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Preface

This handbook was first issued in November 1954, titled Hydrology Guide
For Use in Watershed Planning. It was revised, the scope enlarged, and

reissued in 1956 as the SCS National Engineering Handbook, Section 4,
Hydrology, Supplement A. A third issue titled SCS National Engineering

Handbook, Section 4, Hydrology, Part I — Watershed Planning was reprinted

in 1964. The 1964 issue included revisions of Chapters 1 through 10 and
Chapter 17. A revision of Chapter 21 was added in August 1965.

In January 1971 the handbook was reprinted with the following changes.
Title is SCS National Engineering Handbook, Section 4, Hydrology.

Chapters 14, 15, and 16 were revised. Chapters 11, 12, 13, 18, 1, 20, and
22 were reprints of the 1965 handbook with updated format.

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

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

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

In addition special acknowledgement is given here to the joint contri-
butions of the following: H. A. Amsterburg, E. F. Carmichael (deceased),
W. L. Cowan, J. H. Dawes, J. H. Dorroh, Jr. (deceased), F. P. Erichsen,
J. W. Karban, M. H. Kleen, R. E. Kohnke, N. E. Leech, R. E. Maclay,

V. McKeever, G. W. Musgrave, H. O. Ogrosky, W. J. Owen, R. E. Rallison,

W. H. Sammons, A. L. Sharp (deceased), and E. B. Warnick, of SCS; H. L. Morey

and R. L. Hobba of the U. S. Forest Service; and H. N. Holtan, J. M. Rosa,
D. E. Whalen (deceased) of the Agricultural Research Service.

ROBERT E. RALLISON
National Hydraulic Engineer
March 1985

Reprinted March 1985

(210-VI-NEH-4, Amend. 6, March 1985)
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SOIL CONSERVATION SERVICE
National Engineering Handbook
Section L

HYDROLOGY

CHAPTER 1. INTRODUCTION

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

SCOPE. Section L4 contains some new techniques that were developed
by SCS personnel to meet specific needs of SCS. Well-known tech-
niques from other sources are included where necessary to illustrate
special applications to watershed-project planning, evaluation, and
design. Hydrologic theory is held to the minimum necessary to show
the development of methods not readily available elsewhere. Refer-
ences to hydrologic literature are given if they provide additional
theory, data, discussion, or details of a method.

Each major kind of hydrologic problem is discussed, and where possi-
ble, alternative solutions are given and their relative merits are
briefly considered. Descriptive material is kept to a minimum. All
equations and examples are numbered for ease of reference. The
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section is so arranged that each principal subject is discussed in a
separate chapter, and cross-references to other chapters are made as
needed. The table of contents is a reference to specific topics,
methods, and examples; the glossary (chap. 22) is a reference to
specific terms.

DUTIES AND RESPONSIBILITIES OF SCS HYDROLOGISTS

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

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

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

1. Watershed Protection Handbook
2. Economic Guide for Watershed Protection and Flood Prevention

5. SCS National Engineering Handbook:
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Section 5 - Hydraulics
Section 15 - Irrigation
Section 16 - Drainage
4, Technical releases
5. Handbooks issued by State offices of SCS.

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

SCS hydrologists are expected to keep up-to-date on new developments
in hydrology by reading technical papers in transactions, proceed-
ings, or journals of organizations such as the American Society of
Agricultural Engineers, 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.
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CHAPTER 2. PROCEDURES

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

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

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

Computations. Storm runoffs (chap. 10), snowmelt runoffs (chap.
11), special effects of land use and treatment (chap. 12), and the
relations of stream stages to inundation (chap. 13) and discharge
(chap. 14) are computed early in this phase of the study. Travel times
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end lags (chap. 15) are computed for use in hydrograph 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 SCS policy. In order of study they are:

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

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

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

This order makes the analysis fall into a natural sequence in which
measures that are first to affect runoff are first to be evaluated.
Flood routings for the present condition give the discharges from which
present flood damages are computed in the economic evaluation. The
routings are modified (chap. 12) to give discharges for determining the
effects of LU&T. New routings or further modifications (chap. 17) are
made for the third condition to give discharges for determining the ef-
fects of 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 hydrogrephs. The print-out consists of
stages, peak discharges, and detailed hydrographs, as desired, for
natural or design storms and for any combination of structures. This
program is described in SCS Technical Release 20.

NEH Notice 4-102, August 1972
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FLOW CHARTS

The sequence of work in the hydrologic evaluation is shown in figure
2.1. The forms of maps, graphs, and tables are simplified represen-
tations of the various standard forms used in the different States.
The PI, which precedes the evaluation, is discussed in chapter 3.

The design hydrology, which comes latest, is shown in figure 2.3; de-
tails are given in chapter 21.

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

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

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

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

1. Select nearby gaged watersheds that are climatically and
physically similar to the ungaged watershed. These watersheds and

nearby areas like them comprise the region that gives the method its
name.

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

. 3. Plot peak discharges or runoff volumes for selected frequen-
cies (only the 2- and 100-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 relationships
for each frequency.
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k., Construct the frequency line for the ungaged watershed (or
any of its subdivisions) by entering the plot with drainage area, find-
ing the magnitudes at each line of relationship, plotting the magni-
tudes at their proper places on probability paper, and drawing the fre-
quency line through the points.

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

In practice the method is more complex but usually only in step 3:
variables in addition to drainage area are related to the peaks or vol-
umes. The variables are one or more of the following, alone or in com-
binations, directly or by means of index numbers: type of climate, mean
annual precipitation or rainfall or snowfall, mean seasonal precipitation
-or rainfall or snowfall, maximum or minimum average monthly rainfall,
storm pattern, storm direction, x-year frequency y-hour duration rainfall,
mean number of days with rainfall greater than x inches, mean annual num-
ber of thunderstorm days, mean annual or seasonal or monthly temperature,
maximum or minimum average monthly temperature, orographic effects, as-
pect, stream density, stream pattern, length of watershed, length to
"center of gravity" of watershed, length of main channel, average water-
shed width, altitude, watershed rise, main channel slope, land slope,
depth or top width of main channel near outlet for x-year frequency dis-
charge, time of concentration, lag, time to peak, percentage of area in
lakes or ponds, extent or depth of shallow soils, extent of major cover,
hydrclogic soil-cover complex, geologic region, infiltration rate, mean
base flow, mean annual runoff, and still others. Combinations of these
variables are used as single variables in the analysis, one such combina-
tion being the product of watershed length and length to center of grav-
ity divided by the square root of the main channel slope. Index numbers
(chap. 18) are used for variables (such as geologic region) not ordinarily
defined by numerical values.

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

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

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

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

Design Hydrology

The storages and spillway capacities of floodwater-retarding
structures are determined as shown by the flow chart in figure
2% Chapter 21 gives detalls of the various steps and provides
the SCS criteria of the design hydrology. That chapter also con-
tains design hydrology in outline form for channel improvement,
levees, and minor project or on-farm structures.

* * * *
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3.1

CHAPTER 3. PRELIMINARY INVESTIGATIONS

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

Making the Preliminary Investigation

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

EXAMINATION OF AVAILABLE REPORTS AND DATA

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

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

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

EVALUATION

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

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

Figure 3.1 shows a relationship developed from data in work plans

for projects containing floodwater-retarding structures but few channel
improvements. The line of relation shows the minimum amount of water-
shed area that must be controlled by the structures in order for a
project to be economically justified. For other areas the line of
relation may be curved or have a different slope.
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Figure 3.2 shows the average annual cost of a system of floodwater-

' retarding structures in relation to watershed area and percent of
control for projects having few channel improvements. In this and
other figures that show costs, the costs are valid only for the
economic period for which they were originally applicable. An ad-
Justment must be made for later periods.

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

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

Figure 3.5 shows the average annual direct damage for "present'

. conditions in relation to flood-plain area size and percent of
cultivation. This figure was developed by means of a multiple-
regression analysis (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 "present" conditions.
This relationship applies within a region for which flood-frequency
lines of the watersheds will have about the same slope when plotted
on lognormal probability paper. For other regions the line of re-
lation may have a different curvature. Figure 3.6 is used with a

‘ historical flood for which the frequency and total damage are known.
For example, if a watershed in this region has had a flood with a
10-year frequency, then the curve gives a multiplier of 0.41; and
if the total damage for that flood was $80,000, then the estimated
average annual damage for the watershed is 0.41($80,000) = $32,800.

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

T DR TR 5 YA S RS TR U -



3.4

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):

l. 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 T3 percent.

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

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

In this example the benefit-cost ratio is favorable and a recommenda-
tion can be made in the PI report that further investigation is jus-
tified. If the ratio happens to turn out slightly unfavorable, it
may still be desirable to recommend further investigation because

the short-cut procedure is conservative and a detailed investigation
may show that the project is economically feasible. But if the ra-
tio is very unfavorable it is not likely that a detailed investiga-
tion can improve it, and alternative project measures need to be con-
sidered instead.

Report

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

A comprehensive account and bibliography of rain gage designs, instal-
lations, and measurement research is given in "Precipitation Measure-
ments Study" by John C. Kurtyka, Report of Investigation No. 20, 178 pp,
Illinois State Water Survey Division, Urbana, I1l., 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, 1llth
edition, 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 carefully
evaluated. Data from bucket surveys are generally not published but are
available in the offices of the gathering agency.

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

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

PUBLISHED RAINFALL-DATA ANALYSES

In many kinds of hydrologic work it 1s unnecessary to use actual rainfall
data since published analyses of data provide the required information in
more usable form. The following published rainfall-data analyses were made
by the U. S. Weather Bureau in cooperation with SCS:

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

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

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

(210-VI-NEH-4, Amend. 6, March 1985)
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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. But in (b), where the gage is located 4 miles
from the watershed boundary, the storm rainfall catches at the gage of-
ten differ significantly (in the statistical sense) from the watershed
averages. A similar effect is found when the area of application is in-
creased as in (c), where the gage is near the outlet of a 5.4-square-
mile watershed.

There is a close correspondence of gage catches and area averages when
the rainfall amounts being used are sums of catches, such as monthly or
annual rainfalls, because the errors for single storms tend to offset
each other. The gage 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 is permissible in the area estimate. This subject is dis-
cussed further under Accuracy.

Isohyetal Method

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

Figure 4.2 shows a simple application of the isohyetal method to a re-
search watershed in Nebraska. The watershed average depth can be ob-
tained as follows: If the isohyetal pattern is fairly even across the
watershed as in (c), a point at the center of the area gives the average
depth. The estimate made using point A in (c¢) is 1.59 inches. If the
isohyetal pattern is not even, divide the watershed into parts for which
the pattern is sufficiently uniform, make an estimate for each part, and
get the watershed average by weighting or averaging the amounts for the
parts.
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A denser network gives the more complicated isohyetal map shown in
(d), where the regular network on this research watershed is used for
the storm also shown in (c). There is an important change in depth
on parts of the watershed but the watershed average is 1.6l 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 open for 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 hubs of polygons. The
subareas are used to determine ratios which are multiplied by the sub-
area rainfall and summed to get the watershed average depth. The poly-
gonic diagram is constructed as shown in figure 4.3 (a) and (b), and
the Thiessen weights are computed. These weights are the ratio of the
gage's polygon area divided by the area of the entire watershed as in
(c). Watershed average depths are computed as shown in table 4.1 in
which the storm of figure 4.2 is used. If a gage is added or removed
from the network, a new diagram is drawn and new weights are computed.

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

Accuracy

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

Figure 4.4 is a diagram used for estimating the range of error likely




L.6

Table 4,1.--Watershed rainfall depth by the Thiessen method.

Rain Measured Thiessen Weighted
gage rainfall weight rainfall
Inches Inches
A 1.40 0.407 0.570
B 1.54 156 .20
C 1.94 437 .848
Sum: 1.558

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

to occur nine times out of ten when the catch at a single gage is used
as a depth for a location some distance away. It is modified from in-
formation in "Rainfall Relations on Small Areas in Illinois", by F. A.
Huff and J. C. Neill, Bulletin 44, Illinois State Water Survey, Urbana,
Illinois, 1957. Equation 5 on page 31 of this reference was modified
to give results on a 1l0-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.

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

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

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

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

In step 2 of Example 4.1 the minus error is taken as one-half the plus
error. This is an approximation, but it will be seen in the next example,
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and the discussion following, that the approximation generally applies.
The graphs of figure 4.5 will be used. The plottings on this figure
show the variation to be expected when data at one gage are used to es-
timate the rainfall depth at a distant point.

Example 4.2.--Rain gages B28R and G42R, on the Agricultural Re-
search Service watershed in Webster County, Nebr., are 4.3 miles
apart. Given any storm rainfall of O to 4 inches depth at GL2R,
compute the range of error to be expected if the rainfall at
B28R is to be estimated from that at GU4U2R. Use figure L4.4. 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 GL2R 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 L4-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 L4.5: (a) (b) (c) (d) Total
Number of Points: 91 35 T 20 15%
Number outside lines: 3 10 0 3 16
Percent outside lines: L P 28.6 0 15.0 10.46
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Figure 4.6 serves the same purpose for an area that figure L.k serves
for a point. In using figure 4.6 it will be necessary to determine the
number of gages on the watershed. The number is seldom clearly evident,
as the typical examples of figure 4.7 show. In (a) of this figure the
gage network ABC would be used for an isohyetal map or in computing
Thiessen weights. The watershed average rainfall depth estimated from
an isohyetal map based on the use of ABC would be more accurate than if
based on BC. Therefore it would not be correct to say there are only
two gages "on" the watershed when figure 4.6 is used. In (b), however,
although all six gages of the network DEFGHI are physically within the
watershed, gages DEFG are much too close together (by comparison with
the remaining gages) to be considered as individual gages. In (c)
where gages JKIMNP have varying distances between adjacent gages, it is
still more difficult to say how many gages are "in" the watershed. With
the case shown in (d), where the network QRST is completely outside the
watershed (but still usable for construction of an isohyetal map) any
decision on number of gages "in" the watershed would be arbitrary.

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

Example L4.3.--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.

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 1% percent, and a 3-gage net-
work an error of about 8 percent. In either case the error is
relatively small.

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

1.5(13)
1.5(8)

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). 1In 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,

19.5 %
12.0 %

2-gage network, standard error
3-gage network, standard error
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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-frequency maps of those papers will be
found on Pages 4 and 5 of USWB Technical Paper 40, where the follow-
ing statement is made:

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

OROGRAPHIC INFLUENCES

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

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 can make arrangements for a cooperative study by
the Weather Bureau.

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

Antecedent Rainfall

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

ANTECEDENT MOISTURE CONDITION

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

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

AMC-II. The average condition.

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

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

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

June 3 June 4 June 5 June 6 June 7
0.10 0 0435 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. Thke duration is always known
for a design storm, but for natural storms, such as those used in
some methods of watershed evaluation, the duration may be difficult
to determine., Methods of estimating the duration of natural storms
will be briefly discussed.

NATURAL STORMS

Durations of specific actual storms can generally be estimated to the
nearest hour by use of Weather Bureau publications of hourly precipi-
tation data. With these data, or even with instrument charts from a
recording gage, it is often difficult to decide on the beginning or
ending times of a storm. Furthermore, if there are periods of no rain
within the storm, the duration may need to be arbitrarily defined.

The problem of hydrograph construction is simplified by using storm
increments and, in general, this is the best way of using natural
storms (for hydrograph construction in this manner, see chapter 16).
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Table L4.2.--Seasonal rainfall limits for AMC.

Total 5-day antecedent rainfall

AMC group
Dormaent season Growing season
Inches Inches
I Less than 0.5 Less than 1.4
i i 0.5 to l.l 1.4 to 2.1
IIT Over 1.1 Over 2.1

Figure 4.10 illustrates a typical natural storm for which the storm du-
ration must be arbitrarily defined. The figure shows the accumulated
runoff occurring when the runoff curve numbers of 100, 80, and 7O are
applicable. Note that the duration of excessive rainfall, which is the
rainfall producing the runoff, is always less than the storm duration ex-
cept when runoff is 100 percent. Since the duration of excessive rain-
fall is the correct duration to use with peak rate equations, such equa-
tions will be more successful with natural storms that are brief and in-
tense. The hydrologic design methods of chapter 21 have been developed
to account for the initial abstraction,so that duration of excessive rain-
fall is used.

Effective Duration (De)

When standard gage data are used in a watershed project evaluation, the
storm durations will usually be unknown. An approximate duration for
use with all the storms can be estimated using figure 4.11, which shows
the relation between average annual rainfall and an "effective duration".
The gage rainfalls are used as if they had fallen in Dy hours. The
plotted points on figure 4.1l 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 De’

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 L4.3.--Duration of daily rainfalls at St. Louis, Mo. for

the period March 1920 through December 1929.

h.13

Duration Tallies No. of Accumulated
tallies tallies
Hours
1 15 15
2 M W HE 26 bl
P Hit - HH o HH- S 30 71
N - R - N 28 99
5 {4t HHt +t HE Y/ 22 121
6 HH-HH HIE #11)] 2L 145
7 HH HHE HHE A 22 167*
8 HH WHHH 25 192
O M H AR L 25 217
10 H HH- B U] 18 235
11 U H#H K 16 251
12 K+ 1) 9 260
15 +HH | i 267
1k Het 11 7 27k
15 - 5 279
16 Hi 6 285
17 Ht 5 290
18 - 5 295
19 M 3 298
20 ) 4 302
21 I p) 305
22 HH 5 310
23 1 n Gann
2L - HiF 10 324

* Median is within this group.
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by averaging the two numbers adjacent to it). The duration De was found
by interpolating as follows:

De = 6+ (7 - 6) E%%%E::I%%E = 6.8 hours

The average annual precipitation at St. Louis for this period was 38.45
inches. This amount is plotted versus the Dg as shown in figure k4.11.

In using this D., the daily ‘catches at St. Louis are assumed to have
fallen in 6.8 hours. Ratios obtained from Weather Bureau Technical Paper
4O do not apply to a De because the tabulations used for TP-40 were of
another kind.

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

STEPI-LOCATE RAIN GAGES ON STEP 2 -INTERPOLATE
WATERSHED MAP AND PLOT BETWEEN RAIN GAGES.
RAINFALL AMOUNTS

(d)
‘s
‘e
I6
"
L% I»
1.6
1.7
1.7
\?, /
@
N \9
—DRAW ISOHYETALS SAME STORM WITH
BTES =0 ISOHYETALS BASED ON

A DENSER NETWORK.

Figure 4.2.--Steps in construction of an isohyetal map. Circles
used as decimal points also denote rain gages. The two lower maps
illustrate the variations due to use of different networks of gages.



(a) (5)

ONE MILE
———p

STEP I-DRAW LINES CONNECT— STEP 2-DRAW PERPENDI-
ING RAIN GAGE LOCATIONS CULAR BISECTORS.

(c)

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

Figure 4.3.--Steps in the determination of Thiessen weights. The
two lower maps illustrate the variations in polygons due to use of
different networks of gages.
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Figure 4.7.--Typical
rain gage networks.
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CHAPTER 5. STREAMFLOW DATA

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

Sources

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

U. S. Geological Survey (USGS). Water Supply Papers (WSP)
and other publications are issued regularly. This is the major
source of streamflow data for the United States. The USGS now has
an office in Puerto Rico and also has personnel of the Water Re-
sources Division assigned in about a dozen different countries un-
der the auspices of the U.S. Agency for International Development
(AID). The USGS publications are listed in "Publications of the
Geological Survey," which is issued every 5 years, the latest for
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 Branch, Engineering
Division, Soil Conservation Service, Washington, D. C. 20250. Much
of the data has been republished by ARS (see below). Records from
SCS "pilot watersheds" are being published in cooperation with USGS.

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




5.2

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

RELATED PUBLICATIONS. A list of streamflow stations having drainage
areas of 400 square miles or less is given in "List of Selected Gag-
ing Stations in the United States," by C. R. Gamble, U.S. Geological
Survey, 91 pages, 1961. The listed stations are those for which USGS
has compiled annual-flood and other data in SCS Projects 1 and 2.
Copies of Gamble's report and of the project data were distributed

to SCS State engineers and no additional copies are available. The
project data will appear in a forthcoming WSP.

Descriptions of streamflow installations, methods of gaging, and other
facts about USGS gaging practices are given in "Stream-Gaging Proce-
dure," by 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," by Kenneth G. Reinhart and Robert S.
Pierce, Agricultural Handbook 268, 37 pages, 1964; available from U.S.
Government Printing Office, Washington, D. C. 20402, price $0.30. ARS
practices are described in "Field Manual for Research in Agricultural
Hydrology," Agricultural Handbook 224, 215 pages, 1962; available on
request from U.S. Agricultural Research Service, Beltsville, Maryland
20705,

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

Sometimes a streamflow installation is needed for a brief period on

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

Some Uses of Streamflow Data

MEAN DATLY DISCHARGES

Records of mean daily discharges (or "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 two ways shown in figure 5.k4.

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 b both scales are arithmetic. A plotting like & is used in
studying low flows or recession curves and one like b 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 any one 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.l.--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 L...."

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).




54

Table 5.1.--Mean daily discharges, annual flood period

Date Mean daily discharge Remarks
ofs
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 .
T * 320 Same,
8 * 191 Same.
9 * 146 End of flood period.
10 206 New rise begins

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

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

Runoff in cfs-days can be converted to another unit by use of an
appropriate conversion factor (a table of factors follows chapter

22). For instance, to convert the result in example 5.1 to inches,

use the conversion factor 0.03719, the sum of step h, and the water-
shed drainage area in square miles (from fig. 5.2): 0.03719(6797)/258 =
0.9796 inches. Round to 0.98 inches.

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

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

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

2. Determine the average base flow for the flood period.
This is an average of the flows on March 2 and March 9:
(105 + 146)/2 = 125,5 cfs. Round to 126 cfs.

5. 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.

L. 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 A means that a considerable amount of anal-

ysis may be required before a transposition is Jjustified.

Data are transposed with or without changes in magnitude, depend-
ing on the kind and the parameters influencing them. Runoff vol-
umes of individual storms, for instance, are transposed without
change in magnitude if the gaged and ungaged watersheds are alike
in all respects. But if the hydrologic soil-cover complexes (CN)
differ, it is necessary to use figure 10.l1 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 = 832

1. Enter figure 10.1 with the runoff of 1.60 inches, go
across to CN T4, 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

Factors:

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

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

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

9°G
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DETERMINATION OF HYDROLOGIC SOIL-COVER COMPLEX NUMBERS (CN)

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

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

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

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

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

Figure 5.6(a) also shows the runoff curves for AMC-I and AMC-III
(chap. lO). These were found by the relationship given in table
10.1, and no method comparable to that of example 5.4 is needed.
But CN for specific antecedent conditions can be estimated by other
methods, one of which is given in 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 CN for a subse-
quent storm runoff.

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

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

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

MATERIALS
@ Cleor plostic gorden hose

-‘ @ Loose fitting corrioge bolt twith lorge
oo¢cC @

enough heod to function as rain cop)
(| to be insertad in upper end of hose.
Cut aotch in hose fo insure air drainage.

\ L @ Powdered cork
| L_ @ Aluminum noils (Large heads)

@ Light metol strop, staple or hook-
—H T head noil

@ Metol house numbers

0oo0o e ot " "
i () x8" or 2"x 8" plank
o @ 1" x 4" board
@ 1" x 2" voord
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o
J /® inserted in lower end of hose, below
§
o
o

powdered cork

INSTRUCTIONS

| Select location for gage on streom where
flood flow can ba computed from stoge.

o 0 2 Moun! gage on tree, post, heodwall, stc.,
out of main current.

3 It instolled of! verticol, adjust spocing

o
‘ of aluminum nails so they read correct
| vertical helght.
[o) 4 Reod 1op of cork os crest streom goge
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o pouring woter into hose.
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I
o]

Figure 5.1.

5.9

--Construction details of a crest staff gage.
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WABASH RIVER BASIN 459

. 243. Wakatomiks Creek near Praseysburg, Ohio
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discharge scale is logarithmic; in (b) the scale is arithmetic.

Amicalola Creek near Dawsonville, Ga. (2B-3900) Lat 34°26', long 84°13';

dralnage area, 84.7 sq ml; mean annual precipitation, 57.41.

Data relative to annual peak discharges
Antecedent Antecedent

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

(cfs) (cfs) (in) (in) (days) (in)

S5-day |30-day

1940 Aug. 13 2,500 81 0.81 4.99 1 |0.30 |2.67 22,37
1941 July S 5,2C0 188 1.40 5.72 4 |1.54 |4.99 21.80
1942 Feb., 17 7,450 143 1.74 5.24 1 .20 |4.93 30.94
1943 Tec. 29 2,680 232 1.65 4,31 2 |1.36 ]6.63 39.12
1944 Mar. 19 3,460 305 1,16 3.80 2 .10 |8.75 37.05
1945 Feb, 13 1,130 160 .36 1.95 1 .18 |[3.63 25,44
1946 Feb. 10 5,050 408 2.33 5.39 2 11,11 |6.32 57.50
1947 Jan. 20 4,770 St 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 11.48 |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 -
FIGURE 5.5 - A sample page from a compilation by the U.S. Geological

Survey for SCS-Project No. 1.
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Amicalola Creek
near
Dawsonville, Ga.
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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 duriﬁg
project formulation. This chapter gives some details on the selec-
tion of reaches for hydrologic or economic studies, presents alter-
native means for studies of alluvial fans, and briefly describes a
hydrologic unit and its use in a project study.

Reaches

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

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

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




Table 6.1. Reach and cross-section data

Soil-cover complex NO.E/

Reach Cross- Cross-section Length of Travel Accumulated
No. 1/ section stationing reach 2/ time 3/ drainage area
No. Present Future
Feet Hours Square miles
N 7500 0.60 80 78
FR-1 2231 + 00 3.6 5/
BB 2192 + 00 4.0 6/
AA 2160 + 00 by 7/
6 15600 1.50 80 78
FF 2138 + 00 7:5 5/
EE 2100 + 00 8.0
DD 2054 + 00 8.4
cC 2016 + 00 8.8
BB 2014 + 00 8.8
AA 2012 + 00 8.9 1/

Hier, ol

Reach No. is same as subdivision No.
Channel length of reach.
Travel time of a 2-year frequency flow through the reach

Soil-cover complex Nos. for the total area above the foot of the reach.

obtained by weighting (chap. 10).
Drainage area at the head of the reach.

The drainage area at this cross section was estimated.

Drainage area at the foot of the reach.

They were

2'9
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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.

5. 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 hydrologist and others

in the work plan party. Tentative locations are made during the
preliminary investigation of a watershed (chap. 3) and shown on

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

MEASUREMENT

The measurements made during a field survey are usually those neces-
sary to define the changes in ground elevation in the line of a cross
section and the horizontal distances between sections. At this same
time it 1s necessary to estimate Manning's n for hydraulic computations
(chap. 14). The value of n must represent roughness conditions for the
full length of the reach. If a cross section is divided into segments,
the n for each segment applies to a strip through the reach.

Length

The length of a reach is the distance between cross sections at the
head and foot, measured along the sinuous path of flow in the channel
or valley. The channel is nearly always longer than the valley so
that two lengths may be applied in a study: the channel length when
the flow is low (within banks of the channel) and the valley length
when the flow is over the flood plain. This means that as a flood
rises the reach becomes shorter, a change that must be taken into ac-
count when computing water-surface profiles (chap. 14) and flood
damages (chap. 13). Reach lengths are generally determined by use

of an aerial photograph or a detailed topographic map because the
paths of flow are often complex and not easy to determine in the field.

Profile
Elevations of cross sections are related to a common datum if profiles

of the valley or channel are needed for computation of water-surface
profiles by the Leach, Escoffier, or Doubt methods (chap. 14).

Hydraulic Roughness

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

If water-surface profile or similar computations will be made by an
electronic computer, the computer-program description should be ex-
amined for limitations on the input data such as length of reach
and number of elements in a cross section. These limitations must
be kept in mind when working instructions are given to the survey
crew. Typical limitations are given in SCS Technical Release 1k,
"Computations of Water Surface Profiles and Related Parameters by
the IBM 650 Computer."

Alluvial Fans

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

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

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

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

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

5. A damage-frequency curve is developed (chap. 18).
6. The average annual damage is determined (chap. 18).

T. The effects of a proposed upstream project on the amounts
of runoff are determined. The amounts (and therefore the flood

.
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damages) decrease when changes in land use and treatment decrease the
hydrologic soil-cover complex number (chap. 10) or when storage struc-
tures reduce flood flows (chap. 17).

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

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

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

Hydrologic Units

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

Each HU is the drainage area of a minor tributary flowing into the main
stream or a major tributary. Areas between minor tributaries are com-
bined and also used as 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 an HU contains structural measures that affect the rates of a hy-
drograph, the changes are determined by short-cut methods of routing
(chap. 17) and the modified hydrograph, like the others, is referenced
to the HU outlet. The watershed or basin flood routing is carried out
on the major tributaries and main stream, with the HU's supplying the
starting and local inflow hydrographs.
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Hydrologic Unit Boundary

Subdivision Boundary

FIGURE 6.1-HYDROLOGIC UNIT HAVING DETAIL FOR USE AS A
SAMPLE WATERSHED
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CHAPTER 7. HYDROLOGIC SOIL GROUPS

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

Watershed-Soils Classification

Soil properties influence the process of generation of runoff from
rainfall and they must be considered, even if only indirectly, in
methods of runoff estimation. When runoff from individual storms

is the major concern, as in flood prevention work, the properties
can be represented by a hydrologic parameter: the minimum rate of
infiltration obtained for a bare soil after prolonged wetting. The
influences of both the surface and the horizons of a soil are there-
by included. The influence of ground cover is treated independently,
as discussed in chapters 8, 9, and 10.

The parameter, which indicates the runoff potential of a soil, is
the qualitative basis of the classification in this chapter of all
soils into four groups. The classification is broad but the groups
can be divided into subgroups, as shown in example 7.l, whenever
such a refinement is Jjustified. Chapter 9 describes how the groups
are given quantitative significance in the runoff-estimation method
of chapter 10.

DEFINITIONS

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

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

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

D (High runoff potential). Soils having very slow infiltration
rates when thoroughly wetted and consisting chiefly of clay soils
with a high swelling potential, soils with a permanent high water
table, soils with a claypan or clay layer at or near the surface,

and shallow soils over nearly impervious material. These soils
have a very slow rate of water transmission.

The Soil List

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

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

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

USE OF THE SOIL GROUPS

To use the soil list it is necessary to know only the names of the
soils on the watershed being studied. To use the classification

in estimating runoff (chap. 10) it is also necessary to know the
area of each soil and, if the watershed is large, its location by
hydrologic units (chap. 6). The SCS hydrologist usually consults

a State soil scientist when soils of a watershed are to be classi-
fied. If there is no soil survey for the watershed the consultant
can usually get adequate information from work unit personnel.
Making a soil survey solely for hydrologic purposes is seldom justi-
fiable. It should take less than a day to classify the soils on a
400-square-mile watershed. Often, when working with a watershed in
familiar territory, the hydrologist needs little more than a check
on his own estimates of the groupings.

Determining Areal Extents

Precise measurement of soil-group areas, such as by planimetering
soil areas on maps or weighing map cuttings, is seldom necessary
for hydrologic purposes. The maximum detail should not go beyond
that illustrated in figure T7.l: 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 ¢ a grid (or "dot counter") is 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, B and 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
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rule that two groups are combined only if one of them covers less
than about 3 percent of the hydrologic unit. Impervious surfaces
should always be handled separately because they produce runoff even
if there is none from D soils.

Subgroups

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

Example 7.l.--A soil is to be classified in a subgroup fall-
ing midway between groups B and 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.

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

Land uses Soil groups
A B C D

Row crops, straight-row, good rotation 67 78 86 89
Legumes, straight-row, good rotation 58 T2 81 8

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

3. Interpolate on the group scale and find the CN for each land
use. For this example the subgroup is midway between the B and
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 T76.5,
respectively, which are rounded to 82 and 76.

The subgroup in example 7.l can be designated the B- or C+ subgroup.

More elaborate classifications (By, Bz, Bs, etc.) are not justified
unless the soil classifications were made using rainfall -runoff data.

Reclassification of a Soil

Some of the soils in table 7.l are in the D group because of a high
water table that creates a drainage problem. Once these soils are
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effectively drained they can be placed in an alphabetically higher
group. They can be classified locally on a case by case basis.

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




~J
.
~

TABLE 7.1=--HYDROLOGIC GROUPS OF THE SOILS OF THE UNITED STATES
AABAR D | ADKINSs HARDPAN 8 | ALBEE C | ALPOWA B | ANDERLY c
' AABERG 0 | SUBSTRATUM | MLBEMARLE 8 | ALROS C | ANDERS C
AASTAD ® | ADKEINSs. GRAVELLY ® | ALBERTVILLE C | ALSCO B | ANDERSON [}
AAZDAHL 8 | SUBSTRATUM | ALBINAS B | ALSPAUGH C | anpOK B
ABAC D | ADLER C | ALBION B | ALSTAD C | ANDOVER [
ABAJO C | ADMAN D | ALBRIGHTS C | ALSTONY B | ANDRADA ]
ABARCA ® | ADOLPH 8701 ALBUS B8 | ALSUP € | ANDREESON c
ABBOTT © | apos C | ALCESTER B | ALTAMONT O | ANDREGG B
ABBOTTSTOWN C | ADRIAN A/D| ALCOA B | ALTAVISTA € | ANDRES B
ABCAL D | ADVOKAY O | ALCONA 8 | ALTDORF D | ANDREWS c
ABEGG 8 | AECEY C | ALCORN 8 | ALTHOUSE B | ANDRY D
ABELA 8 | AENMEAS 8 | aLcor A | ALTICREST B8 | ANED D
ABELL 8 | AFTADEN D | ALCOvA B | ALTHAR B | ANETH B
ABERDEEN C | aFTON C/D| ALDA C | ALTO € | ANGELICA B/D
ABERONE B | AGAIPAM O | ALDA. SALINE B8/D| ALTOGA € | ANGELINA (V]
ABERT 8 | AGAN D | ALDAes CHANNELED C | ALTON A | ANGELD ¢
ABES 0 | AGAR 8 | ALDAX D | ALTOONA € | ANGELUS 8
ADGESE B | AGassiIz 0 | ALDEN D | ALTURAS C | ANGIE D
ABILENE C | AGATE 0 | ALDER C | ALTUS B8 | ANGLE A
ABIQUA C | AGATHA B | ALDERMAND 8 | ALTVAN B | ANGLEN C
ABO C | AGAwAM 8 | ALDERWDOD C | ALUF A | ANGOLA C
ABOR D | AGENCY C | Aol D | ALUM B | ANGORA B
ABRA C | AGER ® | ALDINE D | ALUSA D | ANGOSTURA B
ABRA. BEDROCK B | AGET 8 | ALDING D | ALVARADO B8 | ANHALT D
SUBSTRATUM | AGNAL D | ALDINOD C | ALVIN B | ANIAK D
ABRA. DRY 8 | AGMESTON 8 | ALEDO C | ALVIRA C | ANIMAS (4
ABRAHAM B | AGNESTONe CDBBLY C | ALEGROS C | ALVISO D | ANINTO D
ABRAZO D | SUBSTRATUM | ALEKNAGIK ¢ | ALVOR D | ANITA D
ABRAZO» GRAVELLY € | AGNEW C | ALEMEDA C | ALYORs DRAINED C | ANKENY B
‘ ABRAZO., COBBLY D | AGNOS D | ALEX B | ALWILDA B | ANKLAM D
ABREU 8 | AGuUA 8 | ALEXANDER C | ALZADA D | ANKONA V]
ABSAROKEE C | AGUA DULCE B | ALEXANDRIA C | ALZoLA D | ANNABELLA B
ABSCOTA A | AGUA FRIA B | ALFIR 8 | AMADOR D | ANNANDALE C
ABSHER D | AGUADILLA A | ALFORD 8 | AMAGON D | ANNAW B
ABSTED C | AGUALT 8 | ALGANSEE B8 | AMALIA B | ANNEMAINE c
ABSTON C | AGUEDA B | ALGARROBO A | AMALU D | ANNIS c
ACACIO B | AGUILARES B | ALGERITA B | AMANA B | ANNISe SALINE B
ACADEMY C | AGUILITA B | ALGIERS C/D|) AMANDA C | ANNIS» c
ACADIA 0 | AGUIRRE 0 | ALGOA C | AMARILLD B8 | SALINE-ALKALI
ACANA D | AGUSTIN 8 | ALGOMA B/D0] AMASA B | ANNIS», DRAINED B
ACANOD c | am C | ALHAMBRA 8 | AMBER B | ANNISQUAM C
ACASCO D | AMLSTROM D | ALHARK 8 | AMBIA D | ANNISTON 8
ACEITUNAS 8 | AHMEEK C | ALICE 8 | AMBOAT C | ANNONA V]
‘ ACEL c | awoLv D | ALICEL e | amBsoy C | ANOCON C
ACKER 8 | AHREN B | ALICIA B | AMBRANT B | ANDKA B
ACKERMAN A/D| AHRNKLIN C | ALIDA B | AMBRAW B/D| ANONES C
ACKERVILLE C | AHTANUM O | ALIKCHI 8 | AMELIA B [ ANSARI ]
ACKETT D | AHTANUM, DRAINED € | ALINE a | AMENIA 8 | ANSEL B
ACKLEY B | AHWAMNEE 8 | ALKO D | AMENSON D | ANSELMO 8
ACKMEN B | AIBONITO € | ALLAGASH B | AMERICUS A | ANSELMOs BEDROCK A
ACKNORE B | amoo D | ALLAMORE D | AMERY B | SUBSTRATUM
ACKNATER D | AIKEN B | ALLANTON B8/D| AMES C/D| ANSGAR B8/D
ACHE C | AIKMAN 0 | ALLARD B | AMESHA B | ANSPING B
ACO B | AIKMAN. STONY C | ALLEGHENY B | AMESMONT C | ANT FLAT C
ACOMA C | AILEY B | ALLEMANDS D | AMHERSY D | ANTEL c
ACORD C | AIMELIIK 8 |} ALLEN B | AMISTAD D | ANTELOPE SPRINGS o
. ACOVE C | AINAKEA B | ALLENDALE B | AMITY D | ANTERD (
ACREDALE D | AINSLEY B | ALLENS PARK 8 | AMMON B | ANTHO -]
ACREE C | AINSWORTH 8 | ALLENTINE 0 | AMOLE A | ANTHONY B
ACRELANE C | AIRPORY D | ALLENWOOD B | AMOR B | ANTIGD 8
ACTOM B | ALTS B | ALLEY 8 | AmOS C | ANTILON B
ACUFF 8 | aJo C | ALLHANODS O | AMDSTOWN C | ANTIOCH 4]
ACUNA C | AKAKA A | ALLIANCE 8 | AMPAD € | ANTLER c
ACY C | AKAN B8/0| ALLIGATOR O | AMPHION C | ANTOINE B
ADA C | AKASKA 8 | ALLIS D | AMSDEN B | ANTONITO C
ADAIR C | AKELA 0 | ALLISON B | AMSTERDAM B8 | ANTOSA o
ADANS A | AKERCAN B | ALLITRAL B8 | AMTOFT D | ANTROBUS B
ADAMSON 8 | AKERUE D | ALLOR B | AMWELL C | ANTWERP C
ADAMSVILLE C | AKLER D | ALLOVEZ B | Amy D | ANTY 8
ADATON D | ALADDIN B | ALMAC B | ANACAPA B | ANUNDE B
ADAYEN C | ALADSHI B | ALMAVILLE D | ANACDCO 0 | ANVIK 8
ADDICKS D | ALAE A | ALMENA C | ANACODNDA B | ANWAY B
ADDIELOUV 8 | ALAELDA B | ALMIRANTE B | ANAHEIM C | Aowa 8
ADE A | ALAGA A | ALMO D | ANAHUAC D | APACHE ]
ADEL B | ALAKAX D | ALMONT D | ANAMITE D | APAKUIE A
ADELAIDE 0 | ALAMA B | ALMOTA C | ANAPRA B | APALACHEE ]
ADELANTO B | ALAMANCE B | ALMY B | ANASAZI C | APALD B
ADELINO 8 | ALANO D | ALNITE O | AMASAZI. NONSTONY B | APELDORN A
ADELING. C | ALAMOGORDO B | ALO D | ANASAZI» DRY B | APISHAPA c
SALIME~ALKALL | ALAMOSA D | ALOMA C | ANATONE 0D | APISON 8
ADELPHIA C | aLamOS B | ALOMAX D | ANAVERDE B | APMAT B
ADENA C | ALAPAHA D | ALONA B | ANAWALTY D | APMAY ]
ADGER 0 | ALAPAI A | ALONSO B | ANCHO B | APOLLOD B
ADILIS ® | ALAZAN B8 | ALOVAR C | ANCHOR POINT D | APOPKA A
ADJUNTAS C | ALBAN B | ALPENA A | ANCHORAGE A | APPANDOSE D
‘ ADKINS 8 | ALBANO 0 | ALPHA 8 | ANCLOTE D | APPERSON c
ADKINS. ALKALI B | ALBANY C | ALPIN A | ANCO C | APPIAN B
ADKINS. WET C | ALBATON D | ALPON 8 | ANDERGEORGE 8 |

NOTES: 7Tw0 HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

WNODIFIERS SHOWN: EoGeeo BEDROCK SUBSTRATUM., REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NEW NOTICE 4-106, JULY 1982
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TABLE 7.1--HYDROLOGIC GROUPS OF TME SOILS OF THE UMITED STATES

APPIAN, 8 | ARMAGH D | avco 8 | azvec C | BarasoO

SALINE=-ALKALIL 1 ARNMCO C | ATEncio ® | AzZuLE C | BARAGA
APPIANe WEY C | ARMELLS B | ATERPIC D | AzWELL 8 | BARATARI
APPIANe CLAY B | ARMENIA P | ATHELWOLD B | BAAHISH 8 | BARBARDSA

SUBSTRATUM | ARMESA B | ATHENA 8 | sams 8 | BARBARY
APPIAN. RECLAIMED C | ARMNIESBURG B | ATMERTONM B8/0| BABBINGYON 8 | BARBERT
APPLEBUSH 8 | ARMIJO © | amveL 8 | BABELTHUAP B | BARBOUR
APPLE TON C | ARMINGTON D | ATKINS D | ®Aca € | BARBOURVILLE
APPLING 8 | ARMISTEAD € | ATKINSON 8 | BacH 8/0| BARCAVE
APRON 8 | ARMITAGE C | ATLAS 0 | BACHUS C | BARCLAY
APY c | armo B | ATLEE € | BACKBAY D | BARCO
APTAKISIC B | ARMONA D | ATLOW D | BACKBONE B | BARCUS
APTOS C | ARMOUR B | ATMORE B8/0| BACONA 8 | BARD
AQUILLA A | ARMSTER C | Aavoxa C | BADAXE ® | BARDEN
AQUINAS C | ARMSTRONG € | ATOMIC 8 | BADENAUGH B | BARDLEY
ARADA 8 | ARMUCHEE C | ATRAC 8 | sADGE B | BARELA
ARAGON € | ARNEGARD B | ATRING ® | BADGERTON B | BARFIELD
ARAMBURV C | ARNHEIM D | ATRYPA D | BADIN C | BARFUSS
ARANSAS 0 | armO © | ATSION 8/D| BADITO C | BARGE
ARAPAHOE B/D| ARNOLD B | ATSIONs TIDE Do | BADO D | BARIO
ARAPIEN C | ArNOT c/D| FLOODED | Bsapus C/D| BARISHMAN
ARATA C | AROL D | ATTER A | BAGARD 5 | BARKCAMP
ARAVAIPA C | AROSA C | ATTERBERRY 8 | BAGDAD B | BARKERVILLE
ARAVE D | ARP C | ATTEWAN A | BAGGOTY D | BARKLEY
ARAVETON 8 | ARRADA D | ATTEWAN, B | BAGLEY B | BARKOF
ARBELA C | ARRASTRE B | MODERATVELY SLOW | BAHEM 8 | BARLING
ARBIDGE C | ARREDONDO A | PERM | BAILE O | BARNABE
ARBOLES C | ARRIBA C | ATTEWAN. WET D | BAILEGAP B | BARNARD
ARBONE B | ARREINGYOMN B | ATTICA ® | BAILING C | BARNES
ARBOR 8 | ARRIOLA D | ATVOYAC 8 | BAINVILLE C | BARNESTOM
ARBUCKLE 8 | ARROLIME C | ATWATER 8 | BAIRD MOLLOW C | BARNESTON, STONY
ARBUCKLEs CLAVEY B8 | ARRON D | ATWELL O | BAJURA DO | BARNESTON.

