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Preface

This handbook was first issued in November 1954, titled Hydrology
Guide For Use in Watershed Planning. It was revis~d, 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 printed 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 En~ineering Handbook, Section 4,
Hydrology. Chapters 14, 15, and 1 were revised. Chapters 11, 12,
13, 18, 19, 20, and 22 were reprints of the 1956 handbook with ,updated
format.

The January 1971 issue has been updated by rev~s~ons to Chapters 14
and IT 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 August 1972.

Names of persons primarily responsible for the development of pro
cedures 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. (deceasea), 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. Ovten, 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 U. S. Agricultural Re
search Service.

~. E. Rallison
Chief, Hydrology Branch
August 1972

NEH-Notice 4-102, August 1972

For sale by the Superintendent of Documents, U,S. Government Printing Office
V.'ashington, D.C. 200102 - Price $5.75
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1.1

SOIL CONSERVATION SERVICE

National Engineering Handbook

INTRODUCTIONCHAPTER 1.

Each major kind of hydrologic problem is discussed, and where possi
ble, ~lternative 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

HYDROLOGY

Section 4

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.

The SCS National Enginee~ing Handb~ok (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.
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4. Technical releases

Section 5 - Ifydraulics

****

Section 16 - Drainage

Section 15 - Irrigation

5. Handbooks issued by State offices .of SCS.

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, American 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.

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 SCSmethods and those
of a cooperating agency in order to meet, as nearly as possible,
the requirements of both agencies. But SCS methods mus.t be used

.for SCS projects unless approval to use other methods is obtained
from the director of the SCS Engineering Division.
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section
separate
needed.
methods,
specific

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 RESPONS~BILITIES OF ses HYDROLOOISTS

Memorandums from the'd1rectorof 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 gi\Ten problem .:SCSengirieering
projects thatreCluire some application of hydrology may range iIi con
struction cost from a few hundred dollarstoseveral·million dollars.
A hydrologic methOdsu1ta.ble at·orie end of this range is usually unsuit
able at the other. Two projects of about the same cost may reCluire
Widely different methods because of differences in available data or
location of benefits or topography. The chosen method in each case
must be adeCluate to arrive at sound conclusions in terms of conditions,
objectives,and functions of the project. T"neadvice 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 sufficient 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 reCluired, 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 TECIlNICAL GUIDES. SCS hydrologists should have and be familiar
with other national guides and handbooks used in SCS. Publications ofspecial interest are:

l. Watershed Protection Handbook

2. Economic Guide for Watershed Protection and Flood Prevention

3. SCS National Engineering Handbook:
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2.1

CHAPTER 2. PROCEDURES

Hydrology for the evaluation of watershed-protectton and flood
prevention projects is one of the major concerns of this handbook.
The evaluation is a detailed investigation of pr~sent (no project)
and future (with project) conditions of a water9A~d to determine
whether given objectives will be met,~nd it is t\b.e basis on which
recommendations for or against the project are founded. A summary
of the evaluation is included in a work plan, whi~h is the official
document for carrying out, maintaining" and operating the project.
The hydrology is not difficult, but it iscOlalpl~., The 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 1n~estigation (PI),
which is a brief study of a potential project in @rder to estimate
whether a detailed investigation is justified (cn~:p. 3). If it is,
information from the PI is used in writing a work <outline that gives
the desired scope, intensity, and schedule ofthelllanning study,
its estimated cost, the personnel needed, ~nd the icompletion date
for a work plan. JL~ important part of theplanni~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 analytlc~l 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 simllltaneouslyor in ,a preferred se
quence and nearly all tasks can be done bya 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. Traveltimes
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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 SCSpolicy. In order of study they are:

1. Present. Condition of the watershed at the time of the survey;
and the·"'ba:Se to which the proposed proj ect 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&Tmeasures 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 fUJ:1ther modifications (chap. 17) are
made for the third condition to give discharges for determining the ef
fects of structures. 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 SCS
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
~rogram 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. 1§ckin~rainfall anq.~:u.P.-2f.L§atal-__~hl'~U2F-C?_=
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). L. __.

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 p~ak 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 •



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 ateachLline 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 4in 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 eneormbr'e of the following, alone orin 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,maximumo:v minimum average monthly-rainfall,
storm pattern, storm direction,x-year frequencyy-hour duration ra.infall,
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,
hy-drologic soil-cover complex, geologic region, infiltration rate, mean
base flow, mean annual ruIloff, 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-
i ty 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 regressionriJethods (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.

CONCORDANtr FLOW ME1'HOD. 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 ~urveys (chap. 6). \

•
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DeSign gydrology

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.

Runoffs for a historical seriesof.storm13.u.fil.re u13ed 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
Lt1&T and get the discharges for the se.cond condition. The con
cordant flow equation (chap. 17) is us.edto get discharges for the
third condition.

****

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.

In the concordant flow method theisohyetal map (chap. 4) for the
storm producing the la.rge general flood supplies the average rain
fall depth for the drainage area .above the cross section at each
RWM. 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 RWM is computed (chap. 14), re
duced to the discharge for one inch of runoff, and plotted on log
paper against the dra.inagearea. The slope ofa 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) tor a discharge plotting .far from the line
is adjusted to make the point fall more.nearly on the line. The
adjustedn is u$ed in computing the ,stage"7discharge curve (chap.
14) at the section.
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CHAPTER 3. PRELIMllIARY INVESTIGATIONS

A preliminary investigation (PI) is a brief study of ~ potential
project in order to estimate whether a det~iled 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. ses 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 ~rises •

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 DA.TA

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 groGs 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
Manning's 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 wat~r

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 b~ 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 water.shedarea· 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~plairiarea.qizeand percent of
cultivation. This figure was developed byineans of a multiple
regression analysis (chap. 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 tlpresentll conditions.
This relationship applies within a regi.onfor 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 this 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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Report

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.

****

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 bl~t, 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 •

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.

•
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Figure 3.l.--T,ypical relation
ship for estimating the mini
mum amount of area it is nec
essary to control by flood
water-retarding structures.
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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.

Sources 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 vas 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
edit~on, 1962; 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 considered
unusable. 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 munlcl
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. 40j 115 pagesj 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.

•

•
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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. :aut in· (b) ,. ;vrhere the gage is lpcated 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 and 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 isperIllissible 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. Tsohyetal
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 i:l:1il'febraska. 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 patt~rn:i.snbt·.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.

•

•
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A denser network gives the more complicatedisohye-tal 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
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
of estimate at the same time it is too openfo:t'another kind. The
relative error of an area average obtained through use of a network
can be estimated as shown under Accuracy.

Thiessen Method

Another method of using a rain gage network for estimating watershed
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 hubsofpolygop.s. The
subareas are used to determine ratios.whichar~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 betweena·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 Weightedgage rainfall weight rainfall

Inches Inches
A 1.• 40 0.407 0.570B 1.54 .156 .240C 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 I!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.

Example 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 thegage?

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,

•

•

•
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and the discussion following, that the approximation generally applies.
The graphs of figure 4.5 willbe used. Theplottings 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) (d) Total

Number of Points: 91 35 7 20 153

Number outside lines: 3 10 0 3 16

Percent outside lines: 3.3 28.6 0 15·0 10.46
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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:

Example 4.3.--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.

•

•

•

19.5 %
12.0 %

1.5(13 )
1.5(8)

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

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)

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 J.3 percent) and a 3-gage net
work an error of about 8 percent. In either case the error is
relatively small.

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. Then11Il1ber is seldom clearly eVident)
as the typical examples of figure 4.7 show. In (a) of this figure the
gage network ABC vould 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. 'l'hereforeit would not be correct to say there are only
two gages" on"the.Viatershed when figure 4.6 is used. 'In (b)) however)
although all six gages 6f the network DEFGHI are physically within the
watershed) gages'DEFGaremuch 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 anisohyetalmap }~any

decision on number of gages "in" the watershed would be arbitrary.

Therefore) figGre '4.H should beus'ed 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.
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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-fre~uencymaps 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
liThe 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
liThe 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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Hydrology Branch, who carl 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 ~atershed is divided
into zones for which influences other than elevation are believed to
be fairly constanty.?and'a graphical relation of elevation versus rain
fall is developed for e'ach zone. The relation for .azone is used with
elevations in that:t6rie toclocate 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 Itd~s

ert side" appears to be affected by the influences that were ignored.
A somewhat diffeFent example using orientation is given in Weather Bu
reau Technical Paper 47.

Pu~tecedent 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 MOIS'rURE 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-r. Lowest runoff potential. The watershed soils are dry
enough for satisfactory plowing or cultivation to take place.

AMC - II . The average condi tion •

AMC-III. Highestruribff potential. The ~atershed 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 $llo:ws. The
limits for "dormant season" apply when thE? sqilsa.ren9t frozen and
there is no .snow on the ground.

_' .1

The 5-day rainfall amount used with table 4.2 or f~gMr~~~.9 is a sim
ple total. For example , if the AMG for awater'shed is :.to be estimated
for the date of June 8, which is in the growing $eason,,,andif the rain
for the preceding five days is:

June 3 June 4 June 5 JunE? 6, June 7

0.10 0 0.35 0.15 0~72

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) •



Dormant season Growing season
AMC group

Total 5-day antecedent rainfall

•

•

•
Less than 1.4
1.4 to 2.1

Over 2.1

Inches Inches

'Less than 0.5
0.5 to 1.1
Over 1.1

"I
II
III

Effective Duration (De)

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) 80) 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.

4.12

Table 4.2.--Seasonal rainfall limits for AMC.

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 1MHlfIH+ 15 15

2 fHf IHf ;III- -/fIT Hfr / 26 41

3 +tt+ I+H- I-Ut" fHt #H--I/fr 30 71

4 -##-/HI-+Hf--H+h-l-lff-/I! 28 99

5 -#If /-Hf- Ifff H+f /1 22 121

6 -H+++!-It- #H- Hff II/I 24 145

7- tJtf fit{- #If /Hf 1/ 22 167*

8 +ff+ J.+4-...J+lf tff+ tP+ 25 192

9 J+H-++it t.UI- '"'* 41+
25 217

10 -Hft -HJ+- M+ If t 18 ~::J"I;j
235

11 -WtHtfH# I 16 251

• 12 /-Hf- U{( 9 260

13 --H+-I I( 7 267

14 I-I-tf I r 7 274

15 ~
5 279

16 -H-ft-- ( 6 285

17 .;tt-r 5 290

18 -H+f- 5 295

19 III 3 298

20 /If ( 4 302

21 flf
3 305

22 +H+ 5 310

23 "If
4 314

24 t/-If-mt 10 324

* Median is within this group •

•

4.13
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by averaging the two numbers adjacent to it)o The duration De was found
by interpolating as follows: •

•

•

6.8 hours

*

*

*

*

*

*

*

*

De =

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 toa De because the tabulationsl1sed 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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1.6

1.7
1.7

S1 EP 2-INTERPOLATE
BETWEEN RAIN GAGES.

\~

SAME STORM WITH
ISOHYETALS BASED ON
A DENSER NETWORK.

(b)

(d) I
·S

f ONE MILE j

1054

S.TEP I-LOCATE RAIN GAGES ON
WATERSHED MAP AND PLOT
RAINFALL AMOUNTS.

STEP 3-DRAW ISOHYETALS

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 •

4.16



STEP I-DRAW LINES CONNECT- STEP ?-D~AW PERPEi'Hlt-
ING RAIN GAGE LOCATIONS CULAR ~ISECTORS. .

4.17

THIESSEN POLYGONS F.oR
A DENSER NETWORK'··

(d)

( b)

lONE MILE I

( c)

STEP 3-COMPUTE THIESSEN
WEIGHTS.

(a)

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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Figure4.4.-:--G:ra.PhfOr estimating the upper (positive) increment
of error in transposed rainfall amounts. The lO-percent level of
significance applies to this increment. The lower (negative) in
crement is taken as 1/2 the upper. The graph does not apply to

rainfalls in mountainous areas.
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Figure 4.5.--Applications of figure 4.4. The dashed lines show the range in
rainfall to be expected) 90 percent of the time} at a distant location (ordi
nate) when the rainfall amount at a gage (abscissa) is transposed. The
plotted points are actual measurements at the distant and gage locations.
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Figure 4.11.-~raph for estimating effective duration •
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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 frequencylinHs
(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
1963; 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 ~ranch, 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
servationResearch 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 sg,uare 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~aging P.roce
dure," by Don 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, n 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
reg,uest from U.S. Agricultural Research Service, Beltsville, Maryland
20705.

TEMPORARY .STREAMF'LOW -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-watermark 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 lI mean dailies") are gener
ally published in the form shown in figure 5.2, ,Which is a typi
cal page from a surface-water WSP •. Summaries of discharge records
appear in various forms; a typical page from a WSP containing
summaries is shown in figure 5.3.

When using daily flow records it is often desirable to plot dis
charge against time in one of the twow'i:iys shown in figure 5.4.
In a 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 E 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 fluctuations; 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) •



Tabl~ 5.1.--Mean daily discharges, annual flood period

Example 5.2.--Determine the direct runoff in inches for the
annual flood of example 5.1.

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.

•

•

•Remarks

cfs

Mean daily dischargeDate

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 2Gb New rise begins

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.

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.

If the flow on the receding side does not come down far enough, the
usual pra~tice is to make a "standardff 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.

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.
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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 days; 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
gaged 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 ~ith 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 18; 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

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

Factors:

\Jl.
0\

•

A
A
A
A
A
A

Difference
.in hydrolog
ic soil-cover
complexes

A
A
A
A
A
A

Snowmelt
runoff
on one
only

A
A
A
A
A;
A

Large
difference
in sizes of
drainage area

A
A
A
A
A

Runoff from
small-area
thunder
storms

•

A
A
A

Large
difference
in sizes
of lag

A
A

Large
distance
between
watersheds

Kind of data

Flood dates
Number of floods .per year:~

Individual. flood> ipeak rate
Individual flood, volume
Total annual runoff
Average annual runoff

•
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PETERMINAT;ION 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. , "Tqe method of the following
example is used; it applies only for antecedent moisture condition
II (AMe-II), which is discussed in chapters 4, 9, and 10.

Example 5.4.-~iven 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. Fae;ten an overlay sheet over figure 1.0.1. The sheet must
be transparent enough for the runoff curves to show through.

2. Plot runoff, from column ~ ~ga,i.-~s.~ rainfall from column 6,
as shown in figure 5.6(a).

;. 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.

Figq.re 5.6(a) also shows the runoff curves for AMJ-IandAMC-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 ON for specific antecedent conditions can be estimated by other
methods, one of which is given in example 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 CNfor 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 ON, 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 flgt,ire 5.:6(b), and draw the line
of relation. Unless there isaS"~rong indication of another
slope, use a slope of -1 andlo'cate the line so that an equal
num~er of points falls on each side. Scales of ON on the
margins make the graph easier to ~~~ •
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Tests of the significance of such relationship and methods for using
additional variables are discussed in chapter 18.

* * * *
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Figure 5.l.--Construction details of a crest staff gage •

I" X 2" board

I"X a" or 2" X a" plank

I" X 4" boord

Loosely rolled screen wire 10 be
Inserted in lowe, end of hose, below
powdered cork.

MATERIALS

INSTRUCTIONS

Metol house numbers

Aluminum noils (Lorge he ods)

Light metol strop, stople or hook

heod nail.

Powdered cork,

Cleor plastic gorden hose

Loose fitting corriage bolt twith l(lrge
enough heod to function 0$ roin cop)
to be Inserted in upper end of hose.
Cut notch in hose to insure oir drainoge.

5.9

Select locotion for gOg8 on stream where
flood flow con be computed from st09.e.

Mount gOg8 on tree I post, headwoll, etc.,
out of moln current.

If installed off vertical, adjust spacing
of aluminum nails so they reod correct
verticol -height.

4 Reod fop of cork as crest streom gage.

After reading ga98 wash cork down by

pouring water inta hose.

0)
@

CREST STAFF GAGE

00

o

o

o

o

o

o 0 O~

O®

000 ®
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FIGURE 5.5 - A sample page from a compilation by the U.S. Geological
Survey for SCS-Project No.1•
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Data relative to annual peak discharlles .

Antecedent Antecedent
Water Peak base Direct Associated. Storm. precipitation Annual
year Date discharge discharge runoff precipitation duration (in) runoff

(ds) (cfs) (in) (in) (days)
30-dav

(in)
5-dav

1940 Aug. 13 2,500 81 0.81 4.99 i 0.30 2.67 22.37
1941 July 5 5,200 188 1.40 5.12 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 ~9 .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 4,770 452 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 4.74 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 -
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Figure 5.6.--Use of streamflow records for determination
of (a) an average runoff curve number, and (b) a specific

runoff curve number.
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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 bankll are
designated looking downstream. For reference, reaches and cross sec
tions are numbered in any simple and co~_sistent 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) .
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Reach Cross,.. Cross-section Length of Travel Accumulated Sail-cover complex No.~No. y section sta'tioning reach '?:/ time "d../ drainage areaN()~

Present Future

Feet Hours Square miles
4 7500 0.60 80 78FR-l 2231 + 00

3.6 '2/BB 2192 + 00 4.09JAA 2160+ 00 4.41/
6 15600 1.50 80 78FF 2138 + 00

7·5 '2/EE 2100 + 00 8.0DD 2054·· + 00
8.4CC 2016 + 00 8.8BB 2014 + 00 8.8AA 2012+ 00 8.9 1/

~able 6.1. Reach and cross-section data

11 Reach No. is same as subdivision No.
g; Channel length of reach.
~ Travel time of a 2-year frequency flow through the reach
~ Sail-cover complex Nos. for the total area above the foot of the reach. They were

obtained by weighting (chap. 10).
'2/ Drainage area at the head of the reach.
9J The drainage area at this cross section was estimated.
1/ Drainage area at the foot of the reach.

•
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6.3

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. Installation 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 hydrologiqt 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



6.4

importance of t~e reac~es is known, the hydrologist selects the loca
tions of cross sections &nd aetermines 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 thec~~ge~ in ground elevation in the line of a cross
section and the horiz()n:t;~l dis'J;ances between sections. At this same
time it is necessary toe~tim$te Manning's n for hydraulic computations
(chap. 14). The ye.lue ofn must represent roughness conditions for the
full length of the ree.ch. 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 read;l.i:;; 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 ap;plied in a study: the channel length when
the flow is low (withinb~nks of the channel) and the valley length
when the flow is.overth~ flood plain. This means that as a flood
rises the reach become~shqrter, a change that must be taken into ac
count when comp'Utin,g W'at~r-surta.ce profiles (chap. 14) and flood
damages (chap. 13). Reach lengths are generally determined by us e
of an aerial photograph ()r a detailed topographic map because the
paths of flowa.r'e'oftencomplex a.Ild not easy to determine in the field.

Profile

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

Hydraulic Ro~hness

Estimates of hydraUlic roughness (Manning's n) are made by the proce
dure given in :NEH-5,Su:pplementB, or an equivalent procedure. Chapter
14 contains adiscussi9n of Manning's n and its variations in natural
channels.

•

•

•



•

•

•

6.5

REACH DATA FOR A COMPUTER PROORAM

If water-surface profile or similar computatioriswill 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,
"Gomputationsof 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 volUm8sthat are referenced :to anup~tream cross sec
tion above the fan, such as a stream gage or other'control section.
The evaluation of flood damages follows this order:

L Information about the mon~taryvalueo:tdamages for each
known flood on the fan is obtained by int~rvie~s drfrom 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 shovm in chapter 10.

r 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. Adamage -:frequency curve is developed (c~l?~ 18).

6. The average annual damage isaeterinirfed{~h:a~. 18).
" . -.. .-, - c--· - -',~ ,:'.:. ;' ' ...,' i-

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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Hydrologic Units

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

•

•

•

****

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

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 HU's for which no internal evalua
tion is made. The small watershed in figure 6.1 has enough detail for
a sample watershed.

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).

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

Each HUis 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 HU's. 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 anIW contaf:rl~<sttl.lcturalmeasures 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 .. ref~renced
to the HU outlet. The watershed or basin flood routing is carried out
on the major tributaries and main stream, with the HU's supplying the
starting and 10cal.iIlflow hydrographs. .
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CHAPTER 7. HYDROLOOIC SOIL GROUPS

This chapter gives definitions of four soil g~oups that are used in
determining hydrologic soil-cover complexes (chap. 9), which are used
in a method for estimating runoff from raintall (chap. 10). A table
gives the group-classifications of more than 4,000 soils in the
UIiited States and Puerto Rico. Methods of zna,king 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 i:f'only indil-ectly, 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 80il 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 ~ater moves in the soil and Which is controlled by the
horizons. The hydrologic soil groups, as defined by SCS soil sci
entists, are:



A. (Low runoff potential). Soils having high infiltration
rates eVen when thoroughly wetted and consisting chiefly of
deep, weil 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 i~edes down
ward movement ofcwater, 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 claypanor 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 pnited 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 o:ilthe 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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7.3

on the wat~.rshed and rainf'all.~nmoff data for bare-soil periods
must be available. Checks that have been made so far have not
c.aused any changes in the present classification.

USE OF THE SOn.. GROUPS

To use the soil list it is necessary to knowonly,the names of the
soils on the watershed being studied. To use the classification
in estimating nmoff (chap. 10) it is also necessary to know the
area of each soil and, if the watershed is large, its location by
hydrologic units (chap. 6). The SCShYdrologist usually cO'nsults
a State soil scientist whensoilsofa 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 thana day to, classify the soils on a
400-square-milewatershed. 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 a the individual soils in a
hydrologic unit are shown on a sketch map; in b the soils are clas
sified into groups; in c a grid (or "dot count~r"L if:! placed over
the map and the number of grid intersections falling 'on each group
is counted and tabulated; in d 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 C, 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



Reclassification of a Soil

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

Some of the soils in table 7.1 are in the D group because of a high
water table that Greates a drainage problem. Once these soils are

•

•

•

86 89

81 85

Soil groups
ABC D

Land uses

Row crops, straight-row, good rotation 67 78

Legumes, straight-row, good rotation 58 72

Example 7.l.--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.

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.

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

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.

The subgroup in example 7.1 can be designated the B- or C+ subgroup.
MOre elaborate classifications (B1 , B2, Bs, etc.) are not justified
unless the soil classifications were made using rainfall-runoff data.
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When there is a need to reclassify a soil on the basis of additional
data, the ses State soil scientist should submit the case for con
sideration to the soil correlator for that area.

effectively drained they can be placed in an alphabetically higher
group. They can be classified locally on a case by case basis.

•

•

•
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iTable 7.l--Soil names and hydrologic c1assificat'ions •AABERG C AHL C ALMY 8 ANLAUF C AROOSTOOKAASTAD B AHLSTROM C ALOHA C ANNA8aLA 8 AROSA CABAC 0 AHMEEK 6 ALONSO 8 ANNANDALE C ARP C

ABAJO C AHOLT D ALOVAR C ANNISTON 8 ARRINGTON 8
A6BOTT 0 AjtTANUM C ALPENA 8 ANOKA A ARRITOLA 0
AB80TTSTOWN C AHWAHNEE C ALPHA C ANONES C ARROLIME C
ABCAL 0 AIBONITO C ALPON B ANSARI 0 ARRON 0
A8EGG B AIKEN BIC ALPOWA 8 ANSEL 8 ARROW 8ABELA 8' AIKMAN 0 ALPS C ANSELMO A ARROWSMITH BABELL B AILEY B ALSEA 8 ANSON 6 ARROYO SECO 8
ABERDEEN 0 AINAKEA B ALSPAUGH C ANTELOPE SPRINGS C ARTA C
ABES 0 AIRMONT C ALSTAD 8 ANTERO C ARTOIS C
ABILENE C AJROTSA 8 ALSTOWN 8 ANT FLAT C ARVADA 0
ABINGTON 8 AIRPORT 0 ALTAMONT 0 ANTHO 8 ARVANA C
ABIQUA C AITS B ALTAVISTA C ANTHONY B ARVESON 0
ABO BIC AJO C ALTD'ORF 0 ANTIGO 6 ARVILLA 8A80R D AKAKA A ALTMAR 8 ANTILfJN 8 ARlELL CABRA C AKASKA 8 ALTO C ANTIOCH D ASA 8ABRAHAM 8 AKELA C ALTOGA 'C ANTLER C AS6URY 8ABSAROKEE C ALADDIN 8 ALTON 8 ANTOINE C ASCALON 8AaSCOTA B ALAE A ALTUS 8 ANTR08US 8 ASCHOFF 8ABSHER 0 ALAE LOA B ALTVAN '8 ANTY a ASH8Y cABSTEO D ALAGA A ALUM a ANVIK 8 ASHCROFT BACACIO C' ALAKAI 0 ALUSA D ANWAY 8 ASHOALE 8

ACADEMY C ALAMA 8 A-tnN B ANIA 8 ASHE 8ACADIA D ALAMANCE 8 ALVIRA C ANZIANO C ASHKUM CACANA 0 ALAMO ALVISO 0 APACHE D ASHLAR 8
ACASCO D ALAMOSA ALVOR C APAKUIE A ASHLEY AACE ITU;~AS 8' ALAPAHA AMAOOR 0 APISHAPA C ASH SPRINGS CACEL 0 ALAPAI AMAGON 0 APISON B ASHTON 8
ACKER a AL8AN a 4MALU 0 APOPKA A ASHUE 8ACKHEN .JB ALBANO 0 AMANA 8 APPIAN C ASHUELOT CACME co ALBANY C AMARGOSA D APPLEGATE C ASHWOOO C
ACO B ALBATON 0 AMARILLO 8 APPLETON C ASKEW CACOLITA 8 ALBEE C AMASA 8 APPLING 8 ASO CACOMA C ALBEMARLE a AM8ERSON APRON 8 ASOTIN CACOVE 'C ALBERTVI LLE AMBOY C APT C ASPEN B
ACREE c- ALBIA AMBRAW C APTAKISIC B ASPERMONT 8ACRELANE C' ALaION AMEDEE A ARABY ASSINNI801NE 8ACTON 8 ALBRIGHTS C AMELIA 8 ARADA C ASSUMPTION 8ACUFF '8 ALCALOE C AMENIA 8 ARANSAS D ASTATUtA AACWORTH 8 ALCESTER a AMERICUS A ARAPIEN C ASTOR AID
ACY C ALCOA B AMES C ARAVE D ASTORIA 8ADA B ALCONA 8 AMESHA 8 ARAVETON a ATASCAOERO CADAIR D ALCOVA a AMHERST C ARBELA C ATASCOSA 0
ADAMS ,A ALOA C AMITY C AR80NE B ATCO 8

•
ADAMSON )B ALOAX 0 AMMON B AR80R 8 ATENCIO 8ADAMSTOWN ALDEN 0 AMOLE C ARBUCKLE 8 ATEPIC 0ADAMSVILLE C ALDER B AMOR 8 ARCATA B ATHELWOLD 8ADA TON 0 ALDERDAlE C AMOS C ARCH B ATHENA 8
ADAVEN D ALDfRWOOD C AMSDEN B ARCHABAL 8 ATHENS B
ADDIELOU C ALDINO C AMSTERDAM 8 ARCHER C ATHERLY 8ADDISON D ALDWELL C AMTOFT 0 ARCHIH C ATHERTON 8/0ADDY C ALEKNAGIK B AMY 0 ARCO B ATHMAR C
AOE ·A ALEMEDA C ANACAPA B ARCOLA C ATHOL BADEL A ALEX B ANAHUAC 0 ARO C ATKINSON B
ADELAIDE 0 ALEXANDRIA C ANAMITE 0 ARDEN 8 ATLAS 0
ADELANTO 8 ALEXIS 8 ANAPRA 8 ARDENVOIR B ATLEE C
ADELINO B ALFORD B ANASAlI 8 ARDILLA C ATMJRE 8/0
ADELPHIA :C ALGANSEE 8 ANATONE 0 AREDALE 8 ATOKA CADENA C ALGERITA B ANAVEROE 8 ARENA C ATON B
ADGER 0 ALGIERS C/O ANAWALT 0 ARENALES ATRYPA CADILlS A ALGOMA BID ANCHO a ARENOTSVILLE B ATSION CADIRONDACK ALHAMBRA 8 ANCHORAGE A ARENOSA A ATTERBERRY 8
ADIV B ALICE A ANCHOR 8AY D AR.ENZVILLE 8 ATTEW4N AADJUNTAS C ALICEL a ANCHOR POINT 0 ARGONAUT 0 ATTICA 8ADKINS B ALICIA 8 ANCLOTE 0 ARGUELLO 8 ATTLEBOROADLER C ALIDA B ANCO C ARGYLE a ATWATfR 8ADOLPH 0 ALIKCHI 8 ANOERLY C ARIEL C ATWELL C/D
ADRIAN AID ALINE A ANDERS C ARIZO A ATWOOD 8
AENEAS B ALKO 0 ANDERSON 8 ARKA8UTLA C AUBBEENAU88EE 8AETNA 8 ALLAGASH B ANDES C ARKPORT 8 AUBERRY 8AFTON D ALLARD 8 ANOORI NIA C ARLANO 8 AU8URN CIOAGAR 8 ALLEGHENY B ANDOVER 0 AR.L.E 8 AUBURNDALE 0
AGASSIZ D ALLEMANDS D ANDREEN B ARlING 0 AUDIAN 8
AGATE D ALLEN 8 ANDREESON C ARLINGTON C AU GRES CAGAWAM B ALLENDALE C ANDRES 8 AR.lOVAL C AUGSBURG BAGENCY C ALLENS PARK B ANOREWS C ARMAGH 0 AUGUSTA CAGER 0 ALLENSVILLE C ANEO 0 ARMIJO 0 AULD 0
AGNER B ALLEN TINE D ANETH A ARMINGTON 0 AURA 8AGNEW BIC ALLENWOOD B ANGELICA 0 ARMO B AURORA CAGNOS 8 ALLESSIO 8 ANGELINA 8/0 ARMOUR 8 AUSTIN C
AGUA B ALLEY C ANGELO C ARMSTER C AUST-WELL 0
AGUADILLA A ALLIANCE 8 ANGIE C AIU4STRONG 0 AUXVASSE 0
AGUA DULCE C ALLIGATOR D ANGLE A ARMUCHEE 0 AUZQUI 8AGUA FRIA 8 ALLIS D ANGLEN 8 ARNEGARD 8 AVA CAGUALT 8 ALLI SON C ANGOLA C ARNHART C AVALANCHE 8AGUEOA 8 ALLouez c ANGOSTURA 8 ARNHEIM C AVALON 8AGUILITA 8 ALLOWAY ANHALT 0 ARNO 0 AVERY BAGUIRRE 0 ALMAC a ANIAK 0 ARNOLO 8 AVON t
AGUSTIN 8 ALMENA C ANITA D ARNOT CID AVONBURG 0AHATONE 0 ALMONT D ANKENY A ARNY A AVONDALE ENuTES A 8LANK HYOROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT aEEN DETERMINEDTWO SOIL GROUPS SUCH AS a/c INDICATES THE ORAl NED/UNORAINEO SITUATION
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• Table 7.1--Continued

AWBREY 0 BARKER C BECKET C BERRENOOS 0 BlACKROCK B

AXTELL 0 BARKERVIllE C BECKLEY B BERRYLANO 0 BLACKSTON B

AYAR 0 BARKLEY B BECKTON 0 BERTELSON B BlACKTAll B

AYCOCK B BARlANE 0 BECKWITH C BERTHOUD B BLACKWATER 0

AYON B BARLING C BECKWOURTH 'B BERTIE C BLACKWELL B/O

AYR B BARLOW B BECREEK B BERTOLOTTI B BLADEN 0

AYRES !l BARNARD 0 BEOFORO C BERTRANO B BlAGO 0

AYRSHIRE C BARNES B BEOINGTON B BERV IllE ,0 BLAINE B

AYSEES B BARNESTON B BEDNER 'C BERYL 'B BLAIR C

AZAAR C BARNEY A BEEBE A BESSEMER B BlAIRTON C

AZARMAN C BARNHAROT B BEECHER C BETHANY C BLAKE C

AZElTlNE B BARNSTEAO BEECHY BETHEL 0 BlAKElANO A

AZFIElO B BARNUM B BEEHIVE B BETTERAVIA C, BLAKENEY C

AZTALAN B BARRAOA 0 BEEK C BETTS ,8, BlAKEPORT B

AZTEC B BARRETT 0 BEENOM 0 BEULAH B BLALOCK 0

AZUlE C BARRINGTON B BEEZAR B BEVENT B BLAMER C

AZWEll B BARRON B BEGAY B BEVERLY B BLANCA B

BARRONETT C BEGOSHIAN C BEW ,'c,Q BLANCHARD A

BABB A BARROWS 0 BEHANIN B BEWlEYVIllE B BLANCHESTER B/O

BABBINGTON B BARRY 0 BEHEMDTOSH B BEWLlN 0 BLAND C

BABCOCK C BARSTOW B BEHRING 0 BEXAR C BLANDFORD C

BABYLON A BARTH C BEIRMAN 0 BElZANT .B, BLANDING B

BACA C BAR TINE C BEJUCOS B BIBB B/O BLANEY B

BACH 0 BARTLE 0 BELCHER 0 BIBON A BLANKET C

BACHUS C BARTLEY C BELDEN 0 BICKElTON B BLANTON A

BACKBONE A BARTON B BELDING B BICKl ETON C BlANYON C

BACUlAN A BARTONFlAT B BELEN ,C BICKMORE C BLASDELL A

IlAOENAUGH B BAR VON C BELFAST B BICONOOA C BLASINGAME C

BADGER C BASCOM B BELFIELD B BIDDEFORD 0 BLAZON 0

BADGERTON B BASEHOR 0 BElFORE B BIDOlEMAN C BLENCOE C

BAOO 0 BASHAW 0 BELGRADE B BIOMAN C BLEND 0

BAOUS C BASHER B BELINDA 0 BIDWELL .B B.LENDON B

BAGARO C BASILE 0 BELKNAP C BIEBER 0 BLETHEN B

BAGDAD 8 BASIN C BEllAMY C BIENV IllE A 8lEVINS B

8AGGOTT 0 BASINGER C BELLAVISTA 0 BIG BLUE ,0 BlEVINTON B/O

BAGLEY 8 BASKET C 8ELLE 8 BIGEL A BLlCHTON 0

BAHEM B BASS A BELlEF ONT Al NE BIGELOW ".C BLISS 0

8AIlE 0 BASSEl B BElLlCUM B BIGHTY .C. BLOCKTON C

BAINVIllE C BASSETT B BElLlNGHAM C BIGGS A BLODGETT A

BAIRD HOlLilW C 8ASSFUlO B BEllPINE C 8IGGSVILlE B BlOMFORD 8

BAJURA D BASSLER 0 BELMONT B BIG HORN ·._.C BLOOM C

BAKEOVEN 0 BASTIAN 0 BELMORE B BIGNEll . B, BLOOMFIELD A

BAKER C 8ASTROP B BELT 0 BIG TIMBER D BLOOMING B

8AKER PASS B BATA A BELTED 0 BIGW IN D BLOOR 0

•
BAlAAM A 8ATAVIA B BELTON C 8IJOU A BLOSSOM C

8AlCH 0 BATES B BELTRAMI B BILLETT A BLOUNT C

8ALCOM Il BATH C BELTSVIllE C BIllINGS C BLOUNTVIllE C

BALD C BATTERSON 0 BELUGA 0 BINDLE B BLUCHER C

BALDER C BATTLE CREEK C BELVOIR C BINFORD B BlUE8ELl C

8AlOOCK 81C BATZA 0 BENClARE C BINGHAM B BLUE EARTH 0

BALDWIN 0 BAUDETTE B BENEVOlA C 8INNSVIlLE 0 BlUEJOINT B

8AlOY B BAUER C BENEWAH C BINS B BLUE lAKE A

BALE C BAUGH B/C BENFIRlO .C BINTON .C BLUEPOINT B

8AllARO B 8AXTER B BENGE B BIPPUS ,B BLUE STAR B

BAllER 0 BAXTERVILlE B BEN HUR B BIRCH A BlUEWING B

BALLINGER C 8AYAMON B BENIN 0 BIRCHWOOD C BLUFFDALE C

BALM 8/C BAYARO A BENITO 0 BIROOW B BLUFFTON 0

BAlMAN 8/C BAYBORO 0 BENJAMIN 0 BIRDS C BLUFORD 0

BALON B BAYER TON C BEN LGMONO 8 BIRDSALL 0 - elY B

BALTIC 0 BAYLOR 0 BENMAN A 8IROSBORO B BLYTHE 0

8AlTlMORE B BAY SHORE 8/C BENNOALE B t>lROSlEY 0 BOAROTREE C

IlAlTO 0 BAYSIDE C BENNETT C BIRKBECK B BJBS 0

BAMBER B BAYUCOS 0 BENNINGTON 0 8ISBEE A BOBTAIL 8

BAMFORTH B 8AYWOOO A BENOIT 0 BISCAY C BOCK B

BANC.AS B BAZETTE C BENSUN C/O BISHOP B/C BJOELL 0

8ANCROFT B BAZILE B BENTEEN B BISPING B BOOENBURG B

BANDERA 8 BEAD C BENTONVIllE C BISSEll 'B BODINE B

BANGO C BEADLE C BENZ 0 BIST I C BOEl A

BANGOR B BEALES A !lEOTIA B BIT D BOELUS A

BANGSTON A BEAR BASIN B BEOWAWE 0 BITTERON A BOESEL B

BANKARD A BEAR CREEK C BERCAIl C BITTERROOT C BOETTCHER C

BANKS A BEARDAll C BEROA B BITTER SPRING C BOGAN C

BANNER C BEARDEN C BEREA C BITTON B BOGART B

BANNERVILLE Clil BEARllSTOWN C BERENICETON B BIXBY B BOGUE D

BANNOCK B BEAR lAKE 0 BERENT A BJORK C BOHANNON C

BANQUETE 0 BEARMOUTH A BERGLAND 0 BLACHLY C BOHEMIAN B

BARA800 B BEARPAW B BERGSTROM B BLACKBURN B BOISTFORT C

8ARAGA C 8EAR PRAIRIE B BERINO B BLACK BUTTE C BOLAR C

BAR8ARY 0 BCIlRSKIN 0 BERKELEY BLACK CANYON D BOLO B

BARBOUR Il 8EASLEY C BERKS C BlACKCAP A BOLES C

BARBOURVILLE 8 B"ASON C BERKSHIRE B BLACKETT B BOLIVAR B

BARCLAY C BEATON C BERLIN C BLACKFOOT B/C BOLIVIA B

BARCO B BEATTY C BERMESA C 6LACKHAlL 0 BOLTON B

BARCUS B BEAUCOUP B BERMUDIAN B BLACKHAWK 0 BOMBAY B

BARll 0 BEAUFORD 0 BERNAL D BLACKLEAF B BON B

BARDI:N C BEAUMONT 0 BERNALOO B BLACKLEEO A BONACCORO 0

BAROlEY C BEAUREGARD C BERNARD 0 BLACKLDCK D BONAPARTE A

BARELA C BEAUSlTE B BERNARDINO C BLACKMAN C BONO 0

BARFIELD 0 BEAUVAIS B BI:RNAROSTON C BLACK MOUNTAIN 0 BOND RANCH 0

tiARfUSS 6 BEAVERTON A BERNHILL B BLACK OAR C BONDURANT B

tiARGI: C BECK C BERNICE A BlACKPIPE C BONE 0

BAR ISHMAN C BECKER B BERNING C BLACK RIDGE 0 BONG B

NOTI:S A BLANK HYDROLOGIC SOIL GROUP INDICATeS THE SOIL GROUP HAS NOT 3EEN JETERMI NED

•
TWO SOIL GROUPS SUCH AS B/C INOICATI:S THE DRAINED/UNDRAINED SITUATIJN
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Table 7.1--Continued •BONHAM C BRANDON B BROOKLYN 0 BUSTER C CAMPSPASS C

