

Compute the standard deviation of logarithms by us
ing the sum of squares of the differences and equation
2:

s = [1.659318J O.S ,. 0.1964403
(44 - 1)

Compute the skew by using the sum of cubes of the
differences (column 5) and equation 4:

G = 4_4 x 0.023534 = 0.0756

(44 -1) (44 - 2) (0.1964403)'

For ease of use in next step, round skew value to the
nearest tenth (G = O.ll.

4. Use SCS TR-38 to obtain K values for required
skew at sufficient exceedance probabilities to define
the frequency curve. Use the mean, standard deviation,
skew, and equation 16 to compute discharges at the
selected exceedance probabilities. The TR-38 K values
and discharge computations are shown in table 18-4.

Plot the frequency curves on the same graph as the
sample data (fig. 18-1). A comparison between the plot
ted frequency curve and the sample data verifies the
selection of the distributions. Other distributions can
be tested the same way.

5. Check the sample for outliers. Kn values, based on
sample size, are obtained from exhibit 18-1. The Kn
value for a sample of 44 is 2.945. Compute the log-
normal high outlier criteria from the mean, the stand
ard deviation, the outlier K value, and equation 16:

log QH1 = 2.957376 + (2.945XO.l964403)

= 3.5359

QHI == 3,435 cfs

Use the negative of the outlier Kn value in equation 16
to compute the low outlier criteria:

log QLO ,. 2.957376 + (- 2.945XO.1964403)

,. 2.37886

QLO = 239 cis

Table 18-4.-Frequency curve solutions for example 18-1

Log. Log-
Exceed. TR-38 Log Q== normal TR-38 LogQ = Pearson III

prob. K value X+KS discharges K value X+KS discharges
(q) (G==O.O) (cfs) (G==O.ll (cfs)

0.999 -3.09023 2.35033 224 -2.94834 2.37820 239
.998 -2.87816 2.39199 247 -2.75706 2.41578 260
.995 -2.57583 2.45138 283 -2.48187 2.46984 295
.99 -2.32635 2.50039 317 -2.25258 2.51488 327
.98 -2.05375 2.55394 358 -1.99973 2.56455 367
.96 -1.75069 2.61347 411 -1.71580 2.62032 417
.90 -1.28155 2.70563 508 -1.27037 2.70782 510
.80 -0.84162 2.79205 620 -0.84611 2.79117 618
.70 -0.52440 2.85436 715 -0.53624 2.85204 711
.60 -0.25335 2.90761 808 -0.26882 2.90457 803
.50 0.0 2.95738 907 -0.01662 2.95411 900
.40 0.25335 3.00714 1,017 0.23763 3.00406 1,009
.30 0.52440 3.06039 1,149 0.51207 3.05797 1,143
.20 0.84162 3.12270 1,326 0.83639 3.12168 1,323
.10 1.28155 3.20912 1,619 1.29178 3.21113 1,626
.04 1.75069 3.30128 2,001 1.78462 3.30795 2,032
.02 2.05375 3.36082 2,295 2.10697 3.37127 2,351
.01 2.32635 3.41436 2,596 2.39961 3.42876 2,684
.005 2.57583 3.46337 2,907 2.66965 3.48180 3,033
.002 2.87816 3.52276 3,332 2.99978 3.54665 3,521 :
.001 3.09023 3.56442 3,668 3.23322 3.59251 3,913 .oJ
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Gm - (3.308266 x 108ll)1134 - 42.94666

Using the mean and 'Y, compute the standard devia
tion and skew from equations 13 and 14:

x _ 1~6 _ 55.17647

R - In f55.17647] - 0.25058L42.9466

G .. 2 = 1.36495
.../2.14697

55.17647S = = 37.65658
'1'2.14697

Table 18-5.-Basic statistics data for example 18-2

7-Day Ordered Weibull
Water mean low data plot position
year flow (cis) (cis) 100 M~N +1)

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

1946 107 11 2.9
1947 127 15 5.7
1948 79 16 8.6
1949 145 17 11.4
1950 110 19 14.3
1951 98 20 17.1
1952 99 22 20.0
1953 168 23 22.9
1954 60 23 25.7
1955 20 25 28.6
1956 23 25 31.4
1957 51 25 34.3
1958 17 27 37.1
1959 52 32 40.0
1960 25 40 42.9
1961 43 43 45.7
1962 27 44 48.6
1963 16 47 51.4
1964 11 48 54.3
1965 19 50 57.1
1966 22 51 60.0
1967 15 52 62.9
1968 47 59 65.7
1969 32 60 68.6
1970 25 69 71.4
1971 25 79 74.3
1972 59 80 77.1
1973 69 98 80.0
1974 50 99 82.9
1975 44 107 85.7
1976 80 110 88.6
1977 40 127 91.4
1978 23 145 94.3
1979 48 168 97.1

Sum 1,876

Product 3.308266 x 1~
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For ease of use in next step, round skew value to the
nearest tenth (G = 1.4).

Because R < 0.5772 use equation 11 to compute 'Y'

'Y - 2.14697

'Y - (l~.25058) {0.5000876 + (0.1648852)
(0.25058) - (0.0544274X0.25058)2}

Because all of the sample data are between QHI and
QLO' there are no outliers for the log-normal distribu
tion.

High and low outlier criteria values for skewed
distributions can be found by use of the high and low
probability levels from exhibit 18-1. Read discharge
values from the plotted log-Pearson III frequency
curve at the probability levels listed for the sample
size, in this case, 44. The high and low outlier criteria
values are 3,700 and 250 cfs. Because all sample data
are between these va.lues, there are no outliers for the
log-Pearson III distribution.

Example 18-2.-Development of a two-parameter
gamma frequency curve.

_ Table 18-5 contains 7-day mean low flow data for the
Patapsco River at Hollifield, Md. (Station 01589000). in
cluding the water year (column 1) and 7-day mean low
flow values (column 2). The remaining columns will be
referenced in the following steps.

1. Plot the data. Before plotting, arrange the data in
ascending order (cohimn 3). Weibull plotting positions

, ..~e computed based on the sample size of 34 from
.: . i:. equation 8 (column 4). Ordered data are plotted at the
- computed plotting positions on logarithmic-normal prob

ability paper (fig. 18-2).
2. Examine the trends of the plotted data. The data

plot as a single trend with a slightly concave downward
shape.

3. Compute the required statistics. Compute the
~ma shape parameter, 'Y. from the sample data (col·

umn 3), equations 1, 9, and 10, and either equation 11
or 12.

.......
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4. Compute the frequency curve. Use TR-38 to ob
tain K values for the required skew at sufficient prob
ability levels to define the frequency curve. Compute
discharges at the selected probability levels (p) by
equation 15. The TR-38 K values and computed

discharges are shown in table 18-6. Then plot the fre
quency curve on the same graph as the sample data
(fig. 18-2). Compare the plotted data and the frequency
curve to verify the selection of the two-parameter gam
ma distribution.
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Figure 18-2.-Data and frequency curve for example 18-2.
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Table 18-6.-Solution of frequency curve for example 18-2.

TR-38
Prob. K value Q =

(p) (G=1.4) X + KS

0.999 5.09505 247.0
.998 4.55304 227.
.995 3.82798 199.
.99 3.27134 178.
.98 2.70556 157.
.96 2.12768 135.
.90 1.33665 106.
.80 0.70512 82.
.70 0.31307 67.
.60 0.01824 56.
.50 -0.22535 47.
.40 -0.43949 39.
.30 -0.63779 31.
.20 -0.83223 24.
.10 -1.04144 16.
.04 -1.19842 10.
.02 -1.26999 7.4
.01 -1.31815 5.5
.005 -1.35114 4.3

: ,',""\ .002 -1.37981 3.2
"

.001 -1.39408 2.7:
. \'

5. Check the sample for outliers. Obtain outlier prob
ability levels from exhibit 18-1 for a sample size of 34.
The probability levels are 0.9977863 and 0.0022137.
From figure 18-2 read the discharge rates associated

Arith these probability levels. The outlier criteria
~alues are 220 and 3.3 cfs. Because all sample data are

between these values, there are no outliers.
6. Use the frequency curve to estimate discharges at

desired probability levels.
Example 18-3.-Development of a mixed distribution

frequency curve by separating the data by cause
(method 1) and by using at least the upper half of the
data (method 2).

Method 1: The Causative Factor Method.-Annual
peak discharge data for Carson River near Carson
City, Nev., (Station 10311000) are given in table 18-7.
Column 1 contains the water year, and column 2 con·
tains annual peak discharge. The other columns will be
referenced in the following steps:

1. Plot the data. Before plotting, order the data from
high to low (column 3). Compute plotting positions, us

.... ::.g sample size of 37 and equation 8 (col.umn 4).. ~hen

. ~~, plot ordered data at the computed plottmg pOSitions on
. logarithmic-normal probability paper (fig. 18-3).

2. Examine the plotted data. The data plot in an
S-shape with a major trend break at 20-percent chance.

Table 18-7. - Annual peak discharge data for example 18-3

Annual
peak Ordered Weibull
dis- annual plotting

Water charge peaks position
year (cis) (cis) M/(N+1)

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

1939 541 30,000 0.026
1940 2,300 21.900 .053
1941 2,430 15.500 .079
1942 5.300 8,740 .105
1943 8.500 8.500 .132
1944 1.530 5,300 .158
1945 3.860 4.430 .184
1946 1.930 4.190 .211
1947 1,950 3.860 .237
1948 1.870 3,750 .263
1949 2.420 3,480 .289
1950 2.160 3.480 .316
1951 15.500 3,330 .342
1952 3.750 3.180 .368
1953 1,900 3.100 .395
1954 1,970 2.430 .421
1955 1.410 2.420 .447
1956 30,000 2.300 .474
1957 1.900 2,260 .500
1958 3.100 2.160 .526
1959 1.690 1.990 .553
1960 1.100 1.970 .579
1961 808 1.950 .605
1962 1.950 1.950 .632
1963 21,900 1.930 .658
1964 1.160 1.900 .684
1965 8.740 1,870 .711
1966 1,280 1,690 .737
1967 4,430 1.530 .763
1968 1,390 1,410 .789
1969 4.190 1.390 .816
1970 3.480 1,330 .842
1971 2,260 1.280 .868
1972 1,330 1,160 .895
1973 3,330 1,100 .921
1974 3,180 808 .947
1975 3,480 541 .974

3. Determine what caused the peak discharge. Based
on streamgage and weather records, two causative fac
tors were rainfall and snowmelt. Annual peak
discharge series for each cause are tabulated in table
18-8.

4. Plot each annual series. As in step 1, arrange the
data in descending order (rainfall, column 4; snowmelt,
column 5) and compute plotting positions (column 6).
Rainfall data are plotted in figure 18-4, and snowmelt
data are plotted in figure 18-5.
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Table 18-8.-Annual rainfall/snowmelt peak discharge for example 18-3

Annual Annual Ordered Ordered
rainfall snowmelt rainfall Snowmelt Weibull
peak peak peak peak plot

Water discharge discharge discharge discharge position
year (cfs) (cfs) (cfs) (cfs) M/(N+1)

(1) (2) (3) (4) (5) (6)

1939 541 355 30.000 4,290 0.026
1940 1.770 2.300 21.900 4.190 .053
1941 1,015 2.434 15,500 3,480 .079
1942 5,298 2.536 8.740 3.330 .105
1943 8.500 2,340 8.500 3,220 .132
1944 995 1,530 5,298 3.100 .158
1945 3,860 1,420 4,430 2,980 .184
1946 1,257 1,930 3,860 2,759 .211
1947 1,950 1.680 3,750 2,536 .237
1948 755 1,870 3,560 2,460 .263
1949 2,420 1,600 3.480 2.434 .289
1950 1,760 2,158 2,172 2,417 .316
1951 15.500 1,750 2,946 2,340 .342···'e 1952 3,750 2.980 2.590 2,300 .368

., '.
1953 1.990 972 2,420 2,158 .395
1954 1,970 1,640 2,260 2,010 .421
1955 1,410 1,360 2,120 1.930 .447
1956 30.000 3,220 1,990 1,900 .474
1957 1,860 1,900 1,970 1,900 .500
1958 2,120 3,100 1,950 1,870 .526
1959 1,690 698 1,950 1,750 .553
1960 1,090 895 1,860 1,680 .579
1961 814 620 1,770 1,680 .605
1962 1,950 1,900 1,760 1,640 .632
1963 21.900 2,417 1,690 1,530 .658
1964 1,160 800 1.410 1.420 .684
1965 8,740 2.460 1,257 1,360 .711
1966 920 1,280 1,160 1,360 .737
1967 4,430 4,290 1.090 1,309 .763
1968 936 1,360 1,015 1,280 .789
1969 3,560 4,190 995 972 .816
1970 3,480 2,010 975 895 .842
1971 2,260 837 936 837 .868
1972 975 1,309 920 800 .895
1973 2,946 3,330 814 698 .921
1974 3,172 2,759 755 620 .947
1975 2,590 3,480 541 355 .974

"··:e.-.. ' .... ~-.. .
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5. Compute the required statistics. Using the proce
dure in step 3 of example 18-1, compute the sample
mean, standard deviation, and skewness for each series.
The results of these computations follow:

low probability levels from exhibit 18-1 are 0.9980116
(99.8 percent) and 0.0019884 (0.2 percent). The outlier
criterion values read from the plots are:

Series

Rainfall
Snowmelt

3.37611
3.24241

S

0.40385
0.24176

G

1.03
-0.77

Use G

1.0
-0.8

Series

Rainfall
Snowmelt

High
Outlier Criterion

106,000 cis
5,200 cfs

Low
Outlier Criterion

470 cfs
200 cfs

6. Compute the log-Pearson ill frequency curve for
each series. The frequency curve solution for each
series, as computed in step 4 of example 18-1, is listed
in table 18-9. Log-Pearson frequency curves are plotted
as for the rainfall and the snowmelt series in figures 18-4
and 18-5, respectively.

7. Check each sample for outliers. Read high and low
outlier criterion values from the frequency curve plots
(figures 18-4 and 18-5) at the probability levels given
in exhibit 18-1 for the sample size of 37. The high and

All of the rainfall and snowmelt data are between the
outlier criterion values, so there are no outliers.

8. Combine the rainfall and snowmeit series frequen
cy curves. For selected discharge values, read the rain
fall and snowmelt frequency curve probability levels
from figures 18-4 and 18-5. Using equation 17, combine
the probabilities for the two series. Table 18-10 con
tains the individual and combined probabilities of
selected discharges. The snowmelt frequency curve ap
proaches an upper bound of 5,400 cis; therefore, only
the rainfall curve is used above this value.

Table 18-9.-Frequency curve solutions for example 18-3 . .'"
Rainfall Snowmelt

Log- Log-
Exceed. TR38 Pearson ill TR-38 Pearson ill

prob. K value LogQ - discharges K value LogQ - discharges
(q) (G = 1.0) X + KS (cfs) (G = -0.8) X + KS (cfs)

0.999 -1.78572 2.65495 452 -4.24439 2.21629 165
.998 -1.74062 2.67316 471 -3.84981 2.31168 205
.995 -1.66390 2.70414 506 -3.31243 2.44160 276
.99 -1.53838 2.73464 543 -2.89101 2.54348 350
.98 -1.49188 2.77361 594 -2.45298 2.64938 446
.96 -1.36584 2.82452 668 -1.99311 2.76056 576
.90 -1.12762 2.92072 833 -1.33640 2.91932 830
.80 -0.85161 3.03219 1,077 -0.77986 3.05387 1,132
.70 -0.61815 3.12816 1,343 -0.41309 3.14254 1,388
.60 -0.39434 3.21686 1,648 -0.12199 3.21292 1,633
.50 -0.16397 3.30989 2,041 0.13199 3.27432 1,881
.40 0.08763 3.41150 2,579 0.36889 3.33159 2,146
.30 0.38111 3.53002 3,389 0.60412 3.38846 2,446
.20 0.75752 3.68203 4,809 0.85607 3.44937 2,814
.10 1.34039 3.91743 8,268 1.16574 3.52424 3,344
.04 2.04269 4.20105 15,887 1.44813 3.59251 3,913
.02 2.54206 4.40272 25,277 1.60604 3.63069 4,273
.01 3.02256 4.59677 39,516 1.73271 3.66131 4,585
.005 3.48874 4.78504 60,959 1.83660 3.68643 4,858
.002 4.08802 5.02706 106,428 1.94806 3.71337 5,169
.001 4.53112 5.20600 160,695 2.01739 3.73013 5,372

' ..J
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Table l8-l0.-Combination of frequency curves for example
18-3

;'~'~~r' S = E260.757 - (70.11699)2/19 lO,5 = 0.56475
, ., 17.25002 - U4.44423)2/1[J

600 0.98 0.955 0.999
830 .90 .90 .990

1,640 .60 .60 .840
2,450 .34 .30 .538
3.360 .30 .10 .370
4.840 .20 .005 .204
8,180 .10 .100

16.030 .04 .040
41,360 .01 .010e 180,560 .001 .001

I Probability is too small to be considered.

x = 170.11699 - (0.56475) (14.4442311/19 = 3.26103

6. Compute the log-normal frequency curve for the
data. Use the same procedure as explained in step 4 of
example 18-1. As a log-normal curve is to be fit and it
will be a straight line on logarithmic-normal paper,
solution of only two points is required.

Table 18-11.-Data and normal K values for example 18-3

Ordered Expected Expected
annual Logarithm normal normal
peaks of ordered K K
(cis) peak value value
(1) (2) (3) (4)

30.000 4.47712 2.12928
21,900 4.34044 1.71659
15.500 4.19033 1.47676
8,740 3.94151 1.30016
8.500 3.92942 1.15677
5,300 3.72428 1.03390
4,430 3.64640 0.92496
4.190 3.62221 0.82605
3,860 3.58659 0.73465
3.750 3.57403 0.64902
3.480 3.54158 0.56793
3,480 3.54158 0.49042
3,330 3.52244 0.41576
3.180 3.50243 0.34336
3.100 3.49136 0.27272
2.430 3.38561 0.20342
2,420 3.38382 0.13509
2,300 3.36173 0.06739
2,260 3.35411 ooסס0.0

2.160 -0.06739
1.990 -0.13509
1.970 -0.20342
1.950 -0.27272
1,950 -0.34336
1,930 -0.41576
1.900 -0.49042
1,870 -0.56793
1.690 -0.64902
1,530 -0.73465
1.410 -0.82605
1,390 -0.92496
1,330 -1.03390
1,280 -1.15677
1,160 -1.30016
1.100 -1.47676

808 -1.71659
541 -2.12928

Sum
(values) 70.11699 14.44423
Sum
(values!) 260.75700 1725002

Ps =

P (snow)
PR =

P (rain)

Peak
discharge

(cis)

9. Figure 18-6 shows the combined and annual fre
quency curves plotted on the same sheet as the annual
series. The combined series frequency curve will not
necessarily fit the annual series, as additional data

" were used to develop it, but the curve does represent
,:'~ combined effect of the two causes.
,- Method 2: Truncated series.-An alternative method

of mixed distribution analysis is to fit a log-normal
distribution to only part of the data. At least the upper
half of the data must be included and must be basically
log-normal (i.e., approximate a straight line when plot
ted on logarithmic-normal paper). Steps 1 and 2,
method 1, help to determine that the data are mixed

Ad that the major trend break occurs at 20 percent.
"hile the upper half of the data will include data from

both major trends, a log-normal fit will be used as an
illustration of the procedure.

1 and 2. See method 1.
3. Select the normal K values for a sample size of 37

from exhibit 18-2. A tabulation of these values along
with the ordered annual peaks and their logarithms is
in table 18-11.

4. Plot the data. Plot the ordered annual peaks at
the normal K values tabulated in table 18-11. These are
plotted in figure 18-7. For plotting the data, use the
normal K-value scale at the top of the figure.

5. Compute the statistics based on the upper half of
data. Use equation 18 and 19 to compute the mean and
standard deviation from the sums given in table 18-11.
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Probability
level
0.50
0.01

K
normal
0.0
2.32635

Log Q =
X + KS
326103
4.57484

Q
(cfs)
1,824

37,570

7. Plot the computed frequency curve. The curve is
plotted on the same page as the sample data, figure
18-7.
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Flow Duration Correlation and Regression

Correlation Analysis

Correlation is an index that measures the linear varia
tion between variables. While several correlation coeffi
cients exist, the most frequently used is the Pearson
product-moment correlation coefficient (r):

where Xi and Yi are values of the ith observation of the
two variables X and Y. respectively; X and Yare
the means of the two samples; and N is the number
of common elements in the samples. Equation 20 is
used to measure the relationship between two vari
ables. As an example, one may be interested in ex
amining whether or not there is a significant linear
relationship between the T-year peak discharge (Y) and
the fraction of the drainage area in impervious land ., __ ' \
cover (X). To examine this relationship, one would need
to obtain values for X and Y from N watersheds with
widely different values of the X variable, and use equa-
tion 20 to determine a quantitative index of the rela-
tionship.

Values of r range between +1 and -1. A correla
tion of + 1 indicates a perfect direct relationship be
tween variables X and Y. while a correlation of -1 in
dicates a perfect inverse relationship. Zero correlation
indicates no linear relationship between the variables.
Correlation values between 0 and ± 1 indicate the
degree of relationship between the variables. Figure
18-8 illustrates various linear correlation values be
tween two variables.

Because correlation coefficit:nt values can be
misleading at times, the sample data should be plotted
and examined. Some situations that may cause low cor
relation values are:

1. No relationship exists between variables-random
variation.

2. A relationship exists but is nonlinear, such as a
parabolic or circular relationship.

3. Data values can depart significantly from the
linear trend of the remaining data. The extreme values
not only can change the correlation coefficient, but also
can change the sign of the correlation coefficient.

A flow duration curve indicates the percentage of
time a streamflow was greater than or less than a
specific discharge during a period of record. A flow
duration curve does not show the chronological se
quence of flows. Because daily flows are nonrandom
and nonhomogeneous, a flow duration curve cannot be
considered a frequency or probability curve. Duration
curves are normally constructed from mean daily flows.

Although a flow duration curve indicates only the
distribution of mean daily flows that have been record
ed, it can be used as an estimate of the flow duration
distribution expected. Flow duration curves help deter
mine availability of streamflow for beneficial uses.

USGS Water Supply Paper 1542-A (Searcy 1959)
gives procedures for preparing and using flow duration
curves. Many flow duration curves are available in
USGS publications. Unpublished curves may be
available at USGS District Offices.

18-26
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where a and b are the intercept and slope regression
coefficients, respectively. Linear multiple regression
relates a criterion variable (Yl and p predictor
variables (X j where j = 1, 2, ..., pl:

Generally, hydrologic data do not meet all of the
assumptions of regression analysis, but regression is
still used because it provides an easy method for
analyzing many factors simultaneously. The error caus
ed by failure to meet all of the assumptions is general
ly minor.

There are several forms of regression analysis, in
cluding linear bivariate, linear multiple, and curvilinear.
The linear bivariate regression relates a criterion
variable (Yl and a single predictor variable (Xl by us
ing:

High correlation can be attributed to:
1~ Significant relationship between variables.
2. Small sample size - for example, two points defin

ing a straight line will result in a correlation coefficient
of r = 1 or - 1. Other small samples are influenced by
this effect and may also have high correlation values.

3. Data clustering- two data clusters, each with low
correlation, can exhibit high correlation values. Each
cluster acting as a unit value may act as a small sam
ple size.

The correlation between two variables will change if
either of the variables is transformed nonlinearly. A
new correlation coefficient should be developed for the
transformed variables and will apply only to the
variables in their transformed state.

Regression

Y = a + bX (18-21)

(18-23)

Regression is a method of developing a relationship
between a criterion variable (Yl and one or more
predictor variables (Xl, with the objective of predicting
the criterion variable for given values of the predjctor
variables.

Correlation analysis is quite different from regres
sion analysis, although they are frequently used
together. Regression is a predictive technique that
distinguishes between the predictor and criterion
variables. A regression equation that is developed to
predict Y sh-Juld not be transformed to predict the X
variable for a given value of Y. Regression is based on
an assumption that no error exists in the independent
variable; errors occur only in the dependent variable.
Thus, regression is directional. Correlation is not direc
tional in that the correlation between Y and X is the
same as that between X and Y. Also, correlation is dif
ferent from regression in that correlation is only a
standardized index of the degree of a linear relation
ship.

Wang and Huber (1967l list additional assumptions
that form the basis for regression as:

1. The predictor variables are statistically independ
ent.

2. The variance of the criterion variable does not
change with changes in magnitude of the predictor
variables.

3. The observed values of the criterion variable are
uncorrelated events.

4. The population of the criterion variable is normal·
ly distributed about the regression line for any fixed
level of the predictor variables under consideration.

18-28
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where bj(j = 0, 1, ... , pl are the partial regression coef
ficients. The curvilinear regression technique is used
when powers of the predictor variable(sl are included
in the equation. For a single variable the following
regression equation can be used:

Y = bo + blX + b2X2 + ... + bqXq

where q is the order of the polynomial. This equation
can be expanded to include other predictor variables.

More than one regression equation can be derived to
fit data, so some technique must be selected to
evaluate the "best fit" line. The method of Uiast
squares is usually used because it minimizes the sum of
the square of the differences between the sample
criterion values and the estimated criterion values.

A cause-and-effect relationship is implied between
the predictor and the criterion variables. If there is no
physical relationship between a predictor and the
criterion, do not use the predictor. Always carefully ex
amine the sign of the coefficients for rationality. Do not
use any equation outside the range of the sample data
that were used to derive the coefficients.

A detailed procedure of how to develop regression
equations is not given in this chapter. Regression
analysis is usually performed by use of programmed
procedures on a calculator or computer. The following
discussion highlights the basic concepts and ter
minology of regression analysis.
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The value of r ranges from 0 to 1, with a value of 0 in
dicating no relationship between the criterion and pre
dictor variables and a value of 1 indicating a perfect fit
of the sample data to the regression line. The value of
r is a decimal percentage of the variation in Y explained
by the regression equation.

There is an inverse'relationship between rand Se'
Some texts gives the relationship as:

where Yj is the predicted value and Yi the observed
value of the ith observation on the criterion variable, and
de is the degrees of freedom. The degrees of freedom
equal the number of independent pieces of information
required to form the estimate. For a regression equa
tion this equals the number of observations in the data
sample minus the number of unknowns estimated from
the data. A regression equation with p predictor vari
ables and an intercept coefficient would have N - p - 1
degrees of freedom.

Compare Se with the standard deviation of the crite
rion variable (Sy) as a measure of the quality of a re
gression equation. Both Se and Sy have the same units
as the criterion variable. Jf the regression equation
does not provide a good fit to the observed values of
the crite~on variable, then Se should approach Sy' with
allowance being made for the differences in degrees of
freedom (Se has N - P - 1 while Sy has N - 1). How
ever, if the regression provides a good fit, Se will ap
proach zero. Thus, Se can be compared with the two
extremes, 0 and Sy to assess the quality of the regression.

It is important to consider the portion of the total
variation in the criterion variable that is explained by
the regression equation. The explained portion is called
the coefficient of determination and can be computed
by:

(18-24)

(18-25)

(1S-26)

N '"E (Yj - Y'r
i-I

[
t rYj _Yl]o.5

S = ...:.;'-:..:1 _

e de

r-

After the regression coefficients are developed, it is
necessary to examine the quality of a regression equa
tion. The following means of evaluating the quality are
discussed:

1. Analysis of the residuals.
2. The standard error of estimate.
3. The coefficient of determination.
4. Analysis of the rationality of the sign and

magnitude of the regression coefficients.
5. Analysis of the relative importance of the predic

tor variables. as measured by the standardized partial
regression coefficients.

A residual is the difference between the value
eedicted with the regression equation and the

criterion variable. Residuals measure the amount of
criterion variation left unexplained by the regression
equation. The least squares concept assumes that the
residuals should exhibit the following .properties:

1. Their mean value equals zero.
2. They are independent of criterion and predictor

- .:riables.
• 3. Their variance is constant.

4. They have a normal distribution.
The mean of zero is easily verified by simply sum

ming the residuals; a nonzero mean may result if not
enough digits are used in the partial regression coeffi
cients. Their independence and constant variance can
be checked by plotting the residuals against the

~iterion and each predictor. Such plots should not ex
.it any noticeable trends. Figure 18-9 illustrates some

general trends that might occur when residuals are
plotted. Nonconstant variance usually indicates an in
correct model form.

In theory the residuals are normally distributed. The
distribution can often be identified by use of a frequen
cy analysis. However, if the sample is small, it is dif
ficult to make conclusive statements about the distribu
tion of the residuals. Frequently, the model can be im
proved if a cause for a residual or trends in residuals
are found.

Just as the individual residuals are of interest, the
moments of the residuals are also worth examining.
While the mean of the residuals is 0, the standard
deviation of the residuals is called the standard error
of estimate, which is denoted by Se and is computed"}.:

.1/ ••••

"•• o,:"\,

Evaluating Regression Equations
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Outline of Procedures

The equation is significant if the computed F is greater
than the value found in an F distribution table. The
degrees of freedom needed for use of the F table are
1(dfl) and N - P - 1(d f2). F distribution tables for 0.05
and 0.01 levels of significance can be found in most
standard statistics texts. The 0.05 probability table is
generally used.

F t is computed by:

where p is the number of predictors in the eauation and
~ is the coefficient of determination for the ppredictor
equation. The degrees of freedom required to use the
tables are P(dfl) and N - P - lldf2).

Step backward regression starts with all predictors
in the regression equation. The least important predic
tor is deleted and the Fp computed. If the predictor is
not significant, the next least important of the remain
ing predictors is deleted and the process repeated.
When a significant predictor is found, the previous
equation that includes that predictor should be used.

Step forward regression starts with the most impor
tant predictor as the only variable in the equation. The
most important of the remaining predictors is added
and the Fp computed. If this predictor is significant,
the next most important of the remaining predictors is
added and the process repeated. When a nonsignificant
predictor is found, the previous equation that does not
include that predictor should be used.

Stepwise regression combines features of both .step
backward and step forward regression. Stepwise is
basically a step forward regression with a step
backward partial F test of all predictors in the equa
tion after each step. When predictors are added to an
equation, two or more may combine their prediction
ability to make previously included predictors insignifi
cant. As these "older" predictors are no longer needed
in the equation, they are deleted.

While this relationship may be acceptable for large
samples, it should not be used for small samples because
Se is based on N - p - 1 degrees of freedom, while S
is based on N - 1 degrees of freedom and r is based
on N degrees 'of freedom. Therefore, equation 24 and
25 sho~ld be used to compute Se and r.

A regression equation describes the relationship that
exists between the variables, with a partial regression
coefficient reflecting the effect of the corresponding
predictor variable on the criterion variable. As such,
the magnitude and sign of each coefficient should be
checked for rationality. While it is sometimes difficult
to assess the rationality of the magnitude of a coeffi
cient. it is usually easy to assess the rationality of the

~ign ~f the coefficient. Irrationality of either sign or
~agmtude often results from significant correlations

between predictor variables. Thus, the use of highly
correlated predictor variables should be avoided. The
potential accuracy of estimates is rarely increased
significantly by including a predictor variable that is
highly correlated with one or more other predictor
variables·in the equation.

. .... Regression equations can be developed for any
.. ' .number of predictor variables, but selecting the proper

number is important. Having too few predictor
variables may reduce the accuracy of the criterion
estimate. Having too many predictor variables makes
the equation more complex than necessary and wastes
time and money in collecting and processing unneeded
data that do not significantly improve accuracy.

.. Step-type regressions can be used to evaluate the
Wimportance (significance) of individual predictor

variables in a regression equation. A step consists of
adding or deleting a predictor variable from the
regression equation and measuring the increase or
decrease in the ability of the equation to predict the
criterion variable.

The significance of predictor variables and the total
equation are evaluated by using F·tests: Two F·tests
are used, the partial F-test (Fp) checks the significance
of predictor variables that are added or deleted from a
regression equation while the total F-test (Ft) checks
the significance of the entire regression equation. The
partial F-test (Fpl is computed by:

F _ rJP
t (1 - r~)/(N - p - 1)

(18-28)

where rp and rp -1 are the coefficients of determination
for the p and p - 1 predictor models. .

F _ lrp- 1>-1)

p (1 - rplllN - p - 1)
(18-27)

Correlation

1. Determine that a cause-and-effect relationship ex
ists for all variable pairs to be tested.

2. Plot every combination of one variable vs. another
to examine data trends.

3. (Optional.) make adjustments such as transforma
tion of data if required.
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4. Compute linear correlation coefficients between
each pair of variables.

Regression

1. Compile a list of predictor variables that are
related to the criterion variable by some physical rela
tionship and for which data are available.

2. Plot each predictor variable versus the criterion
variable.

3. Determine the form of the desired equation, i.e.,
linear or curvilinear.

4. Compute the correlation matrix, i.e., the correla
tion coefficient between each pair of variables.

5. Compute the regression coefficients for the pre
dictor variable(s) that have high correlation coefficients
with the criterion variable and low correlation coeffi
cients with any other included predictor variables.

6. Compute standard error of estimate, Se; standard
deviation of the criterion variable, Sy; and the coefficient
of determination, r2

•

7. Evaluate the regression equation by the following
methods:

a. Standard error of estimate has the bounds
o ::: Se ::: Sy; as Se - 0 more of the variance is
explained by the regression.
b. Coefficient of determination has the bounds
o< r 2 < 1; as r2

- 1 the better the "fit" is of the
regressiOn line to the data.
c. Partial and total F-tests are used to evaluate
each predictor and total equation significance.
d. The sign of each regression coefficient should
be compared to the correlation coefficient for the
appropriate predictor criterion. The signs should
be the same.
e. Examine the residuals to identify deficiencies
in the regression equation and check the assump
tions of the model.

8. If regression equation accuracy is not acceptable,
reformulate the regression equation or transform some
of the variables. A satisfactory solution is not always
possible from data available.

Example 18-4.-Development of a multiple regres
sion equation.

Peak flow data for watershed W-11, Hastings, Nebr.,
are used. Table 18-12 contains basic data for peak flow

18-32

and three other variables. Use the following steps to
develop the regression equation:

1. Plot one variable vs. another to establish that a
linear or nonlinear data trend exists. Figure 18-10 is a
plot of peak flow (Y) vs. maximum average 1-day flow
(Xt!. Similar plots are done for all combinations of vari
able pairs. The plot indicates a linear trend exists be
tween peak flow and maximum average 1-day flow.

2. Determine the linear correlation coefficients be
tween each pair of variables. Table 18-12 contains the
product of differences required for the computation. Use
equation 20 to compute the linear correlation. The array
of the computed linear correlations follows:

Li7l£ar Correlation Matrix

q = Q= Q = P -m m-
y XI X, X.

Y 1.0000 0.9230 0.7973 0.5748
Xl 1.0000 0.9148 0.7442
X2 1.0000 0.8611
X3 1.0000

3. Develop a multiple regression equation based on
maximum 1-day flow (X t ) and maximum monthly rain
fall (X3). Maximum monthly runoff (X2) is not included
as a predictor because it is highly correlated (0.9148)
with maximum average 1-day flow (XI)' Predictor
variables should be correlated with the criterion but
not highly correlated with the other predictors. Two
highly correlated predictors will explain basically the
same part of the criterion variation. The predictor with
the highest criterion correlation is retained. High cor
relation between predictor variables may cause irra- .
tionaI regression coefficients.

The following regression coefficients were developed
from a locally available multiple linear regression com
puter program (Dixon 1975):

bo - 0.0569
b l ,. 0.1867
bl ,. - 0.0140

The regression equation is:

Y = 0.0569 + 0.1867XI - 0.0140X3

\,.

... -"
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Table 18·12. - Basic correlation data for example 18-4 <Linear correlation coeffICient computationl

X, = X, * X. = IX - XI for Product of differences for
y= Max. avg. Max. Max.

Water Peak l-day month. month. Y X, X, X, Y.X, Y.X, Y.X, X,.X, X,.X, X"X,
year flow flow runoff rainfaU

tinlhrl lint linl (in)

1939 0.0100 0.0800 0.1200 3.5700 -0.1141 -0.7393 -1.1852 - 2.5583 0.0844 0.1352 0.2919 0.8762 1.8913 3.0321
1940 0.0 0.0 0.0200 OOסס.2 -0.1241 -0.8193 -1.2852 - 4.1283 0.1017 0.1595 0.5123 1.0530 3.3823 5.3057
1941 0.0400 0.5600 1.4100 8.3100 -0.0841 -0.2593 0.1048 2.1817 0.0218 -0.0088 -0.1835 -0.0272 -0.5657 0.2286
1942 0.0500 0.5500 2.310C 8.3900 - 0.0741 -0.2693 1.0048 2.2617 0.0200 -0.0745 -0.1676 -0.2706 - 0.6091 2.2726
1943 0.0800 0.5700 1.5800 5.9500 - 0.0441 -0.2493 0.2748 -0.17113 0.0110 - 0.0121 0.0079 -0.0685 0.0445 -0.0490
1944 0.1100 1.0500 1.7400 8.1400 -0.0141 0.2307 0.43411 2.0117 - 0.0033 -0.0061 -0.0284 0.1003 0.4641 0.8747
1945 0.0900 0.6600 0.6700 3.8200 -0.0341 -0.1593 -0.6352 -2.30113 0.0054 0.0217 0.0787 0.1012 0.3677 1.4662
1946 0.0200 0.3100 0.8300 5.3400 - 0.1041 -0.5093 -0.4752 -0.711113 0.0530 0.0495 0.0821 0.2420 0.4015 0.3746
1947 0.0400 0.3100 0.7500 5.4600 . - 0.0841 -0.5093 -0.5552 -0.66113 0.0428 0.0467 0.0562 0.2828 0.3404 0.3710
1948 0.0200 0.1700 0.3300 4.3800 - 0.1041 -0.6493 -0.9752 - 1.7483 0.0676 0.1015 0.1820 0.6332 1.1352 1.7049
1949 0.1100 0.8600 1.6000 7.2100 -0.0141 0.0407 0.2948 1.01117 - 0.0006 -0.0042 -0.0153 0.0120 0.0440 0.3189
1950 0.2100 1.3300 1.3700 5.6900 0.0859 0.5107 0.0648 - 0.4383 0.0439 0.0056 -0.0376 0.0331 - 0.2238 -0.0284
1951 0.3300 1.8300 3.0400 10.2700 0.2059 1.0107 1.73411 4.1417 0.2081 0.3572 0.8528 1.7534 4.1860 7.1850
1952 0.3000 1.1700 1.5900 5.7600 0.1759 0.3507 0.28411 -0.36113 0.0617 0.0501 -0.0648 0.0999 - 0.1292 -0.1049
1953 . 0.1900 0.8400 0.8500 3.2800 0.0659 0.02U7 - 0.4552 -2.8483 0.0014 -0.0300 - 0.1877 -0.0094 -0.0590 1.2965
1954 0.2800 1.0700 1.5500 6.3500 0.1559 0.2507 0.2448 0.2217 0.0391 0.0382 0.0346 0.0614 0.0556 0.0543
1955 0.0500 0.4300 0.9000 5.1800 -0.0741 - 0.3893 - 0.4052 - 0.9483 0.0288 0.0300 0.0703 0.1577 0.3692 0.3843
1956 0.0300 0.2300 0.3900 3.6100 -0.0941 - 0.5893 - 0.9152 -2.5183 0.0555 0.0861 0.2370 0.5393 1.4840 2.3047
1957 0.4100 3.2700 5.2200 11.7700 0.2859 2.4507 3.9148 5.6417 0.7007 1.1192 1.6130 9.5940 13.8261 22.0861
1958 0.0300 0.3300 0.3800 4.8000 -0.0941 -0.4893 -0.9252 -1.3283 0.0460 0.0871 0.1250 0.4527 0.6499 1.2289
1959 0.2400 1.2500 1.2600 6.4900 0.1159 0.4307 -0.0452 0.3617 0.0499 - 0.0052 0.0419 -0.0195 0.1558 -0.0163
1960 0.2300 1.0300 1.7300 5.7000 0.1059 0.2107 0.4248 -0.4283 0.0223 0.0450 -0.0454 0.0895 -0.0902 - 0.1819
1961 0.1000 0.9200 0.8600 7.0900 -0.0241 0.1007 - 0.4452 0.9617 -0.0024 0.0107 -0.0232 - 0.0448 0.0968 - 0.4281
1962 0.0700 0.7000 0.8100 5.1000 -0.0541 - 0.1193 -0.4952 - 1.0283 0.0065 0.0268 0.0556 0.0591 0.1227 0.5092
1963 0.0400 0.6100 1.0800 8.9300 -0.0841 -0.2093 -0.2252 2.8017 0.0176 0.0189 -0.2356 0.0471 - 0.5864 -0.6309
1964 0.0500 0.4200 0.9300 5.7600 -0.0741 -0.3993 -0.3752 -0.36113 0.0296 0.0278 0.0273 0.1498 0.1471 0.1382
196~ 0.4200 2.7200 3.3300 9.3800 0.2959 1.9007 2.0i!48 3.2517 0.5624 0.5991 0.9622 3.8485 6.1805 6.5840
1966 0.0100 0.1300 0.2400 3.8600 -0.1141 -0.6893 - 1.0652 -2.2683 0.0786 0.1215 0.2588 0.7342 1.5635 2.4162
1967 0.0400 0.3600 0.9600 6.1300 - 0.0841 -0.4593 - 0.3452 0.0017 0.0386 0.0290 -0.0001 0.1586 -0.0008 -0.0006

--- --- ---
Sum 3.6000 23.7600 37.8500 177.7200 2.3921 3.0255 4.5004 20.6390 34.6440 58.6966

Mean 0.1241 0.8193 1.3052 6.1283

Squared Sum 0.4359 15.4095 33.0335 140.6424

~
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Figure 18-10. - Variable plot for example 18-4.

Max. Avg. I-Day Flow (In)

In the equation, peak flow varies directly with the
maximum average l~y flow and invet'sely with maxi
mum monthly rainfall. The'inverse relationship between
Y and X, is not rational and should be included only if
the increased significance is meaningful.

4. Analyze the residuals. Compute the standard
deviation of the criterion variable (square root of equa
tion 2), standard error of estimate (eq. 24), and coefficient
of determination (eq. 25). Table 18-13 contains the data
needed for this step:
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0.880

The regression equation is a good predictor of the
peak flow. The equation explains 88 percent of the
variation in Y, and the standard error of estimate is
much smaller than the standard deviation of the
criterion variable, Sy.

Maximum monthly rainfall is not really needed in
the equation but is included to illustrate a multiple pre
dictor model. The correlation coefficient between peak
flow and maximum l-<1ay flow, from the correlation ma
trix, indicates that the maximum 11:iay flow will explain

• percent of the variation in peak flow, i.e.,
• '"' (0.9230'1 = 0.85.

The sum of residuals from table 18-13 is - 0.0020.
The number of significant digits was not sufficient
to produce truly accurate regression coefficients.
More significant digits would improve the accuracy
of the coefficients.

5. Plot the residuals as shown in figure 18-11.
Similar plots can be made for the predictor
variables and residuals. The greatest amount of
underprediction (negative residual) occurs near a
peak flow of 0.3 cfs. Two data points (1952 and 1954)
in the region account for 46 percent of the sum of
residuals squared. The greatest amount of over
prediction (positive residuals) occurs at the max
imum peak flow value. Large residual values
(positive or negative) may be a problem when the
regression equation is used in the upper range of
peak flow values.

...
Table 18-13. - Residual data for example 18-4 (analysis of residuals for Y - 0.0569 + 0.1867X. - 0.0140X,)

XI .. X, ..