SUBSTRATUM | ARROWHEAD ¢ | avwooo B | BAKEOVEN D | NONGRAVELLY
ARBUCKLE. WET C | ARROYADA 0 | AU GRES 8 | BAKER C | BARNEY
ARBUCKLEs GRAVELLY B | ARROVO SECO ® | AUBARQUE D | BAKERSVILLE D | BARNHARDY
ARBURUA B | ARSITE D | AUBBEENAUBBEE B | BALAAM B | BARNMOY
ARBUS B | ARTA C | AUBERRY ® | BALCOM 8 | BARNSDALL
ARCETTE B8 | ARTESIA D | AUBREY c | BALD C | BARNUN
ARCH 8 | ARTESIAN D | AUBURN D | BALDER D | BARODA
ARCHABAL 8 | ARTNOC 8 | AUBURNDALE B8/D| BALDHILL 8 (| BAROID
ARCHER C | ARYOIS c | AurFco D | BALDMOUNTAIN 8 | BAROID, WEY
ARCHERDALE c | aruJo B | AUGGIE 8 | BALDOCK D | BARRADA
ARCKHES 0 | ARUNDEL C | AUGSBURG B/D0| BALDOCK» GRAVELLY C | BARRE
ARCHIN D | ARVADA D | AUGUSTA C | SUBSTRATUM, | BARRETT
ARCHULETA 0 | ARVANA C | AUGUSTINE 8 | DRAINED | BARRIER
ARCIA C | ARVESON B/D] AULD D | BALDOCKs DRAINED C | BARRINGTON
ARCO C | ARVILLA A | AURA B8 | BALDWIN D | BARRON
ARCOo DRAINED 8 | ARVIN B | AURELIUS B/D| BALDY B | BARRONETY
ARD c | AR20 D | AURORA C | BALE C | BARRY
ARDENMONT B | ASA B | AUSTIN C | BALE. WET D | BARSAC
ARDENVOIR B | ASCALON B8 | AUSTWELL D | BALLAMACK 0 | BARSHAAD
ARDILLA € | ascar c | aurv C | BALLARD B | BARY
ARDIVEY B | ASCHOFF B | AUTOMBA 8 | BALLER 0 | BARTINE
ARDNAS B | ASH SPRINGS B/C| AUTRYVILLE A | BALLINGER O | BARTLE
ARDTOO B | ASHBON D | AUXVASSE O | BALLTOWN D | BARTLEY
ARECIBO A | ASHCROFY ® | avzoul 8 | BALLY C | BARTO
AREDALE B | ASHDALE 8 | Ava 8 | BALM D | BARTOME
ARENA D | ASHOOWN 8 | ava C | BALMAN C | BARTON
ARENA+ DRAINED C | asHe B | AVALON ® | BALMANo. DRAINED B | BARVONFLAT
ARENALES A | ASHER C | AVAR D | BALMORMEA € | BARVON
ARENDTSVILLE B | ASHFORD D | AVAWATZ A | BALON ® | BASCAL
ARENOSA A | ASHFORK D | AVENAL B | BALTIC D | BAsco
ARENZVILLE B8 | ASHMGROVE D | AVILLA 8 | BALTIMORE B | BASCOM
ARGENT D | ASHIPPUN C | avis A | BAMA 8 | BAscovy
ARGENTA C | ASHKUM B/D| AVOCA B8 | BAMBER B | BASEHWOR
ARGONAUT D | ASHLAR B | AVON C | 8AmMOS C | BASHAW
ARGYLE B | ASHLEY B | AVONBURG D | BAMTUSM B | BASHER
ARIEL C | AsHLO B | AVONDA ® | BANBURY 0 | BASILE
ARIKARA B | ASMTON B | AVONDALE B | BANCAS C | BASIN
ARINO B8 | ASHUE B | AVONVILLE 8 | BANCROFT B | BASINGER
AR IPEKA c | aswueLOoT D | AVTABLE D | BANCY D | BASKEY
ARIS D | ASHWOOD C | avweRrle D | BANDAG B | BASSEL
ARISPE C | ASKEW C | Axis D | BANDERA B | BASSETY
AREZO A | ASOTIN C | AXVELL © | BanDID 8 | BASSFIELD
ARKABUTLA C | ASPARAS B | AVAR D | BANDON C | BASTIAN
ARKANA C | ASPEN B8 | avcock B | BaNE A | BASTON
ARKAGUA € | ASPERMONT 8 | AVDELOTVE D | BANGOD 8 | BASTROP
ARKOMA B8 | ASPERBON C | AVERSVILLE B | BANGOR ® | BASTSIL
ARKPOR T B | ASSININS B | AVLMER A | BANGSTON A | BATA
ARKSON B | ASSINNIBOINE B | AVYNOR B/0| BANIDA D | BATAN
ARKTON C | ASSUMPTION B |} AvVON ® | BANKARD A | BATAVIA
ARLAND e | asva B | AYR ® | BANKS A | BATEMAN
ARLE C | ASTATUWA A | AVRES O | BANLIC C | BATES

ARL INGTON C | ASTOR D | AYRSHIRE C | BANNEL B | BATESVILLE
ARLINGTONs THICK B | ASTORIA 8 | AYSEES B8 | BANNER C | BATH

SOLUM | avasco C | AZAAR C | BANNING C | BATTERSON
ARLO ® | ATascosa D | AZELTINE ® | BANNOCK 8 | BATTLE CREEK
ARLOVAL A | ATCHEE D | AZTALAN C | BAPOS D | BATZA
NOTESS TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATIOMN.

HODIFIERS SHOWNo EeGoo BEDROCK SUBSTRATUM, REFER. TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

MNEH NOTICE 4-100, JULY 1982
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BAUDETTE
BAUER
BAUMGARD
BAUSCHER
BAXENDALE
BAXTER
BAXTERVILLE
BAYAMON
BAYARD
BAYBORO
BAYERTON
BAYFIELD
BAYFIELD»
BAYLIS
BAYMEADE
BAYOU
BAYSHORE
BAYSHORE »
HMODERATELY WET
BAYTOWN
BAYUCOS
BAYVI
BAYVIEW
BAYWOOD
BAZETTE
BAZILE
BEACH
BEAD
BEADLE
BEALES
BEAMTON
BEANFLAT
BEANO
BEAR BASIN
BEAR CREEK
BEAR LAKE
BEAR PRAIRIE
BEARDALL
BEARDEN
BEARDSLEY
PEARDSTOWN
BEARMOUTH
BEARPAW
BEARSKIN
BEARTRAP
BEARVILLE
BEARWALLOW
BEASLEY
BEASON
BEATRICE
BEAUCOUP
BEAUFORD
BEAUMONT
BEAUREGARD
BEAUSITE
BEAUVAILS
BEAVERCREEK
BEAVERDAN
BEAVERELL
BEAVERLAND
BEAVERTON
BECKER
BECKET
BECKLEY
BECKLEY.
BECKMAN
BECKS
BECKTON
BECKWITH
BECKWOURTH
BECREEK
BEDELL
BEDEN
BEDFORD
BEDINGTON
BEDKE
BEDNER
BEDSTEAD
BEDWYR
BEE
BEEBE
BEECHER
BEEK
BEEKMAN
BEELINE
BEENOM
BEEVVILLE
BEGAY

WEY

STONY
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MODIF IERS SHOWNs

TABLE T7.1--HYDROLOGIC GROUPS OF THE SOILS OF

BEHANIN
BEHEMOTOSH
BEHRING
BEISIGL
BEJE
BEJUCOS
BELAIN
BELATE
BELCHER
BELDEN
BELDING
BELEN
BELFAST
BELFIELD
BELFORE
BELGRADE
BELNAVEN
BELINDA
BELJICA
BELK
BELKNAP
BELLAVISTA
BELLE
BELLECHESTER
BELLEVILLE
BELLEVILLE.
BELLEVUE
BELLICUM
BELL INGHAM

BELLINGHAM» PONDED

BELL INGHAM »
DRAINED
BELLPASS
BELLPINE
BELMEAR
BELMILL
BELMONT
BELMORE
BELPRE
BELTED
BEL TON
BELTRAMI
BELTSVILLE
BELUGA
BELVOIR
BELZAR
BEN LOMOND
BENCLARE
BENCO
BEMEVOLA
BENEWAH
BENF1ELD
BENGAL
BENGE
BEMHAM
BENIN
BENITO
BENJAMIN
BENKLIN
BENMAN
BENNDALE
BENNINGTON
BENRIDGE
BENSLEY
BENSON
BENTEEN
BENZ

BEOR
BEOSKA
BEOTIA
BEOWAWE
BEQUINN
BERCUMB
BERDA
BEREA
BERENICETON
BERGLAND
BERGQUIST
BERGSTROM
BERGSVIK
BERINO
BERIT
BERKS
BERKSHIRE
BERLAKE
BERLIN
BERMESA
BERNUDIAN
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TWO HMYDROLOGIC SOIL GROUPS SUCH AS B8/C INDICATES
EeGes» BEDROCK SUBSTRATUM,

BERNAL
BERNALDO
BERNARD
BERNARDINO
BERNARDSTON
BERNMILL
BERNICE
BERNING
BERNOW
BERRYLAND
BERRYMAN
BERSON
BERTAG
BERTELSON
BERTHOUD
BERTIE
BERTOLOTTI
BERTRAM
BERTRAND
BERVILLE
BERWOLF
BERZATIC
BESEMAN
BESNER
BESSEMER
BESSIE
BESTROM
BETHANY
BETHERA
BETHESDA
BETIS
BETTERAVIA
BETTS
BEULAH
BEVENT
BEVERIDGE
BEVERLY
BEW
BEWLEYVILLE
BEXAR
BEZZANT
- 241 ]
BICE
BICKERDYKE
BICKLETON
BICKMORE
BICONDOA
BICONDDOA» LOAMY
SUBSTRATUM
BICONDOA»
BIDDEFORD
BIDDLEMAN
B IDMAN
BIDWELL
BIEBER
BIEDELL
BIENVILLE
BIG BLUE
BIG HORN
BIG TIMBER
BIGBEE
B1GBROWN
BIGELOW
BIGETTY
BIGFORK
BIGNELL
BIGRIVER
BIGSPRINGS
BIGWIN
81J0U
8ILBO
BILGER
BILLETT
BILLINGS
BILLINGS»

MODERATELY SLOW

PERM
BILLINGS,
SALINE=-ALKALI
BILLYCREEK
BILLYHAW
BILTMORE

B IMMER
BINCO
BINDLE

B INFORD

B INGER
BINGHAM

NEH NOTICE A4-108,

DRA INED

PO000O00DNONDEN>ENNO00

q

/0

COoONOODDADODA>»O>»R0N>N0DNNANDND>00

PADOADNODNDADDIA>»PONOD>»P00DNDON

(o]

PO O»ON

|
|
|
|
I
|
|
|
/0|
|
|
|
|
|
|
|
|
|
ol
I
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
|

JULY 1982

THE UNITED STATES

BINGHAMPTON
BINGHAMVILLE
BINNA
BINNSYILLE
BINS
BINTON
BIOYA
BIPPUS
BIRCHBAY
BIRCHWODOD
BIRDOW
BIRDS
BIRDSALL
BIRDSBORO
BIRDSLEY
BIRDSVIEW
BIRKBECK
BIRMINGHAM
BIRNEY
BIROME
BISBEE
BISCAY
BISGANI
BISHOP
BISO0DI
BISPING
BISSELL
BISSONNET
BIT
BITVER
BITVER SPRING
BITTERROOYT
BITTERWATER
BITTON
BIVANS
BIXBY
BIXLER
BJORK
BLACHLY
BLACK BUTTE
BLACK CANYON
BLACK CANYON»
DRAINED
BLACK RIDGE
BLACKA
BLACKBURN
BLACKETT
BLACKFOOT
BLACKFOOT,
FREQUENTLY
FLOODED

BLACKFOOT» ORAINED

BLACKHALL
BLACKHAMMER
BLACKHAWK
BLACKHOOF
BLACKLEED
BLACKLEG
BLACKLOCK
BLACKMAN
BLACKMOUNT
BLACKNOLL
BLACKOAR
BLACKPIPE
BLACKROCK
BLACKSPAR
BLACKSTON
BLACKTOP
BLACKWATER
BLACKWELL
BLADEN
BLAG

BLAGO
BLAINE
BLAIR
BLAIRTON
BLAKABIN
BLAKE
BLAKELAND
BLAKENEY
BLALOCK
BLAMER
BLANCA
BLANCHARD
BLANCHE
BLANCHESTER
BLANCHO
BLANCOT

THE DRAINED/UNDRAINED SITUATION.
REFER YO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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BLAND
BLANDING
BLANEY
BLANKETY
BLANTON
BLANYON
BLASDELL
BLASE
BLASINGAME
BLAYDEN
BLAZON
BLEAKYOOD
BLEDSOE
BLEIBLERVILLE
BLENCDE
BLEND
BLENDON
BLETHEN
BLEVINS
BLEVINTON
BLEWETY
BLICHTON
BL INN
BLOMFORD
BLOOM
BLOOMF IELD
BLOOMING
BLOOMSDALE
BLOOR
BLOOR»
BLOORs GRAVELLY
SUBSTRATUM
BLOUNT
BLOWERS
BLUCHER
BLUE EARTH
BLUE EARTH
BLUE EARTHoe
SLOPING
BLUE LAKE
BLUE STAR
BLUEBELL
BLUEBELL,
BLUECHIEF
BLUECREEK
BLUEDOME
BLUEFLATY
BLUEGROVE
BLUEHILL
BLUEHON
BLUEHONS
BLUEJOINT
BLUENOSE
BLUEPOINT
BLUERIM
BLUESLIDE
BLUESPRIN
BLUESTONE
BLUEWING
BLUFF
BLUFFDALE
BLUFFTON
BLUFORD
BLUM
BLY
BLYBURG
BLYTHE
BOARDMAN
BOARDTREE
BOASH
BOAZ
BOBBITY
BOBILLO
BOBS
BOBTAIL
BOBTOWN
BOCA
BOCA,
BOCA»
B0CA,
BOCK
BOCKER
BOCKSTON
BODE
BODELL
BODEN
BODENBURG
BODINE

cooL

WARM

TIDAL
SLOUGH

NONFLOODED

DEPRESSIONAL

~
.
O

UﬁﬂQQ)UsﬁOUGDDUUOUGOOUﬂﬂ)ﬂbﬂUGﬂ
o

no N

cow
SN
oo

DOAOPOANCNDDOORANNND>»ONDNAP>PTDATZANNONONADNDD >

OO
N NN
o (-]

emAODOOW

llllllllllllllllllllllllIlIlIlIIllIlIIIIIllllllIlIIIIIlIIIIlIIlIIlIIIlIIlIIIlllllllllIllIlllIlllllIlIIIIIIIIIllllllIllll..lll..............



7.10

85000
BOCORUNMNPE
BOEL
BOEL,
BOELUS
BOERNE
BOESEL
BOETTCHER
BOGAN
BOGART
20668
so&GY
BOGRAP
BOGUE
BOGUS
BOHANNON
BOKEMIAN
BOHICKEY
BOHNA
BOHNLY
BOHNSACK
BOISTFORTY
BOJAC

B80JO

BOLAN
BOLAR

BOLD

BOLES
BOLFAR
BOLIO
BOLIVAR
BOLLING
BOLSA
BOLTYON
BOLTUS
BOMAR
BOMBADIL
BOMBAY

BON

BONAIR
BONANZA
BONAPARTE
B0OND
BONDFARM
BONDMAN
BONDRANCH
BONDUEL
BONE
BONEEK
BONFIELD
BONFR]
BONG
BONMHAMN
BONIFAY
BONILLA
BONITA
BONN
DONNEAV
BONNELL
BONNER
BONNET
BONNEVILLE
BONNIE
BONNYDOON
BONO
BONSALL
BONTA
BONTI
BONWIER
BONWIERs GRADED
BOOFORD
BOOKCLIFF
BOOKER
BOOKOUT
B800K¥00D
BOOMER
BOOMTONN
BOONE
BOONESBORO
BOONTON
BOOTH
BOOTHBAY
BOOTJACK
B800TS
BOQUILLAS
BORACHO
BORAH
BORDA

OVERWASH

NOTES:
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TABLE 7.1-~HYDROLOGIC GROUPS OF THE SOILS OF

BORDEAUX
BORDEN
BORDER
BORGES
BORIANA
BORKY
BORNSTEDY
BORO
BOROBEY
BORREGO
BORTH
BORUP
BORVANT
BOSANKO
B0SCO
BOSKEYT
BOSLER
BOSQUE
BOSSBURG
BOSSBURG,
BOSTON
BOSTRUN
BOSTWICK
BOSVILLE
BOSWELL
BOSWORTH
BOTELLA
BOTHWELL
BOTVINEAU
BOTYTLE
BOTTLEROCK
BOUFLAY
BOULDER
BOULDER LAKE
BOULDER POINT
BOULDIN
BOULFLATY
BOUNDARY
BOURBON
BOURNE
BOUSIC
sow
BOWBAC
BOWBELLS
BOWDISH
BOWDISH,.
BPWDLE
BOMDOIN
BOWDRE
BOWEN
BOWERS
BOWES
BOWIE
BOWMAN
BOWMANSVILLE
BOWNS
BOWSTRING
BOXFORD
BOXVILLE
BOXWELL
BoY
BOYCE
BOYD
BOYER
BOYKIN
BOYLE
BOYSAG
BOYSEN
BOZE
BOZEMAN
BRACE
BRACEVILLE
BRACKETT
BRAD
BRADDOCK
BRADEN
BRADENTON
BRADENTON»
LIMESTONE
SUBSTRATUM
BRADENTON»
BRADER
BRADSHAW
BRADSONM
BRADWAY
BRADY
BRADVVILLE
BRAGG

DRAINED

DRY

FLOODED

4

4
/

7/
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BRAHAN
BRAILSFOROD
BRAINERD
BRALL IER
BRAMN
BRAMARD
BRAMLETY
BRAMWELL
BRANCH
BRAND
BRANDENBURG
BRANDON
BRANDYWINE
BRANFORD
BRANHAM
BRANTFORD
BRANTLEY
BRANYON
BRASHEAR
BRASSF IELD
BRATTONM
BRAUN
BRAVANE
BRAXTON
BRAY
BRAYTON
BRAZITO
BRAZON
BRAZORIA
BRECKEMNRIDGE
BRECKNOCK
BRECKSVILLE
BREECE
BREGAR
BREMER
BREMER» SANDY
SUBSTRATUM
BRENO
BRENS
BRENDA
BRENHAM
BRENNAN
BRENNER
BRENT
BRENTON
BRENTWOOD
BRESSA
BRESSER
BREVARD
BREVORT
BREW
BREYER
BREWSTER
BREWTON
BRIBUTTE
BRICKEL
BRICKTON
BRICO
BRIDGE
BRIDGECREEK
BRIDGEHAMPTON
BRIDGEPORT
BRIDGER
BRIDGESON

BRIDGESON. DRAINED

BRIDGET
BRIEDWELL
BRIEF
BRIGGS
BRIGGSDALE
BRIGGSVILLE
BRIGHTON
BRIGHTWOOD
BRILEY
BRILL
BRILLIANT
BRIMF IELD
BRIMLEY
BRINSTONE
BRINEGAR
BRINKERY
BRINKERTON
BRINNUM
BRINNUM.
BRIONES
BRIOS
BRISCOV
BRISCOT.

DRAINED

nw
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THE UNITED STATES

BRISKY
BRISTOW
BRITTO
BRITWATER
BROAD
BROAD CANYON
BROADALBIN
BROADAX
BROADBROOK
BROADHEAD
BROADHURS T
BROADMOOR
BROADUS
BROADWELL
BROCK
BROCKET
BROCKLISS
BROCKMAN
BROCKO
BROCKPORT
BROCKROAD
BROCKSBURG
BROCK TON
BROCKWAY
BROCKWELL
BRODALE
BRODY
BROGAN
BROGDON
BROLLIAR
BROMER
BROMIDE
BROMOD
BRONAUGH
BRONCHO
BRONSON
BRONTE
BROOKE
BROOKFIELD
BROOK INGS
BROOKLYN
BROOKMAN
BROOKSHIRE
BROOKS IDE
BROOKSTON
BRODKSTON o
OVERWASH
BROOKSTONe STONY
BROOKSVILLE
BROOME
BROPHY
BROSE
BROSELEY
BROSS
BROUGHTON
BROWARD
BROWER
BROWNDELL
BROWNELL
BROWMFIELD
BROWNLEE
BROYNRIGG
BROWNSCOMBE
BROWNSTO
BROWNSVILLE
BROWNTON
BROXON
BROVLES
BRUBECK
BRUCE
BRUFFY
BRUIN
BRUNCAN
BRUNDAGE
BRUNEEL
BRUNOD
BRUNSWICK
BRUNZELL
BRUSSETT
BRYAN
BRYANT
BRYARLY
BRYCAN
BRYCE
BRYMAN
BRYSTAL
sus
susus

THO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
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BUCAN

BUCAN» STONY
BUCANs, GRAVELLY
BUCHANAN
BUCHEL
BUCHENAU
BUCHENAU,
BUCHENAU
SOLUM
BUCKCREEK
BUCKEYE
BUCKHALL
BUCKHOUSE

BUCKLAND
BUCKLE

BUCKLEBAR

BUCKLEY

BUCKLEYs DRAINED

BUCKLICK

BUCKLON

BUCKNELL

BUCKNEY

BUCKPEAK

BUCKS

BUCKSKIN

BUCKTON

BUDE

BUD IHOL

BUELL

BUENA VISTA
BUFFARAN
BUFFINGTON
BUFFMEYER
BUFFORK

BUFYON

BUHRIG

BUICK

BUIST

BUKO

BUKO» WET
BUKREEK

BULAKE

BULKLEY

BULL RUN

BULL RUNs HARDPAN
SUBSTRATUM

BULL TRAIL

BULLARDS

BULLION

BULLNEL

BULLOCK

BULLREY

BuULLUMP

BULLWINKLE

BULLY

BULOW

BUNCOMBE

BUNDO

BUNDORF

BUNDY

BUNDYMAN

BUNE JUG

BUNGAY

BUNKER
BUNKERHILL

BUNKY

BUNNELL
BUNTINGVILLE
BUNYAN

BURBANK

BURCH

BURCHAM

BURCHARD

BURDETT

BUREN

BURGESS

BURGI

BURKE

BURKETOWN
BURKEVILLE
BURKHARDT
BURLEIGH
BURLESON
BURLEWASH
BURLINGTON
BURMAH

BURNAC
BURNBOROUGH

SALINE
THICK

MODIFIERS SHOWNs EcGes BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NEW NOTICE 4<-104, JULY 1982

oNMAODNONN

ADNODEINDDANNNADTDIDODNDNDDOPODODONNDDODNDDON

POOD>»O0O0>»00NNONNNIRDD>DNINDINNNNODT>»>PT00DPD0N0OOD



@-

BURNEL
BURNETTE
BURNHAM
BURNS IDE
BURNSVYILLE
BURNT LAKE
BURR
BURRITA
BURROWSVILLE
BURSON
BURY
BURTON
BURWELL
BusBY
BUSE
BUSHER
BUSHMAN
BUSHNELL
BUSHVALLEY
BUSKA
Bussy
BUSTER
BUTCHE
BUTLER
BUTLERTOWN
BUTTERFIELD
BUTTERS
BUTTON
BUTTONWILLOW
BUXIN
BUXTON
BYARS
BYBEE
BYLER
ByLO
BYNUM
BYRAM
BYRNIE
CABALLO
CABARTON
CABBA
CABBART
CABEZON
CABIN
CABINET
CABLE
CABO ROJO
CABOOSE
CABOT
CABSTON
CACHE
CACIQUE
CACTUSFLAT
CADDO
CADEVILLE
CADILLAC
CADIZ
CADMUS
CADOMA
CAGEY
CAGEYs
CAGLE
CAGUABOD
CAGWIN
CAMABA
CAHONA
CAID
CAINHOY
CAIRD
CAJALCO
CAJETE
CAJONs OVERWASH
CAJONs LOANY
SUBSTRATUM
CAJONs SILTY
SUBSTRATUM
CAJON»
SALINE-ALKALI
CAJONs GRAVELLY
CAJON. COOL
CAJONs WARM
CALABASAS
CALAMINE
CALAPOOYA
CALAVERAS
CALAWAH
CaLCO
CaLCousTA

DRA INED

NOTES:
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MODIFIERS SHOWN.

TABLE 7.1=-HYDROLOGIC GROUPS OF THE SOILS OF

CALCROSS
CALD
CALDER
CALDWELL
CALDMELL»
CALE
CALEAST
CALEB
CALEDONIA
CALENDAR
CALMI
CALHOUN
CALICO
CALICOTY
CALIFON
CALINMUS
CALITA
CALIZA
CALKINS
CALLABO
CALLAHAN
CALLAN
CALLEGUAS
CALLINGS
CALLISBURG
CALLOWAY
CALMAR
CALODO
CALOUSE
CALPAC
CALPINE
CALROY
CALVERTON
CALVIN
CALVISTA
CALWOODS
CAMAGUEY
CAMARGO
CAMARILLOD
CAMARILLO,
CAMARILLO,
CAMAS
CAMATTA
CAMBARGE
CAMBERN
CAMBERY
CAMBETH
CAMBRIDGE
CAMDEN
CAMELBACK
CAMERON
CAMILLUS
CAMINO
CAMPBELL» MUCK
SUBSTRATUM
CAMPBELLs DRAINED
CAMPBELLTON
CAMPIA
CAMPO
CANPONE
CAMPSPASS
CAMPUS
CAMRODENM
CANA
CANAAN
CANADI AN
CANADICE
CANALOU
CANANDAIGUA
CANASERAGA
CANAVERAL
CANBURN
CANDELERO
CANDERLY
CANDLER
CANDOR
CANE
CANEADEA
CANEEK
CANELO
CANEST
CANEYVILLE
CANEZ
CANFIELD
CANISTED
CANISTEO.
CANISTEOD,

DRAINED

ORAINED
FLOODED

PONDED
STONY

CANISTEOD,
SUBSTRATUM
CANLON
CANNELL
CANNING
CANNON
CANOE
CANOVA
CANTALA
CANTEY
CANTON
CANTON BEND
CANTRIL
CANTUA
CANTUCHE
CANUTIO
CANYON
CAPAC
CAPAY
CAPE
CAPE FEAR
CAPEHORN
CAPERS
CAPERTON
CAPHOR
CAPILLO
CAPISTRANO
CAPITAN
CAPJAC
CAPLES

|

|

|

|

|

|

)

|

[}

|

|

|

[}

}

|

|

I

I

)

|

|

|

|

|

1

|

|

|

|

|

)

| CAPONA
| capps

| CAPSHAW

| CAPTINA

| CAPTIVA

| CAPULIN

| CARACDLES
| CARADAN

| CARALAMPI
| CARBENGLE
) CARBO

| CARBOL

| CARBONDALE
)} CARCITY

| CARDIFF

| CARDIGAN
| CARDINGTYON
| CARDON

| CAREFREE
| CAREY

| CAREY LAKE
| CARGILL

| CARIBEL

| carIBOU

| CARIOCA

| CArJO

| CARLIN

| CARLINTON
| CARLISLE
| CarLITO

| CARLOS

| CARLOW

| CARLSBAD
| CARLSBORG
| CARLSON

| CARLSTROM
| CARLTON

| CARMACK

| CARMEL

| CARMI

| CARMODY

| CARNAGE

| CARNASAW
| CARNEGIE
| CARNERO

| CARNEY

| CAROLINE
| CAROLLO

| CARON

| CARPENTER
| CARR

| CARRACAS
| CARRIZALES
| CARRIZO

| CARRYBACK
| CARSITAS
| CARSITAS» WET
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THE UNITED STATES

CARSITAS,
CARSITAS,
NONGRAVELLY
CARSDN

CARSTAIRS
CARSTUNMP

CART

CARTAGENA
CARTECAY

CARTER

CARTERET
CARTHAGE

CARUSD
CARUTHERSVILLE
CARVER

CARWILE

CARYTOWN
CARYVILLE

CASA GRANDE
CASABONNE

CASAGA

CASCADE

CASCAJO

CASCILLA

CASCO

CASE

CASEY

CASHEL

CASHION

CASHMERE
CASHMODNY

CASITO

CASMOS

CASPAR

CASPIANA

CASS

CASSIA

CASSIA» MODERATELY
WELL DRAINED
CASSIRO
CASSOLARY
CASTAIC

CASTALIA

CASTANA

CASTELL
CASTELLEIA
CASTELLO
CASTEPHEN
CASTILE
CASTINO
CASTINO,
CASTLE
CASTLEVALE
CASTNER
CASTO
CASTON
CASTRO
CASTROVILLE
CASUSE
CASWELL
CATALINA
CATALPA
CATAMOUNT
CATAND
CATARACT
CATARINA
CATASKA
CATAULA
CATCHELL
CATELLI
CATER
CATH
CATHARPIN
CATHAY
CATHCART
CATHEDRAL
CATHERINE
CATHLAMETY
CATHRO
CATILLA
CATLA
CATLETY
CATLIN
CATHMAN
CATNIP
CATOCTIN
CATOOSA
CATPOINT

coBBLY

NONS TONY

TWO HYDROLOGIC SOIL SROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

»»

PANPIWOODRDONODDRPNAMNAIMNADOOPDNANDOODONOEN »0

>POAOVDDNORPIDTUDNAMNDIINDOODD>»ANTRIODORAODDODONDADDADANAN

CATTCREEK
CATYO
CAUDLE
CAUSEWA
CAUSEY
CAVAL
CAVANAUGH
CAVE
CAVELT
CAVENDISH
CAvVO
CAVODE
CAVOUR
CAYA
CAYAGUA
CAYUGA
CAYUSE
CAZADERO
CAZENOVIA
CEBOLIA
CEBONE
CEBOYA
CECIL
CEDA
CEDAR BUTTE

CEDAR MOUNTAIN

CEDARAN
CEDARBLUFF
CEDARGAP
CEDARMILL
CEDARPASS
CEDONIA

CELACY

CELESTE
CELETDN
CELINA
CELIO
CELLAR
CELSOSPRINGS
CEMBER
CENCOVE
CENIZA
CENTENARY
CENTER
CENTER CREEK
CENTERFIELD
CENTERVILLE
CENTISSIMA
CENTRAL POINT
CENTRALIA
CERBAT
CERESCO
CERLIN
CERRILLOS
CERRO
CESTNIK
CETRACK
CHACON
CHAD
CHAFFEE
CHAGRIN
CHAIRES
CHAIX
CHALCO
CHALFONT
CHALMERS
CHAMA
CHAMATE
CHAMBERINO
CHAMISE
CHAMODK ANE
CHAMPAGNE
CHAMPION
CHANAC
CHANCE
CHANCELLOR
CHANDLER
CHANEY
CHANNAHON
CHANNING
CHANTA
CHANTIER
CHAPERTON
CHAPIN
CHAPMAN
CHAPOT
CHAPPELL
CHARCOL
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CHARD
CHARDOTON
CHARETTE
CHARGO
CHARITON
CHARLEBOIS
CHARLEBOIS. WET
CHARLES
CHARLESTON
CHARLEVOIX
CHARLOS
CHARLOS»
CHARLOTTE
CHARLTON
CHASE
CHASEBURG
CHASEVILLE
CHASKA
CHASTAIN
CHATBURN
CHATCOLETY
CHATEAU
CHATFIELD
CHATHAM
CHATSWORTH
CHATY
CHATUGE
CHAUMONT
CHAUNCEY
CHAVIES
CHAWANAKEE
CHAYSON
CHAZOS
CHEADLE
CHEAHA
CHECKETTY
CHEDEHAP
CHEDSEY
CHEEBE
CHEEKTOWAGA
CHEESEMAN
CHEHALEM
CHEHALIS
CHEHULPUM
CHELAN
CHELSEA
CHEMAWA
CHEN

CHENA
CHENANGO
CHENAULT
CHENEGA
CHENEY
CHENNEBY
CHENOWETH
CHEQUEST
CHERIONI
CHEROKEE
CHERRY
CHERRY SPRING
CHERRYHILL
CHERUM
CHESAY
CHESHIRE
CHESHNINA
CHESTATEE
CHESTER
CHESTERTON
CHESTONIA
CHESUNCOOK
CHETCO
CHETEK
CHETWYND
CHEYELON
CHEYIOY
CHEWACLA
CHEWELAH
CHEYENNE
CHIA

CHIARA
CHICANE
CHICKAHONINY
CHICKASHA
CHICKREEK
CHIEFLAND
CHIGLEY
CHIKAMIN
CHILAO

WET

NOTES?S
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TABLE 7.1=-=HYDROLOGIC GROUPS OF THE SOILS OF

CHILCOTY
CHILGREN
CHILHOWIE
CHILI
CHILICOTAL
CHILL
CHILLUM
CHILMARK
CHILOQUIN
CHILSON
CHILTON
CHIMAYOD
CHIME
CHIMENEA
CHIMENEA,
CHINCHALLD
CHINIAK
CHINO
CHINO» SALINE
CHINO .
SALINE=-ALKALIX
CHINO» DRAINED
CHINOOK
CHIPETA
CHIPLEY
CHIPMAN
CHIPOLA
CHIPPENY
CHIPPEWA
CHIRENO
CHIRICAHUA
CHISCA
CHISMORE
CHISOLM
CHISPA
CHITINA
CHITTUM
CHITWOOD
CHIVATO
CHIWAWA
CHLORIDE
CHO
CHOBEE
CHoCcoLocCCo
CHOCK
CHOCORUA
CHOICE
cHOOP
CHOPTIE
CHORALMONT
CHOSK A
CHOTEAU
CHRIS
CHRISMAN
CHRISTIAN
CHRISTIANA
CHRISTIANBURG
CHRISTINE
CHRISTY
CHROME
CHRYSLER
CHUALAR
CcHUBBS
CHUCKANUT
CHUCKAWALLA
CHUCKLES
CHUGCREEK
CHUGTER
CHULITNA
CHUMS TICK
CHUPADERA
CHURCH
CHURCHILL
CHURCHVILLE
CHURN
CHUSK A
CHUTE
CIALES
CIBEQUE
ciso
CIBOLA
CIDRAL
CIENEBA
CIENO
CIMARRON
CINCINNATI
CINCO
CINDERMURST

STONY

TWO HYDROLOGIC SOIL GROUPS SUCH
MODIF IERS SHOWN: Eo.Goo BEDROCK SUBSTRATUM,

AS

CINEBAR
CINNAMON
CINTRONA
CIPRIANO
CIRCLEBACK
CIRCLEBAR
CIRCLEVILLE
cisco
CISNE
CIsSPuUs
CITADEL
CcIiTico
CLACKAMAS
CLAIBORNE
CLAIRE
CLAIREMONT
CLALLAM
CLAM GULCH
CLAMO
CLANA
CLANALPINE
CLANTON
CLAPPER
CLAREMORE
CLARENCE
CLARENDON
CLARESON
CLAREVILLE
CLARINDA
CLARIDN
CLARITA
CLARK
CLARK FORK
CLARKRANGE
CLARKSBURG
CLARKSDALE
CLARKSVILLE
CLARNO
CLATO
CLATSOP
CLAVERACK
CLAVICON
CLAWSON
CLAVBURN
CLAYSPRINGS
CLAYTON
CLE ELUM
CLEAR LAKE
CLEARBROOK
CLEARF IELD
CLEARFORK
CLEARWATER
CLEAVAGE
CLEAVER
cLesIY
CLEGG
CLEMAN
CLENS
CLEMVILLE
CLENDENEN
CLEORA
CLERF

- CLERGERN
CLERMONT
CLEVELAND
CLEVERLY
CLEVES
cLICK
CLIFFDELL
CLIFFDO¥N
CLIFFHOUSE
CLIFFORD
CLIFTERSON
CLIFTON
CLIFTY
CLIMARA
CLIMAX
CLINE
CLINT
CLINTON
CLODINE
CLONTARF
CLOGUALLUM
CLOQUATO
CLOGUET
CLOUD PEAK
CLOUD RIM
CLOUDCROFY
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THE UNITED STATES

CLOUDLAND
CLOUGH
CLOVELLY
CLOVER SPRINGS
CLOVERDALE
cLOvViS
CLOWERS
CLOWERS. WET
CLOWFIN
CLUFF
CLUNIE
CLURDE
CLURD
CLYDE
CLYMER
COACHELLA
COACHELLA, WET
COANUILA
COALBANK
COALDRAW
COALMONT
CoAMO
COARSEGOLD
COATSBURG
coes

COBBS FORK
COBEN
COBEY
COBURG
COCHE TOPA
COCHINA
COCHITI
COoCOoA
COCOLALLA

COCOLALLA, DRAINED

CODORUS
COE
COEROCK
COFF
COFFEEN
COGGON
COGMA
COGSWELL
COHAGEN
COHASSET
COHOCTAN
COHODE
COILS
coIv
COKEDALE
COKEL
COKER
COKESBURY
COKEVILLE
COLAND
COLBAR
COLBERT
COLBURN
coLsy
COLDCREEK
COLE
COLE,»
WET
COLEs DRAINED
COLEMAN
COLEMANTOWN
COLESTINE
COLFAX
COLIBRO
COLINAS
COLITA
COLLAMER
COLLARD
COLLBRAN
COLLBRAN, COBBLY
COLLEGEDALE
COLLEGIATE
COLLEGIATE,
FLOODED
COLLETY
COLLETT, DRAINED
COLLIER
COLLINGTON
COLLINS
COLLINSTON
COLLINSVILLE
COLLINWOOD
COoLMA

MODERATELY

B8/C INDICATES THE DRAINED/UNDRAINED SITUATION.