BONIFAY A BRANDYWINE C BROOKSIDE C BUTANO C CAMPUS B
BONILLA B BRANFORD B BROOKSTON B/O BUTLER 0 CAMROOEN C
BONITA 0 BRANTFORO B BROOKSVILLE 0 BUTLERTOWN C CANA C
BONN 0 BRA NY(jN 0 BROOMFIELD 0 BUTTE C CANAAN C/O
BONNER B BRASHEAR C BROSELEY B BUTT ERFIELO C CANAOI!N B
BONNET B BRASSFIELD B BROSS B BUTTON C CANAD,fCE 0
BONNEVILLE B BRATTON B BROUGHTON 0 BUXIN 0 CANANDAIGUA 0
BONNICK A BRA VANE 0 BROWARO C BUXTON C CANASERAGA C
BONNIE 0 BRAXTON C BROWNELL B BYARS 0 CANAVERAL C
BONO 0 BRAYMILL B/O BROWNFIELD A BYNUM C CANBURN 0
BONSALL 0 BRAYS 0 BROWNLEE B BYRON A CANDELERO C
BONTA C BRAYTON C BROYLES B CANE C
BONTI C BRAZITO A BRUCE 0 CABALLO B CANEADEA 0
BOOKER 0 BRAZOS A BRUFFY C CABARTON 0 CANEEK B
BOOMER B BREA B BRUIN C CABBA C CANEL B
BOONE A BRECKENRIDGE 0 BRUNEEL B/C CABBART 0 CANELO 0
BOONESBORO B BRECKNOCK B BRUNO A CABEZON 0 CANEY C
BOONTON C BREECE B BRUNT C CABIN C CANEYVILLE C
BOOTH C BREGAR 0 BRUSH CABINET C CANEZ B
BORACHO C BREMEN B BRUSSETT B CABLE 0 CANF IELO C
BORAH AlC BREMER B BRYAN A CABO ROJO C CANISTEO C
BORDA 0 BREMO C BRYCAN B CABOT 0 CANNINGER 0
BORDEAUX B BREMS A BRYCE 0 CACAPON B CANNON B
BORDEN B BRENDA C BUCAN 0 CACHE 0 CANOE B
BORDER B BRENNAN B BUCHANAN C CACIQUE C CANONCITO B
BORNSTEOT C BRENNER C/O BUCHENAU C CADDO 0 CANOVA B/O
BORREGO C BRENT C BUCHER C CAOEVILLE 0 CAN TALA B
BORUP B BRENTON B BUCKHOUSE A CADMUS B CANTON B
BORVANT 0 BRENaooo B BUCKINGHAM CAOOMA 0 CAHRIL B
BORZA C BRESSER B BUCKLAND C CAOOR C CANTUA B
BOSANKO 0 BREVARD B BUCKLEBAR B CAGEY C CANuno B
BOSCO B BREVORT B BUCKLEY B/C CAGUABO 0 CANYON 0
BOSKET B BREWER C BUCKLON 0 CAGW IN B CAPAC B
BOSLER B BREWSTER 0 BUCKNER A CAHABA B CAPAY 0
8O"SQUE B BREWTON C BUCKNEY A CAHILL B CAPE 0
BOSS 0 BRICKEL C BUCKS B CAHONE C CAPE FEAR 0
BOSTON C BRICKTON C BUCKSKIN C CAHTO C CAPERS 0
BOSTWICK B BRIDGE C BUCODA C CAIO B CAPILLO C
BOSWELL 0 BRIDGEHAMPTON B BUDD B CAIRO 0 CAPLES C
BOSWORTH 0 BRIDGEPORT B BUOE C CAJALCO C CAPPS B
BOTELLA B BRIDGER A BUELL B CAJON A CAPSHAW C
BOTHWELL C BRIOGESON B/C BUENA VISTA B CALA8AR 0 CAPULIN B
BOTTINEAU C BRIDGET B BUFFINGTON B CALABASAS B CAPUTA C
BOTTLE A BRIDGEVILLE B BUFFMEYER B CALAIS C CARACO C
BOULDER B BRIOGPORT B BUFF PEAK C CALAMINE 0 CARALAMPI B •BOULDER LAKE 0 BRIEOWELL B BUICK C CALAPOOYA C CARBO .C
BOULDER POINT B BRIEF B BUIST B CALAWAH B CARBOL 0
BOULFlAT 0 BRIENSBURG BUKREEK B CALCO C CARBON~AlE 0
BOURNE C BRIGGS A BULLION 0 CALDER 0

~~~~~
B

BOW C BRIGGSDALE C BULLREY B CALDWELL B 0
BOWBAC C BRI GGSVI LLE C BULL RUN B eALEAST C CARDIFF B
BOWBELLS B BRIGHTON AID BULL TRAIL B CALEB B CA~DINGTON C
BOWDOIN 0 BRIGHTWOOD C BULLY B CALERA C CARDON 0
BOWORE e BRILL B BUMGARO B CALHI A CAREY B
BOWERS C BRIM C BUNCOMBE A CALHOUN 0 CUEY LAKE B
BOWIE B BRIMF.IElO e/p BUNOO B CALICO 0 CHEYTOWN 0
BOWMAN B/O BRI MlEY B BUNOYMAN C CALIFON CARGILL C
BOWMANSVILLE C BRINEGAR B BUNEJUG C CALI MUS B CARIBE B
BOXELOER C BRINKERT C BUNKER 0 CALITA B CARl BEL B
BOXWELL C BRINKERTON 0 BUNSELMEIER C CALIZA B CARIBOU B
BOY A BRISCOT B BUNTINGVILLE B/C CALKINS C CAUIN 0
BOYCE B/O BRITE C BUNYAN B CALLABO C CARLINTON B
BOYD 0 BRI TToN C BURBANK A CALLAHAN C CARLISLE AID
BOYER B BRIZAM A BURCH B CALLEGUAS 0 CARLOTTA B
BOYNTON BROAD C BURCHARD B CALLINGS C CARLOW 0
BOYSAG 0 BROADALBIN C BURCHELL B/C CALLOWAY C C"ARLSBAD C
BOYSEN 0 BROADAX B BURDETT C CALMAR B CARLSBORG A
BOZARTH C BROAOBROOK C BUREN C CALNEVA C CARLSON C
BOZE B BROAD CANYON B BURGESS C CALOUSE B CARL DN B
BOZEMAN A BROADHEAD C BURGI B CALPINE B CARMI B
BRAC/:VILLE C BROADHURST 0 BURGIN 0 CALVERT 0 CARNASAW C
BRACKEN 0 BROCK 0 BURKE C CALVERTON C CA~NEGIE C
BRACKETT C BROCKLISS C BURKHARDT B CALVIN C CARNERO C
BRAD 0 BROCKMAN C BURLEIGH 0 CALVISTA D CARNEY 0
BRADDOCK C BROCKO B BURLESON 0 CAM B CA~OLlNE C
BRADENTON B/O BROCKPORT 0 BURLINGTON A CAMAGUEY 0 CA~R B
BRADER 0 BROCKTON 0 BURMA CAMARGO B CARRISALITOS 0
BRADFORD B BROCKWAY B BURMESTER 0 CAMARILLO B/C CARRIZO A
BRADSHAW B BRODY C BURNAC C CAMAS A CA~SITAS A
BRADWAY 0 BROE B BURNETTE B CAMASCREEK B/O CARSLEY C
BRADY B BROGAN B BURNHAM 0 CAMBERN C CARSO 0
BRADYVILLE C BROGDON B BURNSIDE B CAMBR lOGE C CMSON 0
BRAHAM B BROLUAR 0 BURNSVILLE B CAMDEN B CARSTAIRS B
BRAINERO B BROMO B BURNT LAKE B CAMERON D CA~STUMP C
BRALLIER 0 BRONAUGH B BURRIS 0 CAMILLUS B CAH B
BRAM B BRONCHD B BURT 0 CAMP B CARTAGENA 0
BRAMARO B BRONSON B BURTON B CAMPBELL B/C CARTECAY C
BRAMBLE C BRONTE C BUSE B CAMPHORA B CARUSO C
BRAMWELL C BROOKE C BUSH B C4HPIA B CARUTHERSVI LLE B
BRAND D BROOKFIELD B BUSHNELL C CAMPO C CARVER A
BRANDENBURG A BROOKINGS B BUSHVALLEY 0 CAMP ONE B/C CARWILE 0

NOTES A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED
TWO SOl L GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATICIN
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• Table 1.1.LContinued

CARYVIllE B CENTRAL POINT B CHIlGREN C ClARESON C COKEOAlE B/C

CASA GRANOE C CERESCO A CHILHOWIE C ClAREVIllE C COKEl B

CASCAOE C CERRIllOS B CHILI B CLARINOA 0 COKER 0

CASCAJO B CERRO C CHIlKAT C CLARION 8 COKESBURY 0

CASCIllA 8 CHACRA C CHI llICOTHE C CLARITA 0 COKEVILLE B

CASCO B CHAFFEE C CHI lLI SQUAQUE CLARK 8 COL8ATH CIO

CASE B CHAGRIN B CHIllUM B CLARK FORK A COLBERT 0

CASEBIER 0 CHAIX B CHILMARK B CLARKSBURG C COLBURN B

CASEY C CHALFONT C CHILO BID ClARKSOALE C COLBY B

:ASHEl C CHALMERS C CHILOQUIN B CLARKSON B COLCHESTER B

:ASHION 0 CHAMA B CHILSON 0 CLARKSV ILlE B COLOCREEK B

CASHMERE B CHAMBER C CHILTON B CLARNO B COLDEN 0

CASHMONT B CHAMBERINO C CHIMAYO 0 CLARY B COLO SPRINGS C

CASINO A CHAMISE B CHIMNEY B ClATO B COLE BIC

CAS ITO 0 CHAMOKANE B CHINA CREEK B ClATSOP 0 COLEBROOK B

CASPAR B CHAMNON B CHINCHAllO BID CLAVERACK C COLEMAN C

CASPIANA B CHANce BID CHINIAK A CLAWSON C COlEMANTOWN 0

CASS A CHANDLER B CHINO B/C CLAYBURN B- COlETO A

CASSADAGA CHANEY C CHINOOK B ClAYSPRINGS 0 COLFAX C

CASSIA C CHANNAHON B CHIPETA 0 CLAYTON B COLIBRO B

CASSIRO C CHANt<ING B CHIPLEY C CLEARFIELD C COLINAS B

CASSOlARY B CHAN-,it B CHIPMAN 0 CLEAR lAKE 0 COllAMER C

CASSVIllE CHANTIER 0 CHIPPENY 0 CLEEK C COllARD B

CASTAIC C CHAPIN C CHIPPEWA BID ClE ElUM B COll8RAN C

CASTALIA C CHAPMAN CHI QUITO C/O CLEGG B COLLEEN C

CASTANA B CHAPPEll B CHIRICAHUA 0 ClEMAN B COllEGIATE C

CASTELL C CHARO B CHI SPA B ClEMS B COllETT C

CASTILE B CHARGO 0 CHITINA B CLEMV ILlE B COLLIER A

CASTINO C CHARITON 0 CHITTENDEN C ClEORA B COLLING TON B

CASTLE 0 CHARITY 0 CHITWOOO C ClERF C COLLINS C

CASTlEVoAlE 0 CHARLEBOIS C CHIVATO 0 CLERMONT 0 COLLINSTON C

CASTNER C CHoARLESTON C CHIWAWA 8 CLEVERLY 8 COLLINSVILLE C

CASTO C CHoARLEVOIX B CHO C CLICK A COLMoA B

CASTRO C CHoARlOS A CHOBEE 0 CLIFFOOWN B COlMOR B

CASTROVILLE B CHARLOTTE AID CHOCK BID CliFFHOUSE C COLO B

CASUSE 0 CHoARLTON B CHOCOlOCCO B CLIFFORD B COlOCKUM B

CoASWELl 0 CHASE C CHlll>AKA
/C CLIFFWOOD C COlOMoA oA

CATALINA B CHASEIlURG B CHOPTANK A CLIFT ERSON B COlOM80 B

CATALPA C CHASEVILLE A CHOPTIE 0 CLIFTON C COlONoA C

CATANO A CHASKA C CHORAlMONT B CLIFTY B COLONIE oA

CoATARINoA 0 CHASTAIN 0 CHOSKA II CLIMARA 0 COlORoAOO B

CATAULA C CHoATBURN B CHOTEoAU C CLIMAX 0 COlOROCK 0

CoATAW8oA B CHATFIELD C CHRISTIAN C CLIME C COLO SO 0

CATH 0 CHATHAM B CHRISTIANA B CLINTON B COlOSSE A

CATHCART C CHATSWORTH 0 CHRISTIANBURG 0 CLIPPER 8tc COlP 0

•
CATHEDRAL 0 CHAUNCEY C CHRISTY B CLODINE 0 COLRAIN B

CATHERINE 8/0 CHoAVIES 8 CHROMe C C~ONT-ARf a COLTON A

cATHRO 0 CHAWANAKEE C CHUALAR B CLOQUAllUM c- COLTS NE'-~ B

CATLETT CIO CHEADLE C CHUBBS C ClOQUATO B COLUMBIA B

CATLIN 8 CHECKETT 0 CHUCKAWALlA B CLOQUET 8 COLUMBINE A

CATNIP 0 CHEOEHAP 8 CHUGTER B CLOUD 0 COLUSA C

CATOCTIN C CHEEK TOWAGA 0 CHULITNA B CLOUDCROFT 0 COLVILLE BIC

CATOOSoA 8 CHEESEMAN C CHUMMY C/O CLOUD PEAK C COLVIN C

CATSKIll A CHEHALEM C CHUMSTICK C CLOUD RIM 8 COlWOOO BID

CATTARAUGUS C CHEHALI S B CHUPAOERA C CLOUGH 0 COlY B

CAUDLE B CHEHULPUM 0 CHURCH 0 CLOVERDALE 0 COLYER CIO

CAVAL B CHELAN B CHURCHILL 0 ClOV Ell. SPR INGS B COMER B

CAVE 0 CHELSEA A CHURCHVIllE '0 CLOVIS B COMERIO B

CAVEl T 0 CHEMAWA B CHURN 11 CLUFF C COMETA 0

CAVE ROCK A CHEMUNG CHURNOASHER 8 CLUNI E 0 COMFREY C

CAVO 0 CHEN 0 CHUTE A ClUROE C COMITAS A

CAVOOE C CHENA A ClALES 0 ClURO C COMLY C

CAVOUR 0 CHENANGO A CIBEQUE B CLYDE 0 COMMERCE C

CAWKER B CHENEY a CIao 0 CLYMER B COMO oA

CoAYAGUA C CHENNEBY C CIBOlA B COACHEllA 8 COMOOORE B

CoAYlOR B CHENOWETH a CICERO 0 COAO B COMORO B

CAYUGA C CHEQUEST C CIORAl C COAL CREEK 0 COMPTCHE a

CAZADERO C CHEREETE A CIENEBA C COALMONT C COMPTON C

CAZAOOR B CHeRIONI 0 CIMA C COAMO C COMSTOCK C

CAZENOVIA a CHEROKEE 0 CIMARRON C COARSEGOLD B/C COMUS B

CEBOLIA C CHERRY C CINCINNATI C COAT ICDOK C CO~Ala a

CEBONe C CHERRYHILL B CINCO A COATSaURG 0 CONoANT C

CECIL a CHERRY SPRINGS C CINoERCONE a COBB a CONoASAUGA C

CEOA B CHESAW A CINEBAR a COBEN 0 CON4TA 0

CEOARAN 0 CHE SHIRE B CINTRONA 0 COBEY a CONBOY 0

CEDAR BUTTE C CHESHNINA C CIPRIANO 0 COaURG C CONCHAS C

CEDAREOGE a CHESNIMNUS B CIRCLE C COCHETOPA C CONCHJ C

CEDAR MOUNTAIN 0 CHESTER a CIRCLEVIllE C COCOA A CONCONUllY B

CEDARV IllE B CHeSTERTON C CISNE 0 COCOLAllA C CONCORD 0

CEOONIA B CHETCO 0 CISPUS A CJGORUS C CONCREEK B

CEORON C/D CHETEK B CITICO B CODY A CONOA C

CELAYA B CHeVELON C CLACKAMAS C COE A CONDIT 0

CELETON 0 CHE WAClA C CLAIBORNE B COEBURN C CONDON C

CEliNA C CHE WELAH B CLAIRE A COEROCK D CONE A

CELIO Af) CHEYENNE B ClAIREMONT B COFF 0 CONEJO C

CEllAR 0 CHIARA 0 CLAllAM C COFFHK B CONESTOGA B

CENCOVE B CHICKASHA B CLAM GULCH 0 COGGON B CONESUS B

ceNTER C CHICOPEE B CLA/'ID C GOGSW Ell C CONGAREE a

CENTER CREEK B CHI COTE 0 CLANTON C COHASSET B CONGER B

CENTERFIELD B CHIGlEY C CLAPPER 6 COHOCTAH 0 CONI 0

CENTERVIllE 0 CHI lCGTT D ClAR;;MORE 0 COHOE B CONKLIN B

CENTRALIA 8 CHI lOS B CLARENCE 0 COlT C CONlEN B

NJTES A BLANK HYDROLOGIC
SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN JETER ..I NED

TwO SOl L GROUPS SUCH AS
B/C INDICATES THE DRAINEDIUNORAINED SITUATIJ~
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Table 7.1--Continued •CONLEY C COURT B CROWLEY 0 DANSKIN B OELlROSE 8CONNEAUT C COURTHOUSE 0 CROWN B DANT 0 DElM 0CONNECTICUT COURTi-AND 8 CROWSHAW '8 DANVERS C DELMAR 0CONNERTON B COURTNEY D CROlIER C DANVILLE C DELMITA CCONDTTON 8 COlJRTROCK 8 CRUCES 0 DANZ B DELMONT 8CONOVER B COUSE C CRUCKTON 8 DARCO A DELNORTE CCONOWINGO C COUSHATTA 8 CRUICKSHANK C DARGel 0 DELPHI 8CONRAD 8 COVE 0 CRUME B DARIEN C DElPHIlL CCONROE 8 COVEllO B CRUMP 0 DARLING 8 DELPIEORA CCONSER 'CID COVElAND C CRUTCH 8 DARNELL C DElPINE DCONSTABLE A COVEllO BIC CRUTCHER D DARNEN 8 DELRAY AIDCONSTANCIA D COVENTRY 8 CRUZE C DARR A DEL REY CCONSUMO 8 COVEYTOWN C CRYSTAL LAKE B DARRET C DEL RIO 8CONTEE D COVINGTON: 0 CRYSTAL SPRINGS 0 DARROCH C DELSON -GCONTINE C COWAN A CRYSTOlA 8 DARROUZETT C DELTA CCONTINENTAL C' COWARTS C CUBA B DART A DELTON BCONTRA COSTA 'C COWOEN 0 CUBERANT 8 OARVADA 0 DELWIN ACONVENT C COWDREY C CUCHILlAS D DARWIN 0 DElYNOIA ACOOK 0 COWEEMAN CUDAHY 0 DASSEL 0 DEMAST 8ClJOKPORT C COWERS CUERO B OAST C DE MASTERS 8COOLBRITH ,8 COWETA CUEVA 0 OAT EM AN C DE MAYA CCOOLIDGE B COWICHE CUEVITAS 0 DATINO C DEMERS 0COOLVilLE C CaWOOD CULBERTSON B DATWYLER C OEMKY 0COOMBS B COX CULLEN C DAULTON 0 OEMONA CCOONEY -8 COXVIlLE CULLEOKA B DAUPHIN DEMOPOLIS CCOOPER C COY D CULLO C DAVEY A DEMPSEY 8COOTER C COYATA C CULPEPER C DAVIDSON 8 DEMPSTER BCOPAKE B COZAD 8 CULVERS C DAVIS 8 OENAY BCOPALIS 8' CRAB TON 8 CUMBERLAND B DAVISON 8 DENHAWKEN 0COPELAND BID CRAODOCK 8 CU,..lEY C OAVTONE 8 DENISON CCOPITA B CRAOLE8AUGH ,0 CUMMINGS BID DAWES C DENMARK 0COPLAY CRAfTON C CUNDIYO B OAWHOO 8/0 DENNIS CCOPPER RIVER ,D CRAGO 8 CUNIca C DAWSON 0 DENNY 0COPPERTON 6 CRAGOLA 0 CUPPER 8 OAXTY C DENROCK DC.OPPOCK 8 CRAIG C' tURANT 8 DAY D DENTON 0COeSEY 0 CRAIGJo10NT C CURDlI C DAYBElL A DENVER CCOQUILLE CIO CRAIGSVILLE A CURECANTI 8 DAYTON 0 DEODAR 0CORA 0', CRAMER 0 CURHOLlOW 0 DAYVILLE 8/C DEPEW CCORAL C, CRANE 8 CURLEW C DAze D DEPOE 0COR8ETT B CRANSTON B CURRAN C DEACON B DEPORT DCORBIN B CRARY ,,;:C CURTIS CREEK 0 DEADFAll B DERA 8CORCEGA ,C CRATER. LAKE '; B C

CURTIS SIDING A DEAMA C DERINOA CCORD C CRAVEN 'c CUSHING 8 DEAN C DERR CCORDES 8 CRAWFORD ,0 CUSHMAN C DEAN LAKE C DERRICK BCORDOVA C CREAL .i ~i(' 0 CUSTER C DEARDURff 8 DESAN ACORINTH Cc CRE881N C CUTTER 0 DEARY C DESART C •
CORKINOAlE B CREDO C CUTZ D OEARYTON 8 DESCALABRAOO DCORLENA A CREEDMAN 0 CUYAMA 8 DEATMAN C DESCHUTES CCORLETT .8 CREEOJo100R C CUYON A DEAVER C DESERET CCORLEY C, CREIGHTON 8 CYAN 0 DEBENGER C DESERTER BCORMANT ',c - CRELOON 8 CYLINDER B DEBORAH 0 DESHA 0CURNHILl 8 CRESBARD C CYNTHIANA CIO DEeAN 0 DESHLER CCORNING 0 CRESCENT B CYPREMORT C OECATt()N 0 DESOLATION CCORNISH B CRE SCQ C CYRIL B DECATUR 8 DESPAIN 8CORNUTT C CRESPIN C DECCA B DETER CCORNVIllE 8 CREST C DABOB 8 DECKER C DETlOR CCOROZAl C CRESH.INE B DACONO C DECKERVILLE C· DETOUR CCORPENING D CRESTMORE DACOSTA 0 DECLO 8 DETRA 8CORRALITOS A CRESTON A DADE A D6CORRA B DETROI T CCORRECO C CRESWELL C DAFTER 8 DECROSS 8 DEV BCaRRERA D CRETE 0 DAGfLAT C D6E C DE VI 1;,S 01 VE 0CORSON c· CREVA D DAGGETT A DEEPWATER C DEVOE 0CORTADA B CREVASSE A OAGLUM 0 DEER CREEK C DEVOIGNES CloCaRTEl 0 CR,E WS 0 DAGOR B DEERfIELD B DEVOL 8CORTINA A CRIDER B DAGUAO C DEERfORO 0 DEVON 8CORUNNA 0 CRIM 8, OAGUEY C DEERING 8 DEVORE 8CORVAllIS B CR'I SFIELO 8 DAHLQUIST 8 OEERlODGE D DEVOY 0CORWIN 8 ' CRI TCHELl DAIGLE C DeER PARK A DEWARTCORY 'c CRIliITZ DAILEY A DEERTON 8 DEWEY 8CORYDON C CROCKER DAKOTA 8 DEERTRAIL C DEWVIlLE 8COSAD 'C CROCKETT OAl80 8 DEFIANCE 0 DEXTER BCOSH C CROEStJS C DALBY D DEfORD 0 DIA CCOSHOCTON C CROFTON OALCAN C DEGARMO 8/C DIABLO DCOSKI B' CROGHAN DALE 8 DEGNER C DIAMOND 0COSSAYUNA C CROOKED DALHART B OE'GREY 0 DIAMOND SPRINGS CCOSTILLA A CROOKED CREEK OALIAN 8 DEJARNET 8 DIAMONDVILLE CCOTACO C CROOKSTON OALlAM B OEKALB C DIANEV CCOTATI C CROO~ OA'LTON C DEKOVEN D DIANOlA 0COllTO ,C CROPLEY DAlUPE 8 DElA B oIAZ CCOTO C CROS8Y DAMASCUS 0 DELAKE B DI88LE CCOTOPAXI A CROSS DAMON 0 DELANCO C DICK ACOTT 8 CROSSVILLE DANA B DELANEY A DICKEY ACOTTER B CROSWELL DANBURY C DELANO B/C DICKINSON ACOTTERAL B CROT DANBY DELECO 0 DICKSON CCuTTIER 8 CROTON DANDREA C oELENA 0 DIG8Y CCUTTONWOOD C CROUCH DANDRIDGE 0 DELFINA 8 DIGGER CCOTTRELL C~ CROW C DANG8ERG 0 DELHI A DIGHTON BCOUCH C CROW CREEK B DANIC C OELICIAS 8 DILL 8CDUGAR 0 CROWfOOT B DANIELS 8 OELKS 8/0 DILLARD c:COULSTONE 8 CROWHEART 0 DANKO 0 DEll C DILLOOWNCOUNTS C CROW HEART, 0, DANLEY C DEllEKER B DILLINGER 8COUPElIILlE C CROW HILL C DANNEMORA 0 DELLO Ale DILLON DNl.lTES A'BLAN~~HYDRO(OGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT 8EEN l>ETERMINEDTWO SOIL GROUPS SUCH AS B/C INDICATES THE DRAINEDIUNDRAINED SITUATIJ~
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• Table 7.1--Continued

DIllWYN A DOUGHTY A DU PAGE B EGBERT B/C EMILY B

OILMAN C DOUGLAS B DUPEE C EGELAND B EMLIN B

DILTS 0 DOURO B DUPLIN C EGGLESTON B EMMA C

DILWORTH 0 DOVER B DUPD C EGNAR C EMMERT A

DIMAl 0 DOVRAY 0 DUPONT 0 EICKS C EMMET B

DIMYAW C DOW B OUPREE 0 EIFDRT C EMMaNS C

DINGLE B DOWAGIAC B DURAlDE C EKAH C EMORY a

DINGLlSHNA 0 DOWDEN C DURAND a EKALAKA a EMPEDRADO C

DINKElMAN B DOWEll TON 0 DURANT 0 ElAM A EMPEY a

DINKEY A DOWNER B DUREllE a ELBERT 0 EMPEYVIllE C

DINNEN B DOWNEY B DURHAM B ELBURN B EMPIRE C

DINSDALE B DOWNS B DURKEE C ElCD a EMRICK B

DINUBA B/C DOXIE C DUROC 8 ElD 8 ENCE B

DINlER B DOYCE C DURRSTEIN 0 ELDER B ENCIERRO D

DIOXICE B DOYLE A DUSTON B ELDER HOllOW 0 ENCINA B

DIPMAN 0 DOYLE STOWN 0 DUTCHESS 8 ELDERON 8 ENDERS C

OIQUE 8 OOYN C DUTSON 0 ELDON 8 ENDERSBY B

DISABEl 0 ORA C DUTTON 0 ELDORADO C ENDICOTT C

DISAUTEl 8 DRACUT C DUVAL a ELDRIDGE C ENET a

DISCO 8 DRAGE 8 DUlEl B ELEPHANT 0 ENFIELD a

DISHNER 0 DRAGOON a DWIGHT 0 ELEROY a ENGLE a

DISTERHEfF C DRAGSTON C DWYER A ELFRIDA B E~GlESIDE 8

DITCHCAMP C ORAHAT 0 DYE 0 ELIJAH C ENGLEWOOD C

DITHOD C DRAlN 0 OYER EUOAK C ENGLUND 0

DIVERS B DRAKE B DYKE B ELK B ENNIS B

DIVIDE 8 DRANYON B DYRENG 0 ELKADER B ENOCHVIllE BID

oIX A DRAPER C ElKCREEK C ENOLA a

DIXIE C DRESDEN a EACHUS TON 0 ELK HOLLOW B ENON C

DIXMONT C DRESSLER C EAD C ELKHORN 8 ENOREE 0

DIXMORE B DREWS 8 EAGAR 8 ELKINS 0 ENOS B

DIXONVIllE C DREXEL B EAGlECONE a ElKINSV IlLE B ENOSBURG 0

DIXVIllE A DRIfTON C EAKIN a ELKMOUND C ENSENADA B

DOAK B DRIGGS B EAMES 8 ELK MOUNTAIN B ENSIGN 0

D08BS C DRUM C EARLE 0 ELKOl 0 ENSLEY 0

DOBEl D DRUMMER B EARlMONT B/C ELKTON 0 ENSTROM a

DO BROW 0 DRUMMOND 0 EARP 8 ElLA8ElLE BID ENTENTE 8

DOBY 0 DRURY 8 EASLEY 0 ELLEDGE C ENTERPRI SE B

DOCAS 8 DRYAD C EAST FORK C EllERY 0 ENTIAT 0

DOCKERY C DRyaURG B EAST lAKE A EllETT 0 ENUMCLAW C

DOCT B DRY CREEK C EASTlAND C ELLI8ER A EPHRAIM C

DODGE B DRYDEN 8 EASTON C ELLICOTT A EPHRATA B

DODGEVILLE B DRY lAKE C EASTONVIllE A ELLINGTON a EPLEY B

DODSON C DUANE 8 EAST PARK 0 ElLINDR C EPOUFETTE 0

DDGER A DUART C EASTPORT A ELLIOTT C EPPING 0

DOGUE C DuaAKElLA C EATONTOWN ELLIS 0 EPSIE 0

•
DOLAND B DUBAY D EAUGAlLIE 8/0 ELLIS FORDE C ERA a

DOLE C DUBBS 8 EaA C ELLISON B ERAM C

DOllAR B DUBOIS C EBBERT 0 EllOAM 0 ERBER C

DOllARD C DUBUQUE B EBBS a EllSBERRY C ERIC B

DOLORES B DUCEY B EBENEZER C EllSWORTH C ERIE C

DOLPH C DUCHESNE B ECCLES B EllUM C ERIN B

DOMEl C DUCKETT C ECHARD C ElMA B ERNEST C

DOMINGO C DUCOR 0 ECHlER B ELMDALE a ERNa 8

DOMINGUEZ C DUDA A ECKERT 0 ELMENDORF 0 ERRAMDUSPE C

DOMINIC A OUDlEY 0 ECKLEY B ELMIRA A ESCABOSA C

DOMINO C DUEL B ECKMAN B ELMO C ESCAl a

OOMINSON A DUELM C ECKRANT 0 ELMONT B ESCALANTE B

DONA ANA B DUFFAU B ECTOR 0 ELMORE B ESCAMBIA C

DONAHUE C DUFfER 0 EDAlGO C ELMWOOD C ESCONDIDO C

DONALD B OUFfIElO B EDDS B ELNORA B ESMaNO B

OONAVAN B DUHSON B EDDY C ElOIKA B ESPARTO 8

DONEGAL DUFFY B EDEN C ELPAN 0 ESPIl 0

DONERAIl C DUFUR a EDENTON C El PECO C ESPINAL A

DONEY C DUGGINS 0 EOENVAlE 0 El RANCHO B ESPLIN 0

DONICA A DUGOUT 0 EDGAR a ElRED BID ESPY C

DONlONTDN C DUGWAY 0 EDGECUMBE B ElROSE B ESQUATZEl 8

DONNA 0 DUKES A EDGELEY C ElS A ESS B

DONNAN C DULAC C EDGEMONT B ELSAH B ESSEN C

DONNA ROO B DUMAS B EDGEWATER C ELSINBORO B ESSEX C

DONNYBROOK 0 OUMECQ C EDGEWICK B ELSINORE A ESSEXVILLE 0

DONOVAN B DUMONT B EDGEWOOD A ELSMERE A ESTACADO B

DOOLEY A DUNBAR 0 EDGINGTON C ElSO 0 ESTELLINE B

DOONE B DUNBARTON C EDINA 0 EL SDlYO C ESTER 0

DOOR B DUNBRIDGE B EDINBURG C ELSTON B ESTERBROOK B

aURA 0 DUNCAN 0 EOISON B ELTOPIA B ESTHERVILLE B

DORAN C DUNCANNON B EDISTO C ElTREE B ESTIVE C

DORCHESTER B DUNCOM .0 EDITH A ElTSAC 0 ESTO B

DOROSHIN 0 DUNDAS C EDLUE B ElWHA B ESTREllA B

DOROTHEA C DUNUAY A EDMONDS 0 ELWOOD C ETHAN B

OORDVAN 0 DUNDEE C EDMURE 0 ~LY a ETHETE B

OaRS 8 DUNELLEN B EDMUND C ELYSIAN B ETHRIDGE C

DORSET B DUNE SAND A EDNA D ELZINGA B ETIL A

DOS CABEZAS C DUNGENESS B EDNEYVIllE B EMBDEN B ETNA

DOSS C DUN GLEN C EDOM C EMBRY B ETOE B

DOSSMAN B DUNKINSVILLE B EDROY 0 EMBUDO B ETJWAH B

OOTEN 0 DUNKIRK B EDSON C EMDENT C ETOWN B

DOTHAN B DUNLAP B EDWARDS BID EMER C ETSEl 0

DOTTA B DUNMORE B EEL C EMERALD B ETTA C

DOlY 8 DU"NING 0 EFf INGTON 0 EMERSON B ETTER B

DOUBLETOP B DUNPHY 0 EFWUN A EMIDA 0 ETTERSaURG B

DOUDS B DUNUL A EGAM C EMIGRANT B ETTRICK 0

DOUGHERTY A DUNV IllE B EGAN B EMIGRAT ION 0 EUBANKS B

NOTES A BlA"K HYDROLOGIC SOIL GROUP INDICATES THE SOIL GRUUP HAS NOT ~EE~ JETERMI NEO

TWO SOIL GROUPS SUCH AS BIC INDICATES THE ORAINEDIUNDRAINED SITUATIJN
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Table 7.1--Continued •EUDORA B fE 0 flOWELL C fRENCH C
~:~~ CEUfAULA A fEDORA B fLOWEREE B FRENCHTOWN 0 CEUREKA D FELAN A FLOYD B fRENEAU C GAR"DRE BEUSTIS A fELOA BID FLUETSCH C fRESNO c/o GARNER 0EUTAN D FEUDA 8' FLUSHING fRJANA 0 GARO 0EVANGELINE C fELKER D fLUVANNA C fRIANT 0 GARR 0EVANS B fELLOWSHiP D flYGARE B fRIDLO C GARRARD BEVANSTON B FELT B FlYNN 0 FR.IEDMAN B GARRETSON BEVARO A FEL TA C FOARD D FRIENDS 0 GARRETT BEVART ,D FElTHA" A F'OGELSVIllE B FRIES D GARRISON BEVENDALE C FEUON B fOLA B FRINDLE B GARTON CEVERETT B FElTONIA 8 FOLEY 0 FRIO 8 GARWIN CEVERGLADES A/o FENCE B fONDA 0 FRIZZELL C GASCONADE 0EVERLY B fENOAU C fONDIS C fROB ERG 0 GAS CREEK CEVERMAN C fEN WOOD B fONTAL 0 FROHMAN C GASKELL CEVERSON 0 fERA C fONTREEN B FRONDORf C GASS DEVESBORO A FEROELFORO C fOPJANO D fRONHOFER C GASSET DEWA B fEROIG C fOR8ES B fRONTON 0 GATESBURG AEWAIL A fERDINAND C fORD 0 fROST 0 GATESDN CEWALL A fERGUS B fORDNEY A FRUITA 8 GATEVIEW BEWINGSVIllE B fERGUSON B FORDTRAN C FRUITlAND 8 GATEWAY CEXCELSIOR B FERNANDO 8 FORDVILLE B FR.YE C GATEWOOD DEXCHEQUER 0 FERN CLIFF a, FORE 0 FUEGO C GAULDY BEXETER C/D FERNDALE 8 FORELAND D FUERA C GAVINS CEXLINE D FERNLEY C fORELLE B FUGAWEE 8 GAVIOTA DEXRAY D FERNOW a. FORESMAN B FULCHER C GAY DEXUM C FERNPOINT C FORESTDAlE D FULDA C GAYLORD 8EYER BON 0 FERRELO B fORESTER C FULLERTON B GAYNOR CEYRE B FERRIS 0, fORESTON C FULMER 8/0 GAYVILLE BFERRON D FORGAY A FULSHEAR C GAZelLE DFABIUS 8 FERTAUNE 0 FORMAN B FULTON 0 GAZOS BFACEVRLE B FESTINA B fORNEY 0 FUQUAY B GEARHART AFAHEY B FETT 'D FORREST C FURNISS B/D GEARY BFAIM C FETTIC 0 FORSEY C FURY B/D GEE BFAJNES A FIANDER C FORSGREN C FUSUL INA C GEEBURG CFAIRBANKS B FIBEA D FORT COLLINS B GEER CFAIRDALE !l FIDALGO C FORT DRUM C GAASTRA t GEFO AfAIRfAX a FIDDLeTOWN C FORT LYON B GABALDON B GElKIE BFAIRFIELD B FIooYMENT C FORT MEADE A GABBS D GE" CFAIRHAVEN B FIELDING B fORT MOTT A GABEL C GE"ID CFAIRMDUNT 0 FIELDON '" B FORT PIERCE C GABICA 0 GE"SDN CFAIRPORT C FIELoSON ,A FORT ROCK C G~CEY 0 GENESEE BFAIRYDELl C FIFE B FORTUNA 0 G CHADO 0 GENEVA CFAJARDO C FIFER 0 FDRTWINGATE C GADDES C GENOA 0FALAYA C FILLMORE 0 FORWARD C GADES G GENOLA BFALCON D FINCASTLE , , C FOSHOME B GADSDEN 0 GEORGEVIlLE B

•
FALFA C FINGAL C FOSSUM a GAGE GEORGIA 8FALFURRIAS A FINLEY a FOSTER alt GAGEay B GERALD 0FALK a FIRESTEEL a FOSTORIA a GAGETOIIN C GERBER 0FALKNER C FIRGRELL B FOUNTAIN 0 GAHEE B GERIG BFALL a FIRMAGE B FDURLOG 0 GAINES C GERING BFALLBROOK alt FIRO 0 FOURMILE a GAINESV IllE A GERLAND CFALLON C FIRTH Bit FOUR STAR alt GALATA 0 GER"ANJAFALLSBURG C FISH CREEK B FOUTS B GAlE B GER"ANY BFALLSINGTON 0 FISHERS B FOX B GALEN a GERRARD 0FANCHER C FISHHOOK 'D fOXCREEK a/D GALENA C GESTRIN BFANG B FISHKILL FOXMOUNT C GALEPPI C GETTA CFANNIN B FITCH A FOXDl 0 GALES TOliN A GETTYS CFANNO C FITCHVlllE C FOXPARK 0 GALETON 0 GEYSEN 0FANU C FITZGERALD a FOX PARK 0 GALEY B GHENT CFARADAY B FITZHUGH B FOXTON C GALISTEO C GIBBLER CFARALLONE B FIVE DOT a fRAIlEY a' GAlLAGHER B GIB80N afARAWAY 0 fIVEMILE B FRA" a GALLATIN A GIaBS 0FARa 0 FIVES B FRANCIS A GALLEGOS B GIBBSTOWN AFARGO 0 FLAGG B FRANCITAS 0 GALLINA C GIfFIN CFARIS ITA C flAGSTAFF C FRANK 0 GALLION 8 GIfFORD CFARLAND B flAK B FRANKfORT 0 GAlVA B GILA BFARMINGTON C/O flAMIIlG B FRANKIRK C GALVESTON A GILBY BfARNHAM B fLAMINGO 0 FRANKLIN B GALVEZ C GIlCHUST BFARNHAMTON B/C FLANAGAN B fRANKSTOWN a GALV IN C GILCREST 8fARNUF B fLANDREAU B fRANKTOWN 0 GAlWAY B GILEAD CFARNUM B FLASHER A FRANKVILLE B GAMBLER A GILES BFARRAGUT C FLATHEAD A FRATERNIDAD 0 GAMBOA B GILFORD B/DFARRAR B flAT HORN B fRAZER C GANNETT 0 GILHOUL Y 8FARRELL B fLATTOP 0 FRED C GANSNER 0 GILISPIE CFARRENBURG B FLA TW.ILLOW B FREoENSBORG C GAPD 0 GILLIAM CFARROT C FLAXTON A fREDERICK B GAPPMAYER 8 GILLIGAN BFARSON B flEAK A FREDON C GARA B GILLS CFARWELL C FLECHADO B fREDONIA C GARBER A GIllS8URG CfASKIN B FLEER 0 FREDRICKSON C GARBUTT B GIl,~AN BfATIMA B FLEETWOOD FREEBURG C GARCENO C GILMORE CFATTIG C FLEI SCHMANN 0, FREECE 0 GARDELLA 0 GILPIN CFAUNCE A FLEMUIG C FREEDOM C GARDENA B GILROY CfAUQUIER C flETCHER a. FREEHOLD B GARDINER A GILSON BFAUSSE 0 FLOKE 0 FREEL B GARDNER'S FORK 8 GILT EDGE 0FAWCETT C FLOM c' fREEMAN C GARDNERVILLE 0 GINAT 0FAWN B floMATION A FREEMANVllLE B GAR DONE A GI~GER CFAXON 0', FLOMOT a FREEON a GAREY C GINI 8fAYAL C FLORENCE C fREER C GARFIao C GINSER CFAYETTE B FLORE SVILLE C FREESTONE C GARITA C GIRARDOT 0FAYETTEVILLE a FLORIoANA 8/0 fREEZENER C GARLAND B GIRD AFAYWOOD C FLORISSANT C fREMONT C GARLET A GIVEN CNOTES A BLANK HYDROLOGiC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEE~ DETERMINEDTWO SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATIJ~
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• Table 7.1--Continued

GLADDEN A GOTHARD 0 GROWDEN B HAMBRIGHT 0 HASTINGS B
GLADE PARK C GOTtlIC C GROWLER B HAMBURG B HAT 0
GLADSTONE B GDTHO C GRUBBS 0 HAMBY C HATBORO 0
GLADWIN A GOULDING 0 GRULLA 0 HAMEL C HATCH C
GLAMIS C GOVAN C GRUMMIT 0 HAMERLY C HATCHERY C
GLANN B/C GOVE B GRUNDY C HAMILTON A HATF IELD C
GLASGOW C GOWEN B GRUVER C HAMLET B HATHAWAY B
GLEAN B GRABE B GRYGLA C HAMLIN B HATTIE C
GLEASON C GRABLE B GUADALUPE B HAMMONTON C HATTON C
GLEN B GRACEIlONT B GUAJE A HAMPDEN HAUBSTADT C
GLENBAR B GRACEVILLE B GUALALA 0 HAMPSHIRE C HAUGAN B
GLENBERG B GRADY 0 GUAMANI B HAMPTON C HAUSER 0
GLENBROOK 0 GRAfEN B GUANABANO B HAMTAH C HAVANA B
GLENCOE 0 GRAFTON B GUANAJIBO C HANA A HAVEN B
GLENDALE B GRAHAM 0 GUANICA 0 HANALEI C HAVERl.Y B
GLENDIVE B GRAll C GUAYABO B HANAMAULU A HAVERSON B
GLENDORA 0 GRAMM B GUAYABOTA 0 HANCEVILLE B HAVILLAH C
GLENELG B GRANATH B GUAYAMA 0 HANCO 0 HAVINGOON 0
GLENFIELD 0 GRANBY AID GUBEN B HAND B HAVRE B
GLENFORD C GRANDE RONDE 0 GUCKEEN C HANDRAN C HAVRELON B
GLENHALL B GRANOFlELO B GUELPH B HANDS BORO 0 HAil B
GLENHAM B GRANO,VIEW C GUENOC C HANDY 0 HAilES A
GLENMORA C GRANER C GUERNSEY C HANEY B HAil I B
GLENNALLEN C GRANGER C GUERRERO C HANFORO B HAIIKEYE A
GLENOMA B GRANGEVILLE BIC GUEST 0 HANGAARO C HAIIKSELL A
GLENROSE B GRANILE B GUIN A HANGER B HAIIKSPRINGS B
GLENSTED 0 GRANO 0 GUlER B HANIPOE B HAXTUN A
GlENTON B GRANT B GUlKANA B HANKINS C HAYBOURNE B
GLENVIEW B GRANTSBURG C GUMBOOT C HANKS B HAYBRO C
GLENVillE e GRANTSDALE A GUNBARREL A HANLY A HAYDEN B
GLIDE B GRANVIllE B GUNN B HANNA B HAYESTON B
GLIKON B GRAPE,VINE C GUNNUK C HANNUM 0 HAYESVILLE B
GLORIA C GRASMERE B GUNSIGHT B HANOVER C HAYFIELD B
GLOUCESTER A GRASSNA B GUNTER A HANS C HAYFORD C
GLOVER C/O GRASS,Y BUTTE A GURABO 0 HANSEL C HAYMOND B
GLYNDON B GRATZ C GURNEY C HANSKA C HAYNESS B
GLYNN C GRAVDEN C GUSTAVUS 0 HANSON A HAYNIE B
GOBLE C GRAVE B GUSTIN C HANTHO B HAYPRESS A
GODDARD B GRAVITY C GUTHRIE 0 HANTZ 0 HAYSPUR BID
GOODE 0 GRAYCAlM A GUYTON 0 HAP B HAYTER B
GilOECKE 0 GRAYFORO B GWIN 0 HAPGOOD B HAYTI 0
GODFREY C GRAYLING A GWINNETT B HAPNEY C HAYWOOD B
GODWIN 0 GRAYlOCK B GYMER C HARBORD B HAZEL C
GOEGlEIN C GRAYPOINT B GYPSTRUM B HARBOURTON HAZELAIR 0
GOESSEL 0 GRAYS B HARCO B HAZEN B

• GOFF C GREAT BEND B HACCKE C HARDEMAN B HAZLEHURST t
GOGEBIC B GREELEY B HACIENDA 0 HARDESTY B HAZLETON B
GOLBIN C GREEN BLUFF B HACK B HARDING 0 HAlTON 0
GOLCONDA 0 GREENBRAE C HACKERS B HARDSCRABBLE B HEADLEY B
GOLD CREEK 0 GREEN CANYON B HACKETTSTOWN B HARDY 0 HEAOQUAR TER S B
GOLDENDALE B GREENCREEK B HADAR A HARGREAVE B HEAKE 0
GOLDFIELD 8 GREENDALE B HADES C HARKERS C HEATH C
GOLOHILL B GREENFIELD B HADLEY B HARKEY B HEATLY A
GOLDMAN C GREENHORN 0 HAOO B HARLAN B HEBBRONVILLE B
GOLDRIDGE B GREENLEAF B HAGEN B HARLEM C HEBER B
GOLDRUN A GREENOUGH C HAGENBARTH B HARLESTON C HEBERT t
GULDSBORO C GREENPORT HAGENER A HARLINGEN 0 HEBGEN A
GOLDSTON C GREEN RI VER B HAGER C HARMEHL C HEBO 0
GOLDSTREAM a GREENSBORO HAGERMAN C HARMONY C HEBRON t
GOlDVALE C GREENSON C HAGERSTOWN C HARNEY C HECHT C
GOLDVEIN C GREENTON C HAGGA B HARPER 0 HECKI C
GOLIAD C GREENVILLE B HAGGERTY B HARPETH B HECLA B
GOllAHER A GREENWATER A HAGSTAOT C HARPS B HECTOR 0
GOLTRY A GREENWICH B HAGUE A HARPSTER C HEDDEN t
GOMez B GREENwOOD 0 HAIG C HARPT B HEDRICK B
GOHM 0 GREER C HAIKU B HARQUA C HEOVILLE 0
GONVICK B GREGORY A HAlLMAN B HARRIET 0 HEGNE 0
GOOCH 0 GREHALEH B HAINES B/C HARRIHAN B HEIDEN 0
GOODALE C GRELL 0 HAIRE C HARRIS 0 HEIOTMAN C
GOODING C GRENADA C HAlAWA B HARR ISBURG 0 HElL 0
GOODINGTON C GRENVILLE B HALDER C HARRISON C HEIHon B
GOODLOW B GRESHAH C HALE B HARR ISV ILLE C HEISETON B
GOODMAN B GREWINGK 0 HALEDON C HARSTENE B HEISLER B
GOODRICH B GREYBACK B HALEIWA B HARST INE C HEIST B
GOODSPRINGS 0 GREYBULL C HALEY B HART 0 HEITT C
GOOSE CREEK 8 GREYCLIFF C HALF HOON B HART CAHP C HEITZ 0
GOOSE lAKE 0 GREYS B HALFORD A HARTFORD A HEIZER 0
GUOSMUS B GRIFFY B HALFWAY 0 HARTIG B HELOT C
GORDO B GRIGSTON B HALGAITOH B HARTLAND B HELEMAND C
GORDON 0 GRIMSTAD B HALII B HARTLETON B HELENA C
GORE 0 GRI SWOlD B HAllIMAllE B HARTL INE B HEL'4ER C
GORGONIO A GRITNEY C HAllS B HARTSBURG B HELVETIA t
GORHAM B GRIVER C HALL B HARTSELLS B HELY B
GORIN C GRIZZLY C HALLECK B HARTSHORN B HEHBRE B
GORING C GROGAN B HALL RANCH C HARVARD B HEMMI C
GORMAN 8 GkOSEClOSE C HALlVlllE B HARVEL B HEMPFIElO
GORUS A GROSS C HALSEY 0 HARVEY C HEMPSTEAD t
GORZEll B GROTON A HAMACER A HARWOOD C HENCRATT B
GGSHEN B GROVE A HAMAKUAPOKO B HASKI B HENDERSON B
GOSHUTE 0 GROVELAND B HAMAN B HASKILL A HENDRICKS B
GOSPORT C GROVER B HAMAR B HASKINS C HENEFER C
GilTHAH A GROVEToN B HAMBLEN C HASSEll C HENKIN B

NilTES A BLANK HYDROLOGIC SOil GROUP INDICATES THE SOil GROUP HAS NOT aEE'l DETERMINED
TWO SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATID'l
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Table 7.1--Continued •HENLEY C H080G D HORO 8 HYAT A IlAGORA CHENLINE C HOBSON C HOREB 8 HYATTVIlLE C UEE CHENNEKE 0 HOCHHEIM B HORNE 0 HYDABURG 0HENNEPIN 8 HOCKlllG B HORNELL 0 HYDE 0 JABU c·HENNINGSEN C HOtKINSON C HORNING A HYDRO C JIICIIGUAS 8HENRY 0 HOCKLEY C HORNITOS 0 HYMAS 0 JIICANII '. 0HENSEL B HOOGE B HORROCKS B HYRUM 8 JACINTO 'BHENSHAW C HODGINS C HORSESHOE 8 HYSHAM 0 JACK CREEK A·HENSLEY 0 HODGSON C HORTON 8 JIICItLlN 8HEPLER 0 HOEBE B HORTONVILLE 8 lAO C JIICKNIFE CHER8ERT B HOELZLE C HOSKIN C 18ERIA 0 JACKPORT 0'HEREFORD B HOFFMAN C HOSKINNINI 0 ICENE C JACKS CHERKIMER B HOFFMANVILLE C HOSLEY 0 IDA B JIICItSON 8HERLONG 0 HOGANSBURG B HOSMER C IDABEL 8 JACKSONVIlLE CHERMISTON B HOGELANO 8 HOTAW C IOAK II JIICOB 0HERMON A HOGG C HOT LAKE C I DANA C 'JACOBSEN 0HERNDON B HOGRIS B HOUDEK 8 IOEON 0 JACOBY CHERO B HOH B HOUGHTON AID IOMON B JACQUES CHERRERA A HOHMANN C HOUK C IGNAC 10 C JACQUJTtt CHERRICK C HOKO C HOULKA 0 100 0 JIICWIN 8HERRON B HOLBROOK B HOULTON C/O IGUALOIlO 0 JAFFREY AHERSH A HOLCOMB 0 HOUNOBY 0 IHLEN 0 JAGUEYES 8HERSHAL BID HOLDAWAY 0 HOURGLASS 8 IJAM 0 JAL BHESCH B HOLDEN A, HOUSATONIC 0 ILOEFOHSO 8 JAUtU A·HESPER C HOLDER B HOUSE MOUNTAIN 0 ILKA 8 J4IlES CANYON 8/CHESPERIA B HOLDERMAN C HOUSEVILLE C ILLION 8/0 J""ESTOI/N CHESPERUS B HOLDERNESS C HOUSTON 0 IMA ' 8· JIINE CHEsse C HOLDREGE B HOUSTON BLACK 0 IM8LER 8 JANISE CHESSEL 0 HOLLAND 8 HOVDE AlC IMLAY C JANSEN AHESSELBERG 0 HOLLINGER B HOVEN 0 IMMOKALEE 8/0 JUAB 0HESSELTINE B HOLLIS C/O HOVENI/EEP .C IMPERIAL 0 JU80E CHESSLAN C HOLLISTER 0 HOVERT 0 INAVALE A JAUTA CHESSON C HOLLOMAN C HOVEY C INOART 8 JURE 8HElTINGER 0 HOLLOWAY A HOWARD B INOIAHOMA 0 JARVIS 8HEXT B HOLLY 0 HOI/ELL C INDIAN JIISPER BHEZEL B HOLL Y SPRINGS 0 HOWLANO C INOIAN CREEK 0 JAUCAS 'AHIALEAH 0 HOLLYI/OOO 0 HOYE B INOIANO C JAVA' 8"HIAWATHA A HOLMDEL C HOYLETON C INDIANOLA A JAY CHIBBARD 0 HOLMES 8 HOYPUS A INOIO 8 JAYEM 8HIBBING C HOLOMUA B HOYTVILLE 0 INGA 8 JAYSON 0HI8ERNIA C HOLOPAW BID HUB8ARO A INGALLS 8 JEAN. AHICKORY C HOLROYD B HU8ERLY 0 INGARO 8 . JEANERETTE 0HICKS fI HOLSINE B HUBERT 8 INGENIO C JEIIN LAKE 8HiDALGO B HOLST B HU8LERS8URG C INGRAM 0 JEOO CHiDEAWAY 0 HOLSTON 8 HUCKLE 8ERRY C INKLER B JEDDO DHIOEWOOO C HOLT ,B HUDSON C INKS 0 JEFFERSON fI,

•
HieRRO C HOL TLE B HUECO C I NMAC HUK 0 JEKLEY CHIGHAMS 0 HOL TV·ILLE C HUEL A iNMAN C JELIt 0I41GHFIELO 8 HOLYOKE C/O HUENEME fl/C INMO A JENA 8HiGH GAP C HOMA C HUERHUERO 0 INNES VALE 0 JENKINS 8HIGHLAND B HOME CAMP C HUEY 0 INSKiP C JENKINSON 0HIGHMORE 8 HOMELAKE fI HUFFINE A INVERNESS 0 JENNESS 8HIGH PARK B HOMER C HUGGiNS C iNVILLE 8 JENNINGS 'CHIHIMANU A HOMESTAKE 0 HUGHES B INWOOO C JENNY -D.HU8NER C HOMESTEAD B HUGHESViLLE 8 10 8 JERAULO 0. HiKO PEAK B HONAUNAU ,C HUGO B lOLA A ,JEUCHO CHiKO SPR INGS 0 HONCUT 8 HUiCHICA C/O 10LEAU C JEROME CHILDRETH 0 HONOALE 0 HUIKAU A IONA B JERRY CHiLEA 0 HONDO C HULETT 8 IONIA B JESBEL 0HiLES 8 HONOOHO B HULLS C IOSCO B JESSE CAMP C'HiLGER B HONEOYE 8 HULLT 8 IPAVA B JESSUP .CHILGRAVE 8 HONEY 0 HULUA 0 IRA C JETT BHiLLEMANN C .HONE YGRO VE C HUM B IREDELL 0 JIGGS CHiLLERY 0 HONEYVILLE C HUMACAO 8 IRETEBA C JIM CHiLLEl 0 HONN 8 HUMATAS C lIUIt C JIMENEZ CHILLFIELO B HONOKAA A HUMBARGER B IROCK 8 JHITOWN CHiLLGATE 0 HONOUIA B HUM8IRO C IRON 1lL0SSOM D JOB CHILLIARD B HONOMANU 8 HUM8OLOT 0 IRON MOUNTAIN 0 JOBOS CHILLON B HONOULIULI 0 HUMOUN 8 IRONRI VEil. B JO=ITY BHiLLSBORO II HONUAULU A HUME C IRDNTON C JOCKO AHILLSDALE B HOOD B HUMESTON C IRRIGON C JOOERO BHILMAR CIO HOOOLE B HUMMINGTON C IRVINGTON C JOEL 8HILO A HOODSPORT C HUMPHREYS B IRWIN D JOES BHILT 8 HOOOVIEW 8 HUMPTULIPS B ISAAC C JDHNS CHILTON 8 HOOK TON C HUNSAKER 8/C ISAAQUAH B/C JOHNSBURG 0HINCKLEY A .HOOLEHUA B HUNTERS B ISAN 0 JOHNSON '.BHlNOES C HDOPAL 0 ·HUNTING C ISANTI D JOHNSTON BIDHINES8URG C HDOPER 0 HUNTINGTON B ISBELL C JOHNSIfOOD BHINKLl: D HOOPESTON .B HUNTSVILLE B ISHAM C JOICE 0HINHAN C HOOSIC A HUPP B ISHI PISHI C JOLAN CHlNSOALE HOOT 0 HUROS 8 ISLAND B JOLiET CHINTZE 0 HOOTEN D HURLEY D ISOM B JONESVILLE AHIPPLE C HOOVER 8 ·HURON C ISSAQUAH 8/C JONUS BHISLE 0 HOPEKA 0 HURST D ISTOKPDGA 0 JOPLIN BHlTT 8 HOPETON C HURWAL 8 ITCA D JOPPA 8HI VISTA C HOPEWELL HUSE C JTSWOOT B JORDAN O.HIWASSEE B HOPGOOD C· HUSSA 8/0 WKA C JORGE BHiWOOD A HOPKINS 8 HUSSMAN 0 IVA C JORNAOA CHIXTllN B HOPLEY B HUTCHINSON C IVAN B JORY CHOBACKER B HOPPER 8 HUTSON 8 IVES B JOSE CH08AN C HOQUIAM B HUXLEY 0 IVIE A JOSEPHINE 8HllBBS B HORAHo 0 HYAM 0 IVINS C JOSIE 8NJTES A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINEDTWO SOIL GROUPS SUCH AS 8/C INDICATES THE ORAINED/UNORAINED SITUATIJN
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• Tab1;e 7.l-..Continued

JOY 8 . KARNAK 0 KEOWNS 0 KIPP C KOVICH 0

JUANA DUZ 8 KARNES 8 KEPLER C KIPPEN A KOYEN 8

JU81LEE C KARRD 8 KER8Y 8 KIPSON C KOYUKUK 8

JUDD II KARS A KERMEL 8 KIRK BID KRAOE 8

JUDITH 8 KARSHNER 0 KERMIT A KIRKHAM C KRANZBURG 8

JUDKINS C KARTA C KERMO A KIRKLAND 0 KRATKA C

JUDSON 8 KARTAR B KERR 8 KIRKTON 8 KRAUSE A

JUDY C KASCHMIT 0 KERRICK 8 KIRKV ILLE C KREAMER C

JUGET 0 KASHWITNA 8 KERRTOWN KIRTlEY C KREMLIN 8

JUGHANDLE 8 KASILOF A KERSHAW A KIRVIN C KRENTZ C

JULES 8 KASK! 8 KERSICK 0 KISRING 0 KRESSON C

JULES8URG A KASOTA C KERSTON AID KISSICK 0 KRUM 0

JULIAETTA 8 KASSLER A KERT C KISTlER CIO KRUSE 8

JUMPE 8 KASSON C KERWIN C KITCHELL 8 KRUZOF 8

JUNCAL C KAlAMA 8 KESSLER C KITCHEN CREEK 8 KUBE B

JUNCOS 0 . KATEMCY C KESWICK 0 KITSAP C KUBLER C

JUNCTION 8 KATO C KETCHLY 8 KITTANNING KUBLI C

JUNEAU 8 KATRINE 8 KETTLE 8 KI.TTITAS 0 KUCERA 8

JUNIATA KATULA 8 KETTLEMAN 8 KITTREOGE C KUCK C

JUNIPERO 8 KATY C KETTNER C KITTSON C KUGRUG 0

JUNIUS C KAUFMAN 0 KEVIN C KIUP 8 KUHL 0

JUNO 8 KAUPO A KEWAUNEE C KIVA 8 KUKAIAU A

JUNQUITOS C KAVETT 0 KEWEENAW A KIWANIS A KULA 8

JURA C KAWAIHAE C KEYA 8 KlZHUYAK B KUlAKAlA 8/C

JUVA 8 KAWAUIAPAI 8 KEYES 0 KJAR 0 KULLIT 8

JUVAN 0 KAW8AWGAM C KEYNER 0 KLA8ER C KUMA 8

KAWICH A KEYPORT C KLAMATH 8/0 KUNIA 8

KAALUAlU A KAWKAWLIN C KEYSTONE A KLAUS A KUNUWEIA C

KACHEMAK 1\ KhAU 0 KEYTESVILLE 0 KLAWASI 0 KUPREANOF 8

KAOAKE 0 KEAHUA 8 KEZAR 8 KlEJ 8 KURE8 A

KAOASHAN 8 KEALAKEKUA C KIAWAH C KLICKER C KURD 0

KADE C KEALIA 0 KI881E 8 KLICKITAT C KUSKOKWIM a

KAOIN 8 KEANSBURG 0 KICKERVILLE 8 KLINE B KUSLINA 0

KADOKA 8 KEARNS 8 KIOO a KLINE SV ILlE C/O KUTCH a

KAENA 0 KEATHIG C KIDMAN 8 KLINGER B KUTZTOWN 8

KAHALUU 0 KEAUKAHA 0 KIEHL A KLONDIKE 0 KVICHAK B

KAHANA 8 KEAWAKAPU 8 KlETZKE 0 KLONE B KWETHLUK A

KAHANUI 8 KE8LER 8 KIEV 8 KlOOCHHAN C KYLE 0

KAHLER 8 KECH 0 KIKONI 8 KLOTEN 8 KYLER 0

KAHOLA 8 KECKO 8 KII.ARC 0 KLUTINA B

KAH SHEETS 0 KEORON C KILAUEA 8 KNAPPA 8 LA BARGE 8

KAHUA 0 KEEFERS C' KIL80URNE A KNEELAND C LA8ETTE C

KAIKLI 0 KEEGAN KIL8URN B KNIFFIN C LA81SH 0

KAILUA A KEel 0 KILCHIS 0 KNIGHT C LABOU 0

KAlMU A KEEKEE 8 KILOOR C KNIK B lABOUNTY C

•
KAlNALIU A KEELOAR 8 KILGORE 8/0 KNIPPA 0 LA BOUNTY C

KAJPOIOI 8 KEENE C KILKENNY 8 KN08 HILL 8 LA 8RIER C

KAIWIU A KEENO C KILl8UCK ClO' KNOWLES B lABSHAFT 0

KAlAE 8 KEESE 0 KILLEY 0 KNOX B lACAMAS· C/O

KALAlOCH 8 KEG 8 KI LllNGWORTH KNUlL C lA CASA C

KALAMA C KEHENA C KILLPACK C KNUTSEN 8 lAC ITA 8

KALAMAZOO 8' KEIGLEY C KILMERQUE C K08AR C lACKAWANNA C

KALAPA 8. KEISER 8 KILN 0 K08EH 8 lACONA C

KALAUPAPA 0 KEITH 8 KILOA A KOCH C lACOTA 0

KALIFONSKY 0 KEKAHA 8 KILCHANA A KOOAK C lACY 0

KALIHI 0 KEKAKE 0 KILWINNING C KODIAK 8 LAOO 8

KALISPELL A KELLER C KIM 8 KOEHLER C LAOOER 0

KALKASKA A KELLY 0 KIMAMA 8 KOELE 8 LAOElLE 8

KALMIA 8 KElN C KIM8ALL C KOEPKE 8 lADOGA C

KALOKO 0 KELSEY 0 KIM8ERLY 8 KOERL ING 8 lADUE 8

KALOlOCH 8 KELSO C KIM8ROUGH 0 KOGISH 0 lADYSMITH 0

KALSIN 0 KELTNER 8 KIMMERLING 0 KOHAlA A lA FARGE 8

KAMACK 8 KELVIN C KIMMONS C KOKEE 8 lAFE 0

KAMAKOA A KEMMERER C KIMO C KOKERNOT C lAFITTE 0

KAMAOA 8 KEMOO 8 KINA 0 KOKO 8 LA FONDA 8

KAMAOLE 8 KEMPSVILLE 8 K1NCO A KOKOKAHI 0 lAFaNT 8

KAMAY 0 KEMPTON 8 KINESAVA C KaKOMO BID LAGlORIA 8

KAMIE 8. KENAI C KINGFISHER 8 KOLBERG B lAGONOA C

KAMRAR 8 KENANSVILLE A KINGHURST 8 KOlEKOLE C LA GRANDE C

KANA8EC 8 KeNDAl A C KINGMAN a KOllS 0 lAGRANGE a

KANAKA 8 KENDALL 8 KINGS C/O KOllUTUK 0 LAHAINA 8

KANAPAHA AID KENDALLVILLE 8 KINGS8URY D KOLOA C lA HaGUE 8

KANDIK 8 KENESAW 8 KI NGSLEY 8 KOlO8 C LAHaNTAN 0

KANE 8 KENMOOR 8 KINGS RIVER C KOlOKOlO 8 lAHR ITY A

KANEOHE 8 KENNALlY 8 KINGSTON 8 KONA 0 LAIDIG C

KANEPUU 8 KENNAN B KINGSVILLE C KONAWA 8 lAIDLAW 8

KANIMA C KENNEBEC 8 KINKEAO C KONNER 0 tAIL C

KANLEE 8 KeNNEOY 8/C KINKEL 8 KONOKTI C lAIROSVILLE 0

KANOSH C KENNER 0 KINKORA 0 KOOlAU C lAIREP 0

KANZA 0 KENNEWICK 8 KINMAN C KOOSKIA C LAJARA 0

KAPAA A KENNEY A KIN"'EAR 8 KOOTENAI A LAKE A

KAPAPALA 8 KENNEY LAKE C KINNEY 8 KOPIAH 0 LAKE CHARLES 0

KAPOO 8 KENO D KINNICK C KOPP 8 lAKE CREEK C

KAPOWSIN C KENOMA 0 KINReAD D KOPPES 8 lAKE HELEN 8

KAPUHIKANI 0 KENSAL 8 KINROSS 0 KoRCHEA 8 LAKEHURST A

KARAMIN 8 KENSPUR A. KINSTON 0 KORNMAN B lAKE JANEE 8

KAROE 8 KENT' 0 KINTA 0 KOSMOS 0 lAKELAND A

KARHEEN 0 KENYON C KINTON C KOSSE 0 LAKEMONT 0

KARLAN C KED B KINZEL 8 KOSTER C lAKEPORT 8

KARLIN A KEOLDAR 8 KIOM"TIA A KOSZTA 8 LAKESHORE 0

KARLO 0 KEOMAH C KIONA B KOTEOO 0 lAKE SOL 8

KARLUK 0 KeOTA c KIPLING 0 KOUTS 8 lAKETON B

NOTES A 8lANK HYDROLOGIC SOIL GROUP INOICATES THE SOIL GROUP HAS NOT aEE~ :leTERMINEO

TWO SOil GROUPS SUCH AS B/C INDICATES THe ORAINED/UNORAINED SITOATIJN
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•Table 7.1--Continued

LAKEVIEW C LATAH C LENAWEE BID LINVILLE 8 LORAOALE CLAKEWIN 8 LATAHCO C LENNEP 0 LINWOOD VO LORAIN C/OLAKEWOOD A LATANG 8 LENOIR 0 LIPAN 0 LoROSTOWN CLAKI 8 LATAN.IER 0 LENOX B LIPP INCOTT 8/0 LOREAUVIlLE CLAKIN A LATENE 8 LENl 8 LllUOS 8 LORELLA 0LAKOMA 0 LATHAM 0 LEO 8 LIRRET 0 LORENlO ALALMU A LATHROP C LEON AID LISAOE 8 LORETTO 8LA LANDE 8 LATINA 0 LEONARD C L1SAM 0 LORING CLALLIE 0 LATOM 0 LEONARDO 8 LISBON 8 LOS 'LAMOS BLAM 8/0 LATONIA 8 LEONARDTOWN 0 LISMAS 0 LOS 8ANOS CLAMAR 8 LATTY 0 LEONIDAS 8 LISMORE 8 LOSEE BLAMARTINE 8 LAUDERDALE 8 LEOTA C LITCHFIELD A LOS GATOS 8/CLAM8ERT 8 LAUGENOUR 8/0 LEPLEY 0 LITHGOW C LOS GUINEoS CLAM8ETH C LAUGHLIN 8 LEROAL C LlTHIA C LoSHMAN 0LAM80RN 0 LAUNAIA 8 LEROY 8 LITIM8ER C LOS oSOS CLAMINGToN 0 LAUREL C LESAGE 8 LULE C LOS R08LES 8LAMO 8 LAURELHURST C LESHARA 8 LITTLE8EAR A LOS TAN.OS 8LAMONI 0 LAURELWOOO 8 LESHO C LITTLEFIELD 0 LOST CREEK BLAMONT A LAUREN B LESLIE 0 LUTLE HORN C LOST HILLS CLAMONTA 0 LAVALLEE B LESTER 8 LITTLE POLE 0 LOS TRANCOS 0LAMOURE C LAVATE 8 LE SUEUR B LITTLETON 8 LoSTWELLS BLAMPHIER B LAVEEN 8 LETA C LITTLE WOOD B LOTHAIR CLAMPSHIRE 0 LAVELOO 0 LETCHER 0 LlTl C LOTUS BLAMSON 0 LAVERKIN C LETHA 0 LIV C LOUDON CLANARK B LA VERKIN C LETHENT C LIVERMORE A LOUDONVILLE CLANCASTER B LAVINA C LEToRT B LIVIA 0 LOUIE CLANCE C LAWAI B LETTERBOX B LIVINGSTON 0 LOUISA BLAND 0 LAWET C LEVAN A LIVONA A LOUISBURG 8LANDES 8 LAWLER 8 LEVASY C LIlE C LoUP 0LANDISBURG C LAWRENCE C LEVERETT C LIZZANT B LOURDES CLANOLOW C LAWRENCEVILLE C LEVIATHAN B LLANOS C LOUVIERS 0LANOUSKY 0 LAWSHE C LEVIS C LOBDELL C LOVEJOY CLANE C LAWSON 8 LEWIS 0 LOBELVILLE C LoVELANO CLANEY C LAWTHER 0 LEWIS8ERRY B LOBERG B LOVELL CLANG 8/0 LAWTON C LEWIS8URG C L08ERT 8 LOVELOCK C/OLANGFORD C LAX C LEWISTON C L08ITOS C LOWELL CLANGHEI 8 LAXAL 8 LEWISVIlLE C LOCANE 0 LOWRY 8LANGLEY C LAYCOCK 8 LEX 8 LOCEY C LOWVILLE 8LANGLOIS 0 LAYTON A LEXINGTON 8 LOCHSA 8 LOYAL BLANGOLA 8 LAZEAR 0 LHAl B LOCKE B LOYALTON 0LANGRELL 8 LEA C L188INGS 0 LOCKERBY C LOYSVIlLE 0LANGSTON C LEADER B LIBBY B LOCKHARO B LOZANO BLANIER 8 LEAD POINT B LIBEG A LOCKHART B LOZIER 0LANIGER 8 LEAOVALE C LIBERAL 0 LOCKPORT 0 LUALUALEI 0LANKBUSH B LEADVILLE 8 LIBERTY C LOCKWOOD B LUBBOCK CLANKIN C LEAF 0 LIBORY A LOCUST C LU8RECHT C •LANKTREE C LEAHY C LIBRARY 0 LOOAR 0 LUCAS CLANOAK B LEAL B LIBUTTE 0 LODEMA A LUCE CLANSDALE B LEAPS C 'liCK B LOOI C LUCEDALE BLANSDOWNE C LEATHAM C LICK CREEK 0 LOOO 0 LUCERNE 8LANSING B LEAVENWORTH B L1CKOALE 0 LOFFTUS C LUCIEN CLANTIS 8 LEAVITT 8 LICKING C LOFTON 0 LUCILE 0LANTON 0 LEAVUTVILLE B LICKSKILLET 0 LOGAN 0 LUCILETON BLANTONIA 8 LEBANON C LIDDELL 0 LOGDELL 0 LUCKEN8ACH CLANTZ 0 LEBAR B LIEBERMAN C LOGGERT A LUCKY BLAP 0 LE BAR 8 LIEN 0 LOGHOUSE B LUCKY STAR BLA PALMA C LEBEC 8 LIGGET B LOGY B LUCY ALAPEER B LEBO C LIGHTNING 0 LOHLER C LUDDEN 0LAPINE A LEBSACK C LIGNUM C LOHMILLER C LUDLOW CLAPLATTA C LEeK KILL B LIGON 0 LOHNES A LUEDERS CLAPON 0 LEOBEOER B L1HEN A LOIRE 8 LUFKIN 0LAPORTE C LEOGEFORK A LIHUE 8 LOLAK 0 LUHoN BLA POST" A LEDGER 0 LIKES A LOLALITA B LUJANE CLA PRAIRIE B LEORU 0 LILAH A LOLEKAA B LUKIN CLARABEE il LEOY LILLIWAUP A LOLETA C/O LULA BLARANO il LEE 0 LIMA 8 LOLO A LULING 0LARCHMOUNT 8 LEEDS C LIMANI B LOLON A LUMBEE 0LAROELL C LEeFIELO C L1M8ER 8 LOMA C LUIIMI BICLAREDO 8 LEELANAU A LIMERICK C LOMALTA 0 LUN CLARIOS C LEEPER 0 LIMON C LOMAX B LUNA CLARGENT 0 LEESVILLE BIC LIMONES 8 LOMIRA B LUNCH CLARGO 8 LEETON C LIMPIA C LOMITAS 0 LUNOIMO CLARIM A LEETONIA C LINCO 8 LONDO C LUNDY 0LARIMER 8 LEFOR 1J LINCOLN A LONE C LUNT CLARKIN B LEGLER B LINCROFT A LONEPINE C LUPPINO CLARKSON C LEGORE 8 LINDLEY C LONER lOGE 8 LUPTON 0LA ROSE 8 LEHEW C LINDSEY 0 LONE ROCK A LURA 0LARRY 0 LEHIGH C LINDSIDE C LONETREE A LURAY C/OLARSON 0 LEHMANS 0 LINDSTROM 8 LONGFORD C LUTE 0LARUE A LEHR B LINDY C LONGLOIS 8 LUTH CLARVIE 0 LEICESTER C LINEVILLE C LONGMARE 0 LUTHER BLAS C LEILEHUA 8 LINGANORE B LONGMONT C LUTIE BLAS ANIMAS C LELA 0 LINKER B LONGRIE C LUTON 0LASAUSES C LELAND D LINKVILLE B LONGVAL B LUVERNE CLAS FLORES 0 LEMETA D LINNE C LONG VALLEY 8 LUXOR 0LASHLEY LEMING C LINNET 0 LONGVIEW C LUlENA 0LASIL 0 LEMM B LINNEUS B LONOKE 8 LYCAN 8LAS LUCAS C LEMONEX 0 LIND C LONTI C LYCOMING CLAS POSAS C LEMPSTER C/O L1NOYER B LOOKOUT C LYOA 0LASSEN 0 LEN C L1NSLAW 0 LOON B LYDICK BLASTANCE il LENA A LINT B LOPER 8 LYFORD CLAS VEGAS 0 LENAPAH 0 LINTON B LOPEl 0 LYLES 8NUTES A BLANK HYOROLOGlG SOIL GROUP INDICATES THE SOIL GROUP HAS NOT 8EEIl DETERMINEDTWO SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATI(J~
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Table 7.1--Continued •MESMAN C MINORA C MONTOYA 0 MURDOCK C NAVARRO 8MESPUN A MINTO C MONTPELlIER C MUREN 8 NAVESINKMESSER C MINU 0 MONTROSE 8 MURRILL 8 NAYLORMET 0 MINVALE 8 MONTVALE 0 MURVIlLE 0 NAYPED CMETALINE 8 MIRA 0 MONTVERDE AID MUSCATINE B NAl 8METAMORA B MIRA6AL C MONTWEL C MUSE C N-6AR BMETEA 8 MIRACLE 6 MONUE 8 MUSELLA B NEAPOLIS 6/0METHOW 8 MIRAMAR 8 MOOOY 6 MUSICK B NEBEKER CMETlGOSHE A MIRANDA 0 MOOHOO 6 MUSINIA B NEBGEN 0METOLIUS 6 MIRES 6 MOOSE RIVER 0 MUSKINGUM C NEBI SH 9IIETRE 0 MIRROR 6 MORA 6 IIUSKOGEE C NEBOMETl A MIRROR LAKE A MORADO C MUSQUlZ C NECHE CMEXICO 0 MISSION 6 MORALES 0 MUSSEL B NEDERLAND 6MHOON 0 MITCH 8 MORO C IIUSSELSHELl 8 NEEDHAM 0IIIAMI 6 MITCHELL 6 MOREAU 0 MUSSEY D NEEDLE PEA~ CMIAIIIAN C IIITIWANGA C MOREHEAD C IIUSTANG AID NEEDMORE CIII6CO AID MITRE C MOREHOUSE C IIUTNAlA 8 NEELEY 6MICHELSON 6 MlZEL 0 MORELAND 0 MUTUAL B NEESOPAH CMICHIGAMME C MlZPAH C MORElANOTON A MYAKKA AID NEGIrA 8IIICK 6 MOANO 0 MORET 0 MYATT 8/0 NEGLEY 6MIDAS 0 MOAPA 0 MOREY 0 MYERS 0 NEHALEM 6MIDDLE C MOAULA A MORFITT 6 IIYERSVILLE 6 NEHAR 6MIDOlE6URY 6 M06EETIE 6 MORGANFIELD 6 MYLREA 6 NEILTON AMIDESSA 8 MOCA 0 MORGNEC MYRICK D NEISSON 6MIDLAND 0 MOCHO 6 MORIARTY 0 MYRTLE 6 NEKIA CMlONIGHT 0 MOOA 0 MORICAL C MYSTEN A NELLIS 6MIDVALE C MODALE C MORLEY C MYSTIC 0 NELMAN 8MIDWAY 0 MODEL C MORMON MESA 0 MYTON B NElSCOTT 8MIFFLIN 8 1I00ENA 8 MOROCCO AlC NELSON 6IIIFFlIN6URG 8 MOOESTO C MORONI 0 NAALEHU 8 NEIIAH CIIIGUEl 0 MODOC C MOROP C NA8ESNA 0 NEMOTE AMIKE 0 MOENKOPIE 0 MORRILL 8 NACEV ILLE C NENANA 6IIIK-ESELl C MOEPlTl 8 MORRIS C NACHES 6 NENNO 6IIILACA 6 MOFFAT 8 MORRISON 8 NACIIIIENTO C NEOLA 0IIIlAN 6 MOGOLI.ON 8 MORROW C NACOGDOCHES 8 NEOTOIIA 6MILES 6 1I0GUL 6 MORSE 0 NAOEAN 6 NEPALTO AMILFORD C MOHALL 6 MORTENSON C NAOINA 0 NEPESTA CMIlHAM C MOHAVE B MORTON B NAFF B NEPHI 8IIIlHEIM L MOHAWK 8 MORVAl 8 NAGEESI B NEPPEL 8MILL 8 MOIRA C MOSBY C NAGITSY C NEPTUNE AMILLARD 6 MOKELUMNE 0 MOSCA A NAGLE B NERESON BMILLaORO a MOKENA C MOSCOW C NAGOS 0 NESDA AMIllBROOK 8 MOKlAK 8 MOSEL C NAHATCHE C NESHAMINY BIIIll8URNE 6 MOKUlElA e MOSHA/IIN'lN 8 NAHMA C NESIKA aMILLCREEK B MOLAND e MOSHER 0 NAHUNTA C NESKAHI BMILLER a MOlCAL B MOSHERVIllE C NAIWA B NESKOWIN C

•
IIILlERlUX 0 MOLENA A MOSIDA B NAKAI B NESPELEM aMILLERTON a 1I0LINOS 8 MOSQUET 0 NAKNEK 0 NESS 0IIIlLETT 6 MOlLV·lllE a MOSSYROCK a NALDO B NESSel BMIllGROVE 6/0 MOLLY B MOTA 8 NAMBE e NESSOPAH BMILL HOLLOW 8 MOlOKAI B MOTLEY B NAMON C NESTER CMILLICH 0 MOLSON B MOTOQUA 0 NANAMKIN A NESTUCCA CIIILlIKEN C MOLYNEUX 8 MOTTSVILlE A NANCY B NETARTS AIIILLINGTON 8 MONAD A MOULTON 6/0 NANNY B NETCONG BMIlLlS C MONAHAN 0 MOUND C NANNYTON 8 NETO aIIILLRACE 8 MONAHANS B MOUNTAIN6URG 0 NANSENE B NETTLETON CIIILlSAP C 1I0NAROA 0 MOUNTAINVIEW 8/0 NANTUCKET C NEUBERT aMIlLSOALE 8/0 MONCLOVA 8 MOUNTAI NVIl lE 8 NANVIl C NEUNS BMIllSHOlM C MONDAMIN C MOUNT AIRY A NAPA 0 NEUSKE 8MILLVIllE B MONDOVI 8 MOUNT CARROLL 6 NAPAISHAK a NEVAOOR CMIlll/OOO 0 1I0NEE '0 MOUNT HOllE B NAPAVINE B NEVILLE BIIILNER C MONICO 8 MOUNT HOOD B NAPIER B NEVIN CIIIlPITAS C 1I0NIOA 8 MOUNT lUCAS C NAPlENE B NEVINE BIIllROY 0 MONlTEAU 0 MOUNT OLIVE 0 NAPLES B NEVKA CIIILTON C MONMOUTH C MOUNTVIEW a NAPPANEE 0 NEVOYER 0MIM8RES C MONO 0 MOVillE C NAPTOWNE a NEVTAH CIIIIIOSA C 1I0NOlITH C MOWATA 0 NARANJITO C NEVU 0MINA C MONONA a MOWER C NARANJO C NEWARK CIII NAil a MONONGAHELA C MOYERSON 0 NARC I SSE B NEWART 8MINATARE 0 1I0NROE B MOYINA 0 NARD a NEWAYGO aMINCHEY 8 MONROEVILLE C/O MUCARA 0 NARlON C NEWBERG BMINCO 8 MONSE 8 MUCET C NARON 8 NEWBERRY CMINOAlE B MONSERATE C MUORAY 0 NARRAGANSETT 6 NEW6Y BMINOEGO 6 MONTAGUE 0 MUD SPRINGS C NARROWS 0 NEW CAMBRIA CMINOEMAN 6 MONTALTO C MUGHOUSE C NASER 6 NEWCASTLE 6HINOEN C MONTARA 0 MUIR 6 NASH 8 NEWCOMB AMINE B MONTAUK C MUIRKIRK 6 NASHUA A NEWDALE BIIINEOlA MONTCALM A MUKilTEO 0 NASHVillE 6 NEWELL BMINER 0 MONTE 6 MULDROW 0 NASON C NEWELLTON aMINERAL A MONTE CRISTO 0 MULKEY C NASSAU C/O NEWFANEMINERAL MaUNTAIN C MON TEGRANOE 0 MULLINS 0 NASSET B NEWFORK 0IIINERVA 6 MON TELL a MULLINVIllE B NATALIE C NEWKIRK 0HING 8 MONTELLO C MULT C NATCHEZ e NEWLANDS 8MINGO B MONTEOlA 0 MULTORPOR A NATHROP B NEWLIN 6MINIDOKA C MONTEROSA 0 MUMFORD 6 NATIONAL B NEWIIARKET 8MINNEISKA C MONTEVAllO a MUNDELEIN B NATRONA B NEWPORT CMINNEOSA 6 MONTGOMERY 0 MUNDDS 6 NATROY 0 NEWRUSS 6MINNEQUA 8 MONTICELLO B MUNISING B NATUR ITA 6 NEWRY BMINNETONKA 0 MONTIETH A MUNK C NAUKAT! 0 NEWSKAH 6MINNEWAUKAN 8 MON TMORENCI B MUNSON 0 NAUM6URG C NEWSTEAO 0MINNIECE 0 MONTOSO 6 MUNUSCONG D NAVAJO 0 NEWTON AIDMINOA C MONTOUR 0 MURDO 6 NAVAN 0 NEWTONIA BNOTES A 6LANK HYDROLOGIC SOIL GROUP INOICATES THE SOil GROUP HAS NOT BEEN DETERMINEDTWO SOIL GROUPS SUCH AS 8/C INDICATES THE DRAINED/UNDRAINED SITUATI)~
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Table 7.1--Continued

NEWTOWN C NORTON C OKAW 0 ORELLA 0 PACK C
NEWVILLE C NOR TON VILLE C OKAY 8 OREM A PACKARD 8
NEZ PERCE C NOR TUNE 0 OKEECH08EE AID ORESTlM8A C PACKER C
NIAGARA C NORWALK 8 OKEELANTA AlO ORFORD C PACKHAM 8
NlART 8 NORWAiY flAT 8 OKEMAH C ORIOlA C PACKSADDLE 8
NI8LEY C NORWELL C OKLAREO 8 OR IF A PACKWOOD 0
NICHOLSON C NORWICH 0 OKLAWAHA AID ORIO C PACOLET 8
NICHOLVILLE C NORWOOD 8 OKIiOK 8 ORION 8 PACTOLUS C
NICKEL 8 NOTI 0 OKO 0 DR ITA 8 PADEN C
NICODEMUS 8 NOTUS AlC oK08OJI C ORLAND 8 PADRONI 8
NICOLAUS C NOUQUE 0 OKOLONA 0 ORLANDO A PADUCAH 8
NICOLLET 8 NOVARA 8 OKREEK 0 ORllAN C PAD US 8
NIELSEN 0 NOVARY 8 OKTI88 EHA 0 ORMS8Y 8/C PAESL 8
NIGHTHAWK 8 NOWOOo C OLA C OROOELL C PAGET 8
NIHILL 8 NOYO C OLAA A ORO FINO 8 PAGODA C
NIKA8UNA 0 NOYSON C OLALL~ C ORO GRANDE C PAHRANAGAT C
NIKEY 8 NU8Y C/O OLANTA 8 ORONO [> PAHREAH 0
NIKISHKA A NUCKOLLS C OLATHE C OROVADA l PAHROC 0
NIKLASON 8 NUCLA 8 OLD CAMP 0 OR.PHANT 0 PAIA C
NIKOLAI 0 NUECES C OLOHAM C ORA C PAICE C
NILAND C NUGEliT A OLOS 0 ORRV ILLE C PAINESVILLE C
NILES C NUGGET C OLDSMAR 8/0 ORSA A PAINTROCK C
NIMROD C NUMA C OLDWICK 8 ORSINO A PAIT 8
NINCH C NUNDA C OLELO 8 ORTELLO A PAJARITO 8
NINEMILE 0 NUNICA C OLENA 8 ORTIGALITA C PAJARO C
NINEVEH 8 NUNN C OLE QUA 8 ORTING C PAKA 8
NINIGRET 8 NUSS 0 OLETE C ORTIZ C PAKALA 8
NININGER 8 NUTLE·Y C OLEX 8 ORTlE-' 8 PAKINI 8
NINNESCAH £ NUTRAS C OLGA C ORWET A PALl 8
NI08ELL C NUTRIOSO 8 OLI B ORWOOO B PALIlCIO 8
NIOTA 0 NUVALOE C OLIAGA B/O OSAGE 0 PALAPALAI 8
NIPE 8 NYALA 0 OLINDA B OSAKIS B PALATINE B
NIPPERSINK B NYMORE A OLIPHANT 8 OSCAR 0 PALESTINE B
NIPPT A NYSSA C OLIVENHAIN 0 OSCURA C PALISADE 8
NIPSUM C NYSSATON 8 OLIVER 8 OSGOOD B PALMA B
NIRA 8 NYSTROM C OLIVIER C OSHA B PALMAREJO C
NISHNA C OLJETO A OSHAWA 0 PALM 8EACH A
NISHON 0 oAHE 8 OLMITO 0 O'SHEA C PALMER 0
NISQUALLY A OAKDALE 8 OLMITZ B OSHKOSH C PALMER CANYON, B
NISSWA 8 OAKOEN 0 OLMOS C OSHTEIiO B PALMICH B
NIU 8 OAKFORD 8 OLIiSTFO B/O OSIFC\ 8/0 PALMS 0
NIULll C OAK GLEN B OLNEY 8 OSKA C PIlLMYRA B
NIVlOC 0 OAK GROVE C OLOKUI 0 OSMUND B PALO 8
NIWOT C OAK LAKE 8 OLPE C OSO B PALOOURO B

•
NIXA C OAKLAND C OLSON 0 OSOB8 0 PALOMIlS 8
NIXON 8 OAKS RIDGE C OLTON C OSORIOGE 0 PALOMINO 0
NIXONTON B OAKVILLE A OLUSTEE BlO OSoTE B PALOS VERDES 8
NIZINA A OAKWOOD 0 OLYlC 8 OSSIAN C PIlLOUSE 8
NOBE 0 OANAPUKA 8 OLYMPIC B oST 8 PALSGROVE B
NIl8LE 8 OASIS B oMAOI B OSTRANDER B PAMLICO 0
N08scon A OATMAN 8 OMAHA 8 OTERO 8 PAMOA C
NOCKEN C 08AN C OMAK C OTHELLO 0 PAMSOEL 0
NODAWAY 8 08ARe 8 OMEGA A OTIS C PAMUNKEY C
NOEL 0 08EN C OIiENA 8 OTISCO A PANA 8
NOHILI 0 08RAST 0 OMNI C OTlSVI\-LE A PANACA 0
NOKASIPPI 0 08RAY 0 ONA A/O OTLEY 8 PANAEWA 0
NOKAY C 08URN 0 ONALASKA 8 OTSEGO C PANASOFFKEE 0
NOKOMIS 8 OCALA 0 ONAMIA 8 OTTER 8/0 PANCHERI 8
NOLAM 8 OCEANET 0 ONARGA 8 OTTER8EII C PANCHUELA C
NOLICHUCKY 8 OCEANO A ONAWA 0 OTTERHDL1 8 PANDO 8
NOLIN 8 OCHEYEDAN 8 ONAWAY 8 OTTOKEE A PANOOAH C
NIlLO 8 OCHLOCKONEE 8 ONOAWA 8 OTWAY 0 PANDORA 0
NOME 0 OCHO 0 ONEIDA 8 OTWELL C PANOURA 0
NONDALTON 8 OCHOCO C O'NEILL 8 OUACHITA C PANE 8
NONOPAHU 0 OCHOPEE 8/0 ONEONTA 8 OURAY A PANGUITCH 8
NOOKACHAHP S C/O OCILLA C ON ITA C OUTLET C PANHILL B
NOOKSACK 8 OCKlEY B ONITE B OVALL C PANIOGUE 8
NOONAN 0 OCOEE A/O ONOTA C OVERGAARD C PANKY C
NORA 8 OCONEE C ONOVA 0 OVERLAND C PANOCHE 1\
NORAO 8 OCONTO B ON RAY C OVERLY C PANOLA 0
NORBERT 0 OCOSTA 0 ONSLOW 8 OVERTON 0 PANSEY 0
NORBORNE 8 OCQUEOC B ONTARIO 8 OVID C PANTEGO 0
NOR8Y 8 OCTAGON B ONTKO B/O OVINA B PANTHER 0
NORD 8 OOEE 0 ONTONAGON 0 OWEGO 0 PANTON 0
NORDBY B ODELL B ONYX 8 OWEN CREEK C PIlOLA A
NORDEN B OOEM A OOKALA A OWENS 0 PAOLI B
NORONESS 8 OOERMon C OPAL 0 OWHI B PAONIA C
NORFOLK 8 ODESSA D OPEQUON C/O OWOSSO B PAPAA 0
NORGE 8 ObiN C OPHIR C OWYHEE B PAPAl A
NORKA B OONE C OPIHIKAO 0 OXALIS C PAPAKATING 0
NORMA 8/C O'FALLON 0 OPPIO 0 OXBOW C PAPOOSE C
NORMANGEE D OGDEN 0 OQUAGA C OXERINE C PARAOI SE C
NORREST C OGEECHEE C ORA C OXFORD 0 PlRAOOX B
NiJRRIS C OGEIlAW C ORAN B OZAMIS B/O PARALOMA C
NORRISTON 8 OGILVIE C ORANGE 0 OZAN 0 PARAMORE 0
NORTE 8 OGLALA 8 ORANGEBURG 8 OZAUKEE C PlRlSOL B
NORTHDALE C OGLE B ORCAS 0 PARCELlS 0
NORTHFielD B OHAYSI D ORCHARD 8 PAAIK I 8 PARDEE 0
NORTHMORE C OHIA A ORO A PAALOA 8 PARE HilT C
NORTHPiJRT OJAI 8 ORDNANCE C PAAUHAU l PARENT C
NORTH POloiJER C OJATA 0 ORO MAY 0 PACHAPPA 8 PARlETTE C
NiJRTHUMBeRLAND C/O OKANOGAN B ORELIA 0 PACHECO B/C PARIS

NOTES A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED
TMO SOIL GROUPS SUCH AS 8/C INDICATES THE DRAINED/UNDRAINED SITUATIJ~
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Table 7.1--Continued

RUIDOSO C SALVISA C SAUK 8 SEDAN SHEL8Y 8 •RUKO 0 SALZER 0 SAULICH 0 SEDILLO 8 SHEL8YVILLE 8
RULE 8 SAM8A 0 SAUM C SEDWELL C SHELDON
RULICK C SAMISH C/O SAUNOERS C SEEOSKAOEE 0 SHELIKOF 0
,{UM80 C SAMMAMISH C SAUVIE C/O SEES C SHELLA8ARGER 8
RUMFORD 8 SAMPSEL 0 SAUVOLA C SEEI/EE 8 SHEllDRAKE A
RUMNEY C SAMPSON 8 SAVAGE C S&GAL 0 SHELlROCK A
RUMPLE C SAMSIL 0 SAVANNAH C SEGNO C SHELMAOINE 0
RUM RIVER C SAN ANDREAS C SAVENAC C SEHORN 0 SHELOCTA 8
RUNE C SAN ANTON 8 SAVO C SEITZ C SHELTON C
RUNGE 8 SAN ANTONIO C SAVOIA 8 SEJITA 0 SHENA C
RUNNELLS C SAN ARCACIO 8 SAWA8E 0 SEKIL C SHENANDOAH C
RUNNYMEDE 8 SAN 8ENITO 8 SAWATCH C SEKIU 0 SHEP 8
RUPERT A SANCHEZ 0 SAWCREEK 8 SELAH C SHEPPARD A
RUSCO C SANDALL C SAWMILL C SELDEN C SHE RANDO A
RUSE 0 SANDERSON 8 SAWYER C SELEGNA 0 SHERAR C
RUSH C SANOLAKE C SAX8Y 0 SELFRIDGE C SHER8URNE 8
RUSHTOWN A SAND LEE A SAXON 8 SELKIRK 0 SHERIDAN 8
RUSHVILLE 0 SANELI 0 SAY8ROOK 8 SELLE 8 SHERLOCK 8
RUSS 8 SAN EMIGOIO 8 SAYLESVILLE C SELLERS AID SHERM 0
RUSSELL 8 SANFORD A SAYLOR A SELMA 8 SHERRYL 8
RUSSELLVILLE C SANGER 8 SCALA 8 SEMIAItlOO 0 SHERWOOD 8
RUSSLER C SAN GERMAN 0 SCAMMAN C SEMIHMDO 0 SHI8LE 8
RUSTON 8 SANGO C SCANDIA 8 SEMINARIO 0 SHIELDS C
RUTLAND C SANGREY A SCANTIC C SEMIX C SHIFFER 8
RUlLEGE 0 SANILAC C SCAR A SEN 8 SHILOH C
RYAN 0 SAN ISA8EL 8 SCAR80RO 0 SENECAVILLE C SHINAKU 0
RYAN PARK 8 SAN JOAQUIN 0 SCAVE C SEQUATCHIE 8 SHINGLE 0
RYOE 8/D SAN JON C SCHAFFENAKH A SEQUIM A SHINGLETOWN C
RYDER C SAN JOSE 8 SCHAM8ER A SEQUIN 8 SHINN 8
RYEGATE 8 SAN J'UAN A SCHAMP C SEQUOIA C SHINRDCK C
RYELL A SAN LUIS 8 SCHAPVIlLE C SERENE D SHIOCTON 8
RYEPATCH 0 SAN MATEO 8 SCHE8LY 0 SERNA D SHIPLEY C
RYER C SAN MIGUEL C SCHERRARD 0 SERDCO A SHIPROCK 8
RyoRP C SANPETE 8 SCHLEY 8 SERPA C/D SHIRAT 8
RYUS C SANPITCH C SCHMUTZ 8 SERVDSS. D SHIRK C

SAN POlL 8 SCHNE8LY 0 SESAME C SHOALS C
SA8ANA 0 SAN SA8A 0 SCHNEIDER C SESPE C SHDE8AR 8
SA8ANA SECA 0 SAN SE8ASTIAN 8 SCHNoORSON 8/0 SESSIONS C SHOEFFLER 8
SA8ENYO 8 SANTA C SCHNOR8USH C SESSUM 0 SHONKIN 0
SABINA C SANTA CLARA C SCHODACK SETTERS C SHOOFLIN C
SA8INE A SANTA FE 0 SCHOOSON C SETTL EM EYER D SHOOK A
SABLE 0 SANTA ISA8EL 0 SCHOFIELD 8 SEVAL D SHOREWOOD C
SAC 8 SANTA LUCIA C SCHOHARIE C SEVERN 8 SHOREY 8
SACO 0 SANTA MARTA C SCHOLLE 8 SEVILLE 0 SHORN 8
SACRAMENTO C/O SANTANA C SCHOOLEY C/D SEVY C SHORT CREEK 0
SACUL 0 SANTAQUIN A SCHOONER 0 SEWARD B SHOSHONE 0
SADDLE 8 SANTA YNEZ C SCHRADER 0 SEWEll B SHOTWELL 0 •SAOOLE8ACK 8 SANTEE 0 SCHRAP 0 SEXTON D SHOUNS 8
SADER 0 SANTIAGO 8 SCHRIER 8 SEYMOUR C SHOWALTER C
SADIE 8 SANTIAM C SCHROCK 8 SHAAK 0 SHOWlOW C
SADLER C SAN TIMOTEO C SCKUMACHER 8 SHAOELANO C SHREWS8URY 0
SAFFELL 8 SANTONI 0 SCHUYLKILL 8 SHAFFER A SHRINE 8
SAGANING 0 SANTOS C SCIO 8 SHAKAN 8 SHRDE 0
SAGE 0 SANTO TOMAS 8 SCIOTOVILLE C SHAKESPEARE C SHROUTS 0
SAGEHILL 8 SAN y.sIORO 0 SCISM 8 SHAKOPEE C SHU8UTA C
SAGEMOOR C SAPINERO 8 SCITUATE C SHALCAR 0 SHULE 8
SAGERTON C SAPP 0 SCo8EY C SHALET 0 SHULLS8URG C
SAGINAW SAPPHIRE 8 SCoOTENEY 8 SHAM 0 SHUMWAY 0
SAGO 0 SAP PHD 8 SCoRUP C SHAM80 8 SHUPERT C
SAGOUSPE C SAPPINGTO'l 8 SCOTT 0 SHAMEL 8 SHUWAH 8
SAGUACHE A SARA C SCOTT LAKE 8 SHANAHAN 8 SI 8
SAHALIE 8 SARALBGUI 8 SCOUT 8 SHANDON SI8LEYVILLE 8
SA INT HELENS A SARANAC 0 SCOWLALE C SHANE D SI8YLEE 0
SAINT MARTIN C SARA PH 0 SCRANTON 8/0 SHANO 8 SICILY 8
SALADO 8 SARATOGA 8 SCRAVO A SHANTA 8 SICKLESTEETS C
SALADON D SARA TON 8 SCRI8A C SHAPLEIGH C/O SIDELL 8
SALAL 8 SAR8EN A SCRIVER 8 SHARATJN 8 SIEANCIA 8
SALAMATOF D SARCO 8 SCROGGIN C SHARKEY 0 SIE8ER A
SALAS C SARDINIA C SCULLIN C SKARON 8 SIELO C
SALCHAKET 8 SARDO 8 SEA8ROOK C SHARPS8URG 8 SIERDCLIFF 0
SALEM 8 SARGEANT D SEAHAN C SKARROTT 0 SIERRA 8
SALEMS8URG B SARITA A SEAQUEST C SHARVANA C SIERRAVILLE 8
SALGA C SARKAR 0 SEARCHLIGHT C SHASKlT 81C SIESTA 0
SALIDA A SARPY A SEARING 8 SHASTA A SIFTON 8
SALINAS C SARTELL A SEARLA 8 SHAVANO 8 SIGNAL C
SALIS8URY 0 SASKA 8 SEARLES C SHAVER 8 SIGURD 8
SALIX B SASPAMCO 8 SEATON 8 SHAWl. 8 SIKESTON 0
SALKUM C SASSAFRAS 8 SEATTLE 0 SHAWANO A SILCOX 8
SALLISAW 8 SASSER 8 SEAWILlOW 8 SHAWMUT 8 SILENT 0
SALLYANN C SA TANKA C SE8AGO 0 SHAY 0 SILER 8
SALMON 8 SATANTA 8 SE8ASTIAN 0 SHEAR C SILERTON 8
SALOL 0 SATELLITE C SE8ASTOPOL C SHECKLER C SILl 0
SALONIE D SloTT 0 SE8EKA 0 SHEOAOO 8 SILsnD A
SALREE C/D SATTLEY 8 SE8EWA 8/0 SHEDD C SILVER C
SALTAIR 0 SATTRE 8 SE8REE 0 SHEEGE 0 SILVERADO C
SALT CHUCK A SATURN 6 SE8RING 0 SHEEP CREEK C SILVER80W 0
SALTER 8 SATUS 8 SE8UO 8 SHEEP HEAD C SIlVER CREEK 0
SALTERY D SAUCIER 8 SECATA C/O SHEEPROCK A SILVERTON C
SALT LAKi: 0 SAUOE 8 SEctA C SHEET IRON 8 SIlVIES 0
SALUDA C SAUGATUCK C SECRET C SHEFFIELD 0 SIMAS C
SALUVIA SAUGUS 8 SECRET CREEK 8 SHEL8URNE C SIMCOE C

NOTES A 8LANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT 8EEN DETERMINED
TWO SOIL GROUPS SUCH AS 8/C INDICATES THE ORAINEDIUNORAINED SITUATIO~
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SIHEON A SNOW 8 SQUALICUH 8 STISSING C SURGH 8
SIHHLER 0 SNOWOEN C SQUAW 8 STIVERSVILLE 8 SURPRISE 8
SIHMONT C SNOWLIN 8 SQUILLCHUCK 8 STOCK8R lOGE 8 SURRENCY 8/0
SIMNER A SNOWVILLE 0 SQU,IMER 8 STOCKLANO 8 SURVYA C
SIHON C SNOWY A SQUIRES 8 STOCK PEN 0 SUSIE CREEK 0
SIHONA 0 SOAKPAK B ST. AL8ANS 8 STOCKTON 0 SUSITNA 8
SIHOTE C SOAP LAKE 8 ST. CHARLES 8 STOOICK 0 SUSQUEHANNA 0
SIHPERS 8 S0808A A ST. CLAIR 0 STOKES 0 SUTHER C
SIHPSON C S08RANTE C ST. ELHO A STOHAR C SUTHERLIN l
SIHS 0 SOoA LAKE 8 ST. GEORGE C STONER 8 SUTLEW 8/C
SINAI C SOOHOUSE 0 ST. HELENS A STONEWALL A SUTPHEN 0
SINCLAIR C ;OOUS C ST. IGNACE C STONO 8/0 SUTTLER B
SINE C SOEL8ERG 8 ST. JOE 8/0 STONYFORD 0 SUTTON 8
SINGLETREE C SOFIA 8 ST. JOHNS 8/0 STOOKEY 8 SVEA 8
SINGSAAS B SOGN 0 ST. LUCIE A STORDEN 8 SVERORUP B
SINNIGAH C SOGZIE 8 ST. HARTlN C STORLA 8 SVOLO C
SINOHAX 8 SOKOLOF 8 ST. HARYS 8 STORM ITT 8 SWAGER C
SINTON 8 SOLANO 0 ST. NICHOLAS 0 STORM KING 0 SWAKANE C
SINUK 0 SOLOATNA 8 ST. PAUL 8 STORY C SWAN C
SION 8 SOLDIER C ST. THOHAS 0 STOSSEL C SWAN80Y 0
SIOUX A SOL OUC 8 STAATS8URG STOUGH C SWANNER 0
SIPPLE A SOLOUC 8 STA8LER 8 STOWELL 0 SWANSON 8
SIRI 8 SOL LEKS C STACY 8 STOY C SWANTON BIO
SISKIYOU 8 SOLLER 0 STAOY 8 STRAIGHT C SWANTOWN C
SISSETON 8 SOLOMON 0 STAFFORD C STRAIN B SWAPPS C
SISSON 8 SOLONA 8 STAGECOACH 8 STRASBURG C SWARTSWOOO C
SITES C SOMBRERO 0 STAHL C STRATFORD 8 SWARTZ 0
SITKA 8 SOMERS 8 STALEY C STRAUSS C SWASEY 0
SIXMILE 8 SOMERSET 0 STAM8AUGH 8 STRAW 8 SWASTl KA C
SIZEMORE 8 SOHERVELL 8 STAMFORD 0 STRAWN 8 SWATARA A
SIZER 8 SOMSEN C STAMPEDE 0 STREATOR C SWAUK C
SKAGGS 8 SONOITA 8 STAN B STROLE B SWAWILLlA A
SKAGIT iUC SONOMA 0 STANDISH C/O STRONGHURST B SWEATMAN C
SKAHA A SONTAG 0 STANEY 0 STRONTlA B SWEDE 8
SKALAN C SOPER B/C STANFIELD C STROUPE C SWEDEN 8
SKAMANIA 8 SOQUEL B STANLE{ C STRYKER 8 SWEEN C
SKAMOKAWA 8 SOROO C STANS8URY 0 STU88S C SWEENEY 8
SKANEE C SORF C STANTON 0 STUCK CREEK B SWEET C
SKELLOCK 8 SORRENTO 8 STAPLETON 8 STUKEL 0 SWEETGRASS 8
SKERRY C SORTER 8/0 STAR8UCK 0 STUKEY 8 SWEETWATER 0
SKIDHORE 8 SOSA C STARGO 8 STUM8LE A SWENOOA 8
SKILLET C SOTELLA C STARICHKOF 0 STUMPP 0 SWI FTCREEK 8
SKINNER C SOTIM 8 STARKS C STUMP SPRINGS 8 SWIFTON A
SKIYOU C SOUTHFORK 0 STARLEY 0 STUNNER 8 SWIMS A
SKOKOMISH 8/C SOUTHGATE 0 STARR 8 STUTTGART 0 SWINGLER C
SKOOKUHCHUCK 8 SOUTHWICK C STASER 8 STUTZ HAN C SWINK 0
SKOWHEGAN 8 SPAA 0 STATE 8 STUTZ VILLE 81C SWIS808 0

• SKULL CREEK 0 SPACE CITY A STATEN 0 SU8LETTE 8 SWITCHBACK C
SKUHPAH 0 SPAOE 8 STATLER 8 SU08URY 8 SWITZERLAND 8
SKUTUM C SPALDING 0 STAVE 0 SUOOUTH C SWOPE C
SKY8ERG C SPAN 0 STAYTON 0 SUFFIELO C SWYGERT C
SKYHAVEN 0 SPANAWAY 8 STEAH80AT 0 SUGARLOAF 8 SYCAHORE 8/C
SKYKOMISH 8 SPANEL 0 STEARNS 0 SUISUN 0 SYCAN A
SKYLICK C SPARTA A STECUH A SULA 8 SYLACAUGA 8/0
SKYLINE 0 SPEARFISH 8 STEED A SULLY 8 SYLVAN 8
SKYWAY 8 SPEARHAN C STEEOHAN 0 SULPHURA 0 SYHERTON 8
SLAa 0 SPEARVILLE C STEEKEE C SULTAN 8 SYNAREP 8
SLATE CREEK C SPECK 0 STEELE 8 SUMAS 8/C SYRACUSE 8
SLAUGHTER C SPECTER 0 STEESE C SUMOUH 0 SYRENE 0
SLAVEN 0 SPEEL YAI C STEFF C SUMMA 8 SYRETT C
SLAWSON a SPEIGLE a STEGALL C SUMMERF 1ELO C
SLAYTON 0 SPENARO 0 STEIGER A SUMMERS a TA8ERNASH 8
SLEETH C SPENCER 8 STEINAUER 8 SUMMERV ILLE C TA810NA 8