~":'<~ater
y .. Max. avg. Max. ... '"A (Y - YlPeak l~y month. Y (Y - Y'r (Y - Y'r (Y _ Y)2

year flow flow rainfall
(inJhr) (in) (inl

1939 0.0100 0.0800 3.5700 0.0219 0.0119 0.0001 0.0104 0.0130
1940 0.0 0.0 2.0000 0.0289 0.0289 0.0008 0.0090 0.0154
1941 0.0400 0.5600 8.3100 0.0451 0.0051 0.0 0.0062 0.0070
1942 0.0500 0.5500 8.3900 0.0421 -0.0079 0.0 0.0067 0.0054
1943 0.0800 0.5700 5.9500 0.0800 -0.0000 0.0 0.0019 0.0019

_1944 0.1100 1.0500 8.1400 0.1390 0.0290 0.0008 0.0002 0.0001
1945 0.0900 0.6600 3.8200 0.1266 0.0366 0.0013 0.0 0.0011
1946 0.0200 0.3100 5.3400 0.0400 0.0200 0.0003 0.0070 0.0108
1947 0.0400 0.3100 5.4600 0.0383 -0.0017 0.0 0.0073 0.0070
1948 0.0200 0.1700 4.3800 0.0273 0.0073 0.0 0.0093 0.D108
1949 0.1100 0.8600 7.2100 0.1165 0.0065 0.0 0.0 0.0001
1950 0.2100 1.3300 5.6900 0.2256 0.0156 0.0002 0.0103 0.0073
1951 0.3300 1.8300 10.2700 0.2548 -0.0752 0.0056 0.0170 0.0423
1952 0.3000 1.1700 5.7600 0.1947 -0.1053 0.0110 0.0049 0.0309
1953 0.1900 0.8400 3.2800 0.1678 -0.0222 0.0004 0.0019 0.0043
1954 0.2800 1.0700 6.3500 0.1678 -0.1122 0.0125 0.0019 0.0243
1955 0.0500 0.4300 5.1800 0.0647 0.0147 0.0002 0.0035 0.0054
1956 0.0300 0.2300 3.6100 0.0493 0.0193 0.0003 0.0055 0.0088
1957 0.4100 3.2700 . 11.7700 0.5026 0.0926 0.0085 0.1432 0.0817
1958 0.0300 0.3300 4.8000 0.0513 0.0213 0.0004 0.0052 0.0088
1959 0.2400 1.2500 6.4900 0.1994 -0.0406 0.0016 0.0056 0.0134
1960 0.2300 1.0300 5.7000 0.1694 -0.0606 0.0036 0.0020 0.0112
1961 0.1000 0.9200 7.0900 0.1294 0.0294 0.0008 0.0 0.0005
1962 0.0700 0.7000 5.1000 0.1162 0.0462 0.0021 0.0 0.0029
1963 0.0400 0.6100 8.9300 0.0458 0.0058 0.0 0.0061 0.0070

·.·.;···e ~~:~
0.0500 0.420Q 5.7600 0.0547 0.0047 0.0 0.0048 0.0054
0.4200 2.7200 9.3800 0.4334 0.0134 0.0001 0.0956 0.0875

1966 0.0100 0.1300 3.8600 0.0271 0.0171 0.0002 0.0094 0.0130
1967 0.0400 0.3600 6.1300 0.0383 -0.0017 0.0 0.0073 0.0070

Sum -0.0020 0.0508 0.3822 0.4343
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Analysis Based on Regionalization

Purpose

Many watersheds analyzed by SCS are in loca
tions for which few data are available, so techniques
have been developed to transfer or regionalize
available data to other locations.

One purpose of regionalization is to synthesize a fre-
quency curve at an ungaged location or at a location
where data are inadequate for developing a frequency
curve by using the methods in the Frequency Analysis
section. The most common forms of regionalization use
watershed and hydrometeorological characteristics as
predictor variables. Data may be regionalized by either
direct or indirect estimation.

e
Direct Estimation

The most commonly used technique is to relate
selected values at various exceedance frequencies
to the physical characteristics of the watershed. For

. example, the 10-year, 7-day mean flow may be
:.. ' ; eelated to drainage area and percentage of forest
.:..::.... cover. The predictor variables can include both

physical and hydrometeorological characteristics.
Previous studies have included the following as

predictors: drainage area, mean watershed slope,
mean basin elevation, length and slope of the main
watercourse, the weighted runoff curve number,
percentagE! of watershed in lakes or various cover

AYpes, and geological characteristics. Meteorological
~haracteristics include: mean annual precipitation,

mean annual snowfall, mean annual temperature,
mean monthly temperature, mean monthly
precipitation, and the 24-hour duration precipitation
for various frequencies. Latitude, longitude, and
watershed orientation have been included as loca
tion parameters. This list of various predictor
variables is not complete but has been included to
give some concept of the characteristics that can be
used.

Example I8-5.-Development of a direct prob
ability estimate by use of stepwise regression.

A sample power form prediction equation is:

Y= bOXP,X?oXp. .•. X~n

.:."~~here Yis the estim~ted crit~rion variable; X.. Xz,

.,;: .... "; Xs ••• X n are the predIctor varIables; and bo, b.. bz • •• bn
. ~ are the regression coefficients.

The regression coefficients are developed from a
multiple linear regression of the logarithms of the

data. When the variables are transformed back to
original units, the regression coefficients become
powers.

Table 18-14 contains 9 variables for 18 North
Coastal California Watersheds used to develop a
power equation for estimating the 1-percent maximum
7-<lay mean runoff (VO.OI)' A locally available stepwise
regression computer program (Dixon 1975) is used in
the analysis.

The correlation matrix of the logarithms of the
data is in table 18-15. The highest correlations of
logarithms between runoff volume and the other
variables are between channel length (-0.62) and
drainage area (-0.53). These two variables are
highly correlated (0.96) themselves, so only one
would be expected to be used in the final equation.
Rainfall intensity (0.48) and annual precipitation
(0.45) are the variables with the next highest cor
relations to V O.01 ' One or both of these variables
may appear in the final regression equation.

The results of the stepwise regression analysis
are in tables 18-16 and 18-17. Table 18-16 contains
the regression coefficients for each step of the
regression. Table 18-17 contains the regression
equation data for each step. Equation 5 was
selected as the best because the regression coef
ficents are rational, and including additional
variables does not significantly decrease the stand-
ard error of estimate. All equations are significant
based on the total F test at the' 1-percent level. The
least significant variable is slope (S) based on a
1-percent level F with 4 and 13 degrees of freedom.
From a standard F table, for these degrees of
freedom, F0.01 = 3.18. The partial F value required
to enter the "slope" variable is 5.3. Equation 5 ex
plains 83.6 percent of the variation (rZ

) in the
logarithm of VO•01 ' and addition of all remaining
variables will only raise this to·87.3 percent.

Examine the residuals to evaluate the quality of
the selected regression equation. Table 18-18 con
tains the predicted and observed VO.o1 logarithms
as well as the residuals and their sum. A plot of the
residuals with the predicted values in figure 18-12
shows no correlation between VO•01 logarithms and
the residuals. The residual variation is also constant
over the range of the V0.01 logarithms.

The final power equation is:

V
O
.01 = 10(0·6752) 0-0.4650) p(O.6735l F(O.1432)

S(-0.1608)

For data from station 11372000 (table 18-14), the
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Table 18-15.-Correlation matrix of logarithms for example 18-5

Mean Two-year,
Drain-

annual
240hr

Channel Channelage rainfall Evapora- Percent Runoff
area precipitation intensity tion slope length Altitude forest volume

Variable (AI (PI m (El (8) (1.) (An (Fl (Vo.oII

m~ inches ft/mi mi 1,000 ft. %+1 inches

Area 1.00
Precipitation 0.23 1.00
Intensity -0.25 0.32 1.00
Evaporation 0.63 0.01 -0.03 1.00
Slope -0.60 -0.10 -0.19 -0.44 1.00
Length 0.96 0.11 -0.32 0.68 -0.61 1.00 .....-.
Altitude 0.22 0.14 0.11 0.50 0.16 0.27 1.00
Forest 0.19 0.36 0.11 0.49 0.01 0.22 0.49 1.00 ~_:/

Runoff
volume -0.53 0.45 0.48 -0.37 0.22 -0.62' -0.17 0.34 1.00
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constencies is to smooth estimated values over the
range of exceedance probabilities. Figure 18-13 il
lustrates the smoothing for station 11372000.

Table 18-16.-Stepwise regression coefficients for example 18-5

Equation no. Constant L P F S Al A E I

1 1.0997
2 1.4745 -0.3010
3 -0.0022 -0.3281 0.9615
4 0.1739 -0.3605 0.7380 0.1210
5 0.6752 -0.4650 0.6735 0.1432 - 0.1608
6 0.5178 -0.4257 0.6731 0.1675 -0.1231 -0.1046
7 0.6604 -0.5722 0.5803 0.1756 -0.1242 - 0.1012 0.0985
8 2.6010 -0.5796 0.4824 0.1980 -0.1509 -0.0681 0.1233 -1.0785
9 2.6392 -0.5971 0.4949 0.1983 -0.1623 -0.0608 0.1257 -1.0705 -0.0637

Table 18-17.-Regression equation evaluation data for example 18-5

":'>.~:- Predictor SS/df SS/df F t F
no. variables r2 ~r2 Se Reg Res Ratio Rario

1 0.1566·
2 L 0.390 0.390 0.1260 0.1627/1 0.2542/16 10.2 10.2
3 L.P 0.661 0.271 0.0971 0.2754/2 0.1415/15 14.6 11.9
4 L.P.F 0.769 0.108 0.0830 0.3204/3 0.0964/14 15.5 6.5
5 L.P.F.S 0.836 0.067 0.0725 0.3485/4 0.0684/13 16.6 5.3
6 L.P.F.S.AI 0.858 0.022 0.0703 0.3575/5 0.0593/12 14.5 1.8

e~
L.P.F.S.AI.A 0.864 0.006 0.0718 0.3601/6 0.0567/11 11.6 0.5
L.P.F,S.AI.A.E 0.873 0.009 0.0728 0.3639n 0.0530/10 9.8 0.7

9 L.P.F.S.Al.A.E.I 0.873 0.000 0.0766 0.3640/8 0.0529/9 7.7 0.2

r~ - Coefficient of determination
~rz . Change in r Z

Se . Standard error of estimate
SS/df - Sum of squares to degrees of freedom ratio for regression (Reg)

or residuals (Res)
F t - Total F test value
Fp . Partial F test value

·Sy of criterion variable. V0.01

... -
: .. ' (i
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nual precipitation, I-day and 15-day high flow means
and standard deviations were developed by regres
sion. The predictor variables were selected because
of availability of data. Tests were performed on
each regression equation to verify that the mean of
residuals is zero. the residuals are independent of
each variable. the variance is constant, and that Se
is smaller than Sy' the standard deviation of the
criterion.

Develop 1- and 15-day high flow frequency curves
for a 50-square-mile drainage area in the north
coastal region of California with a mean annual
precipitation of 60 inches.

G1 = 2/.,j4§ = 0.90

Table 18-18.- Residuals for example 18-5

Predicted Observed
runoff runoff

Staion volume volume
no. (logs) (logs) Residual

11372000 1.0646 1.0491 -0.0155
11374400 0.9631 0.8854 -0.0777
11379500 1.0453 1.0137 -0.0316
11380500 0.8510 0.8214 -0.0296
11382000 0.9363 1.0644 0.1281
11448500 1.3413 1.2777 -0.0636
11448900 1.3339 1.3195 - 0.0144
11451500 1.0611 1.0074 -0.0537
11451720 1.0177 0.9486 -0.0691
11453500 1.2099 1.2752 0.0653
11453600 1.1487 1.2482 0.0995
11456000 1.2133 1.2098 -0.0035
11456500 1.1108 1.0460 -0.0648
11457000 1.1455 1.1173 -0.0282
11458200 1.1261 1.1663 0.0402
11458500 1.0979 1.2027 0.1048
11459000 0.8610 0.8639 0.0029
11460000 1.2679 1.2788 0.0109

Sum 0.0000

S1 = 1,400 cfs

(3,100)2
'YI = (1,400)2 4.9

from fig. 18-15

solution of eq. 13 for 'Y

from eq. 14 .,

The U.S. Geological Survey uses stepwise multi
ple regression to develop predictive equations for
selected flow values. The results are published in
open file reports that generally include predictive
equations for major river basins, physiographic
regions, or states. Meteorological and physical
characteristics listed in the reports can be used to
develop applicable predictive equations for SCS
hydrologic studies.

XIS = 900-cfs days

S15 = 340 cfs

(900)2
'Y15 = (340)2 = 7.0

GIS = 2/.Jf1i
use 0.8

from fig. 18-16

from fig. 18-17

Indirect Estimation

The second technique is to use regression equa
tions to relate the statistical characteristics of
selected values to various basin characteristics. The
probability level estimates are then derived from
the frequency curve, based on the predicted
statistical characteristics.

Example 18-6.-Development of indirect probabili
ty estimates.

In the north coastal region of California, the
mean and standard deviation of the I-day and
15-day high flow frequency curves were related to
basin characteristics. Twenty-five stations were used
in the relationships sHown in figures 18-14 through
18-17. The relationslh...s of drainage area, mean an-

18-40

Using equation 15 as shown in table 18-19, determine
the 1-day and 15-day high flow values for selected
exceedance frequencies.

where: X I ,. 3.100 Xu" 900
81 - 1.400 S15" 340

Discussion

The basic uses of regionalization are to transfer
data either from gaged watersheds to ungaged
watersheds or to locations within gaged water
sheds, and to calibrate water resource models. But
in using regionalization. one must understand cer
tain basic limitations.

:-I~·-·'"
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Figure 18-12. - Residual plot for example 18-5.

The prediction equation generally should be used
only within the range of the predictor variables used
to develop the equation. The prediction equation
represents the "average" condition for the data. If
the ungaged watershed varies significantly from
~e average condition, then the variation must be

"'...plained by one or more of the variables in the
. -., prediction equation. If the variation is not explained,

the equation should not be used.

When the prediction equation is used to calibrate
a watershed model, values estimated by the regres
sion equation should deviate from the values com
puted by the model. The magnitude of this devia- .
tion is a function of how much the ungaged water
shed differs from the "average" condition. For
example, if most of the watersheds used to develop
the prediction equation are flat and long and the
ungaged watershed is steep and short, the peak
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Figure l8-l3.-Estimate smoothing for example 18-5.

flow computed with the watershed model could dif
fer significantly from that estimated by the predic
tion equation. The prediction equation should not be
used when the watershed characteristics are out
side the range of those used to develop the equa
tion.

The coefficients of the prediction equation must
be rational. For example, peak flow is inversely prcr
portional to the length of the main watercourse, if
all other variables are constant. This means that
when a logarithmic transformation is used, the
power of the length variable should be negative. If
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Figure 18-14.-Drainage area and mean annual precipitation for
l·day mean flow for example 18-6.

a predictor variable has an irrational relationship in
the equation, the correlation coefficients of all the
predictor variables should be examined before the
equation is used. A high correlation coefficient be-

.; .tween two pred.ictor variables means that one of the

variables can be used to explain how the criterion
variable varies with both predictor variables. The
accuracy of the prediction equation is not improved
by adding the second predictor variable: the equa
tion merely becomes more complicated.
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Table 18-19.-Frequency curve solutions for example 18-6

Exceed TR-38 TR-38
prob. K value _VI - K value _ V'5-

(q) (G=0.9) XI + KSI (G=0.8) Xu + KSu

99 -1.66001 776 -1.73271 311
95 -1.35299 1206 -1.38855 428
80 -0.85426 1904 -0.85607 609
50 -0.14807 2893 -0.13199 855
20 0.76902 4177 0.77986 1165
10 1.33889 4974 1.33640 1354
4 2.01848 5926 1.99311 1578
2 2.49811 6597 2.45298 1734
1 2.95735 7240 2.89101 1883

4)

Risk

Flood frequency analysis identifies the population
from a sample of data. The population cannot be
identified exactly when only a sample is available,
and this represents one important element of uncer
tainty. A second source of uncertainty exists also;
even if the population were known exactly, there is a
finite chance that an event of a certain size will be
exceeded.

The measurement of such uncertainty is called
risk. Typical questions include: (1) A channel is
designed with a capacity of a 0.02 exceedance prob·
ability. Is it unreasonable to expect its capacity
will be exceeded once or more in the next 10 years?
(2) What is the risk that an emergency spillway
designed to pass a 2-percent chance flow will ex
perience this flow twice or more in the next 10
years? (3) Throughout the United States the Soil
Conservation Service has built many flood-control
structures. What percent will experience a
I-percent chance flood in the next 5 years? The
next 10 years?

These problems can be solved by means of the
binomial distribution. Basic assumptions in the use
of the binomial distribution are given in the general
discussion on distributions. These assumptions are
usually valid for assessing risk in hydrology.
The binomial expression for risk is:

R
I

,. Nt qI (1 _ q)(N - I)
II (N - I)l

(18-29)

where RI is the estimated risk of obtaining in N
time periods exactly I number of events with an ex
ceedance probability q.

Example 18-7.-Risk of future nonoccurrence.
What is the probability that a 10-percent chance

flood (q ,. 0.10) will not be exceeded in the next 5
years?

From equation 29, for N - 5, q - 0.10, and I - 0,

Ro = (5)1 0.100 (l - 0.10)(5 - 0)

01(5)1

The probability of nonoccurrence is 0.59 or 59 per
cent; the probability of occurrence is 1 - Ro or 0.41.

Example I8-8.-Risk of multiple occurrence.
What is the probability that a 2-percent chance

peak flow (q = 0.02) will be exceeded twice or more
in the next 10 years?

For nonexceedance of the 2-percent chance event.
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N 10, q = 0.02, I = 0

Ro ,= JlQlL (0.02)0 (l - 0.02)10
OH10H

0.817

For only one exceedance of the 2-percent chance
event,

N = 10, q = 0.02, I = 1

R
1

= JlQlL (0.02)1 (l - 0.02)9
(lH(9H

= 0.167

For 2 or more exceedances of the 2-percent
chance event,

R(2 or more) = 1 - (Ro + R)

R(2 or more) = 1 - (0.817 + 0.167)
= 0.016

In other words, there is a 1.6-percent chance of
experiencing two or more peaks equal to or greater
than the 2-percent chance peak flow within any
10-year period. If flood events are not related, it is
likely that within the next 10 years no more than 16
locations in a thousand will, on the average, ex
perience two or more floods equal to or greater
than the 2-percent chance flood.

Example 18-9.-Risk of a selected exceedance
probability.

...

1848

There is a 20-year record on a small creek. What
is the probability that the greatest flood of record
is not a 5-percent chance event (q = 0.05)?

For nonoccurrence of the 5-percent chance event,

N = 20, q = 0.05, I = 0

R = 20! (0.05)0 (1 - 0.05)20
o 0!20!

= 0.358

Therefore, there is a 36-percent chance of the 5
percent chance event not occurring and, conversely,
a 64-percent chance that one or more will occur.

Example 18-10. - Exceedance probability of a se
lected risk.

What exceedance probability has a 50-percent
chance of occurrence in a 20-year period?

For 50-percent occurrence in 20 years,

N = 20, q = ?, I = 0, Ro = 0.5

0.5 = (20)! (q)O (l _ q)(20 - 0)
0!20!

0.5 = (l _ qj20

1 - q = (0.5)1/20 = 0.966

q = 0.034

or there is a 50-percent chance that a 3-percent
chance event will occur within the 20-year period.



Metric Conversion Factors

The English system of units is used in this
report. To convert to the International System of
units (metric), use the following factors:

To convert Multiply
English units To metric units by

acres (acre) hectares (ha) 0.405

square miles (sq. mil square kilometers 2.59
(km2)

cubic feet per second cubic meters per 0.0283
(cfs)l second (ms/sec)

cubic feet per second-days cubic meters (mS
) 2,450

.fS.dayS)

inches (in) millimeters (mm) 25.4

I In converting stream discharge values, which are reo
corded in English units with only three significant digits,
be careful that you do not imply a greater precision than
is present.

.. ,,"
,.~ ~.
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"'- Exhibit 18-1. - Five-percent two-sided critical values for outlier detection

N Kn Low prob. High prob. N Kn Low prob. High prob.

10 2.294 0.9891048 0.0108952

11 2.343 0.9904353 0.0095647 56 3.032 0.9987853 0.0012147

12 2.387 0.9915068 0.0084932 57 3.040 0.9988171 0.0011829

13 2.426 0.9923669 0.0076331 58 3.046 0.9988404 0.0011596

14 2.461 0.9930725 0.0069275 59 3.051 0.9988596 0.0011404

15 2.493 0.9936665 0.0063335 60 3.058 0.9988859 0.0011141

16 2.523 0.9941821 0.0058179 61 3.063 0.9989043 0.0010957

17 2.551 0.9946293 0.0053707 62 3.070 0.9989297 0.0010703

18 2.577 0.9950169 0.0049831 63 3.075 0.9989474 0.0010526

19 2.600 0.9953388 0.0046612 64 3.082 0.9989719 0.0010281

20 2.623 0.9956420 0.0043580 65 3.086 0.9989856 0.0010144

21 2.644 0.9959034 0.0040966 66 3.090 0.9989992 0.0010008

22 2.664 0.9961391 0.0038609 67 3.096 0.9990192 0.0009808

e 23 2.683 0.9963517 0.0036483 68 3.101 0.9990356 0.0009644

24 2.701 0.9965434 0.0034566 69 3.105 0.9990486 0.0009514

25 2.717 0.9967061 0.0032939 70 3.110 0.9990645 0.0009355

26 2.734 0.9968715 0.0031285 71 3.115 0.9990802 0.0009198

27 2.751 0.9970293 0.0029707 72 3.121 0.9990988 0.0009012

28 2.768 0.9971799 0.0028201 73 3.125 0.9991109 0.0008891

29 2.781 0.9972904 0.00270.96 74 3.130 0.9991260 0.0008740
30 2.794 0.9973969 0.0026031 75 3.134 0.9991378 0.0008622

. _. '.' 31 2.808 0.9975075 0.0024925 76 3.138 0.9991494 0.0008506

. ·· .•_32 2.819 0.9975913 0.0024087 77 3.142 0.9991609 0.0008391
'. ,. 33 2.833 0.9976943 0.0023057 78 3.148 0.9991780 0.0008220

34 2.846 0.9977863 0.0022137 79 3.152 0.9991892 0.0008108
35 2.858 0.9978684 0.0021316 80 3.157 0.9992030 0.0007970

36 2.869 0.9979411 0.0020589 81 3.161 0.9992138 0.0007862
37 2.880 0.9980116 0.0019884 82 3.164 0.9992219 0.0007781
38 2.890 0.9980738 0.0019262 83 3.168 0.9992325 0.0007675
39 2.900 0.9981341 0.0018659 84 3.172 0.9992430 0.0007570
40 2.910 0.9981928 0.0018072 85 3.176 0.9992533 0.0007467

e 41 2.919 0.9982442 0.0017558 86 3.180 0.9992636 0.0007364
42 2.925 0.9982777 0.0017223 87 3.184 0.9992737 0.0007263
43 2.937 0.9983429 0.0016571 88 3.188 0.9992837 0.0007163
44 2.945 0.9983852 0.0016148 89 3.191 0.9992911 0.0007089
45 2.954 0.9984316 0.0015684 90 3.194 0.9992984 0.0007016

46 2.960 0.9984618 0.0015382 91 3.198 0.9993080 0.0006920
47 2.970 0.9985110 0.0014890 92 3.202 0.9993176 0.0006824
48 2.978 0.9985493 0.0014507 93 3.205 0.9993247 0.0006753
49 2.985 0.9985821 0.0014179 94 3.208 0.9993317 0.0006683
50 2.993 0.9986187 0.0013813 95 3.211 0.9993386 0.0006614

51 3.000 0.9986501 0.0013499 96 3.214 0.9993455 0.0006545
52 3.007 0.9986808 0.0013192 97 3.217 0.9993523 0.0006477
53 3.013 0.9987066 0.0012934 98 3.220 0.9993590 0.0006410
54 3.020 0.9987361 0.0012639 99 3.224 0.9993679 0.0006321
55 3.025 0.9987568 0.0012432 100 3.228 0.9993767 0.0006233

Note: Kn values are positive for high outliers and negative for low outliers.

. ., .
\
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EXHIBIT 18-2 EXPECTED VALUES OF NO RMAL ORDER STATISTICS

KIN 10 11 12 13 14 15 16
--------------------------------------------------------------------------------

1 1.53875 1.58644 1.62923 1.66799 1.70338 1.73591 1.76599
2 1.00136 1.06192 1.11573 1.16408 1.20790 1.24794 1.28474
3 0.65606 0.72884 0.79284 0.84983 0.90113 0.94769 0.99027
4 0.37576 0.46198 0.5:3684 0.e0285 0.66176 0.7H8e 0.76317
5 ~.12267 0.22489 0.31225 0.38833 0.45557 0.51570 0.57001

6 0.0 0.10259 0.19052 0.26730 0.33530 0.39622
7 0.0 0.08816 0.16530 0.23375
8 0.0 0.07729

KIN 17 lR 19 20 21 22 23
--------------------------------------------------------------------------------

1 1.79394 1.82003 1.84448 1.86748 1.88917 1.90969 1.92916
2 1.31878 1.35041 1.37994 1.40760 1.43362 1.45816 1.48137
3 1.02946 1.06573 1.09945 1.13095 1.16047 1.18824 1.21445
4 0.80738 0.84812 0.88586 0.92098 0.95380 0.98459 1.01356
5 0.61946 0.66479 0.70661 0.14538 0.78150 0.81527 0.84697

6 0.45133 0.50158 0.54171 0.59030 0.62982 0.66667 0.70115
7 0.29519 0.35084 0.40164 0.H833 0.49148 0.53157 0.56896
8 0.14599 0.20774 0.26374 0.31493 0.36203 0.40559 0.44609
9 0.0 0.06880 0.13072 0.18696 0.23841 0.28519 0.32965

10 0.0 0.06200 0.11836 0.16997 0.21755 , ) - )

11 0.0 0.05642 0.10813
12 0.0

KIN 24 25 26 27 28 29 30
--------------------------------------------------------------------------------

1 1.94767 1.96531 1.98216 1.99827 2.01371 2.02852 2.04276
2 1.50338 1.52430 1.54423 1.56326 1.58145 1.59888 1.61560
3 1.23924 1.26275 1.. 28511 1.30641 1.32611+ 1.34619 1.36481
4 1.04091 1.06679 1.09135 1.11471 1.13697 1.15822 1.17855
5 0.87682 0.90501 0.93171 0.95705 0.98115 1.00414 1.02609

6 0.73354 0.76405 0.79289 0.82021 0.84615 0.87084 0.89439
7 0.60399 0.63690 0.66794 0.69727 0.72508 0.751;;0 0.77666
8 0.48391 0.51935 0.55267 0.58'+11 0.61.385 0.64205 0.66885
9 0.37047 0.40860 0.44436 0.47801 0.50977 0.53982 0.56834

10 0.26163 0.30268 0.3410·5 0.37706 0.'+1096 0.""298 0.47329

11 0.15583 0.20006 0.24128 0.27983 0.31603 0.35013 0.38235
12 0.05176 0.09953 0.14387 0.18520 0.22389 0.26023 0.29449
13 0.0 0.04781 0.09220 0.13361 0.17240 0.20885
14 0.0 0.04442 0.08588 0.12473
15 0.0 0.04148

..,
:<:')
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".- EXHIBIT 18-2 EXPECTED VALUES OF NORMAL ORDER STATISTICS

KIN 31 32 33 34 35 36 31

-------------------------------------------------~-----------------------------
1 2.05646 2.06961 2.08241 2.09471 2.10661 2.11812 2.12928
2 1.63166 1.64112 1.66200 1.61036 1.69023 1.70362 1.11659
3 1.38268 1.39985 1.41631 1.43228 1.44762 1.46244 1.41616
~ 1.19803 1.21612 1.23468 1.25196 1.26860 1.28466 1.30016
5 1.04109 1.06721 1.08652 1.10509 1.12295 1.14016 1.15611

6 0.91688 0.93841 0.95905 0.97886 0.99790 1.01624 1.03390
1 0.80066 0.82359 0.84555 0.86660 0.88681 0.90625 0.92496
8 O.6'H38 0.71815 0.74204 0.76435 0.78514 0.80629 0.82605
9 0.59545 0.62129 0.64596 0.66954 0.69214 0.71382 0.13465

10 0.50206 0.52943 0.55552 0.58043 0.60421 0.E2710 0.64902_11 0.41281 0.44185 0.416942 0.49572 0.52084 0.54488 0.56793
12 0.32686 0.35755 0.38669 0.41444 0.44091 0.46620 0.49042
13 0.24322 0.27573 0.30654 0.33582 0.36371 0.39032 0.41576
14 0.16126 0.19572 0.22832 0.2592'+ 0.28863 0.31663 0.:34336
15 0.08037 0.11695 0.15147 0.18415 0.21515 0.24463 0.27272

16 0.0 0.03890 0.07552 0.11009 0.14282 0.17388 0.203~2

17 0.0 0.03663 0.07123 0.10399 0.13509
18 0.0 0.03461 0.06739
19 0.0

.....-..
KIN 38 39 40 41 42 43 44

--~---~------------------------------------------------------------------------
1 2.14009 2.15059 2.16018 2.17068 2.18032 2.18969 2.19882
2 1.72914 I.H131 1.75312 1.76458 1.77571 1.78654 1.79707
3 1.49.061 1.50402 1.51702 1.52964 1.54188 1.55371 1.56533
4 1.31514 1.32964 1.3436'8 1.35128 1.37048 1.38329 1.39574
S 1.17280 1.18830 1.20330 1.21782 1.23190 1.2~556 1.25881_
6 1.05095 1.06741 1.08332 1.09812 1.11364 1.12810 1.H213
7 0.94300 0.96041 0.91722 0.99348 1.00922 1.02446 1.03924
8 0.84508 0.86343 0.88114 0.89825 0.91480 0.93082 0.91+634
9 0.75468 0.17398 0.19259 0.81056 0.82792 0.84472 0.86097

10 0.61009 0.69035 0.70988 0.12871 0.74690 0.76448 0.78148

11 0.59005 0.61131 0.63117 0.65149 0.67052 0.68889 0.10666
12 0.51363 0.53592 0.55736 0.51799 0.59788 0.61707 0.63561
13 0.44012 0.46:H8 0.48591 0.50749 0.52821 0.5~830 0.56763
14 0.36892 0.393~0 0.~1688 0.43941t 0.46114 0.48204 0.50220
15 lJ.2q954 0.32520 0.3~978 0.31337 0.39604 0.41184 0.43885

16 0.23159 0.25849 0.28~23 0.30890 0.33257 0.35533 0.37723
17 0.16~69 0.19292 0.21988 0.24569 0.27043 0.29418 0.31701
18 0.09853 0.12817 0.156~~ 0.IA345 0.20931 O. 23H 1 0.25792
19 0.03280 0.06395 0.09362 0.12192 0.14897 0.1 H88 0.19972
20 0.0 0.03117 0.06085 0.08917 0.11625 0.14219

21 0.0 0.02969 0.05803 0.08513

......- 22 0.0 0.02835
.'
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EXHIBIT 18-2 EX PEeTED VALUES OF NO RMAL ORDER STATISTICS

KIN lI5 46 '+7 ~8 49 50 51
--------------------------------------------------------------------------------

1 2.20772 2.21639 2.22486 2.23312 2.2~119 2.24907 2.25678
2 1.80733 1.81732 1.82706 1.83655 1.8~582 1.85l187 1.86371
3 1.57658 1.58754 1.59820 1.60860 1.61811+ 1.62863 1.63829
4 1.40784 1.1l1962 1.'+3108 1.

'
41+224 1.45312 1.46374 1.47409

5 1.27170 1.28422 1.296'+1 1.30827 1.31983 1.33109 1.34207

6 1.15576 1.16899 1.18186 1.19'+39 1.20658 1.21846 1.23003
7 1.05358 1.06751 1.08104 1.09~20 1.10701 1.11948 1.13162
8 0.96139 0.97599 0.99018 1.00396 1.01737 1.03042 1.04312
9 0.87673 0.89201 0.90684 0.92125 0.93525 0.94887 0.962,13

10 0.79795 0.81391 0.82939 0.84H2 0.85902 0.87321 0.88701

11 0.72385 0.74049 0.75663 0.77228 0.78748 0.80225 0.81661
12 0.65353 0.67088 0.68768 0.70397 0.71978 0.73513 0.75004
13 0.58631 0.60438 0.62186 0.63881 0.65523 0.67117 0.68666
14 0.52166 0.54046 0.55865 0.51625 0.59331 0.60986 0.62592
15 0.45912 0.47868 0.49759 0.51588 0.53360 0.55017 0.56142

16 0.39833 0.41868 0.1+3834 0.0\5134 0.'+7573 0.49351+ 0.51080
17 0.33898 0.36016 0.38060 0.40031+ 0.41942 0.43789 0.'+5578
18 0.28081 0.30285 0.32410 0.34460 0.36441 0.38357 0.'+0211
19 0.22358 0.2~652 0.26862 0.28992 0.31049 0.33036 0.34957
20 0.16707 0.19097 0.21396 0.23610 0.25746 0.27807 0.29799

- "

21 0.11109 0.13600 0.15993 0.18296 0.20514 0.22653 0.24719
22 0.05546 0.08144 0.10637 0.13033 0.15338 0.17559 0.19702
23 ,0.0 0.02712 0.05311 0.07805 0.10203 0.12511 0.14735
24 0.0 0.02599 0.05095 0.07494 0.09803
25 0.0 0.02496 0.04896

26 0.0

."J":.' ' .

.:::? ~:
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'_
EXHIBIT 18-2 EXPECTED VALUES OF NO R"l AL ORDER STATISTICS

KIN 52 53 54 55 56 57 58
--------------------------------------------------------------------------------

1 2.26432 2.27169 2.27891 2.28598 2.29291 2.29970 2.30635
2 1.87235 1.88080 1.R8906 1.89715 1.90506 1.91282 1.920H
3 1.64773 ~.656q5 1.66596 1.6747R 1.68340 1.69185 1.70012
4 1.48420 1.49407 1.50372 1.51315 1.52237 1.53140 1.54024
5 1.35279 1.36326 1.37348 1.383'+6 1.39323 1.40278 1.1+1212

6 1.24132 1.25234 1.26310 1.27361 1.28387 1.29391 1.30373
7 1.1'+347 1.15502 1.16629 1.17729 1.18804 1.19855 1.20882
8 1.05550 1.06757 1.07934 1.09083 1.10205 1.11300 1.12371
9 0.97501+ 0.9R762 0.99988 1.01185 1.02352 1.03493 1.04607

10 0.90045 0.91354 0.92629 0.93873 0.95086 0.96271 0.97427

11 0.83058 0.fl4417 0.85742 0.87033 0.88292 0.89520 0.90719_
12 0.76455 0.77866 0.79240 0.80578 0.81H83 0.83155 0.84397
13 0.70170 0.71633 0.73057 0.74444 0.75794 Q.77111 0.78396
14 0.64152 0.65668 0.67143 0.68578 0.69976 ~ 7133 7 0.72665
15 0.58358 0.59928 0.61455 0.62940 0.64385 o 65793 0.67164

16 O.5?755 0.543~0 0.55960 C.57495 0.58989 0~601+44 0.61860
17 0.47312 0.489 Q 5 0.50629 0.52217 0.53761 0~55263 0.56725
18 0.42007 0.437'+9 0.45439 0.1+7080 0.48675 0.5022f: 0.51736

:' \ .'
19 0.36818 0.38621 0.40369 0.42065 0.1+3713 0.45314 0 •.46872...e 20 0.31726 0.33592 0.35400 0.37154 o.38R56 0.40510 0.42117

21 0.26716 0.28648 0.3051B 0.32331 0.3'+ 090· 0.35797 0.37'+56
22 0.21772 0.23772 0.25708 0.27583 0.29400 0.31163 0.32875
23 0.16RAO 0.lR953 0.20957 0.22R96 0.24774 0.26595 0.28362
24 0.12029 0.14177 0.16252 0.18259 0.20201 0.22082 0.23906
25 0.07206 0.09434 0.11584 0.13661 0.15669 0.17614 0.19498

26 0.021+00 0.04712 0.06940 0.09091 0.11170 0.13180 0.15127_
27 0.0 0.02312 0.04';41 0.06693 0.08773 0.10785
28 0.0 0.02229 0.0~382 0.06463
29 0.0 0.02153

,··e
, .
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EXHIBIT 18-2 EXPECTED VALUES OF NORMAL ORDER STATISTICS

KIN 59 60 61 62 63 64 65
--------------------------------------------------------------------------------

1 2.31288 2.31928 2.32556 2.33173 2.33778 2.34373 2.34958
2 1.92786 1.93516 1.94232 1.94934 1.95624 1.96301 1.96965
3 1.70822 1.71616 1.72394 1.73158 1.73906 1.14641 1.75363
4 1.54889 1.55736 1.56567 1.57381 1.58180 1.=8963 1.59732
5 1.42127 1.43023 1.43900 1.44760 1.45603 1.46430 1.47241

6 1.31334 1.32274 1.33195 1.34097 1.34982 1.35848 1.36698
7 1.21886 1.22869 1.23832 1.24774 1.25698 1.26603 1.27490
8 1.13419 1.14443 1.15445 1.16"27 1.17388 1.18329 1.19252
9 1.05695 1.06760 1.07802 1.08821 1.09819 1.10797 1.11754

10 0.985'j7 0.99662 1.007"2 1.01799 1.02833 1.03846 1.04838

11 0.91890 0.93034 0.94153 0.95247 0.96317 0.97365 0.98391
12 0.85609 0.86793 0.87950 0.89081 0.90187 0.51270 0.92329
13 0.7c{649 0.A0873 0.8206P. 0.83237 0.84379 0.85496 0.86590
14 0.73960 0.75224 0.76459 0.77665 0.78843 0.79996 0.81123
15 0.68502 0.69807 0.71081 0.72324 0.73540 0.74727 0.75889

16 0.632"1 0.64587 0.65901 0.67183 0.68436 0.69659 0.70856
17 0.58150 0.59538 0.60893 0.62214 0.63504 0.6"764 0.65996
18 0.53205 0.54637 0.56033 0.57395 0.58723 0.60020 0.61288
19 0.48388 0.49864 0.51303 0.'52705 0.54073 0.55408 0.56712
20 0.43681 0.45202 0."6685 0.48129 0.49537 0.50911 0.52252

j

21 0.39()68 0.40637 0.42164 0.43652 0.45101 0.46515 0.47894
22 0.:34538 0.36155 0.37729

I

0.39260 0.40752 0."2207 0.43625
23 0.30078 0.31145 0.33366 0.34941t 0.36480 0.37976 0.39't35
24 0.25677 0.27396 0.29066 0.306'H 0.32272 0.33812 0.35312
25 0.213?5 0.23098 0.2"B20 0.26494 0.28122 0.29706 0.31249

26 0.17013 0.188"2 0.20618 0.22343 0.24019 0.25650 0.27237
27 0.12733 0.14621 0.16452 0.18230 0.19957 0.21636 0.23269
28 0.08476 0.10425 0.12315 0.14148 0.15927 0.17656 0.19337
29 0.04234 0.06248 0.08198 0.10089 0.11923 0.13704 0.15435
3D 0.0 0.02081 0.0"0% 0.060"7 0.07938 0.09774 0.11556

31 0.0 0.02014 0.03966 0.05858 0.07694
32 0.0 0.01952 0.03844
33 0.0

,r,')"
. -'. :
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- EXHIBIT 18-2 E XPECTE 0 VALUES OF NORMAL ORDER STATISTICS

KIN 66 61 68 69 10 11 12
--------------------------------------------------------------------------------

1 2.35532 2.36097 2.36652 2.37199 2.37136 2.38265 2.38785
2 1.97618 1.98260 1.98891 1.99510 2.00120 2.00720 2.01310
3 1.76071 1..76761 1.71451 1.78122 1.78783 1.79432 1.80071
~ 1.60487 1.61228 1.61955 1.62670 1.63373 1.64063 1.6'4 H2
5 1.1+8036 1.48817 1.'49584 1.50338 1.51078 1.51805 1.52520

6 1.37532 1.38351 1.39154 1.3991+2 1.40717 1.411+78 1.'42226
7 1.28360 1.29213 1.300~1 1.30873 1.31680 1.321+73 1.33252
8 1.20157 1.210'41+ 1.21915 1.22769 1.23608 1.24431 1.252'40
9 1.12693 1.13613 1.14516 1.15401 1.16270 1.17123 1.17961

10 1.05810 1.06762 1.07696 1.08612 1.09511 1.10393 1.11259

e 11 0.99395 1.00380 1.01345 1.02291 1.03220 1.01+130 1.05021+
12 0.93367 0.94383 0.95379 0.96355 0.97313 0.98252 0.99173
13 0.87660 0.88708 0.89735 0.90741 0.91728 0.92695 o.93 64~

14 0.82226 0.83306 0.81+364 C.85400 0.86416 0.87412 0.88388
15 0.77025 0.78138 0.79226 0.80293 0.81338 0.82362 0.83366

16 0.72025 0.13170 0.7'4290 0.15387 0.761+62 0.77514 0.785'46
17 0.67200 0.68317 0.69529 0.70657 0.71761 0.7281+3 0.73903
18 0.62526 0.63737 0.6'4921 0.E6080 0.61214 0.68325 0.691+13

····:e 19 0.51985 0.59230 0.60447 0.61638 0.62803 0.639'43 0.65060
20 0.53561 0.51+8'41 0.56091 0.57314 0.58510 0.59681 0.60827

- t~

21 0.49240 0.50555 0.51839 0.53095 0.51+323 0.55525 0.56701
22 0.~5009 0.'46360 0.~7680 0.48969 0.50230 0.51463 0.52669
23 0.'40851 0.1+2245 0.~3601 0.4'4925 0.'46219 0.4748'4 0.'48121
21+ 0.36775 0.38201 0.39594 0.'+0953 0.'42281 0.'43579 0.'+'+848
25 0.32753 0.:3lI219 0.35649 0.3701+5 0.38'408 0.~9739 0.'+10'41

26 0.28184 0.30290 0.31759 0.33192 0.34591 0.35958 0.37292

e 27 0.24859 0.261+08 0.21911 0.29389 0.3'0825 0.32227 0.33596
28 0.20973 0.22565 0.24116 0.25627 0.27102 0.2851+0 0.29945
29 0.17118 0.18755 0.203'49 0.21902 0.23416 0.2'4893 0.26333
30 0.13288 0.14972 0.16611 0.18207 0.19762 0.21271 0.22756

31 0.094178 0.11211 0.12896 0.14536 0.16134 0.17690 0.19208
32 0.05681 0.01'465 0.09199 0.10885 0.12527 0.14125 0.15683
33 0.01893 0.03730 0.055-14 0.072'49 0.08936 0.10579 0.12178
31+ 0.0 0.01837 0.03622 0.05357 0.0701+5 0.08688
35 0.0 0.01785 0.03520 0.05209

36 0.0 0.01736

"":'-
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EXHIBIT 18-2 EXPECTED VALUES OF NOR MAl ORDER STATISTICS

KIN n 74 75 U- 17 78 79
--------------------------------------------------------------------------------

1 2.39298 2.39802 2.40299 2.407R9 2.41271 2.417lt7 2.112215
2 2.0189D 2.02462 2.0302lt 2.03578 2.0lt124 2.04662 2.05191
3 1.R0699 1.81317 1.81926 1.82525 1.83115 1.83696 1.84268
'+ 1.65lt10 1.66067 1.667H 1.67350 1.67976 1.68592 1.69200
5 1.53223 1.53914 1.5459lt 1.55263 1.55921 1.56569 1.57207

6 1.42961 1.436134 1.44.395 l.lt5094 1.45782 1.46459 1.47125
7 1.34017 1.34770 1.3~510 1.36237 1.36953 1.37657 1.38350
8 1.261134 1.26815 1.27583 1.28338 1.29080 1.29810 1.30529
9 1.187H4 1.19592 1.20387 1.21168 1.21936 1.22691 1.23434

10 1.12110 1.1?';!45 1.13766 1.14572 1.15365 1.16145 1.16912

11 1.0S°(1? 1.C6764 1.07610 1.08442 1.09260 1.10063 1.10854
12 1.0ae7S 1.00%6 1.01838 1.02695 1.03537 1.04364 1.05178
13 0.94576 0.'35490 0.963H7 0.97269 0.98135 0.98986 0.9':1822
14 0.89346 0.90286 0.91209 0.92115 0.93005 0.93880 0.94739
15 0.84351 0.85317 0.86265 o.e7196 0.88110 0.A9008 0.89890

16 0.7Cl558 0.80550 0.81524 0.82480 0.83418 0.84339 0.85244
17 0.74942 0.75% 0 0.76960 0.77940 0.78903 0.79848 0.80776
18 0.7C48!J 0.71526 0.72551 0.73557 0.74544 0.75512 0.76463
19 0.66155 0.67227 0.68279 0.69310 0.70322 0.71314 0.72289
20 0.61 0 50 0.b3l)50 0.64128 0.65185 0.66222 0.67239 0.68237

. -
21 0.57852 0.58 e 80 0.60085 0.61168 0.62230 0.63272 0.642911
22 0.53850 0.55006 0.56138 0.57248 0.58336 0.59403 0.60449
23 0.4~932 0.~1117 0.52217 0.53414 0.5452R 0.55621 0.56692
24 0.4608 0 0.47304 0.48493 0.4%57 0.50798 0.51917 0.53013
25 0.4?313 0.lt~,)58 0.44777 0.45970 0.47138 0.48283 0.49lt04

26 0.3P597 0 • .39873 0.41122 0.42343 0.43540 0.44711 0.45859
27 0.349~" O. 3f..24 2 0.:37521 O.~8772 0.39997 0.41196 0.42371
28 0.31317 0.32~57 0.33968- 0.~5250 0.36504 0.37731 0.38934
29 0.27740 11.29114 0.30457 0031770 0.33055 0034311 0.35542
30 0.24199 0.256rJ8 0.26984 0.2A329 0.29645 0030931 0.32190

31 0.2Of88 0.221.7 3 0.23543 0.24922 0.26269 0.27586 0.28875
32 0.17202 0.18684 0.2013:) 0.21543 0.22923 0.24272 0.25591
33 0.n737 0.15257 0.16740 O.l818H 0.19602 0.20983 0.22334
34 0.10?89 0.11848 0.13370 0.14854 0.1&303 0.1771R 0.19101
35 0.0(,852 0.0840:;3 0.10014 0.11536 0.13021 0.14471 0.15888

36 0.03424 0.0506A 0.0667'1 0.08231 0.09754 0.11240 0.12691
37 0.0 0.0168':1 0.03333 0.04935 0.06497 0.0802(; 0.09507
38 0.0 0.01644 0.03247 0.04809 0.06333
39 0.0 0.01602 0.03165
40 0.0
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··e
EXhI3IT 18-2 EXPECTED V ALUI:: S OF NORMAL ORDER STATISTICS

KIN 80 Rl P.2 83 84 85 86
--------------------------------------------------------------------------------

1 2.42f,77 2.43133 2.43582 2.44026 2.44463 2.44894 2.45320
2 2.05714 2.06228 2.06735 2.07236 2.07729 2.08216 2.08696
3 1.IHP.32 1.R5387 1.85935 1.86475 1.87007 1.87532 1.88049
4 1.6'J798 1.7C3H7 1.70968 1.71540 1.72104 1.72660 1.73209
5 1.57836 1.58455 1.59065 1.5%65 1.60258 1.608H 1.61417

6 1.47781 1.41:l428 1.49064 1.49691 1.50309 1.50918 1.51518
7 1.3"032 1.39704 1.40366 1.41017 1.41659 1.42292 1.42915
8 1.31236 1.3J932 1.32617 1.33292 1.33957 1.34611 1.35251
9 1.24165 1.24884 1.25593 1.26290 1.26977 1.27653 1.28320

IG 1.1766f. 1.18409 1.19139 1.19859 1.20567 1.21264 1.21951

11 1.11631 1.123'16 1.13148 1.13889 I.H6IS 1.15336 1.16043

e 12 1.05978 1.%764 1.07539 1.08300 1.09050 1.09788 1.10515
13 1.00644 1.01453 1.02249 1.03031 1.03802 1'.04560 1.05306
14 O.95f.H4 0.96414 0.97231 0.98034 0.98825 0.99603 1.00369
15 0.90757 0.516C9 0.9?/tl+7 0.93271 0.94082 0.94880 0.95665

16 0.86134 0.A7007 0.87867 0.88111 0.89542 0.90360 0.91164
17 0.8}(,87 0.H2583 0.83464 0.84329 0.85180 0.86017 0.86841
18 Q.77~98 0.78315 0.79217 0.80103 0.80975 0.81832 0.82615
19 0.73246 0.741~6 0.75109 0.76016 0.76908 0.77785 0.78647;r'e 20 0.6c~217 0.78179 0.71124 0.72053 0.72965 0.73862 0.7'\ Hit

.r :". ~ .