REFER TO A SPECIFIC SOIL

NEM NOTVICE 4-3100s JULY 1982
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COLMOR

coLo

COLO. MAP<C2S5

COLO» NONFLOODED

CoLOCKUM

COoLOMA

CcoLoMBO

COLONA

COLONIE

COLONVILLE

COLORADO

COLOROCK

COLOROW

coLoso

COLOSSE

coLp

COLRAIN

COLTER

COL THORP

COLTON

COLTS NECK

COLUMBIA»
MODERATELY WET

CoOLUMBIA, FLOODED

COLUMBIA, CLAY
SUBSTRATUM

COLUMBIAS
PROTECTED

COLUMBINE

COLUMBUS

coLusa

COLVARD

COLVILLE

COLVILLE,

COLVIN

COLVIN,

COLVIN,

COLwOO0D

coLy

COLYER

COMAD

COMAR

COMBE

ComMBS

COMER

COMETA

COMFORT

COMFREY

COMITAS

COoMLY

COMMERCE

COMO

COMOBABI

COMODORE

COMORO

COMPASS

COMPTCHE

COMSTOCK

coMus

CONA

CONABY

CONALB

CONANT

CONASAUGA

CONATA

COonBeoyY

CONCEPCION

CONCHAS

CONCHO

CONCONULL Y

CONCORD

CONDA

CONDIE

CONDIT

CONDON

CONE

CONEJO

CONEJO. BEDROCK
SUBSTRATUM
CONEJO» GRAVELLY
SUBSTRATUM
CONESTOGA
CONESUS

CONETOE

CONGAREE

CONGER

CONGER, COBBLY
SUBSTRATUM

DRAINED

SALINE
PONDED

PHASE FOUND IN SOEL MAP LEGEND.
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NOTES:

CONGLE
CONI
CONIC
CONKLIN
CONLEN
CONLEY
CONNEAUT
CONNEL
CONNERTON
CONDSTA
CONOTTON
CONOYER
CONOWINGO
CONRAD
CONROE
CONSEJO
CONSER
CONSTABLE
CONSTANCIA
CONSUMO
CONTEE
CONTIDE
CONTINE
CONTINENTAL
CONTOD
CONTRA COSTA
CONVENT
COOERS
cook
COOKPORT
COOLBRITH
COOLIDGE
COOLVILLE
CoomMBs
COONEY
COOPER
Coosaw
CoOosBAY
COOTER
COPAKE
COoPALIS
COPASTON
COPELAND
COPELAND»
DEPRESSIONAL
COPEMAN
COPENHAGEN
COPITA
COPPER RIVER
COPPEREID
COPPERTON
COPPOCK
COPSEY
COQUILLE
CORA
CORAL
CORBETY
CORBIN
CORCEGA
CORDELL
CORDES
CORDESTON
CORDOVA
CORDY
CORIFF
CORINTHM
CORKS TONE
CORLENA
CORLETY
CORLEY
CORMANT
CORNEL 1A
CORNELIUS
CORNHILL
CORNICK
CORNING
CORNISH
CORNUTT
CORNVILLE
COROLLA
CORONA
CORONACA
COROZAL
COROZO
CORPENING
CORRAL
CORRALITOS

MODIFIERS SHOWNes EcGes
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TABLE 7.1-~MYDROLOGIC GROUPS OF THE SOILS OF

CORRALITOS, SILTY

SUBSTRATUM
CORRECO
CORRIGAN
CORSON
CORTA
CORTADA
CORTEZ
CORTINA

CORTINAs STONY
CORTINAs FLOODED

CORTINA, THIN
SURF ACE

CORTINA, PROTECTED

CORUNNA
CORWIN
CORWITH
CORY
CORYDON
COSAD
COSEY
COSH
COSHOCTON
CosK1
COSTILLA
COSUMNES
COTACO
COTANT
COTATI
COTEAU
COTHA
CcoTIvTo
covo
CoToPAX]
corry
COTTER
COTTERAL
COTTONEVA
COTTONTHONAS
COTTONYOOD
COTTRELL
CoTuLLA
COUCH
COUGARBAY
COUGHANOUR
COULS TONE
COULTER
COUNCELOR
COUNCIL
COUNTRYMAN
COUNTS
COUPEE
COUPEVILLE
COURT
COURTHOUSE
COURTLAND
COURTNEY
COURTROCK
COUSE
COUSHATTA
CouTIS
COVE
COVELAND
COVELLO
COVERT
COVEYTOWN
COVILLE
COVING
COVINGTON
COWAN
COWARTS
cowco
COWDEN
COWDREY
COWEEMAN
COvERS
COWETA
CowelL
COWMHORN
COW ICHE
Co¥00D
COowsSLY
CO¥TON
cox
COXVILLE
COXWELL
coy
COYANOSA
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COVATA
COYNE
cozap
COZBERG
COZTUR
CRABTREE
CRADDOCK
CRADLEBAUGH
CRAFT
CRAFTON
CRAGGEY
CRAGO
CRAGOLA
CRAGOSEN
CRAIG
CRAIGMILE
CRAIGSVILLE
CRAMER
CRAMONT
CRANE
CRANECREEK
CRANFILL
CRANNLER
CRANSTON
CRARY
CRASH
CRATER LAKE
CRATERMOD
CRAVEN
CRAWFORD
CREAL
CREASEY
CREDO
CREED
CREEDMOOR
CREEMON
CREIGHTON
CRELDON
CREN
CRESBARD
CRESCO
CRESKEN
CRESPIN
CREST
CRESTLINE
CRESTMAN
CRESTVALE
CRETE
CREVA
CREVASSE
CREVWS
CRIDER
CRINS
CRINKER
CRIPPINMN
CRISFIELD
CRISTO
CRISTOBAL
CRITCHELL
CRITTENDEN
CROATAN
CROCKER
CROCKETY
CROESUS
CROFTON
CROGHAN
CROMWELL
CRONKMHITE
CRONKS
CROOKED
CROOKED CREEK

CROOKED CREEK,

ORA INED

CROOKED CREEK»
RARELY FLOODED
CROOKED CREEX,

VERY POORLY
DRA INED

CROOKED CREEK,
PRECIPITATION

CROOKS TON
CROOM
CROPLEY
CROQUIB
CROSBY
CROSIER
CROSS
CROSSPLAIN
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CROSSTELL
CROSSVILLE
CROSWELL
CROT
CROTOM
CROUCH
CROW

CROM CREEK
CROW HILL
CROWCANP
CROWFLATS
CROWFOOT
CROWHEARTY
CROWLEY
CROWNEST
CROWSHAW
CROYDON
CROZIER
CRUCES
CRUCK TON
CRUICKSHANK
CRUISER
CRUMARINE
CRUME
CRUMP

CRUMP. DRAINED

CRUNKER
CRUTCH
CRUTCHER
CRYSTAL LAKE

CRYSTAL SPRINGS

CRYSTALBUTTE
CUBA
CUBERANT
CUCHILLAS
CUDANY

CUDAHYs DRAINED

CUDAHY. VERY

POORLY DRA INED

CUDDEBACK
CUEROD
CUESTA
CUEVA
CUEVITAS
CUEVOLAND
CULBERTSON
CULDESAC
CULLABY
CULLEN
CULLEOKA
CuLpP
CULPEPER
CULTUS
CULVING
CUMBERLAND
CUMBRES
CUMLEY
CUMMINGS
CUNDICK
CUNDIYOD
CUNNINGHAM
CuPCOo
CUPOLA
CUPPER
CUPPLES
CURABITH
CURANT
CURDLI
CURECANTI
CURHOLLOW
CURRAN
CURRIER
CURRITUCK
CURTIN
CURTIS CREEK
CURTIS SIDING
CURTISTOWN
CUSHENBURY
CUSHING
CUSHMAN
CuUSKOOL
Cusick
cusTCo
CUSTER

CUSTERs DRAINED

CUTAWAY
CUTHAND
CUTHBERY

THO HYDROLDGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
BEDROCK SUBSTRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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CUTHBERT» STONY
CUTHBERT» GRADED

CUTOFF
CUTSHIN
cutz
CUYON
CYAN
CYCLONE
CYLINDER
CYMRIC
CYNTHIANA
CYPHER
CYRIL
CZAR
DABNEY
DABOB
DACKER
DACOND
DACORE
DACOSTA
DADE
DAGAN
DAGFLATY
DAGLUM
DAGOR
DAGUAD
DAGUEY
DAHLQUIST
DAICK
DAIGLE
DAILEY
DAINT
DAKOTA
DALBO
DALBY
DALCAN
DALCO
DALE
DALEVILLE
DALHART
DALIAN
DALIG
DALKENA
DALLAM
OALLARDSVILLE
DALLESPORT
DALTON
DALUPE
DALZELL
DAMASCUS
DAMEWOOD
DAMLUIS
DAMON
DANA
DANCY
DANCY» STONY
DANDREA
DANDRIDGE
DANGBERG
DANIA
DANJER
DANKO
DANLEY
DANNEMORA
DANSKIN
DANT
DANVERS
DANVILLE
DAPHNEDALE
DARBY
DARCO
DARDANELLE
DARDEN
DARDOOW
DARE
DARFUR
DARGOL
DARIEN
DARKBULL
DARL
DARLAND
DARL ING
DARMSTADT
DARNELL
DARNEN
DAROW
DARR
DARRET

7.13
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DARROCH

TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

DEFORD

THE UNITED STATES
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c | A/D| DENVER C | DILLYYN A | DONEY

DARROCH, TILL 8 | DEGARMO D | DEODAR O | DILMAN C | DONICA

SUBSTRATUM | DEGNER C | DEPALT © | DILTON 0 | DONIPHAN
DARROCHs BEDROCK C | DEGOLA 8 | DEPCOR B | DILTS D | DONKEHILL

SUBSTRATUM | DEGRAND B | DEPORY D | DIMAL C | DONLONTON
DARROUZETT C | DEGREY D | DEPUTY C | DIMMICK D | DONNA
DARSIL C | DEHANA 8 | DERA B | DIMO B | DONNAN
DARST C | DEHART B | DERALLO B | DIMYAW C | DONNARDO
DART A | DEMLINGER 8 | DERB C | DINA C | DONNEL
DARVEY B | DEJARNET B | DERECHO C | DINES B | DONNELLY
DARYIN D | DEKALB C | DERINDA C | DINEVD B | DONNER
DASHER O | DEKOVEN D | DERLY D | DINGLE C | DONNYBROOK
DASSEL 8/0| DEL REY C | DEROUX C | DINGLISHNA D | DOODLELINK
DAST 8 | DELA B | DERRICK B | DINKELMAN B | DOOLEY
DATELAND B | DELANCO C | DES MOINES C | DINKELS 8 | DOONE
DATEMAN C | DELAND A | DES MOINES. DRY B | DINNEN 8 |} DOOR
DATIL B | DELANEY A | DESAN A | DINSDALE 8 | DORA
DATINO D | DELANOD B | DESART C | DINUBA C | DORAN
DATINOs STONY B | DELASSUS C | DESATOYA C | DINwOODY 8 | DORB
DATWYLER C | DELCOMB D | DESCALABRADO D | DIDBSUD B | DORCHESTER
DAULTON D | DELDOTA D | DESCHELL 8 | DIOXICE B | DORERTON
DAVEY 8 | DELECO € | DESCHUTES C | DIPMAN D | DORMONT
DAVIDELL B | DELENA D | DESCOT B | DIPSEA B | DORNA
DAVIDSON 8 | DELEON C | DESEED € | DIQUE B | DOROSHIN
DAVIS B | DELEYTE C | DESERET € | DIREGO D | DOROTHEA
DAVISON B | DELFINA B | DESHA D | DISABEL 0 | DOROVAN
DAVTONE B | DELFT B/D| DESHLER C | DISAUTEL B | DORRANCE
DANES € | DELGADO D | DESKAMP ¢ | pIsco 8 | DORS
DAWHOO B8/D| DELMI A | DESMETY B | DISHNER D | DORSET
DAWSON A/D| DELICIAS B | DESPAIN B | DISTERHEFF C | DDSAMIGOS
DAVTONIA 8 | DELKS C/D| DESTAZO 8 | DISTON C | DOSPALOS
DAXTY B | DELL C | DESTER 8 | DITCHCANMP c | poss
DAY D | DELLEKER B | DETER C | DITHOD C | DOSSMAN
DAVBELL A | DELLOs SALINE C | DETOUR B | DITNEY C | DOTARD
DAYSCHOOL B | DELLOs GRAVELLY D | DEVRA ® | DIVERS B | DOTEN
DAYTON D | SUBSTRATUM, WET | DEVTRITAL B | DIVIDE B | DOTHAN
DAYTONA B | DELLOs A | DETROIT c | o1ivov C | DOTLAKE
DAYVILLE C | SALINE~ALKALI | DEUNAH o | pIx A | DOTSERO
DAZE D | DELLO. MODERATELY C | DEV A | DIXALETA D | DOTTA
DE BACA B8 | WEY | DEVADA D | DIXBORO 8 | poTvy
DE MASTERS B | DELLOs CLAY 8 | DEVEN D | DIXIE C | DOUCETTE
DE PERE C | SUBSTRATUM | DEVILS D | DIXMONT C | DOUDLE
DEACON 8 | DELLROSE 8 | DEVINE C | DIXONVILLE c | poups
DEADMAN 8 | DELLS C | DEVISADERO c | oivou C | DOUGAL
DEADWOOD D | DELMA C | DEVOE 0 | DOAK B | DOUGAN
DEAMA D | DELMITA C | DEVOIGNES D | DDAKs MODERATELY C | DOUGCLIFF
DEAN 8 | DELMONT 8 | DEVOL B | ALKALI | DOUGHERTY
DEANDALE D | DELNORTE C | DEVORE B | DOBBINS C | DOUGHTY
DEARBORN 8 | DELORO c | DEvoOYy o | posBs B | DOUGLAS
DEARYTON C | DELOSS 8/D| DEVRIES C | DOBEL D | DOUGVILLE
DEATMAN C | DELP A | DEWAR D | DOBENT C | DOUHIDE
DEAVER C | DELPHI B | DEWEY B | DOBROW 8/D| DOURD
DEBENGER € | DELPMILL C | DEWEYVILLE 0 | ooBsy D | DOVER
DEBONE D | DELPIEDRA D | DEWVILLE 8 | DOCAS 8 | DOVRAY
DEBORAM D | DELPLAIN 0O | DEXTER 8 | DOCDEE o | oow
DEBUTE C | DELPOINT c | oia C | DOCENA C | DOWAGIAC
DECAN C | DELRADORE D | DIAs WETs SALINE 0 | DOCKERY C | DOWDE
DECANTEL D | DELRAY B/D0| DIAs SALINE ¢ | oocry C | DOWELLTON
DECATHON C | DELRAY, D | DIAs WET 0 | DODES 8 | DOWNATA
DECATUR B | DEPRESSIONAL | DIA. FLOODED C | DODGE B | DOWNER
DECCA B | DELRAY, FLOODED B/D| DIABLO D | DODGEVILLE 8 | DOWNEY
DECHEL O | DELRIDGE B | DIAMANTE B | DODSON C | DOWNEYVILLE
DECKER C | DELSON C | DIAMOND D | DOGER A | DOWNS
DECKERVILLE 0 | DELTON B | DIAMOND SPRINGS C | DOGUE c | DOYCE
DECKERVILLE, C | DELWIN A | DIAMONDVILLE C | DOLAND B | DOYCE» LOAMY

DRAINED | DELYNDIA A | DIANEV C | DOLBEE C | SUBSTRATUM
PECLOD 8 | DEMAR D | DIANOLA D | DOLEKEI B | DOYCEs, MODERAVELY
DECOLNEY 8 | DEMAST B | DIATEE 8 | DOLEN 8 | WEY
DECORDOVA B | DEMENT C | DIBBLE ¢ | ooLeS C | DOYLESTOWN
DECRAM C | DEMING 8 | bIBOLL C | poLLAR C | DoOYN
DECROSS 8 | DEMKY 0 | DICK A | DOLLARD C | DRA
DECY C | DEMNER B | DICKERSON D | DOLLARHIDE D | DRAGE
DEE C | DEMONA C | DICKEY B | DOLLYCLARK C | DRAGOON
DEEFAN D | DEMONTREVILLE 8 | DICKINSON ® | DOLPH C | DRAGSTON
DEEMER 8 | DEMOPOLIS C | DICKINSONe MAPC26 B | DOME B | DRAKE
DEEPEEK D | DEMOPOLIS, COBBLY D | DICKINSONs TILL A | DOMELL 8 | DRALL
DEEPWMATER B | DEMPSEY B | SUBSTRATUM | DOMERIE 8 | DRANYON
DEER CREEK C | DEMPSTER B | DICKMAN A | DOMINGUEZ C | DRAPER
DEER PARK A | DENAY 8 | DICKSON C | DOMINIC B | DRAX
DEERFIELD B | DENHAWKEN D | DIEMLSTADT C | poMiInO C | DRAXs, WET
DEERFORD D | DENMAN C | DIETRICH C | DOMINSON A | DREDGE
DEERHORN C | DENMARK Do | pIGay ® | oomo B8 | DRESDEN
DEERLODGE C | DENNIS C | DIGGER C | DONA ANA B | ORESSLER
DEERTON A | DENNOT ® | DIGHTON 8 | DONAMUE C | DREWING
DEERTRAIL C | DENNY 0 | DISIORGIO B8 | DONALD C | DREWS
DEERYDOD B/0| DENROCK D | DILL B | DONALDSON 8 | DREXEL
DEETZ A | DENTON D | DILLARD C | DONAVAN 8 | DRIFTWOOD
DEFIANCE D | DENURE @ | DILLEY 8 | DONERAIL C | DRIGGS

NOTESE: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
MODIFIERS SHOWNe EoGeo BPEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NEH NOTICE 4-104, JULY 1982
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DRISCOLL
DRIT
DRIVER
DROEM
DRUM
DRUMMER
DRUMMOND
DRURY
DRY CREEK
DRYADINE
DRYBURG
DRYDEN
DRYN

DU PAGE
DUANE
DUART
DUBAKELLA
ouses
DUBLON
pusoIs
DUBUQUE
DUCHESNE
DUCKHILL
DUCKREE
DUCKS TON
buco
DUDA
DUDLEY
DUEL
DUELM
DUETTE
DUFF
DUFFAU
DUFFER
DUFFERs DRAINED
ODUFFER. FLOODED
DUFFIELD
DUFFSON
DUFORT
DUFUR
DUGGINS
DUGOUT
DUGWAY
DUKES
DuULAC
DULCE
DULUTH
DUMAS
DUMONT
DUN GLEN
DUNBAR
DUNBARTON
DUNBR IDGE
DUNCAN
DUNCANNON
DUNCKLEY
DUNCOM
DUNDAS
DUNDAY
DUNDEE
DUNELLEN
DUNFORD
DUNGENESS
DUNKIRK
DUNLATOP
DUNMORE
DUNN
DUNNING
DUNNYILLE
DUNOIR
DUNPHY
DUNPHNY» DRAINED
DUNTON
DUNUL
DUPEE
DUPLIN
buPO
DUPONT
DUPREE
DURADOS
DURALDE
DURAND
DURANGO
DURANT
DURBIN
DURELLE
DURFEE
DURHAM
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

DURKEE
DURODC
DURRSTEIN
DURST
DUSLER
DUSTON
DUTCHESS
DUTEK
DUTTON
DUVAL
DUXBURY
DUZEL
DWIGHT
DWORSHAK
DWYER

DYE

DYKE
DYRENG
EACHUS
EACHUSTON
EAGAR
EAGLECONE
EAGLEVILLE
EAKIN
EALY

EAPA
EARCREE
EARLE
EARLMONT

EARLMONT. DRAINED

EARP
EARSMAN
EASLEY
EAST FORK
EAST LAKE
EASTABLE
EASTCAN
EASTGATE
EASTLAND
EASTON
EASTONVILLE
EASTPORT
EASTWELL
EATON
EAUGALLIE
EAUPLE INE
EBA

EBAL
EBBERT
EBIC
EBODA
EBON

EBRO
ECCLES
ECHARD
ECHAW
ECHEMOOR
ECKERY
ECKLEY
ECKMAN
ECKRANTY
ECKVYOLL
ECOLA
ECONFINA
ECTOR
EDALGO
EDDINGS
EDDS

EDDY

EDEN
EDENDOWER
EDENTON
EDFRO
EDGAR
EDGEHILL
EDGELEY
EDGEMONT
EDGEWMATER
EDGEWICK
EDGINGTON
EDINA
EDINBURG
EDISTO
EDLOE
EDMINSTER
EDMONDS
EDMORE
EDMUND
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EDMUND STON
EDNA
EDNEYTOWN
EDNEYVILLE
EDOM

EDROY
EDSON
EDWARDS
EEL

EEP

EFFIE
EFFINGTON
EGAM

EGAN

EGAS
EGBERT

EGBERT» MODERATELY

WET
EGBERT» DRAINED
EGBERT» SANDY
SUBSTRATUN
EGELAND
EGINBENCH
EGYPT
EICKS
EIGHTLAR
EIGHTHMILE
EILERTSEN
EITZEN
EKAH
EKALAKA
EKRUB
EL DARA
EL PECO
EL RANCHO
EL SOLYO
ELANDCO
ELBA
ELBAVILLE
ELBERTY
ELBETH
ELBON
ELBURN
ELBUTTE
ELCO
ELD
ELDEAN
ELDER
ELDERs GRAVELLY
SUBSTRATUM
FLOODED
ELDER» FLOODED
ELDERes GRAVELLY
ELDERs GRAVELLY
SUBSTRATUM
ELDER HOLLOW
ELDERON
ELDERONs STONY
ELDGIN
ELDON
ELDORADO
ELDRIDGE
ELECTRA
ELEROY
ELEVA
ELFRIDA
ELGEE
ELIJAN
ELINDIO
ELIDAK
ELIZA
ELK
ELK HOLLOW
ELK MOUNTAIN
ELKADER
ELKCREEK
ELKHART
ELKHORN
ELKINS
ELKINSVILLE
ELKMOUND
ELKNER
ELKOL
ELKSEL
ELKTON
ELLABELLE
ELLEDGE
ELLEN
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THE UNITVED STATES

ELLETT
ELLIBER
ELLICOTY
ELLINGTON
ELLIOTT
ELLIOTTSVILLE
ELLIS
ELLISFORDE
ELLISVILLE
ELLOAM
ELLSWORTH
ELLUM
ELLZEY
ELM LAKE
ELMDALE
ELMENDORF
ELMINA
ELMIRA
ELMONT
ELMORE
ELMRIDGE
ELMVILLE
ELMWOO0D
ELNIDO
ELNORA
ELO
ELOCHOMAN
ELOIKA
ELOMA
ELPAM
ELPEDRO
ELRED
ELRIN
ELROD
ELROSE
ELS
ELSAH
ELSINBORO
ELSMERE
ELSTON
ELTREE
ELTSAC
ELVADA
ELVE
ELVEDERE
ELYERS
ELVIRA
ELWELL
ELWHA
ELwOOD
ELY
ELYSIAN
ELZINGA
EMBAL
EMBARGO
EMBDEN
EMBERTON
EMBLEM
EMBRY
EMBUDO
EMDENT
EMDENT» BEDROCK
SUBSTRATUM,
DRAINED
EMDENT» BEDROCK
SUBS TRATUM
EMDENT,» DRAINED
EMERALD
EMERALDA
EMERSON
EMIGRANT
EMIGRATION
ENILY
EMMA
EMMERT
EMMET
EMORY
EMOT
EMPEDRADO
EMPEYVILLE
EMPIRE
EMPORIA
EMRICK
ENBAR
ENCAMPMENT
ENCIERRD
ENCINA
ENDCAYV
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TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

ENDERS
ENDERSBY
ENDICOTY
ENDLICH
ENDSAW
ENERGY
ENET
ENFIELD
ENGELHARD
ENGLE
ENGLEWOOD
ENKO
ENLOE
ENNING
ENNIS
ENOCH
ENOCHVILLE
ENOCHVILLE»
DRAINED
ENON
ENOREE
ENDS
ENOSBURG
ENSENADA
ENSIGN
ENSLEY
ENSTROM
ENTENTE
ENTERPRISE
ENTIATY
ENTMOOY
EQJ
EPHRAIM
EPHRATA
EPIKOM
EPLEY
EPOKE
EPOQUFETTE
EPPING
EPSIE
ERA
ERAM
ERAMOSH
ERBER
ERCAN
ERD
ERICSON
ERIE
ERIN
ERNEM
ERNEST
ERNOD
ERRAMOUSPE
ERVIDE
ESCABDSA
ESCALANTE
ESCAMBIA
ESCANOD
ESCONDIDO
ESHAMY
ESMERALDA
ESMOND
ESPELIE
ESPIL
ESPINAL
ESPINOSA
ESPLIN
ESPY
ESQUATZEL
ESRO
ESS
ESSAL
ESSEN
ESSEX
ESSEXVILLE
ESTACADO
ESTACION
ESTATE
ESTELLINE
ESTER
ESTERO
ESTHERVILLE
ESTIVE
ESTO
ESTRELLA
ETACH
ETCHEN
ETELKA

MODIFIERS SHOWN, Eo.G.o BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NEH NOTICE 4-104, JULY 1982
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7.16

ETHAN
ETHELMAN
ETHETE
ETHETE. SALINE
ETHRIDGE
ETIL
ETOE
ETOILE
ETOWAN
ETOWN
ETSEL
ETTA
ETTER
ETTRICK
EUBANKS
EUCLID
EUDORA
EVER
EUFAULA
EUHARLEE
EULONIA
EUNOLA
EUREKA
EUSBIO
EUSTIS
EUTAN
EVADALE
EVANGEL INE
EVANS
EVANSTON
EVANSVYILLE
EVANT
EVARD
EVARO
EVART
EVENDALE
EVERETY
EVERETT» STONY
EVERETTs» HARD
SUBSTRATUM
EVERGLADES
EVERLY
EVERMAN
EVERSON
EVERWHITE
EVESBORO
EWA
EWA. BEDROCK
SUBSTRATUM
EWALL
EXCELSIOR
EXCHEQUER
EXEL
EXETER
EXETER, THICK
SOLUM
EXETTE
EXIRA
EXLINE
EXPRESS
EXRAY
EXUM
EYAK
EVERBOW
EYLAV
EYOTA
EVRE
Fasius
FACEVILLE
FACEY
FACTORY
FACTORY» MOISY
FADDIN
FAGAN
FAGASA
FAHEY
FAIM
FA IRBANKS
FAIRCHILD
FAIRDALE
FAIRFAX
FAIRFIELD
FAIRHAVEN
FAIRLIE
FAIRMOUNT
FAIRPLAY
FAIRPDINT
FAIRPORY
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TABLE 7.i-*HYDROLOGIC GROUPS OF THE SOILS OF

FAIRWAY
FAIRYDELL
FAJARDO
FALAYA
FALBA
FALCON
FALFA
FALFURRIAS
FALK
FALKIRK
FALKNER
FALLBROOK
FALLCREEK
FALLERY
FALLON
FALLSAM
FALLSINGYON
FALOMA
FALULA
FANAL
FANDANGLE
FANDOW
FANG
FANNIN
FANNO
FANTZ

FANU
FARAWAY
FARB
FARBER
FARGO
FARISITA
FARLAND
FARLOW
FARMINGTON
FARMSWORTH
FARMTON
FARNHAM
FARNHAMTON
FARNUF
FARNUF, WET

FARNUF, GRAVELLY

SUBSTRATUNM
FARNUM
FARRAGUY
FARRAR
FARRELL
FARRENBURG
FARROY
FARYA
FASHING
FASKIN
FATHOM
FATIMA
FATTIG
FAUQUIER
FAUSSE
FAVREY
FAWIN
FAX
FAXON
FAYETTE
FAYETTEVILLE
FAYWOOD
FE
FEATHERLEGS
FEDJI
FEDORA
FELAN
FELDA
FELDA,

DEPRESSIONAL
FELDA, FLOODED
FELICITY
FELIPE
FELKER
FELLOWSHEIP
FELOR
FELT
FELTA
FELTHAM
FELTNER
FELTON
FELTONIA
FENCE
FENDALL
FENN
FENSTER
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FENWOOD
FERA
FERDELFORD
FERDINAND
FERGUS
FERN CLIFF
FERNANDO
FERNHAVEN
FERNLEY
FERNPOINT
FERNWOOD
FERRELO
FERRIS
FERROBURRO
FERRON
FERTALINE
FERTEG
FESTINA
FETT
FEYTIC
FETZER

F IANDER
FI1ANDER, DRAINED
FIDALGD

F IDDLER

F IDDLETOWN
FIDDYMENT
FIELD
FIELDING
FIELDON
FIFER
FILDERT
FILION

F ILLMORE
FINCASTLE
FINCH
FINCHFORD
F INDOUT
FINGAL
FINGEROCK
FINLEY

F INNERTY
FINOL

F INROD

F IRADA
FIREBALL
FIREBOX
FIRESTEEL
FIRESTONE
FIRMAGE
FIRO
FIROKE
FIRTH
FIRYH: DRAINED
F ISHHOOK
FISHLAKE
FISHPOT
FisK
FITCHVILLE
FITZGERALD
FITZHUGH
FIVEMILE
FIVEMILEs SALINE
FIVEOH
FIVES
FLAGG
FLAGLER
FLAGSTAFF
FLAK
FLAMING
FLANAGAN
FLANDREAU
FLANE
FLASHER
FLATHEAD
FLATHORN
FLAT IRONS
FLATNOSE
FLATRON
FLATTOP
FLAXTON
FLEAK
FLEER
FLEISCHMANN
FLEMING
FLEMINGTON
FLETCHER
FLEX

S
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THE UNITED STATES

FLOER
FLOKE
FLOM
FLOMATON
FLOMOT
FLORALA
FLORENCE
FLORESVILLE
FLORIDANA
FLORIN
FLORISSANT
FLORITA
FLOTAG
FLOWELL
FLOWEREE
FLOYD
FLUETSCH
FLUGLE
FLUYANNA
FLYBOW
FLYGARE
FOARD
FOEMLIN
FOLA
FOLDAHL
FOLEY
FOLLET
FOMSENG
FONDA
FONDIS
FONNER
FONTANA
FONTREEN
FOPIANO
FORADA
FORAKER
FORBES
FORBING
FORD
FORDICE
FORDNEY
FORDTRAN
FORDUM
FOROVILLE
FORELAND
FORELLE
FORESMAN
FORESTBURG
FORESTDALE
FORESTER
FORESTON
FORK
FORKwWOOD
FORMADER
FORMAN
FORMDALE
FORNEY
FORREST
FORSEER
FORSEY
FORSGREN
FORSYTH
FORY COLLINS
FORT MEADE
FORT MOTT
FORTANK
FORTESCUE
FORTUNA
FORTWINGATE
FORVIC
FORWARD
FOss
FOSSILON
FOSSUM
FOSTER
FOSTORIA
FOUNTAIN
FOUR STAR

FOUR STAR» DRAINED

FOURCHE
FOURLODG
FOURMILE
FOX
FOXCREEK
FOXHOME
FOXNOUNT
FOXOL
FOXTON

NOTES: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWMs EoGe.» BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NEH NOTICE 4-106, JULY 1982
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FOXWORTH
FRADDLE
FRAILEY
FRAILTON
FRAM
FRANCIS
FRANCITAS
FRANDSEN
FRANKFORT
FRANKIRK
FRANKLIN
FRANKSTOWN
FRANKTOWN
FRANKVILLE
FRATERNIDAD
FRAVAL
FRAZER
FRAZERTON
FRED
FREDENSBORG
FREDERICK
FREDON
FREDONIA
FREDONYER
FREEBURG
FREECE
FREEDOM
FREEHOLD
FREEMAN
FREEMANVILLE
FREEON
FREER
FREEST
FREESTONE
FREETOWN
FREEWATER
FREEZENER
FREEZEOUT
FRELSBURG
FREMONT
FREN
FRENCH
FRENCHCREEK
FRENCHTOWN
FRESHWATER
FRESNO.
SALINE-ALKALI
FRESNOs THICK
SOLUM
FREWA
FREZNIK
FRIANA
FRIANT
FRIDLO
FRIENDS
FRIENDSHIP
FRIES
FRIESLAND
FRIJOLES
FRINDLE
FRIOD
FRIONA
FRIDTON
FRIPP
FRISCO
FRIZZELL
FROBERG
FRODO
FROHMAN
FROLIC
FROLIC,

ELEVATION<8000
FROLICs, FLOODED

FRONDORF
FRONTENAC
FRONTON

FROST

FRUITA
FRUITHURST
FRUITLAND
FRUITLAND, WET

FRUITLAND. COOL

FRYE
FRYEBURG
FT. DRUM
FT. GREEN
FUBBLE
FUEGD
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NOTES:

FUERA
FUGAWEE
FUGHES
FULCHER
FULDA
FULLERTON
FULMER
FULMER, DRAINED
FULSHEAR
FULSTONE
FULTON
FULTS
FUNTER
Fuauay
FURNISS
FURY
FUSULINA
GAASTRA
GABALDON
GABBUALLY
GABEL
GABICA
€ABINO
GACEY
GACHADO
GACIBA
GADDES
GADDY
GADSDEN
GAGEBY
CGAGETOWN
GAGIL
GAMEE
GAlR
GA INES
GAINESVILLE
GALATA
GALBRETH
GALCHUTT
GALE
GALEN
GALEPPI
GALESTOWN
GALEY
GALILEE
GALISTED
GALISTEO,
SALINE~ALKALI
GALLAND
GALLATIN
GALLEGOS
GALLEN
GALLIA
GALLINME
GALLION
GALLMAN
GALLUP
GALOO
GALVA
GALVESTON
GALVEZ
GALVIN
GALWAY
GANBLER
GANBOA
GAMGEE
GANCE
GANDO
GANIS
GANNETT
GANSNER
GAPCOT
GAPO
GAPOs> DRAINED
GAPPHAYER
GARA
GARBER
GARSBO
GARBUTT
GARCENOC
GARCES
GARCES: MODERATELY
WETY
GARCESe» MARD
SUBSTRATULM
GARCIA
GARCITAS
GARCOM
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TABLE T7.1--HYDROLOGIC GROUPS OF THE SOILS OF

GARDELLA
GARDENA
GARDINER
GARDNER'S FORK
GARDNERVILLE
GAREY
GARFIELD
GARIPER
GARITA
GARLAND
GARLET
GARLOCK
GARMON
GARMORE
GARNER
GARNES
GARO

GARR
GARRETSON
GARRETT
GARRISON
GARROCHALES
GARSID
GARTON
GARVESON
GARVIN

.GARWIN

GARZA
GAS CREEK
GAS CONADE
GASIL
GASQUET
GASSYILLE
GATES
GATESON
GATEVIEW
GATEWAY
GATEWOOD
GATLIN
GATOR
GATTON
GAVILAN
GAVINS
GAVIDTA
GAY
GAYLESVILLE
SAYLORD
GAYNOR

.GAYNORos WET

GAYVILLE
GAZELLE
GAZOS
GEARHART
GEARY
GEE
GEEBURG
GEER
GEERTSEN
GEFOD
GEISEL
GELKIE
GEM
GEMID
GEMSON
GENAY
GENESEE
GENEVA
GENOA
GENOL A
GENTILLY
GENTRY
GEOMROCK
GEORGE TOWN
GEORGEVILLE
GEORGIA
GEOROCK
GEPFORD
GEPP
GEPPERT
GERALD
GERBER
GERDRUM
GERING
GERLACH
GERLANE
GERLE
GERMANTOWN
GERMANY
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GERRARD