SLETTEN 0 SPENLO 8 STEIN8ECK 8 SUMMIT C TA8LE MOUNTAIN a
SLICKROCK 8 SPERRY C STEINHETZ 0 SUMM lTV ILLE 8 TA8LER 0
SLIGHTS 0 SPICER C STEINS8URG C SUMTER C TA80R 0
SLIGO 8 SPILLVILLE 8 STEIWER C SUN 0 TACAN 8
SLIKOK 0 SPI NKS A STELLAR C SUN8URST C TACOMA 0
SLIP 8 SPI RES 0 STEMILT C SUN8URy B TACOOSH 0
SLIPHAN 8/C SPIRIT B STENDAL C SUNCOOK A TAFT C
SLOAN 0 SPIRO B STEPHEN C SUNO C TAGGERT C
SLOCUM B SPLENOORA C STEPHENS8URG a SUNDELL C TAHOMA a
SLOOUC C SPL ITRO 0 STEPHENVILLE B SUNDERLAND C/O TAHQUAMENON 0
SLOSS C SPOFFORO C STERLING B SUNDOWN 8 TAHQUATS C
SLUICE B SPOKANE 8 STERLI NGTON a SUNFIELD B TAINTOR C
SMARTS B SPONSELLER B STETSON a SUNNILANO C TAJO C
SHITH CKEEK A SPOON aUTTE c STETTER 0 SUNNY HAY 0 TAKEUCHI C
SMITHOALE B SPOONER C STEUBEN B SUNNYSIOE B TAKILMA a
SMITHNfCK a SPOTTSWOOO B STEVENS B SUNNYVALE C TAKOTNA B
SMITHTON 0 SPRAGUE B/C STEVENSON B SUNRAY B TALAG 0
SMOLAN C SPRECKELS C STEWART 0 SUNRISE 0 TALANTE C
SMOOT 0 SPRING C/O STICKNEY C SUNSET a TALA PUS B
SNAG B SPRING CREEK C STIDHAM A SUNSHINE C TALBOTT C
SNAHOPISH 8 SPRINGDALE 8 STIGLER C SUNSWEET C TALCOT C
SNAKE C SPRINGER a STILLMAN A SUNUP 0 TALIHINA 0
SNAKE HOLLOW 8 SPRINGERVILLE 0 STILLWATER 0 SUPAN B TALKEETNA C
SNAKELUM 8 SPRINGFIELO 0 STILSON 8 SUPER lOR C TALLAC 8
SNEAD 0 SPRINGMEYER C STIMSON B/C SUPERST IT ION A TALLADEGA C
SNELL C SPRINGTOWN C STINGAL 8 SUPERVISOR C TALLAPOOSA C
SNELLING 8 SPROUL 0 STINSON C SUPPL EE 8 TALLEYVILLE 8
SNOHOHISH 0 SPUR 8 STIRK 0 SUR B TAllS a
SNOQUALMIE 8 SPURLOCK a STIRUM B SURGEM C TALLULA 8

NOTES A 8lANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT aEEN OET=RMINEO
TWO SOil GROUPS SUCH AS B/C INDICATES THE DRAINEOIUNDRAINEO SITUATION
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Table 7.1--Continued

•TAllY B TEN1NO B TlGERON A TOMERA 0 TRENTON 0TALMAGE A TENNO 0 TlGIWON B TOMICHI A TREP BTALMO B TENORIO B TIGRETl TOMOKA AlO TRES HERMANOS BTAlOKA 0 TENOT C TIGUA 0 TONASKET B TRETTEN CTALPA 0 TENRAG B TIJERAS B TONATA C TREVINO DTAMA B TENSAS 0 TILFORD e TONAWANDA C TREXLER CTAMAHA C TENSED C TlllEDl.. B TONEY 0 TRIAMI CTAMAlCO 0 TENSlliEF B TllLIGUM B TONGUE RIVER C TRIASSICTAMBA C/r. TEOCULU B TIllMAN C TONINI B TRIGON CTAMELY TEPEE 0 TILMA C TONKA C TRIOEll BTAMMANY CREEK B TE-PETE BID TIlSIT C TONKEY 0 TRIDENT 0TAMMANY RIDGE B TERBIES C TILTON B TONKIN C TRIGO CTAMMS C. TERESA C TIMBERG C TONKS BID TRIMBLE BTAMPICO B ;ERINO '"0 TIMBERlY 8 TONOPAH B TRIMMER 8TANAMA 0 TERMINAL 0 TIM8LIN 0 TONOR C TRINCHERA CTANANA 0 TERMO C TlMENTWt B TONOWEK B TRINITY 0TAN8ERG 0 TEROUGE 0 TIMKEN 0 TONRA A TRIOMAS BTANDY C TERRA CElA AIO TlMMERMAlI. B TONSINA B TRIPIT CTANEUM C TERRAl' 0 TlMMONS 8 TONUCO C TRIPlEN BTANEY C TERRERA C TIMPAHUTE 0 TOOLE D TRIPOLI CTANGAJR C TERRETON C TIMPANOGOS 8 TOOMES 0 TRIPP 8TANNA C TERRI.. 8 TlMPER 0 TOP C TRITON CTANNER C TERRY 8 TIMPOONEKE B TOPIA 0 TRIX BTANSEM B TERWillIGER C TIMUlA 8 TOPPENISH B/C TROJAN 8TANTALUS A TESA./O A TINA C TOPTON TROMMAlO 0TANWA:' 0 TESCOTT C TlNOAHAY A TOQUERVIllE C TROMP CTAOPI C TESUQUE 8 TINE A TOQUOP A TRONSEN CTAOS 0 TETON A TINGEY 8 TORBOY B TRoOK BTAPIA C TETONIA 8 TINSLEY A TORCHLIGHT C TROPAl 0TAPPEN 0 TETONKA C TINTON A TOROJA D TROSI 0TARA 8 TETOTUM C TINYTOWN B TORHUNTA C TROUP ATARKIO 0 TEW BID TlOCANO 0 TORNING B TROUT ~REEK CTARKliN C TEX B TIOGA 8 TOROOA B TROUTDALE 8TARPO C TEXLINE B TlPPAH C TORONTO C TROUT lAKE CTARRANT 0 TezUMA C TIPPECANOE 8 TORPEDO lAKE 0 TROUT RIVER ATARRETE 0 THACKERY 8 TIPPER A TORREON C TROUTVILLE BTARRYALl 8 THAOER C TIPPERARY A TORRES 8 TROXEL BTASCOSA B THAGE C TlPPIPAH 0 TORRINGTON B TROY CTASSEL 0 THANYON A TlPPO C TORRO C TRUCE CTATE 8 THATCHER 8 TIPTON 8 TORSI DO 0 TRUCKEE CTATIYEE C THATUNA C TIPTONVIUE 8 TORTUGAS 0 TRUCKTON BTATU C THAYNE 8 TIRO C TOSTON D TRUEF I SSURE ATATUM C THE8ES 8 TISBURY 8 TOTElAKE A TRUESDALE CTAUNTON C THE80 0 TISCH C TOTEM B TRULL CTAVARES A THEOALUNO C TlSH TANG B TOTTEN B TRUlON BTAWAS AID THENAS C TITUSVIllE C TOUCHET B TRUMAN BTAWCAW C THEO C TIVERTON A TOUHEY B TRUMBUll 0TAYLOR C THERESA 8 TIVOLI A TOULON B TRUMP 0 •TAYLOR CREEIl 0 THERIOT 0 TlVY C TOURN C TRYON 0TAYlORSFLAT 0 THERMAL C TOA C TOURNQUIST B TSCHIGOMA BTAYLORSVillE C THERMOPOLIS 0 T08ICO 0 TOURS B TUB CTAYSOM 8 THESS B TOBIN B TOUTLE A TUBAC CTA1LINA A THETFORD A T08ISH C TOWER 0 TUCANNON CTEAL 0 THIEL A" TOBLER B TOWHEE D TUCKERMAN 0TEALSON C THIOKOL "C T080SA 0 TOWNER B TUCSON BTEAL WHIT C THOENY D T08Y B TOWNLEY C TUCUMCARI BTEANAWAY C THOMAS 0 TOCCOA B TOWNS BURY 8 TUFFIT 0TEAPO 8 THORNOAlE 0 TODD B TOWNSEND C TUGHIll 0TEAS C THORNDIKE C/O TODDLER 8 TOWSON B TUJUNGA ATEASDALE 8 THORNOCK 0 TODDVILLE B TOXAWAY 0 TUKEY CTEBO 8 THORNTON 0 TOEHEAD C TOY 0 TUKWILA 0TECHICK 8 THORNWOOD B" TOEJA C TOYAH B TUlA CTECOlOTE B THOROUGHFARE B TOEM C TOlE B TUUNA C/OTECUMSAH B THORP C TOGO 8 TRABUCO C TULARE C/OTEDROW B THORR B TOGUS 0 TRACK Bit TULAROSA BTEEl B THORREl B TOHONA C TRACY B TULIA BTEHACHAPI 0 THOW B TOINE C TRAER C TUllAHASSEE CTEHAMA C THREE MILE 0 TOISNOT 0 TRAIL A TUllER 0TEJA ( THROCK C TOIYA8E C TRAIL CREEK B TUllOCK BTEJON 8 THUNOER81RO D TOKEEN 8 TRAM B TUllY CTEKOA C THUR8ER C TOKUl C TRANSYLVANIA B TULUKSAK 0TELA 8 THURlONI C TOl8Y A TRAPPER A TUMBEl 0TElEFONO C THURLOW C TOLEDO 0 TRAPPIST C TUMEY 0TELEPHONE 0 THURMAN A TOLICHA 0 TRAPPS B TUMITAS BTELFER A THURMONT 8 TOlKE B TRASK C TUMWATER ATELFERNER 0 THURSTON 8 TOLL A TRAVELERS 0 TU~EHEAN 0TElIOA 0 TlAGOS 8 TOLLGATE B TRAVER Bit TUNICA 0TELL 8 TIAK C TOllHOUSE 0 TRAVESS ILLA 0 TUllIS 0TEllER 8 TI8AN 8 TOLMAN 0 TRAVIS C TUIlITAS BTELLICO 8 TI88ITTS B TOLNA 8 TRAWICK B TUNKHANNOCK ATEllMAN B TICA 0 TOlO B TRAY C TUNNEL BTElSTAO 8 TICE C TOlSONA 0 TREADWAY D TUPELO 0TEMESCAl 0 TICHIGAN C TOlSTOI 0 TREASURE B TUPUKNUK 0TEMPLE 8/C TlCHNOR 0 TOLT 0 TREBLOC 0 TUQUE BTEMVIK 8 TICKAPOO 0 TOLlEC C TREGO C TURBEVILLE CTENABO 0 TICKASON B TOLUCA B TRElONA 0 TURBOTVIllE CTENAHA B TIDWELL 0 TOlVAR B TREMANT B TURBYFILL BTENAS C TlERRA 0 TOMAH C TREMBLES B TURIN BTENCEE 0 TIETON B TOMAS B TREMPE A TURK 0TENERIFFE C TIFFANY C TOMAST C TREMP EAlEAU B TURKEYSPRINGS CTENEX A TIF TON B TOME B TRENARY B TURLEY CTENI8AC B TIGER CREEK B TOMEl 0 TRENT B TURLIN BNOTES A BLANK HYOROlDGI,C SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DErERHINEOTWO SOIL GROUPS SUCH AS 8/CINOICATE5THE ORAINEOIUNORAINEO SITUATIJ~
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Table 7.l--Continued

• TURN80W C USINE 8 VERDUN 0 WADDELL 8 WARDEN 8

TURNER 8 USKA 0 VERGENNES 0 WAOOOUPS 8 WARDWELL C

TURNERVILLE 8 UTALINE 8 VERHALEN 0 WAOELL 8 WARE 8

TURNEY 8 UTE C VERMEJO 0 WADENA 8 WA~EHAM C

TURRAH 0 UTICA A VERNAL 8 WAOES80RO 8 WARMAN 0

TURRET 8 UTLEY 8 VERNALIS 8 WADLEIGH 0 WUM SPRINGS C

TURRIA C UTUAOO 8 VERNIA A WADMALAW 0 WARNERS AID

TURSON 81' UVAOA 0 VERNON 0 WADSWORTH C WARREN

TUSCAN 0 UVALDE C VERONA C WAGES 8 WARRENTON 8/0

TUSCARAWAS C UWALA 8 VESSER C WAGNER 0 WARRIOR

TUSCARORA C VESTON 0 WAGRAM A WARSAW 8

TUSCOLA 8 VACHERIE C VETAL A WAHA C WARSING 8

TUSCUM81A 0 VADER 8 VETERAN 8 WAHEE 0 WARWICK A

TUSEL C VADO 8 VEYO 0 WAHIAWA 8 WASATCH A

TUSKEEGO C VAIDEN 0 VIA 8 WAHIKULI 8 WASEPI 8

TUSLER 8 VAILTON 8 VIAN 8 WAHKEENA 8 WASH8URN
TUSQUITEE 8 VAL8Y C VI80RAS 0 WAHKIACUS 8 WASHINGTON 8

TUSTIN 8 VALCO C VI80RG 8 WAHLUKE 8 WASHOE C

TUSTUMENA 8 VALDEZ 81C VICKERY C WAHIONIE 0 WASHOUGAL 8

TUTHILL 8 VALE 8 VICKS8URG 8 WAHPETON C WASHTENAW C/O

TUTNI 8 VALENCIA 8 VICTOR A WAHTIGUP 8 WASilLA 0

TUTWILER 8 VALENT A VICTORIA 0 WAHTUM 0 WASIllJA 8

TUXEDO VALENTINE A VICTORY 8 WAIAHA 0 WASSAIC 8

TUXEKAN 8 VALERA C VICU 0 WAtAKOA C WATA8 C
TWiN CREEK B VALKARJA aiD VIDA a WAIALEALE 0 WATAUGA 8

TwINING C VALLAN 0 VIDRINE C wAIALUA 8 WATCHAUG B

TWISP 8 VALLECITOS C/O VIEJA 0 WAIAWA 0 WATCHUNG 0

TwO DOT C VALLEONO 8 VIENNA B WAIHUNA 0 WATER80RO

TY80 0 VALLERS C VIEQUES 8 WAIULOA 8 WATER8URY 0

TYEE 0 VAL MONT C VIEW C WAIKANE 8 WATERINO C

TYGART 0 VALMY 8 VJGAR C WAIKAPU 8 WATERS C

TYLER 0 VALOIS 8 VIGO Il WAIKOMO 0 WATKINS 8

TYNDALL BIC VAMER 0 VIGUS C WAILUKU 8 WATKINS RIDGE B

TYNER A VANAJO 0 VIKING 0 WAIMEA 8 WATD 8

TYRONE C VAN .liNDA 0 VIL 0 WAINEE B WATOPA 8

TYSON C VAN BUREN VILAS A WAINOLA A WATROUS B
VANCE C VILLA GROVE B WAIPAHU C WATSEKA C

UANA 0 VANOA 0 VILLARS 8 WAISKA 8 WATSON C

U8AR C VANDALIA C VILLY 0 WAITS 8 WATSONIA 0

U8LY 8 VANDERDASSON 0 VINA 8 WAKE 0 WATSONVILLE 0

UCOLA 0 VANDE RGRI FT C VINCENNES C WAKEEN 8 WATT 0

UCOLO C VANDERHOFF 0 VINCENT C WAKEFIELD 8 WATTON C

UCOPIA 8 VANDERLIP A VINEYARD C WAKELAND 8/0 WAU8AY 8

UDEL 0 VAN DUSEN 8 VINGO 8 WAKONDA C WAUBEEK B

UDOLPHO C VANET 0 VINING C WAKULLA A WAUBONSIE B

UFFENS 0 VANG 8 VINITA C WALCOTT B WAUCHULA BID

UGAK 0 VANHORN B VINLANO C WALDECK C WAUCOMA B

•
UHLAND 8 VAN NDSTERN B VlNSAO C WALDO 0 WAUCONDA B

UHLIG 8 VANNOY B VINT B WALDRON 0 WAUKEE B

UINTA 8 VANOSS B VINTON B WALDROUP 0 WAUKEGAN B

UKIAH C VANTAGE C VIRA C WALES 8 WAUKENA 0

ULEN 8 VAN WAGONER 0 VIRATON C WALFORD C WAUKON B

ULLOA B VARCO C VIRDEN C WALKE C WAUM8EK B

ULM 8 VARELUM C VIRGIL B WALL 8 ~AURIKA 0
ULRICHER 8 VARICK 0 VIRGIN PiAK 0 WALLACE B NAUSEON BID

ULUPALAKUA B VARINA C VIRGIN RVER 0 WALLA WAllA 8 WAVERL Y BID

ULY B VARNA C VIRTUE C WALLER BID WAWAKA C
ULYSSES B VARRO B VISALIA B WALLINGTON C WAYCUP B

UMA A VARYSBURG B VISTA C WALLIS B WAYOEN 0

UHAPINE 8/C VASHTl C VIVES 8 WALLKILL CID WAYLAND C/D

UMIAT 0 VASQUEZ B VI VI B WALLMAN C wAYNE B

UHIKOA 8 VASSALBORO 0 VLASATY C WALLOWA C WAYNESBORO B

UMIL 0 VASSAR B VOCA C WALLPACK C WAYSIDE
UHNAK B VASTINE C VODERMAIER B wALLROCK 8/C WEA B

UMPA 8 VAUCLUSE C VOLADORA B WALLSBURG 0 WEAVER C

UMPQUA 8 VAUGHNSVILLE C VOLCO 0 WALLSON 8 WEB8 C

UNA 0 VAYAS 0 VOLENTE C wALPOLE C wE8ER B

UNADILLA 8 VEAL 8 VOLGA 0 WALSH 8 WE8STER C

UNAWEEP 8 VEAZIE B VOLIN B WALSHVILLE D WEDEKIND 0

UNCOM 8 VE8AR 8 VOLINIA B WALTERS A WEDERTZ C

UNCOMPAHGRE 0 VECONT 0 VOLKE C WALTON C WEDGE A

UNEEDA 8 VEGA C VOLKMAR B WALUM 8 WEDOWEE 0

UNGERS 8 VEGA ALTA C VOLMER 0 WALVAN 8 wEED B

UNION C VEGA BAJA C VOLNEY B WAMBA 8/C WEEDING AlC

UNIONTOWN 8 VEKOL 0 VOLPERIE C WAMIC 8 WEEDMARK B
UNIONVillE C VELDA B VOLTAIRE 0 WAMPSVILLE 8 WEEKSVILlE BID

UNISON C VELMA B VOLUSIA C WANATAH B WEEPON 0

UPDIKE 0 VELVA B VONA B WANBLEE D WEHADKEE 0

UPSAL C VENA C VORE B WANDO A WEIKERT C/O

UPSATA A VENANGO C VROOHAN B WANETTA A WEIMER 0

UPSHUR C VENA TOR 0 VULCAN C WANILLA C WEINBACH C

UPTON C VENETA C VYLACH 0 WANN A WEIR 0

URACCA 8 VENEZIA 0 WAPAL 8 WEIRMAN B

URbANA C VENICE 0 WABANICA 0 WAPATO C/D WEISER C

URBO 0 VENLO 0 WABASH 0 WAPELLO 8 WEISHAUPT 0

URICH 0 VENUS 8 wA8ASHA 0 WAPINITIA 8 wEISS A

URNE 8 VER800RT 0 WABASSA BID IIAPPING 8 WEITCHPEC B

URSINE D VERDE C WA8EK B IIAPSIE B WELAKA A

URUH C VEROH 0 WACA C WAR8A B WELBY B

URWIL D VERDELLA 0 WACOTA B liARD D IIELCH C
USAL 8 VERDICO 0 WACOUSTA C IIAROBORO A WELD C

USHAR 8 VERDIGRIS B WADAMS 8 WARDELL 0 WELDA C
NJTES A BLANK HYDROLOGIC SOIL GROUP INDICATES THE SOIL GROUP HAS NOT BEEN DETERMINED

TWD SOIL GROUPS SUCH AS B/C INDICATES THE DRAINEDIUNORAINEO SITUATION
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Tab'le 7.1--Continue.d

•~ELOON D WICKIUP C WISNER D YALMER '8 ZUNPELl. 8/CWELDONA B WICKLIffE D WITBECK 0 YAMAC 8 ZUNHALL ~/CWELLER C WICKS8URG 8 WITCH D YAMHILL C ZUNI 0WELLINGTON 0 WIDTSOE c· -WITHAM' 0: :: YAMPA C ZURICH '8
~ELLHAN B WIEHL C WITHEE C YAMSAY 0 ZWINGl.E {)WELLNER B WIEN 0 WITT B YANA 8WELLSBORO C WIGGLETON 8 WITZEL 0 YANCY tWELLSTON 8 WIGTON A WODEN B YARDLEY CWELLSVILLE B WILBRAH.uI C WODSKOW a/C YATES DWELRING D WILBUR C WOLCOTTSaURG YAUCO cWEMPLE a WILCO C WOlOALE CIO YAWOIM 0WENAS B/C WIlCax ,0 WO....: B YAWKEY CWENATCHEe C WILCOXSON .C WOLfESEN C YAXON aWENDEL B/C WILDCAT 0 WOLfESON C YEARY CWENHAM WILDER a WOLFORD B YEATES HOLLOw CWENONA C WILDERNESS C WOLF.' POINT 0 Y6GEN BWENnWR,TH' B WILDROSE 0 WOLfTEVER C YElM 8WERLPW e WILDWOOD 0' WOLVERINE A YENRAB AWERNER 8 WILEY C WOODaINE 8 YEOMAN 8weSO C Wll.. KES C WOODBRIDGE C YESUM BWESSEL B WILKESON C WOOD8URN C YETUlL AWESJBROOK 0 WILKI~S b WOOD8URY D YODER BWESTBURY C WILL 0 WOODCOCK B YOKOHL DWESTCREEK B WILLACY B WOOOENVILLE C VOLlAaoLLY 0WESTERVILLE C WILLAKENZIE C WOOOGLEN 0 YOtO 8WESTfALL C WILLAMAR D WOODHALL 8 YOLOGO DWESTFIELD WILLANETTE B WOOOHURST A YOMBA CWESTFORD WILLAPA C WOODINVILLE CID YOMONT 8WESTLAND 8/0 WILLARD B WOOOLY B YONCALLA CWESTMINSTER C/O WILLETTE AID WOODl.YN CIO YONGES DWESTMORE B WILLHAND 8 WOODMANSIE B YONNA BIDWESTMORELAND B WILLIAMS 8 WOODMERE 8 YO~DY 8WESTON 0 WILLIAMS8URG 8 WOOD RIVER 0 YORK CWESTPHALIA B WILLIAMSON C WOODROCK C YORKVILLE I;>WESTPLAIN C,' WILLIS C WOODROW C YOST CWESTPORT A WILLITS 8 WOODS CROSS 0 YOUGA BWESTVILLE B WILLOUGH8Y B WOODSfIELD C YOUMAN CWETHERSFIELD C WILLOW CREEK B WOODSIDE A YOUNGSTON BWETHEY BIC WILLOWOALE a WOODSON 0 YOURAME AWETTERtiORN C WILLOWS D WOODSTOCK CID YOVIMPA O.WETZEL D WILLWOOD A WOODSTOWN C YSIOORA 0WEYMOUTH B WILMER C WOODWARD B YTURBIOE AWHAKANA B WIlPAR 0 WOOLMAN B YU8A 0WHALAN B WILSON 0 WOOLPER C YUKO CWHARTON C WILTSHIRE C WOOLSEY C YUKON 0WHATeOM C WINANS 8lC WOOSLEY C YUNES 0WHATELY 0 WINBERRY 0 WOOSTER C YUNQUE CWHEATLEY D WINCHESTER A WOOSTERN 8

•WHEATRIOGE C WINCHUCK C WOOTEN A ZAAR 0WHEATVILLE B WINDER BID WORCESTER 8 ZACA 0WHEELER 8 WINDHAM B WORF 0 ZACHARIAS 8WHEELING 8 WINOKILL 8 WORK C ZACHARY 0WHEELON 0 WINDOM 8 WORLAND B ZAfRA 8WHELCHEL B WINO RI.YER B WORLEY C ZAHILL 8WHETSTONE B WINDSOR A WORMSER C ZAHl. BWHIOBEY C WINDTHORST C WORoet< B ZALE'SKI CWHIPPANY C WINDY C WORSHAM 0 ZALlA AWHIPSTOCK C WINEG ~ WORTH C ZAMORA BWHIRLO 8 WINEMA C WORTHEN B ZANE CWHIT B WINETTI B WORTHING 0 ZANEJS B'WHITAKER C WINfIELD C WORTHINGTON C lANESVILLE' CWHITCOMB C WING 0 WORTMAN C ZANONE CWHITE 8IRO C WINGATE B WRENTHAM C ZAPATA 'CWHITECAP 0 WINGER C WRIGHT C ZAVALA BWHITEFISH 8 WINGVILLE 8/0 WRIGHTHAN C ZAVC'O .' CWHITEFORD B WINIFREO C WRIGHTSVlt.LE D ZEa :B
WHITEHORSE B WINK 8 WUNJEY B ZEESIX CWHITE HOUSE C WINKEL 0 WURTSBORO C ZEll BWHITELAKE B WINKLEMAN C WYALUSING D ZEN CWHITELAW B WINKLER A WYARO B ZENDA CWHITEMAN 0 WINLO D WYARNO B ZENIA 8WHITEROCK D WINLOCK C WYATT C ZENlfF BWHITESBURG C WINN C WYEAST C ZEONA '/J"WHITE STORE 0 WINNEBAGO 8 WYEVILLE C ZIEGLER tWHITE SWAN C WINNEf4UCCA 8 WYGANT C LIGWE 10 8WHITEWATER B WINNESHI EK 8' WYKOFF 8 ZIll'AH .B/CWHITEWOOD C WINNETT D WYMAN B ZIM DWHITLEY B WINONA 0 WYMORE C ZIMMERMAN A'WHITLOCK a WINOOSKI 'B WYNN 8 ZING tWHITMAN 0 WINSTON A WYNOOSe D lINZER BWHITNEY 8 WINTERS C WYO a ZION tWHITORE A WJNTERS8URG C WYOC.ENA 8 ZIPP 'CIDWHITSOl 8 WINTERSET C ZITA BWHITSON D WINTHROP A XAVIER B ZOAR CWHITWELL C WINTONER C lOATE 0WHOlAN C WINU C YACOLT B ZOHNER 8/0WIBAUX C WINZ C YAHARA 8 ZOOK CWICHITA C WIOTA B YAHOLA B ZORRAVISTA AWICHUP 0 WISHARD A YAKI 0 ZUFELT BIDWICKERSHAM 8 WISHEYLU C YAKIMA B lUK/J"N ;··0
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8.1

CHAPTER 8. LAND USE Am) 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
met40d 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
rieultural terms not defined here are defined in the glossary
(chap. 22).

Cultivated Land

Fallow listed in table 9.1 is the agricultural "1.and use and



8.2

treatment with the highest potential for runoff because the land is
kept as bare as possible to conserve moiEltllryfor 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~i~ldcrop (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 ~s 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 es 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
10w.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-;overeffectis 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 percen;t;.;J;+a,rming across the slope in straight rows is equiva
lent to contOllring and should be so considered when using table 9.1
Contoured fields arethose farmed as nearly as possible on the con
tour. The.hydrologic effect of contouring is due to the surface stor
age provided byj;h§ furrows because the storage prolongs the time dur
ing which inf;tltra,;t;:i.oIl~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

•
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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-end level or graded terrace~, grassed
waterway outlets, and contour furrows between the terraces. The
hydrologic effects are due to the replacement of a low-infiltration
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 carry over 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 ~nd 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



Vegetative condition Hydrologic condition

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

Fair

Poor +
Fair
Fair +

POOl:'

Poor +
Fair

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

Cover··· density
(percent)

Less than 50
50 to 75

MOrethan.75

Not heavily grazed • Has plant cover on 1/2
to 3/4 of thear~a~

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

8.4

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

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

Table 8.1.--Classification of native pasture or range

Woods and Forest
,)

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 soII,:"g~6up classification as well as its land use and
treatmentclassmaych8.nge (see chapter 7 regarding the change in soil
classification}. .
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or ranch use. The woods can be evaluated as shown in table 8.3,
which is based on cover effectiveness, not on timber production.
The hydrologic 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 Fore~t Service and theSCS. 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 unit17 (chap. 6). Locations
of the classes within the units are ignored.]I 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.

AI 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 t 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 •



Table 8.3.--Classification of woods

Protected f~om grazing. Litter and shrubs
cover the soil.

8.6
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Poor

Fair

Good

Hydrologic condition

****

Vegetat~ve condition

Heavily grazed or regularlY burned.
L~tter, small trees, and brush are
destroyed.

Grazec;1 but not burned •., There may be some
l~tter but these woods' are not protected.
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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 10,
11, and 12.·

Detenninations 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); 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 stonns
producing the annual floods (chap. 18). The watersheds were gener
ally less than 1 square mile in size, the number of watersheds for
a complex varied, and the stonns 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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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 significantlychangedsiIice its construction
in 1954 but supplementary tables for special regions have been de
veloped. These tables are given later 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, CNare read from table 9.1 and ap
plied as described in chapter lO~ Because the principal use of CN
is for estimating runoff from rainfall, the examples of applications
ar~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
Service, 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 determiningCN. 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
practicall~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, protec~ion, 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 co~act. 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 potential. The relation be
tween classes and humus type and depth is shown in figure 9.1.

DETERMINATION OF CN FOR PRESENT HYDROLOOIC 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.

•
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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 1'1 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

M L L L L L L L L
\0

Sand 13+ M L L
.
\Jl

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



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

Soil class; TexttireOf"the mineral soil immediately below the
humus layer ifahy~F'N0tethat these classes differ from the soil
groups of chapter 7'becatise the classes are concerned with forest
growth" the gro1ips:withruh6ff.

Soil depth. A determination made in the sample plot. Rock out
crops or soils :'less,·(than '13·inchesdeepareput 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'fsestimated on the basis of use and treatment to
be given the area; 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<CNforcthe area is estiniatedus
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 a.t 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"curveto 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 U~ited 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-covercomplex~sused to date.
The figures are based on information in table 2.1,part 2, of the
Forest Service "Handbook on Methods of Hydrologic Analysis." The
covers are defined as follows:

Herbaceous. - -Grass -weed -brush miXtures withbrnsh the minor
element.

Oak-Aspen. -- Mountain brush roixturesofoak, a.spen, motmtain
mahogany, bitter brush, maple, and other brush.

Juniper4)rass.-~uniperor pi~on with an understory of grass.

Sage4)rass.--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 condition~ 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 eN 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 coropleJees in Ha'Waii. The CN are
tentative estimates now undergoing studY. Degrees of cover in
the table are d-efined as follows:
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Table 9.3.--R1.lhoff Curve numbers for hydrologic soil:"cover complexes
iri PuertS:'RicCf' (antecedent moisture condition II, and I

a
=

0.2 'S)'.

Table 9.4.--Rurrof'fcurvenumbers for hydrologic soil-cover complexes
of a typical watershed in Contra Costa County, California
(antecedent moisture condition II, and Ia =0.2 S).
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D

93
84
83
75
83
74
82
83
76
79

C

91
80
79
68
77
67
77
77
69
72

A B

77 86
51 70
48 68
2252
45 66
19 50
4365
45 66
24 53
32 58

Hydrologic soil group
~ .-, ~ ..I;

Cover and condition. .

Fallow
Grass (bunch g~ass, 'or poor stand of sod)
Coffee (no gr6Uhd c6ver, no terraces)
Coffee (With gpoundcover and terraces)
Minor crops (g8lrden'or truck crops) .
Tropical kudzu
Sugarcane (trash burn.ed; straight-row)
Sugarcane (trash. mulch; straight row)
Sugarcane (in holes; on contour)
Sugarcane (in furrows; on contour)

Hydrologic soil groupCover Condition
A B C D

Scrub (native brush) 25-30 41-46 57-63 66Grass-oak (native oaks with Good 29-33 43-48 59-65 67understory of forbs and
annual grasses)

Irrigated pasture Good 32-37 46-51 62-68 70Orchard (w~nter period with Good 37-41 50-55 64-69 71understory of cover crop)
Range (annual grass) Fair 46-49 57-60 68-72 74Small grain (contoured) Good 61-64 69-71 76-80 81Truck crops (straight-row) Good 67-69 74-76 80-83 84Urban areas:

Low density (15 to 18 per- 69-71 75-78 82-84 86cent impervious surfaces)
Medium density (21 to 27 per- 71-73 77-80 84-86 88cent impervious surfaces)
High density (50 to 75 percent 73-75 79-82 86-88 90impervious surfaces)
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Completecover.--Cane from the stage of growth when full canopy
is provided to the stage at harvest.

Table 9.5.--:-Runoff curve numbers; tentat.ive..~stimates for sugarcane
bydrologiC soil...:cover complexes:;1n Hawai~: (antecedent
moisture condition II, and I a = 0.2 S).

****

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.

Limited cover.--Cane newly planted, or ratooned cane with a
limited root system; canopy 6verless thanl/2'tuE:l' fteld area.

Partial cover.--Caneirtthe transitiortperiod between limited
and complete cover; canopy over 1/2 to nearly the entire field area.

Hydrologic soil group

Cover and treatment,
A B C D

Sugarcane:
LiIllited cover, straight row 67 78 85 89

pa.rtial 'cover, straight row 49 69 79 84

Complete cover, straight row 39 61. 74 80

Limited 'cover, contoured 65 ,7~ 82 86

Partial cover, contoured 25 59 75 83

Complete cover, contoured 6 3:5 70 79

•
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Introduction

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.

Channel runoff occurs when rain falls on a flowing streaUI 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

10.1

ESTIMATION OF DIRECT RUNOFF FROM STORM RAINFALLCHAPTER 10.

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:

•

•

•



10.2

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
dergroundzone of low transmission, travels above the zone to the
soil surface downhill,arid appears as a seep or spring. This type
is often called "quick return flown 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
storagen, 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 betaken 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, but 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 also employed for estimating watershed lag as shown in figure 15.3.
The rainfall-runoff relation of the SCS method can be made to operate
with a particular type of flow; it was linked with direct runoff, as
described in chapter 9, for the convenience of applications.

NEH Notice 4-102, August 1972
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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 therefor~ excludes
time as an explicit 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 rainfall intensity is ignored.

DEVELOPMENT

If records of natural rainfall and runoff for a large storm over
a small area are used, a plotting of accumulated runoff versus
accumulated rainfall will show that runoff starts after some rain
accumulates (there is an "initial abstraction" of rainfall) and
that the double-mass line curves, becoming asymptotic to a straight
line. On arithmetic graph paper and with equal scales the straight
line has a 45-degree slope. The relation between rainfall and run
off can be developed from this plotting, but a better understanding
of the relation is had by first studying a storm in which rainfall
and runoff begin simultaneously (the initial abstraction does not
occur). For the simpler storm the relation between rainfall, run
off, and retention (the rain not converted to runoff) at any point
on the mass curve can be expressed as:

F --9.... (10.1)8' = P

where

F = actual retention

St = potential maximum retention (St ~ F)

Q = actual runoff

P = potential maximum runoff (p ~ Q)

Equation 10.1 applies to on-site runoff; for large watersheds there
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(10.2)

(10.4)

(10.6)

(10.8)

Q= 1p - IaJ

p2

P + S'

_._~-.;..
P - Ia

F = P - Q

L- Q =~
St P

Q =

(p - I a ) - Q
S

The parameter S' in equation 10.1 does not contain the initial ab
straction and differs from the parameter S to be used later. The re
tention st is a constant for a particular storm because it is the max
imum that can Occur under the existing conditions if the storm Con
tinues without limit. Tqe retention F varies because it is the dif
ference between P and Q at, any point on the mass curve, or.:

10.4

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 water
sheds because the effect$ of the lag are removed.

Equation 10.1 can therefore be rewritten:

Solving for Q produces the equation:

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

The initial abstraction is brought into the relation by SUbtracting it
from the rainfall. The equivalent of equation 10.1 becomes:

where I a is the initial abstraction, F s; S, and Q s; (p- I a ). The
parameter S includes I a ; that is, S = st + I a •

Equation 10.2 becomes:

equation 10.3 becomes:

and equation 10.4 becomes:



Retention Parameters

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

(10.10)
(p - 0.2 S)2
P + 0.8 8Q =

Substituting 10.9 in 10.8 gives:

which is the rainfall-runoff relation used in the 8C8 method of es
timating direct runoff from storm rainfall •

0.2 8

The initial abstraction consists mainly of interception, infiltra
tion, and surface storage, all of which occur before runoff begins.
The insert on figure 10.1 shows the position of Ia in a typical
storm. To remove the necessity for estimating these variables in
equation 10.8, the relation between Ia and 8 (which includes I a )
waS developed by means of rainfall and runoff data from experimental
small watersheds. The relation is discussed later in connection
with figure 10.2. The empirical relationship is:

In the 8CS m~thod the change in 8 (actually in eN) is based on an
antecedent moisture condition (AMC) determined by the total rainfall

Equation 10.9 states that 20 percent (an average, as figure 10.2
shOWS) of the potential maximum retention 8 is the initial abstrac
tion la' which is the interception, infiltration, and surface stor
age occurring before runoff begins. The remaining 80 percent is
mainly the infiltration occurring after runoff begins. This later
infil~ration 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 limit
ing factor. A succession of storms, such as one a day for a week,
reduces the magnitude of 8 each day because the limiting factor
does not have the opportunity to completely reeover 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
8 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 8 for a given soil-cover complex. 8imilarly there
is a practical upper limit to S, again depending on the soil-cover
complex, beyond which the recovery cannot take 8 unless the complex
is altered.

•
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10.6

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 CN 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 th~ plotting. The CN for high and low mois
ture levels were empirically related to the CN of table 9.1; the re
sults are shown in columns 1, 2, and 3 of table 10.1, which also gives
values of Sand Ia for the CN in column 1. The rainfall amounts on
which the selection of AMC is based are given in table 4.2; the dis
cussion in chapter 2 concerns the value of rainfall alone as a cri
terion 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 Ia • The magni
tudes 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 a were estimated by taking the accumulated
rainfall from 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 Ia were due to one or
more of the following: (i) difficulty of determining the time when rain
fall began, because of storm travel and lack of instrumentation, (ii)
difficulty of determining the time when runoff began, owing to the ef
fects of rain on the measuring installations (channel runoff) and to the
lag of runoff from the watersheds, and (iii) impossibility of determin
ing how much interception prior to runoff later made its way to the soil
surface and contributed to runoff; the signs and magnitudes of these er
rors 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 statisti
cal correlatio,n (chap. 18) between I a and S can be made by adding more
points and increasing the "degrees of freedom", but the standard error
of estimate will remain large owing to the deficiencies in the data •

•
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Graphs ahd 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 CN (runoff curve number or hydrologic
soil-cover complex number) is a transformatio'n of S, and it is used to
make interpolating ,averaging, and w"eighting operations more nearly
linear. The transformation is:

CN
1000 (lO.n)= S + 10

or 1000
S = - 10 (10.12)

CN

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~rsis 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 Sa
1 23 4 5 1 23 4 5

*For CN in column 1 •

Curve*
CN for S t t

conditions values* shar s
I III were

p =

1.33
1.39
1.45
1.51
1.57
1.64
1.70
1.77
1.85
1.92
2.00
2.08
2.16
2.26
2.34
2.44
2.54
2.64
2.76
2.88
3.00
3.12
3.26
3.40
3.56
3.72
3.88
4.06
4.24
4.44
4.66

(inches)(inches)

6.67
6.95
7.24
7.54
7.86
8.18
8.52
8.87
9·23
9.61

10.0
10.4
10.8
11.3
11.7
12.2
12.7
13.2
13.8
14.4
15·0
15.6
16.3
17·0
17.8
18.6
19.4
20.3
21.2
22.2
23.3

78
77
76
75
75
74
73
72
71
70
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50

12 43 30.0 6.00
9 37 40.0 8.00
6 30 56.7 11.34
4 22 90.0 18.00
2 13 190.0 38.00
o 0 infinity infinity

CN for S Curve*
conditions values* shtarts

I III were
p =

40
39
38
37
36
35
34
33
32
31
31
30
29
28
27
26
25
25
24
23
22
21
21
20
19
18
18
17
16
16
15

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

CN for
condi
tion
II

(inches)

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

(inches)

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

loll
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

100
100

99
99
99
98
98
92
97
97
96
96
95
95
94
94
93
93
92
92
91
91
90
89
89
88
88
87
86
86
85
84
84
83
82
82
81
80
79
78

100
97
94
91
89
87
85
83
81
80
78
76
75
73
72
70
68
67
66
64
63
62
60
59
58
57
55
54
53
52
51
50
48
47
46
45
44
43
42
41

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
73
72
71
70
69
68
67
66
65
64
63
62
61

CN for
condi
tion
II
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10.8

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
3 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.

ExampJ.,e 10.1. - During a storm an average depth of 4.3 inches
of rain fell over a watershed with a cover of good pasture,
soils in the C group, 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 4.3 inches and at CN = 74 (by interpolation) find Q = 1.83
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.--Duringa 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.

•
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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 theD 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-Illand 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 Q for AMC-II

I 55 0.65 15.1 35.6
II 74 1.83 42.5 100
III 88 3·00 69.8 164

Note that the runoff in inches or percents is not simply proportional
to the CN 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 having 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
estimate; in example lO.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 CN 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 _ 467

Totals: 630 1,475

The weighted Q is 1475/630 = 2.34 inches.

Example 10.5.--Use the watershed and rain data of examplelO.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 15,870

Totals: 630 45,870

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

•

•

•
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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

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

32

26.10
26.34

16

10.85
10·97

84

1.14
1.03

2

0.27
.13

1

0.10
o

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

Q
Q

Storm rainfall:

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

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-Q always gives the correct result (in terms of the given
data) but it required more work than the weighted-CN method 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 eN 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 (CN = 100) and 175 acres of lawn classed as good pasture on a
B soil (CN = 61) will have the followingQt s by the two methods (all
entries in inches):

3. Estimate the rLilloff. 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.)

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:

•

•

•
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Land use and treatment Percent of area

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
AM::-II is:

•

•

•
III
96

II
89

I
76

AMJ:
CN:

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

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:

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.

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.

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

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.

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:

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.
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(CN. fallow)2 (CN···· ..')
.·average

CN .' ..•.............. . .
normal p¢flk ·.. growth

5. 'Determine which ~ applies for each rain in columb., 4"table
10.2. The.~ for' the firstda~r.ofamultipl'e-daystorm isc5b
tain~d by use of dates in col~s 2 and 3 (to get thes~ason.),
antecedent rainfall i;tnc()l~i5l alld figure 4090 The AMC.·· for
succeeding days ·in a multiple-day storm i$ •. similarly obtained
but with the previous day's ra'in (from column 4) added to the
antecedent rainfall. The results are shown in columh6~ The
eN for the AMC are shown in' column 7.

6. Estimate the:fuI1off.foreach day. Enter figure 10.1 'fiththe
rainfall in column'4'and,the CN in column 7 and estitriatetherun
off. The results are tabulated in column 8.

7. Add the daily rundffs"'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 Ii fot comparis'on with' the 'estimatesin columns 8 and 9. Dif
ferences between compu.ted<'and a:CtualfUno:ffS are shown. in. col'Ul!lns12
and 13. For some estimates the differences' (or estimation errors) are
fairly largejthe erro!s m~y~'be+due to one or more of several causes,
of which ..the most obvious::,~s:.~Ppl:yingan ave:rage land use and treat
ment to all'years ,and alJ.<·:se~~op.s.:in.~·... year.,,: ... The Clualitypfland .. use
and>treatment varies (tbatis;;the CNyariesfrom 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 variat:Lons are generally
unknown so that themethod()f~hisex~mpleis,usuallYfo110wegj(if.they

arekn0vrn.,. theCNare ;iI1c~ea;~ed' or decreased on .the.basisofthehydro
logic condition as described.inth~next sectioIlo· . A.comparison ma-de
later·in this' chapter illustrates that errors of estimate, even when
fairly large, do not adye:r:'selya~f~ct frequ~ncy lines construct~d from
the estimates as. long .as 'the' errors are not.all of one type .•

SEASONAL OR .ANNUAL VARIATIONS •. The average CN.intable. 9.1 apply to
average· crop ••..·conditions •. ;for a'growing season. .If 'se~sonal 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 eN.

For cultiva.ted crops ina'Il()rmalgrowing season the CNatplowing or
planting tiIIle istb.e same asth~ CNfor faJ-low in the same soil group
of table9.1j ". midway between planting and, harvest or cutting times the
CN is the average in table·9.lj and at the time of normal peak growth
or height (us~all:y b~,fore'harvest). the eN is:



•

•
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Thus, if t:Q,e average CN is 85 and the fallQw CN is 91, the nQrmal
pea¥grQwth CN is 7.9. After harvest the CN varies between thQse fQr
fallQ'W".~nd nQrmal peak grQwth, del?ending Qn the effectiveness of the
plap.t rE:!sidues as grQund cQver.In general, if 2/3 Qf the SQil sur
face is expQsed, the fallQw CN applies; if 1/3 is expQsed, the aver
age CN applies; and if practically nQne is eXPQsed the nQrmal peak
grQwth CN applies.

FQr pasture, range, and meadQw, the seasQnal variatiQn Qf CN can be
estimated by meanS Qt tables 8.1 and 8 •.2; fQr WQQds Qr fQrest, the
FQrest Service methQd in chapter 9 is applicab~e.

Changes in CN because Qf abQve - Qr belQw-nQrmal rainfall Qr tempera
ture QCcur nQt Qnly from year to year but also within a year. They
are mQre difficult to evaluate than changes from normal Grop growth
because detailed SQil and crQp histQries are necessary but seldom
available; climate reCQrds are a pOQr substitute even for estimating
gross departures from normal. Runoff recQrds frQm a nearby stream
flQW statiQn are a better substitute because they prQvide a means of
relating eN tQ a runQff parameter (fQr an example see figure 5.6(a»
and approximating the variatiQns Qf CN. .

The CN Qf table 9.1 dQ nQtapply fQrthatpQrtiQn of the year when
.sI).Qwmelt cQntributes to runQff. The methods Qf chapter 11 apply fQr
melt periQds. Chapter 12 cQntains a discussiQn Qf snQW Qr freezing
in relation tQ land use and treatment •

VARIATION OF RUNOFF DURING A STORM. The variatiQn Qf runQff during
the prQgress Qf a stQrm is fQundby the methQd Qf the fQllQwing ex
ample. This methQd is alsQ used fQrdesign stQrms in chapter 21.

Example 10.7.--Estimate the hQurly pattern Qf runQff fQr a
watershed having a CN Qf 80 andcQnditiQn AMC-II befQre a
stQrm Qf 20 hQurs' duratiQn, using rainfall amQunts recQrded
at a rain gage.

1. Tabulate the accumulated rainfalls at the accumulated
times. Accumulated times are shQwn in CQlumn 1, rainfalls
in CQlumn 2, Qf table 10.3

2. Estimate the accumulated runQff at each accumulated time.
Use theCN and the rainfalls Qf CQlumn 2tQ estimate the
runoffs by means Qf figure 10.1. The runQffs are given in
CQlumn 3.

3. CQmpute the increments Qf runQff. The increments are the
difference's given in CQlumn 4. P1Qtting these increments shQWS
the pattern Qf runQff (the plQtting is nQt given) •
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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 CN 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 accomplis4ed 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 10.5 shows storm rainfall amounts plotted versus runoff
amounts for Red Run, a fully urbanized watershed of 56.5 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 de~iciency

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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NEH Notice 4-102, August 1972

•

•

•

(10.15)Y

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 8 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 rainfaJ.land.CN. Chapter 4 provides graphs for
estimating the errors inraihfall. There is no comparable means of
estimating the errors in CN of ungaged watersheds; 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 Qf methodology for· reducing estimation
errors.

where Y is the dependent variable; a, b, c, etc. are constants; and
the subscripted Xf S are the independent variables. But if the final
form is

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):

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.

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.
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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 lo.4(b) substaIltiate::?,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. 18); 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
CN, it is likely that misjudgment of several will not adversely af
fect the estimate of the average eN. 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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•
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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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K = a constant that varies with watershed and climatic conditions.
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(11-1)M=KD

The degree-day method uses the equation:

where M = the watershed snowmelt in inches per 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 BUrVe,r 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 (ta:b:I.e 11-2). Tb,e first. procedure is
used where there is~enerally 0ll1Y one me:I.t perioq per year; the
second, whete melt periods occu.r iIltE3~ttently through the
winter an4 sp:ring.Water.ecauivale:nt is the depth of water, in
inches, that results ,froInmelting 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.

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

Degree-day method, ungagedwatersheds
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.

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.)

Regional analysis
This method is one of the most useful for snowmelt floods. See Chapter 2
for details of· the metb,od.



2.34

4.50

4.32

4.20

3.96

3.00

etc.

'Total available
water equivalent

.',,:,(, Inches

E;stimated;.;'l
snoWIllelt "~

0

3 .18

2 .12

4 .24

16 .96

11 .'66

etc. etc.

Degree
days

l! Average of two stations; adjusted.for altitude'.

V Using K = 0.06 in equation 11-1.

Watershed
Dates average

tempera!/'e
of. 1

April 5 32

6 35

7 34

8 36

9 48

10 43

etc. etc.

11-3
Table 11-1. Estimation of snowmelt by degree-day method. One melt

period
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•
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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 factors below for selection of ~.

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

Average: 41.8

Round off to: 42

•

•

•

.06

.06 - .08 11

.30

-L
0.02

.04 - .06]/

(38) - 4 (4600 - 5600) =42.01000
(48) 4

(4600 ... 3000) =41.6-
1000

Sum: 83.6

Average heavily-forested areas;
north-facing slopes of ..opencountry

Extremely low runoff potential

Table 11-3. K factors

Condition

Average

South-facing slopes of forested areas;
average open country

Example ll-l--A watershed with an avergge elevati,onof4,6QO feet
had temperature station readings of 38 F. at a 5600-foot elevation,
and 48

0
F. at a3000-foot elevation. The average tempera.ture for

the watershed>isthen:

Extremely high runoff potential

K factors

The constant K in equation ll~l is known to vary not only from watershed
to watershed, but a.lsofrom day to day on a given watershed. It is
seldom possible to do IJ10re 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 cases:

]/ Recommended by A. L. Sharp.
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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 froIll 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 'f~~}L ,=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 sUbw'atershed 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 •



•

•

•

NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

CHAPTER 12. HYDROLOGIC EFFECTS OF LAND USE AND TREATMENT

by

Victor Mockus
'Hydraulic Engineer

1956

Reprinted with minor revisions, 19n



CHAPTER 12. HYDROLOGIC EFFEdTS OF LAND USE AND TREATMENT

NATIONALEI~GINEERING HANDBOOK

SECTION 4

HYDROLOGY

Contents

12..3
12-3
12-7

12-7

tw
12 1
12 2
12-4
12-4
12...5
12-6
12-8

• •

• •
• It •

hours

. . . . .

Figures

12.1.-Typioal peak-volume relationship • • • • • •
12.2.--Volume effeots of land use and treatment. •
l2.3.--Etfeots of' land use and treatment on lag ••
l2.4.--Peroent peak redUotion b.1 inoreasing lag 0.33

and the oorresponding inorease in Tp • •• •

Tables

Figure

Volume efteots. . . ., · . . . .. . · . . . · · • . It •

Lag effects- . . . . Ii ,. • • • • • • • • .. • • • • • • • •

DeterminatioIl of effeots • • • • • • • • • • • • • • • • • • •
Determination of' effeots on volume • • • • • • • • •
Determination of effeots on lag • • • • • • • • • • • • •
Determination of effeots on sno'WIII.elt runoff ••• •
Determination of surfaoe storage effeots • • • • • • • •

•

•

•



•

•

•

NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

CHAPTER 12. HYDROLOGIC EFFECTS OF LAND USE AND TREA'IMENT

The effects that are discussed 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.r 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
principle 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.r 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 t~rraces with grass outlets to some extent
will increase both over-all infiltration and over-all storage. These
effects are also confused with a lag effect. It should be noted that
lime and fertilizers, by increasing plant or root density, can indirectly
reduce direct runoff volumes.
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Reduction in direct runoff volume is due to:

Lag Effects

•

•

•

x

x

x

x

Increasing surface
storage

x

x

Increasing infiltration
rates 11

Measure

1. Land use change that
increases plant or
root density. y

2. Increasing mulch or
litter

3. Contouring

4. Contour furrowing

5. Level terracing

6. Graded terracing

Table 12-1. Principal effects of land use and treatment measures
on direct runoff.

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.

Lag, as used here, means the delay between the production of direct runoff
on upland areas and its appearance at a given cross sec~ion 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.

11 Assuming soils not frozen.

y Example: Row crop to grass for hay. Poor pasture to good pasture.



Figure 12-1 Typical peak-volume relationship.
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Figure 12-2 Volume effects of land use and treatment.
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Table 12-2. Relative effects of land use and treatment measures on
types of lag.

•

•

•
Large

watersheds

Negligible.

Not usually considered.

Effect of increasing
surface flow distance
or decreasing velocity

Small
watersheds

Can be
large.

Can be
large.

Effect on subsurface
flow 11

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.

Can be
large.

Small Large
watersheds watersheds

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.

1. Determine the hydrologic soil-cover complex number, antecedent
moisture condition (.ANC) II, for future land use and treatment
conditions. (Chapters 7, 8 and 9.)

Measure

6. Graded terracing. Usually Usually
negligible. negligible.

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 additional work. Assuming that present conditions have
been studied, the steps are:

11 Assuming soils not frozen.

2J Examples: Row crop to grass; poor pasture to good pasture.
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3. Prepare a working table similar to table 12-3.

.12

.70

o

1.45

2.30

3.20

83

o 0.08

o .35

.11 1.15

.50 2.05

1.03 3.00

1.65 3.95

65 91

.02

o

•.38

~97

1.68

2~46

75

.02

.18

.43

o

o

o

45

.23

.60

o

o

o

1.10

57

llMC* I ' AMC* II AMC* III
Present Future Present Future Present Fut~

Direct runoff, in inches, for selected values of "P",
from figure 10-1

2

1

3

4

5

0.5

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.

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 I. Similarly
for the other conditions.

2. Obtain complex numbers for AMC I and III (table 10-1).

Selected
values of "P"

Table 12-3. Sample working table. Estimation of effects of future
land use and treatment on direct runoff volumes •

Curve numbers:

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 vary 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.

•

•

•
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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 distanoe.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" byJ. A. Allis, Agricultural Engineering,
Vol. 34, No. 11,Nov. 1953.) Two effects are evident. Some of the
reduction in peak rate iSidue to the lesser amount of runoff from the
treated watershed. Given the data as shown, the expected peak for the
treated watershed. would be:

'.1.35) .. . f ql q21.74 (1.68} =1.40, in.lhr., since _ = when runoff is
i Q

l
Q

2
uniformly (or nearly so) cf:i:stribu:ted on each watershed,but the actual
value for W-5 is 0.87 in.!br..The difference is due primarily to a lag
caused by graded terraces and qpeIl-end level terraces (which tend to grade).

FollowiIlg the methods of CJ:1ap:t!i3J;':s 15 and 16, the additional lag can be
computed from data on fig;ure 12.-3. The time to peak (T:E» for W-3 is about
0.72 hour, and forW-5, about 1.05 hour. The increase J.n lag (since
storm D is essentially identical for both hydrographs) is:

1.05 - 0.72 = 0.33·l:iotlr

Since Tp consists of storm duration and time of concentration (see Chapter
16), the changes. ineitller (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. .

Determination 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 chaIlges in
effects are due partlytoq.hange.s in the measures themselves, and partly
to frost action. .

•

•



Figure 12-3 Effects of land use and treatment on lag•
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(12-1)

runoff in in,.ches.·'Withstorage in effect
square miles of area draining into storage and including
storage pond area
storage in inches
runoff in inches with no storage
square miles of area not draining into storage

By the time of arrival of the snow season, cultivation and weathering
have usually eliminated the mechanical distinction between straight !£li
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 confinEJd tothe second type of lag and determined by the
method shown. Closed~endlevel 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 smallenollghtobe 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, they must eitl1er(t)LlI!~intl3.~nhigh infiltration rates on soils
that have a large water f:l"tor,ag(3potential; 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 tob(3effective against heavy freezes. Commercial
forest and woodland,with "tlle exception of areas like swamps and spruce
flats, are effectivemaiIltainersof infiltration, and when located on a
soil with suff~cientinternal s"torage capacity, are very effective in
reducing .flood runofffro~ snOWill(31t. The Forest Service procedure given
in Chapter 9 (see figure 9-1) covers the evaluation of commercial forest
and woodland.

where Qs =
As =
Ss =
Qo =
Ao =

Surface storage in closed-end level terraces, and in contour furrows,
may be effective inrEJducingsnowmelt runoff as .described below. Generally,
on field-size watersheds,.the~~oragehas to be quite large in order to
control the additional volumf3s of snowmelt from snow drifting from
adjacent smooth fields and caught by the earthwork.

Determination of surface stora~ effects
Storage in closed-end level terraces and contour furrows can be evaluated
on awatershei or supwayershe4 basis using the equation:

As (Qo - Ss) + AoQo
Qs =------.......-

A+As 0
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F =D f c (1.5 h + 1) (12-3)

(12-4)

(12-2)

(AS - Ap) (Qo - Ss) + Ao Qo - Ap(Qo - F)
Qs =----------------

As + Ao

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) + (As - Ap) (Qo - Ss) + AoQo
Qs =

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:

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

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.

(~ Equation 12-1 and subsequent equations 12-2, 12-4,
l2-5a, and l2-5b, 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 l2-5a and l2-5b.)

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.

where Ap is the average pond surface area in square miles; P is the
storm rainfall, in inches; andF 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 maybe approximated using the
following equation:

•

•

•
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Where. <Is is the reduoed peak, ~ is the origi.nal peak, and the other
symbols are as before. Equation12-5b is adequate for many- watersheds.
However, when the distribution of Qo at1d Ss is not sufficiently uniform,
or when a watershed has a complex drainage pattern, or is unusually
shaped, or has oha:n:nel improvements, it is necessaty to detertnine the·
storage effeots oh a sUbWatershed basis, prepare hydrographs on a sub
watershed. basis, and rout"efloods,in order to determine Cls. It is
usually necessary to follow this routing procedure for large watersheds,
si.nce the distribution of Qo and Sa is nearly always nonuniform on large •
watersheds. ..

(12-5a)

(l2-5b)

12-10

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 inoreasing
the average depth o.f snow On an area (by catching drifting snow) is
important onlr on Very' small areas, and is Usually ignored.

Acc0rC11ng to unit .. hydrograph .theory, tp.e. 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:

qa :: Qs
......... -

qo Qo
or



•

•

•

NATIONAL EN(HNEERING HAND:aOOK

SECTION 4

HYDROLOGY

CHAPTER 1.3. STAGE-INUNDATION RELATIONSHIPS

vi.ctor·•.·Mo~k£$;
.HY'dra.ulicEngi~eer .

'1956

Reprinted with minor revisions, 1971



Tables

Table

NATIONAL ENGINEERING HANDBOOK

13-1
• 13-1
• 13-1
• 13-7
• 13-8
• 13-9

CHAPTER 13. STAGE-INUNDATION RELATIONSHIPS

SECTION 4

HYDROLOGY

13.1.--Sample computation of stage versus area inundated, for a
simple case using one representative cross section in the
reach. • • • • • • • • • • • • • • • • • • • • • • • • • 13-2

13.2.--Sample computation of stage versus area inundated at
selected depths of flooding ••••••••••• ••• • 13-3

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 • • • • • • • 13-5

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. • • • 13-6

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. • • • • • • 13-8

13.1(a).--Area flooded at given depth of flooding increments•• 13-4
13.1(b).--Flood damage reach showing weighting of area between

cross sections. • • • • • • • • • • • • • • • • • • • 13-4

Figures

Figure

Contents

Stage versus area inundated methods • • • • •• ••••
Simple cases . . . . . . . . . . . . . . . . . . .
Complex cases • • • • • • • • • • • • • • •
Planimetering method • • • • • • • • • • • • •

Flood peak or volume versus area inundated method ••••••
Frequency versus area inundated method • • • • • • • • • • •

•

•

•



•

•

•

NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

CHAPTER 13. STAGE-INUNDATION RELATIONSHIPS

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
according 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 Method~

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 the 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 shows 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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Slide rule computations.

8640 (Col. 3) =0.1984 (Col. 3) = (Col. 4)
43560

•

•

•

Remarks

Bankfull
stage

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 InundatedStage top width channel width area in
reach

~ Feet Feet ~

4 24 0 0

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:



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

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.

13-3

• Table 13-2. Sample computation of stage versus area inundated at
selected depths of flooding.

Acres inundated at given depths

Total area
inundated 0..;2 Over 6 1

Acres) (Feet) (Feet

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

•

•



Figure l3-l(a) Area flooded at given depth of flooding increments • •

•

•

(b)
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along the path of
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Lengths a,b,c,etc. are measured along the path of
flow. Length of reach =L=o. b.c+d.e +f.g. Cross
section A has the weight.Jl.; while B has the weight
Ai and so on. L
L

Figure l3-l(b) Flood damage reach showing j,!eighting of area between
cross sections.
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Foot of reach
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2J Bankfull stage •

Sample computation of stage versus area inundated with two
cross sections in the reach (head and foot) and drainage
areas not significantly different.

Head of reach Areas related to foot of reachY

42
6
30 (col. 7) = (col. 8)

435 0

y Length of valley in reach is 4230 feet, and

Cross section 1 Cross section 2 Stage Average.. Average Inun-
top " top c"ated

Stage Top width Stage Top width width width area in
minus reach

channel y
width

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

1021 41 ~ 30 loU 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 •

Table 13-3.

•

•

•



•

11 Bankfull discharge.

2/ Proportioned by the bankfull discharge ratio 680/720. For example,

680 (1510) = 1430 cfs •
720

•
(Feet) (Acres)

Average top Inundated
width minus area in

channel width reach

Cross section A

Areas related to stages
at foot of reach

32 36.5 0 0

141 154.5 118.0 11.1

362 504.0 467.5 43.7

858 964.0 927.5 87.0

(cfs)

680JJ

143aY

289oY·

4750Y

Table 13-4. Sample computation of stage versus area inundated with two
cross sections in·thereach (head and foot), and drainage
areas at the sections vary significantly.

13-6

Cross section A
Foot of reach
D.A.=36.0 s

Dis- Top
Stage charge width
(Feet) (cfs) (Feet)

10 72J1 41

12 1510 168

14 3060 646

16 5030 1070

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 isblL, 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 •



Flood Peak or Volume Versus Area Inundated Method

•

•

(Acres)

0 0

155.0 30.7

555.4 1,09.9

887.1 175.5

(Feet)(Feet)

39.sY
194.8

595.2

926.9

Related to cross section 1