21 0.65297 0.6621'2 0.67249 0.68199 0.69133 0.70050 0.70952
22 0.61476 0.62484 il.63473 0.64445 0.65399 0.66337 0.67259
23 0.57742 0.5R773 0.597A5 0.60779 0.61755 0.62714 0.63656
24 0.540(18 0.55143 0.56178 0.57193 0.58191 0.59171 0.60133
25 C.5C5C4 0.~1583 0.52641 0.53680 0.54700 0.55701 0.56684

26 0./t6985 0.4HOBR 0.l+917C 0.• 50232 0.51274 0.52297 0.53301

e 27 0.43522 0.44651 0.45757 0.46842 0.47907 0.48952 0.49979
28 r..40111 0.41U,5 0.42397 0.43506 0.l+4594 0.45662 0.,\6710
29 0.36747 0.~7927 0.39084 0.l+0218 0.413.30 0.42421 0.43491
31) 0.33423 0.34630 0 • .35A13 0.36972 0 • .38108 0 • .39223 0.40'316

31 0.30136 0.31371 0 • .32580 0.33765 0.34926 0.36065 0.37182.
32 0.26881 0.28141+ 0.29381 0.30592 0.31779 0.32943 0.3408~

33 0.23655 O.249l+7 0.26212 0.27450 0.28661+ 0.29852 0.31018
34 0.20453 0.21775 0.23069 0.24335 0.25576 0.26190 0.27981
35 0.17272 0.18625 0.199it9 O.2124l+ 0.22512 0.2.375.3 0.24970

36 0.1410H O.15l+93 0.16848 0.18112 0.19469 0.20138 0.21981
37 0.10959 0.12377 0.13763 0.15118 0.1644'\ 0.17741 0.19012
38 0.07820 0.09272 0.10691 0.12078 0.13434 0.14761 0.16059
39 0.04689 G.06177 0.07629 0.09049 0.10436 0.11793 0.13121
40 0.01562 O.030R7 0.0l+575 0.06028 0.07448 0.08836 0.10193

41 O.G 0.01524 0.03013 0.04466 0.05886 0.07275
42 0.0 0.OH88 0.029'\2 0.0~362

··'·e 43 0.0 0.0145~

I.;

. ~ .
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[XHFlIT 18-2 EXPECTED VALUES OF NORf'lAL O~DER STATISTICS

KIN 87 88 89 90 91 92 93
--------------------------------------------------------------------------------

1 2.45741 2.4QS6 2.46565 2.46970 2.47370 2.47764 2.~815~

2 2.09170 2.09637 2.10C99 2.10554 2.1100~ 2.11448 2.11887
3 1.Q8560 1.H9064 1.P9561 1.90052 1.90536 1.91015 1.91'487
'4 1.737<;0 1.742fl3 1.74810 1.753?9 1.75842 1.76348 1.768'48
5 1.61984 1.62544 1.63096 1.63641 1.64178 1.£:4709 1.65232

6 1.52110 1.52fi93 1.53269 1.538.36 1.54396 1.54949 1 • 5'5<"9 '+
7 1.43529 1.44135 1.44732 1.1+5321 1.45903 1.46476 1.47~
B 1."35893 1.:'>6520 1.37138 1.37747 1 • .38348 1.38941 1.39526
9 1.2R976 1.2%24 1.30262 1.30891 1.31511 1.32123 1.32726

10 1.22628 1.232 n 5 1.23952 1.24600 1.25239 1.25869 1.26491

11 1.16740 1.17426 1.18102 1.1R769 1.19426 1.20073 1.20712
12 1.11231 1. 11 9 "t,f, 1.12£,31 1.1331S 1.13990 1.14656 1.15311
13 1.06041 1.0£'765 1.Q7478 1.08181 1.08873 1.09555 1.10228
H 1.01122 I.G1855 1.025°6 1.03316 1.0~026 1.04726 1.05'+15
15 0.96437 0.97198 0.97948 0.98686 0.99413 1.00129 1.00835

16 O.91QS6 0.Q2735 0.93502 ().942'38 C.95002 0.55735 0.96'458
17 0.87651 0.fl844C) 0.89234 0.50007 0.90769 0.'11519 0.92258
18 0.835')4 O.P4320 0.&5123 0.85914 0.86693 0.87460 0.88215
19 0.79496 0.H()33C 0.81152 0.01960 0.82756 0.83540 0.84312
20 0.75611 0.76465 0.77304 0.78131 0.78944 0.79745 0.80533

,-

._ 0. j
. ~;,.'

21 0.71838 0.72710 0.73568 0.14412 0.75243 0.76061 0.76866
22 0.68165 0.69056 0.69932 0.7Q795 0.11643 0.12418 0.73300
23 0.645P1 0.654"2 0.663R7 0.67267 0.68134 0.68986 0.69825
2'4 0.61079 0.62C09 0.62'323 0.63822 0.64706 0.65576 0.661+32
25 0.57650 0.58~.1)0 0.59533 O.60i+51 0.613">3 0.622'+1 0.63115

26 O.5i+2HR 0.55258 O.562H 0.57147 0.58068 0.58974 0.59865
27 0.50~8E- 0.51976 0.52949 0.53905 0.54845 0.55769 0.56678
28 0.47739 0.487')0 0.49743 0.50718 0.51677 0.52620 0.535'47
29 0.44542 0.4557i+ 0.46587 0.47582 0.48561 0.'+9522 0.50'468
30 0.41389 0.42443 0.43477 0.44493 0.45491 0.46472 0.'47436

31 0.38278 0.39353 0.40409 0.41445 0.421+63 0.'43'464 0.444'+7
32 0.3520.3 0.36300 0.31378 0.38436 0.39414 0.40495 0.41498
33 0.32161 0.332H1 0.34381 0.35461 0.36520 0.37561 0.3858'4
3'4 0.29148 0.302<;2 0.31415 0.32517 0.33598 0.3'4660 0.35702
35 0.261f.2 0.27330 0.28476 0.2961)1 0.3070'+ 0.31787 0.32850

36 0.23199 0.24392 0.25562 0.26710 0.27835 0.289'40 0.30025
37 0.20256 0.21475 0.22669 0.23841 0.2'4990 0.26117 0.27223
38 0.17330 0.18576 0.19796 0.20991 0.221641 0.23314 0.2'+443
39 0.14420 0.15~92 0.16938 0.18159 0.19356 0.20530 0.21681
'40 0.11521 0.12H21 O.14f)94 0.15341 0.16563 0.17761 0.18936

'41 0.(18633 0.09961 0.11262 0.12536 0.13783 0.15006 0.16205
'42 0.05751 ().07110 0.08439 0.09740 0.11014 0.12262 0.13486
43 0.02R74 0.C4263 0.05622 0.06952 0.08253 0.09528 0.10777

~::.:_J't4 0.0 0.01'.21 0.02810 0.04169 0.05499 0.06801 0.08076
45 o.0 0.01389 0.02748 0.04078 0.05381

'46 C.O 0.01359 0.02689
47 0.0
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EXHIBIT 18-2 EXPECTED VALUES OF NORMAL ORDE R STATISTICS

I·
KIN 9q ~5 96 97 98 99 100

~----------------------------~--------------------------------------------------1 2.485qO 2.q8920 2.q9297 2.49669 2.50036 2.504pO 2.50759
2 2.12321 2.12H9 2.13172 2.13590 2.H003 2. Hql! 2.14814
3 1.91953 1. 92.q 1q 1.92869 1.9.)318 1.93763 1.94201 1.94635
4 1.77341 1.77828 1.78309 1.78784 1.7925q 1.79718 1.80176
5 1.65H9 1.66259 1.66763 1.67261 1.67752 1.68238 1.68718

6 1.56033 1.5656q 1.57089 1.57607 1.58118 1.58624 1.59123
7 1.47600 l.q8151 1.4~695 1.qCJ232 1.49762 1.50286 1.50803
8 1.40103 i.q0673 1.41235 1.'tl190 1.42338 1.42879 1.43414
9 1.33321 1.33909 1.34489 1.35061 1.35626 1.36183 1.36731+

10 1.27104 1.277D8 1.28305 1.2889q 1.29475 1.30049 1.30615

11 1.21342 1.21964 1.22577 1.23182 1.23779 1.24368 1.24950
12 1.15958 1.16596 1.17226 1.17847 1.18459 1.1906q 1.19661
13 1.10A91 1.11546 1.12191 1.12827 1.13455 1.14075 1.14687
lit 1.0f,095 1.06765 1.01426 1.0R07B 1.08721 1.09356 1.09982
15 1.01531 1.02217 1.02894 1.03561 1.04219 1.04868 1.05509

e 16 0.97170 0.97872 0.9856q 0.992q6 0.99919 1.00583 1.01238
17 0.92986 0.93704 0.94411 0.95109 0.95797 0.96475 0.97145
18 0.88959 0.89693 0.90416 0.91129 0.91831 0.92524 0.93208
19 0.85072 0.85822 0.86560 0.87288 0.88006 0.88713 0.89411
20 0.81310 0.A2075 0.82829 0.83572 0.84305 0.85027 0.85739

21 0.77659 0.78441 0.79210 n.79968 0.80716 0.81452 0.82179
22 0.74110 0.14907 0.75692 0.16466 0.77228 0.77980 0.78720
23 0.70651 0.71'\64 0.72266 0.73055 0.73832 0.74598 0.75353
24 0.67275 0.68105 0.68922 ·0.69727 0.70519 0.71301 0.72070

,... ~

25 0.63974 0.64821 0.65654 0.66474 0.67282 0.68079 0.68863

26 0460742 0.61605 0.62454 0.63291 0.64115 0.64926 0.65725
27 0.57572 0.58452 0.59318 0.60170 0.61010 0.61837 0.62651
28 0.541+59 0.55356 0.56239 0.57108 0.57963 0.58805 0.59635
29 0.51398 0.52312 0.53212 0.54097 0.5'+969 0.55827 0.56672
3.0 0.48384 0.49316 0.50233 0.51136 0.52024 0.52898 0.53758

e 31 0.4541,+ 0.46364 0.47299 0.48218 0.49123 0.50013 0.50890
32 0.42483 0.43452 0.44404 0.q5341 0.46263 0.47170 0.48062
33 0.39588 0.1+0576 0.41547 0.1+2501 0.43440 0.4436q 0.1+5273
34 0.36727 0.37733 0.38722 0.39695 0.40652 0.41593 0.42518
35 0.33895 0.34921 0.35929 0.36920 0.37895 0.38853 0.39796

36 0.31090 0 • .52136 0.33163 0.34173 0.35166 0.36142 0.37102
37 0.28309 0.29375 0.30423 0.311+52 0.32464 0.33458 0.34436
38 0.25550 0.26637 0.27705 0.28754 0.29785 0.30797 0.31793
39 0.22810 0.23919 0.25008 0.26077 0.27127 0.28159 0.29173
40 0.20088 0.21219 0.22328 0.23418 0.21+488 0.25539 0.26572

41 0.1.7380 0.18533 0.19665 0.20776 0.21866 0.22937 0.23990
42 q.14685 0.15861 0.17015 0.18148 0.19259 0.20351 0.21423
43 0.12001 0.13201 0.14378 0.15533 0.16666 0.1777.8 0.18870
44 0.09325 0.10550 0.11750 0.12928 0.14083 0.15217 0.16330
45 0.Q6656 0.07906 0.09131 0.10332 0.11510 0.12666 0.13800

46 0.03992 0.05267 0.06518 0.07743 0.0891+4 0.10123 0.11279
;: ':

47 0.01330 0.02633 0.03909 0.05159 0.06385 0.07586 0.08765
. \ " _8 0.0 0.01303· 0.02579 0.03829 0.05055 0.06257
.-. _9 0.0 0.01276 0.02521 0.03753

50 0.0 0.01251

1~
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Chapter 19
Transmission Losses

Introduction

Streams in natural channels in arid and semiarid
regions are usually ephemeral. Flow is occasional and
follows storms, which are infrequent. When flood
flows occur in normally dry stream channels, the vol
ume of flow is reduced by infiltration into the bed,
the banks, and possibly the flood plain. These losses
to infiltration, called transmission losses, reduce not
only the volume of the hydrograph, but also the peak
discharge.

This chapter describes a procedure for estimating
the volume of runoff and peak discharge for ephem
eral streams; it can be used with or without observed,'
inflow-outflow data. If available, observed inflow-out~

flow data can be used to derive regression equations
for the particular channel reach. Procedures based on
the derived regression equations enable a user to· de
termine prediction equations for similar channels of
arbitrary length and width.

Also presented are procedures for estimating pa
rameters of the prediction equations in the absence of
observed inflow-outflow data. These procedures are
based on characteristics of the bed and bank material.
Approximations for lateral inflow and out-of-bank
flow are also presented.

Assumptions and Limitations

Assumptions

The methods described in this chapter are based on
the following assumptions: . /

1. Water is lost in the channel; no streams gain
water.

2. Infiltration characteristics and other channel r

properties are uniform with distance and width.
3. Sediment concentration, temperature, and an

tecedent flow affect transmission losses, but the equa
tions represent the average conditions.

4. The channel reach is short enough that an aver
age width and an average duration represent the

., width and duration of flow for the entire channel
reach.

5. Once a threshold volume has been satisfied,
outflow volumes are linear with inflow volumes.

6. Once an average loss rate is subtracted and the
inflow volume exceeds the threshold volume, peak
rates of outflow are linear with peak rates of inflow. '
Moreover, the rate of change in outflow peak dis- .
charge with changing inflow peak discharge is the
same as the rate of change in outflow volume wifh'
changing inflow volume.

19-1



7. Lateral inflow can be either lumped at points of
tributary inflow or uniform with distance along the
channel.

8. For volume and peak discharge calculations,
lateral inflow is assumed to occur during the same
time as the upstream inflow.

Limitations

The main limitations of the procedures are:
1. Hydrographs are not specifically routed along

the stream channels; predictions are made for volume
and peak discharge.

2. Peak flow equations do not consider storage at
tenuation effects or steepening of the hydrograph
rise.

3. Analyses on which the procedures are based
represent average conditions or overall trends.

4. Influences of antecedent flow and sediment con
centration in the streamflow have not been quanti
fied.

5. Estimates of effective hydraulic conductivity. in
the streambed are empirically based and repres~nt

average rates.
6. Peak discharge of outflow is decreased by the

average loss rate for the duration of flow.
7. Procedures for out-of-bank flow are based on

the assumption of a weighted average for the effec
tive hydraulic conductivity.

o

19-2

Symbols and Notation

Upstream Inflow

D = duration of inflow (hours)
P = inflow volume (acre-feet)
p = peak rate of inflow (cubic feet per second)

Lateral Inflow

QL = lateral inflow volume (acre-feet per mile)
qL peak rate of lateral inflow (cubic feet per

second per foot)

Outflow

Q(x,w) = outflow volume (acre-feet)
q(x, w) peak rate of outflow (cubic feet per sec

ond)

Channel Reach

D = duration of streamflow (hours)
K = effective hydraulic conductivity (inches per

hour)
V = total available storage volume of alluvium

in the channel reach (acre-feet)
w = average width of flow (feet)
x = length of reach (miles)

Prediction Equations (Parameters)

a = regression intercept for unit channel (acre-
feet)

a(D) = regression intercept for unit channel with
a flow of duration D (acre-feet)

a(x,w) = regression intercept for a channel reach of
length x and width w (acre-feet)

b = regression slope for unit channel
b(x,w) = regression slope for a channeI-reach of

length x and width w
k = decay factor (foot-miles)-1
k(D,P) = decay factor for unit channel with a flow

duration D and volume P (foot-miles)-1
Po = threshold volume for a unit channel (acre-

feet)
Po(x,w) = threshold volume for a channel reach of

length x and width w (acre-feet)

j
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Applications

Summary of Procedure

The prediction equation for outflow volume, with
out'lateral inflow, is

The simplified procedures are summarized here; ad
ditional details and derivations are given in the ap
pendices. Methods have been developed for two situa
tions: (1) when observed inflow-outflow data are
available and (2) when no observed data are available.

Q(x,w) = {~(.x,W) + b(x,w)P
P:::::Po(x,w)
P>Po(x,w),

(19-0

foot to cubic feet per second per mile. Derivations
and background information are found in Appendix 1.

For a channel reach with only tributary lateral in
flow, equations 19-1 and 19-3 would be applied on the
tributary channel and the main channel to the point of
tributary inflow. Then the sum of the outflows from
these two channel reaches would be the inflow to the
lower reach of the main channel.

The procedures described by equations 19-1, 19-3,
19-4, and 19-5 require that the upstream inflow and
lateral inflow along the channel reach be estimated by
use of procedures described in Chapter 10. Peak rates
and durations are estimated by use of procedures de
scribed in Chapter 16.

The corresponding equation for peak discharge is

The corresponding equation for peak discharge is

where 12.1 converts from acre-feet per hour to cubic
.et per second.

If lateral inflow is uniform, the volume equation
becomes

{

o b(x,w)P + ~[1- b(x,w)j::::: -a(x,w)
Q(x,w) = Q

a(x,w) + b(x,w)P + k~[1- b(x,w)j.

(19-4)

(19-6)

(19-7)

n

2: (Qi - Q)(P i - P)
b(x,w) = ~i=~l_n _

2: (Pi - P)2
i= 1

a(x,w) = Q- b(x,w)P,

where Q is the mean outflow volume and P is the
mean inflow volume. Alternative formulas recom
mended for computation are

n

2:. (Qi - Q)(Pi - P)
i-I

Estimating Parameters From Observed
Inflow-Outflow Data

and

If one assumes a channel reach of length x and av
erage width w, then n observations on Pi and Qi
(without lateral inflow) can be used to estimate the
parameters in equation 19-1. Parameters of the linear
regression equation can be estimated as

(19-3)

(19-2)

o Q(x,w) =0
12.1

q(x,w) = "I)<a(x,w) Q(x,w»O,

- fl - b(x,w) jP)
+ b(x,w)p

-a(x,w)
Po(x,w) = b(x,w) .

where the threshold volume is

The factor 5,280 converts cubic feet per second per

12.1
n(a(x,w) - [1 - b(x,w)jP)

b( )
qd5,280)

+ x,w P+ kw

[1 - b(x,w)].

(19-8)

(19-9)

n± Pr - (.± Pi)2
n i .... l 1= 12: (Pi - p)2 = ------

i=l n

n

and
(19-5)

Q(x,w) = 0o

q(x,w) =
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Linear regression procedures are available on most
computer systems and on many hand-held calculators.
Constraints on the parameters are

a(x,w) < 0

Reaches of Arbitrary Length and Width

Given parameters for a unit channel, parameters
for a channel reach of arbitrary length x and arbi
trary width ware computed by the following equa
tions:

Estimating Parameters in the Absence of
Observed Inflow-Outflow Data

When inflow-outflow data are not available, an esti
mate of effective hydraulic conductivity is needed to
predict transmission losses. Effective hydraulic con
ductivity, K, is the infiltration rate averaged over the
total area wetted by the flow and over the total dura
tion of flow. Because effective hydraulic conductivity
represents a space-time average infiltration rate, it
incorporates the influence of temperature, sediment
concentration, flow irregularities, errors in the data,
and variations in wetted area. For this reason, it is
not the same as the saturated hydraulic conductivity
for clear water under steady-state conditions.

Analysis of observed data resulted in equations of
the form

and

o :s; b(x, w) :s; 1.

When one or both of the constraints are not met,
the following procedure is suggested:

1. Plot the observed data on rectangular coordi
nate paper: Pi on the X-axis and Qi on the Y-axis.

2. Plot the derived regression equation on the
graph with the data.

3. Check the data for elTors (events with lateral
inflow, computational errors, etc.). Pay particular at
tention to any data points very far from the regres
sion line, especially those points that may be strongly
influencing the slope or intercept.

4. Correct data points that are in error; remove
points that are not representative.

5. Recompute the regression slope and intercept
using equations 19-6 to 19-9 and the corrected data.

A great deal of care and engineering judgment
must be exercised in finding and eliminating errors
from the set of observed inflow-outflow observations.

Unit Channels

A unit channel is defined as a channel of length x
= 1 mi and width w = 1 ft. Parameters for the unit
channel are required to compute parameters for chan
nel reaches with arbitrary length and width. The unit
channel parameters are computed by the following
equations:

b(x,w) = e- kxw ,

a
a(x,w) = --b [1 - b(x,w)],

1 -

- a(x, w)

b(x,w) .

a(D) = -0.00465KD

(19-13)

(19-14)

(19-2)

(19-15)

.. ,-.

k = _ In b(x,w)
xw

(19-10)

(19-11)

for the unit channel intercept and

k(D,P) = -1.09 In[ 1.0 - 0.0545 K:] (19-16)

where a(x,w) and b(x,w) are the regression parame
ters derived from the observed data. In this case, the
length x and width w are fixed known values. Partic
ular care must be taken to maintain the maximum
number of significant digits in determining k, b, and
a. Otherwise, significant round-off errors can result.

a =
a(x,w)(1 - b)

[1 - b(x,w)] ,
(19-12) for the decay factor on ungaged reaches. Given values

of a and k from equations 19-15 and 19-16, equations
19-13, 19-14, and 19-2 are used to compute parame
ters for a particular x and w.

Derived relationships between bed material charac
teristics, effective hydraulic conductivity, and the
unit channel parameters a and k are shown in table .'j
19-1. These data can be used to estimate parameters
for ungaged channel reaches.

19-4



Table 19-1.-Relationships between bed material characteristics and parameters for a unit channel
(average antecedent conditions),

Effective Unit channel parameters
hydraulic

conductivity, 1 Intercept,2 Decay factor,3
K a k

inlhr acre-ft (ft-mi)-'

>5 < -0.023 >0.030

2.0-5.0 -0.0093 to -0.023 0.0120 to 0.030

1.G-3.0 -0.0047 to -0.014 0.0060 to 0.018

Bed
material Bed material

group characteristics

1
Very high Very clean gravel and
loss rate large sand

2
High Clean sand and gravel,

lbss rate field conditions

3_Moderately Sand and gravel
high mixture with low silt-

loss rate clay content

4
Moderate Sand and gravel
loss rate mixture with high silt-

clay content

5
Insignificant Consolidated bed<_ to low material; high silt-cla.y

loss rate content

0.2~1.0

0.001-0.10

- 0.0012 to - 0.0047

-5 X 10- 6 to -5 X 10- 4

0.0015 to 0.0060

6 X 10- 6 to 6 X 10- 4

... .- ,.

1 See Appendix 3 for sources of basic data.
2 Values are for unit duration, D = 1 hr. For other durations, a(D) = - 0.00465KD.
3 Values are for unit duration and volume, DIP = 1. For other durations and volumes,

use k(D,P) = -1.09 In [1.0 - 0.00545~l

~ummary of Parameter Estimation
Techniques

Table 19-3.-Procedures to use when no observed inflow
outflow data are available

Table 19-2.-Procedures to use when observed inflow
outflow data are available

Suggested procedures for use when observed data
are available are summarized in table 19--2. Proce
dures for use on ungaged channel reaches are summa
rized in table 19-3. Again, whatever procedure is
used, the parameter estimates must satisfy the con
straints a(x,w) < 0 and 0 :$; b(x,w) :$; 1.

Step

1. Perform regres-
sion analysis

,.. ai-. Derive unit chan
" •• nel parameters
,':."',;' 3. Calculate param-

eters

Source

Eqs. 19-6,
19-7,19-2

Eqs. 19-10
to 19-12

Eqs. 19-13,
19-14, 19-2

Result

Prediction equations
for the particular reach

Unit channel parame
ters

Parameters of the pre
diction equations for
arbitrary x and w

Step Source Result

1. Estimate inflow Hydrologic Mean duration of flow,
analysis D, and volume of in-

flow, P

2. Identify bed ma- Table 19-1 Effective hydraulic
terial conductivity, K

3. Derive unit chan- Eqs.I9-15, Unit channel parame-
nel parameters 19-16, 19-11 ters

4. Calculate param- Eqs.I9-13, Parameters of the pre-
eters 19-14, 19-2 diction equations for

arbitrary x and w
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and the prediction equation (from equation 19-3) for
peak discharge is

For an inflow volume P = 50 acre-ft and an inflow
peak rate p = 1,000 cfs, the predicted outflow
volume is

Examples

The following examples illustrate application of the
procedures for several cases under a variety of cir
cumstances. As in any analysis, it was impossible to
consider all possible combinations of circumstanc,es,
but the examples presented here should provide an
overview of useful applications of the procedures. Use
of these procedures requires judgment and experi
ence. At each step of the process, care should be
taken to ensure that the results are reasonable and
consistent with sound engineering practice.

q(x, w) = {~31.4 - 0.454P

+ 0.850p

Q(x,w) = 0

Q(x,w) > O.

Example 1. No Lateral Inflow or Out-of
Bank Flow

Given: A channel reach of length x = 5.0 mi, of
average width w = 70 ft, and with bed material con- .
sisting of sand and gravel with a small percentage of
silt and clay. Assume a mean flow duration D = 4 hr
and a mean inflow volume of P = 34 acre-ft.

Find: The prediction equations for the channel
reach. Estimate the outflow volume and peak for an
inflow P = 50 acre-ft and p = 1,000 cfs.

Case 1. Observed Inflow-Outflow Data

Q(x,w) = -10.38 + 0.850(50) = 32.1 acre-ft

and the predicted peak rate of outflow is

q(x, w) = - 31.4 - 0.454(50) + 0.850(1,000)

= 796 cfs.

Case 2. No Observed Inflow-Outflow Data'

Solution: Follow the procedures outlined in table
19-3.

From table 19-1, estimate K = 1.0 inlhr, with D =
4.0 hr, P = 34 acre-ft. So

. .... )
. ,',

Observed Inflow-Outflow Data (acre-ft)

20. 100. 25. 10.

6.0 75. 9.0 0.1

15. P = 34

2.5 Q = 18.52

a = -0.OO465KD = -0.01860 acre-ft,

k = -1.09 In[ 1.0 - 0.00545 K:]

= 0.000699 (ft-mi)-i,

Solution: Follow the procedure outlined in table
19-2, Step 1, for x = 5.0 mi and w = 70 ft.

a(x,w) = Q - b(x,w)P

= 18.52 - 0.850(34) = -10.38 acre-it

-a(x,w) 10.38
Po(x,w) = b(x,w) = 0.850 = 12.21 acre-it

and

b = e- k = e-O.OOO699 = 0.999301

are the unit channel parameters. From equations 19
13, 19-14, and 19-2, the parameters for the given
reach with x = 5.0 mi and w = 70 it are

b(x,w) = e- kxw = e-(O.000699)(S.O)(70)

= 0.783,

Substituting these values in equation 19-1, the pre
diction equation for volume is

19-6

Q(x,w) = {~10.38 + 0.850P
P ~ 12.21
P> 12.21

a
a(x,w) = 1 _ b [1 - b(x,w)]

-0.01860
= (l _ 0.999301) [1 - 0.783]

= -5.78 acre-ft,
..... j........
, ,
"'.'



and Solution: Compute the lateral rates as follows:

=

-a(x,w)
b(x,w)
( -5.78)

0.783
= 7.38 acre-ft.

21.3 acre-ft .
QL = O' = 4.26 acre-ft/ml

5. ml

and

The prediction equation for the volume is 500 cfs
qL = (5.0 mi)(5,280 ftlmi) = 0.0189 cfs/ft.

Usinga(x,w) = -5.78, b(x,w) = 0.783, k =
0.000699, and w = 70 from Case 2 of Example 1 in
equation 19-4, the result is

Q(x,w) = -5.78 + 0.783P + ~ (1 - 0.783)

= 52.3 acre-ft.

P < 7.38
P> 7.38

Q(x,w) = 0

Q(x,w) > O.
q(x,w) = {~17.5 - 0.656P

+ 0.783p

Q(x,w) = {~5.78 + 0.783P,

and the prediction equation for peak discharge is

e
The corresponding calculations for peak discharge of
the outflow hydrograph (eq. 19-5) are

For an inflow volume of P = 50 acre-ft and an inflow
peak rate of p = 1,000 cfs, the predicted outflow
volume is

Q(x,w) = - 5.78 + 0.783(50) = 33.4 acre-ft,

and the predicted peak rate of outflow is

q(x,w) = -17.5 - 0.656P + 0.783p

+ qL (5,280) [1 - 0.783]
kw

1,175 cfs.

q(x,w) = -17.5 - 0.656(50) + 0.783(1,000)

= 733 cfs.

e This example illustrates application of the procedures
with and without observed data when flow is within
the channel banks and there is no lateral inflow. The
next example is for the same channel reach but is
based on assumption of uniform lateral inflow be
tween the inflow and outflow stations.

Example 2. Uniform Lateral Inflow

Given: The channel reach parameters from Exam
ple 1 and a lateral inflow of 21.3 acre-ft at a peak rate
of 500 cfs. Assume the lateral inflow is uniformly dis
tributed.

Find: The volume of outflow and peak rate of out
flow if P = 50 acre-ft and p = 1,000 cfs.

Example 3. Approximations for Out-of
Bank Flow

In this example, approximations for out-of-bank
flow are described and discussed.

Given: A channel reach of length x = 10 mi and
an average width of in-bank flow W l = 150 ft with in
bank flow up to a discharge of 3,000 cfs. Once the
flow exceeds 3,000 cfs, out-of-bank flow rapidly cov
ers wide areas. The bed material consists of clean
sand and gravel, and the out-of-bank material is
sandy with significant amounts of silt-clay.

Find: The outflow if the inflow is P = 700 acre-ft
with a peak rate of p = 4,000 cfs. Assume the mean
duration of flow is 12 hr and the total average width
of out-of-bank flow is 400 ft. Also, estimate the dis
tance downstream before the flow is back within the
channel banks.

. ,.'•. ' ..
, ...'.<'.

,,?
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Solution: Using the procedures outlined in table
19-3, make the following calculations:

12.1
q(x,w) = D (a(x,w) - [1 - b(x,w)]P)

+ b(x,w)p.

The weighted average for effective hydraulic conduc
tivity is

Using this average value of K, D = 12 hr, and P =
700 acre-ft, the unit channel parameters are

In-bank flow:
WI = 150 ft;

Kt = 3.0 inlhr.

Out-of-bank flow:

W2 = 400 fe;

K~ = 0.5 inlhr for width W2 - WI'

K = wlKI + (w2 - wl)K2

W2

K = 1.44 inlhr.

(19-17)

Use an upper limit as

q(x,w) = 3,000 cfs ~ b(x,w)p = e- o.o588X(4,000),

which means

e -O.0588x ~ 3,000 = 0 75
4,000 .

x ~ - 0.~~088 In 0.75 = 4.89 mi.

Then a trial-and-error solution of the volume and
peak discharge equations for various values of
x < 4.89 mi produces a best estimate of x = 3.6 mi.
Based on this value, the parameters are

b(3.6, w2) = 0.809

a = - 0.00465KD = - 0.08035 acre-ft,

k = -1.09 In[ 1.0 - 0.00545 K:]

= 0.000147 (ft-mi)-\

and

b = e- k = e-O.OOOI47 = 0.99985.

Given the unit channel parameters and W2 = 400 ft,
the parameters for the channel reach are

b(x,w
2

) = e-kxW2 = e-(O.OOOI47)(400lx = e-O.0588x

and

a
a(x,w2) = 1 _ b [1 - b(x,w2)]

= -0.08035 [l _ -O.0588x]
(1 - 0.99985) e .

Now, estimate the distance downstream until flow is
contained within the banks (from equation 19-3) as

* Average hydraulic conductivity from
table 19-1.

t Includes width WI'

19-8

and

a(3.6,w2) = -102.3 acre-ft.

Therefore, the predictions for x = 3.6 mi are

Q(3.6, w2) = -102.3 + 0.809(700)

= 464.0 acre-ft

for the volume and

q(3.6, w2) = - 238.0 + 0.809(4,000) = 2,998 cfs

for the peak rate. For distances beyond this point,
the flow will be contained in the channel banks. The
parameters for in-bank flow with a distance of x =

10.0 - 3.6 = 6.4 mi are

a = -0.00465KD = -0.1674 acre-ft,

k = -1.09 In[ 1 - 0.00545 ~D]
= 0.000461 (ft-mi)-\

and

b = e- k = e-O.OOO461 = 0.99954

)

)., ......

. )
..'J
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b(6.4,w
l

) = e- kXWt e-(O,000461)(6.4)(l50) = 0.642

for K = 3.0, D = 12, and P = 464.0 acre-ft, which is
the inflow from the upstream reach. With these unit
channel parameters, the parameters for in-bank flow
are

P - [a(x,w) + b(x,w)Pj = -a(x,w)

+ [1 - b(x, w)]P.

procedure is modified to predict and apply this sec
ondary threshold volume, PI'

Given: The channel reach in Example 1 with total
available storage (maximum potential transmission
loss) of V = 30 acre-ft. Given the volume equation
from Case 1 of Example 1, compute equations to ap
ply after the potential losses are satisfied. From Ex
ample 1, a(x,w) = -10.38 acre-ft, b(x,w) = 0.850,
and Po(x,w) = 12.21 acre-ft.

Solution: The total losses are P - Q(x,w) com
puted as

= (1 - 0.99954) [1 - 0.642]

- 130.3 acre-ft.

a
a(6.4,w l ) = 1 _ b [1 - b(x,w l )]

- 0.1674

and

"e. ,

."
.'./

',. .

The predicted outflow is

Q(6.4,w1) = -130.3 + 0.642(464.0)

167.6 acre-ft

for the volume and

q(6.4,w I) = -298.9 + 0.642(2,998)

1,626 cfs

Equating this computed loss to V and solving for the
inflow volume predicts the inflow volume above which
only the maximum alluvial storage is subtracted,

P = V + a(x,w)
1 1 - b(x,w)"

For this example, this threshold inflow volume is
130.8 acre-ft. With this additional threshold, the pre
diction equation for outflow volume is modified to

for the peak discharge. Therefore, the prediction is
out-of-bank flow for about 3.6 mi and in-bank flow for
6.4 mi, with an outflow volume of 168 acre-ft and a
peak discharge of 1,626 cfs.

This example illustrates the need for judgment in
applying the procedure for estimating losses in out-of
bank flow. Care must be taken to ensure that trans
mission losses do not reduce the flow volume and
peak to the point where flow is entirely within the
channel banks. If this occurs, then the reach length
must be broken into subreaches, as illustrated in this
example.

(19-18)

For the example being discussed, the solution to this
general equation is

{
o ' P ~ 12.21

Q(x,w) = - 10.38 + 0.850P 12.21 ~ P ~ 130.8
P - 30 P> 130.8

"e! - .•
, .
~I' • 1. . ".~' .

Example 4. Transmission Losses Limited
by Available Storage

In some circumstances, an alluvial channel could be
underlain by nearly impervious material that might
limit the potential storage volume in the alluvium (V)
and thereby limit the potential transmission losses.
Once the transmission losses fill the available storage,
nearly all additional inflow will become outflow; the

The slope of the regression line is equal to Q(x,w)/
[P - Po(x,w)], so an equivalent slope, once the avail
able storage is filled, is beq = (P - V)/[P - Po(x,w)],
which for this example is beq = (P - 30)/(P - 12.21).
For an inflow volume of P = 300 acre-ft and p =
3,000, the equivalent slope is beq = 0.938. Using the
equivalent slope, the peak equation is

-12.1
q(x, w) = -D-[P - Q(x,w)] + beq P

= - 90.75 + 0.938(3,000) = 2,723 cfs.
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Therefore, the predicted outflow is Q(x,w) = 270
acre-ft and q(x, w) = 2,723 cfs.

If the storage limitation had been ignored, the orig
inal equations would have predicted an outflow vol
ume of 245 acre-ft and a peak rate of outflow of 2,384
cfs. If a channel reach has limited available storage,
the procedure should be modified, as it was in Exam
ple 4, to compute losses that do not exceed the avail
able storage.

Summary

The examples presented illustrate the wide range
of applications of the transmission loss procedures de
scribed in this chapter. The examples were chosen to
emphasize some limitations and the need for sound
engineering judgment. These concepts are summa
rized in table 19-4.

Table 19-4.-Outline of examples and comments on their
applications

Special
Example Procedure circumstances Comments

1 Table 1~2 Observed data Slope and inter-
(Case 1) available cept must satisfy

the constraints

1 Table 19-3 No observed Typical applica-
(Case 2) data tion

2 Table 19-3 Uniform lat- Importance of
Eqs. 19-4, eral inflow lateral inflow
19-5 demonstrated

3 Table 19-3 Out-of-bank Judgment re-
Eq. 1~17 flow quired to inter-

pret results

4 Table 1~2 Limited avail- Concept of equiv-
Eq. 1~18 able storage alent slope used

19-10

Appendices

These appendices provide the reference material,
derivations, and analyses of available data upon which
the material presented in Chapter 19 is based. The
basic procedure is outlined, and sources for additional
information are provided.

Appendix I-Derivation of Procedures for
Estimating Transmission Losses When
Observed Data Are Available

In much of the Southwestern United States, wa
tersheds are characterized as semiarid with broad al
luvium-filled channels that abstract large quantities of
streamflow (Babcock and Cushing 1941; Burkham
1970a, 1970b; Renard 1970). These abstractions or
transmission losses are important because streamflow
is lost as the flood wave travels downstream, and
thus runoff volumes are reduced. Although these ab
stractions are referred to as losses, they are an im
portant part of the water balance. They diminish
streamflow, support riparian vegetation, and re
charge local aquifers and regional ground water (Ren
ard 1970).

Simplified procedures have been developed to esti
mate transmission losses in ephemeral streams. These
procedures include simple regression equations to es
timate outflow volumes (Lane, Diskin, and Renard
1971) and simplified differential equations for loss
rate as a function of channel length (Jordan 1977).
Other, more complicated methods have also been
used (Lane 1972, Wu 1972, Smith 1972, Peebles
1975).

Lane, Ferreira, and Shirley (1980) developed a pro
cedure to relate parameters of the linear regression
equations (Lane, Diskin, and Renard 1971) to a differ
ential equation coefficient and the decay factor pro
posed by Jordan (1977). This linkage between the
regression and differential equations provides the ba
sis of the applications described in this chapter.

Empirical Basis of the Regression Equation

When observed inflow-outflow data for a channel
reach of an ephemeral stream with no lateral inflow
are plotted on rectangular coordinate paper, the re
sult is often no outflow for small inflow events, with
outflow increasing as inflow increases. When data are
fitted with a straight-line relationship, the intercept
on the X axis represents an initial abstraction.
Graphs of this type suggest equations of the form

..

..•)



Q( ) {o P~Po(x,w)
x,w = a(x,w) + b(x,w)P P> Po(x,w).

(19-1)

By setting Q(x,w) = 0.0 and solving for P, the
threshold volume, the volume of losses that occur be
fore outflow begins, is

and

(19-23)

are the linkage equations. Equation 19-23 can be
solved for c as

-a(x,w)
Po(x,w) = b(x,w)' (19-2)"

a
c = -k1 _ b'

Differential Equation for Changes in Volume:
Linkage With the Regression Model

~ Differential equations can be used to approximate
the influence of transmission losses on runoff vol
umes. Because the solutions to these equations can be
expressed in the same form as the regression equa
tions, least-squares analysis can be used to estimate
parameters in the transmission loss equations.

Channel of Arbitrary Length and Width

For a channel of width wand length x,

dQ _ _ we - wkQ(x,w),
dx -

where c = - k..2...-
b

, so that the differential equation
1 -

is
Unit Channel·:,·e The rate of change in volume, Q (as a function of

: arbitrary distance), with changing inflow volume, P,
can be approximated as

dQ
dx = -c -k Q(x). (19-19)

dQ a- = wk-- - wkQ(x w)dx I-b ,.

Defining P as Q(x = 0) and substituting this initial
condition, the solution is

..Substituting the initial condition and defining P =

.,Q(x = 0), the solution of equation 19-19 is
From the linkage

(19-20) b(x,w) = e- kxw (19-13)

For a unit channel, equation 19-20 becomes

which corresponds to the regression equation

and

a
a(x,w) =~1 - b(x,w))

a=~1 - e- kxw
),

(19-14)

Equating equations 19-21 and 19-22, it follows that

Q = a + bP.

b = e- k.

(19-22)

(19-11)

where a and b are unit channel parameters and k is
the decay factor.

Influence of Uniform Lateral Inflow

If QL is the uniform lateral inflow (acre-feet per
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mile), this inflow becomes an additional term in the
differential equation

dQ a
dx = wk"!=b" - wkQ(x,w) + QL'

The solution is

a
Q(x,w) = 1 _ b[l - e- kxw

]

+ Pe- kxw + QL(1 _ e- kxw],
kw

For small inflows, where the volume of transmis
sion losses is about equal to the volume of inflow, the
peak discharge equation, equation 19-3, overesti
mates the peak rate of outflow. The relation between
peak rate of outflow observed and that computed
from equation 19-3 is shown in figure 19-1. The bias
shown in figure 19-1 is for small events and tends to
overpredict, but the equation does well for the larger
events. The computed values shown in figure 19-1
were based on the mean duration of flow for each
channel reach. Better agreement of predicted and ob
served peak rates of outflow might be obtained by us
ing actual flow durations.

P - Q(x,w)
q(x, w) = - D + b(x,w)p,

where P - Q(x,w) = - a(x,w) + [1 - b(x,w)]P, so
that

and through the linkage, the outflow volume equation
for upstream inflow augmented by uniform lateral in
flow is

where D is the mean duration of flow and 12.1 con
verts acre-feet per hour to cubic feet per second. For
a peak lateral inflow rate of qL (cfs/ft), uniform along
the reach, the peak discharge equation becomes

,.j

Appendix 2-Analysis of Selected Data
Used to Develop the Procedure for
Estimating Transmission Losses

So that parameters of the prediction equations
could be related to hydrograph characteristics and to
effective hydraulic conductivity, it was necessary to
analyze selected data. Events involving little or no
lateral inflow were selected from channel reaches in
Arizona, Kansas, Nebraska, and Texas (table 19-5).