GERST

GESSIE

GESSNER

GESTRIN

GETCHELL

GETTYS

GETZIVILLE

GEVSEN

GIBBLER

GIBBON

G IDEON

G IFFORD

GIGGER

GILA

GILBERT

GILBY

GILCHRIST

GILCOo

GILCREST

GILEAD

GILES

GILFORD

GILFORD.
STRATIFIED
SUBSTRATUM

GILFORDs BEDROCK
SUBSTRATUM

GILFORD» GRAVELLY
SUBSTRATUM

GILISPIE

GILLAND

GILLIAM

GILLIGAN

GILLS

GILLSBURG

GILMAN

GILMORE

GILPAR

GILPIN

GILROY

GILSTON

GILT EDGE

GINAT

GINI

GINLAND

GINNIS

GINSER

GIRARD

GIRARDOT

GIRD

GIST

GITAKUP

GITAM

GIVIN

GLACIERCREEK

GLADDEN

GLADEL

GLADEVILLE

GLADEWATER

GLADWIN

GLANN

GLASGOW

GLASSNER

GLEAN

GLEASON

GLEN

GLENBAR

GLENBERG

GLENBROOK

GLENCARB »
SALINE

GLENCARBe SALINE

GLENCARB. HARDPAN
SUBSTRATUM

GLENCARBe DRY

GLENCARD»
OCCAS IONALLY
FLOODED

GLENCOE

GLENCOE, PONDED

GLENDALE

GLENDALE,
SALINE~ALKALI
GLENDALE, WET
GLENDALE. FLOODED
GLENDERSON

GLEMDIVE

WET,
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VHE UNITED STATES

GLENDORA
GLENEDEN
GLENELG
GLENFORD
GLENGARY
GLENMHALL
GLENHAM
GLENMAN
GLENMORA
GLENNALLEN
GLENOMA
GLENPOOL
GLENRIO
GLENROSE
GLENROSS
GLENSTED
GLENTON
GLENTON,
MODERATELY
GLENTON. WET
GLENTON»
NONFLOODED
GLENTON: WARM
GLENTOSH
GLENVIEW
GLENVILLE
GLOHN
GLORIA
GLOUCESTER
GLOVER
GLYNDON
GLYNN
GL YN¥DOD
GLYPHS
GOBERNADOR
GOBINE
GOBLE
GOBLIN
GOCHEA
GODDARD
GODDE
GODECKE
GODFREY
GODWIN
GOEMMER
GOESL ING
GODESSEL
GDGEBIC
GOL
GOLCONDA
GOLD CREEK
GOLDBERG
GOLDENDALE
GOLDF INCH
GOLDMILL
GOLDOMAN
GOLDMIRE
GOLDRIDGE
GOLDRUN
GOLDSBORO
GOLDSTON
GOLDSTREAM
GOLDUSY
GOLDVALE
GOLDVEIN
GOLOYKE
GOLETA
GOLIAD
GOLSUM
GOLTRY
GOLVA
GOMERY
GOMEZ
GONVICK
GOOCH
GOODING
GOODINGYON
GODDLAND
GO0DLOW
GODDMAN
GOODNIGHT
GOODPASTER
GOODRICH
GOODSPRINGS
GOODWILL
GOODWIN
GODOSE CREEK
GOOSE CREEK»

WET

WEY

T¥O HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
MODIFIERS SHOWN, E«Goo BEDROCK SUBSTRATUM,

NEH NOTICE 4-104, JULY 19082
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GOOSE LAKE
GOOSMUS
GORDANE
GORDO
GORE
GOREEN
GORGAS
GORGONIO
GORHAM
GORIN
GORING
GORMAN
GORSKEL
GORST
GORUS
GORZELL
GOSA
GOSHEN
GOSHUTE
GOSINTA
GOSLIN
GOSNEY
GOSPER
GOSPORT
@O0SS
60SUMI
6OTEBO
GOTHAM
GOTHARD
GOTHENBURG
GOTHIC
GOTHO
GOULDING
GOVE
GOVEN
GOWKER
GO¥ TON
GRABE
GRABLE
GRACEMONT
GRACEMORE
GRACEVILLE
GRADON
GRADY
GRAFEN
GRAHAM
GRAIL
GRAINOLA
GRALEY
GRALIC
GRAN
GRANATH
GRANBY
GRANDE RONDE
GRANDFIELD
GRANDPON
GRANDVIEW
GRANER
GRANGEMONT
GRANGEVILLE,
DRAINEDe SLOPING
GRANGEVILLE,
SALINE-ALKALI
GRANGEVILLE,
MODERATELY WET
GRANGEVILLE, WET
GRANGEVILLE,
DRAINMED
GRANGEVILLE,
OCCAS IONALLY
FLOODED
GRANILE
GRANO
GRANT
GRANTFORK
GRANTHAM
GRANTSBURG
GRANTSDALE
GRANVILLE
GRANYON
GRANZAN
GRAPEVINE
GRASMERE
GRASSNA
GRASSYAL
GRASSVALLEY
GRASSY BUTTE
GRASSYCONE

REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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GRAT
GRATTAN
SRAUFELS
GRAVDEN
GRAVEL TON
GRAYBERT
GRAYCALMN
GRAYFORD
GRAYLAND
GRAYLAND, DRAINED
GRAYLING
GRAYLOCK
GRAYLOCK: STONY
GRAYPOINT
GRAYPOINT. WET
GRAYROCK
GRAYS
GREAT BEND
GREEN BLUFF
GREEN CANYORN
GREEN RIVER
GREEN RIVER,
STRONGLY SALINE
GREEN RIVER.
FLOODED
GREENM RIVER» COOL
GREEMBRAE
GREEMCREEK
GREENDALE
GREENMNE
GREENF IELD
GREENFIELD»
HARDPAN
BUBSTRATUM
GREENFIELD,
GRAVELLY
GREENF IELD., COOL
GREENHALGH
GREENHORN
GREENLEAF
GREENMAN
GREENOUGH
GREENSON
GREEMTON
GREENVILLE
GREENV INE
GREENWATER
GREENWAY
GREENWOOD
GREHALEN
GRELL
GRELLTON
GRENADA
GRENAD IER
GRENVILLE
GRESHAM
GRETDIVID
GREWINGK
GREYBACK
GREYBO
GREYBULL
GREYEAGLE
GREVS
GRIBBLE
GRIDELL
GRIDGE
GRIDLEY
GRIETA
GRIEVES
GRIFFITH
GRIFFY
GRIFTON
GRIGSBY
GRIGSTON
GRIMN
GRIMM.: STONY
GRIMSLEY
GRINSTAD
GRIMSTONE
GRINA
GR INDBROOK
GRINDS TONE
GR INK
GRISDALE
GRISWOLD
GRITNEY
GRIVER
GRIVER. WET

NOTES:
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TABLE 7.1-*HYDROLOGIC GROUPS OF THE SOILS OF

GRIVERs DRAINED

GRIVERs CLAY
SUBSTRATUM

GRIZZLY

GROBUTTE

GROGAN

GROOM

GROSECLOSE

GROSS

GROTON

GROTTO

GROUSEVILLE

GROVE

GROVECITY

GROVER

GROVETON

GROWDEN

GROWLER

GROVWTON

GRUBBS

GRUBS TAKE

GRUENE

GRULLA

GRUMMI T

GRUND Y

GRUVER

GRYGLA

GUADAL UPE

GUAJE

GUAMANI

GUANABAND

GUANAJIBO

GUAYABOTA

GUAYANMA

GUBE

GUBEN

GUCKEEN

GUDGREY

GUELPH

GUEMES

GUENOC

GUENTHER

GUERNSEY

GUERREROD

GUEST

GUFFIN

GUGUAK

GUILDER

GULER

GULF

GUMBLE

GUMBOOT

GUMBOOT, DRAINED

GUNBARREL» SALINE

GUNBARREL »

GUND

GUNDY

GUNN

GUNNEL

GUNSIGHT

GUNSONE

GUNTER

Gup

GURDON

GURLEY

GUSTIN

GUSTSPRING

GUTHRIE

Guy

GUYTON

GUENA

GWIN

GWINLY

GHINNETY

GYMER

GYNELLE

GYPNEVEE

GYSTRUM

HAAR

HACCKE

HACK

HACKERS

HACKROY

HACK¥0O0D

HADAR

HADES

HADLEY

HAFLINGER

DRAINED

on
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HAGEN
HAGENBARTH
HAGER
HAGERMAN
HAGERSTOWN
HAGGA
HAGGA .

SAL INE~-ALKALI
HAGGERTY
HAGSTADT
HAGUE
HAIG
HAIGHTS
HAIKU
HAILMAN
HAIRE
HAKKER
HALACAN
HALAWA
HALBERT
HALDER
HALE
HALE s DRAINED
HALEDON
HALEIWA
HALEY
HALF MOON
HALFWAY
HALII
HALIIMAILE
HALL
HALL RANCH
HALLANDALE

HALLANDALE . TIDAL

HALLANDALE» SLOUGH

HALLORAN

HALSEY

HAMACER

HAMAKUAPOKO

HAMAR

HAMBLEN

HAMBONE

HAMBR IGHT

HAMBURG

HAMBY

HAMDEN

HAMEL

HAMERLY

HAMILTON

HAMLETY

HAMLIN

HAMMACK

HAMMONTON

HAMPSH IRE

HAMPSON

HAMRE

HAMTAH

HAMTAH»

HAMTAH.

HANA

HANAKER

HANALEI

HANAMAULY

HANCEVILLE

HAND

HANDRAN

HANDSBORO

HANDY

HANDY s STONY

HANDY» NONFLOODED

HANEY

HANFORD

HANGAARD

HANGDO

HANIPOE

HANIS

HANK INS

HANKS

HANKSVILLE

HANKSVILLE,
NONFLODDED

HANLON

HANLY

HANNA

HANNAHATCHEE
HANNING

HANOVER

HANS

NONSTONY
cooL
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HANSEL
HANSKA
HANSKA
DEPRESSIONAL
HANSON
HANTHO
HANTZ
HANTZ, SALINE
HANTZ ., DRY
HAP
HAPGOOD
HAPJACK
HAPNEY
HARAHAN
HARAHILL
HARANA
HARBIN
HARBORD
HARCANY
HARCO
HARCOY
HARDEMAN
HARDESTY
HARDING
HARDOL
HARDSCRABBLE
HARDTRIGGER
HARGILL
HARGREAVE
HARVO
HARKERS
HARKEY
HARKNESS
HARLAN
HARLEM
HARLESTON
HARL INGEN
HARME HL
HARMONY
HARNE Y
HAROL
HARPER
HARPE TH
HARPS
HARPSTER
HARPT
HARQUA
HARRIET
HARRIMAN
HARRINGTON
HARRIS
HARRISBURG
HARRISON
HARRISVILLE
HARROUN
HARSAN
HARSHA
HARSTINE
HARSTON
HART
HART CAMP
HARTFORD
HARTIG
HARTILL
HARTLAND
HARTLETON
HARTMIT
HARTSBURG
HARTSELLS
HARTSHORN
HARTVILLE
HARTWELL
HARVARD
HARVESTER
HARVEY
HARVEY., BEDROCK
SUBSTRATUMs DRY
HAR¥O0OD
HASKILL
HASKINS
HASSEE
HASSELL
HASTINGS
HATY
HATBORO
HATCH
HATCHET
HATERMUS

TWO HYDROLOGIEC SOIL GROUPS SUCH AS B/C INDICATES THE ORAINED/UNDRAINED SITUATION.
MODIF IERS SHOWN: EeGeo BEDROCK SUBSTRATUM,
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HATERTON

HATHAWAY
HATLEY

HATLIFF

HATMAKER

HATPEAK

HATTIE

HATTON

HATUR

HAUBSTADT
HAUG

HAUGAN

HAUL INGS

HAUNCHEE

HAUZ
HAVALA

HAVANA
HAVELOCK

HAVEN

HAVERDAD
HAVERHILL

HAVERLY

HAVERSON

HAVILLAH

HAVINGDON

HAVRE

HAVRE»

HAVRE,»
cooL

HAVRE,

HAVRE., CODOL

HAVREs PE>31

HAVRELON

HAW

HAWI

HAWICK

HAWKEYE

HAWK INS

HAWKSBILL

HAWKSPRINGS

HAWLEY

HAWSLEY

HAXTUN

HAYBOURNE

HAYCRIK

HAYDEN

HAYESTON

HAYESVILLE

HAYESVILLEs STONY

HAYF IELD

HAYFORD

HAYHOOK

HAYMARKET

HAYMOND

HAYNESS

HAYNIE

HAYPRESS

HAYSPUR

HAYTER

HAYTI

HAYWIRE

HAYWOOD

HAZEL

HAZELAIR

HAZEN

HAZLEHURST

HAZLETON

HAZTON
HEADQUARTERS
HEAKE

HEALDTYON

HEAL ING

HEARNE

HEATH

HEATLY

HEATON
HEBBRONVILLE
HEBER

HEBERT

HEBO

HEBRON

HECATE

HECETA

HECHTMAN

HECKER

HECLA

HECTOR

HEDOES

SALINE
FLOODED»

FLOODED

REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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HEDOX
MEDRICK
HEDVILLE
HEFED
HEFLIN
HEGLAR
HEGNE
HE IDEL

HE IDEN

HE IDTHAN

HEIGHTS

HE IL

HE IMDAL

HE INSAW

HE ISETON

HEISETON

HEISETON,
SALINE=ALKALI

HEISETONe DRAINED

HEISETON» FLOODED

HEISLER

HEISTY

MEXTY

HEIZER

HELDT

HELEMAND

HELENA

HELENDALE

HELLMAN

MELMER

HELMICK

HELTER

HELVETIA

MELY

HEMBRE

HEMINGFORD

HENCO

HENDERSON

HENDRICKS

HENDY

HENEFER

HENHOIT

HENKIN

HENLEY

HENL INE

HENMEL

HENNEKE

HENNEPIN

HENNESSY

HENNINGSEN

HENRIETTA

HENRIEVILLE

HENRY

HENSHAYW

HENSLEY

HEPLER

HEPPSIE

HERAKLE

HERSERT

HERBMAN

HERD

HEREFORD

HERKIMER

HERM

HERMERING

HERMIS TON

HERMON

HERNANDEZ

HERNDON

HERO

HEROD

HERRICK

HERSH

HERSHAL

HERTY

HESCH

HESPER

HESPERIA
HESPERUS

HESSEL
HESSELBERG
HESSELTINE
HESSING
HESSLAN

HESSON

HETERWA
HETTINGER

HEXT

STONY

NOTESS
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

HEYDER
HEYDL AUFF
HEYTOV
MEZEL
HI VISTA
HIARC
HIBAR
NIBBING
HIBERNIA
HICKMAN
HICKORY
HICKS
HICOTA
HIDALGO
HIDATSA
HIDEAWAY
HIDEWOOD
HIERRO
HIGGINS
HIGGINSVILLE
HIGH GAP
HIGHAMS
HIGHBANK
HIGHCANP
HIGHF IELD
HIGHMORE
HIGHPOINTY
HIGHTOWER
HIGHYWOOD
HIHIMANY
HIIBNER
NIKO PEAK
HIKD SPRINGS
HILAIRE
HILDEBRECHY
HILDRETH
HILEA
HILES
HILGER
HILGRAVE
HILLBRICK
HILLCO
HILLEMANN
HILLERY
HILLEY
HILLFIELD
HILLGATE
HILLIARD
HILLIARD»
MODERATELY WELL
DRAINED
HILLON
HILLSDORO
HILLSDALE
HILLTO
HILLWOOD
HILMAR
HILMAR: DRAINED
HILMOE
HILO
HILOLO
HILY
NILTON
HINCKLEY
HINDES
HINESBURG
HINKER
HINKLE
HINMAN
HIRSCHDALE
HISEGA
HISER
HISLE
WITILO
HITY
HIVAL
HIWAN
HIVASSEE
HIW0O0D
HIXTON
HOADLY
MNOBACKER
HOBAN
HOBBS
HOBCAW
HOBE
HOBERG
HOBIT
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HOB0G
HOBONNY
HOBSON
HOCAR
HOCHHE IM
HOCK INSON
HOCKINSON»
MODERATELY WET
HOCKINSONs DRAINED
HOCKLEY
HOCKLEYes GRADED
HODA
HODEDO
HODENPYL
HODGE
HODGINS
HODGSOMN
HOFFLAND
HOFFMANY ILLE
HOFFSTADT
HOGADERO
HOGANSBURG
HOGG
HOGHALATY
HOGRIS
HOH
HOHMANN
HOKAM
HoxkO
HOLBROOK
HOLCOMB
HOLDAWAY
HOLDER
HOLDERMAN
HOLDERNESS
HOLD INGFDRD
HOLDREGE
HOLILLIPAH
HOLLAND
HOLLANDL AKE
HOLLENBECK
HOLL INGER
HOLLIS
HOLLISTER
HOLLOMAN
HOLLOMEX
HOLLOWAY
HOLLY
HOLLY» PONDED
HOLLY SPRINGS
MOLLYWELL
HOLLYWOOD
HOLMAN
HOLMDEL
HOLMES
HOLOMUA
HOLOPAMW
HOLSINE
HOLSTEIN
HOLSTON
HOLT
HOLTER
HOLTLE
HOLTON
HOLYVILLE
HOLYOKE
HOMA
HOME CAMP
HOMELAKE
HOMELAND
HOMER
HOMES TAKE
HOMESTEAD
HOMME
HOMME ¢ MODERATELY
wET
HOMOSASSA
HONAUNAU
HONCUT
MONDALE
HONDOHO
HONEOYE
HONEYGROVE
HONEYVILLE
HONN
HONOBIA
HONOKAA
HONOLUA

-2~
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HONOMANU
HONONEGAM
HONOULIUL T
HONTAS
HONTOON
HONUAULU
HOOD
HOODLE
HODDOD
HOODSPORT
HOOGDAL
HOOKS
HOOLEHUA
HOOL Y
HOOPAL
HDOPER
HOOPE STON
HOOSAN
HODS IC
HOOSIERVILLE
HOOT
HODTEN
HOPCO
HOPDRAWY
HOPEKA
HOPKINS
HOPLAND
HOPLEY
HOPSONVILLE
HOQUIAM
HORD
HOREB
HOREBs GRAVELLY
SUBSTRATUM
HORNELL
HORNING
HORNITOS
HORNSBY
HORNSVILLE
HORRDCKS
HORSECAMP
HORSESHOE
HORSE THIEF
HORSLEY
HORTONVILLE
HOSKIN
HOSKINNINI
HOSLEY
HOSMER
HOSPAL
HOSSICK
NOS TAGE
HOV LAKE
HOTAW
HOTCREEK
HOTEL
HOTSPRINGS
HOUDEK
HOUGH
HOUGHTON
HOUGHTONs MAAT>80
MOUGHTONs PONDED
HOUGHTON»
FREQUENTLY
FLDODED
MOUGHTONV ILLE
HOUK
HOUL A
HOULKA
HOURGLASS
MOUSE MOUNTAIN
HOUSER
HOUS TAKE
HOUSTON
HOUSTON BLACK
HOVDE
HOVEN
HOVENWEEP
MOVERT
HOVEY
HOWARD
HOWCAN
HOWE
HOMELL
HOWLAND
HOWSON
HOYE
HOYLETON

THVO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
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HOYPUS

HOVTVILLE

HUALAPAL

HUB

HUBBARD

HUBBARD TON

HUBBELL

HUBERL Y

HUBERY

HUBLERSBURG

HUCKLEBERRY

HUDSON

HUECO

HUEL

HUENEME

MUENEME s DRAINED

HUERFANO

HUEY

MUFF INE

HUFFMAN

HUFF TON

HUGGINS

HUGHES

HUGHESVILLE

HUGO

HUGUSTON

HUICHICA

HUICHICAs PONDED

HUIKAU

HUK ILL

HULETT

HULLS

HULLTY

HULUA

HUM

HUMACAO

HUMATAS

HUMBARGER

HUMBIG

HUMBIRO

HUMBOLDT

HUMBOLDT»
MODERATELY WETs
SAL INE=ALKALI

HUMBOLD T
MODERATVELY WET s
SALINE

HUMBOLDT» SALINE

HUMBOLODYs
MODERATELY WET

HUMBOLDTo DRAINED

HUMDUN

HUMES TON

HUMMINGTON

HUMPHREYS

HUMP TULIPS

HUMSKEL

HUN

HUNCHBACK

HUNEWILL

HUNGRY

HUNNTON

HUNTERS

HUNTIMER

HUNTENG

MUNTEINGTON

HUNTMOUNT

HUNTSBURG

HUNTSVILLE

HUPP

HURDS

HURLBUT

HURLEY

HURR I CANE
HURST

HUSE

HUSSAs CLAYEY
SUBSTRATUM
HUSSAs SALINE
HUSSA» MODERATELY
WET

HUSSAs DRAINED
HUSSA» SANOY
SUBSTRATUM
HUSSHAN

HUSUM

HUTCHEINSON

HUTSON

MODIF IERS SHOWMo E.Goe BEDROCK SUBSTRATUM:, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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HUTT
HUTTON
HUXLEY
HUYSINK
HYANNIS
HYAS
HYATTVILLE
HYDE
HYDER
HYDRO
HYE
HYLOC
HYMAS
HYRUM
HYSHAM
IAO
IBERIA
ICARIA
I1CENE
ICHBOO
ICHE TUCKNEE
ICICLE
1DA
IDABEL
IDAMONT
IDEE
IOLEWILD
IDLEWILDs
IDMON
IGDELL
IGERT
IGNACIO
ie0
IGUALDAD
IMLEN
1JAM
ILACHETOMEL
ILDEFONSO
ILES
ILIFF
ILIILI
ILION
ILLABOT
ILLER
ILTON
ILWACO
1KA
IMBLER
IMLAY
IMMie
IMMOKALEE
IMMOKALEE »
DEPRESSIONAL
IMMOKALEE »
L IMES TONE
SUBSTRATUM
1MOGENE
THONIL
IMPACT
IMPERIAL
INAVALE
INCELL
INCHAU
INCY
INDART
INDIAHOMA
INDIAN CREEK
INDIANG
INDIANOLA
INDIO
INDUS
INEZ
INGALLS
INGENIO
INGERSOLL
INGRAM
INKLER
INKOM
INKOMs DRAINED
INKOSR
INKS
INKSTER
INMACHUK
INMAN
INMO
INNINGER
INPENDENCE
INSAK

DRAINED

NOTES:

HOD IF IERS SHOWN»
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TABLE 7.1-~-HYDROLOGIC GROUPS OF THE SOILS OF

INSKIP
INSULA
ENTERIOR
INTON
INVERNESS
INVERSHIEL
INVILLE

I0

JIOLEAU

IONA

IONIA

10sco

I0SEPA

I07TLA

IPAGE

IPANO

IPAVA

EPISH

IPSON
IPSWICH

IRA

IRAAN
IREDELL
IRELANO
IRETEBA
IRIGUL

IRIM

IRMUL CO
IROCK

IRON BLOSSOM
IRON MOUNTAIN
IRON RIVER
IRONCOD
TRONDALE
IRONTON
IROQUOIS
IRRAWADDY
IRRIGON

IRV INE
IRVINGTON
IRWIN

ISAAC
ISABELLA
ISAN

ISANTI
ISBELL

ISHI PISHI
ISHPEMING
ISKNAT
ISLAND
ISLOTE
ISOLDE

1SOM

ISTER
ISTOKPOGA
ITAND

ITASCA

ITAT

I7CA

ITHACA
ITSWOOT

TUKA

IVA

IYAN

IVANELL
IVER
IVES
IVES,
IVES,
IVINS
IYRES
1ZAGORA
1ZEE

120
T1ZUSER
JABU
JACAGUAS
JACANA
JACEE
JACINTO
JACK CREEK
JACKEY
JACKMAN
JACKNIFE
JACKPORT
JACKS
JACKSON
JACOB

WEY
FLOODED
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JACOBSEN
JACOBY
JACOY
JACQUES .
JACQUITH
JACRATZ
JACWIN
JADIS
JAGUEYES
JAL
JALMAR
JAMES
JANES CANYON
JAMES CANYON»
DRAINED
JAMESTON
JANISE
JANISE» OVERBLOWN,
DRAINED
JANISE,»
JANISE»
JANSEN
JANUDE
JANUDE» CLAY
SUBSTRATUM
JARAD
JAREALES
JARITA
JARMILLO
JAROLA
JAROSO
JARRE
JARRON
JASCO
JASON
JASPER
JAUCAS
JAVA
JAWBONE
JAY
JAYAR
JAYBEE
JAYEL
JAYEM
JAYNES
JEAN
JEAN LAKE
JEANERETTE
JEBO
JEDD
JEDDO
JEFFERS
JEFFERSON
JEFFREY
JEKLEY
JEMEZ
JENA
JENKINS
JENK INSON
JENNESS
JENNINGS
JENNY
JERAG
JERAULD
JERICHO
JEROME
JERRY
JERRYSLU
JERU
JESSE CAMP
JESSUP
JETSTER
JETT
JEWETY
JIGGS
JILSON
JIn
JINBO
JIMEK
JIMENEZ
JIMLAKE
JIMSAGE
JIMTOWN
JIPPER
JIVAS
JOACHEM
JO8
JOBOS

DRAINED
OVERBLOWN
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JOBPEAK
JOCITY
JOCKOD
JODERO
JOEL
JOENEY
JOES
JOHNNIE
JOHNS
JOHMNSBURG
JOHNSON
JOHNSTON
JOHNSWOOD
JOICE
JOINER
JOKDODOWSK I
JOLAN
JOLIET
JONALE
JONAS
JONATHAN
JONCA
JONDA
JONES

JONESVILLE
JOPLIN
JOPPA
JORDAN
JORGE

JORY

JOSBURG
JOSEPHINE
JOSHUA

JOSIE
JOSLIN
JOURDANTON

JOWEC

JOov

Juap

JUANA DIAZ

JUBILEE
JUBILEE,
JUBILEE .

JUBILEE,
JUBILEE»
JUBILEE.
JUDA
JubdD
JUDELL
JUDICE
JUDITH
JUDITH, BEDROCK
SUBSTRATUM
JUDITHs GRAVELLY
JUDITH. COBBLY
JUDKINS

JUDSON

JUDY

Jue

JUGET

JUGHANDLE

JUGSON

JULES

JULESBURG

JULIN

JUMBO

JUMPE

JUMPER

JUMPOFF

JUNCAL

JUNCOS

JUNCT 10N

JUNEAV

JUNG
JUNIPERBUTE
JUNIPEROD

JUNIUS

JUNKETT

JUND

JUNQUITOS
JUPITER

JURA

JURVANNAH
JUSTESEN

JUSTIN

JUVA

JUYAN

KAALUALY

CLAYEY
WET
DRAINED
FLOODED
GRAVELLY

TW0 HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATIOM.
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KACHEMAK
KACHESS
KADE
KADLETZ
KADOKA
KAENA
KAFING
KAHALUU
KAHANA
KAHANUI
KAHLER
KAHLOTUS
KAHOLA
KAHUA
KAIDERS
KAILUA
KAIMU
KAINALIU
KAIPOIOI
KAIWIKI
KALAE
KALALOCH
KALAMA
KALAMAZOO
KALAPA
KALAUPAPA
KALIFONSKY
KALIGA
KALIHI
KALISPELL
KALKASKA
KALLIO
KALMARVILLE
KALMIA
KALOKO
KALONA
KALSIN
KALSTED
KAMACK
KAMAKDA
KAMAN
KAMADA
KAMAOLE
KAMAY
KAMELA
KAMIE
KAMPYILLE
KAMRAR
KANAKA
KANAPAHA
KANARANZI
KANARRA
KANAWHA
KANDALY
KANDIK
KANE
KANEBREAK
KANEOHE
KANEPUU
KANER
KANGAS
KANID
KANIKSU
KANIMA
KANKAKEE
KANLEE
KANONA
KANOSH
KANTISHNA
KANUTCHAN
KANZA
KAPAA
KAPAPALA
KAPAPALA, BEDROCK
SUBSTRATUM
KAPIN
KAPDD
KAPOWSIN
KAPTURE
KAPUHIKANI
KARAMIN
KARANKAWA
KARCAL
KARDE
KARLAN
KARLIN
KARLO
KARLSBURG

EeGeo BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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KARLSTAD
KARLUK
KARMA
KARNAK
KARNES
KARRO
KARS
KARSHNER
KARTAR
KASEBERG
KASHWITNA
KASILOF
KASKI
KASOTA
KASSLER
KASSON
KATAMA
KATENCY
KATHER
KATO
KATSEANES
KATULA
KATY
KAUDER
KAUFMAN
KAUKAUNA
KAUPO
KAUPPI
KAVETT
KAWAIHAE
KAWAIMAPAL
KAWBANWGAM
KAWICH
KAWKAWLIN
KAYO
KEAAU
KEAHUA
KEALAKEKUA
KEALIA
KEARL
KEARNS
KEARSARGE
KEATING
KEAUKAHA
KEAWAKAPY
KEBLER
KECH
KECKO
KECKSROAD
KEDA
KEDRON
KEECHELUS
KEECHI
KEEFERS
KEEI
KEEKEE
KEEL
KEELDAR
KEELE
KEENE
KEENO
KEESE
KEESEHA
KEEWATIN
KEG

KEGEL
KEGEL» DRAINED
KEGONSA
KEHENA
KEHOE
KEIGLEY
KE ISER
KEITH
KELITMVILLE
KEKAHA
KEKAKE
KELK
KELLER
KELLY
KELSO
KELTNER
KELTYS
KELVIN
KEMAN
KEMMERER
KEMOO
KEMP
REMNPSVILLE

NOTES:
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TABLE 7.1-~HYDROLOGIC GROUPS OF THE SOILS OF

KENATL
KENANSVILLE
KENDAIA
KENDALL
KENDALLVILLE
KENDRICK
KENESAW
KENMOOR
KENN
KENNAN
KENNEBEC
KENNER
KENNEWICK
KENNEY
KENNEY LAKE
KENO
KENOMA
KENSAL
KENSETY
KENSPUR
KENT
KENUSKY
KENYON
KEO
KEOKUK
KEOMAH
KEOTA
KEOWNS
KEPLER
KERBER
KERBY
KERMIT
KERNAN
KERRICK
KERSHAW
KERSICK
KERSTON
KERTY
KESSLER
KESSON
KESTERSON
KESWICK
KETCHLY
KETCHUM
KETONA
KETTENBACH
KETTLE
KETTLEMAN
KETTNER
KEUTERVILLE
KEVANTON
KEVIN
KEWAUNEE
KEWEENAW
KEYA
KEVES
KEYMER
KEYPORT
KEYSTONE
KEZAN
KEZAR
KIAKUS
KIAMICHI
KIAWAM
KIBBIE
KIBESILLAN
KICKAPOO
KICKERVILLE
KIDD
KIDDER
KIDMAN
KIEML
KIESEL
KIETZKE
KIEY
KIKONT
KILAGA
KILARC
KILAVEA
KILBURN
KILCHIS
KILDOR
KILFOIL
KILGORE
KILKENNY
KILLBUCK
KILLOUFF
KILLEY

N\
i

PONBO>PNODO>PNNBONDINDIBINADONN t'ﬂ >PO0NA>00NAPD NP0V DODN>000000TI>DON>PN
-

o® Q SONNNDPODNOBOMN>DD0PIOD
-

KILLPACK

KILMANAGH

KILMER
KILMERQUE

KILN

KILOA

KILOHANA

KILOWAN
KILWINNING

KIiM

KIMe
ELEVATION>E500

KIMs SALINE

KIMs, COOL

KIMAMA

KIMBALL

KIMBERLINA

KIMBERLY

K IMBROUGH

KIMMERLING

KIM0

KINA

K INCHELOE

KINCO

KINDER

KINDIG

KEINDY

KINESAVA

KINGF ISHER

K INGHORN

KINGILE

KING INGHAM

KINGMAN

K INGMONT

K INGS

K INGSBURY

K INGSDOWN

K INGSLAND

KINGSLEY

KINGSTON

KINGSVILLE

KINGTAIN

K INKEAD

K INKEL

K INKEL»

KINKORA

K INMAN

K INNEAR

KINNEY

KINROSS

KINSTON

KINTA

KINTON

KINZEL

KIOMATIA

KIONA

KIOWA

KIPER

KIPLING

KIPPEN

KIPSON

KIRBY

KIRBYVILLE

KIRK

KIRKENDALL

KIRKHAM

KIRKLAND

KIRKSEY

KIRKVILLE

KIRLEY

KIRTLEY

KIRVIN

KIRVINs GRADED

KISATCHIE

KISHONA

KISHONAs ALKALIL

KISRING

KISRINGs WET

KISSICK

KISTIRN

KITCHELL

KITCHEN CREEK

KIvl

KITSAP

KITTERLL

KITTITAS

KIVTITASs DRAINED

KITTREDGE

GRAVELLY
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KITTSON
Kiva
KIWANIS
KIZHUYAK
KJAR
KLABER
KLABER» DRAINED
KLADNICK
KLAMATH
KLAUS
KLAWASI
KLAWATTI
KLAWMOP
KLAVENT
KLEINBUSH
KLEJ
KLICKER
KLICKITAY
KLICKSON
KLINE, COBBLY
KLINE, PROTECTED
KLINESVILLE
KLINGER
KLONE
KLOOCHMAN
KLOOTCH
KLOOTCHIE
KLOTEN
KLUG

KLUM
KLUMP
KLUTINA
KNAPKE
KNAPPA
KNAPPTON
KNEELAND
KNIFFIN
KNIGHT
KNIK
KNIKLIK
KNIPPA
KNOB MILL
KNOBTOP
KNOCO
KNOKE
KNOLLE
KNOTT
KNOWLES
KNOX
KNULL
KNUTSEN
KOBAR
KOBEH
KOBEL
KOCH
KOCHes DRAINED
KODAK
KODIAK
KODRA
KOEHLER
KOELE
KOEPKE
KOERL ING
KOERTH
KOETHER
KOFA
KOGISH
KOHALA
KDKAN
KOKEE
KOKERNOTV
KOKO
KOKOKAMI
KOKOMO
KOLAR
KOLBERG
KOLEKOLE
KOLIN
KOLLS
KOLLUTUK
KOLOA
xoLoe
KOLOKOLO
KOLOMOKI
KOMD

KONA
KOMAWA
KONERT

THO HYDROLOGIC SCIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UMDRAINED SITUATION.
HODIFIERS SHOWNs E<Goo BEDROCK SUBSTRATUM., REFER VO A SPECIFIC SOIL SERIES PMASE FOUND IMN SOIL MAP LEGEND.
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KONERT» ORAINED
KONNER
KONNERs DRAINED
KONOCTI
KONS IL
KOOLAV
KOOMICH
KOONTZ
KOOSHAREN
KOOSK1IA
KOOTENAX
KOPIE
KOPPERL
KOPPES
KORCHEA
KORENTY
KORNMAN
KOROBAGOD
KORONIS
KORTTY
KOSCIUSKOD
KOSETH
KOSsSE
KOSSUTH
XKOSZTA
KQv0
KOTZMAN
KOVICH
KOVEN
KOVNIK
KOYURUK
KRADE
KRAKON
KRAM
KRANSK 1
KRANZBURG
KRATKA
KRAUSE
KREAMER
KREBS
KREM
KREMLIN
KRESSON
KREVENHAGEN
KRIER
KRIEST
KRONEN
KRUEGER
KRUM
KRUSE
KUBE
KUBLER
KuBL I
KUCERA
KUCK
KUDLAC
KUHL
KUKATAU
KUKAIAU» BEDROCK
SUBSTRATUM
KULA
KULLIT
KULSHAN
KUMA
KUMATON
KUNAYOSH
KUNIA
KUNUNELA
KUNZ
KUPREANOF
KUREB®
KURO
KURT2
KUSKORWIR
KUSL INA
KUTCH
KUTLER
KUY
RYICHAK
KWEOD
KYBURZ
KYDAKA
KYLE
KYLER
LA BRIER
LA FARGE
LA FONDA
LA GRANDE
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7.22

LA HOGUE
LA LANDE
LA PALMA
LA POSTA
LA PRAIRIE
LA ROSE
LABENZO
LABETTE
LABISH
LABISKI
LABOUV
LABOUNTY
LABRE
LABSHAFT
LABU
LABUCK
LACAMAS
LACAMAS» DRAINED
LACERDA
LACHAPELLA
LACITA
LACKAWANNA
LACLEDE
LACONNER
LACOOCHEE
LACOSTE
LACOTA
LACRESCENT
LACY

LADD
LADELLE
LADNER
LADOGA
LADUE
LADYSMITH
LAFE
LAFITTE
LAG
LAGLORIA
LAGNAF
LAGONDA
LAGRANGE
LAGROSS
LAGUNITA
LAGUNITA

LAGUNITA. STRONGLY

SALINE
LAGUNITA, WET
LAHAINA
LAHONTAN
LANRITY
LAIDIG
LAIDLAY
LAIL
LAIRD
LAIRDSVILLE
LAJARA
LAJITAS
LAKE
LAKE CMARLES
LAKE CREEK
LAKE JANEE
LAKEHELEN
LAKEHURSY
LAKELAND
LAKEMONT
LAKEPORY
LAKESHORE
LAKESIDE
LAKESOL
LAKETON
LAKEVIEW
LAKE¥YIN
LAKE®OO0D
LAKT
LAKIN
LAKDA
LAKORA
LAKRIDGE
LALAAY
LALINDA
LALLIE
LAM
LAMA
LAMANGA
LAMNAR
LAMARSH
LAMARYVINE

NUTES:
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

LAMAWA
LAMBERT
LAMBETH

LAMBMAN

LAMBRING
LAMEDEER

LAMINGTON

LAMKIN

LANMOD

LAMOILLE

LAMOND I

LAMONT

LAMONY

LAMONTA

LAMOYTE

LAMOURE

LAMPHIER

LAMPSHIRE

LAMSON

LANARK

LANCASTER

LANCE

LAND

LAND»

LAND»

LANDCO

LANDER

LANDES

LANDLOW

LAMDMAN

LANE

LANEY

LANGs CLAYEY
SUBSTRATUM

LANG, MODERATELY
WET

LANGFORD

LANGKE ]

LANGL ADE

LANGLODIS

LANGOLA

LANGRELL

LANGSPRING

LANGSTON
LANGTRY

LANIER

LAMIGER
LANKBUSH

LANKIN

LANKTREE

LANOAK

LANSDALE
LANSDOWNE
LANSING

LANTERN

LANTIS

LANTON

LANTONIA

LANTRY

LANTZ

LANVER

LANYON

LAP

LAPARITA
LAPDUN

LAPED

LAPEER

LAPHAMN

LAPINE

LAPLATTA

LAPON

LAPORTE

LAPOSA

LARAND
LARCHMOUNT
LARDELL

LAREDO

LARES

LARGD

LARIAT

LARINM

LARINER

LARKIN

LARKSON
LARMINE
LAROQUE

LAROSE

LARRY

WET
DRAINED
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LARRY. DRAINED
LARSON
LARTON

LARUE

LARUSH
LARVIE

LAS
LAS
LAS
LAS
LAS
LAS
LASA
LASALLE
LASAUSES
LASIL

LASSEL
LASSEN
LASSITER
LASTANCE
LATAH
LATAHCO
LATANIER
LATCH
LATENE

LATES
LATHAM
LATHER
LATHROP
LATINA
LATIUM
LATOM
LATONIA
LATOUCNE
LATOURELL
LATTAS

LATTY
LAUDERDALE
LAUDERHILL
LAUGENOUR
LAUGHL IN
LAUMATA
LAUREL
LAURELWOOD
LAUREN
LAURENTZEN
LAVACREEK
LAVALLEE
LAVATE
LAVEEN
LAVERKIN
LAVIC
LAVIRA

LAWAL

LAYET

LAYWLER
LAWNDALE
LAWNWOOD
LAWRENCE
LAYRENCEVILLE
LAWSHE
LAWSON
LAWTHER
LAYTON
LAVWYER

LAX

LAXAL
LAXTON
LAYCOCK
LAYTON
LAYVIEW
LAZEAR

LE BAR

LE SUEUR
LEA

LEADER
LEADPOINT
LEADVALE
LEADVILLE
LEAF

LEAFU
LEAGUEVILLE
LEAKSVILLE
LEAL
LEALANDIC
LEANNA
LEANTO
LEAPS

ANIMAS
FLORES
LUCAS
POSAS
VEGAS

NEH NOTICE 4-104. JULY 1982
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REFER TO A SPECIFIC SOIL