Weighted Weighted Inundated

top top width area
width minus in

channel reach
width

Top Top Top
Stage width Stage' width Stage width
(Feet) (Feet) (Feet) (Feet) (Feet) (Feet)

sJl 42 laY .... e44 71/ 32~>, .,:,;.

10 154 12 250' 9 140

12 702 14 540 11 603

14 1100 16 832 13 948

Cross section CroSs"section Cross secti.on
1 2 J

Weight =0.22 Weight =0.47 Weight =0.31

·8. Plot area floodeu versus stage a.tthe selected cross section.

9. Determine areas flooded at required depth increments (table
13-2).

1. Make field interviews (the economist usually does this) to
determine the areas flooded, for as many floods as possible •

Length of reach = 8620 ft.

This method is generally used with alluvial fan floods, although it can
also be used instead of the stage methods described above.

Other methods involvingplanimetering are sometimes useful. For example,
flood lines for each of several floods may be used to define inundated
area.s on aerial phot6s,which:are planimetered and related to stege or
runoff or frequency. Generally, lack of data on the location of the
flood lines of historih floods liID.its the'application of this and similar
methods.

21 39.8 = 0.22 (42) + 0.47 (44) + 0.31 (32). The weights are in
proportion to total reach: length as shown on figUl'e l.3-lb.

1/ Bankfull stage. Widths at this stagearechanne1 widths~



•
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2. Dete~in~ aotual or estimated flood peak or volume for each
f;J..oqd"usip,g a cross sect~on or gage upstream from the fan as
a referenoe point.

3. Plot the flooded area, in acres, versus the flood peak or
volume for each nood,us1ng ar1thmetio,paper. Draw the
relation between area and peak or volume. .

Onoeth~relation is determined, the effects of upstre~ projects can
becomputed.i:p.t~I"ID.s of runoff. A reduoed runoff meane a reduced area
flooded.. Wh~n a channel system within the fan is proposed for reduoing
f~oq~ing, hydrographsEj.r€:l J>rePa:redatthe ,?-pstream section or gage and
routed downstream.

Freguenoy Versus Area Inundated Method" ,. , .r, - ,

This method is sometime!;! used instead of the:QI.ethods described above.
It is applioableto both stream. reaches and alluvial faps.

1. Determine the area floQded for all known flQods Qy field
interview. The earliest known floo,d dete1"I\1ines 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
l1area flooded" on theverticalaxisandplott;i.ng positions on
the horizontal axis.

5. Plot the "area flooded" values versus their. plotting positions.
The point for zero area is determined by field studies.

6.· Draw the frequency versus area curve. The area under the cu:rve
divided by y gives the average area flooded.

Amajorobjeotiontothis method is that the dollar damage pe;r acre may
vary greatly from flood to flood. In such cases, it i~ more aocurate
to use a damage_freguency ourve.

;
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HYDROLOGY

STAGE DISCHARGE RELATIONS

Introduction

CHAPTER 14.

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.

T,his chapter presents alternate methods of developing these curves at
selected points on a natural stream.

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.1 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 results in the plot being a single line. '

1/ Handbook of Applied Hydrology, Ven Te Chow, page 15-37.

Manning's formula has been used to develop stage discharge curves for
natural streams assuming the water surface to be parallel to the s}.ope
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.

In planning and evaluating the structural measures of watershed protec
tion, it is necessary for SCS engineers and hydrologists to develop
stage discharge curves at selected locations on natural streams.

This aondition does not exist in natural streams.
"

•

•

•



14-2

Development of stage Discharge Curves

Direct· Measuremerit

The most direct method of developirig stage discharge curves for natural
streams is to obtaJ.ri~ve166ities:atselected> points through across sec-
tion. The most I>oP1.l1ar1riethC>distouse a cwrent meter though~ther

methods include the llseof the dynamometer,.thefloat '. the. Pitot tube
and chemical and electrical methods. From these velocities and associ
ated cross sectional· areas, the. discharge is. computed for variou~ .. 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 Handbqok).

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 velocityheEtdreadings are taken at selected points that
represent the cross section of the channel. Table 14-1 is an example of
a discharge determined by th,e 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

Idischarge 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.

I.t should be remembered that no indirect method of di-scharge 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 coefficien,ts selected from King 's "Handbook of Hydraulics," Sections
4 and 5. Overfalldamsorbroad-crestedweirs 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 EiPeriments, Coefficients, and Formulas" by
R. E. Horton. '

NEH Notice 4-102, August 1972
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Velocity,
Ft. per sec.

1.8
2.5
3.1
3.6
4.0
4.4
4.8
5.1
5.4
5.'7

h, Velocity
Head in Ft.

.05

.10

.15

.20

.25

.30

.35

./J)

.45

.50

VELOCITY FOR DIFFERENT VALUES OF 8h"
v '" 8.02 rh

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 efs; 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 slight ripple or bow wave. If the rod is now re
volved 180 degrees, so that the flat edge is t~rned

upstream a hydraulic jump will be formed bv the
obstruction to the flow of the stream. After the
depth o~ first reading 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,

"1
8

r

v = I2gh = 8.02 Ih
" in which = Velocity in ft.
~

v per sec.
"t g = Acceleration of gravity (32.16 ft. per

sec. per sec. )
h = Velocity head, in ft.

f

~
I ~ I" RMIU$

Q-/"
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Figure 14-1. Velocity head rod for measuring stream flow.

t" Br3SS Shoe

Tr3/tmq "6 G Sh fEdne c' ~qe ee
'" Copper

(~CU1:'::'
t" J:;r+-2"~

SECT/ON A A

SECT/ON 8 8

VELOCITY HEAD ROO
Developed at San Dimas

Experilllental Forest
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Depths of
flow

using VHR Velocity
Mean

Distance Cut- boh Average depth Width Area Discharge
along ting Flat Col 3 - At for (from (from (Col 7x (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 18.397.4 3.01 3.25 .24 3.9
3.40 2.60 .50 1.30 4.427.9 2.18 2.31 .13 2.9
2.35 1.48 2.80 4.14 9.7510.7 .78 .83 .05 1.8

.90 .39 1.60 .62 .5612.3 0 0 0

Totals 15.00 45.19

:; Column 5 is read from Figure 14-1 using the boh in column 4.

Table 14-1. Computation of discharge using Velocity Head Rod (VHR) measurements.
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~ =
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2. Elevations of selected high water marks are determined on both
ends of each cross section.

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.

Modified Slope Area Method
The following equations based on Bernoulli's theorem are discussed
fully in NEH-5, Supplement A.

Three or four cross !'lections 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:

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

The flow in a channel reach is computed by one of the open-channel for
mulas. The most cOIDDlonly used formula in the slope area method is the
Manning equation

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 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.

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 discha.+ge of the flood is estimated using high water marks to
determine the slope.

•

•

•
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3. Divide each cross section into segments as needed due to
different "n" values as shown in Figure 14-2.

•

•

•

(Eq. 14-4)

(Eq. 14-5)

(Eq. 14-6)

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)

where
Cl =
E

1 =
E2 =
ui =

The ·working equation is derived from equation 14-1,

q = ( 2g (E1 - _ E2 )) 1 /
2

u1' - UI

1. Draw· a water surface through the average of the high water
~. 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.

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 secti.on into segments. The number of seg
ments will depend on the irregularity of the cross section and

2. Com ute the len tho of reach between the two sections.
From Figure 1 -2 the length of reach is 680 feet.

where JI, 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.



•
High-water marks

e On left bonk
• On right bonk

•

Figure 14-2. High water mark profile and cross sections, Concho River near San Angelo,
Texas. Example 14-1.
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1=

~:::.Ii:.==--.::.::.;;:....:::.;;.;::.:;:;::;....;;:.;;;.;:,..-=:.:;:....;.::~.;:,t;;.ot;;.a=l=.....:K::;d::.. Sum columns 2 and 6

s

q~

1 1
8.29 X 10-10= =

at (34729)2

s 1 = 1.18 X la-lit=2 (91. 88 x 105 )2q1

the variation in "n" values ~ssigned to the different portions.
NEH-5, sUPl'.lement 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.

1- = 1 = 9.31 X 10-10
a~ (32771)2

19 (:1)= (680) (32.2) (lo18 x 10-14 ) =2.58 x 10-10,

U- = (8.29 x 10-10 ) - (2.58 x 10-10 ) = 5.71 X 10-10

5. Compute F =1.486 AR2/ a for each segment. Using standard
drawing ES-76 (NEH-5), compute F and tabulate fn column 4,
Table 14-2(a) and 14-2(b).

6. Compute 9/S
1
/

2 = 1.486 AR2/ a • 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
/

2
and 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.

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 19s
af q~

9. Compute U+ Using Eq. 14-5 or ES-77 compute U+for upstream
cross section B using data in Table 14-2(b).
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Wetted
q,

Segment Area Perimeter F n s01l2

0' (2) (3) (4) (5) (6)

l l598 236 8.50 x l04 0.080 1.06 x l05

2 l1750 725 11. l8 x l04 .030 37.27 x l05

3 4750 227 5.37 x l04 .045 l1.93 x 105

4 2486 78 3.7l x l04 .055 6.75 x l05

5 4944 l53 7.43 xl04 .035 . 21.23 x 105

6 3455 134 4.47 x l04 .100 4.47 x lOS

7 2270 273 1. 38 x 104 .045 3.07 x 105
"

8 l518 513 0.465 x 104 .035 1.33 x 105

32771
87.11 x lOS

Table 14-2(b) Data for computing discharge from modified slope-area
measurements; Cross Section B at Station 11+100. Example 14-1

Table l4"2(a) Data; for computing discharge from mOdified. dope-area
measurements; Cross Section A at Station 4+20. Ex~ple 14-1

Wetted q

Segment Area Perimeter F· n " So112

'i i
" ,

(1) (2) (3) (4) (5) (6)

1 2354 252 1.55 x 104 0.080 1.94 x 105

2 12691 735 12.60 x 104 .030 42.00 x 105

3 5862 231 7.50 x 104 .050 15.00 x 105

4 5385 167 8.1 :x 104 .035 23.14 x 105

5 2523 135 2.64 x 104 .100 2.64 x 105

6 2498 350 1. 38 x 104 .050 2.76 x 105

7 3416 645 1.54 x 104 .035 4.40 x 105

-'" -
34729

91.88 x 105

•

•

•
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Selecting Reach Lengths

•

•

•
= 105 ,.!33J

xV~

q = (2g (El - E2»)1/2
u1: - Ul

Using Eq. 14-4.

'Il1 =1/(':» (32.2-) (56.50 ~ 55~98)
V(12.20 - 5.71) x 10-10

q = 2.265 X 105 or q = 226,)00. This compares with the
discharge of 230,000 cfs computed by USGS in Water Supply
Paper 816.

10. Compute q.

U+ = (9.31 X 10-10 + 2.89 x 10-10 ) = 12.20 X 10-10

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.

19 (~)= (680) (32.2) (1.32 x 10-1~) =2.89 X 10-10

tt2

11
S= aLa

NEH Notice 4-102, August 1972

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 loss in the reach. This method, ignor
ing the changes in velocity head, is illustrated in Example 14-6.

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.

Synthetic methods
There are various methods which depend entirely on data which may be
gathered at any time. The.se 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.

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:



14-8)

14-9)

14-10)

CEq. 14-13)

proper subscripts

( H ) 1/2

+ Kdf X\ Lf

14-12 using the

(
H

Lc
) 1/2

Kdc x

+Kdc

Lc 1 / 2
=

qc = discharge in channel portion
Kdc = conveyance in channel portion
Sc = energy gradient in channel portion
qf = discharge in floodplain portion
Kd

f
= conveyance in floodplain portion

Sf = energy gradient in floodplain portion
qt = total discharge
Kdt =total conveyance
Sa = average slope of energy gradient

qc = Kdc x

qf = Kdf x

qt = Kdt x

substituting into Eq.

Kdt x ( ~ar/2 =

Divide both sides by H1
/

2

Let S =!

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.

Substituting from Equations 14-8, 14-9 and 14-10

NEH Notice 4-102, August 1972

14-11

Then

where H = elev. of reach head - ele~ of reach foot
L = length of reach

Then

The total discharge in a reach is equal to the flow in channel plus the
flow in the overbank..

where

The reach length La can be computed as follows:

where: Sa = average slope of energy gradient in reach
H = elevation difference of the energy level between sections
La = average reach length

•

•

•
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(Eq. 14-14)

(Eq. 14-15)

(Eq. 14-16)

(Eq. 14-17)

(Eq. 14-18)

(Eq.14-19)

(Eq. 14-20)

=
(~) 1/2

{~ct/2

on the left hand side drops out with a value of 1 giving

=

(~J

NEH Notice 4-102, August 1972

qt = {Kdc)(Sc)l/2 + {Kdf){Sc)1/2 (~r/2

Rearranging we get

qt = (Krle- + (Kdr) r~'/» (se)'/>

H
Sc =-- or

Lc

Divide Equation14~16 by Equation 14-17

The procedure can be modified slightly and a constant reach length used
in all computations.

Multiply both sides or Equation 14-9 by (~~) 112

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.

'l'his gives:

E~uation 14-15 becomes by substitution:

The

Sf and Sc can be

H
Sf =Lf or

14-12

1/2
qf = (Mf )(Sc.) 1 /2 (~~)

The term (fc.f) is commonly referred to as the meander
·factor.

Then sUbstituting Equation 14-19 and 14-8 into Equation 14-11 we get
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Figure 14-3. Reach length vs. elevation, Little Nemaha
Section 35.
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In practice Q2 and A2 usually represent the outlet of the watershed and
remain constant and Al is varied to obtain QI at other points of interest.

It is desirable for the water surface profile 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 vii11 increase as the profile progresses up the watershed.

•

•

•

(Eq. 14-21)

(Eq. 14-22)
( .894
A2. 048 - 1)

( .894 )
46c A A· 048 - 1Q =

C remains constant for any point in the watershed, then
at any point in the watershed may be related to the dis
other point in the watershed by the formula

( .894
AI· 048 - 1)Al

where Q is discharge in CSM
A is the drainage area

and C is a coefficient depending on the characteristics of
the watershed

The rate/Of discharge at any point in the watershed is based on the
formula..!

NEH Notice 4-102, August 1972

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

Assuming that
the discharge
charge of any

where QI and Al represent the discharge rate in CSM and drainage area
of one point in the watershed and Q2 and A2 represent the CSM and drain
age area at another.

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

l/ Engineering For Dams, Vol. 1 page 125, Creager, Justin & Hines .

14-14
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discharge of the outlet if the outlet is at 400 s~uare miles as shown in
Example 14-2. Example 14-3 shows how to use Exhibit 14-Lif the drain
age area at the outlet is not 400 s~uare miles.

Example 14-2

Find the CSM value to be used for a reach with a drainage area of 50
s~uare miles when the CSM at the outlet is 80 CSM. The drainage area
at the outlet is 400 s~uare miles.

1. Determine K for a drainage area of 50 s~uare miles.
From Exhibit 14-1 with a drainage area of 50 s~uare

miles read K = 2.61.

2. Determine CSM rate for 50 s~uare miles. Multiply CSM at
the outlet by K computed in step 1.

(80) (2.61) = 209 CSM @50 s~uare miles.

Example 14-3

Find the CSM rate to be used at a reach with a drainage 'area of 20
s~uare miles if the drainage area at the outlet is 50 s~uare miles.
The CSM rate at the outlet is 60 CSM .

1. Determi'ne K for a drainage area of 20 square miles.
From Exhibit 14-1 for a drainage area of 20 s~uare miles
read K = 3.66.

2. Determine K for a drainage area of 50 square miles.
From Exhibit 14-1 for a drainage area of 50 s~uare miles
read K = 2.61.

3. Compute a new K value for a drainage area of 20 s~uare

miles. Divide step 1 by step 2.

3.6
6

6 = 1. 40
2. 1

4. Determine CSM rate for the 20 s~uare 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 develop stage discha.rge curves for
flows at less 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

NEll Notice 4-102, August 1972.
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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 surveed cross section. From field survey notes, plot
the cross section, Figure 1 -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 segment on an enlarged scale. Figure l4-5(b),
for use in computing the area and measuring the wetted peri
meter at selected elevations in the channel. The length of the
segment a.t 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 C:, 6, 10, and 14 of Table
14-3.

7. Compute F factor. F = 1.486AR2
/

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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Figure 14-4. Schematic of Watershed for Examples 14~4, 14-5,
and 14-6.
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Figure 14-5. Cross section M-l. Examples 14-4 and 14-5.
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n = .08 Segment 1 n = .045 Segment 2 n = .040 Segment 3 n = .045 Segment 4

Elev Area Iwp F Qnd/solfl. A wp F Qnd/sol/2 A wp F CJnd/sol/2 A wp F CJnd/solfl. I: qnd. / S
o
l/ 2 I: 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 956011 2.38 x 105 15555 1460 112000!1 2.49 x 106 4.78 x 10 6 31691

102 3272 510 17000 2.12 x 105 7493 925 44700 9.83 x 105 856 62 7300 . 1.82 x 105 11175 1440 65000 1.44 x 106 2.81 x 106 22796

100 2272 490 9350 1.17 x 105 5643 925 27900 6.20 x 105 756 62 5940 1.48 x 10 5 8325 1400 40800 9.06 x 10 5 1.79 x 106 16996

98 1322 460 3970 4.96 x 104 3793 925 14400 3.20 x 105 656 62 4700 1.17 x 105 5523 1380 20800 4.60 x 105 9.47 x 105 11294

96 487 375 860 1.07 x 104 1943 925 4740 1.05 x 105 556 62 3560 8.9 x 104 2833 1300 7040 1.56 x 105 3.61 x 10 5 5819

95 150 300 140 1.75 x 103 1018 925 1615 3.59 x 104 506 62 3040 7.6 x 104 1543 1275 2600 5.78 x 104 1.72 x 10 5 3217

94 0 0 :J 0 93 925 30 6.67 x 102 456 62 2560 6.4 x 104 378 1050 284 6.32 x 10 3 7.10 x 10" 927

93 0 0 0 0 407 58 2250 5.61 x 104 0 0 0 0 5.61 X 104 407

91 315 52 1560 3.92 x 104 3.92 X 104 315

89 231 46 1080 2.51 x 104 2.51 X 104 231

87 155 41 560 1.40 x 104 1.40 X 104 155

85 87 35 236 5.90 x 103 5.90 x 103 87

82 0 26 0 0 0

..

• •
Table 14-3. Hydraulic parameters for starting cross section M-l, Example 14-4.

lITo solve this Ol. ES-77 divide F by 2, then doubl.e results read from Sheet 3, E8-77.'
!/rn order to solve this on ES-76 it is necessary to divide both area and wp by2 and then double the F factor read from Sheet 3, ES-76.

NOTE: CJnd/sol/2 is the same as Kd or commonly referred to as the conveyance factor.
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Figure 14-7. Stage discharge section M-l, Example ~4-4.
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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/Sol/2 for eaeh elevation.

Using standard drawing ES-77 and the assigned "n" value for
each segment compute ~d / SO I/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 = SI/2 x Kd.
The stage discharge curve for cross section M-l is shown on
Figure 14-7.

~e 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
floodplain segments. Table 14-3 of Example 14-4 was used to
develop the hydraulic parameters for sect~on M-l for each
segment. From Table 14-3 add the Qnd/S01/ 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 factor Lc/Lf. For the channel length

of 2700 feet and the floodplain length of 2000 feet the meander
factor is:

2700
2050 = 1.35

3. Determine Lc/ Lfl/2.

(1.35)1/2 = 1.16

NEH Notice 4-102, August 1972
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• ---_.---.~--Table 14-4. Stage discharge for Section M-1 with meander correction, Example 14-5
J

Elevation Floodplain (lOr Channel Col. 3 + Discharge
Kdf Kdf Lf Kd Col. 4 Qtc

(1) (2) (3) (4) (5) (6)

105 4.54 X 106 5.27 X 106 2.38 X 105 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 101+ 4.05 X 10 5 12800

95 9.55 X 101+ 1.11 X 10 5 7.6 X 101+ 1.87 X 10 5 5910

94 6.99 X 10 3 8.11 X 10 3 6.4 X 101+ 7.21 X 101+ 2280

93 o. o. 5.61 X 101+ 5.61 X 101+ rnO

91 o. O. 3.92 X 101+ 3.92 X 101+ 1240
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Qt = (Kdc + (Kdf) (Lc /Lf)I/2) (Sc)l/2

Qt = (5.51 x 10 6
) (3.16 x 10-2) = 1.74 X 10 5 = 174,000 cfs.

Compute the discharge for each elevation. Use Sc = .001
and Equation 14-20. Multiply columns by Scl/2and tabulate
in column 6.

7.

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 andM.,...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

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)I/2. From Table 14-4 add columns

3 and 4 and tabulate in column 5.

Example 14-6

4. Compute (Kdf) (Lc/Lf)I/2. For each elevation in column 1 of
-~-

Table 14~4 mUlt"iply column 2 by (Lc /Lf)1/2and tabulate in col-
Umn 3.

The next example will S40W the use of the modified step method in comput
ingwater surface profiles. It is a trial and error procedure based on
estimating the elevatio~ at the upstream section, determining the con
veyance, Kd, for the estimated elevation and computing SI/2 by using

Mannings equation in the form SI/2 =~ where Kd = 1.~86 AR 2/ 3 • S 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.

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 fc;>r cross sections M-2 and T-1. 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
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.
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Col 5 +
Assumed

( ~-2r Col 9 Computed
Elev. @ elev. @ -- = S:f estimate elev. @R,C KdM_2 KdM_2 S:f x R,CSM Discharge in c:fs M-l M-2 M-l M-2 elev @M-2 M~2

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

2 2 x 400 x 1.000 = 800

2 x 398 x 1.00211= 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
F:

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 105 .00062 1.34 96.00+ 95.7

95.8 1.90 x 105 .00044 .95 95.6r

20 20 x 400 x 1.000 = 8000

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 105 .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 105 .00065 1.40 98.52+

98.4 8.00 x 10 5 .00062 1.34 98.46+ 98.4

98.5 8.20 x 105 .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= 80000

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+

Table 14-5(a). Water Surface profiles from cross section M-l to M-2, Example 14-6.

Y Computed :from equation shown on Exhibit 14-1.
3/ Where the channel length is di:f:ferent :from the :flood plain length. Kd values :for :flood plain portion o:f section are

modi:fied so channel length may be used in all calculations.
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11. Repeat steps 5 through 10 for each csm value selected.

14-27

12. Plot stage discharge curve, columns 3 and 11 as shown on Figure
14-9 .

= .00046 and tabulate in column

Divide column 3 by column 7 and

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).

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).

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.

area is 398 s~. 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).

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).

D t . S Sf = (QM_2)2 •e erm~ne f.
(KdM_2)

s~uare the results (798/37000)2
8 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.

8. Determine Sf x ~. Multiply column 8 by column 4, .00046 x 2150 =
.99, and tabulate in column 9 of Table 14-5(a).

3.

5.

4.

6.

9. 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) .

10. 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 cSm discharge the
computed elevation is 90.12 and the estimated elevation is 90.0.
Since column 10 is greater a revision in the estimated elevation
at M-2 in column 6 must be made.

•

•

•
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Figure 14-9. Stage discharge section M-2, Example 14-6.
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Co1 5 +
Assumed rT

-

1 r Co1 9 Computed
E1ev. @ e1ev. @ Kdor-1 KdT-1. = St St x t

estimate e1ev. @
CSM Discharge in cts M-2 T-1 t c M-2 T-1 e1ev @T-1 T-1

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

2 2 x 398 x 1.002 = 798
2 x 48 x 2.6811 = 260 1150 90.15 93.0 1.7 x 103 .0234 26.9 116.9+

94.0 3.4 x 103 .0058 6.70 96.8+

94.5 4.4 x 103 .0035 4.02 94.2- 94.4

94.4 4.2 x 103 .0038 4.42 94.6+

10 10 x 398 x 1.002 = 3990
10 x 48 x 2.68 = 1290 1150 95.70 97.0 1.65 x 101t .0062 7.05 102.75+

98.0 5.7 x 101t .00051 .59 96.29- 97.5
97.5 3.2 x 101t .00163 1.87 97.57+

20 20 x 398 x 1.002 = 7980
20 x 48 x 2.68 = 2580 1150 96.65 98.0 5.7 x 101t .00205 2.36 99.01+

98.5 9.0 x 10 1t .00082 .94 97.59- 98.2
98.2 7.0 x 101t .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 x 10 5 .00077 .89 99.34-

99.5 1.85 x 10 5 .00122 1.40 99.85+ 99.7
99.65 2.00 x 10 5 .00104 1.20 99.65-

100 100 x 398 x 1.002 = 39900

100 x 48 x 2.68 = 12900 1150 100.3 101.0 3.6 x 10 5 .00128 1.47 101.77+
101.2 4.0 x 10 5 .00104 1.2 101.5+ 101.3
101.3 4.4 x 10 5 .00086 .99 101.29-

200 200 x 398 x 1.002:= 79800

200 x 48 x 2.68 = 25800 1150 103.15 104.0 9.2 x 105 .00078 .90 104.05 104.0

•Water surface profiles from cross section M-2 ~o T-l.

.J4aken trom Exhibit 14-1.

Example 14-6. •
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Road Crosslngs
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•

(Eq. 14-23)

al, a2, a4 =velocity head energy coefficients at
the upstream, constriction, and downstream
section.

Vn2 = average velocity in constriction or ~ in feet per second.

Table 14-5(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).

Bridges

is:

2 (a, vl al vi )h* = K* .:::. Vn2 +
1

2g 2g 2g

where h* = total backwater, in feet1

K* = total backwater coefficient

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 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) 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 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
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1. Total area of bridge opening.

2. Length of bridge opening.

(ECl. 14-24)
2

h* = K* L
2g

A = gross water area in constriction measured
below normal stage.

h* = total backwater, in feet

K* =total backwater coefficient

V = average velocity in constriction ~

V/t = average velocity at section 4 downstream in
feet per second.

VI = average velocity at section 1 upstream in feet

per second.

where:

The following data are the minimum needed for estimating the maximum
backwater effect of a bridge using ECluation 14-24.

NEH Notice 4-102, August 1972

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.

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."

The examples shown in this chapter are based on the approximate eCluation
to compute bridge head losses taken from the BPR report:

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.

ECluation 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 const·ant
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.

(For a more detailed explanation of each term and the development of the
eCluation refer to "Hydraulics of Bridge Waterways.")

•



3. Cross section upstream from the bridge a distance approximately
e<lual 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 sq. ft., length of bridge = 400 ft.,
area of approach = 11850 sq. ft., width of flood plain = 2650 ft., esti
~ated 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

3. Determine the change in velocity head. Using the results of
step 1 (.346) 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 Equation 14-24 and (from Exhibit 14-2)
is 0.8 ft. 2g

4. Estimate the constriction ratio, M. Using the results from step
1 (.346) and step 2 (.151) readM = .67 from Exhibit 14-3.

5. Estimate the total backwater coefficient. Using M = .67 from
step 4 read from Exhibit 14-3 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 Eq. 14-24.

6. Compute the estimated total change in water surface, h*. From
Equation 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.

NEH Notice 4-102, August-1972
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Example 14-8 shows a more detailed 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 cros:; 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 sectibn. 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.

ExamIlle 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 present condition elevation for each discharge at
the bridge section M-4. 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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Figure 14~12b. Water surface profile with constriction.
Example 14-8.

Figure 14-12a. Water surface profile without constriction.
Example 14-8.
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11 These letters and symbols are the same as used in Hydraulics of Bridge Waterw~s, u. S. Dept. of Transportation,
Bureau of Public Roads, 1970. This publication is for sale by Superintendent of Documents.

Normal Velocity Normal
Discharge e1. @ through e1. @ Z

Elev. with
in x-sec Restricted bridge x-sec

vJ! K~
Vnz Y 24" H. col.

1000 cfs M-4 area Ariz openings M-5 Jl.! ~Y K*Y 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
(/] 10 98.25 1280 7.81 98.55 .350 1.74 .028 .08 1.82 .947 1.72 100.27

CVrl
~';;j 20 99.82 1720 11.63 100.00 .276 2.08 .035 .08 2.16 2.10 4.53 104.53
'J:: ~ 30 100.95 2060 14.56 101.15 .243 2.24 .038 .08 2.32 3.29 7.63 108.78
I'Q l:l 40 101.90 2340 17.10 102.10 .222 2.34 .040 .08 2.42 4.54 10.99 113.09

'n- ~ 50 102.80 2600 19.23 103.00 .208 2.41 .041 .08 2.49 5.74 14.29 117.29
0
00 60 103.55 2660 22.56 103.75 .183 2.54 .042 .08 2.62 7.90 20.70 124.45
(Y) It\

..:t 70 104.25 2660 26.32 104.50 .160 2.66 .042 .07 2.73 10.76 29.37 133.87-I-

t 5 97.20 lC130 4.85 97.35 .510 1.09 .027 .10 1.19 .365 .43 97.78
(/] 10 98.25 1470 6.80 98.55 .385 1.59 .036 .12 1.71 .718 1.23 99.78CVrl

bOrl 20 99.82 2070 9.66 100.00 .315 1.90 .043 .12 2.02 1.45 2.93 102.93
'0 ell

'J:: ~ 30 100.95 2540 11.81 101.15 .282 2.05 .046 .12 2.17 2.17 4.71 105.86
I'Q l:l 40 101.90 2950 13.56 102.10 .265 2.13 .048 .12 2.25 2.86 6.44 108.54

'n
o~ 50 102.80 3300 15.15 103.00 .250 2.21 .049 .12 2.33 3.56 8.29 111.29
00 60 103.55 3380 17.72 103.75 .220 2.35 .049 .11 2.46 4.89 12.03 115.78..:t It\

..:t 70 104.25 3380 20.71 104.50 .192 2.49 .049 .1.0 2.59 6.66 17.25 121.75-I-

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 .1.5 1.59 .557 .89 99.44

CVrl
~';;j 20 99.82 2550 7.84 100.00 .350 1.74 .049· .1.6 1.90 .955 1.81 101.81
.;:: ~ 30 100.95 3050 9.84 101.15 .325 1.85 .052 .1.6 2.01 1.50 3.02 104.17
I'Q l:l 40 101..90 3520 11.36 102.10 .310 1.92 .054 ·1.6 2.08 2.00 4.16 106.26....- ~ 50 102.80 3950 12.66 103.00 .298 1.98 .055 .1.6 2.14 2.49 5.33 108.33
0
00 60 103.55 4050 14.81 103.75 .262 2.15 .055 .1.4 2.29 3.41 7.81 111.56
It\ It\

..:t 70 104.25 4050 17.28 104.50 .230 2.30 .055 .1.3 2.43 4.64 11.28 115.78-I-

t 5 97.20 1420 3.52 97.35 .580 0.84 .040 .1.9 1.03 .192 .20 97.55
(/] 10 98.25 2170 4.61 98.55 .480 1.20 .050 .21 1.41 .330 .47 99.02CVrl

~';;j 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
I'Q l:l 40 101.90 4750 8.42 102.10 .377 1.62 .059 .21 1.83 1.10 2.01 104.11

'n- ~ 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 .325 1.85 .061 .1.9 2.04 1.83 3.73 107.48t- It\

..:t 70 104.25 5520 12.68 104.50 .285 2.04 .061 .1.7 2.21 2.50 5.53 110.03-I-

••Backwater computations through bridges, Example 14-8.Table 14-6.
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Stage discharge without embankment
Section M-5, Example 14-8.
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DISCHARGE IN 1000 cfs
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Figure 14-13.
overflow.
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Plot the elevation vs. gross bridge opening area as shown in
Figure 14-14.

600
900

1500
2700

Bridge Area

96
97
99

103

Elevation

piers. The channel area is 600 ft. 2 and for the 300 ft.
long bridge the gross bridge area is:

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.

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:

Determine the elevation for each dischar e at section M-5 under
natural conditions. Using Figure 1 -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.

Compute M vs. elevation for each brid6e size. M is computed as
outlined in "Hydraulics of Bridge Waterways." 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+Qb+Qc Q

C0mEute the average velocity through the bridge openin6'
Divide column 1 by column 3 and tabulate in column 4 of Table
14-5. For the 300 ft. long bridge:

Q 5000
V = A = 885 = 5.65 ft./sec.

Compute the velocity head (V2 )/26' Using the velocities from
column 4 compute the velocity head for each discharge 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) -

4.

5.

8.

7.

•

•



Figure 14-14. Bridge opening areas, Example 14-8.

• •
5 6 7 8 9 1042 3

IXI03

..

..

BOTTOMOF8RIDGESTRI NGERS "-.

3 4 5 6 7 8 91
IXI02 AREA

2

108

7

6

105

;
4

2:
0
c+

3p-
(J
(1)

.j::"" z 2
I 0
H

~0
I\)

> I
IJ.l

?f ...J

Otl 1J.l100
~
CIl
c+ 99
H
\0
-:J

98I\)

97

96

•



•

.65.60.55.50.45.40
M

•

.35.30.25

Figure 14-15. M values for bridge~ Example 14-8.
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Figure 14~}6. J values for bridge, Example 14-8.
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for 5000 cfs and a 300' bridge:

M =

Then: :S:I?. = (16)( 7) = 41
Anz 2700 •

Compute and plot Ap/Anz vs. elevation for each bridge length
as shown in Figure 14-16.

Plot M vs. elevation for each bridge size as shown in Figure 14-15.

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. Withiri the 200 foot width the
piers will occupy (~) (2) = 16 feet •

( 25)

area of piers = ~ = J
area of bridge Anz

The approach section information is not shown for this example.

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.

9. Read M for each elevation. Using Figure 14-15 prepared in step
8 read M for each elevation in column 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°wingwa11s
and tabulate in column 7 of Table 14-6.

11. Compute the area of pier/area of bridge vs. elevation.

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 ~Kp.

Using J from step 12 read ~K 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 1) from Exhibit 14-5b.
Multiply ~K by a and tabulate as ~p in column 9 of Table 14-6.

•

•

•



* *

for 5000 efs and a 300 foot bridge with piers:

•

•

•(Eq. 14-25)

a = .59

q = .... CA ~2g&h

NEH Notice 4-102, August 1972

AK = .105

AKp = AKa' = (.105) (.59) = .06

14-44

16. Determine the' elevation with bridge losses. Add column 5 and
column 12, and tabula.te 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.

h* = (1.24) (.495) = .61 feet

for 5000 cfs and a 300 foot bridge without piers:

If the example did hot include piers or if the effect of elimi
nating' the piers are desired the h* could be determined by
multiplying column T by column 11.

h* = (1.30) (..495) =.64 feet

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 tobe 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:

2
h* = K* L

2g

Another approach commonly taken is to compute the flow through the bridge
opening by the orifice flow equation.

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 Kdconstant for all elevations above th.e bridge girder. Example
14-8 uses this procedure. (See Figure 14-14).



Equation 14-26 was developed for use in rectangular weir sections. Since
road profiles encountered in the field seldom represent rectangular sections

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 equation is:

Using a C value of 0.8 has given approximately:the same results as the
BPR method for Example 14-7. However, the corresponding Cvalue varied

¥ with discharge.
*

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

discharge, in cfs
the difference in water surface elevation between
headwater and tai1water, in feet
flow area of bridge opening, in square feet
acceleration of gravity
coefficient of discharge

where L =
He =

C =

NEH Notice 4-102, August 1972

Q = CLHe
3 / 2 (Eq. 14-26)

14-45

The following approximate ranges of C values for flows ~ver embankments
are recommended for use in Eq. 14-26. For road and highway fills, C =
2.5 to 2.8; for single-track railroad. fills, C = 2.2 to 4.5; for double
track railroad fills, C = 1.9 to 2.2.

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 estim~te of the effect of the
bridge constriction on stages upstream underthese'conditions is difficult
to obtain.

In estimating C, if conditions 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.

where q =

• Llli =
A =
g =
C =

•
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(Eq. 14-27)

(Eq. 14-28)C' = C( de~th 3/2

depth+velocity head)

A = flow area over the embankment at a given depth~

h~ in sq~are feet
h = flow depth measured from the low point on the

embankment~ in feet
C' = coefficient which accounts for the velocity of

approach.

Then:

where:

The coefficient C' can be computed by equating Equations 14-26 and 14-27
and solving for C'.

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 approximated 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.

A method suggested for use in this chapter substitutes the flow area A
for the weir length and flow depth over the weir in Eq. 14-26.

it becomes difficult to determine the weir length to use. Many approaches.
have been formulated to approximate thi.s length. One approach suggests
measuring the top width at the maximum depth of flow over the road and
computing H = d !-. for each depth.

e 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.

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~ H2/Rl~ where H2 and HI are
the depths of water downstream and upstream~ respectively~ above the low
point on the embankment. A submergence factor ~ R ~ i.s read from F1.gure 3-4 ~
NEH-ll~ Drop Spillways~ and the submerged discharge is computed as Qs =
RQf· Then the total discharge at the bridge section is equa] 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 Eq. 14-28 in computing flows
over embankments using a trial and error procedure to determine C'.



•

•

Example·14~9.

Develop a stage discharge curve for the overflow section of the highway
analyzed in Example 14-8 (see Figure l4-l2c) for the bridge opening of
300 feet. The top of embankment is at ele.vation 107. Assume a C value
of 2.7.

1. Select a range of elevations that will define the rating curve
uver the road. Tabulate in column 1 of Table 14-7. The low point
on the .coad is at elevation 107.

2. Compute the depth of flow, h, over the road. For each elevation
listed in column l compute h and list in column 2 of Table l4-7 .

3. Compute h 1
/

2
• Tabulate in column 3 of Table 14-7.

4. Compute tne 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 tc 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 14-1. 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 dischar e oin ast the brid e section.
Sum columns and 7 and tabulate in column 8 of Table 1 -

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:

28250 ft 3 /sec 6 /
V = 26700 ft 2 . = 1.0 ft sec.

Tabulate the velocity in column 9 of Table 14-7.

NEH Notice 4-102, August 1972



••

Table 14-7. Stage discharge over roadway at cross section M-4without submergence. Example 14-9.

h1h A A Q Q Q y y2 Q QElevation h over up- through est.over est. 2g C' over total
road stream bridge road total roadft ft 2 ft2 cfs cfs cfs ftls~c 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

•
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Figure 14-17. Stage discharge with embankment overflow, section M-5, Example 14-9.
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Multiple bridge openings

•

•

•

= 2.852.7

(.966)3/2
=1

C' = 2. 7 ------=~.-..;.---

( .5 \3/2
.5+.0175 7

List C' in column 11 in. Table 14-7.

13. List the total discharge going past the bridge section. Sum
columns 6 and 12 and Tabulate in column 13 of Table 14-7.

Kd Bridge
Kd Approach

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 g~eater than the estimated discharge modify
the estimated discharge in column 7 and recompute C' following steps
8 through 12.

12. Compute discharge over the road. Using e~uation 14-27 and
data from Table 14-7 compute the discharge over the road. For
example at elevation 107.5:

Q = C'Ah~/2 = 2.85(625)(.707) = 1260 cfs

10. Compute the velocity he~d. Using the velocity from column 9
compute V2/2g and tabulate in column 10 of Table 14-'7'

11. Compute ct. Using e~uation 14-28 and data from Table 14-7 com
pute C'. For example at elevation 107.5:

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 discharge 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 openings in roads occur ~uite often and must be considered
differently from single openings. The M ratio in the BPR procedure is
defined as:

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- •
side!'ed. tc be the same elevation for each opening and the solution becomes
trial and error until the head losses are e~ual for each opening and the
sum of the flows e~uall3 the desired totaL '

Culverts

•

•

x total approach
area

x total approach Kd.
K~ridgexKd apprx =

5. Compute'tneapproach area contributing to this opening by
the relationship:

Area apprx = K~ridgex

K~ridgel ••.•TK~ridge2····K~ridgen

4. Compute M as before using the Kd value computed in step 3 for
the approach.

3. Proportion the approach Kd value for each opening by the
relationship:

2. Compute the Kd value for the total approach section.

1. Compute the ~dvalue for each bridge opening.

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.

NEH Notice 4-102, August 1972

6. Compute J as before using the area computed in step 5 for the
approach area.

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:

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 HighwayCulverts,Hydraulic Engineering Circular No.5,
December 1965, is available from the Superintendent of Documents,
Washington, D. C.
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Culverts of various, types, installed under different conditions, were
studied in order to develop procedures to dete.r.mi.ne the backwater effect
for the. two flowcondi.tions·: I} culverts. flowing with. i.nlet control;
2) culverts flowing with outlet control.

Inlet Control
Inlet control m~an~ that the capacity of the culvert, i~C011.troll~,d 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 i.nlet edge, shape of headwall, and other losses.
With inlet control the entrance acts as an orifice and the barrel of the
CUlvert is notsllbjected to pressure flow. Figure 14.19a and 14.l9b show
sketches of two types of inlet controlled flow.

The nomographs shown on Exhibits 14-6 through 14-10 were developed from
research datapY.~!l~.Divisionof Hydraulic Research, Bureau of Public
Roads researchdata~' ~ey 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 l4-20a.

b. Bevel A and BevelB - These bevels, a type ?f 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 extends 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)

NEH Notice 4-102, August 1972
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Figure 14-20. Types of culvert inlets •

PLAN VIEW
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SECTION A-A

Tapered inlet

Bevel A and Bevel B Mitered
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y 2

Hv = -when Y is the average vel06ity in the culvert barrel.2g

(Eq. 14-29)

CEq. 14-32)

(Eq. 14-31)

of a standard concrete Pipe.
illustrated)

y2

2g

y2
x

2g

Mannings friction factor
length of culvert barrel (ft)
velocity in culvert barrel (ft/sec)
acceleration of gravity (ft/sec 2 )

hydraulic radius Cft)

Hf = friction loss in barrel

29n 2 L
Hf = RI. 3 3

n =
L =
Y =
g =
R =

Grooved edge - The bell or socket end
is an example of this entrance. (Not

h.

•

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.

y
2

•He = K _. (Eq. 14-30)e 2g

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 reqnired
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:

SUbstituting in Equation 14-23:

29n 2 L
H = (1 + Ke + Rl.33 )

Figure 14-21a shows the terms of Eq. 14-29, the hydraulic gradeline, 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.

yl2
H = dl + 2g + LSo - d2 = Hv + He + Hf (Eq, 14-33)
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Figure 14-21. Elements of culvert flow .
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From Figure 14-21a: •

•

•

or TW

(Eq. 14-35)

(Eq. 14-34)

2

HWo = H + ho - L80

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 dcand the crown of the culvert, or equal to dc + D . h

The depth d2 or 0

2
(see Figure 14-21c) for this type of flow is equal to dc + D
Whichever is greater.

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.

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.

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.

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.

With the above definition of d2 wllich will be designated as ho , an equa
tion common to all outlet control conditions can be written:

NEH Notice 4-102, August 1972

The culvert headwalls are parallel to the embankment with no wingwalls,
and the entrance is square on three edges.

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, improved 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 following are given in this example: a stage discharge curve for cross
section T-2, present condition and with proposed channel improvement
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5. Compute HW.Multiply column 4 by the depth of the culvert (8
feet) and tabulate in column 5 of Table 14-8.

6. Add the invert elevation at the entrance to the culvert (elev.
95.33) to column 5. Tabulate in column 6 of Table 14-8.

NEH Notice 4-102, August 1972

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 (~) 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,

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 D' 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 qjB) to the first
HW/D line, then horizontal to line (3), which is the HW/D for
the type of culvert in this example •

Determine the dischar e 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.

2.

2.

7. Plot the stage discharge curve assuming inlet control. Plot
column 1 and column 6 of Table 14-8 as the stage discharge
curves for cross section T-4 (see Figure l4-24b curve A). This
assumes inlet control with the road SUfficiently high to prevent
over topping.

3.

4.

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.

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.

(Figure 14.,23, curves A and B). Als.o given is a stage discharge curve
for cross section T-4 disregarding the effect of the culverts and road
way fill (Figure l4-24l'l,).•

•

•
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Table 14-8. Headwater computations for eight 16' x 8' concrete box cUlverts, h~adwalls
parallel to embankment (no wingwalls), square edged on three sides, Example 14-10.

Y HWI * HW + 95.33 (invert elevation at entrance end of' culvert .. 95.33).
d + D

Y ho "~ + 95.00 (invert elevation at outlet end of' culvert .. 95.00).

]J HWo " H + TW - LBo or H + ho - LBo,· whichever is g:o:oeater.

!!J Tailwater elevation is higher than the cOlllputed elevation and open channel f'low exists.
2/ See example on Exhibit 14-11.

§I Not~: with channel improvement the control switches f'rOlll outlet to inlet between 5000
and 8000 cf's.

11 See example on Exhibit 14-6.

§j If' de ~ D, the outlet alwa;ys controls.

21 dc + D cannot exceed D.

2

Outlet Control Present Channel Outlet Control,Total Discharge Discharge Inlet Control
Imnroved ChannelDischarge f'or per f'oot HW

HW HWY Ke H dc
dc + D hoY TW

LSo
HWoll TW HWp. q Each Culv. of' Width D I --2- Elev. Elev. Elev. Elev. Elev.c:::c

(4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
.. (1) (2) (3)

3000 375 23.5 0.55 4.40 • !!J 0.5 0.22 2.6 5.30 100.30 10l.4 0,33 • !!J 100.7 • ~5000 625 39.1 0.77 6.15 • !!J 0.5 0.60~!I 3.6 5.80 100.80 102.3 0.33 102.57 101.6 101.87
8000 1000 62.5 1.08 8.65 103.9sV 0.5 1.55 4.9 6.45 101.45 103.0 0.33 104.2~ 102.6 103.82!1

.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 2.0l!J 16.08 111.41 0.5 5.60 7.5 7.75 102.75 104.5 0.33 109.77 104.0 109.27

i _0000 2500 156.3 -- -- -- 0.5 10.00 9.rb 8.0rl.! 103.00 105.5 0.33 115.77 104.8 n4.47

Eij
:::r::
2:o
c+
r-"
()
(1)

+="'
I

I-'
o
f\)
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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.

2

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 •

Compute hoe 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.

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.

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.

8.

6.

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.

4 dc + D 4. Compute • Tabulate in column 10 of Table 1 -8
2

Note: dc + D cannot exceed D.

3. Plot the stage discharge curve assuming outlet control with
improved channel. Plot column 1 and column 16 on Figure 14-24d,
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.

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.

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 velo~ity head
is significant and a correction to the coefficient G isd.esired by using
Eq. 14-27 follow steps 5 through 9 of Example 14-9.
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Table 14-9. Stage discharge over roadway at cross section T-3, Figure •14-4. Example 14-10.

Elevation H H1 / 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

14-64

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 example and
assume C = Cl. Tabulate C1 in column 5 of Table 14-9~

6. Compute the discharge over the roadway using Eq. 14-26.

7. Plot the sta~e discharse 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.

Each of the 3 flow conditions were computed independent of each other.
The flow condition that>actually controls is that which requires the
greater upstrJeam elevation for the discharge being considered. By com
paring eleVations for the same discharge for the 3 conditions tabulated
on Table 14-8a.ndIllcitted 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 'dnone graph to better define points of intersection •
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Figure 14-24. Rating curves cross section T-4, Example 14-10.
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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 4000 and 9000 cfs and inlet control governs
for discharges greater than 9000 cfs.

I Under new channel conditions open channel flow exists for discharges less
than 3800 cfs, outlet control governs for discharges between 3800 and 7300
cfs and inlet control governs for discharges greater than 7300 cfs. Also,
in both cases, discharges greater than 10,200 cfs flow will occur over the
road embankment.

If the actual profile for discharges occurring under open channel flow
conditions is desired water surface profiles should be run through the
culverts.

I
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 5000 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 14-3. Estimate of M for use in BPR equation.
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Exhibit 14-5. Incremental backwater coefficient for the more common
types of columns, piers and pile bents •
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Exhibit 14-8. Headwater depth for oval concrete pipe culverts long axis
horizontal with inlet control.
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Exhibit 14-9. Headwater depth for C. M. pipe culverts with inlet
control.•
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Headwater depth forC.M. pipe-arch culverts with inlet
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Exhibit 14-11. Head for concrete box cuIverts flowing full n = 0.012.•
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Exhibit 14-12. Head for concrete pipe culverts flowing full n = 0.012.
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Exhibit 14-13. Head for oval concrete pipe culverts long axis
horizontal or vertical flowing full n = 0.012 •
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Exhibit 14-15. Head for standard C. M. pipe-arch culverts flowing
full n = 0.024.
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Exhibit 14-16. Critical depths-rectangular section.
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TRAVEL TIME, TIME OF CONCENTRATION AND LAGCHAPTER 15.

SECTION 4

Types of Flow
Figure 15.1 shows four types of flow that may occur singly or in
combination on a watershed •

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 ~~d 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.

•

•

•
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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 Chapter
10). The flow takes place as overland flow or channel flow. This type
is commonly discussed in hydrograph analysis but it seldom occurs in 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 slrrface
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 analyses 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. Such water
cannot be measured except indirectly by analyses 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 location
in a watershed to another location downstream. The travel may occur 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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• • • • • • • Eq. l5.2a. . . . . . . . . . .

A = total area of the watershed above the point of reference

Qa = average runoff in inches from the total area (A), or
l:(~ ~)/A

ax = the x-th increment of watershed area in square :miles

Qx =runoff in inches from area ~

Tt = travel time in hours from the center of ax to the point
x of reference

where 1 =lag in hours

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 are
usually a subdivision 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•

Q,
Tt = 3600 V • . . . . . . • . . . • . . . . • . . . Eq. 15.1

Where Tt = travel time in hours
Q, =hydraulic length in feet

V =velocity in feet per second

1ag ,
The lag (1) 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:

•

•

•
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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 (s,ee Chapter 16). When
combinations of flow QCcur together, a cOIllpound hydrog~aphwith:more than
one peak and lag timemay~esult. Ideally theva:dous types ofi'low
should be separa,tedforlag analysis and combined at the end of the
study. Water exists in a ·watershed system as a shapelessm.ass. occurring
in va~ing combination.s ,of .surface runoff , i.nterflow ,and ground water
flow. These components are characterized .by the path the wat,er takes
from where it is generated to the point of reference, downstream. The
velocity distribution varies both horizontally and vertically and lacks
const~tboundaries, thus the flow pattern cannot be evaluated by simple
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 the
hydraulics and storage may change from storm. to storm, "so ,that ,an average
lag may have a large error. The problem of evaluating lag ,is sufficiently
complex that theoretical hydraulic analysis. J.Jlustbe complemented with a
hydrologic appraisaliofthe.relative effect of basin characteristics in
order to make the best estimate.

Time of concentration
This is thetimed::t Jtakes for runoff to trav,el from the hydraulically most
distant part qfthe s,wrm area ,to the.watershed outlet ior other point of
reference downstream; In,hy'drographanalysis,Tcisthetime from the
end of excessive rainfall to the point on the falling limb of theShydro
graph (point o,f, ',inflection} where therecesl?ion curve. !',begins (see~,
Chapter 16). Tc is generally understood as applying to surface :runoff.

The implication in the definitions ofL and -Tc , that the .timefactor is
only a caseof.:calculating'atheoretical velocity of.a, ,segment ,afwater
movingthrough"-,arhydratilicsystem, is an over-simplification. As with
lag, Tc may va~ becB11se of changes in hydraulic ~~d storage conditions.

Esi±matingTc ,Ttanci'i.

Each method pre~e,nted here i~ in effectS: short-cut from which one or more
watershed charactei-i'stics:lia-ve .been omitted. It"is agood"practice to
consider more than on~, .. me~hod, .choosin~ the ,one. that. best fits. the
characteristics of ,a 'given. watershed., Itis not,\forthwhile,avera.ging
estimates made using two or three methods. 'iris3"tead, the method 'that
appears most applicable because of field and data conditions should be
used. -,','1:')":, •.~(", ,....... "

•

•

•
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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 such 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 b.1 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 sediment 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 b.1 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 hydrauligs for estim§t;ng travel time and Tc
This method is recommended for the usual case where no usable hydrographs
are available. This procedure is most 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 :najor 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.tmate the 2-year frequency discharge in the stream. When
this cannot be done, use the approximate bankfull discharge of the low
flow ohannel.
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3. Use the average velocity and the valley length of the reach to
compute the travel time through the reach by. equation 15.1.

•

•

•

•• Eq. 15.3L = 0.6

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 are
appropriate.

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 maybe desirable to use correspondingly higher
velocities for frequencies of 10 to 100 years or greater.

This is for average natural watershed conditions and for an approximately
uniformdistribution'ofrunoff 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. T

In most cases the·· hydraulic data· do not extend upstream to the watershed
ridge. The rema:iJ:l~ng time (to add in step 4) can be estimated by adding
the time obta.inedby the upland method or the Tc obtained by the curve
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:

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
surface runoff conditions. The velocity is determined using figure 15.2.

The most remote segment of runoff that becomes part of the total time 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 surface
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 bel assumed for the average terrace channel. Runoff soon
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The curve number method was developed to span a broad 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

Eq. 15.4. . . . . '. . . . . . . . . . ..

t = hydraulic length of watershed in feet

5 = 1000 - 10 where CN' ';;: hydrologic soil cover
eN'
complex number (CN) in Chapter 9.

Y = average watershed land slope in percent

Where L = lag in hours

Equation 15.4 was developed from research watershed data:

L = t 0.8 (5+1)°·7

1900 y:>.s

Curve number method
This method was developed for areas of less than 2000 acres.

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 selected where natural reach storage ceases to be an important
element in shaping a unit hydrograph for the watershed in question•

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 measured velocity over
the entire hydraulic distance as previously described.

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 Tc
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.

•

••