The data shown in table 19-5 are not entirely con
sistent because the events were floods of different
magnitudes. The Walnut Gulch data are from a series
of small to moderate events representing in-bank
flow, whereas the Queen Creek data are fot relatively
larger floods and no doubt include some out-of-bank
flow. The Trinity River data represent pumping di
versions entirely within the channel banks. Data for
the Kansas-Nebraska streams represent floods of un
known size, and may include out-of-bank flow.

The data summarized in table 19-5 were subjected
to linear regression analysis to estimate the parame
ters a(x,w), b(x,w), Po(x,w), and kxw. These parame
ters are summarized in table 19-6. Parameters for
the unit channels were computed for 10 channel
reaches and are shown in table 19-7.

(19-.'3)

(19-4)

+ b(x,w)p,

q(x,w) = l~l(a(x,w) - [1 - b(x,w)]P)

Q(x,w) = a(x,w) + b(x,w)P

+ ~[1 - b(x, w)].

Approximations for Peak Discharge

The basic assumption for peak discharge, q(x, w), is
that the outflow peak, once an average loss rate has
been subtracted, is equal to b(x,w) times the peak of
the inflow hydrographs, p. That is, assume that

q(x,w) = l~\a(x,w) - [1 - b(x,w)]P)

qL(5,280)
+ b(x,w)p + kw [1 - b(x,w),

where 5,280 converts cubic feet per second per foot to
cubic feet per second per mile.

Appendix 3.-Estimating Transmission
Losses When No Observed Data Are
Available

Estimating transmission losses when observed in
flow-outflow data are not available requires a tech
nique for using effective hydraulic conductivity to de
velop parameters for the regression analysis.

:.' .. .'. )
t <',)I
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Table 19-5.-Hydrologic data used in analyzing transmission losses (Lane et al. 1980)

Number
Inflow volume Outflow volume

Reach Length, Average of Standard Standard
Location identification x width, w events Mean deviation Mean deviation

mt ft acre-ft acre-ft acre-ft acre-ft
Walnut 11-8 4.1 38 11 16.5 14.4 8.7 11.4
Gulch, Ariz. 1 8-6 0.9 3 13.7 11.4

~1 7.8 3 16.3 1.6
6-2 2.7 107 30 75.1 121.6 59.9 101.0
6-1 6.9 121 19 48.3 51.7 17.1 26.5
2-1 4.2 132 32 49.3 42.7 24.4 31.4

Queen Creek, Upper to lower 20.0 277 10 4,283 5,150 2,658 3,368
Ariz.2 gaging station

Elm Fork Elm Fork-1 9.6 3 454 441
of Trinity Elm Fork-2 21.3 3 441 424
River, Tex. 3 Elm Fork-3 30.9 120 3 454 424

Kansas-Neb. 4 Prairie Dog 26.0 17 5 1,890 1,325 1,340 1,218
Beaver 39.0 14 7 2,201 2,187 1,265 1,422
Sappa 35.0 23 6 6,189 8,897 3,851 7,144
Smokey Hills 47.0 72 4 1,217 663 648 451

1 Data on file at USDA-ARS, Southwest Rangeland Water Research Center, 442 E. 7th Street, Tucson, AZ 85705.
2 Data from Babcock and Cushing (1941).
3 Data from the Texas Board of Water Engineers (1960). ~ ' .. "'-

4 Data from Jordan (1977).
:,:.

.,'.. j

. Table 19-6.-Parameters for regression model and differential equation model for selected channel reaches (Lane et al. 1980)

Regression Model Threshold Decay
Reach Reach Length, Average intercept, slope, volume, factor,

Location identification no. x width,w a(x,w) b(x,w) Po(x, w) kxw R2

mi ft acre-ft acre-ft
Walnut 11-8 1 4.1 38 -4.27 0.789 5.41 0.2370 0.98
Gulch, Ariz. 8-6 2 0.9 -0.34 0.860 0.40 0.1508 .99

~1 3 7.8 -2.38 0.245 9.71 1.4065 .84
6-2 4 2.7 107 -4.92 0.823 5.98 0.1948 .98
6-1 5 6.9 121 -5.56 0.469 11.86 0.7572 .84
2-1 6 4.2 132 -8.77 0.673 13.03 0.3960 .84

Queen Creek, Upper to lower 7 20.0 277 -117.2 0.648 180.90 0.4339 .98
Ariz. station

Elm Fork Elm Fork-1 8 9.6 -15.0 11.004 .99
of Trinity Elm Fork-2 9 21.3 1+7;6 0.944 .99
River, Tex. Elm Fork-3 10 30.9 120 -8.7 0.952 9.14 0.0492 .99

Kansas- Prairie Dog 11 26.0 17 -353.1 0.896 394.10 0.1098 .95
Nebraska Beaver 12 39.0 14 -157.3 0.646 243.50 0.4370 .99

Sappa 13 35.0 23 -1,076.3 0.796 1,352.10 0.2282 .98
Smokey Hills 14 47.0 72 -99.1 0.614 161.40 0.4878 .81

1 Channel reaches where derived regression parameters did not satisfy the constraints.
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Table 19-7.-Unit length, unit width, and unit length and width parameters for selected channel reaches (Lane et al. 1980)

Unit length parameters Unit width parameters Unit length and width parameters

Location Identification a(w) b(w) Po(w) a(x) b(x) Po(x) a b Po k

Walnut 11-8 -1.13657 0.94384 1.2042 -0.12587 0.99378 0.1267 -0.03076 0.998480 0.0308 0.001521
Gulch, Ariz. 6-2 -1.93484 0.93039 2.0796 -0.05059 0.99818 0.0507 -0.01874 0.999326 0.0187 0.000674

6-1 -1.08819 0.89607 1.2144 -0.06541 0.99376 0.0658 -0.00950 0.999094 0.0095 0.000907
2-1 - 2.41320 0.91002 2.6518 -0.08046 0.99700 0.0807 -0.01915 0.999286 0.0192 0.000714

Queen Creek, Upper to lower -7.14508 0.97854 7.3018 -0.52273 0.99843 0.5236 -0.02597 0.999922 0.0260 0.0000783
Ariz. station

Trinity River, Elm Fork-3 -0.28825 0.99841 0.2887 -0.07427 0.99959 0.0743 -0.002404 0.999987 0.0024 0.0000133
Tex.

Kansas. Prairie Dog -14.30986 0.99579 14.3705 -21.86124 0.99356 22.0029 -0.842008 0.999752 0.8422 0.000248
Nebraska Beaver -4.95071 0.98886 5.0065 -13.65447 0.96927 14.0874 -0.355480 0.999200 0.3558 0.000800

Sappa -34.28091 0.99350 34.5052 -52.07808 0.99013 52.5972 -1.493102 0.999717 1.4935 0.000283
Smokey Hills -2.65060 0.98968 2.6782 -1.73337 0.99325 1.7451 -0.036970 0.999856 0,0370 0.000144



Estimating Effective Hydraulic Conductivity

The total volume of losses for a channel reach is
KD, where K is the effective hydraulic conductivity
and D is the duration of flow. Also, the total losses
are P - Q(x, w), so that

KD = 0.0275[P - Q(x, w)],

where 0.0275 converts acre-feet per foot-mile-hour to
inches per hour. Or; solving for K,

K
= 0.0275 [P - Q(x,w)]

D .

But

P - Q(x,w) = -a(x,w) + [1 - b(x,w)]P,

so that

partitioned between the two terms in the equation.
That is, let

a = - a(0.0101KD)

and

(1 - b) = (1 - a)(0.0101
K
:).

Solving for b,

b = 1 - (1 - a)(0.0101~),

where 0 ~ a ~ 1 is a weighting factor. Solve for k by
substituting b = e - k and taking the negative natural
log of both sides, i.e.,

0.0275
K = -D-[ -a(x,w) + [1 - b(x,w)]P] (19-24)

.,.,."

is an expression for effective hydraulic conductivity.
If mean values for D and P are used, then equation
19-24 estimates the mean value of the effective hy
draulic conductivity.

The selected data were analyzed to determine a by
least-squares fitting as shown in table 19-8. For the
data shown in table 19--8, the estimate of a was 0.46.
Figures 19-2 and 19-3 show the data in table 19--8
plotted according to the equations

,
". ,

Effective Hydraulic Conductivity vs. Model
Parameters

For a unit channel, outflow is the difference be
tween inflow and transmission losses:

Q = P - KD.

and

a = -0.OO465KD

k = -1.09 In [1 - 0.00545
K
: l

(19-15)

(19-16)

Because Q = a + bP,

- a + (1 - b)P = KD.

But because a and (1 - b)P are in acre-feet and KD,
the product of conductivity and duration, is in inches,
the dimensionally correct equation is

- a + (l - b)P = O.0101KD,

where 0.0101 converts inches over a unit channel to
acre-feet. Because this equation is in two unknowns
(a and b), an additional relationship is required to
solve it. As a first approximation, the total losses are

19-16

where for each channel reach, mean values were used
for K, D, and P. These relationships were used to cal
culate the values shown in table 19-1.

Auxiliary data compiled in a report by Wilson et a1.
(1980) are shown in table 19-9. Although the esti
mates of infiltration rates were obtained by a variety
of methods, most rates were based on streamflow
data. Because these estimates generally involved
longer periods of flow than in the smaller ephemeral
streams, they should be representative of what is
called effective hydraulic conductivity. The data show
the range of estimates of hydraulic conductivity for
various streams within a river basin as estimated by
several investigators. For this reason, they should be

:"J'....
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Comments-In [1 - 0.00545~]KD
pKDKLocation

-Table 19--8.-Data for analysis of relations between effective hydraulic conductivity and model parameters (Lane et al. 1980)

Unit channel Decay
intercept, factor,

a k

acre-ft (ft-mi) -1 in/hr tn in--
acre-fl

Walnut Gulch
11-8 -0.03076 0.001521 1.55 4.96 0.3010 0.001643
6-2 -0.01874 0.000674 1.36 6.26 0.0834 0.000455
6-1 -0.00950 0.000907 1.03 3.71 0.0768 0.000419
2--1 -0.01915 0.000714 1.11 4.44 0.0901 0.000492

Queen Creek -0.02597 0.0000783 0.54 29.16 0.0068 0.0000371

Elm Fork -0.00240 0.0000133 0.01 0.84 0.0019 0.0000104

Kansas-Nebraska
Prairie Dog -0.84201 0.000248 1.28 122.9 0.0650 0.000355
Beaver -0.35548 0.000800 1.38 169.7 0.0771 0.000421e Sappa -1.49310 0.000283 2.57 287.8 0.0465 0.000254
Smokey Hills -0.03697 0.000144 0.17 16.3 0.0134 0.000073

Least-squares fit:

a = -0.00465KD

k = -1.09 In [1 - 0.000545
K
:]

In-bank flow

Mixed flow

In-bank flow

Mixed flow:
average widths
may be under
estimated

River basin Stream reach Estimation method
Source of
estimates

inihr

Santa Cruz Santa Cruz River, Tucson Streamflow data l 1.5-3.4 Matlock (1965)

e to Continental
Santa Cruz River, Tucson Streamflow data 3.2-3.7 Matlock (1965)

to Cortero
Rillito Creek, Tucson Streamflow data 0.5-3.3 Matlock (1965)
Rillito Creek, Cortero Streamflow data 2.2--5.5 Matlock (1965)
Pantano Wash, Tucson Streamflow data 1.6-2.0 Matlock (1965)
Average for Tucson area 1.65 Matlock (1965)

Gila Queen Creek Streamflow data: Babcock and
Summer flows 0.07-0.52 Cushing (1942)
Winter flows 0.37-1.05 Babcock and

Cushing (1942)
Average for all 0.54 Babcock and

events Cushing (1942)
Seepage losses in >2.0 Babcock and

pools2 Cushing (1942)
Salt River, Granite Reef Streamflow data 0.75-1.25 Briggs and Werho

Dam to 7th Avenue (1966)

San Pedro Walnut Gulch Streamflow data 1.1-4.5 Keppel (1960),
Keppel and
Renard (1962)···e Walnut Gulch Streamflow data 2.4 Peebles (1975)

.'t ..
~ .. '" .
".:.. ', .' San Simon San Simon Creek 0.18 Peterson (1962)

1 Transmission losses estimated from streamflow data.
2 Measurement of loss rates from seepage in isolated pools.
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viewed as qualitative estimates. Improved estimates
based on site-specific conditions were used in develop
ing the prediction equations.

For comparison, seepage loss rates for unlined ca
nals are shown in table 19-10. Though these data are
not strictly comparable with loss rates in natural
channels, they do show the variation in infiltration
rates with different soil characteristics. Infiltration
rates varied by a factor of over 20 (0.12-3.0 inlhr)
from a clay loam soil to a very gravelly soil.

Table 19-10.-Range of seepage rates in unlined canals (data
taken from Wilson et al. [1980J after Kraatz (1977))

Effective
hydraulic

conductivity Description of materials I

in/hr
0.12-0.18
0.25-D.38
0.3iHl.50

Clay-loam, described as "impervious"
Ordinary clay loam
Sandy loam or gravelly clay-loam with sand

and clay
0.5O--D.75 Sandy loam
0.75-D.88 Loose sandy soil

1.0-1.25 Gravelly sandy soils
1.5-3.0 Very gravelly soils

1 Does not reflect the flashy, sediment-laden character of
many ephemeral streams.
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HYDROLOGY

CHAPTER 20. WATERSHED TIELD

The water yield of a watershed, by years or seasons or months, is used
in the planning and design of some watershed projects, especially
those involving irrigation. The hydrologist supplies estimates of,
these yields, as required, or supplies methods adapted to specific
local conditions by which others may make the estimates. This chapter
contains general methods for estimating water yields on ungaged water
sheds, with suggestions for such modifications as local conditions may
justify.

Summary of Problems

Watershed yield is dependent on many physical factors, most of which
usually cannot be quantitatively determined during ordinary field
operations. Methods of estimating yield from ungaged watersheds ms.y
be classified as follows:

(a) Using only climatic factors. Examples are graphs or equations
using precipitation and temperature, or only precipitation.

(b) Using only ge-ographic location. Examples are maps having
lines of equal runoff, or the practice of estimating yield by
interpolation between gaged watersheds.

(c) Us and climatic fa rs. Examples are (1) water
accounting method, 2 regional analysis, and (3) use of
figure 10-1 and daily rainfall.

The choice of method often rests on the type of runoff to be estimated,
which may be classified as:

(a) Yield as a residual of precipitation after evapotranspiration.
Examples are watersheds where base flow predominates. Water
accounting methods are useful with this type.

(b) Yield as an excess of surface supply over watershed surface
intake. Examples are watersheds where surface runoff pre
dominates. Methods using rainfall and infiltration are needed,
such as a method utilizing figure lO-l.
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(c) Yield as a diverted flow. ElC8.mples are watersheds having
irrigation projects that get their supply outside of the
watershed and their return flows occur inside; or watersheds
with surface runoff predominating, whose streams carry return
or waste flows from irrigation projects or municipal and
industrial plants that pump their supplies from deep wells or
receive them from outside the watershed.

Instrumentation and watershed conditions may suggest or govern the choice
of method. These conditions may vary with watershed size--that is,
instrumentation or methods suitable for a small watershed having surface
runoff may be unsuitable for a large watershed (into which the small one
drains) that has a high percent of base flow; The conditions may
similarly vary with geographic location, the presence of water tables,
elevation, aspect, and ;atitude. Other factors that have influence can
also be listed. However, evaluation of the listed and unlisted factors
is still more properly a research activity. In practice, the primary
factors that can ordinarily be considered for ungaged streams are:
(1) streamflow on nearby watersheds, (2) precipitation, (3) hydrologic
soil-cover complexes, (4) evapotranspiration, (5) temperature,
(6) transmission losses, and (7) base flow accretions.

Determinations of water yield will usually have two types of error,
(1) that due to insufficient recognition of the natural fluctuations of
yield from year to year, and (2) that due to insufficient recognition
of the most important influences on yield in a given watershed. The
first type of error can be reduced by working with long records, the
second by further studies of all possible major influences. However,
increasing the time spent on yield estimates does not always assure
greater accuracy in the estimates. Therefore, the methods given below
should be considered as giving estimates so broad that the influence of
specific factors have large margins of error.

Methods for Estimating Yields

A fuller account of such methods will be given in the National Engineering
,Handbook, Section 4, Hydrology.

Regional analysis
The general procedure is described in Section 2.8 of the Guide. For water
yield, the method is used with annual, seasonal, or monthly flows of
gaged watersheds. The slopes of the frequency lines will vary, being
flattest for annual yields and becoming steeper (larger R on figure 18-3)
as smaller divisions of a year are used.

This method is s~table for estimating the first two types of runoff
mentioned above. It is readily adapted to watershed conditions, when
data are available, since the watersheds can be selected for whatever
factors can be used. However, the factors (and not the regional
analysis method) may yery strongly govern the accuracy of the results

"'y,i; .
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for watershed yield. For example, if one of the important factors on
the problem watershed is aspect, and it is too vaguely represented ~f

the gaged watersheds used in the analysis, then the accuracy of the
results of the regional analysis will suffer. Transmission losses,
for example, may be insufficiently detected by this method, and
additional field studies may be required to determine those losses.

Water accounting
This method is suitable for estimating the first type of runoff
mentioned above. As presented here, the method is A. L. Sharp's
modification and enlargement of a method proposed by C. W. Thornthwaite
in Trans. Amer. Geophys. Union, pp. 686-693, April 1944. The
transmission loss is not estimated by this method and must be determined
by other methods (Chapter 19).

The flow chart in Chapter 10 will assist in understanding the following
steps.

1. Obtain soils and land treatment data for the watershed.

2. Obtain estimates of the water-holding capacity of each soil or
soil group, expressed as inches depth of water between the
amounts at field capacity and wilting point. The soil depth
for which this capacity is needed is the depth of the intensive
root zone, or 3 feet, whichever is lesser.

3. Compute the water-holding capacity of the watershed, weighting
by areal extent of the soils or soil groups •

4. Obtain watershed cover data for the season or seasons for
which yields are to be estimated. Data needed are (1) types
of cover, and (2) areal extent.

5. Compute potential evapotranspiration (potential ET), or
consumptive use by months for each major crop or land use.
The Blaney-Criddle method of computing potential ET is generally
used as given in "Determining Water Require:ments in Irrigated
Areas from Climatological and Irrigation Data," by Harry F.
Blaney and Wayne D. Criddle, Soil Conservation Service, U.S.D.A.,
SCS-TP-96, Washington, D. C., revised 1952.

6. Compute monthly weighted potential ET for the watershed.

7. Obtain monthly rainfall data for the watershed, for a period
of years estimated to be long enough to give adequate yield
values (see Chapter 18 on length of record). The estimate of
length should. be made after previous use of figure 18-3 with
other yield data in the vicinity•
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8. Compute average rainfall over the watershed, by months, for
each year of record.

9. Tabulate rainfall and ET data as shown on table 20-1, and compute
runoff, by months, for each year of record.

(a) In table 20-1, the computation starts with a month when
available soil moisture is fully depleted. It could start
equally well with a month when the soils are fullz
saturated.

(b) If there is a break in the year, as in table 20-1, the
first month after the break should have either of the
moisture conditions given in (a) above.

(c) When the precipitation is snowfall, convert to water
equivalent (watershed average) before using in line 1
(see Chapter 11 for methods). Watersheds consistently
having snowfall on one portion and rainfall on the other
should be subdivided and the yields of the subdivisions
computed separately, then combined for total watershed
yield.

(d) Work with subdivisions if the watershed soils differ in
water-holding capacities by more than about 100% of the
smallest capacity or by more than about 1 inch, whichever
is greater. : :

( e) Work with subdivisions if the watershed precipitation
consistently varies widely in amount at different localities.
This may be determined using average annual precipitation.
The variation over a watershed (or subdivision) should
not be greater than about 30% of the smallest value, or
about 3 inches, whichever is greater.

,/

10. After completion of the computations for the selected length
of record, test the runoff estimates for adequacy of length of
record, using the method of Chapter 18. The test should be
made with values that will be used in planning or design.
For example, if annual values are to be used, when the,y are
tested; if monthly values are to be used, then all October
values are tested separately, next all November, and so on.
If the length of record is not adequate, additional years of
precipitation are added and the yield computations extended.

Transmission losses are subtracted after Step 10. If these losses are
proportionately large, it may be necessary to test the modified yields
for adequacy of length of record.
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Table 20-1. Sample computation by water accounting method.

Seasonal
Line Item October November December January February March April May runoff

All units in inches 1947 - 1948

1 11 Average rainfall 5.65 1.04 1.88 2.41 2.34 5.48 10.04 1.34
2 g; Initial soil moisture 0.0021 2.87 1.74 2.62 3.20 3.20 3.20 3.20
3 Total available moisture 5.65 3.91 3.62 5.03 5.54 8.68 13.24 4.54

-4 ~ Potential evapotrans-
piration 2.78 2.17 1.00 0.90 1.00 2.69 3.18 3.89

5 21 Actual evapotranspiration2.78 2.17 1.00 0.90 1.00 2.69 3.18 3.89
6 Remaining available

moisture 2.87 1.74 2.62 4.13 4.54 5.99 10.06 0.65
7 '2/ Final soil .moisture 2.87 1.74 2.62 3.20 3.20 3.20 3.20 0.65
8 Runoff 0.00 0.00 0.00 0.93 1.34 2.79 6.86 0.00 11.92

1948 - 1949

1 11 Average rainfall 0.75 0.84 3.53 1.24 2.22 7.34 0.03 0.46
2 Y Initial soil moisture 0.0021 0.00 0.00 2.53 2.87 3.20 3.20 0.05
3 Total available moisture 0.75 0.84 3.53 3.77 5.09 10.54 3.23 0.51
4 ~ Potentia~ evapotrans-

piration 2.78 2.17 1.00 0.90 1.00 2.69 3.18 3.89
5 21 Actual evapotranspirationO.75 0.84 1.00 0!90 1.00 2.69 3.18 0.51
6 Remaining available

moisture 0.00 0.00 2.53 2.87 4.09 7.85 0.05 0.00
7 £/ Final soil moisture 0.00 0.00 2.53 2.87 3.20 3.20 0.05 0.00
8 Runoff 0.00 0.00 0.00 0.00 0.89 4.65 0.00 0.00 5.54

11 Average over the watershed for each month of record.
Y At start of month. Same as "Final soil moisture" for previous month.
II See text, step 9, notes (a) and (b).
II Average annual values for the month.
if Total available moisture, or potential ET, whichever is smaller.
Q/ At end of month. Same as "Initial soil moisture" for next month. This is never larger than the water

holding capacity determined in Step 3 of the text--in this case, 3.20 inches.
Note: Data are for a West Coast area of the United States, where the June-September precipitation is
negligible.
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Direct runoff method
Daily rainfall values and figure 10-1 can be used to estimate yields when
these are of the second type described. Generally it may be assumed
that direct runoff is being estimated. The procedure consists of using
the method of Chapter 10 with all rainfalls. Snowmelt runoff is
estimated separately using the methods of Chapter 11.

Table 9-1, which is used to determine curve numbers on figure 10-1, gives
average values for the year. In using this table for yield estimates
it is usually necessary to go into more detail about the cover, so that
the weighted hydrologic soil-cover complex number varies not only for
antecedent moisture conditions but also for the variation in cover
throughout a given year and from year to year.

The direct runoff method is usually very tedious, since all daily
precipitation in a long period of record must be accounted for, day by
day, using soil-cover complex numbers that vary from month to month or
even more often. The laboriousness of the procedure, however, does not
guarantee close accuracy in the yield estimate.

Major errors with this method will generally be in the determinations
of soil-cover complexes (which will vary through the year) and in
antecedent moisture conditions (which will vary not only with precipitation
and temperature, but also with soil-cover complexes). This method is
more suitable for small watersheds than for large ones, since the large
watersheds will have some base flow, which may be a significant proportion
of total yield. Estimates by this method generally will have such a
margin of error that the effects of individual factors should not be given
much significance.

Climatic and geographic factors
In areas where there is no abrupt change in precipitation, hydrologic soil
cover complexes, or geology, yield may be readily estimated using maps
with lines of equal runoff. Generalized national maps, such as Plate 1
of U.S.G.S. Circular 52, should be used with great caution. The text of
the Circular, page 9, states that "Figure 2 and plate 1 should not be used
to estimate runoff from ungaged areas." More localized maps, however,
such as those prepared by John H. Dorroh, Jr. for the Southwestern States,
will be very useful, especially where the advice of the map's originator
may be sought.

K. M. Kent has used a form of the "direct runoff method" described above
to prepare typical yield frequency lines for selected soil-cover
complex numbers, which are used with a state map giving precipitation
indices. Given the soil-cover complex number, the yield for a given
frequency is quickly estimated for any locality in that state.

". I-. \.:....: ;/
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Graphs and equations of precipitation and temperature, or precipitation
alone, have been used in the past much more than they are today .
Figure 2. of U.S.G.S. Circular 52 is an ~xample (but see remark about
Plate 1). Such graphs and equations should be used with great caution
since so many factors are ignored.

Discussion

Since so many factors enter into the estimating of yields, and since
both the relative importance and quantitative influences of some factors
are nearly always unknown, estimates of yield should be conservative,
according to the use they will have. The planners and designers
who will use the yield estimates will be best able to state the direction
and degree of conservativeness required. The hydrologist can obtain the
conservativeness by the use of the methods given above, and those in
Chapter 18, Frequency Methods.
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Introduction

This chapter contains a systematic approach to the development of
design hydrographs for use in proportioning earth dams and their spill
ways according to SCS criteria. Included are data or sources of data
for design rainfall amount, duration, and distribution; methods of
modifying design runoff to include effects of channel losses, quick
return flow, or upstream releases; and methods for rapid construction
of hydrographs.•

The methodology presented in this chapter is suitable for the design
of many types of water control structures, including channel works,
but the emphasis is on hydrology for design of earth dams that pro
vide temporary storage for flood prevention in addition to permanent
storage for other uses. Its chief purpose is to contribute to safe
design. Although the methods are based on data of actual storms and
floods, they are not intended for reproducing hydrographs of actual
floods; more suitable methods for actual floods are found in earlier
chapters.

The remainder of this chapter is divided into two major parts. The
first is concerned with hydrologic design for principal spillways,
the second for emergency spillways. The examples in each part go
only as far as the completion of hydrographs. Methods of routing
hydrographs through spillways are given in chapter 17. Uses of hyd
rographs are illustrated in other SCS publications.

Principal Spillways

The SCS criteria require principal spillway capacity and the associa
ted .floodwater retarding storage to be such that project objectives
are met and that the frequency of emergency spillway operation is
within specified limits. The criteria are met by use of a Principal
Spillway Hydrograph (PSH) or its mass curve (PSMC), which are devel
oped as shown in this part of the chapter. Details of SCS hydrologic
criteria are given first, then details of the PSH and PSMC develop
ment are given in examples.

NEH Notice 4-1, January 1971
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Anyone of four methods of runoff determination is suitable for the
design of principal spillway capacity and retarding storage. They are
(1) the runoff curve number procedure using rainfall data and the water
shed's characteristics, (2) the use of runoff volume maps covering
specific areas of the United States, (3) the regionalization and trans
position of volume-duration-probability analyses made by the SCS Central
Technical Unit, and (4) the use of local streamflow data with provision
of sufficient documentation on the method and results. 'rhe latter two
methods are not discussed in this chapter because they vary in procedure
from c~e to case, due to conditions of local data, and standard pro
cedures have not yet been established.

Runoff Curve Number Procedure

The runoff curve number procedure uses certain climatic data and the
characteristics of a watershed to convert rainfall data to runoff vol
ume. This procedure should be used for those areas of the country not
covered by runoff volume and rate maps. (Exhibit 21.1 through 21.5.)

SOURCES OF RAINFALL DATA. Rainfall data for the determination of di
rect runoff may be obtained from maps in U.S. Weather Bureau technical
papers:

For durations to 1 day.--

TP-40. 48 contiguous States.
TP-42. Puerto Rico and Virgin Islands.
TP-43. Hawaii.
TP-47. Alaska.

For durations from 2 to 10 days.-

TP-49. 48 contiguous States
TP-51. Hawaii.
TP-52. Alaska.
TP-53. Puerto Rico and Virgin Islands.

AREAL ADJUSTMENT OF RAINFALL AMOUNT. If the drainage area above a
structure is not over 10 square miles, no adjustment in rainfall
amount is made. If it is over 10 square miles, the area-point ratios
of table 21.1 may be used to reduce the rainfall amount. The table
applies to all geographical locations serviced by SCS. The ratios
are based on the 1- and 10-day depth-area curves of figure 10, U.S.
Weather Bureau TP-49, but are modified to give a ratio of 1 at 10
square miles.

RUNOFF CURVE NUMBERS. The runoff curve number (CN) for the drainage
area above a structure is determined and runoff is estimated as de
scribed in chapters 7 through 10. The CN is for antecedent moisture
condition II and it applies to the l-day storm used in development of
the PSH or PSMC. If the lOa-year frequency la-day duration point

NEH Notice 4-1, January 1971
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CLIMATIC INDEX.
is:

21.3

.- Table 2l.l.--Ratios for areal adjustment of rainfall amount

Area/point Area/point ratio forArea ratio for Area1 day 10 days 1 day 10 days

sq.•. mi. sq. mi-

lO or less 1.000 1.000 80 937 0.968
15 .978 .991 100 0 132 .966
20 .969 .986 ~~6 28 .964
25 .964 .983 .925 .962
30 .960 .981 ~e \t\ ·922 .961

~3~
35 .957 . eO 180 .920 .960
40 .9"'>. ~e~\S 200 .918 .959
50 \)Se ." 250 .914 .957
60 .972 300 .911 .956
70 .; J .970 400 .910 .955

rainfall for the structure site is 6 or more inches, the CN for the 10
~ storm is taken from table 21.2. If it is. less than 6 inches, the CN
for the lO-day storm is the same as that for the l-day storm. The
10-day CN is used only with the total 10-day rainfall.

The climatic index used in this part of the chapter

where Ci =
Pa =
Ta =

Ci 100 Pa= (Ta) 2

climatic index
average annual precipitation in inches
average annual temperature in degrees Fahrenheit

(21.1)

Precipitation and temperature data for U. S. Weather Bureau stations
can be obtained from the following Weather Bureau publications:

Climatological Data. Issued annually and monthly for each State
or a combination of States and for Puerto Rico and Virgin Islands.
The annual issues contain annual and monthly data and averages or
departures; monthly issues contain similar information for indi
vidual months.

Climatic Summary of the United States - Supplement for 1931-1952.
Issued once for each State or a combination of States.

Climates of the States. Issued once for each State and for Puerto
Rico and Virgin Islands.

Monthly Normals of Temperature. Precipitation. and Heating
Degree Days. Issued once for each State or a combination of
States. Also contains annual averages.

(210-VI-NEH-4, Amend. 6, March 1985)
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Table 21.2.--Ten-day runoff curve numbers*

Runoff curve numbers for:

1 day 10 days 1 day 10 days 1 day 10 days

100 100 80 65 60 41
99 98 79 64 59 40
98 96 78 62 58 39
97 94 77 61 57 38
96 92 76 60 56 37

95 90 75 58 36
94 88 74 57 ~....60 35
93 86 73 .~ ~ ~..; 34
92 84 7'? ~e ~ 52 33
91 82 ~~~ 51 32

·SeO
90 (' ~e'ol~ 52 50 32
89 \)Se 69 51 49 31
88 68 50 48 30
87 70 67 48 47 29
86 74 66 47 46 28

........

85 72 65 46 45 27 ,'.':':' "\

84 71 64 45 44 27
83 69 63 44 43 26
82 68 62 43 42 25
81 66 61 42 41 24

* This table is used only if the lOO-year frequency 10-day point rain-

fall is 6 or more inches. If it is less, the lO-day eN 1s the same

as that for 1 day.

..- ..

(210-VI-NEH-4, Amend. 6, March 1985)
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Climatic Maps for the National Atlas. Maps with a scale of one
in ten million. A map for average annual precipitation is avail
able but there is no map for average annual temperature.

SCS personnel may obtain these publications thtough their Regional
Technical Service Center.

CHANNEL LOSSES. If "the drainage area above a structure has a climatic
index less than 1, then the direct runoff from rainfall may be decreased
to account for channel losses of influent streams. Channel losses can
be determined from local data but the" losses must not be more than de
termined by use of table 21.3. When adequate local data are not avail
able, table 21.3 is to be used. Example 21.1 gives the procedure for
making the channel los~ reduction of direct runoff.

Channel losses in areas where the climatic index is 1 or more will
require special study; results must be approved by the Director,
Engineering Division, before being used in final design hydrology.

QUICK RETURN FLOW. Quick return flow (QRF) is the rate of discharge that
persists for some period beyond that for which the la-day PSH is derived.
It includes base flow and other flows that become a part of the flood
hydrograph such as (1) rainfall that has infiltrated and reappeared
soon afterwards as surface flow; (2) drainage from marshes and potholes;
and (3) delayed drainage from snow banks. If the drainage area above
a structure has a climatic index greater than 1, then QRF must be
added to the hydrograph or mass curve of direct runoff from rainfall.
QRF can be determined from local data but it must not be less than the
steady rate determined by use of table 21.4. When adequate local data
are not available, table 21.4 is to be used. Example 21.2 gives the
procedure for adding QRF to the hydrograph or mass curve of direct run
off derived from rainfall.

UPSTREAM RELEASES. Releases from upstream structures must be added to
the hydrograph or mass curve of runoff. This addition must be made re
gardless of other additions or subtractions of flow. Upstream release
rates are determined from routin~s of applicable hydrographs or mass
curves through the upstream structures and the reaches downstream from
them.

COMBINATIONS OF CHANNEL LOSS 1 QUICK RETURN FLOW AND UPSTREAM RELEASE.
In the introduction it was stat~dthat the chief purpose of the method-
ology in this chapter is to contribute to safe de~ign and that these
methods are not intended for reproducing actual floods. Equation 21.1
and tables 21.1 through 21.4 must be considered in that light.

For large watersheds the topography may be such that two climat~c in
dexes are needed, for example where a semiarid plain is surrounded by
mountains. In such cases the design storm is determined for the water
shed as a whole, the direct runoff is estimated separately for the two

NEH Notice 4-1, January 1971
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TABLE 21.3--CHANNEL-LOSS FACTCRS FOR REDUCTION OF OIRECT RUNOFF

-------~-----~-----------------------~---------------- -----------------

CLI"ATIC INOEX eI
DRAJNA~t ---~------------------.----------------------------------AREA

1.0 o. , c.e 0.7 0.6 o.S o.~ OR
LESS

-----------------~------------------------------------ -----------------
SQ. MI.-------
1. OR LESS
2.
3.
4.
S.

6.
7.
a.
9.

10.

20.
30.
40.
50.
60.

70.
00.'0.

100.
lS0.

200.
2S0.
300.
350.
~oo.

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
.98
.98
.97
.96

.'6.'6

.9S

.95

.95

.93

.93

.92

.91

.91

.'1

.90

.90

.90

.e9

.89

.88

.88

.87

.87

1.00
.97
.95
.90\
.92

.92

.91

.'0

.90

.89

.86

.85

.84

.83

.82

.81

.81

.80

.80

.78

.77

.77

.76

.75
• 75

1.00
.95
.92
.90
.88

.87

.86

.85

.80\

.84

.7"

.77

.75

.70\

.73

.72

.71

.71

.70

.68

.Eo6

.65

.64

.6•

.63

1.00
.93
.89
.86
.84

.82

.81

.79

.78

.77

.72

.69

.66

.65

.63

.62

.62

.61

.60

.57

1.00
.9~

.85

.81

.78

.76

.75

.73

.72

.71

.64

.60

.57

.55

.54

.53

.52

.51

.50

.47

1.00
.87
.80
.76
.73

.70

.68

.66

.65

.63

.55

.51

.48

.0\ 6

.0\4

.35

.33

.32

.31

.30

/ ... \

,----.-..-_._._-----_.---._-----._-----_..-.--~----_._-- -...__._._------
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Table 21.4. Minimum quick return flow for PSH derived from

····e rainfall.

Ci QRF Ci QRF

in./day cam in./daY cam

1.00 0 0 1.50 0.234 6.29
1.02 .011 .30 1.52 .239 6.43
1.04 .022 .60 1.54- .244 6.56
1.06 .033 .90 1.56 .249 6.70
1.08 .045 1.20 1.58 .254- 6.83

1.10 •056 1.50 1.60* .259 6.96 .
1.12 .067 1.80 1.65 .270 7.26
1.14 .078 2.10 1.70 r-" 7.53

e 1.16 .089 2.40 1.15 . "60 7.80
1..18 .100 2.70 J" ~ 8.04

\t\~
1.20 .112 3.00 ~.~'O\e .308 8.28
1.22 .123 '7 6 .;.) .318 8.55
1.24 .13't ~\Se 1.95 .326 8.76
1.26 e ~e 2.00 .335 9.00
1.28 US ..11 2.05 .343 9.22

,",'·e 1.30 d.63 4.38 2.10* .351 9.44
;- ..... 1.32 .171 4.60 2.20 .367 9.87

1.34 .180 4.84 2.30 .382 10.27
1.36 .188 5.06 2.40 .396 10.65
1.38 .195 5.24 2.50 .410 11.02

1.40 .202 5.43 2.60 .423 • 11.37
1.42 .209 5.62 2.70 .436 11.72
1.44 .216 5.81 2.80 .449 12.07
1.46 .222 5.97 2.90 .461 12.40
1.48 .228 6.13 3.00** .473 12.72

* Change in tabulation interval.

** For Ci greater than 3, use:

QRF • 9 (Ci - 1)0.5 tor QRF 1I cam

or QRF. 0.335 (Ci - 1)°·5 tor QRF in

inches per day •

.... : ..-6.

·~";-"':.•
"~ :-'
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parts by use of appropriate eN and then combined, the channel loss re
duction is based on the area of the semiarid plain and its climatic
index, the hydrograph or mass curve of direct runoff is constructed,
and QRF from the mountain area is added.

If there are upstream structures, their releases are always added re
gardless of the downstream climatic index or other considerations.

Runoff Volume Maps Procedure

The runoff volume and rate maps, exhibits 21.1 through 21.5, are pro
vided for areas of the United States where measured runoff volumes vary
significantly from those obtained from the curve number procedure for
converting rainfall to runoff. The mapped areas are of two general
types: (1) the areas where runoff from either snowmelt, dormant season
rainfall, or a combination of the two produce greater runoff volumes
than growing season rainfall and (2) the deep snowpack areas of high
mountain elevations.

AREAS OF ~~PED RUNOFF VOLUME. The lOO-year lO-day runoff volume maps,
exhibits 21.1 and 21.4, represent regionalized values derived from
gaged streamflow data and supplemented with climatological data and
local observations. These values should be used for estimating flood
water detention storage within the map area where local streamflow
data are not adequate.

Areal reduction should not be made on the lO-day runoff volumes shown
in the maps. Since these "amounts were derived from stream gage data,
base flow and channel loss will be automatically included in the map
values and in Table 21.10.

Quick return flow in this procedure is used as the rate of discharge
expected to persist beyond the flood period described under the 10-day
PSH. The rates of discharge, exhibit 21.3, were derived by averaging
the accumulated depths of runoff between the 15th and 30th day on
volume-duration-probability (VDP) accumulation graphs. They were ob
tained from the same VDP station data from which the 100-year 10-day
runoff volumes in exhibi~ 21.1 were obtained.

When using the Runoff Volume Maps Procedure, the quick return flow
rate, exhibit 21.3, is made an extension to the PSH before routing it
through the reservoir, figure 21.1a.

DEEP SNOWPACK AREAS. Flood volume estimates from the deep snowpack
areas may be calculated from local streamflow data or by regionali
zation and transposition of streamflow data.

A standard procedure for maKing a regional analysis of volumes of
runoff for varying durations and frequencies has not been developed
at this time. Past experience has indicated that acceptable esti
mates can be made using multiple regression techniques. If watersheds
can be selected that are reasonably homogeneous with regard to items
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Figure 2l.la Quick Return Flow Combined with Principal Spillway
Hydrograph for the Runoff Volume Maps Procedure.

such as seasonal precipitation, range of elevation, aspect, cover,
geology, soils, etc., estimating equations can be developed with
a minimum number of independent variables. Until techniques are
developed to properly analyze the effects of a number of variables,
the selection of homogeneous gaged watersheds with as much similarity
to the ungaged watersheds as possible is recommended for estimating
volume-duration-probability data. Statistics from volume-duration
probability studies of gaged watersheds can also be used to assist
in developing estimating equations.

Construction of Principal Spillway Hydrographs and Mass ~urves

The principal spillway capacity and retarding storage amount are pro
po~ioned using the Principal Spillway Hydrograph (PSH) or its mass
'curve (PSMC) developed from ta.bulations given in table 21.10. Examples
in this section show how to select the appropriate set of tabulations
and to construct the PSH or PSMC. One or more routings of the PSH or
PSMC give the required storage and principal spillway capacity; the
routings are discussed in chapter 17.

DEVELOPMENT OF TABLE 21.10. The principles of hydrograph development
are discussed in chapter 16 but because the standard series of PSH
and PSMC is not described ther~, the method of preparation will be
briefly given here.

The PSH and PSMC in table 21.10 are developed from a continuous 10-day
period of on-site direct runoff, all of a given frequency. Choice of
the 10-day period is based on SCS experience with the use of both
stream-flow records and an earlier system of standardized hydrographs.
If the runoff in the 10-day period is arranged in order of decreasing
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rate of flow and then accumulated to form a mass curve, it has the
appearance of curve A in figure 21.1. Such a curve is a straight
line on log paper and it has the equation:

Qn = Q.IQ CD/IO}a (21.2)

where QD = total runoff at time D in days
Q,lO = total runoff at the end of 10 days
D = time in days
a = log (Ql0/Ql), in which Ql is the total runoff at the

end of 1 day

Thus, knowing only the 1- and 10-day runoff amounts, a continuous
mass curve can be developed for the entire 10-day period.

Examination of such mass curves of runoff from streamflow stations
in many locations of the United States showed that the exponent a
varied from 0.1 to 0.5. Extremes of 0.0458 and 0.699 were chosen for
the standard curves; these extremes correspond to Ql/QIO ratios of
0.9 and 0.2 respectively. The ratio Ql/QIO is used hereafter in this
chapter as a parameter in preference to ~ or QIO/Ql because QIO is
more satisfactory as a divisor in preparing PSH and PSMC with dimen
sionless rates and amounts of flow. Ql!QlO ratios 'of 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8, and 0.9 were selected to give representative
degrees of curvature for the runoff curves.

The 10-day on-site runoff for each Ql/.Qlo ratio was rearranged as shown
in table 21.5 to provide a moderately critical distribution of the
10-day runoff. This gave a distribution midWay between extremes that
are theoretically possible. On figure 21.1, curves A and B show the
extremes and curve C shows the rearranged distribution for a Ql/QIO
ratio of 0.4.

The effects of watershed lag were included by taking increments of
runoff for each of the ei~ht typical mass curves, making incremental
hydrographs, and summing these to give total hydrographs for water
sheds with times of concentration of 1.5, 3, 6, 12, 18, 24, 30, 36,
42, 48, 54, 60, 66, and 72 hours. This gave 112 hydrographs , each of
which was reduced to unit rates of runoff and afterwards accumulated
and reduced to unit mass curves. Curve D in figure 21.1 is the mass
curve developed from curve C for a watershed with a time of concentra
tion of 24 hours. Runoff for curve D went on for more than a day past
the termination point E but because the rate was so small, the mass
curve was terminated as shown. Other PSH and PSMC in table 21.10 are
similarly terminated. The time interval is varied to reduce the size
of the table and at the same time give enough points for reproducing
the PSH and PSMC accurately. Straight-line connection of points is
accurate enough for graphical work and linear interpolation for tabu
lar work.