THE UNITED STATES

LEATHAM
LEATHERMAN
LEAVENWORTH
LEAVITY
LEAVITTYVILLE
LEBANM
LEBANON
LEBEAV
LEBEC
LEBOD
LEBSACK
LECK KILL
LEDFORD
LEDGE FORK
LEDMOUNY
LEDOW
LEDRV
LEDUB
LEDUCK
LEDWITH
LEE
LEEBENCH
LEEDS
LEEFIELD
LEELANAV
LEEMONT
LEEPER
LEERAY
LEESBURG
LEETONIA
LEEVAN
LEFOR
LEGAULT
LEGLER
LEGORE
LEMHEW
LEHIGH
LEHMANS
LENHR
LEICESTER
LEIDL
LEIGHCAN
LEILEMHUA
LEISY
LELA
LELAND
LEMAH
LEMCO
LEMERT
LEMETA
LEMING
LEMM
LEMOND
LEMONE X
LEMOORE
LEN
LENA
LENAPAN
LENAWEE
LENAWEE » PONDED
LENBERG
LENNEP
LENOIR
LENZ
LENZ, STONY
LENZBURG
LEO
LEOLA
LEON
LEON.
FLOODED
LEONARD
LEONARDO
LEONARDTOWN
LEONI
LERDAL
LERDO
LEROY
LERROW
LESHARA
LESHO
LESLIE
LESON
LESTER
LESWILL
LETA
LETCHER
LETHA

TWO MYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
MODIFIERS SHOWNe EoGoo BEDROCK SUBSTRATUM,

OCCASIONALLY
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LETHENT
LETNEY
LETON
LETORY
LETRI
LETTIA
LEVASY
LEVELTON
LEVERETY
LEVIATHAN
LEVY

LEW

LEWIS
LEVWISBERRY

LEWISBURG

LEWISTON

LEWISVILLE

LEWKALB

LEX

LEXINGTON

LEXTON

LEYBA

LEYDEN

LIBBINGS

LIBEG

LIBERAL

LIBORY

LIBRARY

LIBUSE

LICK

LICKDALE
LICKING *

LICKSKILLET

LICKSKILLET»

LICKSKILLET,
NONSTONY

LIDDELL

LIDDIEVILLE

LIDY

LIEN

LIGGET

LIGHTNING

LIGNUM

LIGON

LIGURTA

LIHEN

LIHUE

LIKES

LILAH

LILBERTY

LILBOURN

LILLINGTON

LILY

LIMA

LIMBER

LIMERICK

L IMON

LIMON, WET

LIMONs NONFLOODED

LIMONES

LINPIA

LINCO

LINCOLN

LINDAAS

LINDALE

LINDELL

LINDEN

LINDER

LINDLEY

LINDRITH
LINDSIDE
LINDSTROM

LINDY

LINE

LINEVILLE
LINGANORE
LINHART
LININGER

LINKER
LINKVYILLE

L INNE

LINNET

LINNEUS

LINO

LINOYER

LINROSE

LINSLAW

LINT

SERIES PHASE FOUND IN SOIL MAP LEGEND.
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

THE UNITED STATES

LINTON B8 | LOLEKAA 8 | Louscor 8 LYFORD C ) MAKAPILI 8
LINVELDY 8 | Lowo 8 | LOUVIERS D LYKENS C | MAKAWAD B
LINVILLE 8 | LoLON 8 | LOovEJOY LYLES B8/0| MAKAWELI 8
LINVELL C | LOmA € | LOVELACE 8 LYMAN C/D|) MAKENA 8
LINYOOD A/D| LOMAK] 8 | LOVELAND C LYMANSON C | MAKI C
LIPAN D | LOMALTA 0 | LOVELL o LYME C | MaKiIKI 8
LIPKE D | LOMART B | LOVELOCK B/D| LYNCH 0 | MAKLAK A
LIPPINCOTT B/D| LOMAX B8 | LOVELOCKs SALINE -] LYNCHBURG C | MAKOTI 8
LIPPITY C | LOMETA € | LOVELOCK, B LYNDEN A | WAL Cc
LIRIOS B | LOMIRA 8 | SALINE-ALKALI LYNN HAVEN 8/0] MALA L]
LISADE B | LOMITAS D | LOVELOCK, 8 LYNNE B/D| MALABAR 8/0
LISAM D | LOMOINE D | MODERATELY VWET LYNNVILLE C | MALABON C
LISBON 8 | LOMOND B | LOVEWELL 8 LYNN®OO0D A | MALACHY 8
LIsSCOo € | LomPICO B | LOVLINE c LYNX B | MALAGA A
LISCOMB 8 | LONCAN C | LOWELL c LYDNMAN C | mMALAMA A
LISK 8 | LONDO C | LOWERCREEK A LYONS D | MALARGO ]
LISMAS D | LONDONDERRY C/D) LOWLEIN B8 LYONSVILLE B | MALAYA 4]
LISMORE B8 | LONE € | LOWNDES -] LYRA D | MALBIS 8
LITCHFIELD A | LONE ROCK A | LOWRY 8 LYRE B8 | MALCOLM ]
LITHGOW C | LONEPINE 8 | Lows 8 LYSTAIR B | MALDEN A
LIVIMBER B | LONERIDGE C | LOWVILLE B LYTELL 8 | MALEZA ]
LITLE D | LONERIDGE. COOL B | Lox C LYVILLE B | MALHEUR C
LITRO D | LONESTAR B | LOXLEY A MABANK D | MALIBU ]
LITTLE MORN € | LONETREE A | LOvVAL B MABEN C | MALIN ]
LITTLE POLE D | LONEWOOD B | LOYALTON V] MABI D | MALJAMAR B
LITTLE wOoOD 8 | LONGCREEK 0 | LOYSVILLE [+] MABRAY D | MALM C
LITTLEBEAR B | LONGDOE | Loza [ MACADO 0 | MALO B8
LITTLEJONN C | LONGFORD € | Lozano B MACAR B | MALOTERRE ]
LITTLETON B | LONGJIM D | LOZIER ] MACAREENO C | MALOY 8
LITTSAN C | LONGLOIS B | LUALUALEI D MACE B | MALPAILS L]
LivTz C | LONGMARE D | LUANA B MACEDONIA 8 | MALSTROM ]
LIV D | LONGMONT C | LuseocCkK B MACFARLANE B8 | MALVERN C
LIVENGOOD B | LONGRIE 8 | LUBRECHT € MACHETE C | MAMALA ]
LIVERMORE 8 | LONGVAL B8 | LUCAS ] MACHIAS B | MaMDU c
LIVIA D | LONGVIEW € | LUCEDALE -] MACHUELD D | MANAHAA <
LIVINGSTON D | LONIGAN B | LUCERNE B MACK C | MANAHAWKIN D
LIVONA 8 | LONJON 8 | LUCERO B MACKEN D | MANANA C
LIZZANT B8 | LONNA B | LUCIEN o MACKEY C | MANARD [
LLANOS C | LONOKE B | LUCILE A MACKINAC B | MANASSA C
LOARC B8 | LONTI D | LUCKENBACH C MACKSBURG B | MANASSAS -]
LOBDELL B | LOOKINGGLASS C | LUCKIAMUTE [} MACMEAL B | MANATEE o
LOBELVILLE € | LooKkouY C | LUCKY C MACOMB B8 | MANAWA [
LOBERG C | LOOMER D | LUCKY STAR -] MACOMBER C | MANBURN [}
LOBERT 8 | LOOMIS D | LUCKYRICH B MACON B | MANCELONA A
LosiIvosS C | LOPER C | Lucy A MADALIN D | MANCHESTER A
Loso o | LoPEZ 0 | LUDDEN D MADAWASKA 8 | MANDAN ]
LOBURN D | LOPWASH B | LUDINGTON B8 MADDEN C | MANDARIN 8/0
LOCANE D | LORACK 8 | LUDLOW c HMADDOCK A | MANDERFIELD B8
LOCEY € | LORADALE C | LUEDERS C MADELIA B/D| MANDEVILLE B
LOCHLDOSA € | LORAIN C/D) LUFKIN D MADEL INE D | MANET B
LOCHSA B | LORAN 8 | LUGERT 8 MADERA D | MANFRED 4]
LOCKE 8 | LORDSTOWN C | LUHON 8 MADGE B | MANGUM o]
LOCKERBY C | LOREAUVILLE C | LUKE C MADILL B | MANHATTAN A
LOCKHART 8 | LORELLA D | LuLa 8 MADISON B8 | MANHEIM C
LOCKMAN B | LORENA B | LULING D MADONNA C | MANI c
LOCKPORT D | LORENZO ® | LULUDE -] MADRAK C | MANILA C
LOCKTON 8 | LORETTO 8 | LUMBEE -] MADRAS C | MANISTEE A
LOCK®WOOD 8 | LORING C | LumMl ] MADRID B | MANITA C
LOCKW0O0D, WEY C | LORMAN D | LUMMIs DRAINED C MADRONE C | MANITOWISH B
LOCO C | LOS ALAMOS B | LUNA C MADUREZ B | MANLEY 8
LOCODA D | LOS BANOS C | LUNCH C MAES C | mANL1US c
LOCUST C | LOS GATOS C | LUNDER ] MAGALLON A | MANN 8/0
LODALLEY D | LOS GATOS» B | LUNDS C MAGENS B | MANNING B
LODAR D | GRAVELLY | LUNDY [+] MAGGIE D | MANOGUE D
LODI 8 | LDS GUINEOS C | LUNT C MAGGIN C | MANDR ]
Lopo D | LOS 0SOs C | LUPE B MAGHILLS B | MANSELO 8
LOFFTUS C | LOS ROBLES B | LUPINTO 8 MAGIC D | MANSFIELD -]
LOF TON D | LOS TANOS C | LUPINTOs SALINE C MAGINNIS D | MANSIC ]
LOGAN D | LOSEE 8 | LUPOYOMA B MAGNA D | MANSKER 8
LOGDELL B | LOSTINE B | LUPPIND ] MAGNOR C | MANTACHIE c
LDGGERT A | LOSTVALLY C | LUPTON MAGNUS C | MANTECA c
LOGHOUSE B | LOSTWELLS 8 | LURA MAGOTSU D | MANTED cs0
LOGY B | LOSTWELLSs WEY 0 | LURAY MAHALASVILLE B/D| MANTER -]
LOMLER € | LOTHAIR C | LURNICK C MAHANA B8 | MANU [ <
LOHMILLER ¢ | Lorvy € | LUTE D | MAHASKA B | MANVEL B
LOMNES A | LOUDERBACK C | LUTH C | MAHONING D | MANVELs SALINE [
LOMHSMAN D | LOUDONM € | LUTHER B | MAHTOMEDI A | MANZANITA (<
LOIRE 8 | LOUDONVILLE C | LUTIE B | MAHTOWA C/D| MANZAND B
LOKEN 8 | LOUELLA B8 | LUTON 0 | MAHUKONA 8 | MANZANDLA (<
LOKERN C | LOUGHBOROD C | LUTTERLOH C | MAIA B | MAPLE MOUNTAIN 8
LOKERN» D | LOUGHTY 8 | LUTZKE B8 | MAIDEN C | MAPLETON c/0

SALINE-ALKALI» | LOUVIE C | LUVERNE C | MAILE A | MARAGLADE <

WET | LOVIN 0 | LUXOR D | MAINSTAY D | MARAGUEZ B
LOKERN» 0 | Loulsa B | LUZENA D | MAITLAND B | MARATHON B

SALINE-ALKALI | LOVISBURG 8 | LYBROOK D | MAJADA B | MARBLE A
LOKOSEE 8/D| LouP D | LYDA D | MAKAALAE B | MARBLEMOUNT 8
LOLAK D | LouPLOUP ® | LYDICK B8 | MAKAH B | MARCELINAS ]
LOLALLITA B | LOURDES C | LYERLY D | MAKALAPA D | MARCELLON C
NOTES: TWO WYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWNe E«Gos BEDROCK SUBSTRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
NEH NOTICE 4-104, JULY 1982
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MARCETTA B | MARVYN B | MAYODAN B | MCLAIN C | MENDON
MARCIAL D | MARY C | MAYOWORTH € | MCLAURIN B8 | MENDOTA
MARCOLA C | MARYSLAND B/D| MAYQUEEN A | MCLEOD B | MENEFEE
MARCONI C | MASADA C | MAYSDORF 8 | MCLOUGHLIN B | MENFRO
MARCOTT C | MASARDIS A | MAYTOWN B | MCHMEEN € | MENLOD
MARCUM C | MASARYK A | MAYVILLE B | MCMULLIN C | MENO
MARCUS B/D| MASCANP D | MAYWOOD 8 | MCMULLINs WARM D | MENOKEN
MARCUS» ALKALI. D | MASCARENAS C | MAZASKA C/D| MCMURDIE C | MENOMINEE
WEY | MASCHETAM B | MAZUMA 8 | MCMURRAY D | MENTO
MARCUSE D | MASCOTTE 8/0| MC BETH D | MCHMURRAY, DRAINED C | MENTOR
MARCY D | MASCOTTE. B | MC CORT ® | MCNARY D | MENZEL
MARDIN C | DEPRESSIONAL | mcaree C | MCNEAL 8 | MEQuON
MARENGO C/D| MASCOTTE, B/D| MCALLEN C | MCNuULL C | MER ROUGE
MARESUA 8 | OCCASIONALLY | MCALLISTER C | MCNULTY B | MERCED
MARGATE B8/D] FLOODED | MCALPIN C | McPauL B | MERCEDES
MARGERUM B | MASET B | MCBEE C | MCPHIE 8 | MERCER
MARGO B | MASHAM D | MCBEE. LOAMY 8 | MCQUARRIE D | MERCEY
MARIAs DRAINED 8 | MASHEL C | SUBSTRATUM | MCQUEEN C | MERDEN
MARIA. FLOODED B | MASHULAVILLE B/D| MCBIGGAM C | MCRAE ® | MEREDITH
MARIAs CLAY C | MASKELL B8 | MCBRIDE 8 | MCRAVEN C | MERETA
SUBSTRATUM | MASON B8 | MCCAFFERY A | MCVEGAS D | MERGEL
MARIANA C | MASONFORT D | MCCAIN € | MCVICKERS C | MERIDIAN
MARIAS D | MASSANETTA B | MCCALE® 8 | MEAD D | MERINO
MARIAVILLE D | MASSBACH 8 | MCCALL B | MEADIN A | MERKEL
MARICAO B | MASSENA C | MccaLLy D | MEADLAND C | MERLIN
MARICOPA B8 | MASSIE D | MCCAMMON C | MEADOWCREEK C | MERMILL
MARIETTA € | MASTERSON 8 | MCCANN B | MEADOWLAKE C | MERNA
MARILLA C | MATAGORDA D | MCCAREY € | MEADOWVILLE B | MERDS
MARIMEL C | MATAMOROS € | MCCARRAN ® | MECAN B | MERRICK
MARIMEL., DRAINED B | MATANUSKA B | MCCARTHY B | MECHANICSBURG C | MERRILL
MARINA 8 | MATANZAS 8 | MCCASH 8 | MECKESVILLE C | MERRILLAN
MARINE C | MATAPEAKE 8 | MCCLAVE C | MECKLENBURG C | MERRIMAC
MARION D | MATAWAN € | MCCLEARY D | MECOSTA A | MERRITY
MARIPOSA C | MATCHER A | MCCLELLAN 8 | MEDA 8 | MERSHON
MARISCAL O | MATFIELD c | MccLoup C | MEDANO C | MERTON
MARISSA C | MATHERS B | MCCLURE C | MEDAND» FLOODED D | MERTZ
MARKES D | MATHERTON 8 | MCCOIN D | MEDARY C | MERWIN
MARKESAN B | MATHESON B | mMmccoLL D | MEDBURN B | MESA
MARKE T D | MATHIAS B | MCCOLLUM B | MEDCO D | MESABA
MARKEY A/D| MATHIS € | MCCONNEL 8 | MEDFORD B | MESCAL
MARKHAM C | MATHISTON C | mccook 8 | MEDFRA D | MESCALERO
MARKLAND C | MATHON B | MCCORY B | MEDICINE B | MESEI
MARKTON C | MaTOY c | Mccoy C | MEDLEY B | MESPUN
HARLA D | MATTAMUSKEET D | MCCOYSBURG 8 | MEDLIN D | MESSER
MARLAKE D | MATTAPEX C | MCCREE B | MEDOMAK D | MET
MARLBORO B | MATTAPONI C | MCCRORY O | MEDORA 8 | METAMORA
MARLEAN B | MATUNUCK D | MCCROSKETY B | MEDWAY B | MEVCALF
MARLETTE 8 | mMau C | MCCULLOUGH B | MEEGERD B | METEA
MARLOW C | MAUDE 8 | MCCULLY C | MEEMAN B | METH
MARLTON C | MAUGHAN C | MCCUMBER 8 | MEEKS B | METIGOSHE
MARMARTH B | MAUKEY C | MCCUNE O | MEEVEETSE D | METOLIUS
MARNA D | MAULDIN D | MCDANIEL 8 | MEGALOS D | METRE
MAROSA 8 | MAUMEE A/D| MCDOLE 8 | MEGGETTY D | METZ
MARPA C | MAUNABO D | MCDONALD C | MEGONOT C | METZs SILTY
MARQUE TTE A | MAUPIN C | MCDONALDSVILLE C/D) MEGUIN B | SUBSTRATUM
MARQUEZ € | MAUREPAS D | MCDUFF C | MEHLHORN C | METZ, FLODDED
MARR 8 | MAURICE B | MCELROY B8 | MEIKLE D | METZs GRAVELLY
MARRIOTT B | MAURY 8 | MCEWEN B | MEISS D | SUBSTRATUM
MARSDEN C | MAUSER B | MCFADDEN B | MELAND C | MEXICO
MARSEILLES B | MAUVAIS C | MCFAIN € | MELBDURNE B | MEXISPRING
MARSELL B | -MAVCO C | MCFARLAND 8 | MELBY C | MEYSTRE
MARSHALL B | MAYERICK C | MCFAUL C | MELD € | MHDON
MARSHAN B/D| MAVIE B/D| MCGAFFEY B | MELDER B | MIAMI
MARSHDALE C | MAWAE A | MCGARR C | MELGA O | MIAMIAN
MARSHDALE D | MAWER B | MCGARY C | MELHOMES D | MICANOPY
MARSHDALE s DRAINED C | MAX B | MCGEMEE C | MELITA A | MICCOD
MARSHDALE . COOL D | MAXCREEK B/D| MCGILVERY A | MELLENTHIN D | MICHELSON
MARSHF IELD B/D| MAXEY C | MCGINNIS B | MELLOR D | MICHIGAMME
MARSING B | MAXFIELD 8/D| MCGINTY B8 | MELLORs WET D | MICHIGAMME,
MART B | MAXTOM B | MCGIRK € | MELLORs DRY C | MODERATELY WET
MARTEL D | MAXVILLE 8 | MCGIRKs LOW D | MELLOTT B | MICHIGAMMEs COBBLY
MARTELLA B | MAXWELL D | PRECIPITATION | MELOCHE D | MICKEY
MARTIN C | WAy B | MCGOWAN B | MELOLAND C | MIDAS
MARTIN PENA D | MAY DAY D | MCGRATH 8 | MELON B | MIDCO
MARTINECK D | MAYACAMA C | MCGREW B | MELROSE C | MIDDLE
MARTINEZ D | MAYBERRY D | MCGUIRE 8 | MELTON D | MIDDLEBURY
MARTINI 8 | MAYBID D | MCHENRY B | MELVILLE B | MIDDLETOWN
MARTINSBURG B | MAYDOL B | MCILWAINE B | MELVIN 0 | MIDDLEWOOD
MARTINSDALE B | MAYER B/D| MCINTOSH © | MEMALDOSE C | MIDELIGHT
MARTINSON C | MAYES D | MCINTYRE B | MEMPHIS B | MIDESSA
MARTINSYILLE 8 | MAYFIELD B | MCKAMIE D | MENAHGA A | MIDFORK
MARTINTON C | MAYFLOWER C | MCKAY D | MENARD B | MIDLAND
MARTIS 8 | MAYGER C | MCKENNA D | MENASHA D | MIDMONT
MARTISCO B8/D| MAYHEW D | MCKENNAs DRAINED C | MENBO C | MIDNIGHY
MARTY 8 | MAYMEAD B | MCKRENZIE 0 | MENDEBOURE C | mIDOD
MARVAN D | MAYMEN D | MCKINLEY P | MENDENHALL D | MIDRAW
MARVELL 8 | MAYNARD LAKE A | MCKINNEY C | MENDI B | MIDVALE
MARV IN c | mMavo B | MCKNIGHY B | MENDOCINO B | MIDWAY
NOTES: TWO NVDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWNe EoGeo BEDROCK SUBSTRATUM, REFER VO A SPECIFIC SDIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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MIERHILL C | MIRABAL C | MONDEY C | MDRRISON B | MULTORPOR A
MIESEN 0 | MIRACLE B | MONDOVI B8 | MORRISTOWN C | MUNDAL c
MIESEN., DRAINED C | MIRAGE C | MONEE 0 | MORROW C | MUNDELEIN B
MIFFLIN B | MIRAND D | MONICO C | MORSE D | MUNDEN B
MIGUEL D | MIRANDA D | MONIDA C | MORSET B | MUNDOS B
MIKE D | MIRES B | MONIERCO O | MORTVENSON C | MunDT C
MIKESELL C | MIRKWOOD D | MONITEAU C/D| MORTON 8 | MUNI ")
MIKIM B | MIRROR B | MONITOR € | MORVAL B | MUNISING B
MIKKALO C | MIRROR LAKE A | MONJEAU D | MosBY C | MUNJOR 8
MILAN 8 | mMISAD B | MONOGRAM 8 | MOSCA B | MUNK c
MILBURY C | MISENHEIMER B8 | MONOMA 8 | MOscow C | MUNSET ]
MILCAN C | MISHAK C | MONONGAHELA C | MOSEL C | MUNSON D
MILES B | MISSION D | MONROE B | MOSHANNON 8 | MUNUSCONG B
MILFORD B/D| MISSISQuoIl A | MONROEVILLE C/D| MOSHEIM D | MURAD c
MILHAM B | MISSLER B | MONSERATE C | MOSHER D | MURDD B
MILITARY B | MISSOULA D | MONSERATEs THIN D | MOSHERVILLE C | MURDOCK c
MILL HOLLOW 8 | MITCH B | SURFACE | MOSIDA B | MUREN -]
MILLADORE C | MITCHELL 8 | MONSON C/D| MOSINEE B | MURNEN B
MILLBORO D | MITIWANGA C | MONTAGUE D | MOSLANDER D | MUROC )
MILLBROOK 8 | MITRE C | MONTALTO C | Moso B | MURPHY c
MILLBURNE B | MITTEN B | MONTARA D | MOSOmMO A | MURRIETA ()
MILLER D | MIVIDA B | MONTAUK C | MOSQUET D | MURRILL 8
MILLERLAKE B | MIZEL D | MONTBORNE 8 | MOSSYROCK B | MURVILLE A
MILLERLUX D | MDAG D | MONTCALM A | MOTA B | MUSCATINE B
MILLERYON D | MDANO D | MONTE B | MOTEN C | MUSE C
MILLERVILLE A/D| MOAPA C | MONTECITO 8 | MOTLEY 8 | MUSELLA B
MILLETTY B | MDAULA A | MONTEGRANDE D | MOTOQUA D | MUSICK B
MILLGROVE B/D| MOBATE D | MONTELL D | MOTY B | MUSINIA B
MILLHEIM C | MOBEETIE B | MONTELLOD C | MOTTLAND B | MUSKEGO A/ZD
MILLHOPPER A | MOBERG 8 | MONTEDCHA o | MOTTO D | MUSKEGO D
MILLICH D | MOBRIDGE B | MONTEOLA D | MOTTSVILLE A | MUSKEGOs OVERWASH A/D
MILLICOMA C | MOCaA O | MONTEROSA D | MDULTON C | MUSKINGUM C
MILLIGAN C | MOCAREY 0 | MONTESA C | MOULTRIE D | MUSKDGEE =
MILLING D | MOCHO B | MONTEVALLO O | MOUND C | musouiz c
MILLINGTON B/0| MOCKLER B | MONTEZ 8 | MOUNDPRAIRIE B/D| MUSSEL B
MILLIS C | MOCMONT B | MONTGOMERY D | MDUNDPRAIRIE. D | MUSSELSHELL 8
MILLPAW C | MOCTILEME D | MONTICELLO 8 | PONDED | MUSSEY B/D
MILLPOT B | MODA D | MONTIETH 8 | MOUNDVILLE A | MUSTANG AZD
MILLROCK A | MODALE C | MONTLID C | MOUNT HOME B | MUTNALA 8
MILLSAP D | MODENA B | MONTMORENCI B | MOUNT LUCAS C | MUZZLER D
MILLSDALE B/D| MODESTO C | MONTOSO B | MOUNTAINBOY D | MYAKKA 8/0
MILLSHOLM D | MODJESKA B | MONTOUR D | MOUNTAINBURG D | MYAKKAs D
MILLSITE B | MODKIN C | MONTOYA D | MOUNTAINEER C | DEPRESSIONAL
MILLVILLE 8 | moooc C | MONTOYAs OVERWASH C | MOUNTAINVIEW C | MYAKKA: SHELL B
NILLWOOD ® | MODYON C | MONTOYA, FLOODED D | MOUNTAINVILLE B | SUBSTRATUM
MILNER 8 | MOE C | MONTPELLIER € ) MOUNTVIEW B | MYAKKA: TIDAL D
MILPITAS D § MOEN C | MONTROSS C | MOVILLE C | MYATT 4]
MILREN C | MOENKOPIE D | MONTVALE D | MOWATA D | MYERS )
MILTON C | MOEPITZ B | MONTVERDE B/D| MOWEBA 8 | MYERSVILLE B
MIMBRES B | MOFFATY B | MONTWEL B | MOWER C | MYFORD D
MIMOSA C | MOGG D | MONUE B | MOWICH C | MYLREA [
MINALOOSA B | MOGLIA € | mMooDY B ) MOXEE D | MYOMA A
MINAT B | MOGOLLON 8 | MOOHOO B | MOYERS C | MYOMA, WET B
MINATARE D | MOGOTE C | MOOLACK A | MOYERSON D | MYRICK C
MINCHEY B8 | MOHALL 8 | MOONLIGHT B | MOYINA D | MYRTLE 8
MINCO 8 | MOHAVE 8 | MOONSHINE D | MROW C | MYSTEN A
MINDEN B | MOHAWK 8 | MDONSTONE C | MY. AIRY A | MYSTIC c
MINE 8 | MOINGONA B | MOONVILLE B | MT. CARROLL ® | NAALEHU B
MINER 0 | MOKELUMNE D | MOOREVILLE C | MY. VERNON € | NAALEHUe BEDROCK c
MINERAL C | MOKENA C | MODSE RIVER D | MUCARA D | SUBSTRATUM
MINERAL MOUNTAIN C | MOKIAK B | MOOSELAKE A/D| MUCKALEE D | NABESNA D
MINGO C | MOKINS D | MOOSILAUKE € | MUD SPRINGS C | NACHES B
MINGUS D | ™MOKO D | MOPANG 8 | MUDRAY D | NACHUSA B
MINIDOKA C | MOKULEIA B | MOQUAH 8 | MUDSOCK B/D| NACIMIENTO c
MINKLER C | MOLALLA B | MORA € | MUES C | NACLINA )
MINLITH D | MOLAND 8 | MORADO C | MUFF D | NACOGDOCHES B
M INNEHA C | MOLAS D | MORAN ® | MUGGINS C | NaDA D
MINNE ISKA B | MOLCAL B | MORD C | MUGHOUSE C | NADEAU B
MINNEOPA 8 | MOLENA A | MOREAU D | MUGHUT C | NADINA D
MINNEDSA B | MOLION D | MOREMEAD C | muIRr B | NADRA D
MINNEQUA B | MOLLICY C | MOREHOUSE D | MUIRKIRK B | NAEGELIN o
MINNE TONKA O | MOLLMAN B | MORELAND D | MUKILTEO D | NAFF B
MINNEWAUKAN A/D| MOLLVILLE D | MOREND C | MUKILTEO. PONDED D | NAGITSY [
MINNIECE D | moLLY B | MOREY D | MUKILTEOs DRAINED C | NAGLE B
MINNIEPEAK A | MOLOKAI B | MOREY D | MULAT D | NAGROM c
MINMIMAUD C ]| MOLSON B | MORGALA C | WMULDDON B8 | NAHATCHE c
MINNITH C | MOLYNEUX B | MORGANFIELD 8 | MULDROW D | NAHMA B
MINNYE B | MOMOL1I B | MORIARTY D | MULETT D | NAHON o
MINOA C | MONA B | MORICAL C | MULGON B | NAHRUB D
MINOCQUA B/D| MONACAN C | MORLEY C | MULKEY C | NAHUNTA c
MINTER D | MONACHE B | MORLING D | MULLICA C | NAIWA B
MINTO C | MONAD B | MORMON MESA D | MULLIG B | NAKAI B
MINU D | MONADNOCK B8 | MOROCCOD B | MULLINS D | NAKARNA B
MINVALE 8 | MONAHANS B | MORONI D | MULLYDN D | NAKNEK o
MINVENO D | MONARDA D | MOROP C | MULSHOE C | NALAKI [
) MINWELLS C | MONASTERIO B | MORPH B/0) MULSTAY C | NALDO B
MION D | MONAVILLE B | MORRILL 8 | MuLT C | NALL D
NIPPON A | MONDAMIN C | MORRIS C | MULTNOMAH B | NAMBE B
NOTES: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE ORAINED/UNDRAINED SITUATION.
MODIFIERS SHOWN, E.G.s BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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NAMEOK I D | NEENAN C | NEwWCOMB A | NIwOY C | NOVACAN ]
HAMON € | NEER B | NEWDALE B8 | NIXA C | NOVARK [ ]
NAMUR D | NEESOPAM B | NEWELL B | NIXON B | NOVARY B/D
NANARKIN A | nEETO B | NEWELLYON D | NIXONTON B | NOVATO ]
NANCY B8 | NEFF C | NEWFLAY D | NIZINA A | NOVINA (]
NANTAR D | NEGLEY B | NEWFORK D | NDARK B | NOWATA [}
NARK 3N € | NEHALEM B | NEWFOUND C | NOBE D | NOWEN B/D
NANNY B | NEHAR B | NEWGLARUS B8 | NOBLE B | NOYER 8
NANNYTON B | NEHARes STONY C | NEWHAN A | NOBLETON C | NOYES c/0
MANSENOND € | NEIBER C | NEWHOUSE 8 | NOBSCOT A | NOVO (4
NANSENE B | NEICE B | NEWKIRK D | NOCKEN C | NOYSON (<
NANSEPSEP C | NEILTON A | NEWLANDS C | NODAWAY 8 | Nusy D
NANTUCKET C | NEKIA C | NEWLIN B | NODEN B | NUBY» DRAINED c
NAPA D | NEKKEN B | NEWNAN C | NODINE 8 | Nuc 4
HAPIER B | MNEKOMA B | NEWNATA € | NDELKE D | NUCKOLLS (-]
MAPLENE 8 | NELDORE D | NEWPASS C | NOGAL 0 | NucLa B
NAPOLEON A/D| NELLA B | NEWPORT C | NOWILI D | NUECES c
NAPPANEE D 1| NELLIS B | NEWRY B | NOKASIPPI B/D| NUFF c
NAPTOWNE B | NELMAN C | NEWSKAM 8 | NOKAY C | NUGENT A
NARANJITO € | NELSCOTY B | NEWSON A/D| NOKHU C | NUKRUM D
NARANJO C | NELSON B | NEWSROCK 8 | NOLAM B | NULEY 8
NARCISSE 8 | NEMADJI B | NEWSTEAD € | NOLICHUCKY B | NULLIGAM B
NARCODSSEE C | NEMAH D | NEWTON A/D| NOLIN B8 | NUMA ]
NARD B | NEMAMes DRAINED C | NEWTONIA 8 | NOLO D | NUNDA c
MAREL 8 | NEMICO D | NEWTOWN C | NOLTEN D | NUNEMAKER D
NARGAR 8 | NEMOTE A | NEWULM B8 | NOMARA C | NUNICA 4
NARK € | NEMOURS C | NEWVILLE D | NOME D | NUNN €
MARLON D | NENANA B | NEYGAT D | NONDALTYON 8 | NURKEY 8
NAROM 8 | NENNO C | NEz PERCE C | NONDPAHU D | Nuss [+]
NARRAGANSETY 8 | NEOTOMA B | NGARDMAU B | NONPAREIL D | NUTIVOLI A
NARROWS 0 | NEPALTO A | NGARDOK 8 | NOOK C | NUTLEY c
MARTA 0 | NEPESTA B | NGATPANG C | NOOKACHAMPS D | NUTRAS 4
NARV C | NEPHI C | NGEDEBUS A | NOOKACHAMPS o C | NUTRIDSO B
NASER B | NEPONSEY C | NGERSUUL C | DRAINED | NUVALDE B
NASH 8 | NEPPEL B | NGERUNGOR D | NOOKSACK C | NYALA B
NASHOBA C | NEPTUNE A | NIAGARA C | NOONAN D | NYCON A
NASHVILLE 8 | NERESON B | NIARADA B8 | NORA B | NYE ]
NASHWAUK C | NESBITT B | NIART B | NORAD B | NYJACK c
NASON C | NESDA B | NIBLEY C | NORBERT D | NYMORE A
NASS D | NESHAMINY B | NIBSON 0 | NORBORNE B | NYSSA c
NASSAUV C | NESHOBA C | NICANOR D | NORCAN C | NYSSATON B
NASSEY 8 | NESIKA 8 | NICASIO 0 | NORD 8 | O*BRIEN [}
NATAL D | NESKAHWI B | NICHOLFLATY D | NORDBY B | OCLEARY (-]
NATCHEZ B | NESKOWIN C | NICHOLIA D | NORDEN B | O°LENOD ]
MATCHI TOCHES D | NESPELEM 8 | NICHOLS B | NORDIC B | O*NEILL 8
NA THROP 8 | NESPELEMs ALKALI C | NICHOLSON € | NORDICOL B | OAHE ()
NATE B | NESS D | NICHOLVILLE C | NORDNESS B | DAK GLEN 8
NATIONAL P | NESSEL B | NICKEL B8 | NORFOLK B | DAK GROVE c
NATKIN B | NESTER C | NICKIN 8 | NORFORK D | OAKALLA ]
NATROY 0D | NESYTUCCA C | NICODEMUS B | NORGE B | OAKBORD c
NATURETA 8 | NEY C | NICODEMUSs FLOODED C | NORGD D | OAKDEN )
NAUMBURE C | MNETARTS B | NICOLLEY B | NORKA 8 | OAKES -]
NAUYVDO B | NETCONG B | NIDO C | NORLAND B | DAKLAND c
NAVACA D | NEYO B | NIELSEN © | NORMA 0 | DAKLET c
MAVACITY B | NETRAC A | NIGHTHAWK B8 | NORMA» DRAINED B | DAKLIMETER c
NAYAJO 0 | NETTLES D | NIHILL B | NORMA» GRAVELLY D | OAKVILLE A
NAYAN D | NETTLETON C | NIKEY B | SUBSTRATUM | 0AKwOOD (]
NAVO D | NEUBERY B | NIKFUL D | NORMANGEE D | DANAPUKA (-]
NAWNE Y D | NEUNS € | NIKISMKA A | NORMANIA B | OATMAN 8
HWAWT D | MEURALIA € | NIKLASON B | NOROB C | DATW D
NAXING B | NEUSKE B | NIKOLAIX D | NORREST C | OBAN c
NAYE C | NEVADOR B | NILAND € | NORRIE B | OBANION 4
MAYPED C | MNEVARC € | NILER D | NODRRIS D | OBARD B
NAYRID D | NEVAT B | NIMBRO 8 | NORRISTON A | OBEN c
NAZ 8 | NEVEE B | NIMMO D | NORTE c | osisPO D
NAZATON 8 | NEVILLE B | NIMROD C | NORTH POWDER C | OBRAST (]
NEABSCO C | NEVILLEs WETY € | NIMUE B | NORTHBORO C | 0BRAY )
NEBAGO € | MEVIN B | NINEKAR D | NORTHCASTLE B | OBURN o
NEBERER € | MEVINE B | NINEMILE D | NORTHCOTE C/D| OCALA c
NEDGEN D | NEVKA C | NINEVEH B | NORTHDALE C | OCAMBEE (5
NEBISH B8 | MNEVOYER © | NINIGREY B | NORTHFIELD D | OCANA -]
NEBCNA D | NEVTAM C | NIDBELL C | NORTHMORE C | occoauawn 8
NECAWICUM D | NEw CAMBRIA C | NIOTA D | NORTHWATER 8 | occum B
NECESSITY C | NEWALBIN B/D| NIOTAZE C | NORTON C | OCEANET (]
NECHE C | NEWALBINes MUCK D | NIPE B | NORTONVILLE C | OCEAND A
NECTAR C | SUBSTRATUM | NIPINTUCK DO | NORWAY C | OCHEYEDAN B
NEDA € | NEWALBIN, PONDED D | NIPPT 8 | NORWELL C | OCHLOCKONEE B
MEDERLAND B | NEWANNA C | NIPSUM € | NORWICH D | ocHo ]
NEEDLE D | NEWARK C | NIRA B | NORWOOD B8 | OCHocD c
NEEDLE PEAK C | MEWARKo. PONDED D | NISENE B | NOSRAC B | OoCIE c
NEEDLE PEAK B | MNEWAUKUM B | MISHNA C/D| NOTAL D | OCILLA (4
OCCAS IONALLY | NEWAYGO B | NISHON D | NOTCHER B | OCKLEY 8
FLOCDED | NEWBELL 8 | NISQUALLY A | NOTI D | OCOEE B8/0
NEEDLEVE € | NEWBERG B | NISULA B | NOTTAWA B | OCONEE (<
NEEZDMORE C | NEWBERN C | NITTAW D | NOTYER B | OCONTOD B
NEELEY 8 | NEWBERRY c | NIU 8 | NOTUS C | OCOSTA (]
NEEN € | NEWBON 8 | NIULII € | NOTUS» DRAINED B | OCOSTAs DRAINED (4
MEENe. DRAINED B8 | NEWCOD D | NIWANA B | NOUQUE D | ocaueoc A

TWO HMYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
HMODIFIERS SHOWNe EoGoc BEDROCK SUBSTRATUM. REFER TO A SPECIFIC SDIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

NOTESS
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DCQUEDC,
MODERATELY WEYT
OCRAISG
OCTAGON
OCTAVIA
ODAS
ODELL
ODEM
ODENSON
DDERMOTY
ODERMOTY,
ODESSA
0D IN
ODNE

ooo

OELOP
OEST
OESTERLE
OFuU

OGARTY

OGEECHEE

OGEMAW
OGILVIE
OGLALA
OGLE

DGRAL

OHACO
OHANA
OHIA

OIDEM

DJATA

OJIBWAY
oJITO

OKANOGAN
OKATON

OKAW

OKAY

OKEE

OKEECHOBEE

OKEELANTA

OKEELANTA»
DEPRESSIONAL

OKEELANTA, TIDAL

OKEETEE

OKEMAH

OKIOTaA

OKLARED

OKLAWAHA

OKO

OKOBOJI

OKOLONA

OKREEK

OK TIBBEHA

OLA

OLAA

OLAC

OL AND

OLANTA

OLASNES

oLBUT

OLD Camp

OLDHAM

oLDs

OLDSMAR

OLELO

OLENTANGY

OLEQUA

OLETE

OLEX

OLGA

oLl

OLIAGA

OL IN

OLINDA

OL IPHANT

OLIVENNAIN

OLIVIER

OLJETO

OLLEI

OLMITO

OLMITZ

OLMOS

OLMSTED

OLNES

OLNEY

OLOAVA

OLOKUIL
OLOMOUNT

STONY

NOTES:
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THO HYDROLOGIC SOIL GROUPS SUCH
MOD IFIERS SHOWN» EeGos

VABLE 7.1--HYDROLOGIC GROUPS OF TME SOILS OF

OLOMPALL
oLorv
OLOTANIA
OLPE
OLSON
OLTON
OLUSTEE
DLUSTEE,
SURF ACE
OLYIC
OLYMPIC
OMADI
ONEGA
OMENA
OMiO0
OMNI
OMRO
OMSTOTY
OMULGA
ONA
ONAMIA
ONAQUI
ONARGA
ONASON
ONAWA
ONAWAY
ONDAWA
ONECO
ONEIL
ONITA
ONITE
ONOTA
ONSLOW
ONTARIO
ONTKO
ONTONAGON
ONY X
OOKALA
DOOSEN
OPAL
OPELIKA
OPEQUON
OPHIR
OPIHIKAO
OPLIN
OPPIO
OQUAGA
ORA
ORACLE
ORAID
ORAN
ORANGE
ORANGEBURG
ORCAP
ORCAS
ORCAS»
ORCHARD
ORCKY
ORD
ORDNANCE
ORDWAY
OREJAS
ORELIA
ORELLA
ORFORD
ORICTO
ORIDIA
ORIDIA,
ORIF
ORIGO
ORINOCO
ORIO
ORIODN
ORITA
ORIZABA
ORIZABA, WET
ORIZABA. DRAINED
ORLA
ORLAND
ORLANDO
ORLEANS
ORLIE
ORMAS
ORMSBY
ORNBAUN
ORO FINO
ORD GRANDE
ORONOCO

THICK

DRAINMED

DRAINED

PPAOA>BO
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AS B/C INDICATES
BEDROCK SUBSTRATUM.