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retardance of surface conditions on the rate at which runoff concentrates
at some point in question. This retardance, factor (ONt) is approximately
the same as the eN 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 CNt. Runoff curve number tables in Chapter 9 can be used for
approximating the CNt for the "S" in equation 15.4. A CNt 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 land 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 To 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 fioodways 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>withlanq. use for
typical urban development•

NEH Notice 4-102, August 1972
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Eq. 15.5..,-

20 .. 30
25 - 35
30 - 40
40 - 90
45 - 65
50 - 70

%Imperviousnessl!

. . . . . . . . . . .
Where Vw = the wave velocity, in fps, across

g = 32.2 feet/sec/sec

Dm. = mean depth of lake or reservoir in feet

Land Use

NEH Notice 4-102, August 1972

Travel Time Through Reservoirs. Lakes. and Swamps

It is sometimes necessary to compute a Tc for a watE;lrshed having a
relatively large body of water in the flow path. In such cases, Tc is
compllted by one of the above methods to the upstreaI1lend of the lake
or reservoir, and for the body of water the traveltime is computed
using the equation:

Table l5.l.--Percent of imperviousness for various densities of urban
occupancy.

Low Density Residential
Medium Density Residential
High Density Residential
Business - Commercial
Light Industrial
Heavy Industrial

A CN' of 90 or 95 can be used to estimate the impervious portion. CN'
for lawns, parks, etc. can be selected from oneofthE;l.cu.rve number
tables in Chapter 9.

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.

11 Effects of Urbanization on Storm Runoff _ .. Cudworth and Bottorf 
South Pacific Division - Corps of Engineers. Presented to Water
Management Subcommittee, PSIAC, March 1969.

•

•

•
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Table 15.2.--Wave velocities on lakes and reservoirs

1. Read the following velocities from figure 15.2:

•

•

•

5.45
7.70

10.9
15.5
21.9

2 rt./sec.
• • • • 3 ft./sec.

3.5 rt./sec.

8.0
11.3
16.0
22.7
32.1

Wave velocities, Vw
(fps) (mph)

Examples

2
4
8

16
32

Short grass pasture @8 percent •
Grassed waterway@ 4 percent
Gully @3 percent. • • • • • • •

Mean depth, Dm
(feet)

Example 15.1, Upland Method.--Subdivision (1) in figure 15.4 has
a diversibhterra.ce 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
average slope of the pasture is 8 percent. The grassed water-way
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.

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.

The following examples illustrate the use of the methods previously
described to estimate travel time (Tt), time of concentration (Tc)
and lag (1). The sample watershed of Ohapter 6 showing the subdivision
of a hydrologic unit is repeated here as figure 15.4 for the examples
that follow.

For additional discussion of equation 15.5 see King's "Hat1dbook of
Hydraulics," fourth edition, page 8-50, or "Elementary Meehanics of
Fluids" by Hunter Rouse, John Wiley and Sons, Inc., 1946, page 142.
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2. Using figure 15.3, L = 1.4 hrs.

2. The average velocity for terraces is 1.5 ft./sec. •

•

•

• 6000'
• 2400'
• 2800'

908'
. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . . . . .

NEH Notice 4-102, August 1972

= (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.

Tt (pasture)
Tt (terrace)
Tt (waterway)
Tt (gully)

3. Use equation 15.3 to convert lag to Tc :

Tc = 1.4/0.6 = 2.3 hrs.

1. The soil cover number from table 9-1 (Chapter 9) for this
subdivision would be 55. CN =t CN' = 55

4. Tc =Lrt =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.--Subdivision (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.

3. Substituting velocity and length in equation 15.1:

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 subdivisions (4) and (5). Therefore a simple
flood hydrograph is needed at the outlet of sulxlivision (4) to
combine with the hydrograph at the proposed FR-2 site and outlet
of subdivision (5). To develop a simple hydrograph at the lower
end of sulxlivision (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
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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

•
15-15

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-2 and 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/~ Sl/z

n

2. Since the handlevel sections were taken at approximately equal
intervals, the velocities are averaged without weighting them with
res,Pect 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:
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From To Distance Velocity Tt
(d) (V) (hr)

FR-1 Midway to B-B 1200 6.1 0.051Midway between Midway between
FR-1 & B-B B-B &A-A 2600 3.8 0.190Midway 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 • • 0.95
Tt for R-2 . • • • • • • • • • • • • • • . 0.32
Tt for R-4 • • • • • • • • • • •• 0.42
Tc (total) • • • • • • • • • • • •• 1.69

Round to 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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HYDROLOGY

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~

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.

1. Natural hydrographs. Obtained directly from the flow
records of a gaged stream.

2. Synthetic hydrographs. Obtained by us.ing 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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lSee References at end of chapter.

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.

•

•

•Made to represent many
the time to peak and the
and plotting the hydro
units. Also called Index

Dimensionless hydrograph.
unit hydrographs by using
peak rates as basic units
graphs in ratios of these
hydrograph.

4.

16.2

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 w111 be based
on the unit hydrograph theory.

Unit Hydrograph

In 1932, L.K. Sherman1advanced the theory of the unit hydrograph, or
unit graph. The unit hydrograph procedure assumes that dis?harge at
any time is proportional to the volume.of runoff and that t1me factors
affecting hydrograph shape are constant.

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).

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.
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Figure 16.1 Dimensionless unit hydrograph and mass curve
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Table 16.1 Ratios for dimensionless unit hydrograph
and mass curve.

16.4

Time Ratios
(t/Tp )

o
.1
.2
.3
.4
.5
.6
.7
.8
.9

1.0
1.1
1.2
1~3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6
3.8
4.0
4.5
5.0

Discharge Ratios
(q/Clp )

.000

.030

.100

.190

.310

.470

.660

.820

.930

.990
1.000

.990

.930

.860

.780
•680
.560
.460
.390
.330
.280
.207
.147
.107
.077
.055
.040
.029
.021
.015
.011
.005
.000

Mass Curve Ratios
(Qa/Q)

.000

.001

.006

.012

.035

.065

.107

.163

.228

.300

.375

.450

.522

.589
, .650

.700

.751

.790

.822

.849

.871

.908

.934

.953

.967

.977

.984

.989

.993

.995

.997

.999
1.000

•

•

•
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Elements of a Unit Hydrograph
The dimensionless curvilinear unit hydrograph (figure 16..1) has. 37.5%
of the total volume in the risi l1g side, which. is. repres.ented by one
unit OI' 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.

543

Dimensionless curvilinear unit hydrograph and
equivalent triangular hydrograph
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Peak Rate Equation

•

•

•

(Eq. 16.2)

(Eq. 16.3)

(Eq. 16.4)

(Eq. 16.5)

(Eq. 16.6)

= qp
:2 (Tp + Tr ) (Eq. 16.1)

for peak. rate qp in inches

484 A Qqp = Tp

From figure 16.2 the total volume under the triangular unit hydrograph
is:

Q = qp Tp +
2

With Q in inches and T in hours,
per hour:

2Qqp = Tp + Tr

Let K = 2
Tr1 +-
Tp

Therefore qp = KQ
Tp

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:

Tr = Tt - Tp = 1.67 units of time or 1.67 Tp '

These relationships are useful in developing the peak rate equation for
use with the di~ensionless unit hydrograph.

This allows the base of the triangle to be solved in relation to the
time to peak using ihe geometry of triangles. Solving for the base
length of the triangle, if one unit of time Tp equals .375 of volume:

Tb 1.00 2.67 units of time,= .375 =

645.33 x K x A x Qqp = 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 tri~ngular unit hydrograph, Tr = 1.67 T
p

,
gives K = 0.75. Then substituting into equation 16.5 gives:

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.
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(Eq. 16.8)

(Eq. 16.7)

q = 484 A Q.
p /:::,.D + L

2

Substituting in equatiop. 16.8, the peak rate equation becomes:

The average relationship of lag (L) to time of concentration (Tc ) is
L = 0.6 Tc (chapter 15).

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 /:::,.D, 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 relationships Lag = 0.6 Tc and the point of

Figure 16.2 shows that:

484 A Q.
qp = lID

'2+ 0 •6Tc

where /:::,.D is the duration of unit excess rainfall and L is the water.....
shed lag in hours. The lag (1) of a watershed is. defined (chapter 15)_
as the time from the center of mass of excess rainfall (/:::,.D) to the
time to peak (T ) of a unit hydrograph. From equation 16.6.:

p

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.

•

•

•
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Using the relationship shown on the dimensionless unit hydrograph,
figure·16.2 to compute the relati.onship of liD to Tc :

•

•

•

(Eq.16.12)

(Eq. 16.11)

(Eq. 16.10)

liD + .6 Tc = T
2 P

Solving these two equations:

Tc + ~D = 1.7 (~ +.6 Tc )

.15 liD = .2 Tc

AD = .133 Tc

Applicationof.Unit Hydrograph
'\~':l-'>

inflection = 1.7 Tp , till will be .2 Tp • A small variation in I1D' is per
missible,however, i.t should be no greater tl'.9Jl .25 Tp • See example 1.

The unit hydrograph can>..<peconstru.cted for any location on a uniformly
shaped .wa-ter,shed, once tliaA , , values ,of qp and Tp are defined (figure 16.3,.
are'as ·•. 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 concentrati9~. Thi9:,.:.w~tershed requires the development of two unit
hydrographs which ma:r';be',,~dded together forming one irregularly shaped
~it hydrog~aph~ Th.:Lsi~regularly shaped unit hydrograph may be used
to. develop a"flood hydrograph in the same way as the unithydrograph
developed from the dimensionless form (figure 16.1) is used to develop
the flood hydrograph. See e.xarilple 1 for area shown' in figure 16.3.
Also, each of the two unit hydrographs developed for areas C2. and Cl
in figur,e.16.3maYb'e,'us·ed"'tb,cdevelop a flood hydrograph, for i tsre
spective '. C2 and Cl areas. The flood hydrographs from each area are
then combined to form the hydrograph at the outlet of area G.

There'are many:variables integrated into the shape of a unit hydro
graph. Since a dimensionless unit hydrographis used and the only
parameters readily available from field data are drainage area and
time ofc,oncentration, 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 q.J?-r~.-ti9n.,V~:;~~"~,,>~i,th,,~~~~Cl.+storms and should not be confused
with the uni't time or uhit hydrograph. duration.
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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) shown 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 l1D:

till = .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
J:' 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 L1D:

9898 x 0.3 = 2969.4 cfs-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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'L'ab1e 16.2. Computation of coordinates for ~nit hydrograph •for use in Example 1.

1 2 3 4
Time Ratios Time Discharge Ratios Discharges
(table 16.1) (col 1 x 1.'53) (table 16.1) (col 3 x 1450)

( t/Tp ) (hours) (q./qp) (cfs)

.0 0 0 0

.1 .15 .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 0 0

•
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Table 16.3. Computation of a flood hydrograph

(example 1).

Table 16.3 (al Table 16.3 (b) Table 16.3 (e) Table 16.3 (d)

.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 Unit Flood .06 Unit Flood Unit Flood Unit Flood.18 Hyd. Hyd. Time .12 Hyd. Hyd. Time Hyd. Hyd. Time Hyd. Hyd.Time .26 .18-- .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 .3 146 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 .9 960 881.2 1330 1.2 1330 1.2 .24 1330 275 1.2 1330 2751.5 1450 1.5 1450 1.5 .31 1450 594 1.5 1450 5941.8 1370 1.8 1370 1.8 .42 1370 984 1.8 1370 9842.1 1140 2.1 1140 2.1 .36 1140 1337 2.1 1140 13372.4 860 2.4 860 2.4 .25 860 1563 2.4 860 15632.7 610 2.7 610 2.7 .11 610 1620 2.7 610 16203.0 440 3.0 440 3.0 .05 440 1516 3.0 440 15163.3 320 3.3 320 3.3 .01 320 1300 3.3 320 13003.6 230 3.6 230 3.6 .0 230 1050 3.6 230 10503.9 170 3.9 170 3.9 .0 170 838 3.9 170 8384.2 120 4.2 120 4.2 .06 120 726 4.2 120 7264.5 85 4.5 85 4.5 .12 85 765 4.5 85 7654.8 70 4.8 70 4.8 .18 70 988 4.8 70 9885.1 55 5·1 55 5.1 .26 55 1359 5.1 55 13595.4 40 5.4 40 5.4 .33 40 1787 5.4 40 17875.7 30 5.7 30 5·7 .27 30 2143 5.7 30 21436.0 20 6.0 20 6.0 .12 20 234q 6.0 20 234?,6.3 15 6.3 15 6.3 .0_ 15 2350 6.3 15 23506.6 10 6.6 10 6.6 10 6.6 10 21706.9 7 6.9 7 6.9 7 6.9 7 18547.2 4 7.2 4 7·2 4 7.2 4 14887.5 2 7.5 2 7·5 2 7.5 2 11387.8 0 7.8 0 7.8 0 7.8 .09 0 8408.1 8.1 8.1 8.1 .19 6088.4 8.4 8.4 8.4 .24 4388.7 8.7 8.7 8.7 .31 3189.0 9.0 9.0 9.0 .42 ' 2339.3 9.3 9.3 9.3 .36 1729.6 9.6 9.6 9.6 .25 1289.9 9.9 9.9 9.9 .11 9610.2 10.2 10.2 10.2 .05 7210.5 10.5 10.5 10.5 .01 5310.8 10.8 10.8 10.8 .0 3811.1 11.1 11.1 11.1 .0 2711.4 11.4 11.4 11.4 .06 1811. 7 11.7 11. 7 11.7 .12 1212.0 12.0 12.0 12.0 .18 712.3 12.3 12.3 12.3 .26 412.6 12.6 12.6 12.6 .33 212.9 12.9 12.9 12.9 .27 113.2 13.2 13.2 13.2 .12 013.5 13.5 13.5 13.5 .0-

13·7 13.7 13.7 13.7
I

16.14

Total 9898
Total 33359

•

•

•



Step 6. Tabulate the incremental runoff (table 16.4, column 4).

Table 16.4 Rainfall tabulated in 0.3 hour increments from
plot of Rain Gage Chart, Figure 16.4a

Step 5. Compute the accumulated runoff (~able 16.4, column 3) using
CN-85, condition II.

16.15

.09

.19

.24

.31

.42

.36

.25

.11

.05

.00

.00

.00

.06

.12

.18

.26

.33

.27

.12

.00

5
Reversed

Incremental
Runoff

4

00
.12
.27
.33
.26
.18
.12
.06
.00
.00
.01
.05
.11
.25
.36
.42
.31
.24
.19
.09

Incremental
Runoff

3

.00

.12

.39

.72

.98
1.16
1.28
1. 34
1. 34
1. 34
1. 35
1. 40
1. 51
1. 76
2.12
2.54
2.85
3.09
3.28
3.37

Accum. 1

Runoff

lRunoff computed using CN 85 moisture condition II.

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 17). Tabulate in column
3 opposite the arrow on the strip of paper.

Step 7. 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.

•

1 2

Accum.
Time Rainfall

0 0
.3 .37
.6 .87
.9 1. 40

1.2 1. 89
1.5 2.24
1.8 2.48
2.1 2.63
2.4 2.70
2.7 2.70
3.0 2.70
3.3 2.71
3.6 2.77

• 3.9 2.91
4.2 3.20
4.5 3.62
4.8 4.08
5.1 4.43
5.4 4.70
5.7 4.90
6.0 5.00

•
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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 l6.3(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 peak 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 ~D (0.3) hour later in time .
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Example 3

.98

.36

.78
1.25

Incremental
Runoff

.98
1.34
2.12
3.37

1Accum-.
Runoff

o
2.24
2.70
3.62
5.00

Accum.
Rainfall

T = 1.5+ (.6 x 2.3) = 2.13 hours
p 2

Tb = 2.13 x 2.67 = 5.68 hours

484 x 4.6 x 1 1043 cfsq = =P 2.13

o
1.5
3.0
4.5
6.0

Time

The area under the composite flood hydrograph should be determined and
the volume checked against the computed volume.

Following the same procedure outljned 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.

lRunoff computed using CN-85 moisture condition II .

Table 16.5 Rainfall tabulated in 1.5 hour increments
from plot of Rain Gage Chart, Figure 16.4a

Using the same data given in e~ample 1, but using a ~D 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 16.4(a) and
tabulated in table 16.5, column 4. This example will illustrate the
effect of using a ~D which is too large.

Step 4. Check the area under the completed hydrograph and convert to
cfs/hours, which is 40 sq. inches x 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.)l

St.ep 3. Sum the ordinates of each incremental triangular hydrograph
at enougb locations to make it possible to draw the completed
flood hydrograph_ (figure 16.71. The composite peak is 2230
cfs.

•

•

•
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For Location 1:

16.21

Peak Discharge Determination

qp 484 x 2 x 1 = 968 cfs
- .:.£+ 92 .

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 tu the peak of the flood hydrograph, com
pute the maximum length of excess rainfall or runoff that will

NEH Notice 4-102, August 1972

Location 2 - Drainage Area, 20 square miles; Tc - 6 hours;
CN-85; storm duration - 12 hours.

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 s.torm. 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.

Location 1 - Drainage Area, 2 square miles; Tc - 1.5 hours;
CN-85.

In using the triangular unit hydrographto develop composite flood hy
drographs, the peak of each triangular unit -. hydrograph is determined
by multiplying the peak for one ~nch of runoff by the amount of runoff
in each ~ time •. Assuming uniform runoff for an indefinite period of
time and using &D 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.

Example 4

Table 16.1, 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 .

Step 3.

Step 2.

Step 1. Compute the time increment AD.
From equation 16.12: ~ = .133 x 1.5 = .2 hour

Compute the peak discharge and time to peak produced by the runoff from
the rainfall shown in figure 16.4(b) and Table 16.6 for two locations
on a homogeneous watershed. Give~ tbe following information:

•

•

•
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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.17Accum. Accum. Accum.Y
Time Rainfall Runoff l1Q Time Rainfall Runoff l1Q

( 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 0 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

!/Runoff computed using CN = 85 moisture condition II

• NEH Notice 4-102, August 1972



Table 16.7 Peak discharge determined for example 4.

•••

Location 1 Location 2 Location 2
liD = 0.2 hour liD = 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

I(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 5.8V .65 .6500 5.62/ 1.59 1.5900 6.4V .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 .1.6 .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

!I See figure 16.9 for definition of Y.
2/ 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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Step 1. Compute the time increment, t.D.
From equation 16.12, t.D = .133 x 6 = .8 hour

~ =1.695 x 968 =1640 cfs

T = 5.8 + 1 = 6.8 hours (from beginning of rainfall)p

For Location 2:

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.

Tabulate the runoff in t.D time increments each way from the
maximum t.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.

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.

Multiply column 2 by column 4 and tabulate in column 5 of
table 16.7.

NEH Notice 4-102, Augus~ 1972

Compute qp the peak discharge for the unit hydrograph. From
equation 16.9:

~ = 3.947 x 2420 = 9550 cfs

T = 5.6 + 4.0 = 9.6 hours (from beginning of rainfall)p

~ = 484 x 20 x 1 = 2420 cfs
~ + 3.6

2

Multiply column 2 by column 7 and tabulate in column 8.

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 t.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 t.D time increments each way from the
maximum t.D of runoff. This tabulation is shown in table 16.7, 1
column 7.

Compute the peak discharge and time to peak as shown in step
6 of example at location 1:

Step 2.

Step 3.

Step 6.

Step 5.

Step 4.

IStep 5.

Step 6.

Step 4.
I

•

•

•
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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
as 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

, the composite flood hydrograph. Trial 2 also is SbOWJ.l 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

rrial 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.

routing, 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 le~rn what
stages or rates of flow occur, without actually meaEiuring 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 differential equations of
motion and continuity. Simplified versions of the equations are
generallyus,edinelectronic computer routings; even thesimplifi
cations are too laborious for manual routings.
2. Solution ,of the continuity ec;.uation 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. Uf:;e of hydraulic models.

Methods based on the second, third, and fourth approaches are presen1 1
in this chapter. The routing operations in the methods can be made
numerically by m,eans 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 .~'Me'~hods specifically intended for electronic computers
or analog mac~i~es;a:t'~ heither presented nor discussed.

All methods pres~~ted 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 appl~cationare used. Advantages and disadvantages of par
ticular methods are mentioned and situations that lead to greater or
lesser !:t.ccuracy 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 e6mputerprogram
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 th:t'bu~hstream 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, Storage and flood
routing: U.S. Geol. Survey Water-Supply Paper 1543-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-II, pp. 34-59.

Summary of chapter contents
The remainder of this chapter is divided into four parts: elevat:'on
storage and elevation-discharge relationships, reservoir routing methods~

channel routing methvds, 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 rou~ings 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 contol1r map (or equivalent) of the
reservoir area and the table is a record of the computations that were
made. Once the map is avai~able, 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 8is plotted in
figure· 17.1 as.an elevation-storage curve.
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• Table 17-1. Equations for conversions of units

Conversion Equation No.

cfs-hours = 12.1 (AF) (Eq. 17.1)

cfs-days = 0.504 (AF) (Eq. 17-2)

inches = (AF)/53.3 A (Eq. 17-3)

qid = qcfs/26.9 A (Eq. 11-4)

qih = qcfs/645 A (Eq. 17-5)

qad = 1.98 qcfs (Eq. 17-6)

~h = 0.0821 qcfs (Eq. 17-7)

Sx = L (Ax)/3600 (Eq. 17-8)

S' = L (Ax )/297 (Eq. 17-9)
x

where A = drainage area in square miles

Ax = cross section end-area in square
feet for discharge x

AF = a.cre-feet

L = reach length in feet

• qad = discharge in acre-feet per day

qah = discharge in acre-feet per hour

qcfs = discharge in cfs

qid = discharge in inches per day

qih = discharge in inches per hour

Sx = reach storage in cfs-hours for
a given discharge x

S' = reach storage in acre-feet for ax
given discharge x
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Table 17-2. Elevation-storage relationship for a reservoir. •
Ele- Surface Surface Average !:l !:l 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, equa
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 'Wor.lt 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 pecause 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 relatibnships 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 require 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
58'7.5 159 44.6 343 204 .950
588.0 163 126 34'7 289 1.346 •588.5 1'70 232 353 353 1.644
589.0 1'76 35'7 35'7 35'7 1.663
589.5 182 499 361 361 1.680
590.0 656 365 365 1.69'7
590.2 '722 36'7 36'7 1.'70'7
591.0 3'74 3'74 1. '740
592.0 382 382 1. '7'78
595.0 401 401 1.863
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. Develppment 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 sectiohwiththe 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)determirie the dis
tances between cross sections and compute the weights'asfollows:

0.10,
.60.
.30

Weight
From To

cross cross Distance
section section (feet)

1 2 1000
2 3 6000
3 4 lQ.QQ.

Sum: 10000

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, tabulati~g 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
sliae-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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ITable 17-4 Working table for a storage-discharge relationship I-'
0

Out- Cross section 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 0 050 40 27 21 33 3 14 8 25 70

!21 150 90 44 44 64 7 26 16 49 164I:=J 300 150 83 83 100 12 50 27 89 248l:C

!21 800 470 180 220 325 32 120 82 234 6510 1500 950 310 460 700 63 231 174 468 1302<+..... 3500 2500 640 1200 2000 157 552 480 1189 33000
CD 5000 3250 860 1700 2700 205 768 660 1633 4540.I="" 7000 4400 1050 2050 3400 272 930 819 2021 562.0I
I-' 10000 5800 1300 2550 4500 355 1155 1055 2565 71300
f\)

E"
~
OJ
<+
I-'
\0
~
f\)

• • •



• where t1t = a time interval

I = average rate of inflow during the time interval

0 = average rate of outflow during the time interval

t1S = change in volume of storage during the time interval

(Eq. 17-11)

(Eq. 17-10)t1t (I - 0) = t1S

o =

t1t = t2 - t l = time interval; t l is the time at the beginning
of the interval and t2 [the time at the end of the interval

II = inflow rate at tl

12 = inflow rate at t2

01 = outflow rate at tl

so that Equation 17-10 becomes:

17-11

In most applications of the continuity equation the flow and storage
variables are expanded as follows:

where

Reservoir Routing Methods

The Continuity Equation

NEff Notice 4-102, August 1972

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 char-ge in volume of
storage. The equation is often written in the simple form:

Reservoirs 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 reach 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 storag.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.

•
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02 = outflow rate at t2 •
Sl = storage volume at tl

S2 = storage volume at t2

17-12

When routing with E~uation 17-10 the usual objective iato find 0, with
E~uation 17-11 find 02; this means that the e~uations 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
e~uation and in their form of the storage-outflow relationship.

It is necessary to use consistent units with any routing e~uation. Some
commonly used sets of units are:

Time Rates Volumes
Inflow Outflow Inflow Outflow Stora8e

Hours cfs cfs cfs-hrs cfs-hrs cfs-hrs
days cfs cfs cfs-days cfs-days cfs-days
days AFlday 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 e~uation 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 r.eservoir 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 cqmp~ter program for ~atershedevaluationsand because
it is a widely used method for both reservoir and channel routings. Ex
amples of reservoir and qhannel routing are given.

Mass-Curve Method: Numerical Version - According to item 52 in reference
5, a mass-curve.method.of.rou,tiJ;lg 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," 3rdedition, 1939, pages 522-527; another resembling it
is given in "Design of S~ailDams," U.S. Bureau of Reclamation, 1960,
pages 250-252. .

The method re~U:iresthe 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~torage. The routing operation is a trial-and
error process whenp,erformed .numerically, but it is simple and easily
done. Each operation is a solution of E~uation 17-10 rewritten in the
form:

NEH Notice 4-102, August 1972
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• MI2 - (MOl + ° 6.t) = S2

where MI2 =mass inflow at time 2

MOl =mass outflow at time 1

•

•
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(Eq. 17-12)

° = average discharge during the routing interval

6.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 InlnJ.mum 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 ~ guide in the
routing and later used to show the results but it is not essential
to the method.

4. Prepare an op~rations table for the routing.
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 routins.
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 (asdoneinExample17-2)'or the elevation
storage curve is modified to. give a zero storage for the first line.
In this example the seciiment or dead storage, which is not to be
used in the routing ,.occupiesthe reservoir to elevation 580.2 feet
as shown in Figure 17-1. Storage>atthat elevation is 1.00 inches
and because this is a whole scale unit the storage curve for routing
is easily obtained 'by shifting the .. pointof .originasshown 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 flovling 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:

!: 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 Tabl.e?1-7,except for occasional omissions unimportant for
this rOJ,lting.

b. Compute Lit 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. Ass:ume amass Qutflowamountandenter 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 ele.vation-storage curve of Figure 17-1, find the ele
vationfor 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 •

.6.. Compu~~.th.e averag~ discharge for Lit ..' The average is
alwaystlI~ar~~hIneticlD.eanof the rate determined.in step f
and the rate for the pr'evioustime. For the time 0.5 dales-the
rate in column 6 is 0.03 in./day; for the previous time the
rate is zero; the average rate is(O+ 0.03)/2 = 0.015, which
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Spillway
Time Ace. Assumed Res. discharge Outflow Ace.

Ace. t.t inflow ace. volume Inst. Avg. for t.t outflow
outflow

(days) (days) (in. ) (in. ) (in. ) (in./day)(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 out-
flow hydrograph is plotted using column 6, which gives instantaneous

•
rates at the accumulated times shown in column 1 •
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• Table 17-5. Operations table for the mass-curve method of routing
for Example 17-1.
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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.

h. Compute the outflow for llt. Multiply the llt 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.

1. 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
stepa. If the two entries do not agree well enough then assume
anoth~ mass outflow for column 4 and repeat steps ~ through .J..

8. Determine the minimum required 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 required 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
colUItm 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 arid amount of storage remaining in the reservoir after
10 days of drawdown from the minimum level allowed by SCS criteria.
Tr.e base flow used in developing the PSMC (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.
SCS criteria permit the drawdown routing to start with storage at
the maximUlll,glevation attained in the routing of the PSH or PSMC
used in determining the minimum required storage, even though the
structure maybe 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.

NEH Notice 4-102, August 1972

•

•

•



17-17

NEH Notice 4-102, August 1972

(EQ. 17-13)

(EQ. 17-14)

Because 02 as well as S2 is unknown it is necessary to make combinations
of Sand ° to get direct solutions in the routing operation. At any time,
mass outflow is eQual to mass inflow minus storage, or:

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.

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 tn give the "accumulated inflow" of that
column. In all other respects the. routing procedure is that of
step 7, Example 17-1.

2. Prepare an operations table for the routing.
Ordinarily the suitable headings and arrangement are those of Table
17-5, but if base flow, sno~elt, 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.

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 outflow 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 pr0cess 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:

•

•

•
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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. disch<:t.rge flow Ace.

Ace. ~t base in- ace. vol- lnst. Avg. for out-
flow* flow outflow ume ~t flow

(days) (days) (in. ) (in. ) (in. ) (in~) (in./day) (in. / day) (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 .861.0 .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 1.512.0 .5 .09 2.91 1.80 1.11 .53 .56 .28 1. 792.5 .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 2.324.0 .5 .18 3.00 2.42 .58 .20 .22 .11 2.43

4.5 .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 2.747.0 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 2.929.0 1.0 .40 3.22 3.00 .22 .07 .08 .08 3.0010.0 1.0 .45 3.27 3.07 .20 .07 .07 .07 3.0711.0 1.0 .50 3.32 3.13 .19 .06 .06 .06 3.1312.0 1.0 .54 3.36 3.19 .17 .05 .06 .06 3.1913.0 1.0 .58 3.40 3.25 .15 .04 .04 .04 3.23
3.24 .16 .05 .05 .05 31" 2414.0 1.0 .63 3.45 3.29 .16 .05 .05 .05 3.29etc. 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:

Lit . Lit
MI2 - ~Il + (Sl - ~ 01) = S2 + ~ 02 (Eq. 17-15)

which is the working equation for the direct version. Working curves of
01 and (Sl - (Lit 01)/2) and of 02 and (S2 + (Lit 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 Storage
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 not 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, selectenbugh 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 ~olumn 4. Compute average dis
charges from column 2 for column). 'I'he designations in column 5
show which line is associated with eeCh pair of storages shown on
Figure 17-4. Thus, line A applies when the storage is between °
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.

NEH Notice 4-102, August 1972



17-20

5. Do the routing.
The work is done on the graph of mass inflow~ F~gure 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 mass inflow
and with its slope equal to the associated average discharge
(column 3 of Table l7-7)~ which is 0.025 in./day. This is the
first portion of the mass outflow curve.

(Note: Every part of the line of mass outflow must fallon or below the
mass inflow curve. If some part is above the inflow~ determine the slope
and storage limits 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 days •
This is the point of origin for line ·C.

~. Repeat the procedure of steps £ and ~ 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 reac;._.;d 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 graphical 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 O.]r
inches~ which is nearly the same as found in Example 17-2. Diffe .ences
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.

NEH Notice 4-l02~ August 1972
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• Table 17-7 Working table for the graphical version of. the mass-curve

method for Example 17-3.

Elevation
Spillway discharge Storage

Designation

lnst. 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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In determining Tt the discharge q is usually the bank-full discharge
under steady flow conditions (see Chapter 15).

•

•

•

(Eq. 17-17)
L

= -"36""'0"':;0'--v
LA

Tt = 3600 q

average end-area for discharge q in square feet

q/A = average velocity of discharge q in fps

selected steady-flow discharge is cfs

reach length in feet=

=

=

=

q

A

v

Tt = reach travel time in hours; the time it takes a selected
steady-flow discharge to pass through the reach

L

The Storage-Indication method uses Equation 17-11 in the form:

Sl °1 S2 °2
I +- - = .6.t + (Eq. 17-16)flt 2 2

where

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:

where I = (II + I2)/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/.6.t) + (02/2) is necessary for solving the equation.

Storage-IridicationMethod.- 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.

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 .6.t is greater
than 2 S2/02 (or whenever °2/2 is greater than S2/.6.t). 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 .6.t. For channel routing the possibility
of negative outflows is usually excluded by taking .6.t 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 reser~oir

routing to route the inflow hydrograph of Figure 17-7 through the
stream reach of Table 17-4.

1. Pre are the stora
This is done in Table

2. Determine the reach travel time.
This is done using Equation 17-17. Table 17-4 and th$ 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 houts, 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 pr8s~g.wefor reservoir routjng is identical with
that for channel routing~x.c~ptthat there is no need to determine a
travel time. The following example shows the reservoir procedure. The
problem and'data of Exampl:e'l7;';";J:'are used in order to allow a comparison
of procedures and results.

Example 17-5.--Use the Storage-Indication method tc determine the
minimum required storag~for the structure used in Example 17-1.
Use the data of that ex~p:Le ,where applicable. Make the routing with
discharges in cfs.

1. Develop an elevation-discharge curve for the structure.
The curve used in.Examp1e 17-1 will be used here. That curve is
for discha.rges iriin. /hr. Ordinarily when cfs are to be used the
curve is deve1opeg.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.Examp1e 17-1 .Wi11be used here. That curve is
for storage in inches,. The conversion to cfs-days will be made in
step 5.

3. Develop andp1ot'theirif1ow hydrograph.
Because of the type of problem the inflow hydrograph must be a Prin
cipal Spillway 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 Fi.gure 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 •

':N'EH Notice 4-102, August 1972
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• Table 17-8 Working table for preparation of the
working curve for Example 17-4.

°2 82 82 °2
°2 82 Lit

-+-
2 Lit 2

(cfs) (cfs) (cfs-hrs) (cfs) (Cfs)

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

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

•

• NEHNotice 4-102, August 1972



* 625 cfs is the average discharge for the time from 0 to
o. 5 hours, 1875cfsthe average discharge from 0.5 to 1. 0
hours, and so on.

** Inflow ceases at 5.33 hours.
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S2 O2
Time I -+- 0 Remarks

t::.t 2

(hrs) (cfs) (cfs) (cfs)

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

0 0 0 0 Given

.5 625 .Given

625 o ... 0 + 625 = 625

285 From Figure 17-6

1.0 1875 Given

2215 625 - 285 + 1875 = 2215

1030 From Figure 17-6

1.5 3125 Given

•
4310 2215 - 1030 + 3125 = 4310

1880 From Figure 17-6

2.0 4375 Given

6805 4310 - 1880 + 4375 = 6805

2880 From Figure 17-6

etc. etc. etc. etc. etc·•

•

•
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Table 17-10 Procedure for routing by the Storage-Indication method
for Example 17-4.
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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.§!!ltaneous 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 17-12 at intervals
of ~t = 0.5 days for the initial slow-rising portion of the PSH, at
~t = 0.1 days for the fast-rising and -falling portion, and again
at ~t = 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!-7 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 17-10 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/~t) + (02/2) 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/~t) + (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.
The 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/~t) + (02/2) = 6,480 cfs. Solving for S2 gives S2 = ~t 6480 
(°2/2). With ~t = 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. (Note: 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 6.t = 0.5 days For 6.t = 0.1 days

Eleva- Dis- Storage O2 S2 S2 O2 S2 S2 O2
tion charge

(02)
(S2) '2 6.t 6.t + '2 xt 6.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 31.0 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 10Y.9 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.
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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
qCS. 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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5. Prepare the Emergency Spillway Hydrograph (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 are.a = 8.0 sCluare 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, hydrographfamily = 2, To = 5.05 hours, initialTp =
1.4 hours, TolTp =3.61, selected To/Tp = 4, revised Tp = 1.26 hours,
Clp = 3,073 cfs, andQ(q) = 18,560 cfs. The ESMC was prepared using
Table 21-17 and thefol~owing data: hydrograph family = 2, To/Tp =
4, T!, = 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).

17-32

2. Prepare the elevation-storage curve, for the structure.
This curve was prepared .... for .' Example" 17-1. Only the port ion above
the sediment storage will be used nere;it is shown in figure
l7-10(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 therese~voir 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
lng in the reservoir after 10 days of drawdownfrom storage at the
water-surfaceelevati.on attained. in routing the PSH or PSMC.
This step is required by SCS criteria. The determinatioll 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.

(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.ofthe ESHor 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-l0(a)
as working curves.' The routing was started with O. 20 inches of
floodwater in the reservoir (SGS criteria reCluire the ESH or ESMC
routing to start at the elevation for the floodwater remaining
after the lO-daydrawdown. 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 clan
Figure 17-10(c)
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7. Determine the average discharge of the principal spillway
during passage of the ESR or ESMC through the emergency spillway.
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 point in the ESH for use in later steps.
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 re~erence 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-l0(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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If IIp 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

•

•

•

(Eq. 17-18)Qe = 0.62 (qe - qps) Te

15. Determine the time and rate for the emergency spillway peak
discharge.
The intersection of lines Band C, at point c8 in Figure 17-10(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
~orresponding point b8 on the ESH of Figure 17-10(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.

13. Compute a voltime-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, i~:

where Qe is the volume ir! 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 17-10(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 isa 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
17-10(c) and plot the result as shown for points c4, c5, c6, and
c7. Connect the points with a curve, line C.

(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.)



1 qe cfs 4750 3500 2200 . 920
2 qps cfs 376 376 376 376
3 Ile - qps cfs 4374 3124 1824 544
4 Te hrs 2.1 2.8 3.4 4.1
5 Qe/0.62 cfs-hrs 9180 8750 6200 2230
6 Qe cfs-hrs 5680 5420 3840 1380
7 Qe csm-hrs 710 677 480 173
8 Qe in. 1.102 1.050 0.745 0.268

Table 17-13 Working table for Culp method step 13 of Example 17-6.
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length and chosen profile of the inlet channel. A close approximation
of the emergency spillway discharge rate c,an be obtained in this way for
ail .~ value near the middle of the desired range to get a "Ccurve" (line
C on Figure 17-10(c)). The average discharge in the conventional drop
inlet under full pipe flow conditions varies only slightly as HJ? varies
relatively greatly , thus the discharge through th.e emergency splliway
can be closely approximated from such an average C curve. If refine
ment is justified, then trial adjustments on the slope of line Bwill
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'bn the results of routings so that using the
equation or chart is in E::ffect 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 hydrographused for routing also affects the relation
ship and the same form must be applicable when the short-cutis 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 emergency 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· o. 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 prelimina.rywork.

NEH Notice 4-102, August 1972

•

•

•



570
0 2 3 4 5 6 7

TOTAL STORAGE-INCHES I-"
--l
I

0 2 3 4 5 6 w
I I I I I I --l

STORAGE USED IN ROUTING-INCHES

•
595

~---___It_____#--_t590

-+------++----+-----+------4585

ElEV. 580..2---&.;....-_--'-----~------&.--_---1580
o 0.5 1.0 1.5 2.0

DISCHARGE, INCHES PER DAY,
OF PRINCIPAL SPILLWAY WITH TWO-STAGE INLET

585 I------+---+---+-~--

~w
ZC)
L&J<t

575 ~t......-__-I- ~ 0::--+--------l~---_+_----_+_---~I------t
o~
mw

580 I--------.I"f--

595 J------+--+----+-------+----+-----t------+--::.,..~

a::
WC)

~ Z L&J

~o~
00:: 0::

590 1--__----'---+0 t:! 0_--+ --+ -=-1""::...-_
o L&J ~
~a:: w

~
~
(1)

I-"
--l
I
I-".
t<j
I-"
(1)

<J
~
1-"
0::s..
en

@ c+
0

lIt Ii
P3

!21 Otl
~0 (1)

c+ .. W
1-" W
() p,

LL(1) 1-"
en •

-l='" () Z
I ::Y

0I-" P3
0 Ii

~f\) Otl.. (1)

~
8' Ii

(1) W
Otl I-" ...J
~ P3 W
en c+
c+ 1-"

0
I-" ::s
\0 en
--l ::Y
I\) 1-"

'"d

I-\l
0
Ii

P3

Ii
(1)
en
(1)
Ii
<J
0
1-"
Ii.



\

1\
u
E 1\III
Q.

\
--"

\~
0
..J
II-
~

N K
"\ ~.
~

1I~8·~
)...

\ ""'- ""~ \\ ~"It)

\ \K
~

en
0 IlJ

N:J: ,
~\

~1lJ

"
0(!)
~c(

a:: .
0 IlJ
~ (!)
en c(
I a::

\'
~1lJ

~-~
(!)
a::
c(
:J:
0
en
0

\00
0 I() q ~
N -

AVO/NI '39ijVH~SIO

I I I I

17-38

It) v It) N

S3H~NI 'M01~ 031Vln"n~~V

Figure 17-2. Storage, discharge relationship and plotted mass
inflow curve for a reservoir.
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MASS INFLOW (ORIGINAL
CONTENTS OF RESERVOIR
PLUS ACCUMULATED BASE
FLOW)
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Mass inflow, storage, and mass outflow curves for Example 17-2.
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Figure 17-4. Graphical version of Mass Curve method of reservoir
routing for Example 17-3.
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Graphical version for Example 17-2, Step 4.
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Figure 17-6. Working curve for Storage-Indication method of
reservoir routing for Example 17-4.
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Figure 17-7. Inflow and outflow hydrograph for
Example 17-4 •
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Figure 17-8. Principal spillway hydrograph and outflow
hydrograph for Example 17-5.
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Example 17-5.
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Culp's method of reservoir routing for ExampleFigure l'T-l0.
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Figure 17-11. Typical shortcut method of reservoir flood
routing •
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The principle requires that:

If 11 ~ °1, then 11 ;::: °2 ;::: °1 (Eq. 17-19)

If 11 < °1' then 11 ~ °2 < °1 (Eq. 17-20) •
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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 discussibns
of procedures for adding local inflows, deducting transmission losses,
and routing through stream systems also apply to that method.

Theory of the Convex Method
The Co~vex method is based on the following principle: When a natural
flood .f19Y p~pses 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' L'lt 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.

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· pr'inciple; this makes the Convex method a forecasting
method (see under "Discussion").

The routing principle can be extended to include local inflows and
transmissibn losses but this unnecessarily complicates the working equa
tion. It is common practice to add local inflows to the routed outflow
hydrographs to get the total outflows, and this practice will be fol- I
lowed here._There may be situations, however, in which the local inflow
is added to'th~inflbwhydrographand 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' Oland 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 11 and 01 in magnitude but not above or below them.
This is eyident on Figure 17-12 despite the displacement of 02 in time;
it is the magnitudes that are of concern here.
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(Eq. 17-23)

(Eq. 17-24)

(Eq. 17-25)

(Eq. 17-26)

(Eq. 17-21)

(Eq.17-22)
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where C is a parameter with the range:

Combining Equations 17-23 and 17-25 gives:

It follows from Equation 17-21 that:

In the inset of Figure 17-12 the relationships between II' 01' and 02
make similar triangles, so that:

:./ Enough of the theory of convex sets for the purposes of this chap
ter is given in pages 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.

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.

Iwhere K is considered the reach travel time for a selected ste.ady flow I
discharge of a water particle through the given reach. From Equation
17-24 it follows that:

~ The next step is to recognize that II, 01 and 02 are members of a
Convex set!/. 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:

~

~
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£rom which comes the equation that defines LIt. the Wave travel time and •
also the re~uired routing interval: ~

~t = C K (E~. 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 of 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 E~uation 17-27 com
puting the third, and using E~uation 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, ~t, 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 e~uation. In Convex routing
the peak rate 'of the outflow hydrograph does not fallon the recession
limb of the ihflow hydrograph, as in reservoir methods. But, as in •
all routing methods, the maximum storage in the reach is attl7ined when
outflow equals inflow (at point A in Figure 17-12). The maximum storage
is represent'edby the area under the inflowhydrograph to the left of
point Amiil.lls' the area of the outflow hydrograph to the left of point A.
Also note that 'inflow, I2 does not appear in the working e~uation though
it does a~pe~r in e~uations for other channel methods. This feature
makes the.Gbnvexmethod a forecasting method. For example, if the rou-
ting inte~';aiis 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 Usefu1'Relationships and Procedures
Of the e~1Xations so far given, only E~uations 17-21 and 17-27 are needed
in practical applications of the Convex method. The first is the working
e~uation and the second an auxiliary e~uation used once before a routing
begins. Several other relationships and procedures also useful in appli
cations follow.

Determination of K. - Kis the reach travel time for a selected steady
flow discharge and can be computed using E~uation 17-7 substituting K
for Tt. Example 17~8 shows a preferred method for selecting the dis
charge. T4eKused in the Muskingum routing method (refs. 2 and 3) may
also'be used'as the K for the Convex method.
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where Tp is the time to peak (Chapter 16). If the hydrograph has more
than one peak the interval should be selected using the Tp for the
shortest of the rise periods of the important peaks. It 1S important
that an end-point of a time interval fall 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 llt is valid for one and only one routing reach length for a given
time interval and inflow hydrograph. If llt is to be changed to llt*
(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, llt*, for the total reach, L (Method 2). Selection of either method

17-51

(Eq. 17-30)

(Eq. 17-29)

(Eq. 17-28)V
V + 1.7

C~ 2 x

C =

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 llt. - 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 a.ri 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 sel,ected routing
time interval, llt*, 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:

In some applications it is more convenient to use Equation 17-28 than
Figure 17-13. The "Xli used in the Muskingum routing method (refs. 2
and 3) may also be used to approximate C. The approximation is:

Determination of C. - From Equations 17-17 and 17-26 the parameter or
routing coefficient G 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, llt. 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:

•

•

•
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From Equation.17-17 the proper routing reach length to match C and llt*
is then:

Meth6d 2 assumes that C and the desired routing interval llt* are fixed
and the routing is made for a reach length L*. From Equation 17-27, the
desired travel time is:

CEq. 17-31)

(Eq. 17-32

(Eq. 17-33)

llt*
K* =C

L* = (3600)(V)(K*)

In Method 1, the reach length is fixed, hence, K is fixed (Equation
17-17) and C must be modified by the empirical relationship:

(&*+.5At)
C* =1 - (1 _ C) 1.5~t

depends on the manner of computation and the consistency of the answers
desired. Method 1 may be used when rough approximations of the routing
effect are desired and. .manual computation is used. Method 2 is used
when consistency of the routing is important or a computer is used. Con
sistency, as used here, ret-ers to the changes in the outflow hydrograph
(Tp and q ) caused by varying llt*. If there is little change in the
hydrograpE when llt* is changed the routing is considered consistent.

where C* is the modified routing coefficient required for use with llt*,
C is the coefficient determined from Figure 17-13 or computed by Equa
tion 17-28, llt* is thedesired routing interval, and llt is the routing
interval determined from Equation 17-27. After selecting llt* the coeffi
cient C* is found by using either Equation 17-31 or Figure 17-14 (ES
1025 rev.)

If L* is less than the given reach length, L, the inflow hydrograph is
repetitively routed until the difference between the sum of the L*'s
and L becomes less than the nextL*. The last routing in the reach is a
fractional. routing using C* computed by Equation 17-31. Th~ llt 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 llt) 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.
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T~ = (3/4-discharge) x (duration of 3/4-discharge) (E~. 17-34)

One method, useful when a computer is used, computes theyelocity as the
average of velocities for all given discharges of the infl.gy,hydrograph
~ 50 percent of the peak discharge •

The use of E~uation 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.
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- Basic routine using assumed parameters.

- Routing with parameters determined:from reach
data and with local inflow added at bottom of
reach.

Example 17-7

Example 17-8

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 :18 used to get the constant val
ues of C, K, and ~t 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 sEllected velocity.
There are various methods of selecting the velocity.

These facts would appear to re~uire 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 e~ual total inflow. The necessity
for the use of constant parameters is a characteristic of coefficient
routing e~uations, including not only E~uation 17-21 but also with the
Muskingum routing e~uation (refs. 2 and 3) and the Storage-Indication
e~uations. 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 e~ual total inflow.

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) L'If the inflow
hydrograph has a single peak the velocity is for a discharge e~ual 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 T~, where:

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.

•

•

•
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In the first example the values of C and ~t are assumed; therefore the
reach length and K do not directly enter into the work:

4. Do the routing.
Follow the steps shown in the remarks column of Table 17-14.

•Example 17-9

Example 17-11 - Routing any hydrograph through any reach.
Method 1 and Method 2 are compared.

- "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.

3. Prepare the workins eTuation.
Since C = 0.4 then (1 - C = 0.6 and the working equation is
O2 = (1 - C)'OI + C II = 0.6 01 + 0.4 II. When inflow ceases
the working eq~ation is O2 = 0.6 01.

2. Tabulate the inflow rates at accumulated times, using intervals
of ~t.

The accumulated times at intervals of ~t = 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.

1. Prepare the operations table. •
Suitable headings and arrangement are shown for the first three col
umnsin Table 17-14. The "remarks" column is used here to explain
the st,e.ps,; it is not needed in routine work.

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

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 case the velocity can be estimated during
a fie<ld trip to the streaIrlarea, or a suitable velocittY 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.

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.

Example l7-7.--Route the triangular inflow hydrograph of Figure 17-15 by
the Convex computational method. Use assumed values of C = 0.4 and ~t=

0.3 hours. There is no local inflow into the reach.
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Basic operations in the Convex routing method.• Table 17-14

Time Inflow, I Outflow, 0
(hrs) (cfs) (cfs)

(1) (2) (3)

0 0 0

.3 800 Oll

.6 1600 320

.9 2400 832

1.2 3200 1459

1.5 4000 2155

1.8 3520 2893

2.1 3040 3144

2.4 2560 3102
•

2.7 2080 2885

•
3.0 1600 2563

3.3 1120 2178

3.6 640 1755

3.9 160 1309

4.2 O'?:! 849

4.5 0 509

4.8 0 305

5.2 0 183

5.5 0 110

etc. etc. etc.

Y Outflow starts at b.t = 0.3 hrs.

gj Inflow ceases at 4.0 hrs •

•

Remarks

Given.

02 = 0.6(0) + 0.4(01 = 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.\(3520) = 3144

02 = 0.6(3144) +0~4(3040) = 3102

02 = 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(648) = 1309

02 = 0.6(130~L+ 0.4(1;60) = 849

02 = 0.6(849} = 509. ,11 = zero.

O2 = 0.6(509) =305 " " "

02 = 0.6(305) =183 " " "

02 = 0.6(183) = 110 " " "

etc.
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2. Determine the velocity, V.
Enter the stage-discharge .curve for the' reach with .. the selec.ted 3/4
discharge from step I and find the stage for that flow. Then
enter the stage-end-areacurve 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.

Example 17-8.--The inflow hydrograph in Figure 17-16 is to be routed
through a reach having a low-flow channel length of 14,900 feet and a
valley lengt,h Of, 12,40,0 feet. 9ta,g,e-discharge an,d..•"st, a g,e-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 re.ach. .

•

3. Determine K.
The reach has two lengths",. one for the lo:W-flowchannel, the other
for the valley. From an examination of the stage-discharge curve
and t~~inf1owh:ydrograph>itiseviden~ that most of· th.e flow. will
exceed the capaeity 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,=·;12'400/3600(.3. 0) = 1.15 hours by a
slide~rule computation.

1. Determine the discharge to be used for setting the velocity V.
The in,f:lowhydrographhas two peaks and it" is not readily appar
ent wh:tch,peakis the dominant one, therefore the rule expressed
by Equation'17'234.will 'be used. The; 3/4-dischargefor the first
peak is 3,750 cfswith a duration of.2.63 hours; for the second,
2,68Q'cfs with ,a duration of 5.35 hours. Then Tq =3750(2.63)=
9,850'.cfs-hrs.for the first peak a.nd Tq =2680(5.35) = 14,320 c.fs
hrs for the second, therefore the second discharge will be used.

The recession curve or tail of th.e outflow hydrograph, continues to infin