USE OF TABLE' 2L'lO. The parameters for selecting a set of tabulations
from table 21.10 are the Ql/Qlo ratio and the time of concentration Tc
in hours. The ratio and Tc of a watershed will seldom be values for
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Table 21.5.--Arrangement of increments before construction of PSH,'. and PSMC

Time Increment

days

0.0 to 0.5 19th largest ],./2 day
0.5 to 1.0 17th " " "
1.0 to 1.5 15th " " "
1.5 to 2.0 13th " " "
2.0 to 2.5 11th " " "
2·5 to 3.0 9th " " 'I

3.0 to 3·5 7th " " "
3·5 to 4.0 5th " " "
4.0 to 4.5 3rd " " "

·e 4.5 to 4.6 9th largest 1/10 day

4.6 to 4.7 7th " " "
4.7 to 4.8 5th " " "
4.8 to 4.9 3rd " " "
4·9 to 5.0 Largest 1/10 day
5.0 to 5·1 2nd largest 1/10 day

-.,: .
5.1 to 5.2 4th " " ""e<:~\'. 5.2 to 5.3 6th " " "
5.3 to 5.4 8th " " "
5.4 to 5.5 lOth " " "
5.5 to 6.0 4th largest 1/2 day

6.0 to 6.5 6th " " "
6.5 to 7·0 8th " " "
7.0 to 7.5 lOth " " "
7.5 to 8.0 12th " If "
8.0 tIJ 8.5 14th " " "

8.5 to 9.0 16th " " If

9·0 to 9.5 18th " " "
9.5 to 10.0 20th " " "
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which the table is prepared, therefore choose that set having a Ql/QIO
ratio and Tc nearest those of the watershed. It is easier to make
the choice on table 21.9, which gives available PSH and PSMC and their
serial numbers, and then to look up the serial number in table 21.10
for the tabulations.

Examples

The procedure by which a PSH or PSMC is developed will be illustrated
by four examples. In example 21.1, channel losses are taken from
direct runoff before development of a PSH and PSMC; in example 21.2,
QRF is added to a PSH and PSMC; in example 21.3, runoff volume and
rate maps (exhibit 21.1 through 21.5) are u,sed to obtain runoff; and
in example 21.4, upstream releases are added to a PSH.

Example 21.1.--Develop the 50-year frequency PGH and PSMC for a
watershed located at latitude , longitude __
The watershed has a drainage area of 15.0 square miles, time of
concentration of 7.1 hours, average annual precipitation of 22.8
inches, average annual temperature of 61.5°F, and a runoff curve
number (CN) of 80. There are no upstream structures.

1. Compile the 1- and la-day point rainfall amounts from U.S.
Weather Bureau maps. For this location TP-40 and TP-49 are used.
The 50-year frequency 1- and 10-day amounts are 6.8 and 11.0
inches respectively.

2. Determine the areal rainfall. Get the adjustment factors from
table 21.1. For the drainage area of 15.0 square miles they are
0.978 and 0.991 for the 1- and 10-day rains respectively. The
areal rainfall is 0.978(6.8) = 6.65 inches for the I-day rain
and 0.991(11.0) = 10.9 inches for the 10-day rain.

3. Determine the CN for the 10-day rain. First check whether
the 100-year frequency 10-day point rainfall amount is 6 or more
inches. The appropriate map in TP-49 shows it is, therefore
enter table 21.2 with the l-day CN of 80 and find the 10-day
CN is 65.

4. Estimate the direct runoff for 1 and 10 days. Enter figure
10.1 with the rainfall amounts from step 2 and the appropriate
CN from step 3 and find Ql = 4.37 and QIO = 6.34 inches.

5. Compute the climatic index. Using the given data and equa
tion 21.1, the index Ci is 100(22.8)/61.5 2 = 0.603. Because
the Ci is less than 1 the channel loss may be used to reduce
direct runoff.

6. Estimate the net runoff. The net runoff is the direct run
off minus the channel loss but when table 21.3 is used the net
runoff is obtained by a multiplication not a subtraction. Enter
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table 21.3 with the drainage area 15.0 sQuare miles· and the Ci
of 0.603 and by interpolation find a reduction factor of 0.75.
Multiply Ql and QIO of step 4 by the factor to get net runoffs
of 3.28 and 4.76 inches respectively. The net runoffs will be
Ql and QIO in the rest of this example.

7. Compute the Ql/Qlo ratio. From step 6, Ql/Qlo = 3.28/4.76 =
0.689.

8. Find the PSH and PSMC tabulations in table 21.10. Enter
table 21.9 with the ratio 0.689 and Tc of 7.1 hours and find that
the PSH with values nearest those is No. 22. Locate the appro
priate tabulations in table 21.10 by looking up PSH No. 22. Col
umns 1, 2, and 4 of table 21.6 show the time, rate, and mass
tabulations taken from table 21.10.

9. Compute PSH discharges in cfs. First find the product of
drainage area and QI0. This is 15.0(4.76) =71.40 mile 2-inches.
Multiply the entries in column 2, table 21.6 by 71.40, to get
the discharges in cfs in column 3.

10. Compute PSMC amounts in inches. Multiply the entries in
column 4, table 21.6, by QIO (4.76) to get accumulated runoff in
inches as shown in column 5. If amounts in acre-feet or another
unit are desired, convert QI0 to the desired unit before making
the series of multiplications.

The example is completed with step 10. The next step is that of rout
ing the PSH or PSMC through the structure; see chapter 17 for routing
methods.

In the second example the steps concerning channel loss are omitted
and steps concerning QRF are included.

Example 2l.2--Develop the 25-year freQuency PSH and PSMC for a water-
shed at latitude , longitude The watershed has a
drainage area of 8.0 sQuare miles, time of concentration of 2.0 hours,
average annual precipitation of 30.5 inches, average annual tempera
ture of 53.loF, and a runoff curve number of 75. QRF during flood
periods is estimated to be 5 cfs. There are no upstream· structures
in the watershed.

1. Compile the 1- and 10-day point rainfall amounts from U.S.
Weather Bureau maps. For this location TP-40 and TP;49 are used.
The 25-year freQuency 1- and 10-day amounts are 5.6 and 12.5 in
ches respectively.

2. Determine the areal rainfall. Because the drainage area is
not over 10 sQuare miles the areal rainfall is the same as the
point rainfall. The amounts in step 1 will be used.
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Table 2l.6.--PSH and PSMC for example 21.1

Time cfs PSH Acc. Q
PS~

A Q,10 Q,10

days csm/inch cfs inches

0 0 0 0 0
.2 .231 16 .0007 .00
.5 .418 30 .0045 .02

1.0 .535 38 .0135 .06
2.0 .610 44 .0340 .16

3.0 .83"7 60 .0609 .29
3.6 1.123 80 .0827 .39
4.0 1.398 100 .1019 .48
4.3 1.932 138 .1196 .57
4.6 2.865 204 .1464 ·70

4.8 3.973 284 .1709 .81
4.9 5.461 39J .1883 .9J
5.0 27.118 1936 .2482 1.18
5.1 55.278 3947 .3998 1.9J
5.2 41.011 2928 .5770 2.75

5.3 23.735 1695 .6961 3·31
5.4 13·975 998 .7655 3.64 .:..; \

5.5 8.668 619 .8072 3.84 ,
5.6 . 5.638 402 .8335 3.97 '. _....

5.8 2.818 201 .8634 4.11

6.0 1.859 133 .8798 4.19
6.5 1.360 97 .9J78 4.32
7.0 1.002 72 .929J 4.42
7.5 .804 57 .9453 4.50
8.0 .687 59 .9588 4.56

9.0 .533 38 .9812 4.67
9.9 .416 30 .9966 4.74

10.1 .194 14 ·999J 4.76
10.3 .044 3 .9998 4.76
10.8 0 0 1.0000 4.76
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3. Determine the CN for the 10-day rain. The 10-day amount in
step 1 is over 6 inches therefore the 100-year 10-day amount is
too, and table 21.2 may be used. Enter the table with the CN of
75 for 1 day and find the CN is 58 at 10 days.

4. Estimate the direct runoff for 1 and 10 days. Enter figure
10.1 with the rainfall amounts from step 2 and the appropriate
CN from step 3 and find Ql = 2.94 and QIO = 6.68 inches. Because
there are no channel losses, the direct runoff is the net runoff.

5. Compute the Ql/Qlo ratio. From step 4, Ql/QIO = 2.94/6.68 =
0.440.

6. Find the PSH and PSMC tabulations in table 21.10. Enter table
21.9 with the ratio of 0.440 and Tc of 2.0 hours and find that the
PSH and PSMC with values nearest those is No.3. Locate the
appropriate tabulations in table 21.10 by looking up PSH No.3.

7. Compute PSH discharges in cfs. First find the product of
drainage area and QIO. This is 8.0(6.68) - 53.44 mile 2 -inches.
Multiply the entries in~able 21.10 for PSH No.3 by 53.44 to
get discharges in cfs. These are shown in column 2, table 21.7,
under the heading of "Preliminary PSH" because the final PSH must
contain QRF.

8. Compute PSMC amounts .in inches. Multiply the entries in table
21.10 for PSMC No.3 by QIO (6.68 inches) to get accumulated
runoff in inches. The results are shown in column 5, table 21.7,
under the heading "Preliminary PSMC" because the final PSMC must
contain accumulated QRF. If the PSMC is to be in acre-feet or
another unit, convert QIO to the desired unit before making the
series of multiplications.

9. Determine the minimum permissible quick return flow. First
com~ute the climatic index: using the average annual precipita
tion and temperature and equation 21.1, the index Ci is 100(30.5)/
53.1 2 = 1.08. Enter table 21.4 with the Ci of 1.08 and find that
the minimum QRF is 0.045 inches per day or 1.20 csm, which con
verts to 8.0(1.20) = 9.6 cfs. The locally estimated QRF is 5 cfs.
Therefore the minimum permissible QRF is 9.6 cfs because it·is
larger than the locally estimated flow. Round 9.6 to 10 cfs and
11abulate in column 3, table 21. 7 .

10. Add QRF to the preliminary PSH. The QRF shown in column 3,
table 21.7, is added to the preliminary PSH, column 2, to give the
PSH ~ischarges in column 4.

11. Add QRF to the preliminary PSMC. The accumulated QRF in
inches, column 6, table 21.7, is added to the preliminary PSMC
column 5, to give the PSMC amounts in column 7.
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Table 21.7.--PSH and PSMC for example 21.2

Time Prelim- PSH Prelim- PSMCinary QRF* inary Acc.
PSH PSMC QRF**

d~ cfs cfs cfs inches inches inches

0 0 10 10 0 0 0
.1 48 10 58 .01 .00 .01
.5 60 10 70 .11 .02 .13

1.0 69 10 79 .26 .04 .30
2.0 78 10 88 .60 .09 .69

3.0 100 10 110 1.00 .14 1.14
3.5 118 10 128 1.26 .16 1.42
4.0 146 10 156 1.58 .18 1.76
4.2 181 10 191 1.72 .19 1.91
4.4 230 10 240 1.91 .20 2.11

4.6 259 10 269 2.13 .21 2.34
4.7 298 10 308 2.25 .21 2.46
4.8 370 10 380 2.40 .22 2.62
4.9 512 10 522 2.60 .22 2.82
5.0 ,1992 10 2002 3.16 .22 3.38

5.1 1039 10 1049 3.84 .23 4.07 : ~('''\

5.2 567 10 577 4.20 .23 4.43
5.3 383 10 393 4.42 .24 4.66

. '

5.4 302 10 312 4.57 .24 4.81
5.5 257 10 267 4.69 .25 4.94

5.6 207 10 217 4.80 .25 5.05
5.8 174 10 184 4.97 .26 5.23
6.0 154 10 164 5.11 .27 5.38
6.5 128 10 138 5.41 .29 5.70
7.0 108 10 118 5.66 .32 5.98

8.0 84 10 94 6.07 .36 6.43
9·0 72 10 82 6.41 .40 6.81

10.0 57 10 67 6.66 .45 7.11
10.1 2 10 12 6.68 .45 7.13
10.3 0 10 10 6.68 .46 7.14

11.0 0 10 10 6.68 .50 7 .18
12.0 0 10 10 6.68 .54 7.22
etc. etc. etc. etc. etc. etc. etc.

* 9.6 cfs rounded to 10 cfs.

** At a rate of 0.045 inches per day.

.
,.''''.
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In the third example the use of the runoff volume maps is illustrated.

Example' 21.3--Develop the 100-year frequency PSH for a water
~hed located at 43° latitude and 77° longitude. The watershed
has a drainage area of 12 square miles, time of concentration of
3.5 hours.

1. Estimate 100-year 10-day runoff volumes from exhibit 21.1.
The interpolated value is 8.8.

2. Select the Ql/QIO ratio from exhibit 21.2. For th1s area
the value is 0.4.

3. Calculate l-day volume of runoff.
(8.81 = 3.52 inches.

Ql/QIO = 0.4, Ql = (0.4)

; :.

4. Find the PSH tabulations in Table 21.10. Enter table 21.9
with the Ql/QIO ratio of 0.4 and Tc of 3.5 hours and find that
the PSH 'with values nearest is No. 11. Locate appropriate tabu
lations in table 21.10 by looking up PSH No. 11.

5. Compute PSH dischar~es in cfa. Find the product' of drainage
area and QIO. This i~ 12) (8.8) =105.6 mile 2-inches. Entries
for PSH No. 11 are multiplied by this value to obtain discharge
in cfa. These are shown in column 2, table 21.8.

6. Determine the' quick-return flow rate. From exhibit 21.3 the
interpolated value i~ 5.3 csm.

7. Extension of uick-return flow ond the PSH. The
quick-return flow rate is' 12 5.3 3. cfs, round to 64
cfs. This constant rate of discharge is an extension to the
PSH as shown in figure 21.1a, and column 4, table 21.8. No
value less than 64 cfa should be used in the recession side of
the PSH.

The procedure for adding releases from upstream structures is shown
in the following descriptive example. If a lower structure has
channel losses in its contributing area the deduction for channel loss
is made in the preliminary PSH for that area. Deductions may also
be required ~or PSH of the upper structures but once these PSH are
routed through the structures no further deductions are made in the
release rates.

Example 2l.4--Adding releases from upstream structures when de
veloping the PSH for a lower structure in a series is done as
follows:

1. Develop the preliminary PSH for the lower structure. Use the
method of example 21.1 or 21.2 or 21.3 whichever is applicable.
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Table 21.8.--PSH for Example 21.3.

Prelim-
inary

Time PSH QRF PSH

days cfs cfs cfs

0 0 0
.1 61 61
.5 116 116

1.0 134 134
2.0 151 151

3.0 195 195
3.5 230 230
4.0 285 285
4.3 371 371
4.6 495 495

4.8 667 667
4.9 894 894
5.0 2885 2885
5.1 2455 2455
5.2 1478 1478

5.3 954 954 . \

5.4 696 696 .: ....

5.5 552 552
5.6 446 446
5.7 383 383

5.8 352 352
6.0 307 307
6.5 251 251
7.0 211 211
7.5 181 181

8.0 . 163 163
9.0 140 140

10.0 111 III
10.1 16 64 64
10.7 0 64 64

11.0 0 64 64
12.0 0 64 64
etc. etc. etc. etc~
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2. Flood-route the upstream structure releases or outflows to
the lower structure. Chapter 17 discusses flood-routing
procedures.

3. Add the routed flows to the preliminary PSH to get the PSH
for the lower structure.

Note that if an upstream structure is it~elf a lower structure in a
series then the procedure of example 21.4 must be followed for it
first.

Table 21.9.--Seria1 numbers of PSH and PSMC

T .
Q1/Q 1O

C

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

hours
Serial numbers

.1. 5* 1 2 3 4 5 6 7 8
3 9 10 11 12 13 14 15 16
6. 17 18 19 2fJ 21 22 23 24

:e 12 25 26 27 28 29 30 31 32
18 33 34 35 36 37 38 39 40

24 41 42 43 44 45 46 47 48
30 49 50 51 52 53 54 55 5.6
36 57 58 59 60 61 62 63 64
42 65 66 67 68 69 70 71 72
48 73 74 75 76 77 78 79 80

54 81 82 83 84 85 86 87 88
·60 89 90 91 92 93 94 95 96

66 97 98 99 100 101 102 103 104
72** 105 106 107 108 109 110 III 112

* Use this row for all Tc less than 1.5 hours.

** Use this row for all Tc over 72 hours.
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Table 21.10.--Time) rate and mass tabulations for Principal Spillway
Hydrographs (PSH) and Mass Curves (PSMC)

Tc = 1.5 hours

Serial No. 1 2 3 4
Ql /Ql0 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC
days cfs!AQ10 §J§..O cfs!AQ,10 ~10 cfs!AQ,10 9J..g,10 Cfs!AQ,10 ~O

0 0 0 0 0 0 0 0 0 •.1 1.584 .0028 1.188 .0021 .89J .0016 .704 .0013
.5 2.014 .0308 1.510 .0230 1.119 .0170 .895 .0136

1.0 2.126 .0687 1.594 .0515 1.286 .0397 .951 .0305
2.0 2.237 .148:0 1.846 .1156 1.454 .0894 1.203 .0705

3.0 2.517 .2358 2.209 .19J4 1.873 .1505 1.510 .1208
3.5 2.741 .2845 2.489 .2342 2.208 .189J 1.846 .l530
4.0 3.210 .3385 2.992 .2866 2.741 .2365 2.405 .l946

.lJ. ..2 3.470 .3624 ii.618 .3094 3.394 .2583 3.222 .2144
4.4 3.760 .3885 4.237 .3374 4.3l3 .2854 3.928 .2396

4.6 4.060 .4l72 4.732 .3701 4.851 .3186 4.655 .2706 .- .

4.7 4.342 .4323 5.257 .3881 5.570 .3373 5.485 .2888 . -':''1
4.8 4.868 .4489 6.209 .4087 . 6.916 .3597 6.966 .3l11

..

4.9 5.708 .4679 8.068 .4343 9.587 .3893 10.303 .3421
5.0 10.027 .4962 21.540 .4876 37.270 .4734 57.224 . .4632

5.l 7.689 .5281 13.395 .5504 19.442 .5752 25.499 .6115
5.2 5.825 .5524 8.470 .5897 10.603 •629l l2.108 .679J
5.3 4.916 .5718 6.320 .6l62 7.l62 .6610 7.460 .7141
5.4 4.444- .5886 5.270 .6371 5.642 .6840 5.520 .7373
5.5 4.065 .6040 4.652 .6549 4.812 .7027 4.584 .7555

5.6 3.546 .6l76 3.976 .6704 3.875 .7183 3.605 .7701
5.8 3.300 .6430 3.230 .6971 3.26l .7435 2.847 .7927
6.0 3.l93 .6659 3.124 .7196 2.882 .7653 2.553 .8121
6.5 2.797 .7l83 2.713 .7696 2.405 .8100 2.070 .8505
7.0 2.629 .7661 2.321 .8l26 2.020 .8476 1.678 .88l6

8.0 2.293 .8526 1.846 .8848 l.566 .9082 l.230 .9305
9.0 2.l26 .9306 1.594 .9458 1.342 .9590 .95l .9683

lp.O l.9J2 .9948 1.510 .9959 l.063 •997l .839 .9977
10.l .070 .9998 .056 .9999 .039 .9999 .03l .9999
10.3 0 1.0000 0 1.0000 0 1.0000 0 1.0000
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Table 21.10.--(Continued)

e Tc = 1.5 hours

Serial No. : 5 6 7 8
Q1/Q10 : 0.6 0.7 0.8 0.9

Time PSH PSM:: PSH PSM:: PSH PSMC PSH PSMC
days cfs/AQJO Q/QJO Cfs/AQJO ~O cfs/AQJO Q/Ql0 Cfs/A~O ~O

0 0 0 0 0 0 0 0 0
.1 .528 .0009 .352 .0006 .198 .0004 .088 .0002
.5 .671 .0102 .470 .0068 .280 .0040 .140 .0019

1.0 .754 .0232 .559 .0164 .330 .0095 .168 .0047
2.0 .922 .0534 .642 .°373 .442 .0240 .218 .0113

).0 1.225 .0929 .867 .0654 .587 .0428 .302 .0203
3.5 1.482 .1186 1.113 .0844 .671 .0546 .390 .0268
4.0 2.014 .1533 1.454 .1095 1.062 .0723 .531 .0359
4.2 2.808 .1702 2.034 .1222 1.650 .0826 .838 .0412
4.4 3.374 .1918 2.855 .1400 1.678 .0946 .974 .0479

4.6 4.154 .2191 3.405 .1621 2.442 .1096 1.270 .0555
4.7 4.960 .2354 4.162 .1757 3.055 .1194 1.660 .0607,'. 4.8 6.567 .2561 5.627 ~1932 4.179 .1324 2.317 .0678
4.9 10.131 .2860 9.071 .2195 6.888 .1522 3.956 .0790
5.0 81.384 .4500 109.748 .4323 142.265 .4191 179.016 .4063

5.1 31.367 .6520 36.714 .6945 41.728 .7483 45.898 .8086
5.2 12.872 .7312 13.042 .7836 12.441 .8452 11.085 .9105
5.3 7.150 .7671 6.332 .8183 5.140 .8767 3.430 .9364
5.4 5.069 .7890 4.242 .8372 3.117 .8915 1.704 .9456
5.5 4.112 .8054 3.366 .8508 2.426 .9014 1.298 .9510

5.6 2.998 .8182 2.554 .8614 1.696 .9088 .909 .9550
5.8 2.554 .8379 1.976 .8770 1.406 ·9195 .805 .9605
6.0 2.028 .8543 1.622 .8897 1.088 .9286 .569 .9652
6.5 1.678 .8853 1.371 .9152 .929 .9459 .426 .9734
7.0 1.342 .9103 1.007 .9344 .671 .9586 .314 .9796

8.0 .924 .9481 .699 .9626 .420 .9765 .224 .9887
9.0 .727 .9769 .532 .9840 .308 .9897 .168 .9953

10.0 .587 .9984 .420 .9989 .258 .9993 .118 .9997
10.1 .022 1.0000 .016 1.0000 .009 1.0000 .004 1.0000
10.3 0 1.0000 0 1.0000 0 1.0000 0 1.0000

,,'""W
"
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Table 21010.--(Continued)

Tc = 3 hours

Serial No •. : 9 10 11 12
Ql/Ql0 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSM::

days cfs!AQ10 Q!Ql0 CfS!A~O ~O CfS!A~O ~10 cfS!A~O ~O

0 0 0 0 0 0 0 0 0
.1 1.034 .0019 .775 .0014 .574 .0010 .460 .0008
.5 1.984 .0277 10488 .0207 1.102 .0153 .882 .0122

1.0 2.097 .0654 10572 .04SX) 1.269 .0377 .938 .02SX)
2.0 2.207 .1445 1.821 .1128 1.434 .0872 1.186 .0686

3.0 2.483 .2319 2.178 .1870 1.844 .1476 1.4SX) .ll85
3.5 2.703 .2803 2.455 .2304 2.175 . .1856 1.820 .1501
4.0 3.226 .3336 2.951 .2819 2.702 .2322 2.372 .1sx)9
4.3 3.515 .3697 3.687 .3172 3.516 .2657 3.283 .2214
4.6 3.982 .4110 4.599 .3630 4.687 .3114 4.455 .2638

4.8 4.60·7 .4419 5.770 .4001 6.321 .3505 6.315 .3020
4.9 5.310 .4600 7.265 .4238 8.462 .3774 8.934 .3296 :.: ...:,
5.0 8.383 .4850 16.609 .4674 27.323 .4424 40.542 .4196 .' .;

5.1 8.061 .5150 15.002 .5250 23.244 .5344 32.577 .5526
5.2 6.429 .5414 10.246 .5710 13.995 .6022 17.510 .6436

5.3 5.305 .5628 7.384 .6031 9.038 .6441 10.235 .6940
5.4 4.654 .5810 5.842 .6272 6.587 .6725 6.862 .7251
5.5 4.194 .5972 4.926 .6468 5.225 .6940 5.100 .7468
5.6 3.708 .6ll6 4.214 .6635 4.227 .7112 3.989 .7634
5.7 3.583 .6249 3.874 .6782 3.631 .7255 3.293 .7766

5.8 3.367 .6376 3.406 .6915 3.331 .7382 2.940 .78&J
6.0 3.143 .6610 3.095 .7148 2.sx)5 .7607 2.581 .8079
6.5 2.762 .7140 2.677 .7654 2.374 .8063 2.042 .8473
7.0 2.593 .7620 2.291 .80SX) 2.000 .8444 1.656 .87sx)
7.5 2.428 .8071 2.069 .8477 1.712 .8770 1.407 .sx)57

8.0 2.262 .84SX) 1.821 .8819 1.545 .sx)58 1.214 .9286
9.0 2.097 .9273 1.573 .9433 1.324 .9569 .938 .9669

10.0 1.877 .9919 1.4SX) .9936 1.050 .9955 .829 .9964
10.1 .280 .9991 .222 .9993 .156 .9995 .123 .9996
10.7 0 1.0000 0 1.0000 0 1.0000 0 1.0000



21.23

Table 21 J..O. --(Continued)•• Tc = 3 hours

Serial No. : 13 14 15 16
Q1/Q10 : 0.6 0.7 0.8 0·9

Time PSH PSM: PSH PSMC PSH PSMC PSH PSM:
days cfs!AQJO sLslo cfS!AQ,10 ~10 cfs!AQ,10 ~10 cfs!AQ10 Q!Ql0

0 0 0 0 0 0 0 0 0
.1 .345 .0006 .230 .0004 .129 .0002 .057 .0001
.5 .661 .0092 .455 .0061 .274 .0036 .137 .0017

l.O .741 .0221 .550 .0156 .318 .0090 .165 .0045
2.0 .906 .0520 .630 .0363 .428 .0234 0208 .0110

3.0 1.200 .0910 .855 .0641 .579 .0420 0290 .0198
3.5 1.462 .1164 1.090 .0827 .662 .0536 .382 .0262
400 1.986 .1502 1.434 .1073 1.044 00707 .524 .0351
4.3 2.802 .1762 2.305 .1270 1.626 .0860 .892 .0431
4.6 3.961 .2J.3l 3.220 .1573 2.277 .1062 1.160 .0538

4.8 5.881 .2477 5.004 .1861 3.699 .1271 2.035 .0650
. - 4.9 80682 .2741 7.686 .2091 5.803 .1444 3.303 .0746":. 5.0 56.240 .3920 74.415 .3581 94.971 .3272 118.066 .2947

5.1 42.862 .5720 53.883 .5910 65.740 .6187 78.137 .6504
5.2 20.664 .6874 23.462 .7314 25.834 .7848 27.664 .8423

5.3 10.890 .7447 1l.095 .7941 10.896 .8514 10.182 .9109
5.4 6.744 .7767 6.234 .8256 5.412 .8810 4.240 .9370
5.5 4.686 .7975 3.953 .8441 2.980 .8962 1.764 .9479
5.6 3.438 .8122 2.890 .8565 1.996 .9053 1.073 .9531
5.7 2.871 .8237 2.282 .8659 1.580 .9118 .793 .9564

5.8 2.618 .8337 2.033 .8737 1.436 .9172 .781 .9593
6.0 2.113 .8509 1.659 .8870 1.149 .9267 .587 .9642
6.5 1.656 .8827 1.356 .9130 .924 .9445 .427 .9728
7.0 1.325 .9082 .995 .9328 .662 .9576 .317 .9791
7.5 1.080 .9291 .802 .9484 .525 .9678 .250 .9841

8.0 .915 .9467 .650 .9615 .414 .9759 .22J. .9883
9.0 .719 .9758 .528 .9832 .304 .9892 .166 .9951

10.0 .582 09975 .415 .9982 .262 .9989 .123 .9995
10.1 .086 .9997 .062 .9998 .038 .9999 .018 .9999
10.7 0 1.0000 0 1.0000 0 1.0000 0 1.0000

.::a..,
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,,
Table 2l.10.--(Continued)

Tc = 6 hours

Serial No. : 17 18 19 20
Ql/QI0 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSl;C PSH PSl;C

days CfS!A9::J..O ~O cfs!AQI0 ~O Cfs!A~O ~O cfs!ASI0 g&0

0 0 0 0 0 0 0 0 0
.2 1.038 .0031 .779 .0023 .577 .•0017 •461 .0014•
.5 1.862 .0205 1.397 .0154 1.035 .0114 .828 .0091

1.0 2.063 .0575 1.547 .0431 1.244 .0329 .923 .0255
2.0 2.1"(4 .1361 1.792 .1059 1.410 .0818 1.164 .0641

3.0 2.444 .2225 2.136 .1787 1.800 .1407 1.462 .1l28
3.6 2.714 .2800 2.489 .2302 2.215 .1854 1.876 .1500
4.0 3.006 .3220 2.886 .2709 2.636 .2222 2.314 .1820
4.3 3.284 .3571 3.349 .3044 3.178 .2536 2.944 .2l02
4.6 3.801 .3964 4.282 .3466 4.310 .2950 4.029 .2485

4.8 4.196 .4258 5.046 .3807 5.340 .3300 5.225 .2820
;.;,'"'::-:\4.9 4.653 .442l 5.951 .4010 6.616 .352l 6.72l .3040

5.0 5.991 .4618 9.630 .4298 . 13.534 .3892 17.748 .3491
5.1 7.547 .4868 14.087 .4736 22.175 .4551 31.771 .4404
5.2 7.180 .5141 12.665 .5230 18.923 .5309 25.805 .5464

5.3 6.166 .5388 9.785 .5645 13.444 .5906 17.306 .6254
5.4 5.330 .5601 7.628 .5967 9.677 .6332 1l.430 .6778
5.5 4.723 .5786 6.186 .6222 7.310 .6645 8.067 .7138
5.6 4.2l2 .5952 5.169 .6432 5.727 .6886 5.954 .7396
5.8 3.587 .6237 3.923 .6764 3.881 .7233 3.641 .7741

6.0 3.188 .6486 3.2l4 .7023 3.109 .7487 2.784 .7972
6.5 2.757 .7034 2.662 .7552 2.372 .,7971 2.040 .8394
7.0 2.566 .7522 2.282 .8002 2.000 .8367 1.652 .8727
7.5 2.403 .7978 2.052 .8398 1.706 .8704 1.400 .9003
8.0 2.240 .8404 1.808 .8750 1.532 .8999 1.207 .9239

9.0 2.071 .9193 1.559 .9373 1.312 .9519 .933 .9633
9.9 1.862 .9847 1.475 .9879 1.052 .9914 .828 .9932

10.1 .872 .9955 .692 .9965 .490 .9975 .386 .9980
rO.3 .198 .9991 .158 .9992 .lll .9995 .040 .9998
10.8 0 1.0000 0 1.0000 0 1.0000 0 1.0000

,. . ~
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Table 2l.10.--(Continued)

·e
Tc = 6 hours

Serial No. : 21 22 23 24
Ql /Ql0 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSM:: PSH PSMC PSH PSMC
days cfs!AQ10 ~O cfs!AQ10 s&o Cfs!AQ10 s&..o cfs!AQ10 s!s.J.0

0 0 0 0 0 0 0 0 0
.2 .346 .0010 .231 ~0007 .130 .0004 .058 .0002
.5 .62l .0068 .418 .0045 .254 .0026 .124 .0012

1.0 .719 .0193 .535 .0135 .302 .0079 .160 .0039
2.0 .881 .0486 .610 .0340 .412 .O2l8 .l94 .OlO2

3.0 1.167 .0865 .837 .0609 .566 .0398 .274 .0188
3.6 1.518 .1163 1.123 .0827 .708 .0536 .395 .0262
4.0 1.934 .1428 1.398 .1019 1.004 .0668 .510 .0331
4.3 2.527 .1666 1.932 .1196 1.489 .0804 .784 .0401
4.6 3.539 .1997 2.865 .1464 1.961 .0987 .999 .0500

4.8 4.747 .2295 3.973 .1709 2.887 .1161 1.555 .0591
4.9 6.335 .2499 5.461 .1883 4.056 .1289 '2.255 .0661

'~:. 5.0 22.276 .3026 27.118 .2482 32.166 .1955 37.622 .1394
.' 5.1 42.826 .4225 55.278 .3998 69.093 .3817 84.295 .3634..

5.2 33.204 .5625 41.011 .5770 49.2..41 .5993 57.738 .6245

5.3 20.462 .6613 23.735 •6961 26.833 .7392 29.654 .7851 .
5.4 12.851 .7226 13.975 .7655 14.846 .8159 15.379 .8679
5.5 8.52l .7619 8.668 .8072 8.572 .8589 8.194 .9112
5.6 5.896 .7885 5.638 .8335 5.120 .8841 4.424 .9344
5.8 3.326 .82l2 2.818 .8634 2.199 .9096 1.490 .9546

6.0 2.389 .8417 1.859 .8798 1.326 .92l6 .680 .9616
6.5 1.655 .8764 1.360 .9078 .931 .9409 .438 .9711
7.0 1.322 .9031 1.002 .9290 .666 ·9551 .327 .9779
7.5 1.085 .9249 .804 .9453 .525 .9658 .253 .9832
8.0 .918 .9431 .687 .9588 .415 .9743 .22l .9875

9.0 .718 .9730 .533 .9812 .305 .9880 .165 .9944
9.9 .586 .9952 .416 .9966 .271 .9978 .129 .9990

10.1 .272 .9986 .194 .9990 .122 .9988 .057 .9997
10.3 .062 .9997 .044 .9998 .028 .9999 .013 .9999
10.8 0 1.0000 0 1.0000 0 1.0000 0 1.0000





21.27

~
Table 21.100--(Continued)

Tc = 12 hours

Serial No. : 29 30 31 32
Q1/Q10 : 0.6 0.7 0.8 0.9

Time PSH PSM:: PSH PSMC PSH PSM:: PSH PSMC
days cfs/AQJO Q/Q10 cfs/AQ10 ~10 Cfs/A%.O sL%.0 Cfs/A%.O ~10

0 0 0 0 0 0 0 0 0
.3 .226 .0008 .151 .0006 .086 .0003 .038 .0001
.6 .526 .0052 .356 .0035 .212 .0020 .102 .0010

1.0 .672 .0142 .490 .0098 .281 .0058 .145 .0028
2.0 .847 .0423 .,5, .0296 .403 .0l88 .l86 .0089

3.0 10120 .0781 .801 .0549 .539 .0358 .259 .0169
4.0 1.794 .1294 1.303 .0922 .902 00601 .470 .0296
4.3 2.121 .1507 1.574 .1078 1.197 .0714 .622 .0354
4.6 2.882 .1780 2.315 .1290 1.594 .0868 .848 .0436
4.8 3.671 .2020 2.999 .1484 2.114 .1002 1.112 .0507

4.9 4.396 .2169 3.664 .1607 2.644 .1090 1.421 .0554
5.0 8.270 .2402 8.608 .1833 8.709 .1299 8.691 .0740- 5.1 17.276 .2873 20.646 .2372 24.136 .1904 27.865 .1412
5.2 25.994 .3671 32.253 .3347 38.973 .3066 46.207 .2776
5.3 27.302 .4653 33.657 .4561 40.402 .4527 47.511 .4500

5.4 22.834 .5577 27.414 .5686 32.115 .5862 36.878 .6053
5.5 17.279 .6317 20.012 .6560 22.676 .6871 25.213 .7196
5.6 13.048 .6876 14.617 .7198 16.047 .7584 17.313 .7978
5.8 7.474 .7620 7.808 .8007 7.959 .8447 7.993 .8884
6.0 4.661 .8058 4.506 .8450 4.272 .8884 3.938 .9308

6.2 3.122 .8341 2.813 .8714 2.431 .9125 1.968 .9518
6.5 2.029 .8618 1.724 .8957 1.290 .9323 •795 .9664
6.8 1.582 .8814 1.271 .9119 .858 .9436 .413 .9723
7.4 1.203 .9119 .907 .9355 .598 .9594 .294 .9800
8.0 .972 .9358 .724 .9534 .450 .9709 .234 .9857

9.0 .752 .9674 .560 .9770 .330 .9855 .174 .9932
10.0 .591 .9928 .415 .9949 .269 .9967 .125 .9985
10.3 .268 .9977 .189 .9984 .121 .9990 .056 .9995
10.6 .076 .9994 .054 .9996 .034 .9997 .016 .9999
1l.4 0 1.0000 0 1.0000 0 1.0000 0 1.0000 .



21.28

Table 21.10.--(Continued) "

Tc = 18 hours

Serial No. : 33 34 35 36
~/~O : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSI>{; PSH PSMC

days CfS!A%O sLs10 cfS!A%.O ~O CfS!AQ10 gJg.l0 cfS!AQ10 ~10

0 0 0 0 0 0 0 0 0
.3 .277 .0010 .208 .0007 .154 .0005 .123 .0004
.6 1.095 .0086 .821 .0064 .609 .0047 .487 .0038 •

1.0 1.736 .0302 1.302 .0226 1.008 .0170 .774 .0134
2.0 2.124 .1039 1.716 .0798 1.334 .0614 1.070 .0478

3·.0 2.359 .1867 2.004 .1482 1.641 .li56 1.350 .0922
4.0 2.736 .2802 2.576 .2311 2.298 .1866 1.973 .1514
4.5 3.134 .3343 3.092 .2828 2.905 .2337 2.615 .1927
4.9 3.693 .3845 4-.116 .3354 4.156 .2848 3.928 .2397
5.0 3.970 .3987 4.720 .3518 5.096 .3019 5.209 .2566

5.1 4.410 .4142 5.777 .3712 6.896 .3241 7.862 .2807
5.2 4.978 .4316 7.206 .3952 9.422 .3542 1l.690 .3168 .: .. :..\
5.3 5.502 .4510 8.529 .4243 li.765 .3933 15.235 .3665
5.4 5.792 .4719 9.213 .4571 12.920 .4389 16.904 .4258
5.5 5.789 .4934 9.122 .4910 12.668 .4862 16.399 .4872

5.6 5.571 .5144- '8.512 .5237 li.530 .5309 14.598 .5444-
5.7 5.242 .5345 7.676 .5536 10.043 .5707 12.343 .5941
5.8 4.892 .5532 6.849 .5805 8.640 .6052 10.299 .6359
5.9 4.566 .5708 6.122 .6045 7.463 .6350 8.651 .6709
6.0 4.266 .5871 5.472 .6259 6.451 .6607 7.259 .7003

6.2 3.773 .6168 4.430 .6624 4.898 .7023 5.185 .7458
6.4 3.413 .6434 3.726 .6924 3.888 .7346 3.907 .7791
6.7 3.022 .6790 3.078 .7299 2.972 .7721 2.779 .8155
7.0 2.777 .7112 2.671 .7617 2.456 .8020 2.176 .8427
7.4 2.570 .7507 2.306 .7983 2.016 .8348 1.681 .8708

8.0 2.352 .8054 1.978 .8458 1.672 .8753 1.352 .9041
9.0 2.117 .8876 1.662 .9127 1.388 .9313 1.040 .9480

10.0 1.;117 .9627 1.491 .9707 1.134 .9784 .874 .9832
10.3 1.375 .9816 1.082 .9855 .797 .9894- .620 .9917
10.7 .464 .9944- .366 .9956 .268 .9968 .209 .9975

11.0 .1;11 .9979 .149 .9983 .109 .9988 .085 .9990
12.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

:,
.~ ~. H
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:e Table 21.10.--(Continued)

Tc = 18 hours

Serial No. : 37 38 39 40
Q1/Q10 . 0.6 0.7 0.8 0·9.

Time PSH PSMC PSH PSM; PSH PSM:: PSH PSMC

days Cfs/AQ10 ~10 Cfs/AQ10 9J.g,10 cfs/AQ10 ~10 CfS/A~O ~O
0 0 0 0 0 0 0 0 0

.3 .092 .0003 .062 .0002 .035 .0001 .016 .0000

.6 .365 .0028 .245 .0019 .144 .0011 .068 .0005
1.0 .588 .0101 .418 .0069 .244 .0040 .122 .0019
2.0 .809 .0363 .56l .0254 .387 .0159 .177 .0076

3.0 1.059 .0703 .754 .0494 .506 .0320 .241 .0151
4.0 1.616 .1176 1.179 .0836 .789 .0544 .417 .0266
4.5 2.214 .1520 1.684 .1090 1.228 .0724 .647 .0360
4.9 3.472 .1925 2.830 .1410 2.004 .0951 1.065 .0480
5.0 5.102 .2084 4.811 .1551 4.331 .1068 3.740 .0568

5.1 8.709 .2338 9.462 .1814 10.106 .1334 10.725 .0835
5.2 14.028 .2757 16.442 .2292 18.910 .1868 2l.507 .1428

::e 5.3 18.934 .3365 22.854 .3016 26.967 .2713 31.324 .2400
5.4 2l.138 .4104 25.608 .3909 30.294 .3767 35.205 .3625
5.5 20.281 .4868 24.302 .4828 28.455 .4849 32.720 .4875

5.6 17.690 .5568 20.808 .5659 23.951 .5814 27.092 .5976
5.7 14.565 .6162 16.726 .6351 18.819 .6602 20.835 .6858
5.8 11.834 .6649 13.268 .6904 14.589 .72l7 15.811 .7533
5.9 9.716 .7046 10.671 .7345 11.506 .7698 12.251 .8049
6.0 7.960 .7372 8.536 .7699 9.005 .8075 9.384 .8447

6.2 5.384 .7860 5.469 .8210 5.475 .8602 5.391 .8984
6.4 3.847 .8197 3.751 .8545 3.565 .8930 3.308 .9299
6.7 2.526 .8542 2.311 .8872 1.978 ·9227 1.586 .9558
7.0 1.873 .8781 1.609 .9084 1.260 .9401 .881 .9689
7.4 1.350 .9016 1.039 .9275 .694 .9540 .341 .9774

8.0 1.051 .9278 .788 .9474 .503 .9671 .254 .9838
9.0 .795 .9613 .592 .9725 .361 .9828 .184 .9918

10.0 .640 .9879 .446 .9915 .288 .9946 .131 . .9975
10.3 .447 .9941 .314 .9958 .202 .9973 .094 .9988
10.7 .150 .9982 .106 .9987 .068 .9992 .031 .9996

11.0 .061 .9993 .043 .9995 .028 .9997 .013 .9998
12.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

~.-.'
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Table 21.10.--(Continued)

Tc = 24 hours

Serial No. : 41 42 43 44
Q1/Q10 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSIYC PSH PSIYC PSH PSMC

days cfs/AQJO Q/Ql0 Cfs/AQ10 Q/Ql0 cfs/AQ10 ~O CfS/A~O ~O

0 0 0 0 0 0 0 0 0
.3 .132 .0005 .099 .0003 .073 .0002 .058 .0002
.8 1.108 .0113 .831 .0085 ~622 .0063 .493 .0050

1.3 1.745 .0452 1.317 .0289 1.029 .0220 .785 .0171
2.0 2.058 .0886 1.641 .0677 1.273 .0521 1.007 .0404

3.0 2.311 .1694 1.940 .1338 1.567 .1041 1.290 .0827.
4.0 2.650 .2605 2.432 .2133 2.138 .1711 1.813 .1383
4.6 3.071 .3235 3.016 .2728 2.816 .2248 2.518 .1850
4.9 3.433 .3595 3.652 .3095 3.585 .2599 3.323 .2169
5.0 3.628 .3726 4.052 .3238 4.167 .2742 4.074 .2305

5.1 3.906 .3865 4.674 .3399 5.165 .2914 5.474 .2481
5.2 4.268 .4016 5.529 .3588 6.600 .3131 7.565 .2722
5.3 4.676 .4182 6.517 .3810 8.296 .3406 10.076 .3047
5.4 5.048 .4362 7.417 .4068 9.843 .3741 12.364 .3461 ~ .. : \
5.5 5.299 .4554 8.000 .4353 10.820 .4122 13.771 .3943 ' "

'"

5.6 5.390 .4751 8.180 .4652 11.081 .4526 14.095 .4457
5.7 5.328 .4950 7.984 .4950 10.690 .4928 13.448 .4964
5.8 5.158 .5144 7.544 .5238 9.904 .5308 12.247 .5438
5.9 4.924 .5331 6.981 .5506 8·936 .5656 10.817 .5864
6.0 4.668 .5508 6.387 .5753 7.950 .5967 9.397 .6236

6.2 4.189 .5836 5.336 .6185 6.302 .6491 7.119 .6841
6.4 3.788 .6130 4.505 .6548 5.060 .6909 5.471 .7303
6.6 3.457 .6398 3.864 .6857 4.114 .7246 4.240 .7660
6.9 3.090 .6761 3.227 .7248 3.216 .7648 3.120 .8062
7.2 2.839 .7089 2.785 .7580 2.633 .7970 2.412 .8365

7.6 2.614 .7492 2.396 .7961 2.148 .8320 1.864 .8677
8.0 2.440 .7866 2.115 .8294 1.816 .8612 1.504 .8924
9.0 2.159 .87ll 1.728 .8993 1.444 .9202 . 1.106 .9394

10.0 1.962 .9476 1.528 .9590 1.197 .9691 .913 .9762
10.3 1.660 .9681 1.301 .9750 .984 .9814 .759 .9856

10.8 .670 .9894 .527 .9917 .392 .9938 .304 .9952
11.2 .270 .9960 .212 .9968 .158 .9977 .122 .9982
11.6 .105 .9986 .083 .9989 .061 .9992 .048 .9994
12.5 0 1.0000 0 1.0000 0 1.0000 0 1.0000

.~ ~

~. ....