NEH NOTICE

OROVADA
ORPARK
ORPHANT
ORR
ORRs GRAVELLY
SUBSTRATUM
ORRVILLE
ORSA
ORSA» GRAVELLY
ORSET
ORS INO
ORTEGA
ORTELLO
ORTING
ORTIZ
ORTON
ORWETY
OR¥WIG
ORWOOD
OSAGE
0SAKIS
OSBORN
OSCAR
OSCURA
0SGO0OD
OSHA
OSHAWA
OSHKOSH
OSHONE
OSHTEMD
OSIER
0sSiTo
OSKA
OSMUND
oso
osoes
OSORIDGE
OSOTE
OSSIAN
OSSIPEE
osT
OSTLER
OSTRANDER
OSWALD
OTEEN
OTERO
OTHELLO
oT1scCo
OTISVILLE
OTLEY
0TOMO
OTOOLE
OTYER
OTTERHOLT
OTTERSON
OTTOKEE
OTTOSEN
OTWAY
OTWELL
OUACHITA
OUARD
ourPICO
OURAY
OUSLEY
OUTLEY
OUTLOOK
OUTLOOK .
OVAN
OVERGAARD
OVERLAND
OVERLY
OVERTON
OVIATY
ovID
QV INA
OWEGOD
OWEN CREEK
OWENS
OWHI
OWINZA
OWLCAN
Ow0SSso
OWSEL
OWYHEE
oxXBOw
OXCOREL
OXERINE
OXFORD

REFER

4=104,

DRAINED
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OXLEY
OXWALL
OYHUT
OZAMIS
OZAN
OZAUKEE
OZETTE
PAAIKI
PAALDA
PAAUHAUV
PABLO
PACHAPPA
PACHECO
PACHECO»
PACIFICO
PACK
PACKARD
PACKER
PACKHAM
PACKTRAIL
PACKWOOD
PACO
PACOLET
PACTOLA
PACTOLUS
PADDOCK
PADEN
PADILLA
PADINA
PADUCAH
PADUS
PAESL
PAGEBROOK
PAGET
PAGODA
PAGOSA
PAHOKEE
PAHRANAGAT
PAHRANAGAT,
DRAINED» SALINE
PAHRANAGAT,
PAHRANAGAT,
DRAINED
PAHRANGE
PAHREAH
PAHROC
PAHRUMP
PAHSIMERO1
PAIA

PAICE
PAINESVILLE
PAINT
PAISLEY
PAIT

PAJARA
PAJARIYO
PAJUELA
PAKA

PAKALA
PAKINI
PALAFOX
PALANUSH
PALAPALAI
PALATINE
PALAU
PALAZZO
PALINOR
PALISADE
PALIX

PALLS

PALM BEACH
PALMA
PALMAREJO
PALMAS ALTAS
PALMER CANYON
PALMERDALE
PALMETTOD
PALMETTO,
DEPRESSIONAL
PALMICH
PALMS
PALMYRA
PALODURD
PALOMARIN
PALOMAS
PALOMINO
PALON
PALOPINTO

DRAINED

THE DRAINED/UNDRAINED SKTUATION.
TO A SPECIFIC SOIL SERIES PHASE FOUND IN SDIL MAP LEGEND.
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PALOS VERDES
PALOUSE
PALSGROVE
PALUXY
PAMLICO
PAMDA
PAMSDEL
PAMUNKEY
PANA
PANAEWA
PANAMA
PANAMINT
PANASOFFKEE
PANCHERI
PANDO
PANDOAH
PANDORA
PANDURA
PANE
PANGBORN
PANGUITCH
PANIN
PANIOGUE
PANIOGUE »
PANITCHEN
PANKY
PANMOD
PANOCHE
PANOCHE »
SALINE=ALKALI»
WET
PANOCHE »
SALINE-ALKALI
PANOL A
PANSEY
PANTANO
PANTEGO
PANTERA
PANTHER
PANTON
PADLA
PAOLI
PAPAA
PAPAC
PAPAGUA
PAPAIL
PAPALOTE
PAPINEAUV
PARA
PARACHUTE
PARADISE
PARANAT
PARASOL
PARCELAS
PARCHIN
PARDALOE
PARDEE
PARDEEVILLE
PAREHAT
PARENT
PARISIAN
PARKAY
PARKDALE
PARKE
PARKER
PARKFIELD
PARKHILL
PARKINSON
PARKVIEW
PARKVILLE
PARKWOOD
PARLEYS
PARLIN
PARLO
PARMELE
PARMEL Ow
PARMENTER
PARNELL
PARGUAT
PARR
PARRAN
PARRISH
PARRITA
PARSHALL
PARSIPPANY
PARSONS
PARTLOW
PARTOV

WET
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7.28

TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

THE UNITED STATES
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nNnANDRPONNOTOODO

PARTRI C | PEGLEG C | PERRY D | PILLIKEN B PLACITAS
PASAGSHAK D | PEGLER D | PERRYPARK B8 | PILLOT -] PLACK

PASCO D | PEGRAM ® | PERRYVILLE B | PILLSBURY € PLAINBO

PASCO» DRAINED C | PEKAY C | PERSANTI C | PILOT PEAK [} PLAINFIELD

PASO SECO D | PEKIN C | PERSAYO D | PILOY ROCK (o PLAISTED
PASQUETTI 0 | PELAN B | PERSHING C | PILTDOWN 8 PLANK
PASQUETTI, C/D| PELEE 8 | PERSIS 8 | PILTZ c PLANKINTON
MODERATELY WET | PELELIU D | PERY D | PIMA B PLANO
PASQUETTIe DRAINED C | PELHAM B/D| PERU C | PIMER -] PLANTATION

PASQUOTANK B/D| PELIC D | PERVINA C | PINAL D PLASKETT

PASS CANYON D | PELION B/D| PERWICK C | PINALENO 8 PLATA

PASSAR C | PELKIE A | PESCADERO D | PINAMT 8 PLATEA
PASSCREEK C | PELLA B/D| PESCAR C | PINATA ¢ PLATNER

PASTIK B | PELLEJAS 8 | PESERO D | PINAVETES A PLATO

PASTORIUS B | PELLICER D | PESHASTIN 8 | PINBIT B PLATORO

PASTURA 0 | PELONCILLO D | PESHEKEE D | PINCHER c PLATTE

PATCHIN D | PELTIER c | PESO C | PINCHOT B PLATTEs WET
PATE C | PEMBERYON B | PETACA D | PINCKNEY < PLATTEs CHANNELED
PATENT C | PEMBROKE 8 | PETAL € | PINCONNING B PLATTVILLE
PATHEAD C | PEMENE B | PETAN D | PINE FLAT 8 PLAYCO

PATILLAS B | PENA B | PETEETNEEY D | PINEAL D PLAYER

PATILO 8 | PENAPON B | PETERMAN D | PINEBUTTE B PLAYMDOR

PATIO C | PENASCO D | PETERS D | PINEDA [} PLAZA

PATIT CREEK B | PENCE 8 | PETERSON B | PINEDA, D PLEASANT

PATMOS C | PEND OREILLE B | PETRIE D | DEPRESSIONAL PLEASANT» PONDED

PATNA 8 | PENDARVIS C | PETROLIA B/D| PINEDAs LIMESTONE PLEASANT, FLOODED

PATOS C | PENDEN B | PETROS D | SUBSTRATUM PLEASANT GROVE

PATOUTVILLE C | PENDER C | PETSPRING D | PINEDALE B PLEASANT VALE

PATRICIA B | PENDERGRASS D | PETTIGREW B/D| PINEGUEST B PLEASANT VIEW

PATRICK 8 | PENDROY D | PETTUS C | PINEHURST B PLEASANTON

PA TROLE C | PENGILLY B/D| PETYTY B | PINELLAS B PLEDGER

PATTANI D | PENGRA D | PEwAMD C/D| PINELLI B PLEINE

PATTEE B | PENINSULA C | PEYTON B | PINETOP c PLEIOVILLE

PATTENBURG B | PENISTAJA B8 | PFEIFFER B | PINETUCKY 8 PLEITD

PATTER B | PENITENTE 8 | PHAGE B | PINEVAL B PLEVNA

PATTERSON C | PENLAN C | PHALANX B8 | PINEZ B PLITE

PATTON B/D) PENN C | PHANTOM C | PINGREE D PLOME

PAUL B | PENNEKAMP A | PHARO B | PINHOOK -] PLOVER

PAULDING D | PENNELL D | PHARR 8 | PINICON B PLUCK

PAULINA D | PENNICHUCK 8 | PHEBA C | PINKEL (= PLUMMER

PAULSON B | PENNSUCO D | PHEENEY C | PINKHAM B PLUSH

PAULVILLE 8 | PENNY D | PHELAN D | PINKSTON B PLUTOS

PAUMALU 8 | PENO C | PHELPS B | PINNACLES c PLYMOUTH
PAUNSAUGUNT D | PENOYER B | PHERSON B | PINNEBOG A PDARCH

PAUSANT 8 | PENROSE D | PHIFERSON 8 | PIND C POBER

PAUNELA 8 | PENSORE D | PHILBON ® | PINOLE -] POCALLA

PAVAIAL C | PENTHOUSE D | PHILDER 0O | PINON D POCAN

PAVANT D | PEnNTZ D | PHILIPPA C | PINDNES "] POCASSEY
PAVILLION B | PENMELL A | PHILIPSBURG B8 | PINTAS B POCATELLO

PAVO B | PENWOOD A | PHILLIPS C | PINTLAR -] POCATY

PAVOHROO 8 | PEDGA C | PHILO B | PINTOD c POCKER
PANCATUCK D | PEOH D | PHILOMATH D | PINTURA A POCOLA

PANHUSKA D | PEOMs DRAINED C | PHING O | PINTWATER D POCOMOKE
PAWLING 8 | PEONE D | PHIPPS C | PiOPOLIS C POCOND

PAMNEE D | PEONE. DRAINED C | PHOEBE 8 | PIPELINE D PODEN

PAXTON C | PEORIA D | PHOENIX 0 | PIPER c PODMOR

PAXVILLE 8/D] PEOTONE B/D| PHYS 8 | PIPESTONE 8 PODO

PAYETTE 8 | PEPAL B | PIASA 0 | PIRD B PODUNK
PAYMASTER 8 | PEPOON D | PIBLER 0 | PIROD A POE

PAYNE C | PEPPER D | PIcCaBO C | PIRDUETTE D POGAL
PAVYNECREEK B | PEQUAMING A | PICACHO C | PIRUM B POGANEAB

PAYSOM 0 | PEQUEA B | PICANTE D | PISGAH c POGANEAB. CLAYEY
PAZAR 8 | PERAZZO 8 | PICAYUNE ® | PISHKUN [} SUBSTRATUM
PEACHAM D | PERCEYON 8 | PICEANCE C | PismMO 0 POGANEAB, SALINE,
PEARL B | PERCHAS D | PICKAWAY c | PIT D DRAINED

PEARL HARBOR D | PERCILLA D | PICKENS D | PITCHER B POGANEAB» SALINE
PEARSOLL D | PERCIVAL C | PICKEYTY C | PITCO 0 POGANEABs HIGH
PEASLEY D | PERCOUN € | PICKFORD D | PITNEY c RAINFALL
PEAVINE € | PERCY 8/D| PICKNEY A/D| PITTMAN c PDGANEAB» STRONGLY
PEAWICK D | PERDIN C | PICKRELL 0 | PITTSFIELD ] SALINE
PEBBLEPOINT C | PERELLA B/D| PICKTON A | PITTSTOWN c POGANEAB
PECATONICA ® | PERELLA, B | PICKUP D | PITZER C SAL INE~ALKALI
PECKISH 0 | MODERATELY WET | PICKWICK B | PIUTE D POGANEABs DRAINED
PECOS D | PERHANM 8 | PICD 8 | PIvOT A POGANEABs SANDY
PECTURE 8 | PERICO 8 | PICOSA C | PIXLEY C SUBSTRATUM
PEDEE C | PERIDGE B8 | PIDINEEN D | PIZENE B8 POGUE
PEDERNALES C | PERITSA C | PIE CREEK D | PLACEDO D POHAKUPU
PEDIGO B | PERKINS C | PIERIAN B | PLACENTIA D POIN

PEDLEFORD C | PERKS A | PIERPONT € | PLACERITOS, B POINDEXTER
PEDOL1 B | PERLA C | PIERRE D | SALINEs DRAINED POINSETY
PEDRICK B | PERMA 8 | PIERSONTE A | PLACERITOS, c POINT

PEDRO C | PERN 8 | PIETOWN 8 | SALINE-ALKALI POINT ISABEL
PEEBLES C | PERNITAS C | PIIHONUA A | PLACERITOS, POISONCREEK
PEEL C | PERNTY D | PIKE B | MODERATELY WET POJOAQUE
PEELER 8 | PERQUIMANS D | PIKEVILLE B | PLACERITOS, WET POKEGEMA

“PEETZ A | PERRIN B | PILCHUCK *C | PLACERITOS, POKEMAN

PEEVER C | PERRINE D | PILEULP 8 | DRAINED POKER

PEEVYWELL € | PERRINTON C | PILINE D | PLACID POKEY

NOTES: TWO HYDROLOGIC SDIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWMs E.Goo BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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POLALLIE
POLAR
POLATIS
PULAWANA
POLECREEK
POLELINE
POLEPATCH
POLERUN
POLEY
POLICH
POLKING
POLLARD
POLLUX
POLLY
POLOs MODERATELY
SLOW PERM
POLOs MODERATE
PERMEABILITY
POLONIO
POLSON
POMAT
POMELLOD
POMFRET
POMO
POMONA
POMONA »
DEPRESS IONAL
POMPANO
POMPAND.
DEPRESSIONAL
POMPANGs FLOODED
POMPTON
POMROY
PONCA
PONCENA
PONCHA
POND
POND CREEK
PDMDER
PONIL
PONINA
PONTO
PONTOTOC
PONZER
POOKY
POOLER
POODLEVILLE
POORCAL
POORMA
POOSE
PODTATUCK
POPASH
POPE
POPLE
POPLIMENTO
POPPLETON
POQUITA
POQUONDCK
PORFIRIO
PORRETT
PORT
PORY BYRON
PORTAGE
PORTAGEVILLE
PORTALES
PORTALTO
PORTERFIELD
PORTERS
PORTERVILLE
PORTHILL
PORTIA
PORTINO
PORTLAND
PORTHMOUNT
PORTNEUF
PORTOLA
PORTSMOUTH
PORUM
POSANT
POSEY
POSEVYVILLE
POSITAS
POSKIN
POSOS
POSTY
POTCHUB
POTEET
POTELL

MOTES:
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MODIFIERS SHOWN,

TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

POTH
POTLATCH
POTOMAC
POYOSI
POTRATZ
POTSDAM
POTTER
POTTINGER
POTTS
POTTSBURG
POUDRE
POULSBO
POUNCEY
POVERTY
POVEY
POWDER
POWDERHORN
POWELL
POWER
POMLEY
POY
POYGAN
POYNOR
POZO

POZO BLANCOD
PRAG
PRAIRIEVILLE
PRATHER
PRATLEY
PRATT
PREACHER
PREAKNESS
PREATORSON
PREBISH
PREBLE
PRELOD
PREMIER
PRENTISS
PRESA
PRESHER
PRESTO
PRESTON
PREWITY
PREY
PRICE
PRIDA
PRIDHAM
PRIESTLAKE
PRIETA
PRIN
PRIMEAUX
PRIMEN
PRIMGMHAR
PRINCETON
PRINEVILLE
PRING
PRINGLE
PRITCHETY
PROCHASKA
PROCTOR
PROGRESSO
PROMISE.
PROMO
PRONG
PROSPECY
PROSPER
PROSSER
PROTIVIN
PROUT
PROUTY
PROVIDENCE
PROYO
PROVO BAY
PROW

PRUE
PRUITTON
PRUNIE
PRYOR
PTARMIGAN
PUAPUA
PUAULLU
PUCHYAN
PUERCO
PUERTA
PUETTY
PUFFER
PUGET

PUGET» DRAINED
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BEDROCK BUBSTRATUM,

PUGSLEY
PUMI
PUHINMAU
PULA
PULASKI
PULCAN
PULENU
PULEXAS
PULLMAN
PULPIT
PULS
PULS IPHER
PULTNEY
PUREL
PUMPER
PUNA
PUNALUY
PUNCHBOWL
PUNDIP
PUNG
PUNGO
PUNOMU
PURCELLA
PURCHES
PURDAM
PURDY
PURETT
PURGATORY
PURNER
PURSLEY
PURVES
PUSHMATAHA
PUSTOI
PUTNAM
PUTNEY
PUTT
PUU 00
PUU OPAE
PUU PA
PUU PAs NONSTONY
PUUKALA
PUUONE
PUYALLUP
PYLE
PYLON
PYOTE
PYRAMID
PYRMONT
PYWELL
QUAFENO
QUAKER
QUAKERTOWN
QUAM
QUAMON
QUANAH
QUANDER
QUANTICO
QUARLES
QUARTZBURG
GUARTZVILLE
QUARZ
QUATAMA
QUAY
Quazo
QUEALMAN
QUEALY
QUEBRADA
QUEENY
QUEETS
QUEMADOD
QUENZER
QUERC
QUERENCIA
QUETICO
QUICKSELL
QUIDEN
QUIETUS
QUIGLEY
QUINHI
QUILCENE
QUILLAYUTE
QUILOTOSA
QUILY
QUIMA
QUINCY
QUINCY» WET
QUINCYs GRAVELLY
SUBSTRATUMN
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THE UNITED STATES

QUINLAN

QUINN

QUINNEY
QUINTANA
QUINTON
QUITMAN
QUIVERA
QUONSET
QUOSATANA
RABBITEX
RABER

RABIDEUX
RABUN

RACE

RACHERT

RACINE

RACKER

RACOMBES

RACOON

RAD

RADs ALKALI

RADs LACUSTRINE
SUBSTRATUM

RAD» FLOODED

RADDLE

RADER

RADERSBURG

RADFORD

RADLEY

RADNOR

RAFAEL

RAFTON

RAGLAN

RAGNAR

RAGOD

RAGSDALE
RAGTOWN

RAHAL

RAHM

RAHWORTH

RAIL

RAILCITY
RAINBOW

RAINEY

RAINIER

RAINO

RAINS

RA INSBORO

RAIRDENT

RAISID

RAKE

RAKIED

RALEIGH

RALLOD

RALLS

RALPH

RALPHSTON

RAMADERO
RAMBLA

RAMELLI
RAMIRES
RAMIRESs COBBLY
SUBSTRATUM

RAMIRESs STONY
RAMIRES,
NONGRAVELLY
RAMMEL
RAMO
RAMONA
RAMONA »
cooL
RAMONA» COOL
RAMONA ¢+ HARD
SUBSTRATUM

RAMPART

RAMPARTER

RAMPS

RAMROD

RAMSDELL
RAMSE Y

RAMSHORN

RANCE
RANDADO
RANDALL

RANDCORE
RANDMAN
RANDOLPH

RANDS

GRAVELLY,

T¥O WYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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RANDSBURG
RANGER
RANRUFF
RANSLD
RANSOM
RANSTEIN
RANTOUL
RAPATEE
RAPELJE
RAPH

RAPHO
RAPIDAN
RAPLEE
RAPPAHANNOCK
RAPSON
RARDEN
RARICK
RARITAN
RASBAND
RASILLE
RASSER
RASSET
RATAKE
RATHBUN
RATHDRUM
RATLIFF
RATON
RATSOW
RATTLER
RATTO
RATTO»
RAUB
RAUGHT
RAUVILLE
RAUZI
RAVALLI
RAVEN
RAVENDALE
RAVENELL
RAVENNA
RAVENSWOOD
RAVIA
RAVOLA
RAWAH

RAWE
RAWLES
RAWSON
RAYBURN
RAYEX
RAYFORD
RAYMONDVILLE
RAYNE
RAYNESFORD
RAYNHAM
RAYNOLDSON
RAYPOL
RAZ1TO
RAZOR
RAZORBA
RAZORTY
READING
READINGTON
READLYN
REAGAN
REAKOR
REAL

REAP
REARDAN
REAVILLE
REBA

REBEL

RED BAY
RED BLUFF
RED BUTTE
RED HOOK
RED ROCK
RED SPUR
REDBANK
REDBELL
REDBY
REDCAN
REDCHIEF
REDCLIFF
REDCLOWVD
REDCO
REDCREEK
REDDICK
REDDING

STONY

7:2

COOUDDNNUBEIEITNADIADRENANNODDDDNRP N> NDABRODNDOROANANDANANDD»0O00DNDADNDRDNODDRDIROIANNIEIONDDDIDODDDIDOND

9




7.30

REDFEATHER
REDFIELD
REDFIELD.
REDIG
REDLAKE
REDLANDS
REDLODGE
REDMANSON
REDMOND
REDNIK
REDNUN
REDOLA
REDONA
REDONDO
REDPORT
REORIDGE
REDROB
REDSPRINGS

WETY

REDSPRINGSs GRADED

REDSTODE
REDSTONE
REDTHAYNE
REDTOM
REDVALE
REDVIEW
REDVYIEW, WEY
REDWASH
REE
REEBOK
REED
REEDe DRAINED
REEDER
REEDSBURG
REEDSPORY
REEDY
REEFRIDGE
REELFOOY
REESE
REESVILLE
REEVES
REFLECTION
REFUGE
REGAL
REGAN
REGENT
REGGAD
REGGEAR
REHBURG
REHFIELD
RENFIELD
REHM

RE ICHEL
REIFF
REILLY

RE INA
REINACH
RE INER
REKOP
RELAN
RELAY
RELIANCE
RELIZ
RELLEY
RELSOB
RELUCTAN
REMBERT
REMLAP
REMLIK
REMMIT
REMNOY
REMOTE
REMSEN
REMUND A
REMUS
RENBAC
RENCALSON
RENCOT
RENFROW
RENICK
RENISH
RENNER
RENNIE
RENNIE, DRAINED
RENO
RENOMILL
RENOL
RENOVA
RENOX

NOTES?S

MODIFIERS SHOWN: E.6.. BEDROCK
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

RENSHAYW
RENSLOW
RENSSELAER

RENSSELAER, TILL
SUBSTRATUM
RENSSELAER .
BEDROCK
SUBSTRATUN
RENSSELAER,
SUBSTRATUM
RENSSELAERs CLAY
LOAM SUBSTRATUNM
RENTILL

RENTON

RENTONs DRAINED

RENTSAC

RENTZEL

REPARADA

REPP

REPPART

REPUBLIC

RESCUE

RESNER

RESORT

RESOTA

RESTON

RET

RETRIEVER

RETROP

REVA

REVEL

REVENTON

REVERE

REWARD

REXBURG

REXFORD

REXMONT

REXOR

REYAB

REYES

REYNOSA

REYWAT

REZAVE

RHAME

RMEA

RHINEBECK

RHOADES

RHOAME

RHOAMETT

RHONE

RIB

RIBERA

RIBHILL

RICCO

RICEBORO

RICERT

RICETON

RICEVILLE

RICH

RICH, WET

RICHARDSON

RICHENS

RICHEY

RICHFIELD

RICHFORD

RICHLAND

RICHMOND

RICHTER

RICHVALE

RICHVIEY

RICHVILLE

RICHWOOD

RICKER

RICKMAN

RICKMORE

RICKREALL

RICKS

RICOT

RICREST

RI10D

RIDDLES
RIDENBAUGH
RIDGE

RIDGEBURY
RIDGECRES T
RIDGEDALE
RIDGEL AND
RIDGELAWN

SANDY
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| RIDGEPORT
RIDGEVIEW
RIDGEVILLE
RIDIY

| RIDOTT
RIEDEL

| RIEDYOWN

| RIESEL
RIETBROCK
RIFLE

RIGA
RIGGINS
RIGGS
RIGLEY
RIGOLETTE
RILEY
RILLA
RILLINO
RILLITO
RIMER
RIMINI
RIMRDCK
RIMYON
RIN
RINCON
R INDA
RINDGE
RINDGE »
RINEARSON
RINEY
RING
RINGLE
RINGL ING
RINGO
RING¥OOD
RINKER
RIO
RIO
RIO
RIO
RIO
R10
RIOCONCHO
RION
RIPLEY
RIPON
RIPPLE
RIPPOWAM
RIRIE

|

|

|

|

|

|

|

|

I

|

|

|

I

|

|

I

|

|

I

|

|

|

|

|

|

|

|

| ARRIBA
|
I
|
I
|
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I
I
|
|
|
1 RISBECK
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
I
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DIABLO
GRANDE
LAJAS
PIEDRAS

RISLEY

RISUVE

RITA

RITCHEY
RITNER

RITO

RITTER
RITTMAN

RITZ

RITZ. DRAINED
RITZCAL
RIVZVILLE
RIVERDALE
RIVERHEAD
RIVERSIDE
RIVERTON
RIVERVIEW
RIVIERA
RIVIERA,
DEPRESS IONAL
RIVRA

RIXIE

RIZ

RIZOoz0

ROANE
ROANKIDE
ROANOKE
ROARING

ROB ROV
ROBANA

ROBBS

ROBCO

ROBER
ROBERTSDALE
ROBERTSVILLE
ROBIN
ROBINETTE
ROBINSONVILLE
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THE UNITED STATES

ROBOZO
ROBROOSTY
ROBSON
ROBY
ROCA
ROCA»
ROCHE
ROCHELLE
ROCHESTER
ROCIOD

ROCK CREEK
ROCK RIVER
ROCKAWAY
ROCKBRIDGE
ROCKCASTLE
ROCKDALE
ROCKERS
ROCKERVILLE
ROCKFORD
ROCKHOUSE
ROCKINCHAIR
ROCKLIN
ROCKLY

ROCKOA
ROCKTON
ROCKWELL
ROCKWOOD
ROCKY FORD
ROCKYBAR
RODELL

RODEO

RODESSA
RODMAN
RDEBUCK
ROELLEN
RDEMER

ROETEX

ROFISS

ROGAN
ROGERSON
ROGERT

ROGUE
ROHNERVILLE
ROHRERSVILLE

ROIC

ROLETTE

ROLFE

ROLISS

ROLLA
ROLLINGSTONE
ROLOC

ROLOFF
ROMBERG

ROMBO

ROME

ROMED

ROMERO

ROMGAN

ROMIA

ROMINE
ROMINELL
ROMNELL
ROMULUS

RONAN

ROND

RONDEAU
RONNEBY
RONSEL

RONSON

ROONE Y

ROOSETY

ROOT

ROOTEL

ROPER

ROSALIE
ROSAMOND
ROSAMOND»
SALINE~-ALKALI
ROSAMOND» SANDY
SUBSTRATUM
ROSANE
ROSANKY
ROSARIO
ROSCOE
ROSCOMMON
ROSE CREEK
ROSE CREEK,
DRAINED

GRAVELLY

TWO HVYDROLOGIC S0IL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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ROSE VALLEY
ROSEBERRY
ROSEBLOOM
ROSEBUD
ROSEBURG
ROSEDHU
ROSEGLEN
ROSEHAVEN
ROSEHILL
ROSELAND
ROSELLA
ROSELMS
ROSENWALL
ROSEVILLE
ROSEwW0OOD
ROSEWOODs WET
ROSHE SPRINGS
ROSHE SPRINGS»
DRAINED
ROSHE SPRINGS»
CLAY SUBSTRATUM
ROSHE SPRINGSs
VERY POODRLY
DRAINED
ROSHOLTY
ROSITAS
ROSITAS,
ROSITAS,
ROSITAS,
ROSLYN
ROSMAN
ROSNEY
ROSS
ROSSBURG
ROSSFIELD
ROSSMDYNE
ROSWELL
ROSY
ROTAMER
ROTAN
ROTHIEMAY
ROTHIEMAY,
ROTHIEMAY,
ROTHSAY
ROTINOM
ROTO
ROTVTULEE
ROUBIDEAU
ROUEN
ROUGHCREEK
ROUGHMOUNT
ROUND BUTTE
ROUNDOR
ROUNDTOP
ROUNDUP
ROUNDY
ROUSSEAU
ROUTON
ROUTY
ROVAL
ROWDEN
ROWDY
ROWE
ROVEL
ROWENA
ROWLAND
ROWLEY
ROXAL
ROXANA
ROXBURY
ROXER
ROXTON
ROY
ROYAL
ROYCE
ROYDSA
ROYST
ROYSTONE
ROZA
ROZELLVILLE
ROZETTA
ROZLEE
RUARK
RUBICON
RUBIO
RUBSON
RUBY
RUBYHILL

WET
GRAVELLY
LOAMY

STONY
WET
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

THE UNIVED STATES

RUCH B | SAGERTON C | SANGER D | SAwBUCK ] | SEAMAN B
RUCKER 8 | SAGLE € | SanNeGo C | SANCREEK C | SEAQUEST C
RUCKLES D | SaGo D | SANHEDRIN 8 | SAWMILL B/D| SEAR B
RUCLICK € | SAGOUSPE C | SANIBEL B/D| SAWVELL C | SEARING B
RUDD D | SAGUACHE B | SANILAC B | SAWTELPEAK ] | SEARLA 8
RUDDLEY D | saL D | SANJE B | SAWYER C | SEARLES C
RUDEEN C | SALADAR D | SANLOREN B8 | saxsy 1] | SEARSPORY D
RUDYARD D | SALADON D | SANPETE B | SAXON ] | SEARSVILLE [
RUELLA B | SALAL € | SANPITCH C | say B | SEASTRAND D
RUFUS D | SALAMATOF D | SANSARC D | SAYBROOK B | SEATON B
RUGLES B | SALANDER B | SANTA O | SAYDAB C | SEATTLE D
RUHE D | SALAS C | SANTA CLARA C | SAYERS A | SEAVTLE. DRAINED C
RUIDOSO C | SALCHAKETY B | SANTA FE D | SAVLES D | SEAVERSON [*}
RUKOD D | saLco B | SANTA LUCIA C | SAYLESVILLE C | SEAWILLOW B
RULE B | SALEM B | SANTA MARTA C | SAYNER A | SEBAGD D
RUMBLECREEK | SALERATUS C | SANTA YNEZ D | ScALA ] | SEBASTIAN D
RUMBO C | SALERNO B8/70| SANTANA D | SCALLEY -] | SEBASTOPOL C
RUMFORD B | SALGA C | SANTANELA D | SCAMMAN D | SEBEWA 8/0
RUMNEY C | SALIDA A | SANTAROSA B | SCANDARD C | SEBREE D
RUMPLE C | SALINAS B | SANTEE D | SCANTIC 1} | SEBRING 8/0D
RUMUNG C | SALISBURY D | SANTIAGO B | SCAPONIA B8 | SEBuD B
RUNE C | SALIX B | SANTIAM C | Scar B | SEcca c
RUNEBERG C/D| SALKUM C | SANTO 8 | SCARBORO D | SECESH B
RUNGE B | SALLISAW B | SANTO TOMAS B | SCATLAKE D | SECRET CREEK 8
RUNN D | SALLYANN C | SANTONI D | SCAVE C | SEDALE D
RUPLEY A | SaLmO C/D| SAPELD D | SCHAFFENAKER A | SEDGEFIELD C
RUSCO C | SALMON B | SAPINERD B | SCHAMBER A | SEDGWICK ]
RUSCOo» PONDED D | SALONIE D | SAPKIN C | SCHAmMP C | SEDILLO B
RUSE D | SALT CHuUCK A | SAPPHIRE B | SCHAPVILLE C | SEDMAR 0
RUSH B | SALT LAKE D | SAPPINGTON 8 | SCHAWANA D | SEDWELL c
RUSHFORD B8 | SALTAIR D | SARA D | SCHENCO D | SEEDSKADEE "]
RUSHMORE B/D| SALTER B | SARAGOSA B8 | SCHERRARD D | SEELEZ B
RUSHTOWN A | SALTERY D | SARALEGUI B | SCHLEY B | SEELOVERS C
RUSHVILLE D | SALTYESE D | SARANAC C/D|) SCHMUTZ 8 | SEELVEVILLE A/D
RUSO 8 | SALTESE. DRAINED C | SARANACs GRAVELLY C | SCHNEBLY D | SEELYEVILLE, D
RUSON C | SALTINE c | SUBSTRATUN | SCHNEIDER B |  SLOPING
RUSSELL B | SALTON D | SARATON C | SCHNIPPER C | SEEPRID B
RUSSIAN B | SALUDA C | SARBEN B | SCHNOORSON C | SEES [
RUSSLER C | SALVISA C | SARDINIA C | SCHNDRBUSH B | SEEWEE ]
RUSTICO 8 | SALZER D | SARDIS C | SCHODSON C | SEGIDAL D
RUSTIGATE C | SALZER. DRAINED C | SARGEANT O | SCHOFIELD C | SEGNOD [
RUSTON B | SAMBA D | SARITA A | SCHOHARIE C | SEGUIN B
RUSTY B | SAMBRITOD B | SARKAR 0 | SCHOLLE B | SEGURA 2]
RUTAB B | SAMISH D | SARNOSA 8 | SCHOODIC ] | SEHOME LS
RUTHERFORD C | SAMISHs DRAINED C | SARONA B | SCHOOLCRAFT 8 | SEHORN D
RUTLAND C | SAMMAMISH D | SARPY A | SCHOOLEY D | SEIS c
RUTLEGE B/D) SAMMAMISHs DRAINED C | SARTELL A | SCHOOLEYe DRAINED C | SE1vZ [ 3
RYAN D | SAMPSEL D | SASKA B | SCHOOLHOUSE ] | SEJITA D
RYAN PARK B | SAMPSON B | SASPAMCO B | SCHOONER D | SEKIL B
RYARK A | SamsiIL D | SASSAFRAS 8 | SCHRADER C | SExiv D
RYDE C | SAMSULA B/D| SASSER B | SCHRAP D | SELAH C
RYDER C | SAN ANDREAS B | SATANKA € | SCHRIER B | SELDEN C
RYDOLPH C | SAN ANTON 8 | SATANTA ® | SCHROCK B | SELEVIN 4]
RYEGATE C | SAN ANTONIO C | SATAVYTON D | SCHULINE B | SELFRIDGE B
RYELL B | SAN ARCACIO B | SATELLITE A | SCHUMACHER 8 | SELIA C
RYEPATCH D | SAN ARCACIO. C | SATILLA D | SCHUSTER B | SELIGMAN [}
RYER € | SALINE | SATIN C | SCHUYLER B | SELKIRK [«
RYKER B | SAN BENITO B8 | SATsoP 8 | sc1o B | SELLE B
RYORP C | SAN EMIGDIOD B | SATTLEY 8 | SCIDTOVILLE C | SELLERS B8/D
RYPOD B | SAN GERMAN D | SATTYRE 8 | sciswu C | SELMA B/D
RYUS B | SAN ISABEL A | SATURN 8 | SCITICO C | SELMAC [}
SAAR C | SAN JOAQUIN D | SATUS B | SCITUATE C | SELON
SABANA 1] | SAN JON C | SAUCEL D | SCOAP B | SELWAY ‘8
SABANA SECA 0 | SAN JOSE B | SAUCIER C | SCOBEY C | SEMIAHMOD [}
SABE B | SAN JUAN A | SAUDE B | SCOGGIN D | SEMIAHMOD. DRAINED C
SABENYO B | SAN LUIS C | SAUGATUCK C | SCOON D | SEMINOLE D
SABINA C | SAN MATED C | sausus B8 | SCOOTVENEY B | SEN B
SABLE B/D] SAN MIGUEL D | SAUK 8 | SCORUP C | SENCHERTY [
SAC B | SAN SABA D | SAULICH D | scoTvco A | SENECAVILLE B
SACHEEN A | SAN SEBASTIAN B | SAUM C | scovia B | SENSABAUGH -]
SACHETT C | SAN SIMEON D | SAUNDERS D | scorvy D | SEQUATCHIE B
SACO D | SAN TIMOTEO 8 | SAURIN C | SCOTTY LAKE B | SEQUINM A
SACRAMENTO D | SAN TIMOTEO. C | SAUVIE C/D| SCOVTIES 8 | SEOUOIA C
SACUL C | GRAVELLY | SAUVIE., MODERATELY C | Sscourv B8 | SERDEN A
SADDLE C | SAN YSIDRO D | WET | SCRABBLERS A | SERENE c
SADER D | SANCHEZ D | SAUVIEs, PROTECTED C/D| SCRANTON A/D| SEROCO A
SADIE C | SANDALL C | SAUVOLA C | SCRAVD 8 | SERPA D
SADLER C | SANDERSON B | sauz B8 | SCRIBA { | SERPEN B
SAFFELL B | SANDHILL B | SAVAGE C | SCRIVER B8 | SERPENTANO B
SAG 8 | SANDIA B | SAVAGEs SALINE D | SCROGGIN C | SERPOD C
SAGANING A/D| SANDOVAL D | SAVAGE. PE>31 C | SCULLIN C | SERRANO D
SAGASER B | SANDOVAL, DRY B | SAVANNAH C | SCUPPERNONG D | SERVILLETA Q
SAGE D | SANDRIDGE A | SAVENAC C | SEABROOK C | SESAME [4
SAGECREEK B | SANDUN B | SAvo C | SEAFIELD B | SESPE C
SAGEDALE C | SANDWASH C | SAVOIA 8 | SEAFORTH B | SESSIONS C
.\ SAGEHILL B | SANDWICK 8 | SAVONIA B | SEAGATE A/D| SESSUM [}
SAGEMOOR B | SANELI 0 | SAWABE D | SEAGOVILLE 0 | SET C
SAGERS B | SANFORD 8 | SAWATCH B/D| SEALY 8 | SEVH €