i ty, the discharges. getting smaller wi.th every step but never becoming
zero. This is a characteristic of,most routing methods. In, practice
the recession curve is eith,er 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. Routing
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 betwee~ the head and foot of a reach. Local
inflow and the inflow into the headofith~rea'ch 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.

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 th.e
routing is repeated using smaller i.nterva1s (see Example 17-11 for use
of Lit*) •
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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:
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(Eq. 17-35)

C) = 0.35. The working equation
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5. Compute !l.t.
Using results from steps 3 and 4, and by Equation 17-27, 6.t = 0.65
(1. 15) = 0.745 hours. Round to 0.75 hours.

7. Tabulate accumulated time at intervals of 6.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.

4. Determine C.
Enter Figure 17-13 with V =3.0 fps and find C = 0.65.

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.

6. Prepare an operations table for the routing.
Suitable headings and arrangement are shown in Table 17-15.

9. Do the routing.
Follow the routine used in Table 17-14 to get the outflows for col
umn 3 of Table 17-15 •

1. Determine the routing coefficient C and the routing interval
6.t •
Follow the procedure of steps 1 through 5 of Example 17-8. For this
example C = 0.44 and 6.t = 0.5 hrs.

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.

Note in Figure 17-16 that the routed outflow peaks are riotriluch 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~

•

•

•
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•

•

2. Prepare the operations table for the routing.
Suitable headings and arrangements are shown in Table 17-16.

3. Taoulate accumulated time at intervals of At and the di.s
charges fo~ total outflow and local inflow at those times.
The time~ are given in column 1 of Table 17-16, 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 tv 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.

5. Prepare the working equation.
C is given in step 1 as 0.44. By Equation 17-35, 11 = 2.27 02 
1.27 01'

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, 11 = 2.27(163) - 1.27(0) =
370, recorded for inflow time 0.5 hrs; for outflow 1.5, II =
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 17-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
lit.- .
Follow the procedure of steps 1 through 5 of Example J.~-8. For
this example C = 0.40 and f1t = 0.3 hrs.

2. Prepare the operations table for tbe routins.
Suitable headings and arrangement are shown in Table 17-17 .
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Table JJf-16 Operations table for Example 17-9 •
Outflow

Time Total Local to be Inflow
Outflow Inflow routed

(hra) (cfs) (cfs) (cfs) (cfs)

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

0 0 0 0 0
.5 120 120 o!/ 3701.0 310 147 163 878

1~5 680 202 478 15082.0 1250 318 932 2278
2.5 1850 325 1525 29783.0 2490 325 2165 33983.5 3030 322 2708 36484.0 3440 318 3122 37934.5 3700 280 3420 38995.0 3900 269 3631 38195.5 3940 226 3714 35396.0 3840 203 3637 29726.5 3500 156 3344 2370 •7.0 3000 85 2915 1800
7.5 2485 61 2424 13008.0 1960 31 1929 etc.etc. etc. etc. etc.

···l[ Outflow starts at ~t = 0.5 hours._....
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3. Tabulate accumulated time at intervals of tlt and the mass
inflows at those times.
The times are giveB in column 1 of Table 17-17 and mass inflows
in column 2.

4. PreI?are the 'Working e<1uation.
C is given in step 1 as 0.40. By E~uation 17-21, O2 = 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 O2 : 0.6(3707) + 0.4(5952) = 4005 cfs
hrs.

(Note: If only the mass outflow is needed%he 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. ComI?ute 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.

~4ethod 1

1. Determine desired ,routing time interval, tlt*.
Following ~he rule expressed in Equation 17-30, tlt* will be 0.4 hrs.

2. Determine routing coefficient, C, and routing interval 6t.
If a stage-discharge-velocity table for a typical section in
the reach is used, the average velocity V is determined using
the method fr,)m page 17-54, and C is computed using E~uation 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 Operattons table for Example 17-10. •Incre-
Time Mas.S Mas.s ment ')f Outflow

Inflow Outflow Outflow Rate
(hrs. ) (cfs-hrs) (cfs-hrs) tcfs-hrs) (cfs)

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

0 0 0
0 0

.3 120 oJ;!
48 160.6 480 48

173 577.9 1,080 221
344 11461.2 1920 565 542 18061.5 3000 1107
757 25231.8 4128 1864
906 30202.1 5112 2770
937 31232.4 5952 3707 898 29932.7 6648 4605
817 27233.0 7200 5422
711 2370 •3.3 7608 6133
590 19663.6 7872 6723 460 15334.2 7992 7183
324 10804.5 7992 7507 194 6474.8 '7992 7701 116 3875.2 7992 7817
70 2335.5 7992 7887

etc. etc... etc. etc • etc.

1/ Outflow starts at Lit = 0.3 hours
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Method 2
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1. Determine desired routing time interval, 6.t*.
Same as Method 1, Ll.t* = o. 4 hr.

17-63

0.72

= 1_(.28)°.524 =

02 = (1 - C*) 01 +
this equation can
or a desk calculator.

0.4 hrs, and C =1.4 hrs, nt* =
(1.1)

= 1-( . 28) 2.1

4. Prepare an operations table for the routing.
Suitable headings and arrangement are shown in Table 17-18.

3. Determine C*
Using Equation 17-31 with nt =

(0.4+0.5(1.4))
c* = 1 (1-.72) 1.5(1.4)

1-0.51 = 0.49.

6. Prepare the working equation.
From step 3, C* = 0.49. Using Equation 17-21
C*11 or 02 = 0.51 01 + 0.49 11, Solutions of
easily be made by accumulative mUltiplication

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 = 0.72 is assumed. V = 4.37 fps.

8. Determine the times for the outflow.
Outflow begins at the end of the first nt (not 6.t*) interval.

7. Do the routing.
Follow the routine of Table 17-14. The outflows are shown in col
umn 3 of Table 17-18.

(1.7)(.72)/0.28 = 4.37 fps. Combining Equations 17-17 and 17-27,
L nt CL

K = 3600v = C or nt = 3600v = (. 72)( 30000) /( 3600)(4. 37) =
1.37 hrs. Use 1.4 hrs. nt is also the wave travel time through
the entire reach.

5. Tabulate accumulated time intervals of nt* 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.

With 6.t = 1. 4 hrs, show this time in column 4 of Table 17-18 in the
row where outflow begins. Get succeeding times by adding 6.t* 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.

•

•

•
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Table 17-18 Operations table for Example 17-11 Method 1. •Time Time
Inflow Inflow Outflow Outflow

(hrs) (cfs) (cfs) (hrs)

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

0 0 01/.4 260 0- 1.4.8 980 127 1.81.2 2100 545 2.21.6 3120 1307 2.62.0 3500 2195 3.02.4 3220 283~ 3.42.8 2630 3023 3.83.2 1960 2830 4.23.6 1470 2404 4.64.0 1120 1946 5.04.4 840 1541 5.44.8 630 1198 5.85.2 455 920 6.2
5.~ 345 692 6.66.0 265 522 7.06.4 180 396 7.46.8 130 290 7.8 •7.2 100 212 8.2
7.6 75 157 8.68.0 60 117 9.08.4· 45 89 9.4

.··.8.~ 35 67 9.89.2 20 51 10.2
9.6 10 36 10.6lO.O 0 23 11.0e;tc •.. etc. 12 11.4

6 11.8
3 12.2
2 , 12.6
1 13.0

etc. etc.

1/ Outflow starts at Llt = 1. 4 hours
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6. Go to step 2.

17-65

=

C = 0.72,

In this example ~L*n=l = 8740

L:L*n=2 = 17480

~L*n=3 = 26220

~L*n=4 = 34960

Therefore, the first three routings are made by going to step 5 and
the last routing by going to step 7.

5. Prepare working e~uation and do the routing.
Using E~uation 17-21 and the routing coefficient computed in step
2, 02 = (1 - C)Ol + CII = 0.28 01 + 0.7211' The outflows for each
subreach are shown in Table 17-19 •

4. Compare the total of subreach lengths, ~L* with the given
reach length, L.
For ~L*~L go to step 5
For LL*>L go to step 7

NEH Notice 4-102, August 1972

7. Determine the length of the remaining subreach to be routed.
Subtract the ~L* of the 3 completed routings, i.e., 26220ft from
the total reach length to get the remaining reach length to be routed.
L** = 30000 - 26220 = 3780 ft.

Following Method 1
.09 01 + 0.91 il'

8. Determine the~t time interval for the rema1n1ng subreach.
The time interval used here is the same as the wave traveltime
through the remaining subreach. Combining E~uations 17-17 and 17-27
as in step 2 Method 1 ~t** = CL** = (0.72)(3780)/(3600)(4.37) =
0.173 hrs 3600v

10.

3. Determine length of subreach L*.
This is the length of reach re~uired to satisfy the relationship
of E~uation 17-26 with C = 0.72 and ~t* = 0.4 hrs. Combining E~ua

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.

9. Determine the modified routing coefficient C*.
Using E~uation 17-31 with ~t** = 0.173, ~t* = 0.4 and

(~t*O.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

•

•

•
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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.

•

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.

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 rainfall 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.

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 Llt 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 o.~ hrs). See column 7 Table 17-19 and Figure 17-19.

When C* and Llt* are used and local inflow is to be added, the
local inflow must be used in its actual time position regardless
of Llt and Llt*. That is, the local inflow is not shifted back or
forth because it is not affected by the use of C* and Llt*.

* *Effects of transmission losses on routed flows
A flood hydrograp~ 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.
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2. Add local inflow of reach (a,b) to the routed outflow to get
the total ou.tflowhydrograph, which becomes the inflow hydrograph for
reach (b,c). It should be noted here that local inflow fora 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).

1. Route the inflow hydrograph at (a) through reach (a,b).

•

•

Add local inflow of reach (e,f) to the routed outflow to get
outflow hydrograph for that tributary.

Route the inflow hydrograph at point (g) through reach (g,f) •

5. Route the inflow hydrograph at (d) through reach (d,c).

8. Route the total hydrograph at point (c) through reach (c,f).

----JXr.-~~~-thainflow hydrograph at point (e) through reach (e,f).

The first major step in routing through a stream system is to develop
the routing parameters, C and ~t, for each reach. Many times it is
necessary to use ~t* to make the routing interval uniform through the
stream system; these parameters should be obtained before the routing
begins. The method of developing the parameters C, K, and ~t is given
in steps 1 through 5 of Example 17-8. The method of determining C*
and ~t* is given in st~:ps 1 through 3 of Example 17-11.

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:

4. Add local inflow of reach (b,c) to the routed outflow to get
the total outflow hydrograph for that tributary.

7. Add the total outfloiV hydrographs from reaches (b,c) and (d,c),
steps 4 and 6, to get the total outflow hydrograph at point (c).

6. AddlJDcal inflow of reach (d,c) to the routed outflow to get
the total outflow hydrograph at point (c).

The second major step is the developmevt of the inflow hydrographs
at heads of uppermost reaches and of local inflow hydrographs for all
reaches. The methods of Chapter 16 are used.

9. Add local inflow of reach (c,f) to the routed outflow to get
the total outflow hydrograph at point> (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

11.
the total
~.

12.
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• 14. Add the .total outflow hydrographs from reaches (c,f), (e,f),
and (g,f), steps 9, 11, and 13 to get the total outflow hydrograph at
point (f).

•

•
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15. Route the total hydrographat 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 rbutedoutflow 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,~).

25. Add local inflow of reach (i, ~) ,to the routed outflow to get
the total outflow hydrograph at point (~). 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:

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:

(Eq. 17-36)
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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 ~t and ~t*.

where: qi anq.,qi+i are consecutive discharges, ~t* is the desired time •
interval and ~t is the required time interval of the partial routing.
When using Method 2, ~t is always less than ~t*.

17-70
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Time Infiow Outflow Outflow Local Total Outflow Local Total Outflow Outflow Outflow Local Total

Subrchl Inflow Outflow Inflow Outflow Subrchl Subrch2 Inflow Outflow

@16540. '
@17436. I @34972. I

hrs._________________________________________ (All Discharges in cfs)---------------------------------~---------------------------------

0 0
01/

0 0 03./ 0 0 80 80

1 450 0 190 190 190 40 230 0
01/

80 80

2 1680 284 280 700 980 980 140 1020 150 0 80 80

3 3600 l1"J 1151 1000 2151 2151 300 2451 715 97 97 600 697

4 5340 2698 2678 810 3488 3488 445 3933 1844 498 498 850 1248

5 6000 4363 4340 520 4860 4860 500 5360 3202 1371 1371 690 2061

6 5520 5394 5380 315 5695 5695 460 6155 4605 2560 2560 410 2970

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

10 1920 3036 3048 45 3093 3093 160 3253 4660 5525 5525 80 5605

11 1440 2333 2343 25 2368 2368 120 2488 3745 4963 4963 80 5043

12 1080 1770 1778 15 1793 1793 90 1883 2928 4173 4173 80 4253

13 780 1335 1341 10 1351 1351 65 1416 2249 3365 3365 80 3445

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.

1/ Outflow begins at 1.00 hrs., rounded from 1.17 hrs.

3./ Outflow begins at 0.00 hrs., rounded from 0.17 hrs.

1/ Outflow begins at 2.00 hrs. , rounded from 2.12 hrs.
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Figure 17-12. Relationships for Convex method of channel routing.



Figure 17-13. Convex routing coefficient versus velocity •
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EXAMPLE

K - reach t rave I time
C - routing coefficient

flt - computed routing interval
~t· - desired routing Interval

C * - requi red routing coefficient

'3
6t

Given C"' 0.8, K"' 3.0, and 6t* =1.0

I. Compute 6t =CK"' 0.8(3.0)"' 2.4
2. U.e ~t and ~t* for move I.

3. U.e C in move 2 and read ~ ,. 0.626
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Nomograph by Glenn G. Common.

Figure 17-14. ES-1025 rev. sheet 1 of 2.
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2

Figure 17-15. Inflow and routed outflow hydrograph for Example 17-7 .
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Mass inflow, mass outflow and rate hydrograph for
Example 17-10.
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Figure 17-20. Typical Schematic diagram for routing through a
system of channels.
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Basic Equations
All of the unit-hydrograph working equations are derived from the rela
tionship for the peak rate of a unit hydrograph:

•

(Eq. 17-38)

(Eq. 17-.

Unit-Hydrograph Routing Methods

A = drainage area contributing runoff; in square miles

Tp = time to peak, in hours

Q = average depth of runoff,ininches, from the contributing
area

qp = peak rate in cfs

K = a constant (not the routing parameter used in the Convex
method)

By letting q~, K, A, Q, and Tp stand for a watershed in one condition
and using prlmed symbols qp' K' , A', Q', and ~.pfor the same watershed
in a condition being studied, then by use of ~uation 17-37 it is evi
dent that:

where

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.

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 extend~d 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.

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 meth
The areas and peak times are assumed to remain constant.
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When AI = A and TI = T , which is the usual case when evaluating land
use and treatmentPeffegts, E~uation 17-38 becomes:

17-83

(E~. 17-39)

(E~. 17-43)

(E~. 17-44)

(E~. 17-42)

(E~. 17-40)

+ ~* (A*)
(AI - A*) Q' Tp

~p = ~p A Q T I

P

NEH Notice 4-102, August 1972

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.

E~uation 17-41 can be further simplified by using:

A*r=r.

where

When using E~uation 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 ~*,

but this is sometimes too conservative an assumption (see the section
titled "Use of E~uation 17-43 on large watersheds").

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: .

where r is the fraction of drainage area under control or the percent of
control divided by 100. Using E~uation 17-42 in E~uation 17-41 gives:

4111ten 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* s~uare miles and having an average release
rate of ~* csm, the peak rate e~uation becomes:

•

which is one of the basic expressions of the unit hydrograph theory. If
the same simplification applies when evaluating structures then E~uationeU- 39 becomes:

A - A*
~p = ~p A + ~* (A*) (E~. 17-41)



Using Equation 17-45 in equations 17-37, 17-38, and 17-39 produces work
ingequations 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") •

which is the working equation in practice. The parameters k and hare
obtained from data fora 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 sectidn
titled "Use of Equations 17-48, 17-50, and 17-52" for an application of
this procedure. I

•

•
(Eq. 17-45)

(Eq. 17-48)q = k Ah Qp
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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:

where k = K/c. Letting (1 - d) = h, Equation 17-47 becomes:

After h is known, the equivalent of Equation 17-38 is:

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:

Tp = c Ad (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)
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which is the same as Equation 17:"'"43 in form but where qp is now determined
from Equation 17-48.

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.

In the "Concordant Flow" method of peak determination, Equation 17-48 is
modified to take into account the effects of control struc~ures and their
release rates, with the working equatiol. being:
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(Eq. 17-54)

(Eq. 17-52)

(Eq. 17-51)

(Eq. 17-50)

(Eq. 17-49)
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~ = k Ah (Q -r Qs) + q*(A*)

qp = <lp C' + q* C"

<l' =q (1 - r) + q*(A*)pp

<l' = k Ah Q (1 - r) + q*(A*)p

n' = (!.1 h ~'
':I.p qp \ A} Q

or:

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 modi fied further. Equation 17-50, for example,
becomes:

The k's cancel out in making this change.

Working equations for special cases
Additional equations can be developed ~romthbse 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 ~d 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:

qp = qp (2 - ~ - r" ) + q* (A* ; B*) (Eq. 17-53)

After first computing (2 - r - r")/2 = C' and (A* + B*)/2 = C" for the
reach, the working equation becomes:

•

•

•
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1. Compute r.
By Equation 17-42 r = 42/183 = 0.230 because A* = 42 and A = 183
square miles.

Example 17-12.--A watershed has a peak discharge of 46,300 cfs from a
storm that pr0duced 2.54 inches of runoff. What would the peak rate
have been for a runoff of 1.68 inches?

•

2. Apply Eg"uation 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 '1;' = 37800(1 
0.230) + 15(42) =29,736 cfs, which is rounded to 29,700 cfs. This
is the reduced peak.

1. Apply Equation 17-40.
For this problem qp = 46,300 cfs, Q = 2.54 inches, andQ' = 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 equatio.
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.

Use of Equation 17-40. - This basic expression 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.

Fxamples
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 8C8 electronic-computer evaluation
program.

where C' and C" are the computed coefficients. Each evaluation reach
requires its own set of coefficients.

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?

Use of Equation 17-43 on large watersheds.- If Equation 17-43 is used 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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~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 compute~ 'sing 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 Tu = 24 hours and find the row to

~
~be used, in this case it is between It values of 21.1 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.

NEH Notice 4-102, August 1972
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Table 17-21 Data and working table for use of Equation 17-43 on a large watershed

Tt A !.':,A Au A* !.':,A* Aii r (1 - r) q*(A*);!;/
(hrs) (sq.mi. ) (sq.mi. ) (sq.mL) (sq.mi. ) (sq.mL) (sq.mi. ) (efs)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

0 620 359
8 8 0 0 0 1.000 0

!2\ 2.0 612 359~ 6 14 3 3 .214 .786 21
!2\ 3.5 606 3560
c+ 60 74 24 27 .365 .635 1891-'.
0 9.1 546 332CD

.j::"" 90 164 43 70 .426 .574 490I 15.3 456 289I-'
0 80 244 56 126 .517 .483 882f\).. 21.1 376 233
S' 150 394 87 213 .541 .459 1491
~ 28.0 226 146
lJl

101 495 77 290 .586 .414 2030c+

I-' 31.0 125 69\0
98 593 48 338 .570 .430 2366-.:j

f\)
42.0 27 21

27 620 21 359 .580 .420 2513
48.0 0 0

11 Using an average rate of q* = 7 csm •

• • •



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:

NEH Notice 4-102, August 1972

The following examples show some typical uses of the graph or its equa
tion.

17-89

(Eq. 17-55)qp = 484 AO. 4 Q

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.

If part of a watershed is controlled by floodwater retarding structures
the graph can be used together with equation 17-50, as follows:

2. Compute qp'

Multiplying qp/Q by Q gives qp' therefore, qp = 3.15(4290) = 13,500
cfs by a slide~rule computation.

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.

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?

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.•

•

•
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2. Determine r.
From Equation 17-42 r = A*/A = 103/234 = 0.440

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.

•
3. Determine the flood peak for the watersl.Led 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 efs, using a slide-rule for the multiplications.
Round the discharge to 11,400 cfs.

2. Determine (1 - r).
From Equation 17-42 r = A*/A = 103/234 = 0.440. Then (1 - r) =
1 - 0.440 = 0.560.

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. 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.

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.

Example 17-17.--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. Stor-age 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

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 17-16.--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.
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aifOrmlY 7.5 inches over the watershed, what is the peak rate of flow
with (a) no structures in place and (b) structures in place?

(ECJ.. 17-56)

(r Qs) = 96~i~6 = 3.11 inches

2. Compute the eCJ.uivalent of (r Qs) inECJ.uation 17-52.
The factor (r Qs) can also be expressed as:

E(Ax x Qsx)
(r Qs) = A

3. Determine the flood peak for the watershed with structures in
place.
Use ECJ.uation 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
CJ.* = 8 csm and A* = 187 SCJ.uare miles, as given. This gives: CJ.p =
4800(7.5 - 3.11) + 8(187) = 21100 + 1495 = 22,595 cfs, which is
rounded to 22,600 efs. This is the peak rate with structures in
place.

where Ax is the drainage area in sCJ.uare 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. ECJ.uation 17-56 is solved for (rQs) by d.ividing the sum
of column 4 by the total watershed area:

(Note: Column 4 is not needed if the calculations are made by
accumulative multiplication on a desk-calcula~Qr.)

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
sCJ.uare miles and find CJ.p/Q=4,800 cfs/in.This is (kAh) in ECJ.ua
tion 17-52. Multiplying that result by Q = 7.5 inches gives CJ.p =
36,000 cfs by a slide-rule computation. This is the peak rate with
out structures in place.

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"e ethod so complicated it becomes difficult to get the solution. For this
eason, and for reasons of accuracy, it is better to use the SCS electronic

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)

1 14.2 6.1 86.62
2 8.3 6.8 56.44
3 3.7 9.2 21.75*
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
15 12.5 5.3 66.25
16 10.7 5.0 53.50

2:(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.

•NEH Notice 4-102, August 1972
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Figure 17-21. Qp/Q versus A for a typical physiographic area.

17-93

E.
CT
fA-

o
o

o

o
o
o

-
d

o
o

00

o

o
o
o

o 08

NEH Notice 4-102, August 1972

o

o
o
o
o

o

•

•

•



•

•

•

NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

CHAPTER 18. FREQUENCY METHODS

by

Victor Mockus
Hydraulic Engineer

1956

Reprinted with minor revisions, 1972

NEH Notice 4-102, August 1972



Tables

SECTION 4

NATIONAL ENGINEERING HANDBOOK

• 18-4
• 18-5

• 18-15
18-17

18-18
18-19

• 18-21

. . .

. . . . . . . . 18-1
• ••• 18-1

• • • •• 18-2
• 18-2
• 18-2

18-8
• 18-11
• 18-15
• 18-16
• 18-20

18-23

. . . .. . . . .. . . . .

FREQUENCY METHODS

Contents

HYDROLOGY

CHAPTER 18.

l8.l.--Data for constructing annual flood frequency line,
Boulder Creek near Leonia, Idaho • • • • • • • • • • •

l8.2.--Values of Fa for y =6 to Y =50 •••••••••
l8.3.--Computation of frequency line of annual precipitation

at El Dorado, Kansas • • • • • • • • • •• • • • •
l8.4.--Sample series of logarithms••••••••
l8.5.--Use of positive and negative logarithms to get

standard deviation • • • • • • • • • • •• • • •
l8.6.--Use of a multiple to get standard deviation
l8.7.--Conversion of annual flood frequencies to partial

duration frequencies, Boulder Creek near Leonia, Idaho

Table

Figure

l8.l.--Frequency lines, annual series, by plotting method 18-3
l8.2.--Rectification of skewed data. • • • • • • • • • • • 18-10
l8.3.--Criterion for minimum acceptable years of record. • 18-12
l8.4.--Partial duration flood series •• • •• 18-28
l8.5.--Average annual damage • • • • • • •••••••• 18-28

Figures

Types of frequency series • • • • •
Time units • • • • • • • •
Probability paper. • • • • ••••
Frequency lines. Annual series • • • • • •

Plotting method • • •
Skewed frequency lines • •
Length of record • • • • •
Computing method • • • • • • • • •
Use of logarithms •••
Frequency lines. Partial duration series

Synthetic series • • • • • • • • • • • •

•

•

•



•

•

•

Table fage

18.8.--Conversion of annual flood plotting positions to
partial duration plotting positions for selected
values of T/y. • • • • • • • • • • • • • • • . • • . . • 18-22

18.9.--Preparationof synthetic series for watershed
project evaluation • • • • • • • • • • • • • • • • 18-24

18.10.--Synthetic series--..First method of presentation
and use, annual series • • • a • • • • • • • • • • • 18-26

18.11.--Synthetic series --·Second method of presentation
and use, annual series • • ••• • • • • • • • • •• 18-27



CI-IAPTER 18.

•

•

•

NATIONAL ENGINEERING HANDBOOK

SECTION 4

HYDROLOGY

FREQUENCY METHODS

These methods are used to estimate the frequency of events such as flood
peaks, to test such data for normality, and to extend the ,range of
usefulness of the data. In practice, a 20-year record of flood peaks,
for example, can be used to determine a flood frequency line; if this
line is found adequate by a test, it is extended beyond the actual
range of data to obtain the IOO-year frequency flood or other reqUired
frequencies. The methods are equally useful with similar types of data,
such as flood damages, sediment loads, and rainfall amounts or
intensities.

Types of Frequency Series

Two types of frequency series are used, the ~nnual series, which uses
only the largest value in each year,and the Rartial duration series,
which uses all the values in each year equal to or above an arbitra~

base, usually the lowest annual series value. For example, if floods
of 3000,2000, 1500, and 1000 cfs occur on a watershed in a given year,
the 3000 cfs flood is the annual flood and is used in the annual series •
If the base flood is 1200 cfs, then the first three floods are used in
the partial duration series. The distinction between the two series
can be made for many other kinds of data, but with yearly data--such as
total annual runoff--the annual and partial duration series are identical.

In general, the annual series should be used, since the partial duration
series can be easily computed from it, and there is less total labor
involved.

Time Units

The calendar or water year is the usual t~e unit. Other time units may
be growing seasons, months, weeks, or other arbitra~ periods shorter
than a year, and they are used in either of two ways: (1) the largest
flood in each June, for example, may be used to make a frequency line,
and the results apply only to the months of June; or (2) the largest
flood in each month is selected so that twelve in each year are used,
and the results apply to one month in the year without spepifying which
month. When the time "unit is less than a year, skewness is either
introduced or increased, and must be corrected (see "skewed frequency
lines") or it will often be found that a laO-year f~equency value, for
instance, will be larger than if based on the 'whole year as a unit •
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Freguen~ines. Annual Series

Probability Paper
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(18-1)
F~' =·100C2n-l)
a2y

4. Prepare the vertical scale of the log-normal paper as shown on
figure 18-1, and plot the floods versus their Fa positions.
The logarithmic scale is used for the floods and the percent
scale· for the Fa·values.

5. Draw .~. straight line through the plotted points as follows:
Place one draftsman's triangle on the paper and get >the general
slope or trend of·the plotted·points, giving less· weight to a
point that plots far out of line. Hold this position and
place a second triangle against the first. Using them together
as in drawing parallel lines, slide the first triangle to a
position where some points are on the line, if possible, and
half of the remaining points are above the line and half are
below. When this position is found, draw a straight line, which

1. Tabulate the annual floods, as shownincolUID1l2 of table 18-1.

2. Arrange the floods in order of size, with the largest first
(column 4 of table 18-1). This arrangement is an array.

3. Tabulate the plotting positions (Fa). These positions are
computed using the Hazen equation:

The methods described below use logarithmic normal probability paper,
also called log-normal or Hazen paper. The specific type of paper
recommended for Service use has a three-cycle logarithmic scale>for the
data, and both percent chance and standard deviation scales for the
normal distribution, which extends at least three standard deviations,
plus and minus, from the mean. A sample is shown on figure 18-1.

Plotting method
The following example uses a record of annual flood peaks to illustrate
the plotting method. The. steps would be· the same with other types of
data.

where Fa = the plotting position in percent
n = the rank number
y = the number·. of years of record

Table 18-2 gives values of Fa from y=6 toy =50, computed using
equation 1.
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Table 18-I. Data for constructing annual flood frequency line, Boulder •Creek near Leonia, Idaho. 11

Water Annual
year flood n qa Fa

(cfs)

1929 880 1 2700 2.5

1930 683 2 2170 7.5

31 840 3 2050 12.5

32 1330 4 1710 17.5

33 1330 5 1540 22.5

34 1540 6 1330 27.5

35 1280 7 1330 32.5

36 1100 8 1280 37.5

37 920 9 1220 42.5

38 2050 10 1170 47.5 •39 854 11 1100 52.5

1940 760 12 1080 57.5

41 2170 13 920 62.5

42 871 14 880 67.5

43 1170 15 871 72.5

44 488 16 854 77.5

45 1080 17 840 82.5

46 1220 18 760 87.5

47 2700 19 683 92.5

48 1710 20 488 97.5

11 Data in column 2 from USGS Water-Supply Paper 1080.

•
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Table 18-2. (Cont'd) •1: 22 30 31 32 33 34 35 ~6 37 38 32 40

1 1.7 1.7 1.6 1.6 1.5 1.5 1.4 1.4 1.4 1.3 1.3 1.3
2 5.2 5.0 4.8 4.7 4.5 4.4 4.3 4.2 4.1 3.9 3.8 3.8
3 8.6 8.3 8.1 7.8 7.6 7.4 7.1 6.9 6.8 6.6 6.4 6.3
4 12.1 11.7 11.3 10.9 10.6 10.3 10.0 9.7 9.5 9.2 9.0 8.8
5 15.5 15.0 14.5 14.1 13.6 13.2 12.9 12.5 12.2 11.8 11.5 11.3
6 19.0 18.3 17.7 17.2 16.7 16.2 15.7 15.3 14.9 14.5 14.1 13.8
7 22.4 21.7 21.0 20.3 19.7 19.1 18.6 18.1 17.6 17.1 16.7 16.3
8 25.9 25.0 24.2 23.4 22.7 22.1 21.4 20.8 20.3 19.7 19.2 18.8
9 29.3 28.3 27.4 26.6 25.8 25.0 24.3 23.6 23.0 22.4 21.8 21.3

10 32.8 31.7 30.6 29.7 28.8 27.9 27.1 26.4 25.7 25.0 24.4 23.8
11 36.2 35.0 33.9 32.8 31.8 30.9 30.0 29.2 28.4 27.6 26.9 26.3
12 39.7 38.3 37.1 35.9 34.8 33.8 32.9 31.9 31.1 30.3 29.5 28.8
13 43.1 41.7 40.3 39.1 37.9 36.8 35.7 34.7 33.8 32.9 32.0 31.3
14 46.6 45.0 43.5 42.2 40.9 39.7 38.6 37.5 36.5 35.5 34.6 33.8
15 50.0 48.3 46.8 45.3 43.9 42.6 41.4 40.3 39.2 38.2 37.2 36.3
16 53.4 51.7 50.0 48.4 47.0 45.6 44.3 43.1 41.9 40.8 39.7 38.8
17 56.9 55.0 53.2 51.6 50.0 48.5 47.1 45.8 44.6 43.4 42.3 41.3
18 60.3 58.3 56.5 54.7 53.0 51.5 50.0 48.6 47.3 46.1 44.9 43.8
19 63.8 61.7 59.7 57.8 56.1 54.4 52.9 51.4 50.0 48.7 47.4 46.2
20 67.2 65.0 62.9 60.9 59.1 57.4 55.7 54.2 52.7 51.3 50.0 48.8
21 70.7 68.3 66.1 64.1 62.1 60.3 58.6 56.9 55.4 53.9 52.6 51.2 •22 74.1 71.7 69~4 67.2 65.2 63.2 61.4 59.7 58.1 56.6 55.1 53.8
23 77.6 75.0 72.6 70.3 68.2 66.2 64.3 62.5 60.8 59.2 57.7 56.2
24 81.0 78.3 75.8 73.4 71.2 69.1 67.1 65.3 63.5 61.8 60.3 58.7
25 84.5 81.7 79.0 76.6 74.2 72.1 70.0 68.1 66.2 64.5 62.8 61.2
26 87.9 85.0 82.3 79.7 77.3 75.0 72.9 70.8 68.9 67.1 65.4 63.7
27 91.4 88.3 85.5 82.8 80.3 77.9 75.7 73.6 71.6 69.7 68.0 66.2
28 94.8 91.7 88.7 85.9 83.3 80.9 78.6 76.4 74.3 72.4 70.5 68.7
29 98.3 95.0. 91~9 89.1 86.4 83.8 .. 81.4 79.2 '77.0 75.0 73.1 71.2
30 98.3 95.2 92.2 89.4 86.8 84.3 81.9 79.7 77.6 75.6 73.7
31 98.4 95.3 92.4 89.7 87.1 84.7 82.4 80.3 78.2 76.2
32 98.4 95.5 92.6 90.0 87.5 85.1 82.9 80.8 78.7
33 98.5 95.6 92.9 90.3 87.8 85.5 83.3 81.2
34 98.5 95.7 93.1 90.5 88.2 85.9 83.7
35 98.6 95.8 93.2 90.8 88.5 86.2
36 98.6 95.9 93.4 91.0 88.7
37 98.6 96.1 93.6 91.2
38 98.7 96.2 93.7
39 98.7 96.2
40 98.7

•
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(c) The data are not well represented by the log-normal dis
tribution.

For example, the 1 percent chance flood is the lOa-year frequency flood,
and the 50 percent chance flood is the 2-year flood.

•

•

•

(18-2)= frequency100
percent chance

A frequency, in years, is obtained using the relation:

(a) The data are a poor sample.

(b) The data are affected by some physical occurrence that
causes a consistent bias in the data.

will be the frequency line for that set of data. See "Skewed
frequency lines" for the procedure when the plotted points do
not line up reasonably well.

When data plot on a curved line, one or more of the following conclusions
can generally be made:

Skewed freguengy lines
The purpose of the special probability paper is to make the plotted
points fall into reasonable alinement so that a straight line can be
drawn and easily extended beyond the range of data. Some data will
plot so that a curved frequency line would better fit the points. Such
a curved line is a skewed frequency line in terms of the log-normal
paper.

Poor samples are always possible, though they are less likely to occur
as the size of the sample increases. Double-mass analysis or the
regression method (see a statistical text for details) can be used to
improve the application of poor samples. The subsection on "Length
of record," given below, will assist in estimating the value of a
sample.

The percent scale of figure 18-1 is also called the percent chance scale.
For example, at the 50 percent chance line, the discharge as given by
the frequency line is about 1150 cfs. TI~e probability is 50 percent
(or fifty chances in a hundred) that a flood of this size will be
equalled or exceeded in any given year. At the 1 percent chance line,
the frequency line shows a discharge of about 3150 cfs, with a probability
of 1 percent (or one chance in a hundred) that this size flood will be
equalled or exceeded in any given year.
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Note that the procedure is not precise. Much time should not be spent
on the trial-and-error process, nor should the constant be given any
meaning or physical importance.

The conclusion (c) above is usually justified only when a very long
period of record is available, since many data are needed to show by
statistical tests that conclusions (a) or (b) are not more appropriate.

If the rectified values do not plot in reasonable alinement,
assume a different constant and repeat step 2 until such
alinement is obtained.

Add an assumed constant value to each plotted point and replot.
See "Rectified data" of figure 18-2.

Plot the original data on log-normal paper, following the
procedure given above, but draw no line through the points.

Draw a straight line through the rectified points, following the
process described above. This is a preliminary line.

Other more complex mathematical skew correction procedures are available,
tr~t are not recommended for general use. If an understanding of them is
needed in order to weigh the significance of work done by those procedures,
refer to:

Subtract the constant value from the preliminary line. Plot.
the resulting points and draw a curve through them. This is
the completed frequency line, from which various flood
frequencies are selected for use.

The following rapid graphical procedure may be used to rectify skewed
data. The procedure should be used only when field evidence shows the
data are greatly biased. Referring to figure 18-2, take the following
steps:

It is possible for the data to plot originally with the curvature
opposite to that shown on figure 18-2. In such cases the constant is
found by trial-and-error subtraction, the preliminary line is below the
completed line, and the completed line flattens out horizontally.

Physical occurr~nces that cause a bias or consistent error may be of
many kinds, with the bias unaffected by length of record. A leaky rain
gage or an observer who neglects to record small rains will bias rain
fall data. A stream channel with high transmission losses, like many
in the West, will bias runoff data by losing all of the smaller flows
and part of the others. Industrial waste water flowing continually
into a stream will bias runoff data in the opposite way.

•

1.

2.

3.

• 4.

5.

•
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Hazen. Allen. - Flood Flows. John Wiley & Sons, Inc., New York.
1930.

Foster. H. A. - Theoretical Frequency Curves. Trans. Amer. Soc.
Civil Engin., vol. 87. 1924.

(18-3)(x - m) In - 1
s

The method for estimating required sample size is based'on the
equation 11:

Figure 18-3 shows a relation between the slope of a frequency line on
log-normal paper and the minimum years of reco:rd.needed·to make that
line reasonably representative of a normal period. This· relation is
used to obtain the checks mentioned above•

Length of record
Both the historical and synthetic series should be checked for
sufficient length of record before being used. Generally the check is
either (1) for hydrologic design purposes, where assurance is needed
only that the record is long enough to give reasonably close estimates;
or (2) for·watershed project evaluations, where assurance is needed
that the record is neither too short nor too long, since a too~short

record will usually give a poor estimate of project benefits, and a too
long record will increase. the evaluation labor without significantly
increasing the accuracy of the benefit estimates.

Jarvis. Clarence S•• and othe~. - Floods in the United States.
USGS Water-Supply Paper 771, 1936. (See paper by Thorndike
Saville)

whereth = "Student's" t at the 11 level of significance* = mean of the sample
-,'..

ill = given value with which i is compared
n =number of items in the sample
s = standard deviation of the sample y

For the derivation of equation 18-3 see Cramer, "Mathematical Methods
of Statistics," Sections 18.2 and 29.4. Another form Y of equation
18-3 is used in Snedecor's "Statistical Methods," Section 2.14, (4th
ed.) •

11 A·comparable method using variances showed that the test based on
e~uation 18-3 is sufficient. .. Z
Y Computed using the so-called "biased" method, or L:(x-x) In. The
methodzgiven on tables 18-3, 18-5, and 18-6is the "unbiased" method or
L:(x-x) I(n-1), and the t equation is t = (x-:m) (In) Is. This is the form
used qy Snedecor. The t test is the same in either case. Equation 18-3
was more convenient for the purpose here•

•

•

•
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s = 0.430 log R (18-6)

The percent error of the standardized mean is in terms of logarithms.
A 10 percent plus or minus error at a 10 percent level of significance
(Cramer, Snedecor) provides sufficient accuracy in frequency lines for
Service purposes. This limit results in setting

(18-8)

(18-7)

(18-4)m =x - 0.1

R =magnitude of the 100-year event
magnitude of the 2-year event

This is the equation of the curve plotted on figure 18-3. The following
very important facts about the curve should be remembered:

(a) The curve is used as though it were a precise divider of
acceptable and non-acceptable lengths of record.
Theoretically, the further a point is below the curve,
the less acceptable it is, because of the probability
nature of the curve. However, the criteria used in
preparing the curve are generous enough that lowering
of the criteria is undesirable; that is, at R = 6, for
example, where Ym = 38, if a record length of 37 years
is accepted today (for being only a small percent lower!),
there is no reason why ~6 years should not be accepted
tomorrow, 35 years the next day, then..lii., and so on. It is
relatively easy to lengthen a period of record by doub1e
mass analysis, by regression methods, or by adding to the
storm series and computing runoff. Therefore, lengths of
record falling below the curve will be regarded as
unacceptable•

is used to obtain

n = (4.30 t 10 log R)2 + k .

Equation 18-3 then becomes:

(n - k) = (10 s t 10)2 (18-5)

where (n-k) represents degrees of freedom (Cramer, Snedecor). The
relation on log-normal paper

with logarithms to base 10, and where R is the ratio

Loss of degrees of freedom makes k - 6. Substituting Ymfor n, where
Ym is the minimum acceptable years of record, equation 18-8 becomes:

2
Ym = (4.30 t 10 log R) + 6 (18-9)

•

•

•
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(b) Minimum acceptable length of record depends on the slope
of the frequency line. This is true regardless of the
statements in item (a) above, or of the level of signifi
cance used, or of the mechanics of frequency line
construction.

(c) The test for acceptability is made using the annual series.

(d) Equation 18-9 and figure 18-3 do not operate in reverse.
They give only the minimum acceptable years of record for
a given R. Once this minimum is exceeded the R will remain
about the same as new data are added unless (1) the new data
are biased, (2) the population from which the sample is
being taken changes radically, or (3) an error exists in
the original data.

(e) When data in group A have a certain R2 then data in Group
B;which is derived from Group A2 may have an R larger or
smaller than the one for Group A. Precipitation data, for
example, will usually plot with flatter slopes than runoff
data, so that '. an acceptable length of record obtained using
storm rainfall may be unacceptable for the runoff from
that rainfall, so that a longer period of record is needed
for the runoff.

Figure 18-3 is used as follows for both the historical and synthetic series:

1. Plot the data on log-normal paper.

2. If th~Ldatl3.are :;lkewed, rectify them and use the slope of the
prelimi,nary line .(see figure 18-2) to make the length of record
test. '

3. If the scatter of the plotting indicates a poor sample, or if
the length of record is too short, increase the size of the
sample by the use of the double-mass or regression analysis
method or by adding to the storm series. Then rearrange and
replot the data.

4. When the data are in reasonable alinement, draw a straight line
using the method described previously.

5. Determine the ratio R from the 2-year and lOa-year frequency
values.

6. Use figure 18-3 with the computed R to find Ym. If the actual
length of record is not less than Ym, the record is acceptable.
If the actual length of record is less than Ym, go back to
step 3 and repeat the process.

•

•

•



1 2 3
(log py2 == X2Year P log P =X

(inches)

1905 38.1 1.581 2.500
06 39.0 1.591 2.531
07 31.8 1.502 2.256
08 39.7 1.599 2.557
09 30.2 1.480 2.190

1910 24.0 1.380 1.904
11 35.5 1.550 2.402
12 30.9 1.490 2.220
13 22.7 1.356 1.839
14 23.0 1.362 1.855

1915 45.4 1.657 2.746
16 30.4 1.483 2.199
17 17.9 1.253 1.570
18 33.8 1.529 2.338

1919 22.1 1.344 1.806

•

•

•
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Examples.--On figure 18-1(a), R = 3150/1150 =2.74, with an
actual record of 20 years' length. Figure 18-3 gives Ym =17.4
years. The actual record is greater; therefore the frequency
line has an adequate length of record.

On figure 18-1(b) and table 18-3, R = 56/30 =1.87, and actual
record length is 15 years. Figure 18-3 gives Ym =10.5, and
the actual length is adequate.

On figure 18-2 the preliminary line is used. R = 22200/9550
=2.33, for which Ym is 14.5 years, and is exceeded in length by
the actual record of 35 years. Therefore the actual length of
record is acceptable.

Computing method
This method has the advantage that any two persons using it will obtain
identical frequency lines. The plotting method given above may some
times lead to differences that are important. This method is
independent of equation 18-1.

Table 18-3 shows data and the procedure. The computations were made
on a calculator so that many of them did not actually need to be
written. For example, the sum of squares in step 4 was obtained
directly from column 3 by accumulative multiplication. The squares in
column 4 need to be written down when doing the computations with a
slide rule.

Table 18-3. Computation of frequency line of annual precipitation at
El Dorado, Kansas.



2.

5.

4.

•

•

•

6.

7.

Sum of X's =8(X) =22.157

3. Mean = S~X) = X=22i~57 = 1.477

Sum of squares = S(X2) = 32.913

Squared sum = ~(X)J2 = (22.157)2 = 490.993

Correction for sum of squares = [§.lX)] 2 =tt20. 933 = 32.729
N 2 15

Sum of squared deviations = S(X2) - [s..iX)] = S(d2) = 32.913 _ 32.729 =
0.184 N

8. Variance = S(d
2

) = (s2) = 0.184 = 0.0131
N,;"" 1 14

Standard deviation = .f;2 = (s) = 10.0131 = 0.1149.

Step
1. Number of items = N = 15.

10. Mean plus (6 ) =1.477 + 0.114= 1.591

11. Mean minus (s ) = 1.477 - 0.114 = 1.363

After step 15, the computed line is tested for length of record before
it is used. Quite often the data are also plotted in order to see how
well the computed line fits the data.

18-16

Use of logarithms

The common method of writing logarithms of numbers between 0 and 1 (e.g.,
9.834-10 as the logarithm of 0.683) leads to clumsy operations on a
calculator. Instead, either the negative logarithms should be used, or
all of the data to be computed should be multiplied by 10 (or 100 or
1000, etc.) to make them greater than 1. The multiple is removed after
the computations. Only one multiple is used for a set of computations.

12. Antilog mean - antilog 1.477 = 30.0". Plot on 50% chance line as
shown on figure 18-1(b).

13. Antilog mean plus (s ) = antilog 1.591 =39.0". Plot on 15.9% chance
line.

14. Antilog mean minus (s ) = antilog 1.363 = 23.1". Plot on 84.1% chance
line.

15. Draw straight line through plotted points as shown on figure 18-1(b).
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Table 18-4. Sample series of logarithms

Sample computations showing the use of negative logarithms are given in
table 18-5.

o
- 0.004
- 0.996
- 1.000
- 1.004
- 2.000
-2.004

Negative
logarithm

2.000
1.000
0.004
o

Positive
logarithm

0.101

9.901 =1 ~ 0.101

Number

100.0
10.0

1.01
1

.990

.101

.100

.099

.010

.0099

Reciprocal:

Number:

Characteristic of
reciprocal: 0

Mantissa of reciprocal: .996 (from log table)

Ne~ative log of 0.101: - 0.996

A multiple i,s usually a multiple of 10. For example, to make each item
of the original data of table 18-5 all greater than 1, a multiple ·.of
1000 could be used. Then the data and their logs would appear as shown
in table 18-6. The multiple can be easily removed only at the end of
certain computations. Referring to the steps of table 18-3, the multiple

Negative logarithms can be obtained very rapidly on slide rules with
L and cr scales. Set the slide with the indexes in line'; find the
number on the cr scale; read the mantissa of the negative logarithm on
the L scale. The characteristics are obtained mentally, using table
18-4 as a guide.

The negative logarithm of a number may be obtained.from a table of
logarithms by taking the reciprocal of the number, finding the
logarithm of the reciprocal, and placing a negative sign before the
figure. For example, the negative logarithm of 0.101 is obtained as
follows:

Table 18-4 gives the positive or negative logarithms of a sample series
of numbers.

•

•

•



Table 18-5. Use of positive and negative logarithms to get standard •
deviation.

18-18

Original data Log 11 Squar~ 11
== (log) .

23.84 1.378 1.90

.683 - 0.167 .028

.0042 - 2.377 5.64

9.75 0.989 .978

6.02 0.780 .609
0.603 9.155

11 By slide rule.

1. Number of i tams == 5

2. Sum = 0.603

3. Mean = 0.603/5 = 0.121

4. Sum of squares = 9.155

5. Squared sum = (0.603)2 = 0.364

6. Correction for sum of squares:;:; 0.364/5 = 0.073

7. Squared deviation =9.155 - 0.073 =9.082

8. Variance = 9."082/4 = 2.270

9. Standard deviation =/2.270 = 1.507

•

•



1. Number of items =5

11 By slide rule.
y By calculating machine.

18~19

Table 18-6. Use of a multiple to get standard deviation.

Sum =15.605

Mean =15.605/5 =3.121

(~: Multiple removed in step 7 and remains out in steps 8 and 9,
as mentioned in text.)

Original data Y Square
Original data times 1000 Logs 1/ = (log)2

23.84 23840 4.378 19.167

.683 683 2.834 8.032

.0042 4.2 0.624 0.389

9.75 9750 3.989 15.912

6.02 6020 3.780 14.288 -57.788

2.

• 3.

4.

5.

6.

7.

8.

9.

•

•
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and division by the multiple gives

3000/100 = 30.0". Flog on 5CY/o chance line.

•

•

•

From the plotted annual flood line get the peak values for
selected Fa values. See columns 1 and 2 of table 18-7.

Convert Fa valueS to Fod values, using table 18-8, interpolating
if necessa~. Estimat~ the average number of floods per year
equal to or greater than the smallest annual flood in the
watershed.

Plot the discharges versus theirFnd values on the sheet of log
paper and draw in the partial duration series frequency line•

2.

3.

4.

Antilog mean =antilog 3.477 =3000";

1. Prepare the annual flood line by either of the two methods given
above.

is easy to remove in steps 2, 3, 10, 11, 12, 13, and 14; the results in
steps 7, 8, and 9 have the multiple already removed; and the multiple is
difficult to remove from the results of steps 4, 5, and 6. In practice,
the multiple would be removed by··division of·· the antilogs of steps 12,
13, and 14. For example, if a multiple of 100 had been used throughout,
step 12 would read:

Frequency lines. Partial duration series.
Using flood peaks as an example, common practice is to pick all flood
peaks above a base from the runoff records, place them in order of size,
find a plotting position (Fpd) by the equation (also see equation 18-2):

F = 2X (18-10)pd 2n- 1

plot the floods on log paper, and fit a curved line to the points by eye.
An equally good or better partial duration line can be computed from the
annua~/flood line .. when the flood line is prepared by either of the two
preceding methods. The data for Boulder Creek (table 18-1) will be used
to illustrate the method. The steps are:

This information can be obtained from streamflow records of a watershed,
or from those ofa nearby gaged watershed if available. The average
number of mixed-cover watersheds is closely related to the average number
of "excessive storms" per year. Yarnell's publication, U.S.D.A. Misc.
Pub. 204, pages 62-67, gives excessive storm data that are suitable for
Northern States, but which are underestimates for the Southern States.
See Yarnell's text for the difference in "excessive storm" criteria.
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F
pd

for B=3.7 obtained by interpolation on table 18-8.
y

Table 18-7.· Conversion of annual flood frequencies to partial duration
frequencies, Boulder Creek near Leonia, Idaho.

(2) (3)

cfs Fpd

3150 99.2

2800 49.2

2470 24.2

2200 13.5

2010 9.26

1670 4.26

1400 2.26

1150 1.26

1030 .93

920 .69

800 .51

660 .37

565 .31

475 .28

420 .27

1
2
2

4

7

90

95

98

99

70

80

20

10

33

50

60

•

•

•



The equation for the conversion is Fpd =100 - (1 - Z), where T is the number of floods in the partial
duration series at and above the low.est. Fa T '
Then T/y is the average number of floods per year.

I-'
00
I
l\)
l\)

•••

Table 18-8. Conversion of annual flood plotting positions to partial duration plotting positionsfor se1ectedya11les of T/y.

Fpd for given T/iJ

1.2 1.4 1.6 2.0 ,2.5 3.0 3.5 4.0 6.0 10.0 2,0.0

1 100. 99.8 99.7 99.6 99.5 99.4 99.3. 99•.3 99~2, 99;2, 99.1 99.02 50.0 49.8 49.7 49.6 49.5 49.4 ,49 •.'. 49.3 49.2, 49~2, 49.1 49.04 25.0 24.8 24.7", 24.6 24.5 24.4 ,,"':24;.3 . 'g4.3. 24;2 24~2·. 24.1 24~07 14.3 14.1 14.0 13.9 13.8 13.7 ."13'~7: 13.6" 13.5' 13~5 13.4 13.310 10.0 9.83 9.72 9.62 9.50 9.40 9~.33 9.29 9.25 . 9.17 9.10 9.0520 5.00 4.83 4.72 4.62 4.50 4.40 4.33 4.29 4.25 4;17 4.10 4.0533 3.00 2.83 2.72 2.62 2.50 2.40 2.33 2.29 2.25 2.17 2.10 2.0550 2.00 1.83 1.72 1.62 1.50 1.40 1.33 1.29 1.25 1.17 1.10 1.0560 1.67 1.50 1.38 1.30 1.17 1.07 1.00 .96 .92 .84 .77 .7270 1.43 1.26 1.14 1.06 .93 .83 .76 .72 .68 .60 .53 .4880 1.25 1.08 .96 .88 .75 .65 .58 .54 .50 .42 .35 .3090 1.11 .94 .82 .74 .61 .51 .44 .40 .36 .28 .21 .1695 1.05 .88 .76 .68 .55 .45 .38 .34 .30 .22 .15 .1098 1.02 .85 .74 .64 .52 .42 .35 .31 .27 .19 .12 .0799 1.01 .84 .72 .63 .51 .41 .34 .30 .26 .18 .11 .06
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A comparison with the annual flood frequency line 'will show that
important differences are for frequencies between zero and 2 years, with
lesser differences for frequencies between 2 and 10 years and no
important differences (except plotting and similar errors) for those
between 10 and 100 years.

Another conversion method is the Langbein method (Langbein, W. B.,
"Annual floods and the partial duration flood series," Trans. Amer.
Geophys. Union, Dec•.1949). This conversion is only for about 2.5
floods per year, which should be remembered when comparisons between
methods are made.

Synthetic Series

This series is made using a historical series, or is developed from
frequency line characteristics dete~tned Qy some form of regional
analysis. Since the hydrologist seldom determines which series will
be used in an evaluation, this subsection presents only the data,
conditions, and methods usually used for preparation of a synthetic
series, without discussing relative merits of the various series.

The synthetic series is seldom used where data are available for a
historic series at each evaluation point ina watershed. Where such
data are available at one or more (but not all) evaluation points, the
data may be used in a regional analysis to develop a synthetic series
at the remaining points. When no historical data are available for
the watershed, they are either transposed or regional analysis is used.
Transposition is generally used with precipitation data, since they are
more easily transposed than runoff data. Regional analysis is generally
used with runoff data when such data are available, and the work
involving precipitation is eliminated.

In the following, it will be assumed that runoff data are available
either from gages, by computation from precipitation, or by transposition,
and that a synthetic series is to be prepared.

Table 18-9, columns 1 and 2, shows a historical series of damaging
flood peaks at a given cross section and the years in which they
occurred. There were no damaging floods at this section for years not
shown. It would be helpful to know the annual floods for the missing
years in order to increase the accuracy of the frequency line, but the
line can be constructed with the given data. Asynthetic series for a
50-year period is required. The procedure is as follows:

1. Select the annual floods and tabulate in order of size
(column 4) •
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Table 18-9. Pr~paration of synthetic series for watershed •project evaluation~

Annual 28-year
Year Peak n flood period

Fa
(cfs) (cfs)

1923 4450 1 5150 1.8

3200 2 4450 5.4

1925 2700 3 3450 8.9

1926 2170 4 2950 12.5

1928 1640 5 2900 16.1

1929 3450 6 2700 19.6

1680 7 2530 23.2

1932 2950 '8 2170 26.8

1933 1800 9 1980 30.4 •1934 1870 10 1930 33.9

1937 1870 11 1870 37.5

1941 2530 12 1870 41.1

1943 1980 13 1800 44.6

1944 5150 14 1640 48.2

2020

1630

1945 2900

1946 1930

Damage begins at 1600cfs. Evaluations made in 1950, therefore the
period of record is 1950 - 1923 + 1 = 28 years.

•
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2. Compute the period of record. In this case, the evaluation
is being made in 1950; therefore the period of record is

1950 - 1923 + 1 = 28 years

3 • Tabulate Fa values for y = 28,usi~,gequation 18-1 or table
18-2, going only as far as the data column requires.

4. Plot the floods on-log-normal paper and determine the
frequency line as previously described.

5. Test the line for adequacy of length of record, using figure
18-3. In this case,

6150
R =1600 =3.84

and figure 18-3 shows Ym = 25, so that the 28-year record is
adequate.

6. The annual-series frequency line is converted to a partial
duration line by the method described above, if the economist
wants to use more than one flood per time unit. The remaining
steps apply to both the annual- and partial-duration series•

7. Either of two methods of presenting the synthetic series may
be used. Table 18-10 gives the first, with the development of
the synthetic series shown. This type of table can be short
ened in the lower portion by letting one peak represent 5 or
10, and multiplying the damage for this peak by 5 or 10, as the
case may be. The second method is given on table 18-11; its
development is shown, and the resulting damage curve is shown
on figure 18-5. A discharge-damage curve, which is not shown,
was used to convert the peaks of column 3 into the dollars
damage of column 4. The damage computations are also shown
in figure 18-5.

For both methods, a set of peaks is worked up for (1) present, (2) with
future land treatment measures assumed in place, and (3) with future
land treatment and structural measures assumed in place, and similar
tables are made. Benefits for (2) and (3) are differences between
average annual damages. .

The curve method (table 18-11 and figur.e 18-5). is probably tq.e most
rapid method of calculating synthetic series damages •



Table 18-10. Synthetic series -- First method of
presentation .and use, annual series.
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etc. etc. etc.
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($)(acres)

Economic calculations
Inundation 11 Damage l!