"/



21.31

- Table 2l.10.--(Continued)

Tc = 24 hours

Serial No. : 45 46 47 48
Q1/Q10 : 0.6 0.7 0.8 0·9

Time PSH PSMC PSH PSMC PSH PSMC PSH PSM::

days cfs/AQ10 sLs10 cfs/AQ10 sLs10 cfs/AQ10 sLs10 Cfs/AQ10 Q./.S).10

0 0 0 0 0 0 0 0 0
.3 .044 .0002 .029 .0001 .017 .0000 .008 .0000
.8 .370 .0038 .252 .0025 .149 .0015 .071 .0007

1.3 .600 .0130 .430 .0090 .254 .0053 .127 .0026
2.0 .764 .0307 .533 .0216 .362 .Ol33 .l66 .0064

3.0 1.003 .0630 .712 .0442 .477 .0286 .225 .0134
4.0 1.469 .1070 1.072 .0759 .704 .0494 .372 .0240
4.6 2.124 .1457 1.611 .1044 1.155 .0692 .607 .0343
4.9 2.888 .1729 2.306 .1256 1.631 .0843 .864 .0423
5.0 3.800 .1852 3.376 .1361 2.831 .0925 2.199 .0479

5.1 5.632 .2026 5.666 .1527 5.592 .1080 5.458 .0620

":. 5.2 8.450 .2286 9.274 .lCb2 10.041 .1367 10.806 .0919
5.3 11.874 .2660 13.697 .2225 15.541 .1838 17.458 .1439
5.4 14.982 .3155 17.697 .2803 20.502 .2501 23.431 .2191
5.5 16.845 .3741 20.035 .3498 23.337 .3308 26.765 .3114

5.6 17.205 .4368 20.407 .4243 23.698 .4173 27.079 .4104
5.7 16.242 .4985 19.076 .4970 21.944 .5013 24.844 .5059
5.8 14.568 .5552 16.876 .5632 19.166 .5770 21.438 .5910
5.9 12.633 .6053 14.392 .6207 16.092 .6418 17.740 .6631
6.0 10.755 .6484 12.026 .6694 13.214 .6958 14.330 .7221

6.2 7.851 .7164 8.483 .7441 9.035 .7766 9.512 .8085
6.4 5.804 .7664 6.068 .7973 6.255 .8324 6.370 .8664
6.6 4.290 .8034 4.318 .8353 4.249 .8708 4.110 .9046
6.9 2.972 .8429 2.852 .8742 2.627 .9080 2.352 .9394
7.2 2.168 .8710 1.950 ·9003 1.657 .9311 1.334 .9592

7.6 1.581 .8981 1.320 .9238 1.024 .9503 .722 .9736
8.0 1.199 .9185 .925 '.9402 .628 .9623 .349 .9813
9.0 .844 .9548 .630 .9676 .392 ·9797 .197 ·9902

10.0 .678 .9826 .475 .9878 .303 .9922 .140 .9964
10.3 .554 .9895 ' .390 .9926 .249 .9953 .1l6 .9978

10.8 .220 .9966 .155 .9976 .099 .9984 .046 .9993
1l.2 .088 .9986 .062 .9991 .040 .9994 .018 .9997,ott 1l.6 .034 .9995 .024 .9997 .015 .9998 .007 .9999

i~ . 12.5 a 1.0000 a 1.0000 a 1.0000 0 1.0000. ':'.. :- .. ,,. .



21.32

Table 21.10.--(Continued)

Tc= 30 hours

Serial No. : 49 50 51 52
Ql/Ql0 . 0.2 0.3 0.4 0.5.

Time PSH PSM:: PSH PSM:: PSH PSMC PSH PSM:::

days cfs/AQ10 Q/QJO cfs/AQ10 Q/Ql0 CfS/A~O ~O Cfs/AQJO ~O

0 0 0 0 0 0 0 0 0
.4 .150 .0007 .113 .0005 .083 .0004 .067 .0003
·9 .955 .0103 .716 .0077 .538 .0057 .425 .0046

1.5 1.686 .0407 1.281 .0306 .998 .0233 .764 .0181
2.0 1.955 .0747 1.541 .0568 1.195 .0437 .937 .0339

3.0 2.252 .1527 1.872 .1201 1.497 .0932 1.229 .0738
4.0 2.574 .2416 2.316 .1965 2.006 .1567 1.686 .1263
4.6 2.929 .3022 2.814 .2528 2.5eo .2068 2.274 .1693
4.9 3.228 .3363 3.306 .2865 3.169 .2383 2.889 .1975
5.1 3.579 .3614 4.022 .3133 4.223 .2651 4.269 .2232

5.2 3.830 .3751 4.582 .3292 5.117 .2823 5.520 .2412
5.3 4.124 .3898 5.258 .3474 6.228 .3032 7.111 .2645
5.4 4.438 .4057 5.994 .3682 7.464 .3285 8.910 .2940 ~. '~~: ~:, . : ~.~.

5.5 4.724 .4226 6.662 .3916 8.584 .3581 10.535 .3299 . ,

5.6 4.935 .4405 7.144- .4171 9.378 .3913 11.666 .3708

5.7 5.052 .455X) 7.397 .4440 9.779 .4266 12.218 .4148
5.8 5.063 .4777 7.391 .4713 9.730 .4626 12.098 .4597
5·9 4.985 .4963 7.182 .4982 9.348 .4978 11.502 .5032
6.0 4.845 .5145 6.841 .5241 8.761 .5312 10.630 .5440
6.2 4.471 .545X) 5.976 .5716 7.337 .55X)7 8.585 .6149

6.4 4.05X) .5eo7 5.149 .6126 6.050 .6400 6.816 .6715
6.6 3.758 .6097 4.479 .6481 5.048 .6eo8 5.492 .7167
6.9 3.346 .645X) 3.706 .6933 3.919 .7301 4.032 .7689
7.2 3.042 .6844- 3.159 .7312 3.157 .7689 3.076 .eo78
7.6 2.760 .7272 2.658 .7640 2.497 .8103 2.284 .8469

8.0 2.555 .7665 2.313 .8106 2.068 .8438 1·799 .8768
8.6 2.322 .8206 1.957 .8576 1.677 .8849 1.366 .9114
9.2 2.170 .8703 1.738 .8984 1.457 .9194 1.116 .9386

10.0 2.009 .9322 1.566 .9470 1.253 .9594 .951 .9688
10.5 1.530 .9661 1.200 .9734 .915 .9800 .705 .9845

11.0 .702 .9864 .551 .9893 .416 .9920 .321 .9938
11.5 .279 .9949 .219 .9960 .165 .9970 .127 .9977
12.0 .107 .9982 .084 .9986 .063 .995X) .048 ·9992
13.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000 .... -~.

. :.1.-'

",.J



2l.33

e Table 21.10.--(Continued)

Tc = 30 hours

Serial No. : 53 54 55 56
Q1/Q10 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSMC PSH PSM:: PSH PSMC

days cfs!Afuo gLg10 Cfs!AQ10 Q!Q10 CfsjAQ10. 9J..9.10 cfs!AQ10 ~10

0 0 0 0 0 0 0 0 0
.4 .050 .0002 .033 .0001 .019 .0001 .009 .0000
.9 .320 .0034 .219 .0023 .129 .0013 .062 .0006

1.5 .584 .0137 .416 .0096 .251 .0056 .123 .0027
2.0 ·713 .0257 ·500 .0180 .332 •OliO .153 .0053

3.0 .• 949 .0562 .671 .0394 .450 .0253 .211 .0120
4.0 1.355 .0975 .986 .06S() .644 .0449 .336 .0216
4.6 1.898 .1327 1.418 .0948 1.004 .0625 .526 .0308
4.9 2.478 .1566 1.938 .1130 1.373 .0754 ·725 .0376
5.1 4.179 .1800 3.972 .1334 3.699 .0923 3.365 .0504

5.2 5.812 .1984 6.010 .1518 6.148 .1104 6.250 .0681

" 5.3 7.926 .2237 8.685 .1788 9.411 .1390 10.134 .0982

.e 5.4 10.343 .2574 11.774 .2165 13.2l2 .1806 14.692 .1439
5.5 12.519 .2995 14.539 .2649 16.603 .2355 18.735 .2054
5.6 14.006 .3483 16.397 .32l8 18.845 .3007 21.365 .2791

5.7 14.707 .4012 17.246 .3838 19.840 .3718 22.496 '.3597
5.8 14.489 .4550 16.s()5 .4466 19.348 .4439 21.822 .4412
5.9 13.647 .5068 15.784 .5068 17.918 .5125 20.050 .5182
6.0 12.461 .5549 14.256 .5621 16.020 .5749 17.758 .5877
6.2 9.759 .6368 10.855 .6546 11.884 .6777 12.853 .7003

6.4 7.505 .7001 8.116 .7241 8.654 .7527 9.125 .7806
6.6 5.866 .7491 6.195 .7765 6.444 .8080 6.630 .8382
6.9 4.085 .8036 4.141 .8329 4.101 .8654 4.005 .8959
7.2 2.958 .8419 2.860 .8708 2.677 .S()19 2.455 ·9305
7.6 2.060 .8784 1.856 .s()50 1.603 .9328 1.331 .9576

8.0 1·532 .S()45 1.292 .9278 1.022 .9517 .757 ·9725
8.6 1.082 .9331 .846 .9511 .580 .9691 .349 .9846
9.2 .856 .9541 .639 .9670 .397 .9793 .201 ·9900

10.0 .713 .9771 .506 .9838 .319 .9897 .151 .9952
10.5 .517 .9887 .365 .9920 .233 .9949 .109 .9976

1100 .234 .9955 .165 .9968 .105 .9980 .049 ·9991
11.5 .093 .9983 .065 .9988 .042 .9992 .019 .9996
12.0 .035 .9994 .025 .9996 .016 .9997 .007 ·9999.'.~ .. 13.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

,
( _.-



21.34

Table 21.10.--(Continued) .,

Tc = 36 hours

Serial No. : 57 58 59 60
Q1/Q10 . 0.2 0.3 0.4 0.5.

Time PSH PSM:: PSH PSM.j PSH PSM.j PSH PSM.j

~ cfs/A~O s&o CfS!A~O ~O CfS!A~O Q!Q10 cfs!AQ10 ~O

0 0 0 0 0 0 0 0 0
.5 .163 .0009 .122 .0007 .091 .0005 .072 .0004

1.2 1.130 .0170 .848 .0127 .648 .0095 .504 .0075
2.0 1.817 .0623 1.418 .0473 1.101 .0363 .857 .0281
3.0 2.177 .1368 1.794 .1072 1.424 .0830 1.165 .0656

4.0 2.498 .2231 2.211 .1805 1.889 .1433 1.576 .1152
4.8 2.964 .3032 2.884 .2544 2.666 .2088 2.366 .1714
5.0 3.176 .3259 3.250 .2770 3.133 .2301 2.892 .1906
5.1 3.331 .3380 3.565 .2896 3.598 .2425 3.506 .2024
5.2 3.521 .3506 3.965 .3036 4.212 .2569 4.339 .2169

5.3 3.742 .3641 4.451 .3192 4.982 .2739 5.411 .2349
5.4 3.987 .3784 5.002 .3366 5.874 .2940 6.673 .2572

,:';,»5.5 4.238 .3937 5.574 .3562 6.814 .3174 8.017 .2843
5.6 4.467 .4098 6.095 .3778 7.670 .3442 9.240 .3162 . ~"

5.7 4.644 .4267 6.492 .4011 8.311 .3737 10.141 .3519

5.8 4.7fIJ .4441 6.741 .4256 8.704 .4051 10.682 .3904
5.9 4.806 .4618 6.826 .4507 8.824 .4375 10.825 .4301
6.0 4.784 .4796 6.757 .4758 8.686 .4698 10.598 .4696
6.1 4.708 .4972 6.567 .5005 8.354 .5013 10.099 .5078
6.2 4.593 .5144 6.293 .5243 7.898 .5314 9.435 .5439

6.4 4.296 .5474 5.623 .5684 6.815 .5858 7.902 .6080
6.6 3.984 .5781 4.960 .6076 5.787 .6323 6.494 .6610
6.8 3.704 .6066 4.403 .6422 4.956 .6719 5.399 .7048
7.1 3.348 .6457 3.736 .6872 3.989 .7212 4.151 .7573
7.5 2.989 .6925 3.078 .7373 3.072 .7729 2.997 .8095

8.0 2.680 .7449 2.536 .7890 2.366 .8227 2.159 .8565
8.6 2.414 .8014 2.108 .8402 1.861 .8690 1.583 .8973
9.2 2.230 .8529 1.837 .8838 1.568 .9068 1.248 .9285

10.0 2.052 .9163 1.610 .9344 1.308 .9490 .994 .9609
10.5 1.710 .9519 1.343 .9623 1.045 .9712 .803 .9778

11.0 .978 .9769 .768 .9819 .587 .9862 .453 .9894
11.6 .391 .9912 .307 .9932 .234 .9948 .1eo .9960
12.5 .092 .9982 .072 .9986 .055 .9990 .042 9992
14.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000 .......

(i:~ "\

~~:iJ



21.35

e Table 21.10.--(Continued)

Tc = 36 hours

Serial No. : 61 62 63 64
Ql/Ql0 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSMC PSH' PSM: PSH PSM;
days cfs!AQ10 Q!Ql0 CfS!A~Q ~O cfs!A~O sLsl0 Cfs!AQ10 sLsl o

0 0 0 0 0 0 0 0 0
.5 .054 .0003 .036 .0002 .021 .0001 .010 .0000

1.2 .382 .0056 .266 .0039 .156 .0023 .077 .0011
2.0 .653 .0214 .460 .0150 .298 .0091 .140 .0044
3.0 .895 .0498 .631 .0349 .422 .0224 .198 .0106

4.0 1.258 .0887 ·911 .0627 .596 .0407 .306 .0195
4.8 1.986 .1347 1.504 .0965 1.059 .0638 .555 .0315
5.0 2.536 .1510 , 2.062 .1092 1.574 .0730 1.014 .0367
5.1 3.301 .1618 2.986 .1185 2.645 .08()8 2.244 .0427
5.2 4.360 .1759 4.282 .1319 4.170 .0933 4.011 .0542

5.3 5.752 .1946 6.014 .1509 6.245 .1125 6.449 .0735
5.4 7.411 .2189 8.096 .1769 8.766 .1401 9.430 .1027". 5.5 9.193 .2495 10.347 .2109 11.507 .1775 12.688 .1434
5.6 10.811 .2864 12.385 .2528 13·984 .2244 15.620 .1956
5·7 11.982 .3284, 13.839 .3011 15.724 .2792 17.650 .2568

5.8 12.675 .3739 14.683 .3537 16.719 .3389 18.791 .3239
5·9 12.833 .4209 14.846 .4081 16.878 .4008 18.923 .3934
6.0 12.498 .4676 14.387 .4620 16.277 .4619 18.170 .4617
6.1 11.814 .5125 13.499 .5134 15.167 .5198 16.81.8 .5261
6.2 10·927 .5544 12.374 .5611 13.786 .5732 15.168 .5850

6.4 8.922 .6277 9.876 .6432 10.772 .6638 11.616 .6838
6.6 7.130 .6868 7.709 .7079 8.215 ·7335 8.662 .7581
6.8 5.776 .7342 6.123 .7586 6.390 .7870 6.602 .8140
7.1 4.260 .7893 4.373 .8161 4.400 .8459 4.379 .8738
7.5 2.893 .8412 2.8()5 .868() 2.648 .8966 2.461 .9228

8.0 1.947 .8852 1.756 .9092 1.528 .9343 1.295 .9564
8.6 1.323 .9206 1.105 .9400 .855 .9596 .632 ·9767
9·2 .991 .9460 .779 .9607 .540 .9749 .,40 .9873

10.0 .752 ·9711 .542 .9794 .340 .9870 .164 .9938
10.5 .594 .9837 .422 .9884 .268 ·9927 .126 .9966

11.0 .332 .9922 .236 .9945 .150 .9965 .070 .9984
11.6 .132 ·9971 .094 .9979 .059 .9987 .028 .9994
12.5 .031 .9994 .022 .9996 .014 ·9997 .006 ·9999J·1t 14.0 1.0000 0,', 0 1.0000 0 1.0000 0 1.0000",

..... . .. ~

'0\ 'I."



21.36

Table 21010.--(Continued) .. ,-; ,

Tc = 42 hours

Serial No. : 65 66 67 68
Q1/Q10 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSM:::

days cfs/AQ10 Q/QJ O· CfS/AQ]0 Q/Q] 0 Cfs/AQ]0 Q/Q10 cfs/AQ10 Q/Ql0

0 0 0 0 0 0 0 0 0
.6 .174 .0011 .131 .0008 .097 .0006 .078 .0005

1.2 .892 .0123 .670 .0092 .509 .0069 .398 .0054
2.0 1.666 .0516 1.290 .0391 1.001 .0300 .777 .0232
3.0 2.097 .1220 1.714 .0952 1.354 .0737 1.101 .0580

4.0 2.428 .2056 2.120 .1655 1.789 .1309 1.484 .1050
4.8 2.846 .2829 2.7ll .2358 2.466 .1922 2.162 .1572
5.0 3.026 .3046 3.007 .2568 2.834 .2ll7 2.570 .1744
5.2 3.301 .3280 3.550 .2809 3.630 .2353 3.610 .1969
5.4 3.669 .3537 4.330 .3099 4.841 .2664 5.268 .2294

5.5 3.875 .3677 4.784 .3268 5.564 .2856 6.278 .2507
5.6 4.082 .3824 5.245 .3453 6.306 .3075 7.325 .2757
5·7 40272 .3979 5.667 .3654 6.989 .3320 8.287 .3045 ::.>
5.8 4.425 .4139 6.004 .3870 7.524 .3588 9.031 .3364 . /

5.9 4.536 .4305 6.241 .4096 7.898 .3872 9.546 .3707

6.0 4.597 .4474 6.366 . .4329 8.086 .4167 9.795 .4063
6.1 4.606 .4644 6.370 .4564 .8.075 .4465 9.756 .4423
6.2 4.569 .4814 6.272 .4798 7.899 .4759 9.484 .4778
6.3 4.497 .4982 6.098 .5026 7.608 .5045 9.058 .5119
6.4 4.399 .5146 5.872 .5247 7.239 .5319 8.531 .5444

6.6 4.155 .5463 5.338 .5662 6.391 .5822 7.346 .6029
6.8 3.895 .5761 4.795 .6036 5.554 .6262 6.206 .6528
7.0 3.653 .6040 4.317 .6372 4.840 .6645 5.262 .6949
7·3 3•.343 .6428 3.734 .6818 4.001 ' .7133 4.182 .7469
7.6 3.088 .6784 3.266 .7205 3.348 .7538 3.359 .7884

8.0 2.820 .7220 2.784 .7650 2.700 .7981 2.568 .8317
805 2.565 .7718 2.355 .8122 2.165 .8427 1.943 .8729
9.2 2.310 .8346 1.961 .8676 1.713 .8922 1.420 .9156

1000 2.110 .9000 1.683 ·9212 1.397 ·9379 1.084 09522
10.5 1.840 ·9370 1.451 .9504 1.151 .9616 .884 09704

11.2 .967 .9737 .762 .9794 .588 .9842 .454 .9878
12.0 .334 .9915 .263 .9933 .202 .9949 .156 .9961
12.8 .llO .9975 .086 .9980 .066 .9985 .051 .9988
14.5 0 1.0000 0 1.0000 0 1.0000 0 1.0000 . ~

~ _....

.. {-};



21.37

Table 21.10.--(Continued)-.
Tc = 42 hours

Serial No. : 69 70 71 72
Q1/Q10 : 0.6 0.7 0.8 0·9

Time PSH PSM:: PSH PSM:: PSH P$M:: PSH PSM::
days cfs!AQI0 Q!QI0 cfs!AQI0 Q!QI0 CfS!A~O ~O cfs/A~O ~10

0 0 0 0 0 0 0 0 0
.6 .058 .0004 .039 .0002 .023 .0001 .010 .0001

1.2 .301 .0041 .209 .0028 .122 .0016 .060 .0008
2.0 .592 .0176 .4).8 .0123 .266 .0074 .126 .0036
3.0 .844 .0441 .593 .0309 .396 .0197 .186 .0093

4.0 1.178 .08.07 .850 .0569 .558 .0370 .282 .0177
4.8 ·1.798 .1230 1.347 .0879 ·939 .0579 .490 .0285'
5.0 2.216 .1376 1.759 .0990 1.313 .0658 .810 .0328
5.2 3.499' .1582 3.293 .1172 3.079 .0814 2.818 .0455
5.4 5.621 .1914 5.903 .1505 6.173 .1148 6.419 .0788

5.5 6.936 .2146 7.540 .1752 8.138 .1412 8.728 .1066
5.6 8.308 .2426 9.258 .2062 10.212 .1749 11.174 .1432--, 5.7 9.567 .2755 10.832 .2431 12.111 .2159 13.409 .1884. ,'. 5.8 10.527 .3125 12.016 .2852 13.520 .2631 15.045 .2406
5·9 11.188 .3525 12.824 .3309 14.476 .3146 16.148 .298.0

6.0 11.495 .3943 13.187 .3787 14.890 .3686 16.606 .3582
6.1 11.418 .4364 13.063 .4270 14.708 .4230 16.354 .4188
6.2 11.040 .4778 12.566 .4742 14.078 .4759 15.577 .4774
6.3 10.467 .5174 11.836 .5191 13.18.0 .5260 14.500 .5327
6.4 9.774 .5547 10.968 .5610 12.127 .5726 13.251 .5837

6.6 8.239 .6211 9.079 .6349 9.864 .6535 10.602 .6715
6.8 6.794 .6763 7.338 .6951 7.814 .7183 8.237 .7404
7.0 5.622 .7218 5.958 .7438 6.217 .7696 6.425 .7940
7.3 4.315 .7764 4.449 .8010 4.506 .8284 4.519 .8540
7.6 3.340 .8185 3.331 .8437 3.257 .8710 3.151 .8960

8.0 2.424 .8604 2.296 .8844 2.123 .9097 1.937 .9324
8.5 1.726 .8982 1.540 .9192 1.320 .9409 1.114 ·9599
9.2 1.174 .9348 ·973 ·9507 .742 .9665 .545 .9802

10.0 .844 .9642 .637 .9742 .428 ·9835 .250 .9919
, 10.5 .662 .9782 .475 .9844 .301 .9901 .144 ·9953

11.2 .335 .9910 .239 .9936 .152 .9960 .072 .9981
12.0 .115 ·9971 .082 .998.0 .052 .9987 .024 .9994
12.8 .037 .9992 .026 .9994 .017 .9996 .008 .9998

;'• 14.5 0 1.0000 0 1.0000 0 1.0000 0 1.0000
... . '
~ . ;.:.'



21.38

Table 21.10.--(Continued)

Tc = 48 hours

Serial No. : 73 74 75 76
Ql/Q10 : 0.2 0.3 0.4 0.5

Time PSH PSM:: PSH PSMC PSH PSMC PSH PSM::
days cfs/AQ10 Q!Ql0 cfs!AQ10 Q!Ql0 cfs/A~O gL~O CfS!A~O ~O

0 0 0 0 0 0 0 0 0
.6 .120 .0008 .090 .0006 .067 .0004 .054 .0003

1.3 .811 .0118 .610 .0088 .464 .0066 .362 .0052
2.0 1.500 .0425 1.155 .0321 .895 .0246 .694 .0191
3.0 2.001 .1083 1.624 .0842 1.278 .0651 1.033 .0512

4.0 2·350 .1888 2.027 .1514 1.692 .1193 1.398 .0955
4.8 2.733 .2635 2.557 .2182 2.291 .1770 1.988 .1442
5.0 2.888 .2843 2.803 .2380 2.595 .1949 2.320 .1599
5·2 3.116 .3065 3.230 .2602 3.203 .2162 3.099 .1797
5.4 3.413 .3306 3.831 .2862 4.107 .2430 4.305 .2068

5.5 3.585 .3436 4.194 .3010 4.670 .2592 5.077 .2241
5.6 3.763 .3572 4.576 .3172 5.272 .2775 5·909 .2443
5·7 3·939' .3714 4.958 .3348 5.877 .2981 6.752 .2677 ....-,

5.8 4.100 .3863 5·310 .3538 6.437 .3208 7.532 .2940
5·9 4.235 .4017 5.600 .3740 6.892 .3454 8.160 .3229

6.0 4.335 .4176 5.812 .3951 7.221 .3714. 8.606 .3538
6.1 4.400 .4338 5.943 .4168 7.419 .3985 8.868 .3860
6.2 4.428 .4501 5.992 .4388 7.486 .4260 8.946 .4189
6.3 4.420 .4665 5.962 .4610 7.427 .4535 8.848 .4517
6.4 4.379 .4828 5.863 .4828 7·257 .4806 8.596 .4839

6.6 4.228 .5146 5·521 .5249 6·702 .5322 7.805 .5444
6.8 4.025 .5452 5.084 .5642 6.017 ·5791 6.860 .5986
7.0 3.804 .5742 4.630 .6000 5·322 .6209 5·917 .6456
7.3 3.499 .6147 4.037 .6480 4.446 .6748 4.766 .7044
7.6 3.240 .6521 3.556 .6900 3.765 .7202 3.899 .7521

8.0 2.956 .6979 3.037 .T386 3.053 .7702 3.014 .8028
8.5 2.677 .7499 2.552 .7900 2.425 .8203 2.259 .8508
9.2 2.393 .8153 2.097 .8497 1.881 .8753 1.621 .9002

10.0 2.171 .8827 1.~75 .9065 1.512 ·9250 1.213 .9413
10.5 1.944 .9212 1.558 .9376 1.273 .9508 1.003 .9618

11.2 1.189 .9625 .942 .9704 .737 .9770 .570 .9823
12.0 .478 .9858 .377 .9889 .293 .9914 .226 .9934
13.0 .142 .9962 .112 .9970 .086 .9977 .066 .9982
15.0 0 1.0000 0 1.0000 o· 1.0000 0 1.0000 ,~~ .:;-

'-'" :;;.........



21.39

.-. Table 2l.10.--(Continued)

Tc = 48 hours

Serial No. : 77 78 79 8:)
Q1/Q10 : 0.6 0·7 0.8 0.9

Time PSH PSM::: PSH PSMC PSlI PSM::: PSH PSM:::
days cfs/AQ10 Q/Ql0 cfs/AQ10 Q/Q10 ~fs/AQ10 Q/Ql0 Cfs/AQ10 Q/Ql0

0 0 0 O· 0 0 0 0 0
.6 .040 .0002 .027 .0002 .016 .0001 .007 .0000

1.3 .274 .003·9' .190 .0027 .112 .0016 .055 .0008
2.0 .528 .0145 .373 .0101 .234 .0061 .112 .0029
3.0 ·790 .0389 ·555 .0272 .370 .1727 .173 .0082

4.0 1.104 .0732 .793 .0516 .522 .0334 .261 .0160
4.8 1.639 .1125 1.218 .Oeo2 .840 .0526 .437 .0258
5.0 1.977 .1256 1.545 .0901 1.138 .0596 .689 .0296
5.2 2.918 .1434 2.651 .1052 2.395 .0722 2.098 .0394
5.4 4.429 .1702 4.476 .1311 4.524 .0972 4.538 .0632

5.5 5.419 .1882 5.696 .1498 5·972 .1166 6.226 .0830
5.6 6.493 . .2102 7.024 .1732 7.558 .1414 8.oeo .1093•• 5.1 7.586 .2362 8.382 .2016 9.183 .1722 9.984 .1426
5.8 8.600 .2660 9.640 .2348 10.691 .2088 11.750 .1825
5.9 9.405 .2991 10.630 .2721 11.865 .2503 13.110 .2282

6.0 9.970 .3348 11.315 .3125 12.668 .2954 14.028 .2781
6.1 10.296 .3722 11.702 .3549 13.112 .3429 14.526 .3306
6.2 10.381 .4102 11.791 .3981 13.198 .3913 14.603 .3842
6.3 10.238 .4482 11.598 .4412 12.948 .4394 14.287 .4373
6.4 9.898 .4853 11.163 .4831 12.407 .4860 13.633 .4887\,,.
6.6 8.858 .5545 9.866 .5606 10.836 .5717 11.770 .5823
6.8 7.644 .6154 8.386 .6279 9·075 .6450 9.720 .6613
7.0 6.452 .6671 6.954 .6841 7.390 ·7053 7.779 ·7253
7·3 5.034 .7302 5.290 .7512 5.473 ·7757 5.612 .7984
7.6 3.995 ·7799 4.095 .eo29 4.128 .8284 4.125 .8519

8.0 2.954 .8308 2.908 .8540 2.810 .8789 2.693 .9014
8.5 2.092 .8764 1·951 .8977 1.772 .9200 1.599 .9396
9.2 1.397 .9206 1.213 .9376 .998 .9546 .812 .9695

10.0 .985 .9550 ·791 .9663 .587 .9770 .416 .9866
10.5 .784 .9713 .599 .9791 .422 .9863 .265 .9928

11.2 .425 .9869 .305 .9906 .194 .9941 .093 .9972
12.0 .168 .9951 .120 .9965 .076 .9978 .036 .9990
13.0 .049 .9987 .035 .9991 .022 .9994 .010 .9997

:·;e~ 15·0 0 1.0000 0 1.0000 0 1.0000 0 1.0000
:... /,.:~' ,

.,



21.40

Table 21.10.--(Continued) ':'

".,'

Tc = 54 hours

Serial No. : 81 82 83 84
Q1/Q 10 : 0.2 0.3 0.4 0·5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSM:;

days CfS/A~O Q/~O Cf'S/A~O Q/Ql0 CfS/A~O Q/Ql0 Cfs/AQ10 Q/Q10

0 0 0 0 0 0 0 0 0
.6 .087 .0005 .065 .0004 .048 .0003 .039 .0002

1.3 .640 .0089 .481 .0067 .366 .0050 .286 .0039
2.0 1.331 .0349 1.020 .0263 .790 .0201 .612 .0156
3.0 1.897 .0957 1.529 .0742 1.199 .0573 .965 .0450

4.0 2.269 .1730 1.937 .1381 1.601 .1085 1.319 .0867
4.8 2.631 .2451 2.422 .2018 2.141 .1629 1.841 .1323
5.0 2.768 .2650 2.633 .2204 2.398 .1795 2.118 .1468
5.2 2.961 .2862 2.977 .2411 2.876 .1989 2.717 .1644
5.4 3.210 .3090 3.462 .2648 3.589 .2226 3.652 .1877

5.6 3.504 .3338 4.063 .2926 4.502 .2524 4.883 .2191
5.8 3.811 .3609 4.713 .3250 5.516 .2894 6.275 .2602
6.0 4.070 .3901 5.261 .3620 6.370 .3334 7.446 .3110 " , "

6.1 4.164 .4054 5.454 .3181 6.666 .3574 7.844 .3392
6.2 4.231 .4209 5.591 .4022 6.873 .3824 8.121 .3686 - .

6.3 4.271 •4366 5.667 .4230 6.986 .4080 8.269 .3989
6.4 4.278 .4524 5.672 .4439 6.982 .4337 8.246 .4293
6.5 4.260 .4682 5.621 .4648 6.891 .4593 8.108 .4594
6.6 4.219 .4839 5.524 .4854 6.732 .4845 7.876 .4889
6.8 4.085 .5147 5.230 .5252 6.262 .5325 7.216 .5446

7.0 3·912 .5443 4.866 .5625 5.697 .5766 6.443 .5950
7·3 3.630 .5862 4.298 .6132 4.840 .6348 5.294 .6597
7.6 3.373 .6250 3.808 .6581 4.130 .6843 4.372 .7129
8.0 3.085 .6727 3.278 .7104 3.392 .1396 3.445 .7703
8.5 2.7gJ .7270 2.754 .7659 2.695 .7955 2.591 .8256

9.0 2.560 .7764 2.371 .8131 2.218 .8405 2.025 .8678
9.5 2.381 .8220 2.086 .8541 1.880 .8782 1.627 .9013

10.0 2.237 .8647 1.874 .8906 1.632 .9105 1.349 .9286
10.6 1.969 .9119 1.603 .9294 1.335 .9435 1.075 .9554
11.2 1.389 .9496 1.119 .9600 .gJ2 .9684 .718 .9754

12.0 .635 .9787 .504 .9832 .397 .9869 .308 .9899
13.0 .218 .9932 .172 .9946 .134 .9958 .104 .9968
14.0 .071 .9980 .056 .9985 .043 .9988 .033 .9991
16.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000 _"i=-

~L '. ~.

:<:':J



21.41

...--.. Table 21.10.--(Continued)

Tc = 54 hours

Serial No. : 85 86 87 88
Q1/Q10 : 0.6 0.7 0.8 0·9

Time PSH PSMC PSH PSMC PSH PSM:: PSH PSMC
days cfs!AQ10 ~10 CfS!A~O ~O Cfs!AQ10 ~10 cfs!AQ10 Q!Ql0

0 0 0 0 0 0 0 0 0
.6 .029 .0002 .019 .0001 .011 .0001 .005 .0000

1.3 .216 .0030 .150 .0020 .088 .0012 .043 .0006
2.0 .466 .0118 .328 .0082 .204 .0049 .098 .0024
3.0 .736 .0342 .517 .0239 .343 .0151 .160 .0072

4.0 1.036 .0664 .742 .0468 .49) .0302 .242 .0144
4.8 1.506 .1029 1.112 .0732 .760 .0479 .394 .0234
5.0 1.786 .1149 1.378 .0822 1.003 .0542 .597 .0268
5·2 2.494 .1304 2.194 .0951 1.916 .0646 1.604 .0345
5.4 3.650 .1528 3.575 .1160 3.512 .0842 3.419 .0525

5.6 5.204 .1853 5.464 .1491 5·730 .1180 5·975 .0868

~.
5.8 6.992 .2302 7.667 .1974 8.350 .1698 9.207 .1419
6.0 8.492 .2876 9.507 .2611 10.530 .2398 11.554 .2182
6.1 8.993 .3198 10.113 .2972 11.237 .2798 12.360 .2622
6.2 9.340 .3535 10·531 .3352 11.722 .3220 12·912 .3087

6.3 9.523 .3883 10.748 .3744 11.972 .3656 13.191 .3567
6.4 9.476 .4233 10.674 .4138 11.860 .4094 13.035 .4049
6.5 9.286 .4578 10.427 .4526 11.551 .4525 12.656 .4521
6.6 8.978 .4914 10.041 .49)3 11.079 .4941 12.092 .4976
6.8 8.120 .5545 8.982 .5604 9.805 .5711 10.593 .5812

7·0 7·135 .6107 7.792 .6222 8.398 .6381 8·962 .6531
7.3 5.694 .6813 6.072 .6984 6.386 .7192 6.657 .7386
7.6 4.572 .7377 4.765 .7578 4.894 .7809 4.985 .8022
8.0 3.472 .7967 3.505 .8183 3.484 .8421 3.439 .8637
8.5 2.478 .8511 2.385 .8721 2.250 .8944 2.113 .9142

9.0 1.847 .89)4 1.701 .9)91 1.521 .9284 1'.358 .9453
9.5 1.417 .9203 1.245 .9360 1.044 .9518 .871 .9656

10.0 1.129 .9436 .944 .9560 .744 .9680 .575 .9787
10.6 .866 .9656 .689 ·9739 ·517 .9818 .366 .9888
11.2 .561 .9814 .432 .9863 .310 .9909 .201 ·9951

12.0 .230 ·9925 .166 .9946 .105 .9966 .050 .9984
13.0 .077 .9976 .055 .9983 .035 .9989 .017 .9995

,.:·e.- 14.0 .025 .9993 .018 ·9995 .011 ·9997 .005 .9999
16.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

~ • .... j



21.42

Table 21.10.--(Continued)

Tc = 60 hours

Serial No. : 89 90 91 92
Ql/~O . 0.2 0.3 0.4 0.5.

Time PSH PSMC PSH PSM:: PSH PSM:: PSH PSM::

days Cfs/AQ10 s&..o cfs/AQ10 9J..9.10 Cfs/AQ10 ~O cfs/A%.O 9&0

0 0 0 0 0 0 0 0 0
.6 .065 .0004 .048 .0003 .036 .0002 .029 .0002

1.3 .506 .0068 .3eo .0051 .288 .0038 .226 .0030
2.0 1.164 .0286 .890 .0216 .687 .0164 ·533 .0128
3.0 1.785 .0844 1.430 .0652 1.119 .0503 .896 .0394

4.0 2.184 .15eo 1.848 .1258 1.515 .0986 1.244 .0786
4.8 2.534 .2276 2.298 .1864 2.008 .1498 1.713 .1214
5.0 2.658 .2468 2.483 .2041 2.229 .1654 1.949 .1348
5.2 2.824 .2670 2.769 .2234 2.617 .1832 2.423 .1508
5.4 3.038 .2887 3.168 .2453 3.189 .2045 3.160 .1712

5.6 3.290 .3121 3.665 .2705 3.929 .2307 4.142 .1980
5.8 3.562 .3374 4.221 .2996 4.777 .2628 5.287 .2327 _.~

6.0 3.819 .3648 4.757 .3329 5.606 .3012 6.420 .2760 ..

6.2 4.012 .3938 5.150 .3695 6.204 •3449 7.221 .3264
6.3 4.080 .4088 5.286 .3888 6.411 .3681 7.499 .3535

6.4 4.122 .4239 5.366 .4085 6.526 .3920 7.645 .3815
6.5 4.142 .4392 5.399 .4284 6.570 .4162 7.694 .4097
6.6 4.140 .4546 5.388 .4483 6.544 .4404 7.650 .4380
6.8 4.077 .4850 5.237 .4877 6.293 .4878 7.284 .4932
7·0 3·959 .5148 4.981 .5254 5.890 .5328 6.723 .5449

7.2 3.eo9 .5435 4.671 .5611 5.415 .5745 6.078 .5921
7.4 3.645 .5711 4.339 .5944 4.912 .6126 5.402 .6344
7.7 3.408 .6102 3.881 .6400 4.242 .6632 4.525 .6892
8.0 3.199 .6469 3.493 .6808 3.698 .7071 3.838 .7353
8.5 2·901 .7032 2.958 .7402 2.976 .7684 2.946 .7974

9.0 2.656 .7546 2.535 .7908 2.430 •81eo 2.283 .8453
9.5 2.463 .8019 2.224 .8346 2.055 .8591 1.839 .8830

10.0 2.306 .8460 1.985 .8734 1.769 .8943 1.510 .9138
10.6 2.059 .8948 1.708 .9145 1.456 .9301 1.199 .9437
11.2 1.561 .9354 1.277 .9479 1.055 .9581 .859 .9666

12.0 .eo6 .9699 .653 .9760 ·529 .9810 .424 .9852
13.0 .308 .9891 .245 .9914 .193 ·9933 .150 .9948
14.0 .114 .9963 .090 .9971 .070 .9978 .054 .9983
16.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000 ,·~:··1~

:~~:.::~



21.43

,
.'• Table 21.10.--(Continued)

Tc = 6IJ hours

Serial No. : 93 94 95 96
Ql/~O : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSMC PSH PSM:: PSH PSMC
days cfs!AQ10 ~10 cfs!AQ10 ~10 Cfs!AQJO Q!QJO cfs!AQJO Q!QJO

0 0 0 0 0 0 0 0 0
.6 .022 .0001 .014 .0001 .008 .0000 .004 .0000

1.3 .170 .0023 .118 .0016 .069 .0009 .034 .0004
2.0 .405 .0097 .285 .0067 .176 .0040 .084 .0019
3.0 .683 .0299 .4eo .0210 .317 .0132 .148 .0063

4.0 .973 .0602 .695 .0423 .459 .0273 .224 .0130
4.8 1.392 .0942 1.022 .0669 .694 .0437 .357 .0212
5.0 1.627 .1052 1.244 .0751 .895 .0494 .525 .0243
5.2 2.178 .1190 1.865 .0863 1.580 .0582 1.268 .0306
5.4 3.074 .1382' 2.921 .1038 2.786 .0741 2.626 .0447

5.6 4.299 .1652 4.394 .1305 4.503 .1007 4.590 .0709
5.8 5.750 .2022 6.161 .1692 6.582 .1413 6.989 .1133

~.• 6.0 7.197 .2499 7.936 .2212 8.687 .1976 9.432 .1738
6.2 8.204 .3069 9.151 .2844 10.102 .2670 11.047 .2494
6.3 8.555 .3377 9.578 .3188 10.602 .3050 11.622 .2911

6.4 8.729 .3696 9.779 .3545 0 10 .824 .3445 11.86IJ .3342
6.5 8.782 .4018 9.835 .3906 10.878 .3844 11.908 .3780
6.6 8.718 .4340 9.750 .4266 10.768 .4242 11.770 .4215
6.8 8.230 04966 9.138 .4963 10.016 .5008 10.868 .5049
7.0 7.507 .5546 8.255 .5604 8.961 .5707 9.633 .5804

7.2 6.690 .6069 7.272 .6176 7.804 .6324 8.298 .6463
7.4 5.840 .6531 6.254 .6673 6.610 .6854 6.924 .7022
7.7 4.765 .7116 4.994 .7293 5.162 .7502 5.294 .7694
8.0 3.946 .7595 4.055 .7791 4.109 .8012 4.136 .8212
8.5 2.903 .8220 2.874 .8422 2.803 .8640 2.723 .8834

9.0 2.142 .8681 2.027' 08868 1.876 .9065 1.735 ·9237
9.5 1.657 .9028 1.510 .9190 1.332 .9356 1.178 .9501

10.0 1.306 .9299 1.136 .9432 .945 .9564 .784 .9680
10.6 .994 ·9552 .821 .9647 .647 .9738 .495 .9819
11.2 .693 .9739 .558 .9798 .428 .9855 .312 .9906

12.0 .334 .9887 .261 ·9917 .191 .9945 .128 ·9970
13.0 .112 .9%2 .081 .9972 .051 .9982 .025 .9992

'4t
14.0 .040 .9987 .029 .9991 .018 .9994 .009 .9997

'0

16.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000~ : ,.
..... ,



21.44

Table 21.10.~-(Continued)

Tc = 66 hours

Serial No. : 97 98 99 100
Ql / Ql0 : 0.2 0.3 0.4 0·5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days Cfs!A~O s&o Cfs!AQ10 ~10 cfs/AG10 ~10 cfs!AQ10 ~O

0 0 0 0 0 0 0 0 0
.6 .050 .0003 .037 .0002 .028 .0002 .022 .0001

1.3 .401 .0053 .302 .0040 .229 .0030 .179 .0023
2.0 1.008 .0234 .769 .0177 .593 .0135 .460 .0105
3.0 1.670 .0741 1.330 .0572 1.039 .0441 .828 .0345

4.0 2.095 .1441 1.758 .1143 1.431 .0894 1.171 .0712
4.8 2.438 .2110 2.184 .1720 1.887 .1378 1.599 .1113
5.0 2.553 .2294 2.349 .1888 2.082 .1524 1.8D3 .1238
5.2 2.701 .2488 2.593 .2070 2.406 .1688. 2.193 .1384
5.4 2.887 .2695 2.926 .2273 2.872 .1882 2.781 .1567

5.6 3.106 .2917 3.342 .2505 3.478 .2116 3.572 .18D0
5.8 3.348 .3156 3.819 .2769 4.191 .2399 4.520 .2098
6.0 3.589 .3412 4.308 .3070 4.934 .2736 5.521 .2468 .' '\
6.2 3.796 .3686 4.726 .3404 5.570 .3124 6.377 .29J9
6.4 3.942 .3972 5.015 .3765 6.003 •3552 6.952 .3401 ...

6.5 3.987 .4119 5.102 .3952 6.129 .3776 7.114 .3661
6.6 4.015 .4267 5.154 .4141 6.205 .4004 7.211 .3925
6.7 4.023 .4416 5.160 .4332 6.204 .4233 7.197 .419J
6.8 4.014 .4565 5.133 .4522 6.157 .4461 7.125 .4454
7.0 3.951 .4860 4.988 .4897 5·921 .49J7 6.787 .4968

7.2 3.846 .5148 4.764 .5257 5.571 .5332 6.305 .5451
7.4 3.716 .5428 4.497 .5600 5.165 .5728 5.756 .5896
7.7 3.502 .5829 4.070 .6074 4.528 .6264 4.910 .6485
8.0 3.297 .6206 3.679 .6504 3.964 .6733 4.181 .6987
8.5 3.001 .6788 3.142 .7132 3.230 .7394 3.266 .7669

9.0 2.752 .7320 2.707 .7671 2.661 ·7935 2.570 .8204
9.5 2.545 .78JJ9 2.362 .8138 2.228 .8384 2.048 .8627

10.0 2.379 .8264 2.103 .8549 1·917 .8765 1.688 .8970
10.6 2.143 .8769 1.816 .8985 1.585 .9153 1.339 .9304
11.2 1.708 .9200 1.418 .9346 1.196 .9462 .992 .9562

12.0 .978 .9596 .8JJ6 .9672 .669 .9734 .552 .9787
13.0 .410 .9839 .332 .9872 .269 .9898 .215 .9921
14.0 .166 ·9939 .132 ·9952 .104 .9962 .081 ·9971
17.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000 ....~.......