NOTES: TWO HYDROLOGIC SOIL GRDUPS SUCH AS B/C INDICATES VTHE DRAINED/UNDRAINED SITUATION.
MOD IFIERS SHOWM: E<Ge.o BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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TABLE 7.i=-~HYDROLOGIC GROUPS OF THE SOILS OF

THE UNITED STATES
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C | SHELBURNE C | SHOWALTER, D | sioux A | SMYRNA
SETTLEMENT D | SHELBY B | GRAVELLY | S1PPLE B | SNAG
SETTLEMEVER D | SHELBYVILLE 8 | SHOwWLOW C | SIRDRAK A | SNAHOPISH
SETTLENEYER, D | SHELD 8 | SHREE 8 | SIRI B | SNAKE
SALINE=ALKALI | SHELL 8 | SHREWDER B8 | siroco € | SNAKE HOLLOW
SETTLEMEVER, D | SMELLABARGER B | SHREWSBURY C/D| SIRREYTA € | SNAKELUM
MODERATELY WET | SHELLBLUFF B | SHRINE 8 | SISKIYOU B | SNAPP
SETTLEMEVER, D | SMELLDRAKE A | SHROUTS D | SISSETON 8 | SNEAD
DRAINED | SHELLROCK A | SHUBUTA c | S1S8ON B | SNEFFELS
SETTLEMEYER, D | SHELMADINE 0 | SMUE C | SISTERS A | SNELL
FLOODED | SHELOCTA B | SHUKASH A | SITES C | SNELLING
SETTLEMEYERe COOL D | SHELTON C | SHUKSAN C | SIWELL C | SNIDER
SEVTLEMEVYER, C | SHENA D | SHULE C | SIXBEACON B | SNOHOMISH
RARELY FLOODED | SHENANDOAH D | SHULLSBURG C | SIXMILE C | SNOHOMISHs DRAINED
SEVENMILE B | SHENKS B/D| SHUMLA C | SIZER B | SNOMO
SEVERN B | SHENVAL B | SHUMMAY 0O | SKAGGS C | SNOOK
SEVILLE D | SHEP 8 | SHUPERT € | SKAGIT D | SNDQUALMIE
SEVY B | SHEPAN C | SHURLEY A | SKANMA A | SNOW
SEWANEE 8 | SHEPPARD A | SHUSTER C | SKALAN € | SNOWLIN
SEWARD 8 | SHERANDO 8 | s8I C | SKAMANIA 8 | SNOWMORE
SEXTON C/D| SHERAR c | sieELIA 8 | SKAMO C | SNOWSHOE
SE YHOUR D | SHERBURNE C | sIBLEY B | SKANEE C | SNOWSLIDE
SHAAK C | SHERIDAN 8 | SIBLEYVILLE B | SKANID D | SNOWSTORM
SHABL1ISS D | SHERLESS B | SICKLES B/D| SKATE B | SNOWVILLE
BHACK 8 | SHERLOCK B8 | SICKLESTEETS 8 | SKEDADDLE D | SNUFFUL
SHADELAND C | SHERM 0 | SIDELL B | SKELLOCK B | SOAKPAK
SHADOW 8 | SHERMORE B | SIDLAKE C | SKELON C | 50BAY
SHADYGROVE C | SHERRY 8/0) SIDON C | SKERRY C | SOBEGA
SHAFFTOM 8 | SHERRYs STONY o | SIEBEN B8 | SKIDMORE 8 | soBoBA
SHAGNASTY C | SHERRYL B | SIEBERY A | SKIPANON B | soBOL
SHAKAMAK C | SHERWOOD B | SIECHE C | sSKk1POPA D | SOBRANTE
SHAKER C | SHEVLIN € | SIELO C | skivou B | SOCORRO
SHAKESPEARE C | SHIDLER 0 | SIEROCLIFF C | SKOKOMISH D | soDa
SHAKOPEE C | SHIELDS C | SIERRA B | SKOKOMISHs DRAINED C | SODA LAKE
SHALAKE C | SHIFFER C | SIERRAVILLE 8 | skOLY B | SODERVILLE
SHALAKO D | SHILOHW 8/0D) SIESTA 0 | SKOOKUM C | SODHOUSE
SHALBA D | SHIMA C | SIFTON B | SKORO B | soous
SHALCAR D | SHIMMON C | SIGNAL € | SKOWHEGAN B | SOELBERG
SHALCARs DRAINED C | SHINAKU D | SIGURD ® | SKULL CREEK C | SOEN
SHALET D | SHINBARA D | SIKESTON B/D| SKUMPAH 0 | SOF1A
SHALONA 8 | SHINDLER C | SILAS B | SKUTUM C | SOFTSCRABBLE
SHAM D | SHINER C | SILASe. WEY C | SKYBERG ¢ | soGI
SHAMBO ® | SHINGLE D | SILAS, FLOODED B | SKYMAVEN C | SO6N
SHAMEL B | SHINGLETOWN C | SILAWA 3 | SKYHIGM c | soGo
SHAMOCK C | SHINKEE C | SILER 8 | SKYKOMISH A | SOGZIE
SHANAMAN B | SHINROCK C | SILERTON B | SKYLICK B | SOLAK
SHANDEP 8/D) SHIDCTON c | sz € | SKYLINE D | SOLAND
SHANE D | SHIPLEY B | SILSTID A | SKYMOR D | SOLDATNA
SHANKLER A | SHIPLEY. B | SILVA C | SKYVILLAGE D | SOLDIER
SHANO B | SYRATIFIED | SILVER C | SKYwWAY 8 | soLpuc
SHANTA B | SUBSTRATUM | SILVER CREEK D | SLABTOWN B | SOLEDAD
SHARATIN B | SHIPLEY, C | SILVERADO B | SLAGLE C | SOLIER
SHARKEY D | SALINE=ALKALI | SILVERBOW D | SLAUGHTER C | soLIs
SHARLAND B | SHIPLEY, B | SILVERCHIEF C | SLAVEN C | SOLLEKS
SHARON B | NONFLOODED | SILVERCLIFF 8 | SLaw C | SOLLER
SHARPS C | SHIPLEY» RARELY B | SILVERDALE A | SLAYTON D | SOLOMONM
BHARPSBURG 8 | FLOODED | SILVERN A | SLEEPER C | SOLONA
SHARROYT D | SHIPLEY, GRAVELLY B | SILYERYON C | SLEETH C | SOMBORDORO
SHARVANA C | SUBSTRATUM | SILVIES 0 | SLICKROCK B | SOMERS
SHASER B | SHIPROCK B | SIMAS C | SLIDELL D | SOMERVELL
SHASKIT B | SHIPS D | SIMCOE € | SLIGHTS C | SOMSEN
BHASTA B | SHIPSHE B | SIMEON A | SLIGTING C | SONAHNPIL
BMHATRUCE C | SHIRK € | SIMEROI 8 | SLIKOK D | SONDCAN
BHATTA C | SWIVELY B | SIMMONT C | SLIMBUTTE B | SONOITA
SHATTUCK B | SHOALS C | SIMON C | SLINGER 8 | SONOMA
SHAVANO B | SHOAY D | SIMONs GRAVELLY B | SLIPMAN B | SONOMA. MODERATELY
SHAVASH ¢ | SHDEPEG C | SUBSTRATUM | sLDAN B/D| WET, SALINE
SHAVER B | SHOESTRING e | SIMONA D | SLOCUM C | SONDMAs SALINE.
SHAWA B8 | SHOKEN D | SIMONTON 8 | SLUICE B | DRAINED
SMAWAND A | SHONKIN D | SIMPARK D | SLY B | SONOMA» SALINEs
SHAWNMUT B | SHOOFLIN € | SIMPATICO 8 | sSmMackour B | FLOODED
SHAY D | SHOOFLY 0 | SIMPSON C | SMALLCONE D | SONOMAe SALINE
SHAYLA 0 | SHOOK C | SIms D | SMARTS B | SONOMAs MODERATELY
SHEAR C | SHOOKER C | SINAI C | swaug B | WET
SHEAVILLE D | SHOREEK C | SINAMOX B | SMEDLEY D | SONOMA., DRAINED
SHEBANG D | SHOREWOOD C | SINCLAIR C | SMELTER C | SONDMAs FLOODED
SHEBEOM C | SHORIM C | SINGATSE D | SMILEY B/D| SONOMA» NONFLOODED
SHEDADO C | SHORY CREEK C | SINGERTON B | SHMILEYVILLE D | SONORA
SMEDD C | SHORYCUT C | SINGLETREE C | SMILD C | SDNTAG
SHEDHORN D | SHORTYORK D | SINGSAAS B | SMITHBORO D | SOONAHBE
BHEEGE D | SHOSHONE D | SINKSON B | SHITHDALE B | SOOSAP
SHEEP CREEK € | SHOTGUN c | sINLOC D | SHITHNECK B | SOPER
SHEEPCAN B | SHOTWELL D | SINLOC» DRAINED C | SMITHTON D | SOQUEL
SHEEPHEAD € | SHOUNS B | SINNICE A | SMITHVILLE B | SORENSEN
SHEEPROCK A | SHOWALTER D | SINNIGAM D | SMITHWICK D | SORF
SHEEPSCOY B | SHOWALTER. MOISY D | SINTON B | SMOCREEK C | SORRENTO
SHEET IRON B | SHOWALTERs STONY B | SINUK D | SMOKEY C | SORTER
SHEFFIELD o | | SION 8 | SMOLAN C | SORUM
NOTESS TWO MYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNORAINED SIVUATION.

MODIFIERS SHOWN: EeGoe BEDROCK SUBSTRATUM., REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IM SOIL MAP LEGEND.
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SOVIM 8 | SPRUCEDALE 0 | STEINBECK B | STRINGTOWN B | SURGEM c
SOUGHE D | sPuD C | STEINSBURG C | STRINGTOWN, GRADED C | SURGH B
SOULAJULE € | SPUKWUSH B | STEIWER € | STYROLE C | SURPRISE B
SOUTHACE 8 | SPUR B | STELLAR C | STROM C | SURRENCY D
SOUTHAMN D | SPURGER C | STEMILT C | STROMAL A | SURRETT c
SOUTHFORK D | SPURLOCK B | STEMLEY C | STRONGHURST B | SURVEYORS B
SOUTHGATE 0 | SQUALICUM B | STYEWPLE ® | STROUPE C | SURVYA c
SOUTHPORT B | SOUALLY 8 | STENDAL C | STRYKER C | SUSANNA c/D
SOUTHRIDGE B | souaw 8 | STEPHEN C | sTuses C | SUSIE CREEK c
SOUTHYWICK € | SQUAWCREEK D | STEPHENVILLE 8 | svucky ® | SUSITNA 8
SOWCAN ® | SQUA¥ROCK € | STEPROCK B | STUKEL D | SUSQUEHANNA )
SPAA 0O | SQUIRES C | STEPSTONE ® | STUMBLE A | suTa B
SPACE CITY A | SRIADA D | STERLING B | STUMPP D | SUTCLIFF B
SPADE B | ST. ALBANS 8 | STERLINGTON 8 | STUNNER ® | SUTHER c
SPADRA 8 | ST. ANTHONY B8 | STERRETT D | STUNTZ C | SUTHERLIN C
SPAGER D | STe AUGUSTINE C | STETSON ® | STURGEON B | SUTKIN B
SPALDING D | STe AUGUSTINE, B | STEVTYER 0 | STURKIE B | SUTLEY B
SPANA D | ORGANIC | STEUBEN 8 | STUTTGART D | SUTPHEN D
SPANAWAY B | SUBSTRATUM | STEUBER B | STUTZMAN C | SUTrRO c
SPANEL D | ST. AUGUSTINE, C | STEVENS B | STUTZMAN, WET D | SUTTLER B
SPANG B | CLAYEY SUBSTRATUM | STEVENSON 8 | STUTZVILLE C | SUTTON B
SPANGLER € | ST. CHARLES B | STEWART 0 | STYX 8 | SUVER D
SPARANK 0 | STe CLAIR D | SVEWVAL D | susaco D | SVEA B
SPARHAM D | ST. ELMO A | STICKNEY € | SUBLETTE B | SVENSEN B
SPARKHULE D | ST. GEORGE 8 | STIDHAM 8 | SUBLIGNA B | SYERDRUP -]
SPARMO B | 'ST. GEORGE. SALINE C | STIEN B | SUCHES 8 | SWAGER c
SPARR € | SY. GEORGE. WEY D | STIGLER D | SUDBURY B | SWAKANE )
SPARTA A | ST. IGNACE D | STILGAR ® | SUDDUTH C | SWALER D
SPARTA. SILTY CLAY B | ST. JOHNS B/D| STILL B | SUDWORTH 8 | SwanBsOY ]
LOAM SUBSTRATUM | ST. JOHNS, D | STILLMAN 8 | SUEPERY C | SWANDAD B
SPARTA, LODANMY A | DEPRESSIONAL | STILLWATER D | SUEY B | SWANLAKE B
SUBSTRATUM | STe LUCIE A | STILSKIN € | SUFFIELD C | SWANNER D
SPARTA» BEDROCK A ) ST. MARTIN C | STILSON 8 | SUFFOLK B | SWANSEA ]
SUBSTRATUM | ST. MARYS B | STIMSON D | SUGARBOWL B | SWANSON c
SPASPREY C | ST. ONGE B | STINGAL B | SUGARDEE B | SHWANTON c/o0
SPEAKER C | ST. PALL ® | STINGDORN O | SUGARLDAF B | SWANTOWN C
SPEARFISH D | ST. THOMAS D | SVIPE C | suGLO B | SWANVILLE c
SPEARHEAD B | ST.HELENS 8 | STIRK D | SUISUN D | SWANWICK 0
SPEARMAN 8 | STABLER B | STIRRUP B | SuLa B | SWAPPS (4
SPEARVILLE c | svaov B | STIRUM B/D| SULLIVAN B | SWARTSWOOD C
SPECK D | STAFFORD € | STIRUMs PONDED D | suLLy B | SWARTZ [
SPEELVYAIL D | STAGECOACH B | STISSING C | SULODAF B | SWASEY ]
: SPEER B8 | STAWL € | STIVERSVILLE B | SULPHURA D | SWASTIKA c
SPEIGLE B | STAKE C | STYOCKADE 8/D| SULSAVAR B | SWAUK [
SPENARD D | STALEY B | STOCKBRIDGE C | SULTAN C | SWEATMAN c
SPENCER B | STALLINGS C | STOCKEL € | SUMAN B/D| SWEDE B
SPENLO B8 | STAMBAUGH B | STOCKLAND B | SuMas D | SWEEN C
SPENS A | STAMFORD D | STOCKPEN D | SUMAS. DRAINED B | SWEENEY B
SPERRY C/D| STAMP D | STOCKTON D | SUMATRA B | SWEET [
SPEXARTH 8 | STAMPEDE D | SYODA B | SUMINE B | SWEETAPPLE 8
SPHINX D | sTam B | STODICK D | SUMMERFIELD D | SWEETGRASS 8
SPICER 87D STANDLEY C | STYOHLMAN D | SUMMERS B | SWEETWATER D
SPICERTON D | STanNpup B | STOKES D | SUMMERTON B | SWEM C
SPICEWDOD C | STANEY D | STYOKLY 8 | SUMMERVILLE D | SWENODA B
SPILLCO B8 | STANFIELD C | STOMAR C | SuMMIT C | SWIFY 8
. SPILLVILLE B | STANISLAUS D | STONEBERGER D | SUMMITVILLE C | SWIFT CREEK 8
SPINEKOP B | STAPALOOP B | STONEBURG B | SumpF D | SWIFTON A
SPINEXOP, SALINE C | STAPLETON B | STONEHAM B | SUMTER C | SWIMLEY c
8P INEKOP» C | stapp € | STONEHEAD C | SuMYa D | SwWIMS B
MODERATELY WEY | STARBUCK D | STONELICK B | SUN D | SWINGLER o
SPINKS A | STARGO B | STONER B | SUNAPEE B | SWINGLERe ALKALI 8
SPEINLIN C | STARHOPE D | STONEVILLE B | SUNBURG B | SWINGLER. 0
SPIRES D | STARICHKOF D | STONO B/D] SUNBURST C | SALINE=-ALKALI
SPIRIT € | STARKEY C | STONYFORD D | SUNBURY B | SWINK ]
SPIRD B | STARKS C | STOOKEY C | SUNCITY D | SWINOMISH c
SPIVEY B | STARLEY D | STORDEN B8 | SUNCDOK A | SWINT 8
SPLENMDORA C | STARMAN D | STORLA B | SUNDANCE ® | swissoB (1]
SPLITRO D | STARR C | STORMITY B | SUNDAY A | SWISSHELM -}
SPLITTOP C | STASER 8 | svory € | SUNDELL B | SWITCHBACK C
SPOFFORD D | STATE B | STOUGH C | SUNEV B | SWITZERLAND B
SPOKANE B | STATLER 8 | syour D | SUNFIELD B | SWOPE c
SPOKEL 8 | STAvZ 0 | svovHo C | SUNLIGHY D | SWORMVILLE [4
SPONSELLER B | STAVE D | STOWE C | SUNNYHAY © | SWYGERT c
SPOOL 0O | STaYvOM 0 | STOWELL D | SUNNYSIDE B | syBLON -]
SPOONER C/D|) STEARNS o | sTovY C | SUNRAY B | SYCAMOREs DRAINED B
SPOTSYLVANIA € | STECUM C | STRABER C | SUNSET B | SYCAMORE, FLOODED C
SPOTTSHOOD 8 | STEED A | STRAMAN B | SUNSHINE C | SYCAMOREs CLAY B
SPRAY ® | STEEDMAN C | STRAIGHY C | SUNSWEET C | SUBSTRATUM
SPRECKELS C | STEEDMANs, STONY D | STRANDQUIST B/D| SUNUP D | SYCAN A
SPRING C | STYEEKEE C | STRAT 8 | SuoMI C | SYCLE e
SPRINGDALE A | STEELE C | STRATFORD B | sup B | SYENITE c
SPRINGER B | STEENS C | STRATTON C | suPaN B | SYLACAUGA ]
SPRINGERVILLE D | SYEEPLAN O | STRAW B | SUPERIOR D | svLcOo (4
SPRINGF IELD D | STEEVER B | STRAWN B | SUPERSTITION A | SYLVAN B
SPRINGMEYER B | STEFF C | STREATOR B/D| SUPERVISOR € | SYLVESTER B
SPRINGS TEEN C | STEGALL C | STREVELL 8 | SUPPLEE B | SYLVIA C
SPRINGWATER C | STEIGER A | STRICKER 8 | Sur B | symco c
SPROUL D | STEINAUER 8 | STRICKLAND € | SURFSIDE O | SYMERTON 8
NOTES: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICAVES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWNs EoGo» BEDROCK SUBSTRATUM. REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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SYNAREP
SYRACUSE
SYRENE
SYRETTY
TABECHEDING
TABERNASH
TABLE MOUNTAIN
TABLER
TABOR
TACAN
TACOMA
TACOMA» DRAINED
TACONIC
TACOOSH
TADLOCK
TAFOYA
TAFTY
TAFUNA
TAGGART
TAGLAKE
TAHKENITCH
TAHOMA
TAHOUL A
TAHQUATS
TAINTOR
TAJO
TAKEUCHI
TAKILMA
TAKOTNA
TALAG
TALANTE
TALAPUS
TALBOTTY
TALCOY
TALINHINA
TALKEETNA
TALLA
TALLAC
TALLADEGA
TALLAPOOSA
TALLEYVILLE
TALLS
TALLULA
TALLY
TALMAGE
TALMO
TALMOON
TALOKA
TALPA
TALQUIN
TAMA
TAMAHA
TAMALCO
TAMALPAILS
TAMANEEN
TAMBA
TAMELY
VAMFORD
TAMMANY CREEK
TANP
TANPICO
TANAK
TANAMA
TANANA
TANBARK
TANDY
TANEUM
TANEY
TANGAIR
TANNA
TANNAHILL
TAMNER
TANOB
TANSEM
TANTALUS
TANTILE
TANWAX
TANWAXs DRAINED
TANYARD
TAPCO
TAPIA
TAPICITOES
TAPPAN
TARA
TARBORO
TARGHEE
TARKIO
TARKLIN
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TABLE 7.1~-HYDROLOGIC GROUPS OF THE SOILS OF

TARLOC
TARPLEY
TARR
TARRANT
TARRETE
TARRYALL
TASAYA
TASCOSA
TASSEL
TASSELMAN
TASSO
TATE
TATIVEE
TATLUM
TATOUCHE
TATTON
TATUM
TAUNTON
TAVARES
TAWAH
TAWAS
TAWCAY
TAYLOR
TAYLOR CREEK
TAYLORSFLAT
TAYLORSFLAT,
SALINE=ALKALI
TAYLORSVILLE
TAZLINA
TEAGULF
TEAKEAN
TEALSON
TEALWHIT
TEANAWAY
TEAPO
TEASDALE
TEBO
TECHICK
YTECO
TECOLOTE
TECOPA
TEDROW
TEEL
TEELER
TEEMAY
TEETERS
TEEWINOT
TEFTON
YEGURO
TEHACHAPI
TEHAMA
TEHRAN
TEIGEN
TEJA
TEJABE
TEJANA
TEKENINK
TEKISON
TEKLANIKA
TEKOA
TELA
TELCHER
TELEFONO
TELEPHONE
TELESCOPE
TELFER
TELFERNER
TELL
TELLER
TELLICO
TELLMAN
TELLURA
TELOS
TELSTAD
TEMBLOR
TEMESCAL
TEMO
TEMPLE
TEMPLETON
TEMVIK
TENABO
TENAHA
TENAS
TENCEE
TENDOY
TENEX
TENINO
TENMILE
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TENNO
TENOR1IO
TENOT
TENPIN
TENRAG
TENSAS
TENSED
TENSLEEP
TENSNOIR
TENVORRD
TEOCULLI
VEPETE
TEQUESTA
TERADA
TERBIES
TERENCE
TERESA
TERINO
TERLCO
TERLINGUA
TERMINAL
TERMO
TEROMOTE
TEROUGE
TERRA CEIA
TERRA CEIAs TIDAL
TERRA CEIA.
FREQUENTLY
FLOODED
TERRAD
TERRETON
TERRIL
TERRY
TERWILLIGER
TERWILLIGERS
TESAJO
TESSF IVE
TETHR ICK
TETON
TETONIA
TEVONKA
TETONVIEW
TETONVILLE
TETOTUM
TEVIS
TEwW
TEX
TEXARK
TEXLINE
TEXROY
TEZUMA
THACKER
THACKERY
THADE"™
THAGE
THATCHER
THATUNA
THAYNE
THEBES
THEBO
THEDALUND
THENAS
YHEODOR
THEON
THERESA
YHERIOY
THERMOPOLIS
THESS
THETFORD
THETIS
THIEFRIVER
THIEL
THIOKOL
THISTLEDEW
THOENY
THOMAS
THOMS
THORNBURGH
THORNDALE
THORND IKE
THORNOCK
THORNTON
THOROUGHF ARE
THORP
THOUT
THOW
THRASH
THREADGILL

STONY
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THREEMILE
THROCK
THULEPAM
THUMBERLAND
THUNDERBIRD
THURBER
THURLONI
THURLOW
THURMAN
THURMONTY
TIAGOS
TIAK

TIBAN
TIBBITTS
TiB8s
TIBURONES
TICA

TICE
TICELL
TICHNOR
TICINO
TICKASON
TIDINGS
TIDWELL
TIERRA
TIETON
TIFFANY
TIFTON
TIGER CREEK
TIGERON
TiGeIT
TIGIWON
TIGON
TIGUA
TIJERAS
TIKI
TILFER
TILFORD
TILLEDA
TILLICUM
TILLMAN
TiLLOU
TILMA
TILSIY
TILTON
TIMBALIER
TIMBERG
TIMBERHEAD
TIMBERVILLE
TIMENTWA
TIMHILL
TIMKEN
TIMMERMAN
TIMPAMUTE
TIMPANOGOS
TIMPER
TINULA
TINA
TINAJA
TINDAHAY
TINE
TINEMAN
TINEMAN. WET
TINGEY
TINKER
TINN
TINNIN
TINSLEY
TINTON
TINYTOWN
TIOCANO
TIOGA
TIPPAH
TIPPECANOE
TIPPER
TIPPERARY
TIPPERARYs ALKALI
TIPPERARYs DRY
TIPPO
TIPTON
TIPTONVILLE
TIPTOP
TIRO
TISBURY
TISCH
TISDALE
TISHAR
TISONIA

TWO0 HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
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TISWORTH
TITUS
TITUSYILLE
TivoLl
TIvy

T0A

TOBICO
TOBIN
TOBISH
TOBLER
TOBOSA
ToBY

TOCAL
TOCALOMA
TOCAN
TOCCOoA
TOCK

voco1
TODDLER
TODDSTAV
TODDVILLE
Tooos
TOEHEAD
TOEJA
TOEJA»
TOEM
TOGNONI

T0GO
TOGUS
TOHONA
TOINE
TOISNOTY
TOISNOT. PONDED
TOIVOLA

TOIVABE

TOKLAT

TOKUL

TOLANY

ToLBYy

TOLEDO

TOLEX

TOLKE

ToLL

TOLLGATE

TOLLHOUSE

TOLMAN

TOLNA

T0LO

TOLONIER

TOLOVANA
TOLSONA

ToLsTO1

TOLTEC

TOoLUCA

TOLVAR

TOMAH

TOMAHAWK

TOMALES

TOMASY

TOMBAR

TOME

TOMEL

TOMERA

TOMICHI

TOMOKA

TOMOTLEY

TOMSHERRY

TOMTY

TONASKET

TONATA

TONCANA

TONEY

TONGUE RIVER
TONIOD
TONKA
TONKAWA
TONKEY
TONKIN
TONKINe
WET
TONKS
TONOPAH
TONOR
TONOWEK

TONRA

TONSINA
TONTIX

TONUCD

NONGRAVELLY

MODERATELY

MODIF IERS SHOWNs E+Goeo BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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TABLE 7.1--HYDROLOGIC GROUPS OF

THE SOILS OF

THE UNITED STATES

7.35

TOOMES D | TREATY B8/D| TUBAC C | TWISSELMAN C | UPSPRING (4]
TOONE C | TREBLE B | TUCANNON C | THISSELMAN, D | UPTMOR c
TOP € | TREBLOC D | TUCKAHOE B | SALINE=ALKALI, | uPTON c
TOPEK] 0 | TREBOR € | TuCkeEr c | WwEY | URACCA 8
TOPEMAN D | TREEKOR D | TUCKERMAN 0O | TWMISSELMAN. D | URBANA c
TOPIA 0 | TREGO € | TUCSON B | SALINE~ALKALI | URBO "]
TOPLIFF B | TREHARNE C | TUCUMCARE C | TWOMILE C/D| UREAL o
TOPONCE C | TRELK B | TUFFIY C | TWOTOP D | URICH c/o
TOPPENISH D | TRELONA D | TUGHILL D | TYEE D | URIPNES c
TOPPENISHs DRAINED C | TREMANY B | TUJUNGA A | TYGART D | URLAND c
TOPSEY C | TREMBLES B | TUKEY Cc | TYGH B | URNE B
TOQUERVILLE D | TREMONA C | TUKWILA O | TYLER D | URNESS 8/0
ToQuI D | TREWPE A | TUKWILA, DRAINED C | TYNDALL C | URSA (4
ToQUOP A | TRE¥MEALEAU B | TuLA € | TYNER A | URSINE ]
TORBOY A | TRENARY 8 | TULANA. DRAINED c/0| TYRE A/D| URTAH c
TORCHLIGHT C | TRENT B | TULANAe NONFLOODED C | TYRONE C | UsAL ]
TORDIA D | TRENTON D | TULARE O | TYSON C | USHAR (-]
YOREX A | TREON D | TULARGOD B | UBANK B | usk c
TORHUNTA C | TReEP B | TULAROSA 8 | UBAR D | uUTABA A
TORNEY D | TRES HERMANDS B | TULASE 8 | usik B | UTALINE B
TORNILLD B | TRESANO 8 | TuLlA 8 | usLy B | UTE c/s0
TORNING B | TRESED c | vuLIK B | UCHEE A | UTICA 8
TORODA B | TRESTLE 8 | TULLAHASSEE c | ucoLo D | UTLEY 8
TORONTO c | TREVINO D | TULLER D | UCOPIA 5 | utso (-]
TORPEDO LAKE D | TREVLAC 8 | TuLLOCK C | voaHo 8 | UTuAaDD B
TORREON C | TREY A | TuLLy € | UDEL D | UVADA )
TORRES A | TRIANGLE D | TUuLOSO O | UDELOPE D | UVALDE [}
TORRO 8 | TRIBBEY C | TuMAC B | UDOLPHO B/D| UvI 8
TORRY B8/D| TRICON C | TuMALO C | UFFENS D | uwWaLA [}
TORSIDO ¢ | TRID B | TUMWATER C | UFFENS. B | VABEM D
TORTUGAS 0 | TRIDELL B8 | TUNBRIDGE € | ELEVATION>8500 | vaBuUS <
T0SCA 8 | TRIGGER D | TUNICA 0 | VUGAK D | VACHERIE c
TOSTON c | TRIGD D | TUNIS D | UHALDI B | VADER B
TOTAVI A | TRIMAD B8 | TUNKHANNOCK A | UHL B | VADNALS c
TOTELAKE B | TRIMBLE 8 | Tuoml 8 | UKLAND B | VADO B
TOTEM 8 | TRIMMER C | TUPELO D | UMLIG B | VAEDA [V}
TOTIER C | TRINITY 0 | TUPUKNUK D | UHLORN € | VAIDEN D
Tov0 8/0| TRIO D | TUQUE B | VINTA B | VAILTON B
TOTTEN C/D| TRIOMAS 8 | TURBEVILLE C | UKIAHW D | vAIva b}
TOUCHE Y 8 | TRIPIT € | TURBOTVILLE c | ua C | VALBY C
TOUHEY B | TRIPLEN B | TURBYFILL B | ULEN 8 | vVALCO c
. TOULON 8 | TRIPOLI 8/0| TURK C ) uLIDA D | VALCREST c
TOURNQUISY B | TRIPP B | TURKEVSPRINGS C | uLM € | VALDEZs CLAYEY )
TOURS B | TRISTAN 8 | TURLEY 8 | ULRIC C | SUBSTRATUM
TOUTLE 8 | TRITON D | TURLIN B | ULRICHER 8 | VALDEZ, DRAINED c
TOUTLE, FLOODED 8 | TRIX 8 | TURLOCK D | ULTRA D | VALDOSTA A
TOUTLEs PROTECTED A | TROCKEN B | TURNBULL D | ULUPALAKUA B | VALE B
TOVAR C | TROJAN 8 | TURNER 8 | Uy B | VALENCIA [}
TOWAVE B8 | TROMP C | TURNERVILLE B | ULYSSES B | VALENT A
TOWHEE D | TRONSEN ® | TURNEY 8 | uWa A | VALENTINE A
TOWNER 8 | TROOK 8 | TURRAH D | UMAPINE D | VALERA [
TOWNLEY C | TROOK» SALINE C | TURRETY 8 | UMAPINE., DRAINED C | VALHALLA A
TOWNSEND C | TROOKs GRAVELLY 8 | TURRIA C | UMATILLA 8 | VALKARIA B/D
TOWOSAHGY B | SUBSTRATUM | TURSON C | uMBARG 8 | VALLAN (]
TOXAWAY B/D] TROPAL D | TUSAYAN € | UMBERLAND C | VALLE 8
Tov D | TROPIC B | TUSCAN D | UMBERLANDs PONDED D | VALLECITOS o
TOYAH 8 | TROSI D | TUSCARAMWAS C | UMBERLANDs FLOODED C | VALLEOND 8
TOYUSKA B | TROSKY B8/D| TUSCAWILLA D | uUMIaT D | VALLERS c
YOZE B | TROUGHS 0 | TUSCOLA B | UMIKODA B | VALLEYCITY )
TRABUCD c | TROUP A | Tuscosso B | UMIL D | VALMAR c
TRACHUTE B | VTROUT CREEK C | TusCuMBIA D | uMpPa B | VALMONT €
TRACK O | TROUT RIVER A | TUSEL 8 | uMPCOOS C | VALMY B
TRACK s DRAINED C | TROUTDALE B | Tusk 8 | uMPUMP B | VALNOR c
TRACOSA D | TROUTER C | TUSKAHOMA D | UNA D | VALO1S 8
TRACY B | TROUTVILLE 8 | TUSKEEGO C/D| UNADILLA B | VALSETZ 4
TRADEDOLLAR B | TROXEL B | TUSLER 8 | UNAKA 8 | vaLYO o
TRAER 8/0| TRUCE € | TuseulTeEE 8 | UNAKNWIK 0O | VALTON C
TRAG 8 | TRucwOT C | Tussy O | UNAWEEP B | VALVERDE 8
TRAG: DRY B | TRUCKEE € | TUSTIN B | UNCAS D | VAMER 0
YRAG: COOL € | TRUCKEE. SALINE € | TUSTUMENA B8 | UNCOMPAMGRE B/D| VAMONT 0
TRAHAM € | TRUCKEE: DRAINED B | TUTE B | UNDERHWILL B | vaup c
TRAIL A | TRUCKEE, SANDY C | TUTHILL ® | UNDERWOOD 8 | VAN DUSEN 8
TRAMPAS C | SUBSTRATUM | TUTNI B | UNDUSK B | VAN HORN ]
TRAMWAY B | TRUCKEE, GRAVELLY C | TUTWILER B | UNGERS B | VAN NOSTERN c
TRANQUILAR C | SUBSTRATUM | Tuweep 8 | unicol 8 | VAN WAGONER (]
TRANSYLVANIA B8 | TRUCKTON 8 | TWEBA 8/D| UNION C | VANAJD (]
TRAPPER 8 | TRUDAU B | TWEBA» B/D| UNIONTOWN B | VANANDA 1]
TRAPPIST € | TRUCE B | SALINE-ALKALI | UNIONVILLE B | VANCE (4
TRAPPS 8 | TRUEFISSURE A | TWEBA., MODERATELY B | UNISON B | VANDA o
TRASK € | TRUESDALE c | wer | UNIUS D | VANDALIA ]
TRAVELERS 0 | TRULON c | Tweeoy C | UNLIC B | VANDAMME £
TRAVER 8 | TRUMAN 8 | TWick 0 | UNSEL B | VANDAMORE 8
TRAVERTINE C | TRUMBULL o | TwiG D | UNSON B | VANDERGRIFY c
‘\ TRAVESSILLA D | TRUMP D | TYILIGHY 8 | UPDIKE D | VANDERMWOFF [
TRAVIS C | TRUNK C | TWIN CREEK 8 | UPSATA A | VANDERLIP A
TRAWICK 8 | TRYON 0 | TWINING C | UPSHUR D | VANEPPS [4
TRAY C | TSCHICOMA ® | TWINLAKE C | uPsON B | VANETY "]
TREADWAY D | Tus € | TWINSI C | UPSONe STONY C | VANG [ ]
NOTES: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWN, E.G.» BEDROCK BUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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VANGUARD
VANMETER
VANNI
VANNOY

VANOCKER

VANOSS
VANPETTEN
VANSON

VANSTEL

VANNYPER

VANZANDY

VAQUEROD

YARCO

YARELUM

VARELUM,
SUBSTRATUM

VARICK

VARINA

VARNA

VARNEY

VARRO

VARYSBURG

VASA

VASHTI

VASQUEZ

VASSALBORO

VASSAR

VASTINE

VAUCLUSE
VAUGHAN

VAUGHNSVILLE

VAY

VAYAS

VEAL

VEATCH

VEATCHe STONY

VEAZIE

VEBAR

YECONT

VEEDUM

VEET

VEGA

VEGA ALTA
VEGA BAJA
VEKOL

VEKOL. COOL
VELASCO

VELDA
VELDKAMP
VELMA

VELOW

VELVA

VENA

YENABLE
VENABLEs STONY
VEMNANGO
VENATOR
VENETA
YENEZIA
VENICE

VENLO

VENTRIS
VENTURE

VENUM

VENUS
VERBOORY

VERDE

VERDEL

VERDICO

VERDIGRIS

VERDUN

VERGAS

VERGENNES
VERHALEN
VERICK

VYERLOT
VERMEJO
VERMILAC
VERMILLON
VERMISA
VERNAL
VERNALIS
VERNALIS,
SALINE=ALKALI
VERNAL IS, WET
VERNIA
VERNIGOR
VERNON

NOTES:

CLAY LOAM
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TABLE 7.1--HYDROLOGIC GROUPS OF THE SOILS OF

VERNONIA
VERO
VERONA, WETY
VERONAs DRAINED
VYERONAs FLODDED
VERONA, CLAY
SUBSTRATUM
VERSHIRE
VERSON
VERTEL
VERTREES
VES
VESEY
VESPER
VESSER
VESSILLA
VESTA
YESTABURG
VESTON
VETA
YETAL
VETEADO
VEYO
VIA
VIAN
VIBLE
viso
VIBORAS
VIBORG
VICEE
vIiCK
VICKERY
VICKING
VICKINGs HIGH
RAINFALL
VICKINGes DRY
VICKSBURG
VICTINE
VICTOR
VICTORIA
VICTORVILLE
VICTORY
vIicu
YIDA
VIDAURI
VIDRINE
VIEJA
VIENNA
VIEQUES
VIGAR
VIGIA
vieo
vIGUS
VIKING
VIL
VILAS
VILLA
VILLA GROVE
VILLEGREEN
VILLY
VILLY,
ELEVATION>5500
VILLY» DRAINED
vIiLOT
VIMVILLE
VINA
VINCENNES
VINCENT
VINEGARROON
VINEYARD
VINGO
VINING
VININI
VINITA
VINLAND
VINSAD
VINSON
VINT
VINTAS
VINTON
VIPONT
YIRATON
VIRDEN
VIRGELLE
VIRGIL
VIRGIN PEAK
VIRGIN RIVER
VIRKULA
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YIRTUE
VISTA
VITALE
viubDa
VIVES
vVIv]
VLASATY
VOATS
VOCA
VODERMAIER
VO IGHT
VOLADORA
VOLASH
VOLBORG
voLco
VOLENTE
VOLINIA
VOLKMAR
VOLNEY
VOLPER IE
VOLTA
VOLTAIRE
VOLTAIRE»

VOLTAIRE., WET

SUBSTRATUM
VOLUSIA
VONA
VOORHIES
VORE
VOSBURG
vOsSSs
VOSSET
VULCAN
VYLACH
WAAS
WABASH
WABASHA
WABASSO
WABBASEKA
WABEK
MABEN
WABUSKA
WACA
WACAHOOTA
WACOTA
WACOUSTA
WADAMS
WADDOUPS
WADELL
WADENA
WADENILL
WADER
WADESPRING
WADMALAW
WADSWORTH
WAGES
WAGNER
WAGONBOX
WAGONTIRE
WAGRAM
WAHA
WAHATOYA
WAHEE
WAHIAWA
WAHIKULI
WAHKEENA
W AHLUKE
WAHOO
WAHPETON
WAHREKDAM
WAHT IGUP
WAHTUM
WAIAHA
WATAKOA
WAIALEALE
WATALUA
WAIAWA
WA THUNA
WAIKALOA
WAIKANE
WAIKAPU
WA IKOMO
WAILUKU
WAIMEA
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SALINE-ALKALI