2170

2080

2410

2330

2250

2500

2720

2600

2850

3000

2/Flood

(cfs)

5300

4450

3950

3600

3350

3250

Length of series =50 years =Ys

JfJ
asn

1 2

2 4

3 6

4 8

5 10

6 12

7 14

8 16

9 18

10 20

11 22

12 24

13 26

14 28

15 30

16 32
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Table 18-11. Synthetic series -- Second method of
presentation and use, annual series.

l! Taken from the frequency line for the computed Fas'

LJ Column filled in by economist.

21 Damage begins at this discharge•

2J il LJ
Fas Flood Damage

(cfs) ($)

2 5300

4 4450

8 3600

16 2850

24 2410

30 2170

40 1830

46 1700

50 160021

17
n

Columns 2 and 4 are used to plot the curve, figure 18-5, and
the area under the curve gives the average annual damage, as
shown there. Use of this table without plotting will result in
an underestimate of damages.)

11 Number of times the peak is equaled or exceeded during the evaluation

period Ys'

Y Fas =100 n
Ys

•

•
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See table 3.18-11 for
computation of curve

Unit = Dd x Pc
100*

=5000 x20
100

= $1000 00
Area under curve is
9.12 units, or $912000
overage annual damages

*This is always 100
regardless of the period
of the series.

Fp=frequency in years

t-

Figure 18-5 Average annual damage
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The synthetic series on,figure 18~5 gives $9120 as the average annual
damages. The historical series (taking 1923-50, inclusive, as the
evaluation period) gives $9004, by calculations not shown here. The
discrepancy may be due to any of several things. Sampling variation
may cause the historical series to give results very much more--or
less--than the synthetic series. When there is an unusually high flood
in the historical series, it often is omitted so the series will better
represent a normal period.

When a partial-duration series is used to get average annual damages,
it is necessary to have some method of avoiding double-counting of
damages. The historical series also requires such a method when more
than one flood per damage season occurs. See the Economics Guide for
details on this subject•
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Effect on Project Evaluation

Transmission losses may affect watershed project evaluations in either
of two ways:

TRANSMISSION LOSSES

SECTION 4

HYDROLOGY

CHAPTER 19.

2. Directly by exaggerating the effects of an upstream measure on
large watershed\'3. A typical instance is a farm or stock pond,
which, because it stores, for example, 10 AF in its reservoir
pool, is usually assumed to reduce the flow volume at a point
100 miles downstream by 10 AF. Actually, if there had been no
storage, possibly only 3 or 4 of that 10 AF would have reached
the downstream point. In some watersheds the transmission loss
may be greater than all other losses combined, including evapora
tion from the pond and seepage in the pond area. In evaluating
land treatment measures, the total effect of the transmission
loss is similar, but since it is not so readily observed, it is
usually considered negligible when actually it may be large•

1. IndirectlY. by affecting the rainfall-runoff relation. Since
some of the runoff is lost on its passage to the stream-gaging
station, there will be a strong tendency for runoff from a
moisture condition III to appear like that of a II; that from
a II to appear like that of a I; and when the condition is a
I on the uplands, to make the loss so large that a moisture
condition 0 may seem appropriate. Adjustment of the watershed
antecedent moisture conditions does not solve the problem and
tends further to complicate the problem of dealing with rain
fall-runoff relations; it is necessar,y to recognize the
transmission loss and to correct for it. Without such a correc
tion, the rainfall-runoff relation is in error, resulting in
errors in the evaluation and design of a watershed project.

Whenever water flows through a normally dry stream channel, the volume
of flow is reduced due to infiltration or seepage into the bed and
banks of the stream. The transmission loss is recognized in irrigation
canal design, and both data and procedures are available. Data for
natural streams are scarce, and procedures that are available must be
adapted to local conditions. This chapter describes the problem further
and suggests procedures for practical use.

•

•

•
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Types of Prooedures

•

•

•

(19-1)

~ = the reduoed runoff volume in inohes

Q =the original upstream runoff volume in inohes
T

G = oonstants that are different for eaoh watershed and
whioh are estimated from flow reoords.

K, S,

NEH Notice 4 102, August 1972

Channels in ooarse sands and gravels will usually have large losses,
oontinuous during the flow period. Channels in finer materials, such
as silts or 10ams, will have a similar but lesser loss. The same
equation applies to both groups, with only the oonstants differing:

It is possible to set up equations for estimating transmission losses,
but the oonstants in the equations will vary from stream to stream.
The diffioult part of the task is to determine those oonstants for a
partioular watershed.

Major inf1uenoes on transmission losses are (1) elevation of the ground
water table, (2) oharaoter of the materials in the channel bed and banks,
and (3) wetted perimeter.

Still another direot effeot of transmission losses is to ohange the
shapes of hydrographs. Watersheds with large losses usually have
hydrographs that depart from the ' expeoted pattern typified by figure
16-3 by being steeper during the rise~ Rather than prepare a typical
hydrograph for these variable oases) it is better to estimate the
transmission loss for eaoh oase (it may vary from storm to storm on a
watershed) and to adjust the typioal hydrograph based on total upland
runoff by reduoing the ordinates of flow during the rise. Suoh
adjustments oannot be aoourate without detailed knowledge of the amounts
and distribution of the transmission loss.

where

The ground-water table may be taken into aooount when it is of
importanoe, by dividing runoff periods into two parts, one in whioh the
water table is high and trans..nission losses may be safely assumed to
be negligible, and the other when the water table is low and bed and
bank oharaoter governs. This division may sometimes be made using flow
reoords sinoe reoession ourves may indicate the presenoe or 1aok of a
water table. Without flow reoords, preoipitation and temperature
reoords will be of assistanoe in estimating the division of runoff periods

The oonstant G in equation 19-1 represents heavy initial losses that
take p1aoe before a more steady seepage rate prevails. Equation 12-3
of Chapter 12 oan also be used for estimating this type of loss by
using D in that equation to mean duration of streamflow at a given h.
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Channels may have geologic formations within them that cause large
transmission losses. Here the loss is a discontinuous one in the sense
that it has no relation to the loss upstream or downstream from its
location. These losses are preferably determined by the use of stream
flow stations bracketing the loss area. Qualitative or visual estimates
of the losses may greatly mislead because of·further unknown discontinu
ities in the formations. A study of watersheds with similar formations
will usually indicate maximum and minimum limits within which the
problem watershed may be presumed to fall. Although the actual loss
cannot then be known it may be possible to use both limits (in two
sets of calculations) and at least learn the possible extremes of their
effects on a watershed project. However, the streamflow measurements
mentioned above are necessary for more specific information.

Channels in fat, heavy clays will have very small losses unless the
clays have had the opportunity to dry and crack. In that case, there
may be a larger initial loss so that an equation would read:

~ =QT - C (19-2)

where C is the initial loss. However, losses in this kind of channel
are usually neglected.

~~imation of Transmission Losses

Methods based on equation 19-1 will be discussed here. The area of
application of a particular method is not defined by latitude and
longitude, geologic regions, or great soil groups, since the character
of bed and banks of a stream is the sole criterion and may vary widely
among neighboring streams.

Figure 19-1 shows one form in which equation 19-1 may be used. Losses
are expressed in relative terms to permit wider application of the loss
curves. Since estimates using these curves are for average conditions,
results on individual watersheds may depart widely from indicated values.
Curves of the type in figure 19-1 are used as follows:

Given 1.22 inches of direct runoff on a 1.85-square-mile watershed, and
assuming the storm has about uniform coverage over both watersheds,
which have similar cover and soil,

(a) What is the direct runoff for a 12.O-square-mile watershed?

Using curve A, we read a ratio at 1.85 square miles of
0.88 and at 12 square miles of 0.61. Then the expected
direct runoff for the larger watershed is

0.61 (1.22) = 0.85 inches
0.88



Figure 19-1 Drainage area, in square miles
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seepage loss in cfs per channel mile

= a constant that is larger for more pervious materials

A = cross section of the flow in square feet.

q = k
R

qR =

k

where 53.3 is a conversion constant (see Chapter 2).

Discussion

19-5

(b) What is the transmission loss?

This is:

(1.22 - 0.85) (12.0 sq. mi.) (53.3) = 237 AF

Curve B is used in the same way. The curves may also be used to adjust
for drainage area size. Curves for a specific watershed may be made
when streamflow data are available, if differences in precipitation
distribution and hydrologic soil-cover complexes are not large, by
plotting either actual or relative runoff amounts versus drainage area.
Graphs·of runoff versus length of main channel may be more specific, in
some cases, and are used similarly.

where

The graph, 19-2, is modified from methods used by the Bureau of
Reclamation to estimate irrigation canal seepage. This type of plotting
uses the equation:

The methods described above should be modified by local data wherever
possible. It is preferable to neglect the transmission loss where it
is probably small or within the margin of error of the other estimates.

This is a modified form of equation 19-1 and applies only after initial
losses are satisfied and the seepage has become relatively constant for
a constant flow. The initial loss must be estimated before using
figure 19-2. Table 19-1 shows a sample computation in which the initial
loss and transmission losses by figure 19-2 are computed separately,
and their effects shown on a hydrograph routed through a reach.

In computations of transmission losses, such as those in table 19-1 and
those given in the text,rough approximations of various kinds must
usually be made because data are lacking. These approximations can
sometimes be made in two sets: (1) probable maximum, and (2) probable
minimum. Then working limits can be established, one of which will be
a conservative value according to the given case •

•

•

•

~----------------------
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il Computations of initial loss (Li, in cfs hours):
C = channel length in feet = 16,900 feet
W= approximate average width of flow = 40 feet •
I = approximate average depth to high-seepage-rate inhibiting material

= 6 feet
V = porosity of the channel bed material, which is t.he ratio of the

volume of voids to the total volume of the channel bed material
down to the high seepage rate inhibiting material.

Then
L. = CWIV =.L16,900t (40) 122. =1126 cfs hrs

1 3600 3 00 •
This amount is subtracted from the hydrograph at the foot of the reach
as follows: Col. 3 is accumulated to the hour that gives a total of
more than 1126 cfs hours. Then subtract 1126 and show remainder at
that hour: 1670 (at hour 5) - 1126 = 544
2/ Using stage-discharge and ~tage-cross-section area curves, and Col. 4

values as average rates in1the reach.
'j/ Using Col. 5 and "sandy and gravelly" curve, figure 19-2; multiplied

by 3.2 miles. .
~ Col. 4 minus Col. 6 equals Col. 7

•(Given: Length of channel, 3.2 miles; type of channel,
coarse sand and gravel to about 6 feet ~llen finer sands
and gravels; local inflow, none.)

Hydrograph
Time After

initial
loss 1
(cfs

0 0 0 0 0 0
1 75 30 0 0 0
2 280 100 0 0 0
3 600 280 0 0 0
4 890 520 0 0 0
5 1000 740 544 180 18 526
6 920 850 850 253 22 828
7 750 830 830 248 22 808
8 560 740 740 230 21 719

etc. etc. etc. etc. etc. etc. etc.

Table 19-1. Sample computation using figure 19-2 to estimate change in
hydrograph due to transmission losses.

19-6
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CHAPTER 20. WATERSHED YIELD

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 may
be classified as follows:

(a) Usin&-only climatic factors. Examples are graphs or equations
using precipitation and temperature, or only precipitation.

(b) Using onlX geograRhic location. Examples are maps having
lines of equal runoff, or the practice of estimating yield by
interpolation between gaged watersheds.

(c) Using watershed and climatic factors. 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 preciRitation after evapotranspiration.
Examples are watersheds where base flow predominates. Water
accounting methods are useful with this type.

(b) Yield as an excess of surface SURPly 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 10-1•
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(c) Yield \B.S',:>l3.i"diverted 'flow.' Examples are watersheds ]:laving
irrigaYion:'.proj.ects that get their" supply·, outside of -the
watershed·and·' .. their ret,urnflows occur inside; or watersheds
withsurface:~.run()ffpredominating,whosest:ream;3 carry~e-tu!n

orwa,ste' flows'Jfrom irrigEition proj ects ·or .. municipal and
induS.t~i~l;pl~nt,s,that pump.,their supplies from deep wells or
receive them from outside the watershed.

InstrumentatiOPl":l3.n~·w~~ershed"conditions may suggest or goverri the choice
of method. Tn~seqonqitd-:ons ... ID.ay vary with·· watershed size--that is,
instrumentatiqtlormet:apqssuitablefor a smallwatersh~dhflvingsurface

runoff may be.u.nsuitablefpralargewatershed (into which the small one
drains) .that.has!~.;p.igl1,percent of base flow • The conditions may
similarly vary with geographic location, the presence .. afwater .tables,
elevation, aspect, and latitude. 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 ·<;>nnearbywatersheds , (2) • precipitation, (3), hydrologic
soil-cover complexes, (4) evapotranspiration, (5) temperature,
(6) ·transmi~sionlosses:,and(7) base flow accretions.

Determinations Qfwateryield.will usually.·have two.·types .of .• error,
(l)thatduetoinsuffici.ent .. recognition of the natural fluctuations of
yield from year to year,.apd (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 accurft,cy.in the, estimates. Therefore, the methods given below
shouldbe.consideredas~ving estimates .so broad that the influence of
specific factors have large margins of error.

Methods for Estimating Yields

A fuller account of .s·uch methods will be given in the National Engineering
Handbook, ·..~ection4, 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. Th~ 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 suitable 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 very strongly govern the accuracy of the results

•

•

•
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for watershed yield. For example, if one of theimpori;~tfactorson
the problem watershed is aspect, and it is too vaguely represented by
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 maybe 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. 1. Sharp's
modification and enla.rgement 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 a.tfield 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 da.ta 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 Requirements 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 13-verage rainfall over the watershed, by months, for
each year 9£ record.

9. Tabulate rainfall and ETdata as shown on table 20-1, and compute
runoff, :by months, for each yearo£ record.

(a) In ita1?l~ 20-1, the computation starts with a month when
aV~ilable5:soi:Lllloisturels fully: depleted. It could start
equallY'well with a month when the soils.arefulU
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
moisturf3 conditions given in (a)' above.

(0) 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 'su1:divided and the yields ···of the subdivisions
computed 'separately, then combined for total watershed
yield.

(d) Work With' su1:divisions 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
notb'egreaterthan about 30% of the smallest value, or
about' 3 inches, whichever is greater.

10. After completion of the computations for the selected length
ofrecbrd, test the runoff estimates for adequacy of length of
record, using the method of Chapter 18. The test should be
made with values t~at will be used in planning or design.
For example, if annual values are to be used.,when they are
tested; if monthly values are to beused,ithen all October
values are tested separately, next all November, and so on.
If ::the length of record is not adequate, additional years of
preci.pitationareadded and the 'yield computations extended.

Transmission losses are subtracted after Step 10. If these lOf3ses·are
proportionately large, it may be necessary to test the modified yields
for adequacy of, length of record.

•

•

•
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11.92

Seasonal
runoff

•

1/ Average ove the watershed for each month of record.Y At start of month. Same as "Final soil moisture" for previous month.
2/ See text, Step 9, notes (a) and (b).
~ Average annual\values for the month.
2/ Total available moisture, or potential ET, whichever is smaller.
2/ 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.

• Sample computa~bY water accounting method.Table 20-1.

Line Item October November December January February March April May

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 §/ 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

1948 - 1949

1 11 Average rainfall 0.75 0.84 3.53 1.24 2.22 7.34 0.03 0.46

2 ~ 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 ~ Potential evapotrans-
piration 2.78 2.17 1.00 0.90 1.00 2.69 3.18 3.89

5 21 Actual evapottanspirationO.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 21 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



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.

•

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). TIlis method is
more suitable for small watersheds than for large ones,since the la:r-ge
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.

•
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Table 9-1, which is used to determine curve numbers on figure 10-1, gives
averagevalues;f.ori,th(9'year'. In using: this table . for yield estimates
it is usually necessary to go into more detail about thecc7er, so that
theweighted'hydrologiczsoil-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.

Directrunoff:metho.d'
Daily rainfall value.s, and figure 10-1 can be used to "estimate yields, when
these are of the seconcltype described. Generally it may be assumed
that directrYIloff is being estimated·. The procedure consists o:r using
the methoq of Chapter 10 with all rainfalls. Snowmelt. runoff is
estimated separately using the methods of Chapter 11.

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.

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
ofU.S.G.S. Circular 52, should be used with great caution. The text of
the Circular, page 9, states that "Figure 2 and plate I should not be used
to estimate runoff from ungaged areas." More localized maps, however,
such as those. prepared by John H. Dorroh, Jr. fo;r the Southwestern States,
will be very useful, especially where the advice of the map's originator
may ,be sought. '
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•
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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 example (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 M,sthods •
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Principal Spillways

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 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.

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 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.

•

•

•
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Anyone of foUr methods of r1llloff determination is suitable for the
design of principal spillway capacity and retarding storage. They are
(1) the r1llloif>Gc~v~ number procedure· using rainfall data and the water
shed' scharacteristi<?s.". (2) .. the use. of r1llloff. yolume 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. The 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 an'drate 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
amo1llltis 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 servicedny----SCS. The ratios
are based on the .. l-'a.rid la-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. r1llloffcurv-enumber( CN) for the drainage
area above astrllcture is determined. and. runoff is estimated as de~
scribed in chapters 7 through 10. The CNis,forantecedent moisture
condition II and it applies to the I-day s'tormusedin development of
the PSH or PSMC. If the 100-year frequency lO-day duration point

NEH Notice 4-1, January 1971

•

•

•



21.3

• Table 2l.l.--Ratios for areal adjustment of rainfall amount

Area Area/point ratio for Area Area/point ratio for
1 day 10 days 1 day 10 days

sq. ,mi. sq. mi.

10 or less 1.000 1.000 80 0.937 0.968
15 .978 .991 100 .932 .966
20 .969 .986 120 .928 .964
25 .964 .983 140 .925 .962
30 .960 .981 160 .922 .961

35 .957 .979 180 .920 .960
40 .953 .977 200 .918 .959
50 .948 .974 250 .914 .957
60 .944 .972 300 .911 .956
70 .940 .970 400 .910 .955

CLIMATIC INDEX. The climatic index used in this part of the chapter

Precipitation and temperature data for U. S. Weather Bureau stations
can be obtained from the following Weather Bureau publications:

(21.1)Ci = 100 Pa
(Ta)2

Ci = climatic index
Pa = average annual precipitation in inches
Ta = average annual temperature in degrees Fahrenheit

NEH Notice 4-1, January 1971

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 .

is:

where

rainfall for the structure site is 6 or more inches, the CN for the 10
day storm is taken from table 21.2. If it is_less than 6 inches, the C~

for the 10-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 •

•
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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 55 36
94 88 74 57 54 35
93 86 73 56 53 34
92 84 72 54 52 3391 82 71 53 51 32

90 81 70 52 50 32
89 79 69 51 49 3188 77 68 50 48 30
87 76 67 48 47 2986 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 2581 66 61 42 41 24

* This table is used only if the 100-year frequency 10,..day point rain-

fall is 6 or more inches. If it is less, the lO-day eN is the same

as that for 1 day.

•
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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 ayail
able but there is no map for average annual temperature.

SCS personnel may obtain these publications thtoughtheir Regional
Technical Service Center.

CHANNEL LOSSES. If ~he 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 loss 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 lO-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 routings of applicable hydrographs or mass
curves through the upstream structures and the reaches downstream from
them.

COMBINATIONS OF CHANNEL LOSS~ 9UICK RETURN FLOW AND UPSTREAM RELEASE.
In the introduction it was statEld that the chief purpose of the method-
ology in this chapter is to contribute to safe design 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 climatic 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 21.4. Minimum quick return flow for PSH derived from
rainfall.

Ci QRF Ci QRF

in./day csm in./day csm

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 .280 7.53
1.16 .089 2.40 1.75 .290 7.80
1.18 .100 2.70 1.80 .299 8.04

1.20 .112 3.00 1.85 .308 8.28
1.22 .123 3·30 1.90 .318 8.55
1.24 .133 3.58 1.95 .326 8.76
1.26 .144 3.87 2.00 .335 9.00

•
1.28 .153 4.11 2.05 .343 9.22

1.30 .163 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 5043 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

NEH Notice 4-1, January 1971

* Change in tabulation interval.

** For Ci greater than 3, use:

= 9 (Ci - 1)0.5 for QRF in csm

= 0.335 (Ci - 1)0.5 for QRF inQRF

QRF

inches per day.

or

•



parts by use of appropriate CN 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 ~ffiPPED RUNOFF VOLUME. The laO-year la-day runoff volume maps,
exhibits 21.1atid 21.4, represent regionalized values derived from
gaged streamflow data and supplemented with cli:m.atologicaldata 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 la-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 "fdischarge
expected to persist beyond the flood period described under the lO-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-prob;ability (VDP ) accumulation graphs. They were ob
tained from the sameVDP station data from which the lOa-year la-day
runoff volumes in exhibit 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 SNOWPACKAREAS. 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 acceptableesti
mates can. be made using multiple regression techniques. If watersheds
can be selected that are reasonably homogeneous with regard to items

NEH Notice 4-1, January 1971
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TIME - DAYS
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The PSH and PSMC in table 21.10 are developed from a continuous lO-day
period of on-site direct runoff, all of a given frequency. Choice of
the la-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 la-day period is arranged in·order of decreasing

Construction of Principal Spillway Hydrographs and Mass Curves

The principal spillway capacity and retarding storage amount are pro
portioned using the Principal Spillway Hydrograph (PSH) or its mass
curve (PSMC) developed from tabulations 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 there, the method of preparation will be
briefly given here.

such as seasonal precipitation, range of elevation, aspect, cover,
geology, soils, etc., estimating e~uations 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.

Figure 21.1a Quick Return Flow Combined with Principal Spillway
Hydrograph for the Runoff Volume Maps Procedure.

•

•
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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:

QD ~ QI0 (D/IO)a (21.2)

where QD = total runoff at time D in days
'h 0 = total runoff at the end of 10 days
D = time in days
a = log (Ql 0/(~1 ) , in which Ql is the total runoff at the

end of l.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 ~
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/QI0 ratios of
0.9 and 0.2 respectively. The ratio Ql/Qlo is used hereafter in this
chapter as a parameter in preference to ~ or Qlo/Ql because QI0 is
more satisfactory as a divisor in preparing PSH and PSMC with dimen
sionless rates and amounts of flow. QI!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/Qlo
ratio of 0.4.

The effects of watershed lag were included by taking increments of
runoff for each of the eight 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 21.10. 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

day§.

0.0 to 0·5 19th largest 1/2 day
0.5 to 1.0 17th II II II

1.0 to 1.5 15th II II II

1.5 to 2.0 13th II II II

2.0 to 2.5 11th II II II

2·5 to 300 9th II It It

3.0 to 3·5 7th II II It

3.5 to 4.0 5th It It II

400 to 4·5 3rd II It It

4.5 to 406 9th largest 1/10 day

4.6 to 4·7 7th It II It

4·7 to 4.8 5th 11 II II

408 to 4.9 3rd II II II

4.9 to 5.0 Largest 1/+0 day
5.0 to 5.1 2nd largest 1/10 day

• 5.1 to 502 4th II It It

502 to 5·3 6th It It II

5·3 to 5.4 8th It It It

5.4 to 5·5 lOth It II II

5.5 to 6.0 4th largest 1/2 day

600 to 6.5 6th II II II

6.5 to 700 8th It It It

7·0 to 7·5 lOth II 11 It

7.5 to 8.0 12th It It 11

8.0 to 8.5 14th 11 11 II

8.5 to 9·0 16th 11 11 11

9·0 to 9.5 18th 11 II 11

9·5 to 10.0 20th II II 11

•
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which the table is prepared, therefore choose that set having a Ql/Qlo
ratio and Tc nearest those of the watershed. It is easier to make
the choice on table 21.9, which gives<availab1e PSH and PSMC and their
serial numbers, and then t01ook>'uptheserial nu.m.ber in table 21.10
for the tabulations.

Examples

Theprocedur~ by which a ,}BSH 'orPSMC is developed .will beillustrated
by four examples~· In example 21.1, channel losses are taken from
directruno,ff .. before,development o'f· a PSH .andPSMC; in example 21.2,
QR,F isaddedtoaPSH,:and'PSMC; in example 21.3, runoff volume and
rate maps <(exhibit ·2l.:lthrc>ugh2l!~5) are used to obtain runoff; and
in example 21.4, upstream releases are added toa PSH.

Example 21.il . ...~Devel()p'the50 ..yearfrequency PSH 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,averageannualprecipitation.of 22.8
inches, .average. an~ua~ temperature. of 61. 5°F, and. a runoff curve
,numb'e'r ,( CN) of'·..80 •. ,'illner¢""qrE; 110 upstream structures.

1. Compile the 1- andu:lO~da:y pointrainfalla±n6unts from U.S.
Weather Bureau maps.\ ::Forthis·.locationTP-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"thea:reai' rainfall. <Get the adjustment factors from
table 21.1. For the drainage area of 15.0 square miles they are
0.,978andO.,991~?r,the.1- andlO-day rains respectively. The
areal'rainfall is,:;Oe"978{6'.8) = 6.65 inches for the I-day rain
and 0.991(11.0) = 10.9 inches for the IO-day rain.

3. Determ.inethe:CNforthelO-day rain. First check whetb.er
the 100-yearfrequency.l0~dayp()intrainfal1amount is 6 or more
inches. The appropriate map in TP-49 shows it is, therefore
enter table 21.2'withthe'l-day CN·of 80 and find the IO-day
ON' 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 fromst ep3,anCi fihdQt,}:=.4. 37 and Q10 =. 6. 34 inches .

5. Compute the climatic index. Using.the given data and equa
tion 21.1, the index Ciis 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 ru~off 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 QI0 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 QI0 in the rest of this example.

7. Compute the Ql/QI0 ratio. From step 6, Ql/QIO = 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 mile2-inches.
Multiply t4e 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 QI0 (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 stell 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 concerningQRF are included.

Example 2l.2--Develop the 25-year fre~uency 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 53.1oF, 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 21.6.--PSH and PSMC for example 21.1

•cfs Acc. QTime -- PSH PSMCA QI0 QI0

days csm/inch cfs inches

0 0 0 0 0
.2 .231 16 .0007 .00
.5 .418 , )0 .0045 .021.0 ·535 38 .0135 .062.0 .610 44 .0340 .16

3.0 .837 60 .0609 .293.6 1.123 80 .0827 .394.0 1.398 100 .1019 .48
4.3 1·932 138 .1196 .574.6 2.865 204. .1464 ·70
4.8 3·973 284 .1709 .81
4.9 5.461 390 .1883 ·905.0 27.118 1936 .2482 1.18
5.1 55.278 3947 .3998 1.905.2 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 3.845.6 5.638 402 .8335 3.975.8 2.818 201 .8634 4.11
6.0 1.859 133 .8798 4.196.5 1.360 97 .9078 4.327.0 1.002 72 ·9290 4.42
7·5 .804 57 .9453 4.508.0 .687 59 .9588 4.56

9.0 .533 38 .9812 4.679.9 .416 30 ·9966 4.7410.1 .194 14 ·9990 4.7610.3 .044 3 .9998 4.7610.8 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 QI0 = 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/QI0 = 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
drajnage area and QI0. This is 8.0(6.68) = 53.44 mile 2-inches.
Multiply the entries in table 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 QI0 (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 QI0 to the desired unit before making the
series of multiplications.

9. Determine the minimum permissible quick return flow. First
compute 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 crs.
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
tabulate 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 discharges 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
Pre1im- PSH

Pre1im- PSMC
inary QRF* inary Acc.

PSH PSMC QRF**

days 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 10 320 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. etco 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.

QIJQI0 = 0.4, Ql = (0.4)3. Calculate I-day volume of runoff.
(8.8) =3.5-2 inches.

6. Determine the quick-return flow'rate. From exhibit 21.3 the
interpolated value is 5.3 csm.

5. Compute PSH diSCharfes in cfs. Find the product of drainage
area ahdQlo.This is 12) (8.8)=105.6mile 2-inches. Entries
for PSH No. II are multiplied by this value to obtain discharge
in cfs. These are shown in column 2, table 21.8.

Example 21.4--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 applica~le.

7. Extension of uick-return flow ond the PSH. The
quick-return flow rate is 12 5.3 = 63:6 cfs, round to 64
cf3. This constant rate of discharge is an extension to the
PSH as shown in figure 21.1a, and column 4, table 21.8. No
valuele3s than 64 cfg should be used in the recession side of
the PSH.

4. Find the PSHtabulations in Table 21.10. Enter table 21.9
with the Ql/QI0 ratio of 0.4 and Tc of 3.5 hours and find that
the PSH with values nearest is No. II. Locate appropriate tabu
lations in table 21.10 by looking up PSH No. II.

Example 21.3--Developthe lOO-year frequency PSH for a water
shed located at 43° latitude and 77°' longitude. The watershed
has a'dr'ainage area of 12 square miles , time of concentration of
3.5 hours.

2. Select the Ql/Qlo ratio from exhibit 21.2. For this area
the value is 0.4.

1. Estimate 100-yearlO-day runoff volumes from exhibit 21.1.
The interpolated value is 8.8.

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 for'PSHof the upper structures but once these PSHare
routed through the structures no further deductions are made in the
release rates.

•
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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

10.0 111 111
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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Table 2l.9.--Serial numbers of PSH and PSMC

Ql /QI0
Tc

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 20 21 22 23 24
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 56
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** 105 106 107 108 109 110 111 112

* Use this row for all Tc less than 1.5 hours.

** Use this row for all Tc over 72 hours.

•

•
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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 itself a lower structure in a
series then the procedure of example 21.4 must be followed for it
first.
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Table 21.10.--Time, rate and mass tabulations for PrincipalSpi11way •Hydrographs (PSH) and Mass Curves (PSMC)

Tc = 1.5 hours

Serial No. : 1 2 3 4
Ql /Ql 0 0.2 9·3 0.4 0.5

Time PSH PSMC ·PSH PSMC PSH PSMC PSH PSMC
days cfs!AQ10 §l§.o cfslACho ~io cfsLAQlo ~10 cfs/AQ10 ~O

0 0 o· 0 0 0 0 0 0
.1 1.584 .0028 1.188 .0021 .890 .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 .1480 1.846 .1156 1.454 .0894 1.203 .0705

3.0 2.517 .2358 2.209 .1904 1.873 .1505 1.510 .1208
3.5 2.741 .2845 2.489 .2342 2.208 .1890 1.846 .1530
4.0 3.210 .3385 2.992 .2866 2.741 .2365 2.405 .1946
4.2 3.470 .3624 9.618 .3094 3.394 .2583 3.222 .2144
4.4 3.760 .3885 4.237 .3374 4.313 .2854 3.928 .2396

4.6 4.060 .4172 4.732 .3701 4.851 .3186 ·4.655 . •2706 •4.7 4.342 .4323 5.257 .)881 5.570 .3373 5.485 .2888
4.8 4.868 .4489 6.209 .4087 6.916 .3597 6.966 .3111
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

5.1 7.689 .5281 13.395 .5504 19.442 .5752 25.499 .6115
5.2 5.825 .5524 8.470 .5897 10.603 .6291 12.108 .6790
5·3 4.916 .5718 6.320 .6162 7.162 .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 .6176 3.976 .6704 3.875 .7183 3.605 ·7701
5.8 3.300 .6430 3.230 .6971 3.261 .7435 2.847 .7927
6.0 3.193 .6659 3.124 .7196 2.882 .7653 2.553 .8121
6.5 2.797 .7183 2·713 .7696 2.405 .8100 2.070 .8505
7·0 2.629 .7661 2.321 .8126 2.020 .8476 1.678 .8816

8.0 2.293 .8526 1.846 .8848 1.566 .9082 1.230 .9305
9.0 2.126 .9306 1.594 .9458 1.342 .9.590 ·951 .9683

10.0 1.902 .9948 1.510 .9959 1.063 ·9971 .839 .9977
10.1 .070 .9998 .056 ~9999 .039 .9999 .031 .9999
10.3 0 1.0000 0 1.0000 0 1.0000 0 1.0000

•
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• Table 21.10.--(Continued)

Tc = 1.5 hours

Serial No. : 5 6 7 8
Q1/Q10 . 0.6 0.7 0.8 0.9.

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC
days cfs!AQJO Q/Q10 cfs!AQJO Q!QJO cfs!AQIO Q!QIO cfs!A&O Q!Q10

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 .0373 .442 .0240 .218 .0113

3.0 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

•



21.22

Table 21.10.--(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 PSMC

days cfs!AQ10 Q!Q10 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 1.488 .0207 1.102 .0153 .882 .0122

1.0 2.097 .0654 1.572 .0490 1.269 .0377 .938 .0290
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 1.490 .1185
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 .1909
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 4.607 .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 .6116 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 .7880
6.0 3.143 .6610 3.095 -7148 2·905 .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 .8090 2.000 .·8444 1.656 .8790
7.5 2.428 .8071 2.069 .8477 1.712 .8770 1.407 .9057

8.0 2.262 .8490 1.821 .8819 1.545 .9058 1.214 .9286
9·0 2.097 .9273 1.573 .9433 1.324 .9569 .938 .9669

10.0 1.877 ·9919 1.490 .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 PSMC PSH PSMC PSH PSMC PSH PSMC
days cfs!AQJO QIQlo CfS!AQ10 9ls.10 cfS!AQ10 9l..9.10 cfs!AQ10 Q/Q10

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

1.0 .741 .0221 .550 .0156 .318 .0090 .165 .0045
2.0 .906 .0520 .630 .0363 .428 .0234 .208 .0110

3.0 1.200 .0910 .855 .0641 .579 .0420 .290 .0198
3.5 1.462 .1164 1.090 .0827 .662 .0536 .382 .0262
4.0 1.986 .1502 1.434 .1073 1.044 .0707 .524 .0351
4.3 2.802 .1762 2.305 .1270 1.626 .0860 .892 .0431
4.6 3.961 .2131 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 8.682 .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 11.095 .7941 10.896 .8514 10.182 ·9109
5.4 6.744 .7767 6.234 .8256 5.412 .8810 4.240 •937q
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 .690 .9615 .414 .9759 .221 .9883
9.0 .719 .9758 .528 .9832 .304 .9892 .166 ·9951

10.0 .582 .9975 .415 .9982 .262 .99$9 .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

•



2l.24

Table 21.10.--(Continued) •
Tc = 6 hours

Serial No. : 17 18 19 20
Ql/Ql0 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days cfS!A~O ~O cfs!AQ10 ~O Cfs/A~O ~O cfs/AQ10 9lsJ.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 2.174 .1361 1.792 .1059 1.410 .0818 1.164 .0641

3.0 2.444 .2225 2.136 .1787 1.800 .1407 1.462 .1128
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 .2102
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 .4421 5.951 .4010 6.616 .352l 6.721 .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 11.430 .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 .5394
7·0 2.566 .7522 2.282 .i?D02 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
10.3 .198 .9991 .158 .9992 .111 .9995 .040 .9998
10.8 0 1.0000 0 1.0000 0 1.0000 0 1.0000

•



•



21.26

Table 21.10.--(Continued) •
Tc = 12 hours

Serial No. : 25 26 27 28
QljQl0 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days cfs/AQ10 gfg,10 cfs/AQ10 9J.gl0 Cfs/AQ10 Q/Q10 cfs/AQ10~10

0 0 0 0 0 0 0 0 0
·3 .678 .0026 ·509 .0019 ·377 .•0014 ·302 .0011
.6 1.577 .0158 1.183 .0118 .879 .0088 .701 .0070

1.0 1.967 .0426 1.475 .0319 1.165 .0242 .878 .0189
2.0 2.156 .1198 1.764 .0926 1.379 .0714 1.124 .0557

3.0 2.408 .2043 2.075 .1631 1.726 .1278 1.414 .1022
4.0 .2.842 .3006 2.748 .2502 2.486 .2035 2.164 .1658
4.3 3.105 .3336 2.992 .2818 2·979 .2325 2.507 .1913
4.6 3.485 .3701 3.711 .3187 3.630 .2677 3.345 .2234
4.8 3.804 .3971 4.310 .3483 4.377 .2971 4.148 .2508

4.9 4.043 .4116 4.768 .3651 4.995 .3144 4.855 .2674
5·0 4.540 .4275 5.944 .3849 6.976 .3365 7.736 .2907 •5·1 5.388 .4459 8.174 .4110 11.052 .3698 14.079 .3309
5.2 6.200 .4673 10.329 .4452 15.007 .4179 20.236 .3942
5.3 6.451 .4908 10.879 .4844 15.865 .4749 21.358 .4710

5.4 6.163 .5141 9.984 .5230 14.080 .5302 18.384 .5443
5·5 5.659 .5360 8.609 .5574 11.562 .5776 14.463 .6049
5.6 5·157 .5561 7.374 .5870 9.437 .6164 11.327 .6525
5.8 4.298 .5910 5.483 .6342 6.345 .6741 7·000 .7192
6.0 3.706 .6205 4.796 .6533 4.558 .7138 4.649 .7615

6.2 3.331 .6465 3.500 .6985 3·519 .7434 3.366 .7907
6.5 2.940 .6812 2.893 .7335 2.684 .7772 2.389 .8220
6.8 2·717 .7126 2.569 .7638 2.286 .8046 1.948 .8457
7.4 2.477 .7702 2.161 .8159 1.848 .8502 1.519 .8837
8.0 2.283 .8232 1.875 .8608 1.582 .8880 1.262 .9144

9.0 2.086 .9036 1.601 .9253 1.341 .9418 ·977 ·9559
10.0 1.826 ·9772 1.439 .9820 1.053 .9870 .822 .9898
10.3 .844 .9926 .667 .9942 .480 .9958 .377 .9967
10.6 .239 .9981 .189 .9985 .136 .9989 .107 .9991
11.4 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
~/Ql0 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSM:: PSH PSMC

days CfS!A9tio Q!Ql0 cfS!AQ10 ~O CfS!AQ10 9J.g.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 .1156 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 11.690 .3168
5.3 5.502 .4510 8.529 .4243 11.765 .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 11.530 .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 1.907 .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 .190 .9979 .149· .9983 .109 .9988 .085 .9990
12.0 0 1.0000 0 1.0000 0 100000 0 100000

•



21.29

• Table 2l.10.--(Continued)

Tc = 18 hours

Serial No. 0 37 38 39 400

Ql/Ql0 0 0.6 0.7 0.8 0·90

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days Cfs!AQ10 Q!Q10 cfS!AQ10 ~10 Cfs!AQ10 ~10 Cfs!A~O Q!Q10

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 .561 .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 21.507 .1428
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 .9913 .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 100000 0 1.0000 0 1.0000

•



..
21.30

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 PSMC PSH PSMC PSH PSMC

days cfs/AQ10 Q/Q10 CfS!AQ10 Q!Q10 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 05836 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 .764.8 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 .8711 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 21.10.--(Continued)

Tc = 24 hours
Serial No. : 45 46 47 48Q1/Q10 . 0.6 0.7 0.8 0.9

.
Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC
days cfs!AQ10 Q!Q10 Cfs!AQ10 Q!QIO C.fs!AQIO ~10 Cfs!AQ10 Q./.SJ.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 .00071.3 .600 .0130 .430 .0090 .254 .0053 .127 .00262.0 .764 .0307 .533 .0216 .362 .. 0133 .166 .0064
3.0 1.003 .0630 ·712 .0442 .477 .0286 .225 .01344.0 1.469 .1070 1.072 .0759 .704 .0494 .372 .02404.6 2.124 .1457 1.611 .1044 ·1.155 .0692 .607 .03434.9 2.888 .1729 2.306 .1256 1.631 .0843 .864 .04235.0 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 .06205.2 8.450 .2286 9.274 .1802 10.041 .1367 10.806 .09195.3 11.874 .2660 13.697 .2225 15.541 .1838 17.458 .14395.4 14.982 .3155 17.697 .2803 20 •.502 .2501 23.431 .21915.5 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 .41045.7 16.242 .4985 19.076 .4970 21.944 .5013 24.844 .50595.8 14.568 .5552 16.876 .5632 19.166 .5770 21.438 .59105.9 12.633 .6053 14.392 .6207 16.092 .6418 17.740 .66316.0 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 .80856.4 5.804 .7664 6.068 ·7973 6.255 .8324 6.370 .86646.6 4.290 .8034 4.318 .8353 4.249 .8708 4.110 .90466.9 2.972 .8429 2.852 .8742 2.627 .9080 2.352 .93947.2 2.168 .8710 1.950 ·9003 1.657 ·9311 1.334 ·9592
7.6 1.581 .8981 1.320 .9238 1.024 ·9503 ·722 ·97368.0 1.199 .9185 ·925 .9402 .628 .9623 .349 .98139.0 .844 .9548 .630 .9676 .392 .9797 .197 ·990210.0 .678 .9826 .475 .9878 ·303 ·9922 .140 ·996410.3 .554 .9895 .390 ·9926 .249 ·9953 .116 .9978

10.8 .220 .9966 .155 .9976 .099 .9984 .046 ·999311.2 .088 .9986 .062 .9991 .040 .9994 .018 .9997• 11.6 .034 .9995 .024 .9997 .015 .9998 .007 ·999912.5 0 1.0000 0 1.0000 0 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 PSMC PSH PSMC PSH PSMC PSH PSMC

days cfs/AQ10 Q/Q10 cfs/AQ10 Q/Ql0 cfs/A%.O Q/QJO Cfs/AQJO ~O

0 0 0 0 0 0 0 0 0

.4 0150 .0007 0113 .0005 .083 .0004 0067 .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 2.580 .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 .4590 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 .5490 5.976 .5716 7.337 .5907 8.585 .6149

6.4 4.090 .5807 5.149 .6126 6.050 .6400 6.816 .6715

6.6 3.758 .6097 4.479 .6481 5.048 .6808 5.492 .7167

6.9 3.346 .6490 3·706 .6933 3.919 .7301 4.032 .7689

7.2 3.042 .6844 3.159 .7312 3.157 .7689 3.076 .8078

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 .9990 .048 .9992

13.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000.



21.33

e Tabie 21.10.--(Continued)

Tc =:30 hours
Serial No. : 53 54 55 56Ql/Ql0 : 0.6 0.7 0.8 0~9

Time PSH PSMC PSH PSMC PSH·· PSMC PSH PSMC
days cfs!AQ10 gfgl0 Cfs!AQ10 9.l.9tl o cfsjAQ10 9LQ,10 Cfs!AQ10 9LQ,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 .00061.5 .584 .0137 .416 .0096 .251 .0056 .123 .00272.0 ·713 .0257 .500 .0180 .332 .0110 .153 .0053

3.0 .949 .0562 .671 .0394 .450 .0253 .211 .01204.0 1.355 .0975 .986 .0690 .644 .0449 .336 .02164.6 1.898 .1327 1.418 .0948 Lo04 .0625 .526 .03084.9 2.478 .1566 1.938 .1130 ·:;1..373 .0754 ·725 .03765.1 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 .0681e 5.3 7.926 .2237 8.685 .1788 9.411 .1390 10.134 .09825.4 10.343 .2574 11.774 .2165 13.212 .1806 14.692 .14395.5 12.519 .2995 14.539 .2649 16.603 ~2355 18.735 .20545.6 14.006 .3483 16.397 .3218 18~845 ·.3007 21.365 .2791

5·7 14.707 .4012 17.246 .3838 19.840 .3718 22.496 .35975.8 14.489 .4550 16.905 .4466 19.348 .4439 21.822 .4412
5·9 13.647 .5068 15.784 .5068 17.918 .5125 20.050 .51826.0 12.461 .5549 14.256 .5621 16.020 .5749 17·758 .58776.2 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 .78066.6 5.866 .7491 6.195 .7765 6.444 .8080 6.630 .83826.9 4.085 .8036 4.141 .8329 4.101 .8654 4.005 .89597.2 2·958 .8419 2.860 .8708 2.677 ·9019 2.455 .93057.6 2.060 .8784 1.856 .9050 1.603 .9328 1.331 .9576
8.0 1.532 .9045 1.292 .9278 1.022 .9517 .757 ·97258.6 1.082 ·9331 .846 ·9511 .580 .9691 .349 .98469.2 .856 .9541 .639 .9670 .397 .9793 ~201 ·990010.0 ·713 ·9771 .506 ·9838 .319 .9897 .151 ·995210.5 ·517 .9887 .365 ·9920 .233 .• 9949 .109 .9976

11.0 .234 ·9955 .165 .9968 .105 .9980 .049 .999111.5 .093 ·9983 .065 .9988 .042 ·9992 .019 .9996e l2
•
O .035 .9994 .025 .9996 .016 ·9997 .007 ·999913.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000



21.34

Table 2l.10.--(Continued) •
Tc = 36 hours

Serial No. : 57 58 59 60
Ql/Ql0 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days CfS!~O Q!Q10 CfS!A~o ~O cfS!AQ10 Q!Q10 cfs!AQ10 Q!Ql0

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 00363 0857 .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 20 666 .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 4.760 .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 06323 60494 .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 09894
12.6 .391 .9912 .307 .9932 .234 .9948 .180 .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



21.35

• Table 21.10.--(Continued)

Tc = 36 hours
Serial No. : 61 62 63 64

Ql/Q10 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC
days Cfs!AQ10 Q!Ql0 CfS!AQ1Q ~O Cfs!A~O Q!Ql0 CfS!AQ10 Q!Ql0

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.°59 .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 .0808 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 7.4il .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 ·30il 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 16.818 .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 2.805 .8680 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 .340 ·987310.0 ·752 ·97il .542 .9794 .340 .9870 .164 .9938

10.5 .594 .9837 .422 .9884 .268 ·9927 .126 .9966

il.O .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 ·9999• 14.0 0 1.0000 0 1.0000 0 l.QOOO 0 1.0000



21.36

Table 21.10.--(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!Q10 cfs/AQJO Q/QJO Cfs/AQJO Q/Q10 cfs/AQ10 Q/Q10

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 01220 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 2.711 .2358 2.466 .1922 2.162 .1572
5.0 3.026 .3046 3.007 .2568 2.834 .2117 2.570 .1744
5.2 3.301 .3280 3.550 .2809 3.630 .2353 3.610 .1969
5.4 3.669 .3~37 4.330 .3099 4.841 .2664 5.268 .2294

5.5 3.879 ~3677 4.7134 .3268 5.564 .2856 6.278 .2507
5.6 4.082 .3824 5.245 .3453 6.306 .3075 7.325 .2757
5·7 4.272 .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 4.53~ ~~~O5 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 4.49i (~9~"S 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 ~576.J" 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 •.72"S0 2•.784 .7650 2.700 .7981 2.568 .8317
8.5 2.565 ;772413 2.355 .8122 2.165 .8427 1.943 .8729
9·2 2.310 .·8346, 1.961 .8676 1.713 .8922 1.420 .9156

10.0 2.110 .900Q 1 •.683 .9212 1.397 .9379 1.084 .9522
10.5 1.840 ·9370 1.451 .9504 1.151 .9616 .884 .9704

11.2 .967 ·9737 .762 .9794 .588 .9842 .454 .9878
12.0 .334 .9915 .263 .9933 .202 .9949 .156 .•9961
12.8 .110 .'9975 , .086 .9980 .066 .9985 .051 .9988-
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
Q1/Q10 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days Cfs/AQI0 Q/QI0 Cfs/AQIO Q/Q10 cfs/A~O Q/QI0 cfs/AQ10 ~10

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 }.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 1~~146 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 .•6i47 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 .7386 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 1.775 .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 0 1.0000 0 1.0000 •



21.39

• Table 21.10.--(Continued)

Tc = 48 hours

Serial No. : 77 78 79 80
Q1/Q10 : 0.6 0.7 0.8 0.9

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days Cfs/AQJO Q/Q10 Cfs/AQJO Q/QJO CfS/AS:J.O Q/QJO cfs/AQ10 Q/Q10

0 0 0 0 0 0 0 0 0
.6 .040 .0002 .027 .0002 .016 .0001 .007 .0000

1.3 .274 .0039 .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 .0802 .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 8.080 .1093

• 5.7 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 .8029 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
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
Ql /Q 10 : 0.2 0·3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days CfS/A~O Q/~O CfS/~O Q/Ql0 CfS/A~O Q/Q10 Cfs/AQ10 Q/Ql0

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 }.808 .6581 4.130 .6843 4.372 ·7129
8.0 3.085 ···.6727 3.278 .7104 '3.392 .7396 3.445 .7703
8.5 2.790 .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 .902 .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

•



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 PSMC PSH PSMC

days Cfs!AQ10 ~10 CfS!~O ~O Cfs!A~O ~10 CfS!AQ10 Q!Q10

0 0 0 0 0 0 0 0 0
.6 .029 .0002 .Ol9 .000l .Oll .000l .005 .0000

1.3 .216 .0030 .150 .0020 .088 .00l2 .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 .450 .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 .4503 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 .86)7
8.5 2.478 .8511 2.385 .8721 2.250 .8944 2.113 .9142

9·0 1.847 .8504 1.701 ·9091 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
14.0 .025 .9993 .018 ·9995 .011 .9997 .005 .9999

• 16.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000





21.43

• Table 21.10.--(Continued)

Tc = 60 hours

Serial No. : 93 94 95 96
Ql/~O : 0.6 0.7 0.8 0·9

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC
days cfs!AQI0 Q!Q10 cfs!AQI0 9J.£.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 .480 .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 10.824 .3445 11.860 .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 .4966 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 .6.324 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 .8868 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 .9962 .081 ·9972 .051 .9982 .025 ·9992

•
14.0 .040 .9987 .029 ·9991 .018 .9994 .009/ .9997
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
Q1/Q10 : 0.2 0.3 0.4 0.5

Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days cfs/~o ~O cfs/AQ10 ~10 cfs/AQ'10 9./.9.10 cfs/AQ10 Q/QJO

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 1.803 .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 .1800
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 .2909
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 .4190
6.8 4.014 .4565 5.133 .4522 6.157 .4461 7·125 .4454
7.0 3.951 .4860 4.988 .4897 5.921 .4907 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 o' .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 .0:7809 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 .806 .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

•
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• 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 PSMC PSH 'PSMC PSH PSMC
days cfs!AQ10 "Q!QIO efs!AQ10 ~10 cfS!AQ10 Q/Q10
0 0 0 0 0 0 0 0 0

.6 .016 .0001 .011 ~OOOI ,.006 '.0000 .003 .0000
1.3 .135 .0018 .094 .0012 .055 .0007 .027 .0003
2.0 .350 .0079 .2,46 .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 .0:399 .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 .1156 3.598 .0873 .577 .0593

•
5.8 4.801 .1795 5.028 .1473 5.268 .'1198 .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 .5:704 .836 .5797
7.4 6.301 .6037 6.818 .6136 '7.'288 ·,.'6)276 7.722 .6406
7·7 5.246 .6674 5.567 .6818 5.833 :'.:~998 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 (~'9~64 .472 ·9313

10.0 1.506 ·9139 1.356 ·9278 1.183 .• 9418 .037 .9541
10.6 1.143 .9431 .980 ·9535 .,809 '~9636 .662 .9726
11.2 .821 .9648 .680 .9717 .543 :~9784 .420 .9844

12.0 .452 .9832 .371 .9869 .293 .·9:904 .224 .9936
13.0 .168 .9940 .130 .9956 .093 '·.9971 .059 .9985
14.0 .060 .9978 ,.044 .9984 .028 :' •.9990 .013 ·9995

• 17.0 0 1.0000 0 1.0000 0 1~0000 0 1.0000



21.46

Table 21.10.--(Continued) •Tc =72 hours

Serial No. : 105 106 107 108
Q1/Q10

. 0.2 0.3 0.4 0.5.
Time PSH PSMC PSH PSMC PSH PSMC PSH PSMC

days cfs!AQ10 09&10 Cfs!AQ10 9&10 cfS!AQ10 §&O cfs!AQ10 §&O
0 0 0 0 0 0 0 0 0

.6 .039 .0002 .029 .0002 .022 .0001 .017 .0001
1.3 .321 .0042 .241 .0031 .183 .0023 .143 .0018
2.0 .867 .0193 .660 .0146 .508 .0111 .395 .0086
3.0 1.552 .0650 1.230 .0500 ·959 .0385 .762 .0302

4.0 2.001 .1311 1.668 .1037 1.349 .0810 1.101 .0644
4.8 2.345 .1953 2.076 .1586 1·777 .1266 1.497 .1021
5.0 2.452 .2130 2.226 .1745 1·950 .1403 1.676 .1137
5.2 2.587 .2317 2.438 .1917 2.226 .1556 2.001 .1272
5.4 2·753 .2514 2·725 .2107 2.620 .1735 2.492 .1437

5.6 2.946 .2725 3.078 .2322 3.i23 .1946 3.136 .1643
5.8 3.161 .2951 3.487 .2564 3.721 .2198 3.919 .1903
6.0 3.383 .3193 3·923 .2838 4.372 .2497 4.785 .2224 •6.2 3.591 .3451 4.338 .3143 5·000 .2843 5.629 .2608
6.4 3.755 .3723 4.658 .3476 5.477 .3230 6.257 .3047

6.6 3.863 .4006 4.866 .3829 5.782 .3646 6.655 .3524
6.7 3.895 .4149 4.923 .4010 5.862 .3861 6.755 .3771
6.8 3.911 .4294 4.948 .4192 5.894 .4078 6.790 .4021
6.9 3.912 .4438 4.943 .4375 5.879 .4295 6.762 .4271
7.0 3.899 .4583 4.908 .4557 5.819 .4511 6.672 .4518

7.2 3.838 .4869 4.772 .4915 5.601 .4933 6.364 .5000
7·5 3.689 .5288 4.460 .5428 5·121 .5528 5.712 .5669
8.0 3.378 .5942 3.844 .6195 4.210 .6388 4.508 .6610
8.5 3.088 .6540 3.303 .6853 3.454 ·7091 3.550 .7347
9.0 2.840 .7088 2.866 .7422 2.874 .7673 2.836 .7934

9.5 2.628 .7593 2.507 .7918 2.418 .8i60 2.284 .8404
10.0 2.450 .8062 2.220 .8353 2.064 .8572 1.863 .8783
10.6 2.222 .8583 1.925 .8813 1.719 .8990 1.491 ·9153
11.2 1.836 .9037 1.551 .9200 1.337 .9330 1.131 .9444
12.0 1.142 .9478 .954 ·9570 .804 .9644 .673 .9708

13.0 ·523 .9774 .435 .9816 .365 .9851 .305 .9880
14.0 .229 .9906 .185 .9925 .150 .9941 .119 ·9954
15·0 .098 .9963 .078 ·9971 .062 .9977 .048 .9983
17·0 0 1.0000 0 1.0000 0 1.0000 0 1.0000

•



21.47

• 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 PSMC PSH PSMC PSH PSMC

days Cfs!AQ10 Q!Ql0 Cfs!AQ10 Q!Ql0 CfS!~O Q!Q10 cfs!AQ10 ~O

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 .•3734
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 5·380 .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 ·951:1. .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
17.0 0 1.0000 0 1.0000 0 1.0000 0 1.0000
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21.48a

70°

@

85°

100-YEAR 10-DAY RUNOFF (Inches)
for developing the Principal Spillway Hydrograph

®

90°

Exhibit 21-1

Multiply map values by:

Area CD Area @ Area ®
0.85 0.90 0.92

0.70 0.80 0.85

CD

JANUARY 1971

To obtain:

50 YEAR 10-DAY RUNOFF

25-YEAR 10-DAY RUNOFF

RATIOS FOR 50 AND 25-YEAR 10-DAY RUNOFF VOLUMES

40" -+ +- _
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21.48b

RATIOS OF VOLUMES OF RUNOFF (Q1/QIO)
for developing the Principal Spillway Hydrograph

Exhibit 21-2

LEGEND

JANUARY 1971

Q1 - l-Day Volume Runoff

QIO- lO-Day Volume Runoff
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21.48c

70"

QUICK-RETURN FLOW (csm)

for developing the Principal Spillway Hydrograph

Exhibit 21-3

90'100"

JANUARY 1971

Note: For Wisconsin and Michigan

use csm va lues shown



45°

/
I

LEGEND

h/:i:?:m Primarily snowmelt produced floods

o Primarily rain produced floods

o Deep snowpack areas

50-YEAR la-DAY RUNOFF-Use 85'70 of map value

25-YEAR la-DAY RUNOFF-Use 70'70 of map value

JAN U A RY 197 1

Exhibit 21-4

llOO

I
I

lOa-YEAR la-DAY RUNOFF (Inches)

for developing the Principal Spillway Hydrograp-h

105"

I

I
21.48d

-----A5"
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~~~~-----450

RATIOS OF VOLUMES OF RUNOFF (Ql/QlQ)

for developing the Principal Spillway Hydrograph

I

Exh ibit 21-5

LEGEND

Primarily snowmelt produced floods

Primarily rain produced flo0ds

Deep snowpack areas

I-Day Volume Runoff

lO-Day Volume Runoff

40°

45°

[][]

o
o

JANUARY 1971
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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 m~uallY are (i)
use of the SCS ~lectronic computer program, in which basic data are input
and the ESH or FH, the routed hydrograph, and reservoir elevations are out
put; and (11) 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 basic6-hour design storm
rainfall amount used in development of ESH and FH is taken from one of
the following maps:

!/ 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.



DI:MENSIONLESS HYDROGRAPHS. The ESH. and FH are made us ing the dimens ionless
hydrographs given in table 21.17. If a hydrograph is to be developed in an
electronic computer pr'0gram, then the storm distribution given in figure 21.2.b
(ES-I003-b) must be used to get an equivalent ESH or FR.

RUl\fOFF DETERMINATION. Runoff. is determined using the methods jf chapter. 10.
The runoff curyenum'ber(CN) for the drainage area above a structure is de
termined ,by any. of themet.hods 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.

AREAL ADJUSTIYIENT OF RAINFALL AMOUNT. If the drainage area above a struc
ture is 10 squg,re mil:~s or. less , the areal rainfall is the same as the rain
fall taken from the mapsof,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 afac,ts>~·fr2m,.figure2l.2,part (a). If the area is over 100
square miles, the'''adjus,tment. factor' for the area is requested from the En-