.~~~...( :.

'<~'y



21.45

-- Table 21,.10. --(Continued)

Tc = 66 hours

Serial No. : 101 102 103 104
Q1/Q10 : 0.6 0.7 0.8 0·9

Time PSH PSMC PSH PSM:: PSH PSM:: PSH PSMC

days cfs!AQ10 Q!Q10 cfs!AQ10 ~10 cfs!AQ10 ~10 Cfs!A~O ~O

0 0 0 0 0 0 0 0 0
.6 .016 .0001 .011 .0001 .006 .0000 .003 .0000

1.3 .135 .0018 .094 .0012 .055 .0007 .027 .0003
2.0 .350 .0079 .246 .0055 .150 .0033 .072 .0016
3.0 .631 .0262 .443 .0183 .291 .0115 .136 .0055

4.0 .913 .0544 .650 .0382 .430 .0246 .209 .0117
4.8 '1.292 .0862 .945 .0612 .638 .0399 .326 .0193
5.0 1.493 .0964 1.132 .0687 .806 .0451 .466 .0221
5.2 1.939' .1089 1.627 .0786 1.347 .0527 1.047 .0273
5.4 2.642 .1256 2.441 .0935 2.264 .0659 2.065 .0386

5.6 3.615 .1486 3.597 .1l56 3.598 .0873 3.577 .0593
5.8 4.801 .1795 5.028 .1473 5.268 .1198 5.492 .0925.,- 6.0 6.067 .2196 6.568 .1900 7.079 .1653 7.581 .1406
6.2 7.146 .2685 7.876 .2434 8.612 .2234 9.340 .2033
6.4 7.864 .3239 8.740 .3048 9.617 .2907 10.484 .2764

6.5 8.061 .3533 8.972 .3374 9.878 .3266 10.772 .3155
6.6 8.181 .3832 9.116 .3707 10.044 .3632 10.959 .3555
6.7 8.151 .4133 9.068 .4042 9.970 .4000 .10.854 .3956
6.8 8.052 .4431 8.942 .4373 9.814 .4364 10.664 .4351
7.0 7.608 .5009 8.392 .5012 9.146 .5063 9.871 .5108

7·2 6.991 .5547 7.645 .5604 8.257 .5704 8.836 .5797
7.4 6.301 .6037 6.818 .6136 7.288 .6276 7.722 .6406
7.7 5.246 .6674 5.567 .6818 5.833 .6998 6.063 .7163
8.0 4.361 ·7203 4.535 .7375 4.654 .7575 4.744 .7757
8.5 3.282 .7902 3.309 .8090 3.291 .8298 3.259 .8484

9.0 2.480 .8429 2.412 .8612 2.306 .8808 2.204 .8981
9.5 1.893 .8828 1.768 .8993 1.610 .9164 1.472 ·9313

10.0 1.506 ·9139 1.356 .9278 1.183 .9418 1.037 .9541
10.6 1.143 .9431 .980 ·9535 .809 .9636 .662 .9726
1l.2 .821 .9648 .680 .9717 .543 .9784 .420 .9844

12.0 .452 .9832 .371 .9869 .293 .9904 .224 .9936
13.0 .168 .9940 .130 .9956 .093 ·9971 .059 .9985
14.0 .060 .9978 .044 .9984 .028 .9990 .013 .9995

".~_,.o, 17·0 0 1.0000 0 1.0000 0 1.0000 0 1.0000
. ,

r;;,. ''.,- .'
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Table 21.10.--(Continued)

• Tc = 72 hours

Serial No. : 109 110 111 112
Ql /Ql0 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSM:: PSH PSMC PSH PSMC

days Cfs!AQ10 ~10 cfs!AQ10 Q!Ql0 Cfs!A~O Q!Ql0 cfs!AQ10 9.&.0

0 0 0 0 0 0 0 0 0
.6 .013 .0001 .009 .0000 .005 .0000 .002 .0000

1.3 .108 .0014 .075 .0010 .044 .0006 .021 .0003
2.0 .300 .0065 .210 .0045 .128 .0027 .062 ..0013
3.0 .581 .0229 .408 .0160 .266 .0100 .125 .0048

4.0 .856 .0492 .608 .0345 .402 .0222 .194 .0105
4.8 1.202 .0789 .876 .0559 .590 .0364 .299 .0176
5.0 1.378 .0884' 1.037 .0629 .733 .0412 .419 .0201
5.2 1.744 .0997 1.437 .0717 1.164 .0478 .877 .0245
5.4 2.324 .1146 2.103 .0847 1.910 .0590 1.701 .0338

5.6 3.106 .1345 3.019 .1034 2.956 .0768 2.874 .0505
5.8 4.072 .1609 4.171 .1298 4.288 .1033 4.388 .0771

..:.• 6.0 5.156 .1948 5.478 .1653 5.814 .1405 6.136 .1157

. , 6.2 6.221 .2368 6.771 .2104 7.334 .1889. 7.888 .1673
6.4 7.001 .2856 7.705 .2638 8.413 .2469 9.111 .2299

6.6 7.491 .3391 8.290 .3228 9.085 .3114 9.867 .2999
6.7 7.610 .3669 8.427 .3536 9.237 .3451 10.032 .3365
6.8 7.647 .3950 8.467 .3847 9.275 .3792 10.065 .37:34
6.9 7.604 .4231 8.411 .4157 9.200 .4132 9.969 .4102
7.0 7.483 .4508 8.258 .4464 9·010 .4467 9.739 .4465

7.2 7.083 .5046 7.767 .5055 8.420 .5109 9.044 .5157
7.5 6.257 .5784 6.775 .5860 7.251 .5976 7.693 .6082
8.0 4.767 .6797 5.015 .6942 5.213 .7118 5.32D .7278
8.5 3.622 .7563 3.698 ·7735 3.728 .7930 3.742 .8104
9.0 2.792 .8151 2.765 .8327 2.699 .8518 2.632 .8686

9.5 2.166 .8606 2.075 .8770 1.950 .8943 1.839 ·9095
10.0 1.700 .8958 1.568 .9101 1.411 .9247 1.275 .9376
10.6 1.311 ·9290 1.161 .9401 1.001 ·9511 .863 .9609
11.2 .962 .9540 .822 .9619 .683 .9695 .559 .9764
12.0 .561 .9762 .470 .9806 .381 .9849 .301 .9887

13.0 .253 .9906 .212 .9927 .172 .9947 .136 .9965
14.0 .092 .9966 .069 ·9975 .047 .9984 .027 .9992
15.0 .036 .9987 .026 ·9991 .016 .9994 .008 .9997

,~e~
17.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

.' .

"
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FIGURE 21.1 - Moss curves of runoff in various arrangements.
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FIGURE 2-1 (B)

RATIOS OF VOLUMES OF RUNOFF (Q l/QlO)

PRINCIPAL SPILLWAY HYDROGRAPH

r:->......



OS'

........
N.....
0
I
~
H,..,
::0
Q'\
0

??
rt 40·

......
\0
00
VI
~

N

N

'00' .." ""', 80" ""

\
\
\

I,
I

\
OS"\

10
\

\
\

\
I

\
\

\ 40"

Note: For Wisconsin, Michigan and eastern
Iowa use csm values in circles.

FIGURE 2-1 (C)
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FIGURE 2-2 (B)

RATIOS OF VOLUMES OF RUNOFF (Q l/QlO)

PRINCIPAL SPILLWAY HYDROGRAPH SNOWMELT PRODUCING FLOOD AREAS
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Q10 - IO·Day Volume Runoff

1»»1 Primarily snowmelt produced floods

o Primarily rain produced floods

o Deep snowpack areas

JANUARY 1971, REV. APRIL 1976

o
n
rt

,-...
N.....
o
I
<:
H
I
~

:xl
Q'\
o



.. a....

:..1 0
••

.·e

21.49

Emergency Spillways !I

Flows larger than those completely controllable by the principal spillway
and retarding storage are safely conveyed past an earth dam by an emer
gency spillway. The emergency spillway is designed by use of an Emergency
Spillway Hydrograph (ESH) and its minimum freeboard determined by use of
a Freeboard Hydrograph (FH). Both kinds of hydrographs are constructed
by the same procedure. There is a small difference in that procedure de
pending on whether a watershed's time of concentration is or is not over
six hours.

This part of the chapter presents a manual method of developing ESH and
FH. The method requires the use of the dimensionless hydrographs given in
table 21.17. Methods of routing the ESH or FH through structures are given
in chapter 17.

Alternatives to developing and routing the hydrographs manually are (i)
use of the SCS electronic computer program, in which basic data are input
and the ESH or FH' the routed hydrograph, and reservoir elevations are out
put; and (ii) the Upper Darby or UD method, in which no hydrograph is needed
but which uses the hydrograph characteristics of ESH or FH in an indirect
routing procedure with results in terms of spillway elevation and capacity.

The hydrologic criteria given below apply to the manual method and its al
ternatives. The examples that follow apply only to the manual method.

Hydrologic Criteria

SOURCE OF DESIGN STORM RAINFALL AMOUNT. The basic 6-hourdesign storm
rainfall amount used in development of ESH and FH is taken from one of
the following maps:

!I Background information on the material in this part of the chapter is
given in "Central Technical Unit Method of Hydrograph Development," by
M. H. Kleen and R. G. Andrews, Transactions, American Society of Agri
cultural Engineers, vol. 5, no. 2, p. 180-185, 1962; and in "Hydrology of
Spillway Design: Small Structures - Limited Data," by Harold O. Ogrosky,
paper no. 3914, Proceedings, American Society of Civil Engineers, Journal
of the Hydraulics Division, May 1964.
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ES-1020, 5 sheets. 48 contiguous States. Supplementary sheets
for California and Washington-Qregon are also given.

ES-1021, 5 sheets. Hawaii.

ES-1022, 5 sheets. Alaska.

ES-1023, 5 sheets. Puerto Rico.

ES-1024, 5 sheets. Virgin Islands.

The rainfall amounts on these maps are minimums allowed by SCS criteria for
various classes of structures.

DURATION ADJUSTMENT OF RAINFALL AMOUNT. If the time of concentration of
the drainage area above a structure is more than six hours, the duration
of the design storm is made equal to that time and the rainfall amount is
increased using a factor from figure 21.2, part (c).

AREAL ADJUSTMENT OF RAINFALL AMOUNT. If the drainage area above a struc
ture is 10 square miles or less, the areal rainfall is the same as the rain
fall taken from the maps of ES-1020 through 1024. If the area is over 10
square miles but not over 100 square miles, the areal rainfall is obtained
by use of a factor from figure 21.2, part (a). If the area is over 100
square miles, the adjustment factor for the area is requested from the En
gineering Division, Washington, D. C. When a request is submitted the
follOWing information about the area should also be submitted: (1) location,
preferably the latitude and longitude of the watershed outlet; (2) size in
square miles; (3) length in miles, following the main valley; (4) time of
concentration in hours; (5) runoff curve number; (6) proposed value of the
adjustment or adjustment factor. If a factor is also needed for a subwater
shed of that watershed, then similar information about the subwatershed should
also be submitted.

RUNOFF DETERMINATION. Runoff is determined using the methods ~f chapter 10.
The runoff curve number (CN) for the drainage area above a structure is de
termined by any of the methods in chapter 10. This CN must be for ~ntecedent

moisture condition II or greater and it applies throughout the design storm
regardless of the storm duration.

DIMENSIONLESS HYDROGRAPHS. The ESH and FH are made using the dimensionless
hydrographs given in table 21.17. If a hydrograph is to be developed in an
electronic computer program, then the storm distribution given in figure 21.2.b
(ES-1003-b) must be used to get an equivalent ESH or FR,.

Construction of Emergency Spillway and Freeboard Hydrographs

Two examples of hydrograph construction are given. The first illustrates
the procedure when the watershed time of concentration is not over six hours,
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the second when it is. There is no ~ifference in procedure for ESH and FH.
Equations used in the examples are listed in table 21.11 .

Example 21.5.--Construct an ESH for a class (b) structure with a drain
age area of 1.86 square miles, time of concentration of 1.25 hours,
CN of 82, and location at latitude , longitude .

1. Determine the 6-hour design storm rainfall amount, P. For this
structure class the ESH rainfall amount is taken from ES-1020, sheet
2 of 5. For the given location the map shows that P = 9.4 inches.

2. Determine the areal rainfall amount. The areal rainfall is the
same as in step 1 because the drainage area is not over 10 square miles.
Step 2 of example 21.6 shows the process.

3. Make the duration adjustment of rainfall amount. No adjustment is
made because the time of concentration is not over six hours. Step 3
of example 21.6 shows the process.

4. Determine the runoff amount, Q. Enter figure 10.1 with P = 9.4
inches and CN = 82 and find Q = 7.21 inches.

5. Determine the hydrograph family. Enter figure 21.3 (ES-10ll) with
CN = 82 and at P = 9.4 read hydrograph family 2.

6. Determine the duration of excess rainfall, To. Enter figure 21.4
(ES-1012) with P = 9.4 inches and at CN = 82 read by interpolation
that To = 5.37 ho:urs •.

7. Compute the initial value of Tp • By equation 21.4 this is 0.7(1.25)
=0.88 hours.

8. Compute the To/1P ratio. This is 5.37/0.88 = 6.10.

9. Select a revised To/1P ratio from table 21.16. This table shows
the hydrograph families and ratios for which dimensionless hydro
graphs are given in table 21.17. Enter table 21.16 with the ratio
from step 8 and select the tabulated ratio nearest it. For this ex
ample the selected ratio, (To/Tp)rev., is 6.

10. Compute Rev. Tp. This is a revised Tp used because of the change
in ratio. By equation 21.5, Rev. Tp = 5.37/6 = 0.895 hours.

11. Compute sp. By equation 21.6 this is 484(1.86)/0.895 = 1006 cfs.

12. Compute ~qp. Using the Q from step 4 and the qp from step 11 gives
Q(qp) = 7.21 1006) = 7253.26 cfs. Round to 7250 cfs.

13. Compute the times for which hydrograph rates will be computed.
In equation 21.7 use Rev. Tp from step 10 and the entries in the t/Tp
column of the selected hydrograph in table 21.17. The computeq times
are shown in column 2 of table 21.12.
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Table 21.11--Equations used in construction of ESH and FH

/

=

where

Equation

ToRev. Tp =
(To!Tp)rev.

484 A
Rev. Tp

t = (t/Tp ) (Rev. Tp )

q = (qc/qp) Qqp

A = drainage area in square miles

q = hydrograph rate in cfs

qc = hydrograph rate in cfs when Q = 1 inch

qp = hydrograph peak rate in cfs when Q = 1 inch

Q = design storm runoff in inches

No.

21.4

21.6

21.7

21.8

Rev. Tp = revised time to peak in hours

t = time in hours at which hydrograph rate is computed

Tc = time of concentration in hours

To = duration of excess rainfall in hours

(To/Tp)rev. = revised ratio from table 21.16

Tp = time to peak in hours for C'I'U design hydrographs

,'\
.,)

· /~/
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14. Compute the hydrograph rates. Use equation 21.8 and the qc/qp
column of the selected hydrograph in table 21.17. The computed
rates are shown in column 3 of table 21.12.

The hydrograph is completed with step 14. How the hydrograph is further
retabulated or plotted for routing through the spillway depends on the
routing method to be used. See chapter 17 for routing details.

The mass curve for the hydrograph can be obtained using the Qt/Q column
of the selected hydrograph in table 21.17. Ratios in that column are
multiplied by the Q of step 4 to give accumulated runoff in inches at the
time computed in step 13. For accumulated runoff in acre-feet or another
unit, convert Q to the desired unit before making the series of multipli
cations.

In the following example the storm duration is increased because the time
of concentration is over six hours. Increasing the duration also requires
increasing the rainfall amount but if the drainage area is over 10 square
miles the increase is partly offset by the decrease in areal rainfall.

Example 2l.6.--Construct a FH for a class (c) structure with a drain
age area of 23.0 square'miles, time of concentration of 10.8 hours,
CN of 77, and location at latitude , longitude •

1. Determine the 6-hour design storm rainfall amount, P. For this
structure class the PH rainfall amount is taken from ES-I020, sheet
5 of 5. For the given location the map shows that P = 25.5 inches.

2. Determine the areal rainfall amount. Use the appropriate curve
on figure 2l.2.a (ES-I003-a). For this location the "Humid and sub
humid climate" curve applies and the adjustment factor for the drain
age area of 23.0 square miles is 0.93. The adjusted rainfall is
0.93(25.5) = 23.72 inches.

3. Make the duration adjustment of rainfall amount. The duration is
made equal to the time of concentration, in this case, 10.8 hours.
Enter figure 2l.2.c (ES-I003-c) with the duration of 10.8 hours and
find an adjustment factor of 1.18. The adjusted rainfall is
1.18(23.72) = 27.99 inches. It is rounded to 28.0 inches for the re
mainder of this example.

4. Determine the runoff amount, Q. Enter figure 10.1 with the rain
fall from step 3 (p = 28.0 inches) and at CN = 77 find Q = 24.7 inches.

5. Determine the hydrograph family. Enter figure 21.3 (ES-lOll) with
CN = 77 and at P = 28.0 inches read hydrograph family 1.

6. Determine the duration of excess rainfall, To. Enter table 2l.l4
with CN = 77 and find that P*, the rainfall prior to the excess rain
fall, is 0.60 inches. Enter table 2l.l5 with the ratio p*/p =
0.60/28.0 = 0.02l4 and by interpolation read a time ratio of 0.950.
Then To = (time ratio) x (storm duration) = 0.950(10.8) = 10.26 hours.
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SCS-ENG-319
Rev. 1·70
File Code ENG-l3-H

DATE -..-.--
HYDROGRAPH COMPUTATION COMPUTED BY ----

CHECKED BY --
t=(tfTp)Rev. Tp q=(qc/qp)(QXqp) Qt =(Qt/Q)Q

WATERSHED OR PROJECT (r)fI9""p~£, Z/.,-) t q Q

HOURS CFS INr.HES

STATE ~ 1 0 0 0

2 ~D 1
.... 3 .6,1STRUCTURE SITE OR SUBAREA - J~

4 ,~I 10<:)

DR. AREA 186 SQ. MI. STRUCTURE CLASS b 5 I.Zl 2~8

6 15l 710

Te
12~ HR. STORM DURATION 0 HR.

7 1 82- 17'-9

9.1
8 z 13 Z~.~I

POINT RAINFALL IN.
9 Z.1f3 33~J!

ADJUSTED RAINFALL:
10 Z 1J./ ~/ID

AREAL: FACTOR 10 IN. 94 11 J oJ! z&.C:,r

DURATION: , FACTOR ID IN. 9.4 12 13" Z~.JfO

'8Z
13 3 '-S' /ACJZ

RUNOFF CURVE NO.
14 3% I 1c2-J1-

Q 1.21 IN. 15 JI. Zl, 13"

Z
' 16 JI..S'b 12~:r

HYDROGRAPH FAMILY NO.
17 481 1/02.-

0.88
18 5 1'1 IOOA

COMPUTED Tp HR.
19 5J1.A 9H"

5.37 20 5 18 8/9
To HR.

21 ~.09 fD/~

(To 1Tp);
22 ~ .~q ~99

COIFUTED '.10 USED "
23 C. b9 2511. 24 7.00 I";~

REVISED T 0.895 25 '7.~O 'S'1
p 2&

1 '"~ 5'A

'" = 484A = /ODt:7 CFS. 'll 19/ :u,
REV. Tp 2B B.Zl. ~e;

(QX9= 725'0 CFS. 29 8.tt :z.~

Jl ~.8Z. 110/
.COLUIIt) =(t/Tp) REV. Tp «(COLUMN) - (\ 1",XQX",) 31 C) 13 '1

32 ~Jl3 0
(XCOLUMN) =(0. IQ)Q 13

34

Table 21.12 Hydrograph computation

NEH Notice 4-102, August 1972
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By equation 21.4 this is

... - 7. com~ute the initial value of Tp •
0.7(10. ) = 7.56 hours •

8. Compute the To/~ ratio. This is 10.26/7.56 = 1.357.

21.55

9. Select a revised To/~ ratio from table 21.16. Enter table 21.16
with the ratio from step e and select the tabulated ratio nearest it.
For this example the selected ratio, (To/Tp)rev., is 1.5.

10. Compute Rev. TJ?' This is a revised Tp used because of the change
in ratio. By equat~on 21.5, Rev. Tp = 10.26/1.5 = 6.84 hours.

11. Compute gpo By equation 21.6 this is 484(23.0)/6.84 = 1627.5
cfs. Round to 1628 cfs.

12. Compute Qqp' Usin~ the Q from step 4 and the qp_from step 11
gives Q(qp) = 24.7(1628) = 40,211.6 cfs. Round to 40,212 cfs.

13. Compute the times for which hydrograph rates will be computed.
Use equation 21.7 with the Rev. Tp from step 10 and the entries in
the t/Tp column of the selected hydrograph in table 21.17. The com
puted rates are shown in column 2 of table 21.13.

14. Com ute the dro ra h rates. Use equation 21.8 with Qqp of step
12 and the qc qp column of the selected hydrograph in table 21.17.
The computed rates are shown in column 3 of table 21.13.
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SCS·ENG-319
Rev. 1-70
File Code ENG-l3-l4

DATE -
HYDROGRAPH COMPUTATION COMPUTED BY --

CHECKEDBV --

1=(I(Tp)Rev. Tp q=(qc/qp)(Q)(qpl Q1=(Q1/QlQ

WATERSHED OR PROJECT (£X/ft1PLE." Z/. 0) I Q Q

HOURS CFS INr.HES

STATE
~. 1 0 0 0

2 2./9 Jl8l

STRUCTURE SITE OR SUBAREA ...........---- 3
'" ~A J.I?~5'

4 6.f7 /J/~O

DR. AREA 2.3.0 SQ. MI. STRUCTURE CLASS C 5 87(, 285"91
6 IO~4 12773

T 10·8 HR. STORM DURATION 10. a HR.
7 13.1 ~ ze~/.z

c

?S.~
8 IS 32- ZIISz..

POINT RAINFALL IN.
9 /1 SI /If ISS'

ADJUSTED RAINFALL:
10 I~ 70 '?JDJf8

AREAL: FACTOR .93 IN. ZJ.1Z 11 2./ (iC) "l7f"O

DURATION: FACTOR 1./8 IN. Z1 ':)'7 12 2AoA 3~/0)

77 13 2{' ZI. ZJ-~2.
RUNOFF CURVE NO.

14 2.8 "'5' / /of 8P.

Q Z".7 IN. 15 30IA t:')~S-

HYDROGRAPH FAMILY NO. I
16 .32. 81 ~o~

17 JrOZ 322,

COMPUTED Tp 1.s' 18 312.1 /~/
HR.

19 39 J!.o p,o

To /0.2.6
20 'f-/5'9 t+D

HR.
21 Jl31A 0

(To I Tp):
22

COMPUTED /.3£7 USED /.S" 23
I 24

REVISED T ~.8/.f 25
p 2&

lip _ 484A = /t,Z8 CFS. 'll
- REV T• P 31

(QXV= .yayz CFS. 29

J)

(COLUIIf) =(t/Tp) REV. Tp etCOLUMN) == (lie I lIpXQXlIp) . 31

32

llCOLUMN) =(Qt IQ)Q 33

34

Table 21.13 Hydrograph computation.

NEH Notice 4-102, August 1972
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.Table 2l.14.--Rainfall prior to excess rainfall.

"e CN P* CN P* CN P* CN P* CN P*.....

(inches) (inches) (inches) (inches) (inches)

100 0 86 0.33 72 0.78 58 1.45 44 2.54

99 .02 85 .35 71 .82 57 1.51 43 2.64

98 .04 84 .38 70 .86 56 1.57 42 2.76

97 .06 83 .41 69 .9J 55 1.64 41 2.88

96 .08 82 .44 68 .94 53 1.70 40 3.00

95 .ll 81 .47 67 .98 53 1.77 39 3.12 )
94 .13 80 .50 66 1.03 52 1.85 38 3.26

93 .15 79 .53 65 1.08 51 1.92 57 5.40

92 .17 78 .56 64 1.12 50 2.00 36 3.56

91 .20 77 .60 63 1.17 49 2.08 35 3·72
90 .22 76 .63 62 1.23 48 2.16 34 3.88
89 .25 75 .67 61 1.28 47 2.26 33 4.06
88 .27 74 ·70 60 1.33 46 2.34 32 4.24
87 .30 73 .74 59 1.39 45 2.44 31 4.44:.'....e

.·e
~ '".
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Table 21.15.--Rainfa11 and time ratios for determining To when the storm
duration is greater than 6 hours.

Rain- Time Rain- Time Rain- Time Rain- Time
fall ratio fall ratio fall ratio fall ratio
ratio ratio ratio ratio

0 1.000 0.070 0.852 0.140 0.746 0.210 0.684
.002 .995 .072 .848 .142 .744 .212 .682
.004 .99) .074 .844 .144 .742 .214 .680
.006 .985 .076, .841 .146 .740 .216 .679
.008 .981 .078 .837 .148 .739 .218 .677

.010 .976 .080 ."833 .150 .737 .220 .675

.012 .971 .082 .830 .152 .735 .222 .673

.014 .967 .084 .827 .154 .733 .224 .672

.016 .962 .086 .824 .156 ·732 .226 .670

.018 .957 .088 .821 .158 .730 .228 .668

.020 .952 .090 .818 .160 .728 .2~ .667

.022 .948 .092 .815 .162 .726 .232 .666

.024 .943 .094 .812 .164 .724 ,.234 .666

.026 .938 .096 .809 .166 .723 .236 .665

.028 .933 .098 .806 .168 .721 .238 .665

".030 .929 .100 .803 .170 ·719 .240 .664
.032 .924 .102 .800 .172 .717 "-.',

.034 .919 .104 .797 .174 .716 (Change in

.036 .915 .106 .794 .176 .714 tabulation " ../

.038 .911 .108 .791 .178 ·712 increment.)

.040 .9)8 .110 .788 .180 .710 .250 .662

.042 .9)4 .112 .785 .182 .709 .300 .651

.044 .9)0 .114 ~782 .184 .707 .350 .640

.046 .896 .116 .779 .186 .705 .400 .628

.048 .893 .118 .776 .188 ·703 ".450 .617

.050 .889 .120 .773 .19) .702 .500 .606

.052 .885 .122 .770 .192 .700 ".550 .595

.054 .882 .124 .767 .194 .698 .600 .583

.056 .878 .126 .764 .196 .696 .650 .542

.058 .874 .128 .761 .198 .695 ·700 .500

.060 .870 .130 .758 .200 .693 .750 .447

.062 .867 .132 .755 .202 .691 .800 .386

.064 .863 .134 .751 .204 .689 .850 .310

.066 .859 .136 .749 .206 .687 .~O .220

.068 .856 .138 .747 .208 .686 .950 .116

," ·"9·~''':.- ':'. . ~



:.•

Asterisks signify that dimensionless hydrograph tabulations are given

in table 21.17.
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Table 21.17 --Time, discharge, and accumulated runoff ratios
for dimensionless hydrographs

Hydrograph Family 1

To/Tp = 1 To/Tp = 1.5 To/Tp = 2

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .28 .029 .003 .32 .012 .001 .29 .007 .001
3 .56 .150 .021 .64 .118 .017 .58 .035 .005
4 .84 .472 .086 .96 .377 .075 .87 .164 .027
5 1.12 .798 .216 1.28 .711 .204 1.16 .432 .090

6 1.40 .901 .392 1.60 .815 .384 1.45 .669 .208
7 1.68 .776 .564 1.92 .719 .565 1.74' .740 .359
8 1.96 .568 .703 2.24 .526 .712 2.03 .680 ·511
9 2.24 .389 .&:)1 2.56 .352 .815 2.32 .561 .644

10 2.52 .258 .868 2.88 .225 .884 2.61 .441 ·751

11 2.80 .173 ·913 3.20 .143 ·927 2·90 .319 .833
12 3.08 .115 .942 3.52 .090 .954 3.19 .212 .890
13 3.36 .078 .962 3.84 .057 .972 3.48 .140 .927
14 3.64 .052 .976 4.16 .037 .983 3.77 .094 .952

.:)15 3.92 .036 .985 4.48 .024 ·990 4.06 .063 .969
••• p ....

16 4.20 .024 .991 4.80 .015 ·995 4.35 .042 .981
17 4.48 .016 ·995 5.12 .008 ·997 4.64 .028 .988
18 4.76 .009 .997 5.44 .004 ·999 4.93 .017 .993
19 5.04 .005 ·999 5.76 .002 1.000 5.22 .011 .996
20 5.32 .002 1.000 6.08 .001 1.000 5.51 .007 .998

2l 5.60 .001 1.000 6.40 0 1.000 5.80 .004 ·999
22 5.88 0 1.000 6.09 .002 1.000
23 6.38 .001 1.000
24 6.67 0 1.000

<.)



Table 21.17 (Continued)

21.61

Hydrograph Family 1

To/Tp = 3 To/Tp = 4 To/Tp = 6

Line t/Tp qc/qp Qt/Q t/Tp qc(qp Qt/Q t/Tp qc/qp Qt(Q
No.

1 0 0 0 0 0 0 0 0 0
2 .35 .005 .001 .35 .003 .000 .44 .003 .001
3 .70 .027 .005 .70 .015 .003 .98 .018 .003
4 1.05 .101 .021 1.05 .049 .011 1.32 .041 .012
5 1.40 .302 .074 1.40 .122 .033 1.76 .084 .032

6 1.75 .563 .185 1.75 .298 .087 2.20 .176 .074
7 2.10 .650 .342 2.10 .528 .194 2.64 .386 .165
8 2.45 .576 .501 2.45 .585 .337 3.08 .497 .309
9 2.80 .460 .635 2.80 .518 .479 3.52 .430 .459

10 3.15 .374 .743 3.15 .413 .599 3.96 .335 .583

11 3.50 .290 .829 3.50 .334 .695 4.40 .258 .679
12 3.85 .201 .892 3.85 .273 .774 4.84 .202 .754

-e 13 4.20 .127 .935 4.20 .231 .839 5.28 .164 .813
...... . 14 4.55 .078 .961 4.55 .185 .892 5.72 .139 .862

15 4.90 .047 .977 4.90 .128 .933 6.16 .124 .905

16 5.25 .028 5.25 .080 ·959 6.60 .100 .941
17 5.60 .016 ·993 5.60 .047 .976 7.04 .060 .967
18 5.95 .009 .996 5·95 .028 .985 7.48 .033 .982
19 6.30 .005 .998 6.30 .017 ·991 7.92 .018 .991
20 6.65 .003 ·999 6.65 .010 ·995 8.36 .009 ·995

21 7·00 .002 .999 7.00 .006 ·997 8.80 .005 .997
22 7.35 .001 1.000 7.35 .004 .998 9.24 .003 .999
23 7.70 0 1.000 7.70 .003 ·999 9.68 .002 .999
24 8.05 .002 1.000 10.12 .001 1.000
25 8.40 .001 1.000 10.56 0 1.000

26 8.75 0 1.000

, :
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Table 21.17 (Continued) Hydrograph Family 1 .

To/Tp = 10 To/Tp = 16 To/Tp =25

Line t/Tp qc/qp Qt/Q t/Tp ~/qp Qt!Q t/Tp qc!qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .56 .002 .000 .66 .001 .000 1.22 .002 .001
3 1.12 .013 .004 1.32 .006 .002 2.44 .009 .006
4 1.68 .027 .012 1.98 .015 .007 3.66 .018 .018
5 2.24 .047 .027 2.64 .027 .017 4.88 .027 .038

6 2.80 .071 .052 3.30 .037 .033 6.10 .036 .067
7 3.36 .115 .o~ 3.96 .047 .053 7.32 .046 .103
8 3.92 .278 .172 4.62 .062 .080 8.54 .116 .176
9 4.48 .394 .312 5.28 .092 .117 9.76 .232 .333

10 5.04 .322 .461 5.94 .223 .194 10.98 .146 .503

11 5.60 .235 .577 6.60 .309 .323 12.20 .088 .608
12 6.16 .174 .662 7.26 .243 .457 13.42 .062 .675
13 6.72 .136 .726 7.92 .171 .557 14.64 .051 .726
14 7.28 .110 .777 8.58 .124 .629 15.86 .045 .769 .. j
15 7.84 .092 .819 9.24 .097 .683 17.08 .039 .807 . '. ~ ',"..

16 8.40 .079 •855 9.~ ."081 .726 18.30 .035 .840
17 8.96 .073 .886 10.56 .070 .763 19·52 .031 .870
18 9.52 .068 .916 11.22 .061 .794 20.74 .027 .896
19 10.08 .065 .943 11.88 .055 .823 21.96 .025 ·920
20 10.64 .053 .968 12.54 .050 .848 23.18 .025 .942

21 11.20 .027 .984 13.20 .047 .872 24.40 .025 .965
22 11.76 .012 ·993 13.86 .045 .894 25.62 .020 .985
23 12.32 .006 .996 14.52 .044 .916 26.84 .005 .996
24- 12.88 .003 .998 15.18 .043 .937 28.06 .002 ·999
2) 13.44 .002 ·999 15.84 .040 .957 29.28 0 1.000

26 14.00 .001 1.000 16.50 .034 ·975
27 14.56 0 1.000 17.16 .020 .988
28 17.82 .008 .995
29 18.48 .004 .998
30 19.14 .002 ·999

31 19.80 .001 1.000
32 20.46 0 1.000

'J<.:';~)
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Table 21.17 (Continued) Hydrograph Family 1

To/Tp = 36 To/Tp = 50 To/Tp = 75

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 1.70 .002 .001 2.00 .0019 .001 3.00 .0017 .002
3 3.40 .008 .008 4.00 .0052 .007 6.00 .0039 .008
4 5.10 .014 .021 6.00 .0085 .017 9·00 .0054 .018
5 6.00 .020 .043 8.00 .0118 .03J. J.2.00 .0084 .0:):)

6 8.50 .026 .072 10.00 .0151 .051 15.00 .0106 .053
7 10.20 .033 .109 12.00 .0192 .076 18.00 .0137 .079
8 11.g) .077 .178 14.00 .0259 .109 21..00 .0197 .1l5
9 13.60 .177 .338 16.00 .0578 .170 24.00 .0516 .192

10 15.30 .101 .513 18.00 .1330 .310 27.00 .0g)0 .344

.il 17·00 .058 .613 20.00 .0941 .475 30.00 .0593 .504
12 18.70 .044 .678 22.00 .0506 .581 33.00 .0321. .602

i, _ 13 20.40 .036 .728 24.00 .0357 .644 36.00 .0226 .661
0: r 14 22.10 .030 .770 26.00 .0297 .692 39·00 .0188 .705.' -

"-'

15 23.80 .027 .805 28.00 .0254 .7'32 42.00 .0161 .742

16 25.50 .024 .838 30.00 .021.9 .766 45.00 .0142 .775
17 27·20 .022 .867 32.00 .0192 .797 48.00 .0125 .804
18 28.g) .020 .893 34.00 .0172 .823 51.00 .0112 .829
19 30.60 .018 .917 36.00 .0159 .847 54.00 .0105 .852
20 32.30 .017 ·939 38.00 .0150 .870 57·00 .0100 .874

21. 34.00 .017 .960 40.00 .0145 .891 60.06 .0097 .896
22 35.70 .017 .982 42.00 .0140 .912 63.00 .0094 .916
23 37.40 .004 ·995 44.00 .0136 ·932 66.00 .00g) .936
24 39·10 .002 .999 46.00 .0131 .952 69.00 .0087 .955
25 40.80 0 1.000 48.00 .0125 .971 72.00 .0084 .973

26 50.00 .0123 .989 75.00 .0081 ·991
27 52.00 .0016 .999 78.00 .0002 1.000
28 54.00 0 1.000 81.00 0 1.000

.,..•
,..~.

': ....
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Table 2l. l7 (Continued)

Hydrograph Family 2

To/Tp = 1 To/Tp = 1.5 To/Tp = 2

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .28 .026 .003 .22 .003 .000 .28 .004 .000
.3 .56 .170 .023 .44 .041 .004 .56 .040 .005
4 .84 .4&:> .091 .66 .161 .020 .84 .170 .027
5 1.12 .802 .224 .88 .362 .063 1.12 .428 .089

6 1.~O .885 .399 1.10 .604 .142 1.40 .645 .200
7 1.68 .770 .571 1.32 .740 .251 1.68 .715 .340
8 1.96 ·550 .708 1.54 ·790 .375 1.96 .677 .484
9 2.24 .380 .804 1.76 .746 .501 2.24 .574 .614

10 2.52 .257 .870 1.98 .640 .613 2.52 .472 ·722

11 2.80 .166 .914 2.20 .536 .709 2.80 .369 .809 ",

12 3.08 .113 .943 2.42 .414 .786 3.08 .247 .873 ..
I

13 3.36 .078 .963 2.64 .303 .845 3.36 .168 ·915
j

14 3.64 .052 .976 2.86 .219 .887 3.64 .113 .945
15 3.92 .0)4 .985 3.08 .160 .918 3.92 .675 .964

16 4.20 .023 ·991 3.30 .117 .941 4.20 .050 ·977
17 4.48 .015 ·995 3.52 .088 .947 4.48 .034 .986
18 4.76 .009 .998 3.74 .064 ·970 4.76 .021 ·991
19 5.04 .004 .999 3.96 .047 ·979 5.04 .014 .995
20 5.32 .002 1.000 4.18 .035 .985 5.32 .008 .997

21 5.60 .001 1.000 4.40 .025 .990 5.60 .004 .998
22 5.88 0 1.000 4.62 .018 .994 5.88 .003 ·999
23 4.84 .012 .996 6.16 .002 1.000
24 5.06 .007 .998 6.44 .001 1.000
25 5.28 .004 ·999 6.72 0 1.000

26 5.50 .003 ·999
27 5.72 .002 1.000
28 5.94 .001 1.000
29 6.16 0 1.000

. j':~
.~. - " ",
.'....)
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;e.. Table 21.17 (Continued) Hydrograph Family 2

To/Tp => 3 To/Tp = 4 To/Tp = 6

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .32 .003 .000 .32 .002 .000 .34 .001 .000
3 .64 .017 .003 .64 .009 .002 .68 .005 .001
4 .96 .093 .016 .96 .036 .007 1.02 .015 .003
5 1'.28 .311 .064 1.28 .129 .026 1.36 .037 .010

6 1.60 .530 .163 1.60 .332 .081 1.70 .098 .027
7 1.92 .615 .298 1.92 .501 .179 2.04 .244 .070
8 2.24 .575 .439 2.24 .550 .303 2.38 .407 .151
9 2.56 .487 .565 2.56 .500 .426 . 2·72 .464 .261

10 2.88 .409 .671 2.88 .422 .535 3.06 .429 .373

11 3.20 .344 .760 3.20 .358 .627 3.40 .367 .473
12 3.52 .279 .834 3.52 .302 .705 3.74 .309 .557
13 3.84 .206 .891 3.84 .274 .773 4.08 .261 .629

::...• 14 4.16 .135 ·931 4.16 .230 .832 4.42 .224 .690
15 4.48 .087 .958 4.48 .195 .882 4.76 .193 .742

. ,.
'. .'

16 4.80 .054 .974 4.80 .147 ·922 5.10 .169 .787
17 5..12 .032 .984- 5.12 .099 ·951 5.44 .152 .828
18 5.44 .019 .990 5.44 .061 .970 5.78 .139 .864
19 5.76 .012 .994 5.76 .037 .982 6.12 .129 .898
20 6.08 .008 ·997 6.08 .023 .989 6.46 .113 .928

21 6.40 .005 .998 6.40 .013 ·993 6.80 .085 ·953
22 6.72 .00'3 ·999 6.72 .008 .996 7.14 .055 .971
23 7.04 .002 1.000 7.04 .005 .997 7.48 .035 .982
24 7.36 .001 1.000 7.36 .004 .998 7.82 .020 .989
25 7.68 0 1.000 7.68 .003 ·999 8.16 .012 ·993

26 8.00 .002 1.000 8.50 .008 ·995
27 8.32 .001 1.000 8.84 .005 ·997
28 8.64 0 1.000 9.18 .004 .998
29 9·52 .003 ·999
30 9.86 .002 ·999

31 10.20 .001 1.000
32 10.54 0 1.000

.:.-.
' ~. ~ \

\{o.:-
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Table 21.17 (Continued) Hydrograph Family 2

To/Tp = 10 To/Tp = 16 To/Tp = 25

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .63 .002 .000 ·90 .002 .001 1.30 .002 .001
3 1.26 .009 .003 1.&:> .007 .004 2.60 .006 .005
4 1.89 .027 .011 2.70 .020 .013 3.90 .014 .014
5 2.52 .063 .032 3.60 .037 .031 5.20 .024 .032

6 3.15 .236 .102 4.50 .148 .093 6.50 .088 .086
7 3.78 .364 .241 5.40 .277 .233 7.&:> .21.0 .228
8 4.41 .307 .397 6.30 .21.4 .396 9·10 .146 .397
9 5.04 .226 .521. 7.20 .149 .516 10.40 .097 .513

10 5.67 .172 .613 8.10 .112 .603 11.70 .072 .593

11 6.30 .136 .685 9.00 .088 .669 13.00 .057 .655
12 6.93 .113 .743 9.90 .073 .722 14.30 .049 .705
13 7.56 .097 .792- 10.&:> .063 .767 15.60 .044 ·750
14 8.19 .085 .834 11.70 .056 .&:>7 16.90 .039 .789
15 8.82 .078 .872 12.60 .052 .842 18.20 .035 .824 }). .?~

16 9.45 .074 .907 13.50 .048 .875 19.50 .033 .857
17 10.08 .069 .940 14.40 .045 .906 2O.&:> .031 .887
18 10.71 .053 .969 15.30 .044 .936 22.10 .029 .916
19 11.34 .025 .987 16.20 .042 .964 23.40 .028 .943
20 11·97 .009 ·995 17.10 .023 .986 24.70 .027 .969

21. 12.60 .004 .998 18.00 .006 .995 26.00 .014 .989
22 13.23 .002 ·999 18.90 .003 .998 27.30 .004 ·997
23 13.86 .001 1.000 19.&:> .001 1.000 28.60 .001 1.000
24 14.49 0 1.000 20.70 0 1.000 29~90 0 1.000
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.- ".- Table 21.17 (Continued) Hydrograph Family .2

To/Tp = 36 To/Tp = 50 To/Tp = 75

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/r:... t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 () 0 0 0 0
2 1.79 .002 .001 2.50 .0018 .002 3.00 .0012 .001
3 3.58 .006 .007 5.00 .0047 .008 6.00 .0027 .006
4 5.37 .012 .019 7.50 .0087 .020 9·00 .0044 .014
5 7.16 .019 .039 10.00 .0145 .041 12.00 .0067 .026

6 8.95 .057 ·909 12.50 .0615 .111 15.00 .0108 .045
7 10.74 .177 .232 15.00 .1184 .276 18.00 .0309 .091
8 12.53 .104 .405 17·50 .0621 .442 21.00 .0790 .213
9 14.32 .068 .519 20.00 .0433 .539 24.00 .0624 .369

10 16.11 .047 .596 22.50 .0342 .611 27·00 .0357 .478

11 17·90 .040 .653 25.00 .0274 .667 30.00 .0283 .548
12 19.69 .034 .703 27.50 .0234 .714 33.00 .0234 .606
13 21.48 .030 .745 30.00 .0209 .755 36.00 .0196 .653

::.e 14 23.27 .026 .782 32.50 .0187 .791 39·00 .0167 .693
15 25.06 .025 .816 35.00 .0167 .824 42.00 .0150 .728

16 26.85 .023 .848 37·50 .0159 .854 45.00 .0137 .760
17 28.64 .021 .877 40.00 .0153 .882 48.00 .0126 .789
18 30.43 .020 .904 42.50 .0147 ·910 51.00 .0115 .816
19 32.22 .019 ·930 45.00 .0142 .936 54.00 .0108 .840
20 34.01 .018 .955 47.50 .0136 .962 57.00 .0104 .864

21 35.80 .017 .978 50.00 .0131 .986 60..00 .0101 .886
22 37·59 .007 .994 52.50 .0008 ·999 63.00 .0098 .908
23 39.38 .001 ·999 55.00 0 1.000 66.00 .0095 .930
24 41.17 0 1.000 69.00 .0092 ·950
25 72.00 .0089 ·970

26 75.00 .0086 .990
27 78.00 .0003 1.000
28 81.00 0 1.000

(.•
-. . ~
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Table 21.17 (Continued)

Hydrograph Family 3

To/Tp = 1 To/Tp = 1.5 To/Tp = 2

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .26 .048 .005 .29 .028 .003 ·30 .012 .001
3 .52 .219 .030 .58 .190 .026 .60 .123 .016
4 .78 .521 .101 .87 .450 .094 .90 .343 .068
5 1.04 .762 .224 1.16 .656 .212 1.20 ·570 .169

6 1.30 .844 .378 1.45 .734 .360 1.50 .657 .304
7 1.56 .778 ·533 1.74 .685 .511 1.20 .630 .447
8 1.82 .621 .668 2.03 .585 .646 2.10 .562 .578
9 2.08 .441 .769 2.32 .445 .756 2.40 .484 .694

10 2.34 .305 .841 2.61 .350 .841 2.70 .379 .789

11 2.60 .21~ .891 2.90 .199 .899 3.00 .267 .861
112 2.86 .149 ·925 3.19 .132 .934 3.30 .177 ·910 I

13 3.12 .103 .949 3.48 .089 .958 3.60 .116 .942 ',' 'j14 3.38 .070 ·966 3.77 .057 .973 3.90 .076 .964
15 3.64 .048 ·977 4.06 .038 .983 4.20 .050 ·977

'!J __

116 3.90 .034 .985 4.35 .025 ·990 4.50 .033 .9871
17 4.16 .024 .991 4.64 .015 .994 4.20 .020 ·992
18 4.42 .016 ·995 4.93 .008 ·997 5.10 .011 .996
19 4.68 .010 ·997 5.22 .005 ·998 5.40 .006 ·998
20 4.94 .006 .999 5.51 .003 ·999 5.70 .004 .999

21 5.20 .003 1.000 5.20 .002 1.000 6.00 .002 1.000
22 5.46 .001 1.000 6.09 .001 1.000 6.30 .001 1.000
23 5.72 0 1.000 6.38 0 1.000 6.60 0 1.000

NEH Notice 4-102, August 1972 "'j', .
" '.
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Table 21.17 (Continued) Hydrograph Family 3

To/Tp = 3 To/Tp = 4 To/Tp = 6

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .34 .004 .001 .36 .003 .000 .42 .002 .000
3 .68 .088 .012 .72 .044 .007 .84 .021 .004
4 1.02 .289 .059 1.08 .203 .040 1.26 .138 .029
5 1.56 .489 .l57 l.41+ .400 .l20 l.68 ·320 .lOO

6 1.70 .543 .286 1.8() .478 .237 2.10 .390 .210
7 2.04 .507 .418 2.16 .450 .360 2.52 .565 .327
8 2.38 .445 .537 2.52 .397 .473 2.94 .314 .432
9 2.72 .385 .641 2.88 .342 ·572 3.36 .270 .522

10 3.06 .340 '.732 3.24 .296 .656 3.78 .232 .600

11 3.40 .294 .811 3.60 .257 .730 4.20 .199 .667
12 5.74 .223 .876 3.96 .234 .795 4.62 .174 .725

. ' 13 4.08 .149 ·922 4.32 .210 .855 5.04 .155 .776
\~. 14 4.42 ,.096 .953 4.68 .169 ·905 5.46 .144 .822

15 4.76 .056 .972 5.04 .lll .942 5.88 .137 .866

16 5.10 .033 .983 5.40 .067 .966 6.30 .127 ·907
17 5.44 .019 .990 5.76 .037 .98() 6.72 .101 .942
18 5.78 .013 .994 6.12 .022 .988 7.14 .063 .968
19 6.12 .008 .996 6.48 .014 ·993 7.56 .033 .983
20 6.46 .004 .998 6.84 .008 .995 7.98 .018 .991

21 6.8() .003 .999 7.20 .006 .997 8.40 .010 .995
22 7.14 .002 .999 7.56 .004 ·999 8.82 .005 .997
23 7.48 .001 1.000 7.92 .002 .999 9.24 .003 .998
24 7.82 0 1.000 8.28 .001 1.000 9·66 .002 ·999
25 8.64 0 1.000 10.08 .001 1.000

26 10.50 1.000
27 10·92 0 1.000

".

',." .).
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Table 2l.17(Continued) Hydrograph Family 3

To/Tp = 10 To/Tp = 16 To/Tp = 25

Line t/Tp qc/qp Qt/Q t/Tp ~/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .54 .001 .000 .90 .002 .001 1.23 .002 .001
3 1.08 .008 .002 1.80 .016 .007 2.46 .009 .006
4 1.62 .069 .017 2.70 .122 .053 3.69 .073 .043
5 2.16 .231 .077 3.60 .230 .170 4.92 .173 .154

6 2.70 .303 .184 4.50 .185 .308 6.15 .132 .291
7 3.24 .269 .298 5.40 .139 .415 7.38 .096 .394
8 3.78 .223 .396 6.30 .113 .499 8.61 .076 .471
9 4.32 .188 .478 7.20 .094 .568 9.84 .064 .534

10 4.86 .159 .548 8.10 .081 .626 11.07 .055 .588

11 5.40 .139 .&J7 9.00 .072 .677 12.30 .050 .635
12 5.94 .122 .659 9.90 .064 .722 13.53 .046 .678
13 6.48 .108 .705 10.80 .057 .762 14.76 .042 .718
14 7.02 .097 .746 11·70 .053 .799 15·99 .038 .754
15 7.56 .089 .783 12.60 .050 .833 17.22 .035 .787 .... )

:< ~:.:

16 8.10 .081 .817 13.50 .049 .866 18.45 .033 .818
17 8.64 .078 .849 14.40 .048 .898 19.68 .032 .947
18 9.18 .077 .880 15.30 .047 ·930 20.91 .031 .875
19 9.72 .077 .911 16.20 .046 ·961 22.14 .031 .903
20 10.26 .075 .941 17.10 .024 .984 23.37 .031 .931

21 10.80 .055 .967 18.00 .006 .994 24.60 .031 ·959
22 11.34 .030 .984 18.90 .004 .997 25.83 .025 .984-
23 11.88 .012 ·992 19.80 .002 ·999 ·27.06 .004 .997
24 12.42 .006 .996 20.70 0 1.000 28.29 .001 1.000
25 12.96 .004 .998 29.52 0 1.000

26 13.50 .002 ·999
27 14.04 .001 1.000
28 14.58 0 1.000

"'J:"
" '-
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(Continued)Table 21.17 Hydrograph Family 3

To/Tp = 36 To/Tp = 50 To/Tp = 75

Line t/~p qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/QNo.

1 0 0 0 0 0 0 0 0 0
2 1.62 .002 .001 2.25 .0008 .001 3.25 .0009 .001
3 3.24 .006 .006 4.50 .0070 .007 6.50 .0057 .009
4 4.86 .047 .037 6.75 .0474 .052 9·75 .0289 .051
5 6.48 .130 .143 9.00 .0972 .173 13.00 .0667 .166

6 8.10 .097 .277 11.25 .0642 .307 16.25 .0445 .299
7 9.72 .069 .376 13·50 .0460 .399 19.50 .0317 .391
8 1l.34 .052 .448 15.75 .0375 .469 22.75 .0257 .460
9 12.96 .045 .505 18.00 .0322 .527 26.00 .0219 .517

10 14.58 .041 .551 20.25 .0285 .577 29.25 .0195 .567

11 16.20 .037 .603 22.50 .0258 .622 32.50 .0176 .612
12 17.82 .034 .645 24.75 .0239 .664 35.75 .0160 .652
13 19.44 .031 .683 27.00 .0219 ·702 39·00 .0147 .689
14 2l.06 .028 .719 29·25 .0201 ·737 42.25 .0136 ·723;"e 15 22.68 .025 .750 31.50 .0185 .769 45.50 .0127 ·755\','

'. .~. ';.;

16 24.30 .024 .779 33.75 .0173 .799 48.75 .0118 .784
17 25.92 .024 .&:>8 36.00 .0165 .829 52.00 .0113 .812
18 27.54 .024 .836 38.25 .0162 .854 55.25 .0109 .839
19 29.16 .024 .865 40.50 .0159 .881 58.50 .0107 .865
20 30.78 .023 .893 42.75 .0156 ·g)7 ' 61.15 .0105 .8g)

21 32.40 .023 ·920 45.00 .0153 .933 65.00 .0103 .915
22 34.02 .023 .947 47.25 .0150 .958 68.25 .0101 .940
23 35.64 .023 .974 49.50 .0147 .983 71.50 .0099 .964
24 37.26 .007 .992 51.75 .0028 .998 74.75 .0097 .988
25 38.88 .003 .998 54.00 0 1.000 78.00 .0003 1.000

26 40.50 0 1.000 81.25 0 1.000

:,'-\' ,':;
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Table 21.17 (Continued)

Hydrograph Family 4

To/Tp = 1 To/Tp = 1.5 To/Tp = 2

Line t/Tp qc/qp Qt/Q t/Tp ~/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .28 .051 .005 .28 .038 .004 .32 .031 .004
3 .56 .220 .033 .56 .166 .025 .64 .173 .028
4 .84 .45X) .107 .84 .360 .079 .96 .360 .091
5 1.12 .738 .234 1.12 .551 .174 1.28 .494 .191

6 1.40 .830 .397 1.40 .651 .298 1.60 .555 .315
7 1.68 .751 .560 1.68 .686 .436 1.92 .567 .447
8 1.96 .573 .697 1.96 .650 .575 2.24 .555 .580
9 2.24 .392 .797 2.24 .543 .698 2.56 .45X) .703

10 2.52 .259 .865 2.52 .392 .795 2.88 .370 .805

11 2.80 .174 .910 2.80 .267 .863 3.20 .242 .877
12 3.08 .118 .940 3.08 .180 .~9 3.52 .150 ·923
13 3.36 ·Q79 .960 3.36 .120 .940 3.84 .098 .952

~14 3.64 .053 .974 3.64 .081 .961 4.16 .063 ·971 -, . .f

15 3·92 .036 •983 3·92 .055 ·975 4.48 .038 .983 ..-

16 4.20 .025 ·990 4.20 .036 .984 4.80 .024 ·991
17 4.48 .017 .994 4.48 .024 ·991 5.12 .013 .995
18 4.76 .011 ·997 4.76 .015 ·995 5.44 .008 ·997
19 5.04 .006 ·999 5.04 .009 ·997 5.76 .004 .999
20 5.32 .003 ·999 5.32 .005 .999 6.08 .002 ·999

21 5.60 .001 1.000 5.60 .003 ·999 6.40 .001 1.000
22 5.88 0 1.000 5.88 .001 1.000 6.72 0 1.000
23 6.16 0 1.000

.' ..J
<~;
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Table 21.17 (Continued) Hydrograph Family 4

To/Tp = 3 To/Tp = 4 TalTp = 6

Line t/Tp CJc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/QNo.

1 0 0 0 0 0 0 0 0 0
2 .28 .018 .002 .40 .023 . 03 .40 .014 .002
3 .56 .086 .013 .80 .143 .028 .80 .088 .017
4 .84 .200 .042 1.20 .272 .089 1.20 .191 .058
5 1.12 ·311 ·°95 1.60 .326 .177 1.60 .244 .122

6 1.40 .386 .167 2.00 .340 .276 2.00 .250 .195
7 1.68 .415 .250 2.40 .337 .376 2.40 .246 .268
8 1.96 .422 .337 2.80 .323 .473 2.80 .240 .340
9 2.24 .417 .424 3.20 .306 .566 3.20 .233 .410

10 2·52 .402 .509 3.60 .293 .654 3.60 .223 .477

11 2.80 .394 .591 4.00 .286 .740 4.00 .212 .541
12 3.08 .387 .672 4.40 .266 .821 4.40 .202 .602:"- 13 3.36 .363 ·750 4.80 .197 .890 4.80 .194 .660
14 3.64 .316 .820 5.20 .122 ·937 5.20 .189 .717;

15 3.92 .236 .877 5.60 .067 .965 5.60 .187 .772
..... -::::. .

16 4.20 .164 ·919 6.00 .036 .980 6.00 .185 .827
17 4.48 .108 .947 6.40 .021 .988 6.40 .175 .880
18 4.76 .073 .966 6.80 .013 ·993 6.80 .131 ·92519 5.04 .047 .978 7·20 .008 .996 7.20 .080 ·95620 5.32 .030 ·986 7.60 .005 .998 7.60 .046 ·975
21 5.60 .020 ·991 8.00 .002 ·999 8.00 .027 .98522 5.88 .013 ·995 8.40 .001 1.000 8.40 .016 ·99223 6.16 .008 ·997 8.80 0 1.000 8.80 .009 ·99524 6.44 .005 .998 9.20 .005 ·99725 6.72 .003 ·999 9.60 .003 .999
26 7.00 .002 1.000 10.00 .002 .99927 7.28 .001 1.000 10.40 .001 1.000
28 7.56 1.000 10.80 0 1.000
29 7.84 0 1.000



Table 21.17 (Continued) Hydrograph Family 4

ToP p = 10 To/Tp = 16 To/Tp = 25

Line t/Tp qc/qp Qt/Q t/Tp qc/qp QyQ t/Tp ~/qp Qtig
No.

1 0 0 0 0 0 0 0 0 0
2 .50 .015 .003 .62 .015 .003 1.02 .025 .009
3 1.00 .079 .020 1.24 .064 .022 2.04 .070 .045
4 1.50 .151 .062 1.86 .112 .062 3..06 .092 .106
5 2.00 .177 .122 2.48 .128 .117 4.08 .082 .170

6 2.50 .170 .186 3·10 .119 .173 5.10 .068 .227
7 3.00 .159 .247 3.72 .105 .225 6.12 .062 .276
8 3.50 .152 .304 4.34 .097 .271 7.14 .059 .321
9 4.00 .146 .358 4.96 .094 .315 8.16 .056 .365

10 4.50 .141 .411 5.58 .091 .357 9.18 .055 .407

11 5.00 .136 .462 6.20 .089 .398 10.20 .054 .448
12 5.50 .131 .511 6.82 .087 .438 11.22 .053 .488
13 6.00 .126 .558 7.44 .085 .478 12.24 .052 .528
14 6.50 .121 .604 8.06 .082 .516 13.26 .050 .566

115 7.00 .116 .647 8.68 .079' .553 14.28 .049 .603 I
16 7.50 .112 .689 9·30 .076 .588 15.30 .047 .639
17 8.00 .112 .730 9.92 .074 .623 16.32 .046 .674
18 8.50 .111 .771 10.54 .072 .656 17.34 .045 .709
19 9·00 .111 .812 11.16 .071 .689 18.36 .044 .742
20 9.50 .110 .852 11.78 .070 .721 19.38 .044 .775

21 10.00 .110 .893 12.40 .069 .753 20.40 .044 .&:>9
22 10.50 .100 ·931 13.02 .069 .785 21.42 .044 .842
23 11.00 .065 .962 13.64 .069 .816 22.44 .044 .875
24 11.50 .033 .9&:> 14.26 .069 .848 23.46 .044 .908
25 12.00 .025 .990 14.88 .069 .879 24.48 .044 .941

26 12.50 .007 .996 15.50 .069 .911 25.50 .039 ·972
'27 13.00 .004 .998 16.12 .068 .942 26.52 .012 ·992
28 13.50 .002 ·999 16.74 .053 .970 27.54 .004 .998
29 14.00 .001 1.000 17.36 .023 ·987 28.56 .001 1.000
30 14.50 0 1.000 17.98 .009 ·995 29.58 0 1.000

31 18.60 .004 .998
32 19·22 .002 ·999
33 19.84 .001 1.000
34 20.46 0 1.000

jI _;-:;

NEH Notice 4-102, August 1972
..:. -~.... ~
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Table 21.17 (Continued)

21·75

Hydrograph Family 4 Hydrograph Family 5

To/Tp = 36 To/Tp = 50 To/Tp = 1

Line t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 1.50 .0306 .017 2.00 .0277 .020 .26 .021 .002
3 3.00 .0575 .066 4.00 .0464 .075 ·52 .106 .oi4
4 4.50 .0672 .135 6.00 .0435 .141 .78 .289 .052
5 6.00 .0492 .199 8.00 .0378 .201 1.04 .530 .131

6 7.50 .0433 .251 10.00 .0335 .254 1.30 .740 .254
7 9.00 .0418 .298 12.00 .0307 .301 1.56 .848 .407
8 10·50 .0408 .344 14.00 .0291 .345 1.82 .767 .563
9 12.00 .0400 .388 16.00 .0282 .388 2.08 .590 .693

<.- 10 13.50 .0391 .432 18.00 .0274 .429 2.34 .406 .789
..

11 15.00 .0382 .475 20.00 .0266 .468 2.60 .279 .855
12 16.50 .0371 .517 22.00 .0258 ·507 2.86 .193 ·901
13 18.00 .0358 ·557 24.00 .0250 .544 3.12 .134 .933
14 19.50 .0341 .596 26.00 .0242 .581 3.38 .092 .954
15 21.00 .0319 .632 28.00 .0234 .616 3.64 .065 .969

16 22.50 .0308 .667 30.00 .0230 .650 3·90 .044 .980
17 24.00 .0306 .701 32.00 .0229 .683 4.16 .030 .987
18 25.50 .0306 ·735 34.00 .0227 .718 4.42 .021 ·99?19 27·00 .0306 .769 36.00 .0226 .751 4.68 .015 ·995
20 28.50 .0306 .eo3 38.00 .0225 .784 4.94 .009 .998

21 30.00 .0306 .837 40.00 .0224 .817 5.20 .005 .99922 31.50 .0306 .871 42.00 .0222 .850 5.46 .002 1.000
23 33.00 .0306 ·905 44.00 .0221 .883 5.72 0 1.000
24 34.50 .0306 .939 46.00 .0219 .915
25 36.00 .0306 .973 48.00 .0219 .948

26 37·50 .0085 .994 50.00 .0217 .980
27 39.00 .0009 1.000 52.00 .0029 .998
28 40.50 0 1.000 54.00 0 1.000

,··e
~ .....: :,
..'.



Table 21.17 (Continued) HydI'ograph Family 5 '.'

To/Tp = 1.5 To/Tp = 2 To/Tp = 3

Line t/Tp qc/qp Qt/Q t/Tp ~/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .25 .013 .001 .25 .010 .001 .34 .010 .001
3 .50 .065 .008 .50 .048 .006 .68 .068 .011
4 .75 .173 .030 .75 .127 .022 1.02 .150 .039
5 1.00 .306 .075 1.00 .227 .055 1.36 .229 .086

6 1.25 .434 .143 1.25 .318 .106 1.70 .283 .151
7 1.50 .562 .235 1.50 .389 .171 2.04 .315 .226
8 1.75 .680 .350 1.75 .4lt8 .248 2.38 .339 .308
9 2.00 .137 .481 2.00 ·523 .338 2.12 .378 .399

10 2.25 .673 .611 2.25 .609 .443 3.06 .459 .504

11 2.50 .530 .122 2.50 .642 .558 3.40 .509 .626
12 3.75 .381 .806 2.15 .576 .611 3.74 .446 .146
13 3.00 .262 .866 3.00 .450 .766 4.08 .310 .841
14 3.25 .185 .901 3.25 .322 .837 4.42 .190 .904 ',')15 3.50 .129 .936 3.50 .222 .888 4·16 .111 .943 - .

16 3.15 .090 •956 3·15 .156 ·923 5.10 .069 .966
11 4.00 .063 .910 4.00 .109 .947 5.44 .040 .980
18 4.25 .045 .980 4.25 .015 .964 5.18 .025 .988
19 4.50 .031 ·981 4.50 .053 .916 6.12 .016 .993
20 4.15 .022 ·992 4.75 .031 .984 6.46 .009 ·991

21 5.00 .014 .995 5.00 .025 ·990 6.80 .005 ·998
22 5.25 .009 .998 5.25 .011 .994 7.14 .003 .999
23 5.50 .005 .999 5.50 .011 .996 7.48 .001 1.000
24 5·15 .003 1.000 5.15 .007 .998 7.82 0 1.000
25 6.00 .001 1.000 6.00 .004 ·999

26 6.25 0 1.000 6.25 .002 1.000
21 6.50 .001 1.000
28 6.15 0 1.000
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"- Table 21. 17 (Continued) Hydrograph Family 5

To/Tp = 4 To/Tp = 6 To/Tp = 10

Line t/Tp %/qp Qt/Q t/Tp Ck/qp Qt/Q t/Tp qc/qp Qt/Q
No.

1 0 0 0 0 0 0 0 0 0
2 .36 .010 .001 .52 .015 .003 .67 .013 .003
3 .72 .053 .010 1.04 .070 .019 1.34 .061 .022
4 1..08 .124 .033 1..56 .130 .057 2.01 .091 .059
5 1.44 .181 .074 2.08 .159 .112 2.68 .102 .107

6 1.80 .220 .127 2.60 .172 .176 3.35 .107 .159
7 2.16 .243 .189 3.12 .178 .242 4.02 .110 .213
8 2.52 .256 .255 3.64 .182 .311 4.69 .lll .268
9 2.88 .263 .325 4.16 .183 .381 5.36 .111 .323

10 3.24 .273 .396 4.68 .184 .451 6.03 .112 .378

II 3.60 .308 .473 5·20 .218 .527 6.70 .1l2 .434

r·e 12 3.96 .380 .565 5.72 .285 .623 7.37 .112 .45X)
13 4.32 .427 .672 6.24 .324 .740 8.04 .116 .546" '"/ 14 4.68 .377 .779 6.76 .267 .852 8.71 .160 .615
15 5.04 .260 .864 7.28 .133 .929 9·38 .198 .704

16 5.40 .155 .919 7.80 .064 .966 10.05 .212 .805
'17 5.76 .094 ·953 8.32 .029 .984 10.72 .168 ·900
18 6.12 .055 .972 8.84 .016 ·993 11.39 .074 .960
19 6.48 .032 .984 9.36 .007 .997 12.06 .027 ·985
20 6.84 .019 ·991 9.88 .003 .999 12.73 .010 .994

21 7.20 .012 ·995 10.40 .001 1.000 13.40 .005 .998
22 7.56 .007 .997 10.92 0 1.000 14.07 .002 1.000
23 7.92 .004 ·999 14.74 0 1.000
24 8.28 .002 1.000
25 8.64 0 1.000



Table 21.17 (Continued) Hydrograph Family 5
~'..

To/Tp = 16 To/Tp = 25

Line t/Tp qc/qp Qt/Q t/Tp ~/qp Qt/Q
No.

1 0 0 0 0 0 0
2 .i?o .008 .002 1.25 .015 .007
3 1.60 .046 .018 2.50 .039 .032
4 2.40 .060 .050 3.75 .043 .070
5 3.20 .065 .087 5.00 .044 , .110

6 4.00 .067 .126 6.25 .044 .151
7 4.i?o .067 .166 7.50 .044 .191
8 5.60 .068 .206 8.75 .044 .232
9 6.40 .068 .246 10.00 .044 .273

10 7·20 .068 .286 11.25 .044 .314

11 8.00 .068 .327 12.50 .044 .354
\

12 8.i?o .068 .367 13·75 .044 .395 " -)
13 9.60 .068 .407 15.00 .044 .436 .:.....~~,

14 10.40 .068 .448 16.25 .044 .476
15 11.20 .068 .488 ,17·50 .044 .517

16 12.00 .068 .528 18.75 .045 .558
17 12.i?o .086 .574 20.00 .067 .610
18 13.60 .121 .636 21.25 .083 .679
19 14.40 .133 .711 22.50 .087 ·758
20 15.20 .136 .791 23.75 .087 .839

21 16.00 .137 .872 25.00 .088 ·920
22 16.i?o .098 .941 26.25 .035 .976
23 17.60 .033 .9i?o 27.50 .006 ·995
24 18.40 .012 ·993 28.75 .002 .999
25 19.20 .004 .998 30.00 0 1.000

26 20.00 .001 1.000
27 20.80 0 1.000

,.;{),.:,.... 1,.- ,.'..:>. :t.



'". Table 21. 17 (Concluded) Hydrograph Family 5

21.79

To/Tp = 36 To/Tp = 50

Line t/Tp qc/qp Qt/Q t/Tp Qc/qp Qt/Q
No.

1 0 0 0 0 0 0
2 1.50 .0195 .011 2.00 .0167 .012
3 3.00 .0275 .037 4.00 .0204 .040
4 4.50 .0294 .068 6.00 .0214 .071
5 6.00 .0300 .101 8.00 .0216 .102

6 7.50 .0301 .135 10.00 .0216 .134
7 9.00 .0301 ..168 12.00 .0216 .166
8 10.50 .0301 .202 14.00 .0216 .198
9 12.00 .0301 .235 16.00 .0216 .230

10 13.50 .0301 .268 18.00 .0216 .262

<".o. 11 15.00 .0301 .302 20.00 .0216 .294
12 16.50 .0301 .335 22.00 .0216 .326
13 18.00 .0301 .369 24.00 .0216 .358
14 19.50 .0301 .402 26.00 .0216 .390
15 21.00 .0301 .435 28.00 .0216 .422

16 22.50 .0301 .469 30.00 .0216 .454
17 24.00 .0311 .503 32.00 .0217 .486
18 25.50 .0364 .540 34.00 .0243 .520
19 27.00 .0425 .584 36.00 .0287 .559
20 28.50 .0480 .634 38.00 .0329 .604

21 30.00 .0525 .690 40.00 .0363 .656
22 31.50 .0561 ·750 42.00 .0391 .711
23 33.00 .0584 .814 44.00 .0411 .771
24 34.50 .0598 .879 46.00 .0423 .832
25 36.00 .0603 .946 48.00 .0430 .895

26 37.50 .0167 .989 50.00 .0433 .959
27 39.00 .0018 ·999 52.00 .0058 ·995
28 40.50 0 1.000 54.00 .0002 1.000
29 56.00 0 1.000

,.. :~.•
.:' , ~
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HYDROLOGY: CRITERIA FOR DESIGN STORMS USED IN DEVELOPING
EMERGENCY SPILLWAY DESIGN AND FREEBOARD HYDROGRAPHS
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SECTION 4

HYDROLOGY

CHAPTER 22. GLOSSARY

A selected list of definitions of words and terms used in hydrologic
evaluations of watershed projects is given. Other useful definitions
are given in:

National Handbook of Conservation Practices, Information Division,
Soil Conservation Service, U. S. Department of Agriculture,
Washington, D. C. 20250.

Soil and Water Conservation Glossary, Soil Conservation Society
of America, 7515 Northeast Ankeny Road, Ankeny, Iowa 50021.

Nomenclature for Hydraulics (1962), ASCE Manual No. 43 ($6.00),
American Society of Civil Engineers, United Engineering Center,
345 East 47th Street, New York, New York 10017.

Underlined words and terms in a definition are defined elsewhere in the
list.

acre-foot -- The amount of water that will cover 1 acre to a depth of
1 foot. Equals 43,560 cubic feet. Abbreviated AF.

AF -- Abbreviation for acre-foot.or acre-feet.

annual flood -- The highest peak discharge in a water year.

annual runoff -- The total natural discharge of a stream for a year,
usually expressed in inches depth or AF. See water yield.

annual series -- A frequency series in which only the largest value in
each year is used, such as the annual floods.

annual yield -- The total amount of water obtained in a year from a
stream, spring, artesian well, etc. Usually expressed in inches
depth, AF, millions of gallons, or cubic feet.

antecedent moisture condition (AMC) -- The degree of wetness of a water
shed at the beginning of a storm. (See Chapter 4, Storm rainfall
data) •



22-2

area rainfall -- The average rainfall over an area, usually as derived
from, or discussed in contrast with, point rainfall.

base flow -- Stream discharge derived from groundwater sources. Some
times considered to include flows from regulated lakes or reservoirs.
Fluctuates much less than storm runoff.

cfs -- Abbreviation for cubic feet per second. A unit of water flow.
Sometimes called "second-feet."

cfs day -- Often called a second-foot-day. The volume of water
represented by a flow of 1 cubic foot per second for a period of
one day.

consumptive use -- A term used mainly by irrigation engineers to mean
'the amount of water usej in crop growth plus evaporation from the
soil. See evapotranspiration.

cover -- The vegetation, or vegetational debris such as mulch, that
exists on the soil surface. In some classification schemes, such
as table 9-1, fallow or bgre soil is taken as the minimum cover
class.

cross section (stream or valley) -- The shape of a channel, stream, or
valley, viewed across the axis. In watershed investigations it
is determined by a line approximately perpendicular to the main
path of water flow, along which measurements of distance and ele
vation are taken to define the cross-sectional area.

damage reach -- A length of floodplain or valley selected for damage
evaluation. (See Chapter 6, Stream reaches and cross sections).

degree-day -- As used in snowmelt studies, a day with an average
temperature one degree above 320 F. The average is usually
obtained by averaging the maximum and minimum for the day. A
day with an average of 400 F. gives 8 degree-days.

depth-area curve -- A graph showing the change in average rainfall
depth as size of area changes.

design storm -- A given rainfall amount, areal distribution, and time
distribution, used to estimate runoff. The rainfall amount is either
a given frequency (25-, 50-year, etc.) or a special large value.
(See Chapter 21, Design hydrographs).

direct runoff -- The water that enters the stream channels during a
storm or soon after, forming a runoff hydrograph. 'May consist of
rainfall on the stream surface, surface runoff, and seepage of
infiltrated water (rapid subsurface flow).
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double-mass curve -- A graph in which accumulated amounts of item X
are plotted versus accumulated amounts of item Y, the amounts for
given times being used.

drainage area The area draining into a stream at a given point. The
area may be of different sizes for surface rQUoff, subsurface flow,
and base flo~, but generally the surface runoff area is used as
the drainage area. See watershed.

effective duration -- The time in a storm during which the water supply
for direct runoff is produced. Also used to mean the juration of
excess rainfall.

effective rainfall -- Another term for direct runoff. Usually not the
same quantity on upland streams as on downstream rivers because of
variability of seepage flows.

emergency spillway -- A rock or vegetated earth waterway around a dam,
built with its crest above the normally used principal spillway.
Used to assist the principal spillway in conveying extreme amounts
of runoff safely past the dam.

-ET -- Abbreviation for evapotranspiration.

ev~uation series -- A list of floods or storms that produced floods
during a representative period, and used in water project evaluation
to obtain estimates of flood damages.

evapotranspiration -- Plant transpiration plus evaporation from the soil.
Difficult to determine separately, therefore used as a unit for
study. See consumptive use.

excessive precipitation -- Standard USWB term for "Rainfall in which the
rate of fall is greater than certain adopted limits, chosen with
regard to the normal precipitation (excluding snow) of a given
place or area." Not the same as excess rainfall.

excess rainfall -- Direct runoff at the place where it originates.

fallow -- Cropland kept free of vegetation during the growing season.
May be a normal part of the cropping system for weed control,
water conservation, soil conditioning, etc.

f c -- Symbol for the low, almost uniform; infiltration rate obtained
after prolonged wetting of the soil.
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flood -- In common usage, an event where a stream overflows its normal
bames. In frequency analysis it means an annual flood that may not
overflow the banks.

flood routing -- Determining the changes in a flood wave as it moves
downstream through a valley or through a reservoir (then sometimes
called reservoir routing). Graphic or numerical methods are used.

flood pool -- Floodwater storage in a reservoir. In a floodwater retarding
reservoir, the temporary storage between the crests of the principal
and emergency spillways.

floodwater retarding structure -- A dam, uS~lally with an earth fill,
haVing a flood pool where incoming flood 'later is temporarily
stored and slowly released downstream through a principal spillway.
The reservoir contains a sediment pool and sometimes storage for
irrigation or other purposes.

flood wave -- The rise and fall in streamflow during and after a storm.

frequency -- An expression or measure of how often a hydrologic event
of given size or magnitude should, on an average, be equaled or
exceeded. For example a 50-year frequency flood should be equaled
or exceeded in size, on the average, only once in 50 years. In
drought or deficiency studies it usually defines how many years
Will, on the average, be equal to or less than a given size or
magni tude.

frequency line The line on probability paper that represents a
series of events and their frequencies.

frequency series -- A s~quence or array of actual events (floods, etc.)
suitable for use in frequency analysis; or, a sequence or array of
hypothetical events obtained from a frequency analysis.

ground water -- The water in the saturated zone beneath the water table.
A source of base flow in streams.

Hazen equation -- F~ = (2n - 1) /2y. Used to obtain plotting positions
for plotting f~ood values on log-normal paper. (See Chapter 18,
Frequency methods).

H~zen method -- As considered in the Hydrology Guide, it consists of
using the Hazen equation and log-normal paper (or Hazen paper) to
obtain frequencies. More generally, it consists also of skewness
computations described by Allen Hazen in his book, "Flood Flows,"
published in 1930 by John Wiley and Sons, Inc., New York, N. Y.

\
.\

"," ..

'J' .<.,



.":~.-<W

·"·.:e, .

22-5

historical series -- A list of all actual storms (or floods) that
caused flood damage in a watershed, in ~ given period of years,
with the date of each storm of flood being known.

hydrograph -- A graph showing, for a given point on a stream or for a
given point in any drainage system, the discharge, stage, velocity
or other property of water with respect to time.

hydrologic soil-cover complex -- A combination of a hydrologic soil
group and a type of cover.

hydrologic soil group A group of soils having the same runoff
potential under similar storm and cover conditions.

hydrology -- The science that deals with the occurrence and bebavior of
water in the atmosphere, on the ground, and underground. Rainfall
intensities, rainfall interception by trees, effects of crop
rotations on runoff, floods, droughts, the flow of springs and
wells, are some of the topics studied by a hydrologist.

initial abstraction (Ia ) -- When considering surface runoff, ~is all
the rainfall before rQ~off begins. When considering direct runoff,
I a consists of interception, evaporation, and the soil-water
storage that must be exhausted before direct runoff may begin.
Sometimes called "initial loss," about which see loss.

infiltration -- Rainfall minus interception, evaporation, and surface
runoff. The part of rainfall that enters the soil.

interception -- Precipitation retained on plant or plant residue surfaces
and finally absorbed, evaporated, or s~blimated. That which flows
down the plant to the ground is called "stemflow" and not counted
as true interception.

irrigation pool -- Reservoir storage used to store water for release
as needed in irrigation.

isohyet -- A line on a map, connecting points of equal rainfall amounts.

lag (or lag time) Is the time from the centroid of rainfall to the
peak of the hydrograph. It can be estimated from time of concentra
tion as 0.6 Tc •
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land treatment measure -- A tillage practice, a pattern of tillage or
land use, or any land improvement, with a substantial effect of
reducing runoff and sediment production or of improving use of
drainage and irrigation facilities. Examples are contouring,
improved crop rotations, controlled grazing, land leveling, field
drainage. In hydrologic computations, nonbeneficial measures
(such as straight-row, poor-rotation corn) are included for
convenience in evaluation. See table 9-1. In general conservation
work "land treatment measure" has a broader meaning that includes
measures to improve the soil, control sheet erosion, increase soil
fertility.

land use -- A land classification. Cover, such as row crops or pastUre,
indicates a kind of land use. Roads may also be classified as a
separate land use. For a classification scheme, see table 9-1.

log paper -- Short for "full-logarithmic graph paper," which is a graph
paper (available commercially) that has logarithmic scales on
both horizontal and vertical axes. Sometimes called "log-log paper."
The scales may be any number of cycles, but usually in combinations
like lxl, 2x2, 3x3, 3x5, 4x7, etc.

log-normal - Short for "logarithmic-normal probability distribution."

log-normal paper -- Graph paper used in estimating frequencies of floods,
etc. Has a logarithmic scale for the flood (or other) amounts,
and a cumulative distribution scale (also called frequency or
percent chance scale) for the probability plotting positions.

loss -- In hydrolo~, a loss for one purpose is usually a gain for another,
so that the net effect may be more important than the loss. At
various times, evapotranspiration, initial abstraction, infiltration,
surface storage, direct runoff, seepage, etc. have been called losses
according to the aims of a water user. See water l~.

Manning's n -- A coefficient of roughness, used in a formula for esti
mating the capacity of a channel to convey water. Generally, "n"
values are determined by inspection of the channel. See Chapter 14,
Stage-discharge relations.

mean daily -- The average or mean discharge of a stream for one day.
Usually given in crs.
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National Engineering Handbook, Section 4, Hydrology.

National Engineering Handbook, Section 5, Hydr~ulics.
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normal -- A mean or average value established from a series of
observations, for purposes of comparison of some meteorological
or hydrological event.

partial-duration series -- A list of all events, such as floods,
occurring above a selected base, without regard to the number,
within a given period. In the case of floods, the selected base
is usually equal to the smallest annual flood, in order to include
at least one flood in each year.

percent chance -- A name often given to the probability scale on log
normal paper. A 2-percent chance flood is a 50-year frequency
flood (see frequency) since

100 = frequency in years
percent chance

plotting position -- The point computed by an equation and used to
locate given data on probability paper. See Chapter 18, Frequency
methods.

point rainfall -- Rainfall at a single rain gage.

principal spillway -- A concrete or metal pipe or conduit used with a
drop inlet dam or floodwater retarding structure. It conveys,
in a safe and nonerosive manner, all ordinary discharges coming
into a reservoir arid all of an extreme amount that does not pass
through the emergency spillway.

probability paper -- Any graph paper prepared especially for plotting
magnitudes of events versus their frequencies or probabilities.
See log-normal paper.

reach -- A length of stream or valley, selected for convenience in a
study. See damage reach, stream reach.

recession curve -- The receding portion of a hydrograph, occurring
after excess rainfall has stopped.

recurrence interval -- The average number of years within which a given
event will be equaled or exceeded. A 50-year frequency flood has
a 50-year recurrence interval; and so on.

regional analysis -- Flood frequency lines for gaged watersheds in a
similar area or region are us~i to develop a flood frequency line
for an ungaged watershed in that region. Also used with other
types of hydrologic data. Method is a simple (usually graphical
and freehand) form of "regression analysis" used by statisticians.
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reservoir routing -- Flood routi~ through a reservoir.

s. d. -- Abbreviation for standard deviation.

second-foot -- See cfs.

second-foot-day -- The volume of water represented by a flow of one
cubic foot per second for a period of one day.

sediment pool -- Reservoir storage provided for sediment, thus prolonging
the usefulness of floodwater or irrigation pools.

semilog paper -- Short for "semilogaritbmic graph paper," which is graph
paper having an arithmetic scale along one axis and a logarithmic
scale along the other. Either scale is used for the independent
variable, as the data require. Commercially available paper has
various divisions (5, 6, 7, 10 to the inch) for the arithmetic
scale, and various cycles (l~ 2, 3, 4, 5) for the logarithmic side.

skew ~- When data plot in a curve on log-normal paper~ the curvature
is skewness. (See Chapter 18, Frequency methods).

emall grains -- Wheat, oats, barley, flax, rice, and other close
drilled or broadcast grain crops.

s~il-cover complex -- See hydrologic soil-cover complex.

soil-water-storage -- The amount of water the soils (including geologic
formations) of a watershed will store at a given time. Amounts
vary from watershed to watershed. The amount for a given water
shed is continually varying as rainfall or ET takes place.

spillway -- See principal spillway and emergency spillway.

standard deviation -- Statisticians' name for an important measure of
dispersion, abbreviated s.d. Data grouped closely about their
mean have a small s.d.; grouped less closely, they have a larger
s.d. See table 18-3 for calculation of s.d.

standard rain gage -- Also "standard gage." The USWB nonrecording rain
gage, having an opening 8 inches in diameter, and a holding capacity
of 24 inches of rainfall. The gage is usually examined once daily
at a regular time, and the catch (if any) measured by depth in
inches and hundredths of an inch.

storage-indication method -- Name often given to a flood-routing method
also often called the Puls method (after Louis G. Puls) though it
is actually a variation of the method devised by Puls.
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stream reach -- A length of stream channel selected for use in
hydraulic or other computations •

structural measure -- For flood prevention work, any form of earthwork
(dam, ditch, levee, etc.) or installation of concrete, masonry,
metal or other material (drop spillway, jetties, riprap, etc.);
or installation for forest fire protection (firetowers, roads,
firebreaks); or, in some cases, a special planting for nonfarm
purposes (stabilization of critical sediment-producing area, etc.).

subsurface runoff -- Water that infiltrates the soil and reappears
as seepage or spring flow, and forms part of the flood hydrograph
for that storm. Difficult to determine in practice and seldom
worked with separately. See direct runoff.

subwatershed -- A watershed that is part of a larger watershed. It ·is
worked on separately when neces.sary in order to improve computa
tional accuracy for results on a whole watershed basis, or to get
results for that area only.

surface runoff -- Total rainfall minus interception, evaporation, infil
tration, and surface storage, and which moves across the ground
surface to a stream or depression.

surface storage -- Natural or man-made roughness of a land surface, which
stores some or all of the surface runoff of a storm. Natural
depressions, contour furrows, and terraces are usually considere1
as producing surface storage, but stock ponds, reservoirs, stream
channel storage, etc. are generally excluded.

synthetic series -- A storm or flood series obtained by taking selected
values from a frequency line based on historical data.

time of concentration (Tc) -- The time it takes water fro~ the most
distant point (hydr~ulically) to reach a watershed outlet. Tc
varies, but often used as constant.

transmission loss -- A reduction in volume of flow in a stream, canal,
or other waterway, due to infiltration or seepage into the channel
bed and banks. Evaporation is also a transmission loss, but it
is ordinarily neglected under the assumption that it is s::nall.

travel time - The average time for water to flow through a reach or
other stream or valley length that is less than the total length.
A travel time is part of a Tc but never the whole Tc •
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unit hydrograph -- A discharge hydrograph coming from 1 inch of direct
runoff distributed uniformly over the watershed, with the direct
runoff generated at a uniform rate during the given storm duration.
A watershed may have I-hour, 2-hour, etc. unit hydrographs.

USGS United States Department of the Interior, Geological Survey.

USWB United States Department of Commerce, Weather Bureau.

water equivalent -- The depth of water, in inches, that results from
melting a give~ depth of snow.

water loss -- Variable meaning, depending on personal interest of water
user. Farmers and ranchers usually think of flood runoff as a
water 10s8; many river engineers think of infiltration as a w~ter

loss. In Hydrology Guide, the meaning is apparent from the context.
See loss.

watershed -- The area contributing direct runoff to a stream. Usually
it is assumed that base flow in the stream also comes from the
same area. However, the ground-water watershed may be larger or
smaller.

watershed me'asures -- Any vegetative or struct'..U'al means (including
earthwork) of directly improving or conserving the soil and water
resources of a watershed. See land treatment measure and structural
measure.

w~ter table -- The upper surface of ground water.

water year -- The year taken as beginning October 1. Often used for
convenience in streamflow work, since in many areas streamflow is
at its lowest at that time. Used by USGS in their WSP.

water yield -- The actual streamflow, at a given place, from a watershed.
This is natural annual rQiloff that may be affected by irrigation
uses, reservoir losses, diversions into or out of the watershed,
etc.

WSP -- Water-Supply Paper. An annual publication of the USGS, in which
streamflow for the water year is given for all gaged streams in a
subdivision of the United States or in Hawaii.
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THIS:

cfs days
cfs days

cfs days per square mile
cfs hours
cfs hours per square mile

cfs
cfs
cfs
cfs

csm

csm

inches per hour
inches per hour
inches depth
inches depth on 1 sq. mi.

Ai'
Ai'
Ai'

Ai'
Ai' per day

AF per square mile
U. S. gallons per minute
million U. S. gallons per day
million U. S. gallons per day
feet per second

centim.eters
he::: tares
liters
kilograms
cubic feet
imperial gallons

CONVERSIONS

TIMES THIS:

1.983
0.03719

0.03719
0.08264
0.001550

1.983
724.0
41;.8.8

0.6463

0.03719

13.57

645.3
1.0J8

53.33
53.33

0.5042
12.10

0.01875

0.3258
0.5042

0.01875
0.002228
1.547
3.069
0.6818

0.3937
2.471
0.264,2
2.205
7.480
1.200
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GIVES YOU THIS:

AF
inches depth on 1 square

mile
inches depth
AF
inches depth

AF per day
AF per year (365 days)
U. S. gallons per minute
million U. S. gallons

per day
inches depth per day

inches depth per year
(365 days)

csm
cfs per acre
Ai' per square mile
AF

cfs days
cfs hours
inches depth on 1 square

mile
million U. S. gallons
cfs

inches depth
cfs .
cfs
AF
miles per hour

inches
acres
U. S. gallons
pounds
U. S. gallons
U. S. gallons
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