~~~~~~~~~. ~~;~~~;io:a:~~1t~~~~;e~·Sh:i~ ~~~~:S:U~:i:~~~,~tt(f) {~~ation, •
preferably the~,~·~ti~ude>and'longitudeof 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 oradjus;t;ment factor. If a factor is also needed for' asubwater
shed of. that watershed,······then similar information about the subwatershed should
also be submitted.

•

•ES-I021, 5 sheets. Hawaii.

ES-I022, 5 sheets. Alaska.

ES-I023, 5 sheets. Puerto Rico.

ES-I024, 5 sheets. Virgin Islands.

The rainfall amoUnts "onthese maps are minimums allowed by SCS criteria for
various classes of. structures.

ES-I020, 5 sheets. 48 contiguous States. Supplementary sheets
for California and V{ashington-Oregon are also given.

21.50

DURATION ADJUSMNTOF. RAINFALL AMOUl\fT. If the time of concentration of
the drainage area above a stru.ctureismore than six hours, the duration
of the design storm is made equal to that time and the rainfall amount is
increased using/;·a fa.ctor froIn figure 21.2, part (c).

Two examples of hydrograph construction are given. The first illustrates
the procedure when the watershed time of concentration is not over six hours,

Construction'of'EmergencySpillway and Freeboard Hydrographs
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the second when it is. There is no difference in procedure for ESH and FH.
Equations used in. the examples are listed in table 21.11.

Example 2l.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-I020, 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 bydrograph family. Enter figure 21.3 (ES-IOll) 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-I012) with P = 9.4 inches and at CN = 82 readby:l.nterpolation
that To = 5.37 hours.

7. Compute the initial value of Tp • By equation 21.4 this is 0.7(1,.25)
= 0.88 hours.

8. Compute the To l1P 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 a~e 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 ~p. By equation 21.6 this is 484(1.86)/0.895 = 1006 cfs.

12. ComputeQqp. 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 bydrograph in table 21.17. The computed times
are shown in column 2 of table 21.12.
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No.

21.4

2l.6

21.7

21.8

Equation

=

To
Rev. Tp = (To/Tp)rev.

484 A
Rev. Tp

t = (t/Tp ) (Rev. Tp )

q = (qc/qp) Qq;p

drainage area in square miles

hydrograph rate in cfs

hydrograph·rate in cfs when Q =l inch

hydrograph peak rate in cfs when Q = linch

design storm runoff in inches

Rey. Tp = revised time to peak in hours

t = time in hours at which hydrograph rate is computed

Td' - time of concentration in hours

To = duration of excess rainfall in hours

(To/Tp)rev. = revised ratio from table 21.l6

Tp = time to peak in hours for CTU design hydrograPlls

Table 21.ll--Eg,uations used in construction of ESH and FH

where A =

q =

qc =

qp =

Q =
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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 decre~se.in areal rainfall.

Example 21.6.--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 1atitude__,longitude_.. _"

1. Determine the 6-hour design storm rainfall amount, P. For this
structure class the FH rainfall amount is taken from ES-1020, 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 21.2.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 21.2.c (ES-1003-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 ON = 77 find Q = 24.7 inches.

5. Determine the hydrograph family. Enter figure 21.3 (ES-I011) with
ON = 77 and at P = 28.0 inches read hydrograph family 1.

6. Determine the duration of excess rainfall, To. Enter table 21.14
with ON = 77 and find that P*, the rainfall prior to the excess rain
fall, is 0.60 inches. Enter table 21.15 with the ratio p*/p =
0.60/28.0 = 0.0214 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-13-14

DATE --HYDROGRAPH COMPUTATION COMPUTED BY --
CHECKED BY ----

t=(t/Tp)Rev. Tp q=(qc/qp)(Q)(qp) Qt=(Qt/Q)Q

WATERSHED OR PROJECT (rXl9l"1pJ..E" Z/.~) I q Q

HOURS CFS INCHES

STATE ~ 1 0 0 0

2 .10 1- 3STRUCTURE SITE OR SUBAREA -- - ~( Jh
4 - ~( 10<:;

DR. AREA /.86 SQ. MI. STRUCTURE CLASS b 5 I.ZZ 2~8

6 15;' 710

Tc
/.2!J HR. STORM DURATION 6 HR.

7 1_8l.. /7(..9

~.y'
8 Z /3 Z~S/

POINT RAINFALL IN.
9 2.1(3 ~~~/.f

ADJUSTED RAINFALL:
10 2. 110/ 3/10

AREAL: FACTOR /.0 IN. 9.4 11 301/ :u.. to (
DURATION: FACTOR /.0 IN. 9-1/ 12 l35'" ZJ,1I0

8Z 13 3 loS" IBCJZ,
RUNOFF CURVE NO.

14 3% /fo~4

Q 1.;?/ IN. 15 Jf.~b 13'}C)

Z 16 J/. 1'6 IZ:L$"
HYDROGRAPH FAMILY NO.

17 HA7 I/°Z-

0.88
18 5 1'1 1008COMPUTED Tp HR.
19 5.¥fIJ 93~

5.31 20 5.1P> 6/9
To HR.

21 ~.Oq 61ft:,

(To I Tp):
22 t. :{q ~9c)

COMPUTED '.10 USED 6 23
" ft,9 25#,

24 700 IJf~

REVISED T 0·895 25 7 ..'30 9'1
p

~ 1.~/ S-f',

lip = 484A = 10061 CFS. 27 19/ 36
REV. Tp 28 8.2Z ~9

(QXV- 7250 CFS. 29 8'iZ Z~

J) RJ.8l. III
t(COLUMN) =(t/Tp) REV. Tp «COLUMN) = (lie 11IpXQXlIp) 31 9./3 1

32 9.Jf3 0
lXCOLUMN) =(Qt IQ)Q 13

34

Table 21.12 Hydrograph computation

NEH Notice 4-102, August 1972

•

•

•
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7. Compute the initial value of Tp • By equation 2l.4 this is
0.7(10.8) = 7.56 hours.

8. Compute the To/~ ratio. This is 10.26/7.56 = 1.357·

9. Select a revised To/'J:e 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. Tp. This is a revised Tp used because of the change
in ratio. By equation 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. Using the Q from step 4 and the qp from step 11
gives Q(qp) = 24.7(1628) = 40,21l.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 hydrographin t~?le ?1.17. ,The com
puted rates are shown in column 2 of table 21.13.

14. Compute the dro ra h rates. Use equation 2l.B with Qqp of step
12 and the qc qp column of the selected hydrographirL.table 21.17·
The computed ra~es are shown in column 3 of table 21.13 •
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SCS·ENG·319
Rev. 1-70
File Code ENG-13-14

DATE -
HYDROGRAPH COMPUTATION COMPUTED BY

CHECKED BY -

t=(t/Tp)Rev. Tp q:(qc/qp)(Q)(qp) Qt :(Qt/Q)Q

WATERSHED OR PROJECT (ExtJ/1PL£ Z/.~) t q Q

HOURS CFS INCitES

STATE ~ 1 0 I 0 0

2 2./9 1/82-

STRUCTURE SITE OR SUBAREA --------- 3 JI.3A t/7#J
4 657 /j/~O

DR. AREA &3.0 SQ.MI. STRUCTURE CLASS C 5 876 2£35"9/
6 IO~4 32773

Tc
10.8 HR. STORM DURATION 10.8 HR.

7 13.1..3 26~/Z

!/.S;~
8 1S.~2. ZItS?

POINT RAINFALL IN.
9 11 SI I J./15:'ADJUSTED RAINFAll:
10 19.10 OJDJf8

AREAL: FACTOR. .93 IN. 23.1Z 11 2.1 ~ff) 5"75"0
DURATION: FACTOR /.18 IN. 2.7-':)9 12 2/fOe 3to/~

'77 13 2(,,2" 22."2-RUNOFF CURVE NO.
14 Z8JiS" 11-/-88

Q ,Z1of.7 IN. 15 3011-I ~~$'

HYDROGRAPH FAMilY NO. I
16 3Za~ to°3
17 3S':OZ 322

7S'
18 312.1 /~I

COMPUTED Tp HR.
19 .~9 J/-O P.O

/0.2-6 00.
20 JfIS'9 J./-D

To ••<

21 #318 0

(To I Tp):
22

COMPUTED /.35"7 USED /.S" 23.
24

REVISED T ~.8Jf 25
p 26

~=
484A = /t,fl,8 CFS. 27

REV~ Tp 28

(QXV= 4aZ/Z CFS. 29

Jl

t(COlUMN) = (t 1Tp) REV. Tp «COLUMN) =(lie 1~XQXlIp) 31

32

Q(COLUMN) =(Qt IQ)Q 33

34

Table 21.13 Hydrograph computation.

NEH Notice 4-102, August 1972

•

•

•
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• Table 21.14.--Rainfa11 prior to excess rainfall.

eN p* CN P* eN p* CN p* CN p*

(inches) (inc.hes) (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 .90 55 1.64 41 2.88
;",~

96 .08 82 .44 68 .94 53 .70 40 3.00

95 .11 81 .47 67 .98 53 ~·:;;7 39 3.12
,"" >' -" _...

94 .13 80 ·50 66 1.03 52 1.85 38 3.26

93 .15 79 .53 65 1.08 ·'51; .3l2.. 37 3.40

92 .17 78 .56 64 1.12 50 2.00... 36 3.56

91 .20 77 .60 63 1.17 49 2.0Wi;; 35 3.72

90 .22 76 .63 62 1.23 48. .... ,2.1'6': 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

•
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• Table 21.16.--Hydrograph families and To/Tp ratios for which dimen-
sionless hydrograph ratios are given in table 21.17

Hydrograph To/Tp

Family 1 1.5 2 3 4 6 10 16 25 36 50 75

1 * * * * * * * * * * * *
2 * * * * * * * * * * * *
3 * * * * * * * * * * * *
4 * * -l\ * * * * * * * *
5 * * * * * * * * * * *

Asterisks signify that dimensionless hydrograph tabulations are given

in table 21.17 •

•

•



Table 21.17 --Time) discharge) and accumulated runoff ratios
for dimensionless hydrographs
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To/Tp= 2

t/Tp qc!qp Qt/Q

0 0 0
.29 .007 .001
;58 .035 .005
'.87 .164 .027

1.16 ;432 .090

1.45 .669 .208
1.74 .740 .359
2.03 .680 ·511
2.32 .561 .644
2.61 .441 ·751

2·90 .319 .833
3.19 .212 .890
3.48 ~140 ·927
3·77 .094 ·952
4.06 .063 .969

4.35 .042 .981
4.64 .028 ·988
4.93 .017 ·993
5.g2 .011 .996
5.51 .007 ·998

5.80 .004 ·999
6.09 .002 1.000
6.38 .001 1.000
6.67 0 1.000

Hydrograph Family 1

To/Tp == 1.5

t/Tp qc/qp Qt/Q

1 0 0 0 0 0 0
2 .28 .029 .003 .32 .012 .001
3 .56 .150 .021!;/{ ,.64 .118 .017
4 .84 .472 .086,''- '.96 .377 .075
5 1.12 .798 .216' 1'~28 ·711 .204

6 1.40 ·901 .39~ 1.60 .815 .384
7 1.68 .776 .564 1·92 .719 .565
8 1~96 .568 · 7Q3~" 2.24 .526 ·712
9 2.24 '.389 .801:' 2~"56 ·352 .815

10 2~52 ~258 .868 2'.'88 .225 .884

11 2.80 ·+73 ·913 3.20 .143 ·927
12 3'.08 ~115 .942 3·52 .090 ·954
13 3'.36 ;•.078 .95q. , 3.84 .057 ·972
14 3.64 .052 •97Q~'.': 4~16 .037 ·983
15 3·92 .036 ·98~;' 4.48 .024 ·990

~

16 4.20 .024 ·991 4.80 .015 ·995
17 4.48 .016 .995: 5.12 .008 ·99718 4.76 .009 ·997. 5 .• 44 .004 ·999
19 5.04 .005 ·999 5.'76 .002 1 .000
20 5:.32 .002 1.000' 6;08 .001 1 .000

21 5.60 .001 1 .000., 6.40 0 1 .000
22 5.88 a 1 .000/:"
23

.,::,'_:'," 0'

24

To/Tp = 1

Line t/~v qc/qp Qt/Q
'No.



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
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

•

•

Table 21.17 (Continued)
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Hydrograph Family 1
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•Table 21.17 (Continued) Hydrograph Family 1

To/Tp = 10 To/Tp .= 16 To/Tp =25

Line t/Tp C1c/C1p Qt/Q t/Tp C1c/C1p Qt!Q t/Tp C1cI C1p 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 .,090 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
15 7.84 .092 .819 9.24 .097 .683 17.08 .039 ·&J7

16 8.40 .079 .855 9·90 .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
25 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-

•
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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 6.80 .020 .043 8.00 .0118 .031 12.00 .0084 .033

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 11·90 .077 .178 14.00 .0259 .109 21.00 .0197 .115
9 13.60 .177 .338 16.00 .0578 .170 24.00 .0516 .192

10 15·30 .101 .513 18.00 .1330 .310 27.00 .0900 .344

• 11 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
13 20.40 .036 .728 24.00 .0357 .644 36.00 .0226 .661
14 22.10 .030 .770 26.00 .0297 .692 39·00 .0188 .705
15 23.80 .027 .805 28.00 .0254 .752 42.00 .0161 .742

16 25.50 .024 .838 30.00 .0219 .766 45.00 .0142 ·775
17 27. 20 .022 .867 32.00 .0192 - ·797 48.00 .0125 .804
18 28.90 .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 60.00 .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 .0090 .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

•



Hydrograph Family 2

To/Tp =1 To/Tp = 1.5 To/Tp =2

Line t/Tp Clc/ClP Qt/Q t/Tp Clc/ClP Qt/Q t/Tp Clc/Clp 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 .480 .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
13 3.36 .078 .963 2.64 ·303 .845 3.36 .168 ·915
14 3.64 .052 .976 2.86 .219 .887 3.64 .113 .945
15 3.92 .034 .985 3.08 .160 ':918 3·92 .675 .964

16 4.20 .023 ·991 3·30 .117 .9hl 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 .01.4 ·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

•

21.64
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Table 21.17 (Continued) Hydrograph Family 2

To/Tp ~ 3 To/Tp = 4 To/Tp = 6

Line t/Tp Clc/Clp Qt!Q t/Tp Clc!ClP Qt/Q t/Tp Clc/Clp 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

•



21.66

•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 1.80 .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 7.80 .210 .228
8 4.41 .307 .397 6.30 .214 .396 9.10 .146 .397
9 5.04 .226 ·521 7·20 .149 .516 10.40 .097 ·51310 5.67 .172 .613 8.10 .112 .603 11·70 .072 .593

11 6.30 .136 .685 9·00 .088 .669 13.00 .057 .65512 6.93 .113 .743 9.90 .073 .722 14.30 .049 ·705 •13 7.56 .097 ·792 10.80 .063 .767 15.60 .044 ·75014 8.19 .085 .834 11.70 .056 .807 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 20.80 .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 .94320 11·97 .009 ·995 17·10 .023 ·986 24.70 .027 .969

21 12.60 .004 ·998 18.00 .006 ·995 26.00 .014 .98922 13.23 .002 ·999 18.90 .003 .998 27.30 .004 ·99723 13.86 .001 1.000 19.80 .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/Q t/Tp qc/qp Qt/Q
No.

1 0 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 .157 .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 00234 .606
13 21.48 .030 .745 30.00 .0209 .755 36.00 .0196 .653
14 23.27 .026 .782 32·50 .0187 .791 39·00 .0167 .693
15 25.06 .025 .816 35.00 .0167 .824 42000 .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 00147 ·910 51.00 .0115 .816
19 32.22 .019 .930 45.00 .0142 .936 54.00 .0108 .840
20 34.01 .018 ·955 47050 .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 00008 .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 10000

•
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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 1.36 .489 .157 1.44 .400 .120 1.68 ·320 .100

6 1.70 .543 .286 1.80 .478 .237 2.10 .390 .210
7 2.04 .507 .418 2.16 .450 .360 2.52 .363 .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 3.74 .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 .111 .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 .980 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 6.80 .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

•



21.70

•Table 2l.l7(Continued) Hydrograph Family 3

To/Tp = 10 To/Tp = 16 To/Tp = 25

Line t/Tp Clc/Clp Qt/Q t/Tp Clc/Clp Qt/Q t/Tp Clc/Clp 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 .607 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

•



21.71

• Table 21.17 (Continued) Hydrograph Family 3

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/QNo.

1 0 0 0 0 0 0 0 0 02 1.62 .002 .001 2.25 .0008 .001 3.25 .0009 .001
3 3.24 .006 .006 4.50 .0070 .007 6.50 .0057 .0094 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 ·3918 11.34 .052 .448 15.75 .0375 .469 22·75 .0257 .460
9 12.96 .045 .505 18.00 .0322 ·527 26.00 .0219 .51710 14.58 .041 ·551 20.25 .0285 ·577 29.25 .0195 .567

11 16.20 .037 .603 22.50 .0258 .622 32.50 .0176 .61212 17.82 .034 .645 24.75 .0239 .664 35.75 .0160 .652

• 13 19.44 .031 .683 27·00 .0219 ·702 39·00 .0147 .68914 21.06 .028 ·719 29·25 .•0201 ·737 42.25 .0136 ·72315 22.68 .025 ·750 31.50 .0185 .769 45.50 .0127 ·755
16 24.30 .024 ·779 33.75 .0173 ·799 48.75 .0118 .78417 25.92 .024 .808 36.00 .0165 .829 52.00 .0113 .81218 27.54 .024 .836 38.25 .0162 .854 55.25 .0109 .83919 29.16 .024 .865 40.50 .0159 .881 58.50 .0107 .86520 30.78 .023 .893 42.75 .0156 ·907 61.75 .0105 .890

21 32.40 .023 ·920 45.00 .0153 ·933 65.00 .0103 ·91522 34.02 .023 .947 47.25 .0150 ·958 68.25 .0101 .94023 35.64 .023 ·974 49.50 .0147 .983 71·50 .0099 .96424 37·26 .007 ·992 51.75 .0028 .998 74.75 .0097 ·98825 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) •
HydrographFamily'4

To/Tp = 1 To/'Tp = 1.5 To/Tp = 2

Line t/Tp qc/qp QtlQ t/Tp qc/qp Qt/Q t/Tp qc/qp QtjQ

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 .490 .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·· i.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 .490 .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 ·909 3.,52 .150 ·923 •13 3.36 .079 .960 3.36 .120 .940 3.84 .098 ·952

14 ).64 .053 .974 3.·64 .081 .961 4.16 .063 ·971

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
;' ,i".", 6.1623 a 1.000

•
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•
Table 21.17 (Continued) Hydrograph Family 4

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 .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 .095 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 ·925
19 5.04 .047 .978 7·20 .008 .996 7·20 .080 .956
20 5.32 .030 .986 7.60 .005 .998· 7.60 .046 ·975

21 5.60 .020 .991 8.00 .002 ·999 8.00 .027 .985
22 5.88 .013 ·995 8.40 .001 1.000 8.40 .016 ·992
23 6.16 .008 ·997 8.80 0 1.000 8.80 .009 ·995
24 6.44 .005 .998 9·20 .005 .997
25 6.72 .003 .999 9.60 .003 ·999

26 7.00 .002 1.000 10.00 .002 .999
27 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

•





21.75

•
Table 21.17 (Continued)

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 .014
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 ·992
19 27.00 .0306 .769 36.00 .0226 .751 4.68 .015 ·995
20 28.50 .0306 .803 38.00 .0225 .784 4.94 .009 .998

21 30.00 .0306 .837 40.00 .0224 ..817 5.20 .005 ·999
22 31.50 .0306 .871 42.00 .0222 .850 5.46 .002 l.OOO
23 33·00 .0306 ·905 44.00 .0221 .883 5·72 0 1.000
24 34.50 .0306 .939 46.00 .02l9 ·915
25 36.00 .0306 ·973 48.00 .0219 . .948

26 37·50 .0085 .994 50.00 .02l7 .980
27 39·00 .0009 1.000 52.00 .0029 .998
28 40.50 0 1.000 54.00 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 Clc/Clp Qt/Q t/Tp Clc/Clp Qt/Q t/Tp Clc/Clp 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 .111 .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

• 11 3.60 .308 .473 5·20 .218 ·527 6.70 .112 .434
12 3.96 .380 .565 5.72 .285 .623 7·37 .112 .490
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

2l 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

•



To/Tp = 16 To/Tp = 25

Line t/Tp Clc/Clp Qt/Q t/Tp Clc/Clp Qt!QNo.

1 0 0 0 0 0 0
2 .80 .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 4.80 .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 8.80 .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 12.80 .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 16.80 .098 .941 26.25 .035 ·976
23 17.60 .033 .980 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

21.78

Table 21.17 (Continued) Hydrograph ~ami1y 5 •

•



To/Tp = 36 To/Tp = 50

Line t/Tp 'lc/'lp Qt/Q t/Tp Qc/'lP QtjQ
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

• 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

•

•

Table 21. 17 (Concluded) Hydrograph Family 5
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21.81

HYDROLOGY: CRITERIA FOR DESIGN STORMS USED IN DEVELOPING
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Figure 21-4. Duration of excess rainfall for a 6-hour rainfall and
for runoff curve numbers 40 to 100 .
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NATIONAL ENGINEERING HANDBOOK

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 5002l.

Nomenclature for Hydraulics (1962), ASeE 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 ann'lal 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 (.ANC) -- The degree of wetness of a water
shed at the beginning of a storm. (See Chapter 4, Storm rainfall
data) •
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area ra.infall.--Thea.-v~:ra.~~.•T'ainfal.lover atl <are~,uf:1u.ally al:l derived
from,' ordiscussf?d •in· contrast "w:ith,point rainfall.

base flow -- Stream discharge derived from groUndwater sources. Some
times .. considered to .~Ilclude 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."

cf's day --Often. cal~eda~~cond-foot-day•. ThevolUfueof .water
represented by a flow of l' 'cubic foot per second for 'a period of
one day.

consumptive use -- A~~~"~'u,-SedmainlYby.irrigation engineers to Illean
the amount of water used in· crop growth plus evaporat:,i.on from the
soil. See evapotranspiration. '

cover -- Thevegetatidri,orVegs-tational debris such as mulch, that
exists on the soil Surface. III some classification schemes, such
as table 9;..1, fallow' or bare"soil is .taken as the minimum cover
class.

cross section (stream orvalley).--,Theshape of achannel,stream, or
valley,. viewed acros~.~h~ axis. ,In watershed, investigations it
is determined bya l~n~,~ppr0xi.In8;t~lyperpendicular to the main
path of water flow, ·,'along' ,wllichmeasurements of' distance and ele-
vation are taken to define the cross-sectional area.

damage reach-- A 1 engt#of i'lOodplain or valley selected for damage
evaluation. '(See chapter 6,' Stream reaches and cross sections).

degree-day -- As, us00. in sn()~eltstudies, a day with an average
temperatureo:ne degr~ee,above'32° F • "The average is usually
obtained .• byav~ragingt~emarlmum and minimum for the day. A
day with an averageo-f, 400 F. 'gives 8 degree-days.

depth-a;r:'ea curve -- A,graph showing the change in average rainfall
depth "assizebf area 'changes.

design 'storm --A" giv~nrainfall,aIIloUnt, areal distribution, and time
distribution, used·tp,estili:a,te •runoff. The rainfall amount is either
a given frequency (25-, 50-year, etc.) or a special large <value.
(See Chapter 21,De~igp. hydr-ogr,aphs).

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).

•

•

•



•

•

•

22-3

double-mass curve-- A graph in which acc~ulated 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 runoff, subsurface flow,
and base flo~, but generally the s~rface runoff area is used' as
the drainage area. See watershed. ,

effective duration ""- The time in a storm during which. the water supply
for ~irect runoff is produced. AJ.soused to mean the duration of
excess rainfall.

effective rainfall -- Another term for direct runoff. Usually not the
same quaIltity on upland streams as oridownstream rivers because of
variability of seepage flows.

emergency spillway -- A rock or vegetated earth waterway around a dam,
built with its crest above the normallyu~edprincipal ,spillway.
Used to assist the principal spillway in conveying extreme amounts
of runoff safely past the dam.

ET -- Abbreviation for evapotranspiration.

evaluation 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 -- Direot 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 w~tting of the soil•
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flood -- In common usage, an event where a stream overflows its normal
banks. In frequency analysis it means an ,§"nnua1 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. Ina floodwater retarding
reservoir, the temporary storage between the crests of the principal
and emergency spillways.

floodwater retarding structure -- A dam, usually with an earth fill,
having a flood pool where incoming flood water 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
magnitude.

frequency line -- The line on probability paper that represents a
series of events and their frequencies.

frequency series -- A sequence 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 -- Fa = (2n - 1) /2y. Used to obtain plotting positions
for plotting f~ood values on log-normal paper. (See Chapter 18,
Frequency methods).

Hazen 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•

•
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historical series -- A list of all actual storms (or floods) that
caused flood damage in a watershed, ina 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 t9 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 behavior 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, Iais all
the rainfall before runoff 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 sublimated. 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.andvertical axes. Sometimes called "log-log paper."
The scales may be any number of cycles, but usually in combinations
like Ixl, 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 hydrology,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 loss.

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.

NEH-4 .....- National Engineering Handbook, Section 4, Hydrology.

NEH-5 -- National Engineering Handbook, Section 5, Hydraulics.

•
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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 and all of an extreme ~ount 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 gamage 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 used 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 routing through a reservoir.

s. d. -- Abbreviation for standard deviation.

second-foot -- See cfs.

second-foot-day -- The volume of water representedb,y 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 "semilogarithmic 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 da.tarequire. Commercially available paper has
various divisions (5, 6,7, 10 to the inch) for the arithmetic
scale, and various cycles (1, 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).

small grains -- Wheat, oats, barley, flax, rice, and other close
drilled or broadcast grain crops.

soil-cover complex -- See hydrologic soil-cover complex.

soil-water-storage -- The>amount Of water the soils (including geologic
fo~tions) 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 b,y 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 ~ctually 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, mason~,

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 necessary 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 considered
as producing surface storage, but stock ponds, reservoirs, stream
channel storage, etc. are generally excluded.

synthetic series -- A storm or flood series obtained b,y taking selected
values from a frequency line based on historical data.

time of concentration (Tc) -- The time it takes water frOID. the most
distant point (hydraulically) 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 small.

travel time -- The average time for water to flow through a reach or
other stream or valley length that is less i.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, e~c. unit hydrographs.

USGS -- United States Department of the Interior, Geological Survey.

USWB -- United States Department of Commerce , Weather Bur'eau.

water equivalent -- The depth of. water, in inches, that r1esults from
melting a given depth of snow.

water loss -- Variable meaning, depending on personal int,erest of water
us.er.- Farmers and ranchers usually think of flood r'UIloff as a
water loss ; many river engineers think of infiltrati.on as a w:ater
loss. In Hydrology Guide, the meaning is apparent from the context.
See. loss.

watershed -- The 'area contributing direct runoff to a stl·eam. Usually
it is assumed that base flow in the stream also comE~S from the
same area. However, the ground~waterwatershed may be larger or
smaller.

watershed measures -- Any vegetative or ··structural means (including
earthwork) of directly improving or conserving the soil and water
resources ofa watershed. See land treatment meaSU1~e and structural
measure.

w,ater table-- The upper s~rface 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 vlSP·.

water yield -- The actual streamflow, at a given place, from a watershed.
This is natural annual runoff that maybe affected by irrigation
uses,reservoir losses, diversions into or out of tIle. watershed.,
etc.

WSP --Water-SupplyPaper. An annual publication of the USGS, in which
streamflow for the water year is given for all gag~l 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.

AF
AF
AF

AF
AFper 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

centimeters
hectares
liters
kilograms
cubic feet
imperial gallons

CONVERSIONS

TIMES THIS:

1.983
0.03719

0.03719
0.08264
0.001550

1.983
724.0
448.8

0.6463

0.03719

13.57

645.3
1.008

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
0.2642
2.205
7.480
1.200
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GIVES'YOU THIS:

AF
inches depth on 1 square

mile,
inche,s depth
.AF
inches depth

AF,per day
Ai 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)

cam
cfs per acre
AFpaI' square mile
AF

cfs days
cfs hours
inches depth on 1 squ~re

mile
million U.. S. gallons '
.cfs '

inches depth
cfs
cfs
AF
miles per hour

inches
acres
lI. S.gallons
pounds
U. S. gallons
U. S. gallons