VOLTAIREs DRAINED
VOLTAIRE. FLOODED
VOLTAIRE s GRAVELLY
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THE UNITED STATES

WAINEE
WAINOLA
WAIPAHU
WAISKA
WALITS
WAKE
WAKEEN
WAKEF IELD
WAKELAND
WAKITA
WAKONDA
WAKULLA
WALCOTTY
WALDBILLIG
WALDECK
WALDEN
WALDO
WALDORF
WALDPORT
WALDRON
WALDROUP
WALES
WALESs WARM
WALESs OVERBLOWN
WALFORD
WALHALLA
WALKE
WALKNOLLS
WALKON
WALL
WALLA WALLA
WALLACE
WALLEN
WALLER
WALLINGTVON
WALLKILL
WALLROCK
WALLSBURG
WALLSON
WALLUSKI
WALNETTY
WALONG
WALPOLE
WALREES
WALSH
WALSTEAD
WALTERS
WALTI
WALUM
WALVAN
WALVILLE
WAMBA
WAMBA s DRAINED
WAMIC
WAMPOO
WAMPSVILLE
WANBLEE
WANDO
WANETTA
WANILLA
WANN
WANDGA
WANSER
WANSERs DRAINED
WAPAL
WAPATO
WAPELLO
WAP]
WAPINITIA
WAPPING
WAPPINGER
WAPSHILLA
WAPSIE
WAPTUS
WARBA
WARDBORO
WARDELL
WARDEN
WARDENOT
WARDWELL
WARE
WAREHAM
WARM SPRINGS
WARM SPRINGS .
ALKALI

WARM SPRINGS» WET
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WARM SPRINGS. CLAY C

SUBSTRATUM

T¥O HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.
MODIF IERS SHOWNe EcGoes BEDROCK SUBSTRATUM,
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WARM SPRINGS. VERY D

POORLY DRAINED
WARMAN
WARMANs GRAVELLY
SUBSOIL
WARNEKE
WARNERS
WARRENTON
WARSAW
WARSING
WARWICK
WASA
WASCO
WASDA
WASEPI
WASHBURN
WASHINGTON
WASHINGTON. WET
SUBSTRATUM

WASHINGTONs STONY

WASHINGTON
GRAVELLY
WASHOE
WASHOUGAL
WASHTENAW
WASILLA
WASIOJA
WASKISH
WASKOM
WASPO
WASSAIC
WATAB
WATAMA
WATAUGA
WATCHABOB
WATCHAUG
WATCHUNG
WATERBURY
WATERCANYON
WATEREE
WATERMAN
WATERTOWN
WATKINS
WATKINS RIDGE
WATO
WATONGA
WATROUS
WATSEKA
WATSON
WATSONIA
WATSONVILLE
WATT
WATTON
WATUSI
WAUBAY
WAUBEEK
WAUBERG
WAUBONSIE
WAUCHULA
WAUCHUL A
DEPRESSIONAL
WAUCOBA
WAUCOMA
WAUCONDA
WAUKEE
WAUKEGAN
WAUKENA
WAUKON
WAULD
WAUMBEK
WAUNA
WAUNA«
WAUPACA
WAUPECAN
WAURIKA
WAUSEON
WAUTOMA
WAVELAND
WAVERLY
WAWASEE
WAWINA
WAX
WAYBE
WAYCUP
WAYDEN
MAYLAND
WAYMOR
WAYNECO

PROTECTED

REFER YO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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TABLE 7.1-=-HYDROLOGIC GROUPS OF THE SOILS OF

THE UNITED STATES
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WA YNE SBORO B | WESTBURY C | WHOBREY D | WINDY B | WOLLARD c
WAYNE TOWN C | WESTBUTTE C | WHOLAN 8 | WINEG B | WOLLENT o
WEA 8 | WESTCAMP C | wWIBAUX B8 | WINEMA c | woLOv B
WEASH C | WESTCREEK B | WICHITA C | WINETTI B | WOLVERINE A
WEATHERFORD B ) WESTERVILLE B | WICHUP D | WINEVADA c | woo B
WEAVER C | WESTHAVEN C | WICKAHONEY O | WINFALL B | WODe OVERWASH c
WEBB C | WESTLAKE D | WICKENBURG D | WINFIELD B | wWoD. WEY [ o
WEBBR IDGE B | WESTLAND B/D| WICKERSHAM B | WING D | MODs GRAVELLY B
WEBBTOWN € | WESTMORE C | WICKETTY C | WINGATE B | SUBSTRATUM
WEBER B | WESTMORELAND B | WICKHAM ® | WINGER B/0| WOOD RIVER ]
WEBILE C | WESTON 0 | wickiup C | WINGINAW D | WODDBECK 8
WEBSTER B/D| WESYOVER B | WICKSBURG B | WINGVILLE D | WOODBINE B
WEDEK IND D | WESTPHALIA B | WIDEMAN A | WINIFRED C | WOODBRIDGE c
WEDERTZ B | WESTPLAIN C | WIDEN C | WINK B | WOODBURN c
WEDGE A | MESTPORY B8 | WIDTSOE B | WINKEL D | WOODBURY D
WEDLAR € | WESTVACO C | WIEHL C | WINKLEMAN € | woODCOCK B
WEDOWEE 8 | WESTVIEW B | WIELAND € | WINKLEMANe SALINE C | WOODFORD 0
WEED B | WESTVILLE 8 | WIERGATE D | WINKLEMANs WET D | WOODGULCH A
WEEDING D | WESTWEGD D | WIGGLETON B | WINKLER B | WOODMALL c
WEEDMARK B | WESWOOD 8 | WIGTON A | WINLER D | WOODHURSY [
WEEKIWACHEE D | WETA D | WILAHA 8 | WINLD 0 | wWoODIN B
WEEKS C | WETHERSFIELD C | WILBANKS O | WINN C | WOODINGTYON B8/D
WEEKSVILLE B/D| WETHEY C | WILBRAHAM C | WINNEBAGOD B | WOODINVILLE D
WEENA D | WETHEYs DRAINED A | WILBUR B | WINNECONNE C | WODDINVILLES c
WEEPAH C | WETMORE 0 | WILBURTON 8 | WINNECOOK C | DRAINED
WEESATCHE B | WEVSAwW € | wiLco € | WINNEMUCCA B | WODDLAWN B
WEGA B | WETTERHORN € | wiLcox D | WINNESHIEK 8 | woooLy B
YEHADKEE D | WETZEL D | WILCOXSON D | WINNETY D | WOODLYN D
WE IGANG C | weweLa 8 | WILDALE € | WINNSBORO D | WODDLYN D
. WEIGLE D | WEWOKA C | WILDCAT D | WINONA D | WODDLYNs DRAINED C
WE IKERT C/D| WEYMOUTH B | WILDERNESS C | WINDOSKI B | WODDLYNs DRAINED D
WE IMER D | WHAKANA B | WILDHORSE A | WINOPEE B | WODDMANSIE B
WE INBACH C | WHALAN 8 | WILDORS € | WINRIDGE C | WOODMERE B
WE INGART D | WHALEY D | WILDWOOD D | WINSHIP C | WODDMONT c
WE INGARTEN C | WHARTON c | wiLE C | WINSPECT B | WOODPASS B
WEIR D | WHATCOM 8 | WILEY B | WINSTON B | WOODDROCK c
WE IRMAN A | MHATELY D | WILMOIY B8 | WINTERFIELD A/D| WOODROW B
WEIRMAN, WET D | WHEATLEY A/D| WILKES C | WINTERHAVEN B | WODDROW, (4
WE IRMAN» A | WHEATRIDGE B | WILKESON B8 | WINTERIDGE B | SALINE=-ALKALI
NONFLOODED | WHEATVILLE B | WILKINS D | WINTERS C | W0oODS CROSS D
WE ISBURG C | WHEELER B | wWILL B/D| WINTERSBURG C | WODDSEYE )
WE ISER 8 | WHEELERVILLE ® | WILLABY C | WINTERSET C | WODDSFIELD c
WE ISHAUPT D | WHEELING B | WILLACY B | WINTHROP A | WODDSIDE A
‘ WE I TCHPEC C | WHEELON D | WILLAKENZIE C | WINTON C | WODDSON D
WELAKA A | WHETROCK C | WILLAMAR B | WINTONER 8 | WODDSTODCK c/0
WELBY B | WHETSTONE C | WILLAMEYTE B | WINU C | WODDSTOWN c
WELCH D | WHICHMAN B | WILLAMETTE, WET C | wIDTA B | WOODTELL o
WELCHe DRAINED 8 | WHIDBEY C | WILLAMETTE,» B | WIRT B | WOODVILLE ]
WELCHLAND B | WHIPPANY € | GRAVELLY | wiscow D | WOODWARD 8
WELD C | wHIPSTOCK C | SUBSTRATUM | WISE C | WODLPER o
WELDA ¢ | WHIRLO B | WILLANCH C | WISEMAN A | WOOLSEY 8
WELLER € | WHISPERING C | WILLAPA B | WISENOR D | WODLSTALF 8
WELLINGTON D | WHISTLE ® | WILLARD B | WISERLAKE D | WODLSTED B
WELLMAN B | wHITY B8 | WILLETTYE A/D| WISHARD B/D| WOONSOCKETY -]
WELLS B | WHITAKER C | WILLMNILL € | WISHBONE B | WOOSLEY c
WELLSBORO € | WHITE HOUSE C | WILLIAMS B | WISHEYLU C | WOOSTER C
WELLSED € | WHITE STORE D | WILLIAMSBURG B | WISHKAMW D | WORCESTER c
WELLSTON B | WHITE SWAN C | WILLIAMSON C | WISHKAHe DRAINED C | WORF )]
WELLSVILLE B | WHITECAP D | WILLIAMSTOWN C | MISKAN C | WORFKA ]
WELLTON B | WHITECLOUD 8 | WILLIAMSVILLE C | WISNER B/0| WORFMAN D
WELOY C | WHITECOW B | WILLIMAN B/D| WISTER C | WORK c
WELRING 0D | MHITEFISM B | WILLIS C | WITBECK B/D| WORL 8
WELTER D | WHITEFORD B | WILLISTON C | WITEFELS B | WORLAND [
WEMPLE B | WHITEMALL 8 | wWILLOVW CREEK B | WITHAM D | WORLEY c
WENAS D | WHITEHILLS € | WILLOWDALE B8 | WITHEE C | WORMSER 4]
WENAS» DRAINED € | WHITEHORN D | WILLOWMAN B | WITHERBEE A/D| WOROCK 8
WENATCHEE C | WHITEHORSE 8 | wiLLOWS D | WITHERELL D | WORSHAM "]
WENDANE C | WHITEKNOB B | WILLWOOD A | WITHERS C | WORTH c
WENDANE» DRAINED B | WHIVELAKE B | WILMER c | wITy B | WORTHEN ]
WENDOVER D | WHITEMAN D | WILMONTON | B | WITTEN D | WORTHING [}
WENDTE D | WHITEPEAK D | WILPOINY O | WIVTENBERG B | WORTMAN ]
WENONA C ) WHITEROCK D | WILSHIRE A | WITZEL D | WOVOKA "]
WENTWORTH B | WHITESBORO C | WILSON o | wIX C | WRANGOD A
WENZEL C | WHITESBURG C ) WILSONVILLE C | wixom B | WREDAH B
WEOGUFKA C | WHITESON D ) WILSOR 8 | WOCKLEY € | WRENCDE 1]
WERLOG» C | WHITEWATER D ) WILTON 8 | WODEN B | WRENMAN <
SALINE=ALKALI | WHITEWOLF A | WINADA C | WODSKOW ® | WRENTHAM c
WERLDG» FLOODED € | WHITEWOOD C/D| WINBERRY € | WOHLY B | NRIGHT [
WERLOG», NONFLOODED B | WHITEWRIGHT C | WINCHESTER A | woLco C | WRIGHTMAN (4
WERLOG» COOL C | WHITLEY 8 | wWINCHUCK ¢ | woLcoTvY B8/D| WRIGHTSBORO c
WERNER D | WHITLOCK B | WIND RIVER B | WOLDALE D | WRIGHTSVILLE D
WERNOCK B | WHITHMAN D | WINDER B/D| WOLDALEs. DRAINED € | WRIGHTWODOD ]
WESCONNETT D | WHITNEY C | WINDHAM B | WOLF B | WUKOKI 8
WESKA D | WHITORE B | wINDMILL 8 | WOLF POINT C | wukst A
WESLEY B | WHITSOL 8 | WINDSOR A | WOLFESON C | WULFERT [}]
‘ WESO B | WHITSON D | WINDTHORST C | WOLFESONs WET D | WUNJEY B
WESSEL C | WHITTIER B8 | WINDWHISTLE C | WOLFPEN A | WUPATKI 0
WES TBROOK D | WHITWELL C | WINDWHISTLEs WARM B | WOLFTEVER C | WURNO c
NOTES: TWO HYDROLOGIC SOIL GROUPS SUCH AS B/C INDICATES THE DRAINED/UNDRAINED SITUATION.

MODIFIERS SHOWNs E.G.s BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.
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WURSTEN
YURTSBORO
WYALUS ING
WYANDOTTE
WYARD
WYARNO
¥YATT
WYE
WYEAST
WYETH
WYEVILLE
WYKOFF
WYMAN
WYMORE
WYNDMERE
WYNN
WYNNVILLE
WYNONA
WYNOOSE
¥YOCENA
WYOMING
WYRENE
¥YSOCK ING
XAVIER
XENIA
XERTA
X INE
XMAN
YACOLY
YAGO
YAHARA
YAHNE
YAHOLA
YA INAX
YAKI
YAKIMA
YAKUS
YAKUTAT
YALELAKE
YALESVILLE
YALLANI
YALMER
YAMAC
YAMHILL
YAMSAY
VANA
YANCY
VANKEE
VANKTON
YANUSH
YAP
VAPOAH
YAQUINA
YARCO
VARDLEY
YARTS
VATAHONEY
YATES
YAUCO
YAUHANMAK
YAWDIM
YAWHEE
VAMNKEY
YAXON
YEARY
VEATES HOLLOW
VEATES MOLLOW,
LOANY
STONY
YEATES HOLLOW,

LOAMY SUBSTRATUM

YEATES HOLLOW.
STONY

YEATES HOLLOV.
NONS TONY
YECROSS
VEDLICK

VEGEN

YELJACK
YELLOWBAY
VELLOWHOUND
YELLOWROCK
YELLOWSTONE
YELM

YEMASSEE
YENCE

YENLO

YENRAB

NOTES:

SUBSTRATUM
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TABLE 7.1=--HYDROLOGIC GROUPS OF THE

YEOMAN
YEOPIM
YERINGTON
YERMO
YESO
YESUM
YETTEM
YETULL
YIPOR
YOBE
YOCHUM
YOCKEY
YODER
Yooy
YOHURT
YOKAYO
YOKOHL
YOLLABOLLY
YoLo
YOLOGO
YOMBA
YOMONT
YONCALLA
YONGES
YONNA
YORBA
YORK
YORKTOWN
YORKTREE
YORKY ILLE
YOST
YOSTe DRAINED
YouD
YOUGA
YOUJAY
YOUKAN
YOUNGSTON
YOUNGSTON»
ELEVATION>5200
YOUNGSTON.
MODERATELY WEY
YOUNGSTON, WET
YOUNGSTON. DRY
YOUNGS TON»
OCCASIONALLY
FLOODED
YOURAME
YOUTLKUE
YOVIMPA
YPSI
YRIBARREN
YSIDORA
YTURB IDE
YTURRIA
YUBA
YUKO
YUKON
YULEE
YUNES
YUNQUE
YUTRUE
Yuvas
ZAAR
ZABA
ZACA
ZACHARIAS
ZACHARY
ZADOG
ZAFRA
ZAGG
ZAHMILL
ZAHL
ZAlDY
ZAKNE
ZALCO
ZALDA
ZALLA
ZAMORA
ZAMSCAN
ZANE
ZANEIS
ZANESYILLE
ZANGO
ZAPATA
ZAU
ZAVALA
ZAVYCO
ZAYANTE
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ZAZA

ZEALE

ZEB
ZECANYON
ZEEBAR
ZEEKA
ZEESIX
ZEGRO
ZEIBRIGHT
ZELL

ZEN

ZENDA

ZENI

ZENIA
ZENIFF
ZENITH
ZENKER
ZENOD
ZENOR
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Figure T.l.--Steps in determining percentages of soil groups.

NEH Notice 4-102, August 1972
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RUNOFF CU!VE NUMBER
°

Figure 7.2.--Type of plotting used in estimating
runoff curve.numbers for soil subgroups. Dashed
lines show results for example T.l.

NEH Notice 4-102, August 1972
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8.1

CHAPTER 8. LAND USE AND TREATMENT CLASSES

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

Classification of Land Use and Treatment

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

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

CLASSES

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

Cultivated Land

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

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

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

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

Rotations are planned sequences of crops, and their purpose is to
maintain soil fertility or reduce erosion or provide an annual supply
of a particular crop. Hydrologically, rotations range from "poor" to
"good" in proportion to the amount of dense vegetation in the rotation,
and they are evaluated in terms of hydrologic effects. Poor rotations
are generally one-crop land uses such as continuous corn (maize) or
continuous wheat or combinations of row crops, small grains, and fal-
low, Good rotations generally contain alfalfa or other close-seeded
legume or grass to improve tilth and increase infiltration. Their hy-
drologic effects may carry over into succeeding years after the crop
is removed though normally the effects are minor after the second year.
The carry-over effect is not considered in table 9.1.

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

Tl

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

Vegetative condition Hydrologic condition

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

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

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

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

Cover density Plant and litter air-dry weight (tons per acre):

(percent) Less than 0.5 0.5 o 1.5 More than 1.5
Less than 50 Poor Poor + Fair
50 to 75 Poor + Fair Fair +
More than 75 Fair Fair + Good

expose bare soils and for 2 or 5 years the terraced grassland is more
like terraced cropland in its effect on surface runoff.

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

Woods and Forest

Woods are usually small isolated groves of trees being raised for farm
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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 Forest Service and the SCS. The Forest
Service procedure for determining forest hydrologic conditions is
given in chapter 4 of "Forest and Range Hydrology Handbook" U.S.
Forest Service, Washington, D. C., April 1959. Excerpts from that
handbook are given in chapter 9.

Determinations of Classes

The land use and treatment classes on a watershed can be determined
at the same time the soils are classified (chap. 7). As with soils,
the classes are determined for hydrologic unif7 (chap. 6). Locations
of the classes within the units are ignored. Y 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.

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

Vegetative condition

Hydrologic condition

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

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

Protected from grazing. Litter and shrubs
cover the soil.

Poor

Fair

Good
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CHAPTER 9. HYDROLOGIC 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.l
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.

Determinations of Complexes and CN

AGRICULTURAL LAND

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

ASSIGNMENT OF CN TO COMPLEXES. Table 9.1 was developed as follows.
The data literature was searched for watersheds in single complexes
(one soil group and one cover); watersheds,were found for most of

the listed complexes. An average CN for each watershed was obtained
by the method of example 5.4, using rainfall-runoff data for storms
producing the annual floods (chap. 18). The watersheds were gener-
ally less than 1 square mile in size, the number of watersheds for

a complex varied, and the storms were of 1 day or less duration. The
CN of watersheds in the same complex were averaged, all CN for a
cover were plotted as shown in figure 7.2, a curve for each cover was
drawn with greater weight given to CN based on data from more than
one watershed, and each curve was extended as far as necessary to
provide CN for ungaged complexes. All but the last three lines of
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Table 9.1.--Runoff curve numbers for hydrologic soil-cover complexes

(Antecedent moisture condition II, and I, = 0.2 5)

Cover
Land use Treatment Hydrologic Hydrologic soil group
or practice condition A B C D
Fallow Straight row — Tt 86 91 9k
Row crops " Poor e 81 88 a1
" Good 67 78 8 89
Contoured Poor 70 79 84y 88
" Good 65 75 8 86
"and terraced Poor 66 4 8 82
" N Good 62 T1 78 81
Small Straight row Poor 65 76 84 88
grain Good 63 75 8% 87
Contoured Poor 63 4 8 &
Good 61 73 8 84
"and terraced Poor 61 e 79 82
Good 59 70 78 81
Close-seeded Straight row Poor 66 T 8 89
legumes 1/ N i Good 58 72 8 85
or Contoured Poor an 75 83 85
rotation r Good 55 69 78 83
meadow "and terraced Poor 63 T3 8 83
"and terraced Good 51 67 76 80
Pasture Poor 68 79 8 89
or range Fair L9 69 79 84
Good 39 61 ™ 80
Contoured Poor L7 67 8 88
" Fair 2 59 75 8
" Good 6 35 0 79
Meadow Good 20 58 7L 78
Woods Poor 45 66 77 83
Fair 36 60 ™ 19
Good 25 55 0 77
Farmsteads ---- 59 e 8 86
Roads (dirt) 2/ -—— 72 82 87 89
(hard surface) 2/ - 4 8L 0 92

1/ Close-drilled or broadcast.
2/ Including right-of -way.



9.2a

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

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

Cover
Treatment Hydrologif/ Hydrologic soil group
Land use or practice condition~ A B G D
Fallow Conservation tillage poor 76 85 90 93
Conservation tillage good 74 83 88 90
Row crops Conservation tillage poor 71 80 87 90
Conservation tillage good 64 75 82 85
Contoured + conservation poor 69 78 83 87
' tillage good 64 74 81 85
Contoured + terraces poor 65 73 79 81
+ conservation tillage good 61 70 77 80
Small grain Conservation tillage poor 64 75 83 86
Conservation tillage good 60 12 80 84
Contoured + conservation poor 62 73 81 84
j tillage good 60 72 80 83
\‘. Contoured + terraces poor 60 1 78 81
+ conservation tillage good 58 69 77 80
1/ For conservation tillage poor hydrologic condition, 5 to 20 percent of
the surface is covered with residue (less than 750 #/acre row crops or
. 300 #/acre small grain).
For conservation tillage good hydrologic condition, more than 20 percent
of the surface is covered with residue (greater than 750 #/acre row crops
or 300 #/acre small grain).

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

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

Table 9.1 has not been significantly changed since its construction
in 1954 but supplementary tables for special regions have been de-
veloped. These tables are given 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, CN are read from table 9.1 and ap-
plied as described in chapter 10. Because the principal use of CN
is for estimating runoff from rainfall, the examples of applications
are given in chapter 10.

NATIONAL AND COMMERCIAL FOREST: FOREST-RANGE

Chapter 4 of "Forest and Range Hydrology Handbook," U.S. Forest Ser-
vice, Washington, D. C., 1959, describes how CN are determined for
national and commercial forests in the eastern United States. Sec-
tion 1 of "Handbook on Methods of Hydrologic Analysis," U.S. Forest
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 determining CN. The undecomposed leaves or
needles, twigs, bark, and other vegetative debris on the forest floor
form the litter from which humus is derived. Litter protects humus
from oxidation and therefore indirectly enters into the determina-
tion; if the depth of litter is less than 1/2 inch the humus is con-
sidered unprotected and the hydrologic condition class (fig. 9.1) is
reduced by 0.5.

Humus is the organic layer immediately below the litter layer from
which it is derived. It may consist of mull, which is an intimate
mixture of organic matter and mineral soil, or of mor, which is
practically pure organic matter unrecognizable as to origin from
material lying on the forest floor. Humus depth increases with age
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of forest stand until an equilibrium is reached between the processes
that build up humus and those that break it down. As much as 12 inches
of humus may be produced under favorable conditions, but. a depth of 5
or 6 inches is considered the maximum attainable under average condi-
tions. Under good management practices (proper use, protection, and
improvement), humus is porous and has high infiltration and storage
capacities. Under poor management practices (burning, overcutting, or
overgrazing), humus is compact enough to impede the absorption of water.

Humus 1s evaluated by means of degrees of compaction, which are:
1. Compact. Mulls are firm; mors are felty.

2. Moderately compact. A transition stage.

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

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

The hydrologic condition of a forest area is the runoff-producing po-

tential. The condition class is indicated by a number ranging from 1

to 6, the lower the number the higher the pdtential. The relation be-
tween classes and humus type and depth is shown in figure 9.1.

DETERMINATION OF CN FOR PRESENT HYDROLOGIC 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 HYDROLOGIC 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 21-4%0 41+ 0-20 21-40 L1+ 0-20 21-40 41+ 0-20 21-4%0 L1+
(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 13-2k 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 A M I L L i L L L
25+ H M M M M L M L L L L L
Loam 13-24 H M M M M L M L L L L L
25+ H H H H H M M M M M M L
Sand 13+ M L L L L L L L L L L L
Northwest and Clay 13-24 H M L M M L M L L L L L
southwest 25+ H H H H M M H M L M M L
Loam 13-24 H H M H M M M M L M L L
25+ H H H H H H H H M H M M
Sand 13+ M L L M L L L L L L L L

G*6

This is table 4.1 in U.S. Forest Service "Forest and Range Hydrology Handbook."
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Aspect. A compass reading to the nearest octant, taken from the
center of the sample plot and looking downslope on a line at right
angles to the contours.

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

Soil depth. A determination made in the sample plot. Rock out-
crops or soils less than 1% inches deep are put in the 13- to 24-inch
class.

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

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

Once the improvement potential is known, the time period for achiev-
ing the potential is estimated on the basis of use and treatment to

be given the 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 CN for the area is estimated us-
ing figure 9.4, as illustrated in the following example.

Example 9.1l.--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 1.5 and at the line for soil group A
read a CN of 5k.

2. Determine the future hydrologic condition class. Enter
figure 9.4 with the present class of 1.3, go across to the
curve for high potential, and read 6 years on the time scale.
To this value add one-half the improvement period: 6 + (50/2) =
31 years, follow the "high" curve to its intersection with 31
years on the time scale, and read a future class of 3.L4. This
estimate is based on 100 percent accomplishment of recommended
use and treatment; if less accomplishment is expected, the con-
dition class is proportionately reduced.

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

of 37
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Forest-Range in Western United States

In the forest-range regions of the western United States, soil
group, cover type, and cover density are the principal factors
used in estimating CN. Figures 9.5 and 9.6 show the relationships
between these factors and CN for soil-cover complexes used to date.
The figures are based on information in table 2.1, part 2, of the
Forest Service "Handbook on Methods of Hydrologic Analysis." The
covers are defined as follows:

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

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

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

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

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

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

SUPPLEMENTARY TABLES OF CN

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

Table 9.5 gives CN for selected covers in Puerto Rico. The CN
were obtained using a relation between storm and annual data and
the annual rainfall-runoff data for experimental plots at Mayaguez.

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

Table 9.5 gives CN for sugarcane complexes in Hawaii. The CN are
tentative estimates now undergoing study. Degrees of cover in
the table are defined as follows:
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Table 9.3.--Runoff curve numbers for hydrologic soil-cover complexes
in Puerto Rico (antecedent moisture condition II, and I

0.2 8). .

Hydrologic soil group
Cover and condition

A B C D
Fallow T7 86 91 93
Grass (bunch grass, or poor stand of sod) il 70 80 8l
Coffee (no ground cover, no terraces) 48 68 79 83
Coffee (with ground cover and terraces) 22 52 68 75
Minor crops (garden or truck crops) 45 66 7 85
Tropical kudzu 19 50 67 Th
Sugarcane (trash burned; straight-row) 43 65 T 82
Sugarcane (trash mulch; straight row) 45 66 7 83
Sugarcane (in holes; on contour) oL 53 69 76
Sugarcane (in furrows; on contour) 32 58 72 79

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

Hydrologic soil group

Cover Condition A B c D

Scrub (native brush) -_—— 25-30 L1-46 57-63 66
Grass-oak (native oaks with Good 29-33 L3-48 59-65 67

understory of forbs and

annual grasses)
Irrigated pasture Good 32-37 46-51 62-68 170
Orchard (winter period with Good 37-41 50-55 64-69 T1

understory of cover crop)
Range (annual grass) Fair 46-49 57-60 68-72 Th
Small grain (contoured) Good 61-64 69-71 T76-80 81
Truck crops (straight-row) Good 67-69 Th-76 80-83% 84
Urban areas:

Low density (15 to 18 per- 69-71 T75-78 82-84 86

cent impervious surfaces)

Medium density (21 to 27 per- 71-73 77-80 84-86 88

cent impervious surfaces)

High density (50 to 75 percent 73-75 T79-82 86-88 90

impervious surfaces)
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Table 9.5.--Runoff curve numbers; tentative estimates for sugarcane
hydrologic soil-cover complexes in Hawaii (antecedent

moisture condition II, and I, = 0.2 S).

Cover and treatment

Hydrologic soil group

A B C D
Sugarcane:

Limited cover, straight row 67 78 85 89
Partial cover, straight row e} 69 79 8L
Complete cover, straight row 39 61 T4 80
Limited cover, contoured 65 75 82 86
Partial cover, contoured 25 59 75 83
Complete cover, contoured 6 25 70 79

Limited cover.--Cane newly planted, or ratooned cane with a

limited root system; canopy over less than 1/2 the field area.

Partial cover.--Cane in the transition period between limited
and complete cover; canopy over 1/2 to nearly the entire field area.

Complete cover.--Cane from the stage of growth when full canopy

is provided to the stage at harvest.

Straight-row planting is up and down hill or cross-slope on slopes
greater than 2 percent. Contoured planting is the usual contour-
ing or cross-slope planting on slopes less than 2 percent.
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10.1

CHAPTER 10. ESTIMATION OF DIRECT RUNOFF FROM STORM RAINFALL

The SCS method of estimating direct runoff from storm rainfall is de-
scribed in this chapter. The rainfall-runoff relation of the method

is developed, parameters in the relation are discussed, and applica-

tions of the method are illustrated by examples.

Introduction

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

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

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

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

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

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

In flood hydrology it is customary to deal separately with base flow
and to combine all other types into direct runoff, which consists of
channel runoff, surface runoff, and subsurface flow in unknown pro-
portions. The SCS method estimates direct runoff, but the proportions
of surface runoff and subsurface flow (chennel 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 alsq employed for estimating.watsrghed lag as shown in figure 15.3:
The rainfall-runoff retation of the SCS method can be made- to eperate
with a.particular type of flowj it was linked with direed rinoff; ae
degcribed im chapter 9, for the.convenience of applications.

NEH Notice 4-102, August 1972



10.3
The Rainfall-Runoff Relation

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

DEVELOPMENT

If records of natural rainfall and runoff for a large storm over a small
area are used, plotting of accumulated runoff versus accumulated rainfall
will show that runoff starts after some rain accumulates (there is an
"initial 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 runoff can be developed from this plotting, but a
better explanation of the relation is given by first studying a storm in
which rainfall and runoff begin simultaneously (initial abstraction is
zero). For the simpler storm the relation between rainfall, runoff, and
retention (the rain not converted to runoff) at any point on the mass
curve can be expressed as:

F _Q
s=3 (10.1)

where:

actual retention after runoff begins

potential maximum retention after runoff begins (S > F)
= actual runoff

rainfall (P > Q)

O e
]

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

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

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

\
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F=P-Q

Equation 10.1 can therefore be rewritten:

P-9.8
S P

Solving for Q produces the equation:

(10.2)

(10.3)

(10.4)

which is a rainfall-rumoff relation in which the initial abstraction is

Zeroe.

If an initial abstraction (Ia) greater than zero is considered, the amount

of rainfall available for runoff is P - 1

instead of P. By substituting

a
E =1, for P in equations 10.1 through 10.4 the following equations
result. The equivalent of equation 10.l becomes:

A < -
S

(10.5)

where F < S, and Q & AF = Ia). The total retention for a storm consists
of I_ and F. The total potential maximum retention (as P gets very large)

consists of Ia and S.

Equation 10.2 becomes:

F=(P-1)-Q (10.6)
equation 10.3 becomes:
TrL T (10.7)
S (p-1) )
a
and equation 10.4 becomes:
- 1)°
a

Q= -1y +s
a

(10.8)

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




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

The initial abstraction consists mainly of interception, infiltration, and
surface storage, all of which occur before runoff begins. The insert on
figure 10.1 shows the position of Ia in a typical storm. To remove the
necessity for estimating these variables in equation 10.8, the relation
between I_ and S (which includes Ia) 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:

I = 0.258 (10.9)

Substituting 10.9 in 10.8 gives:

Q= . (10.10)

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

Retention Parameters

Using the equation 10.9 relationship, the total maximum retention can be
expressed as 1.2 S. Ia’ as previously stated, consists mainly of
interception, infiltration, and surface storage occurring before runoff
begins. S is mainly the infiltration occurring after runoff begins. This
later infiltration is controlled by the rate of infiltration at the soil
surface or by the rate of transmission in the soil profile or by the
water—storage capacity of the profile, whichever is the limiting factore.

A succession of storms, such as one a day for a week, reduces the
magnitude of S each day because the limiting factor does not have the
opportunity to completely recover its rate or capacity through weathering,
evapotranspiration, or drainage. But there is enough recovery, depending
on the soil-cover complex, to limit the reduction. During such a storm
period the magnitude of S remains virtually the same after the second or
third day even if the rains are large so that there is, from a practical
viewpoint, a lower limit to S for a given soil-cover complex. Similarly,
there is a practical upper limit to S, again depending on the soil-cover
complex, beyond which the recovery cannot take S unless the complex is

altered.

(210-VI-NEH-4, Amend. 6, March 1985)
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In the SCS method, the change in S (actually in CN) is based on an
antecedent moisture condition (AMC) determined by the total rainfall in
the 5-day period preceding a storm. Three levels of AMC are used: AMC-I
is the lower limit of moisture or the upper limit of S, AMC-II is the
average for which the 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 the plotting. The CN for high and low moisture levels were
empirically related to the CN of table 9.1; the results are shown in
columns 1, 2, and 3 of table 10.1, which also gives values of S and 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 discussion in chapter 2 concerns the
value of rainfall alone as a criterion for AMC. Use of tables 4.2 and
10.1 is demonstrated later in this chapter. In the section on comparisons
of computed and actual runoffs, an example shows that for certain problems
the extreme AMC can be ignored and the average CN of table 9.1 alone
applied.

RELATION OF I, TO S. Equation 10.9 is based on the results shown in
figure 10.2 which is a plotting of I_  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 magnitudes
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 Ia 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: (1) difficulty of determining the time when rainfall began,
because of storm travel and lack of instrumentation, (ii) difficulty of
determining the time when runoff began, owing to the effects of rain on
the measuring installations (channel runoff) and to the lag of runoff from
the watersheds, and (iii) impossibility of determining how much
interception prior to runoff later made its way to the soil surface and
contributed to runoff; the signs and magnitudes of these errors are not
known. Only enough points are plotted in figure 10.2 to show the
variability of the data. The line of relationship cuts the plotting into
two equal numbers of points, and the slope of the line is 1:1 because the
data do not indicate otherwise. A significant statistical correlation
(chap. 18) between Ia 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.

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

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

_ 1000
CN = g (10.11)
or
1000
.. S 10.12
S = o 10 (10.12)

Tables for the solution of equation 10.10 are given in SCS Technical
Release 16 for P from zero to 40.9 inches by steps of 0.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 analysis 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
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Table 10.1. Curve numbers (CN) and constants for the case Ia = 0.2 S

1 2 3 4 5 1 2 3 i 5
CN for Curve* CN for Curve*
condi - % CN.f?r 5 starts condi - CN‘er 8 starts

. onditions values* i conditions values*

tion T 11T where tion 1 1T where
Ik P = II P =
(inches) (inches) (inches) (inches)
100 100 100 0 0 60 40 78 6.67 1.33
99 97 100 .101 .02 59 39 7 6.9 1.39
98 9k 99 204 Nolt 58 38 76 7.24 1.45
o7 g1 99 .309 .06 57 51 [P T.5k 1.51
96 89 99 JaT7 .08 56 36 75 7.86 1.57
95 871 98 526 A1 55 35 yn 8.18 1.64
9L 85 98 .638 .13 5k 3l 73 8.52 1.70
95 8% 98 153 15 23 33 72 8.87 1.77
92 81 97 .870 A7 52 32 il 9.23 1.85
91 80 97 .989 .20 51 i B 70 9.61 1.92
90 78 96 111 .22 50 31 70 10.0 2.00
89 76 96 1.24 5 49 30 69 10.4 2.08
88 75 95 1.%6 .27 48 29 68 10.8 2.16
87 73 95 1.49 «30 47 28 67 11.3 2.26
86 72 9L 1.63 o33 L6 27 66 13,7 2.34
85 70 9k 1.76 35 45 26 65 12.2 2.44
84 68 93 1.90 .38 Ly 25 64 12.7 2.54
83 67 93 2,05 Ry 3 43 25 65 13.2 2.64
82 66 92 2.20 Ak 4o 24 62 15.8 2,76
81 6L 92 2.34 A7 41 23 61  14.h 2.88
80 63 g1 250 .50 iTg) 22 60 15.0 3.00
79 62 o1 2.66 53 39 2l 59 15.6 3.12
78 60 0 2.82 .56 38 21 58 16.3 3.26
7 59 89 2.99 .60 37 20 57 17.0 3.40
76 58 89 3.16 63 36 19 56 17.8 3.56
7 57 88 3.33 67 35 18 55 18.6 3.72
o 55 88 B0, .70 3l 18 54 19.4 3.88
73 54 87 3. T0 5 % 33 = 55 20.3 k.06
72 53 86 3.89 .78 32 16 e, £21.2 4.2k
71 52 86 4.08 .82 31 16 51 28.2 b Ll
go 5L, gi i.iS .86 30 15 50 23.3 4.66
9 50 49 .0
68 48 84 4,70 .94 25 12 43  30.0 6.00
67 W7 83 4,92 .98 20 9 37 L40.0 8.00
66 46 82 5 el 1.03 15 6 30 56.7 11.34
65 45 82 5.38 1.08 10 L 22  90.0 18.00
6L Ll 81 562 1.12 5 2 13 190.0 38.00
63 43 80 5% 0 0 infinity infinity

*For CN in colum 1.
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Applications

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

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

Example 10.l.- 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
evoid confusing different estimates. Except for such needs the es-
timate should generally be rounded to one decimal place; in example
10.1 the rounded estimate is 1.8 inches. If the storm rainfall amount
is not accurately known the estimate is rounded even further or the
range of the estimate is given as in the following example.

Example 10.2.--During a thunderstorm a rain of 6.0 inches was
measured at a rain gage 5.0 miles from the center of a water-
shed that had a flood from this storm. The drainage area of

the watershed is 840 acres, cover is fair pasture, soils are

in the D group, and AMC-II applies. Estimate the direct run-
off.,
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1. Determine the average watershed rainfall. Enter figure L.k
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

helf 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. 1In table 9.1 the CN is 84 for fair pasture
in the D soil group.

5. Estimate the direct runoff. Enter figure 10.1l 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 4.4t 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 10.1l, estimate the
direct runoff for AMC-I and AMC-III and compare with the esti-
mate for AMC-II.

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

2. Determine CN for other AMC. Enter table 10.1l at CN = Th
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 10.1l with the rainfall
of 4.3 inches (from ex. 10.1l) and at CN = 55, T4, 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:

A 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 4 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 10.5 the CN are weighted to get a watershed CN
and the runoff is estimated using it.

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

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

2. Estimate runoff for each complex. Enter figure 10.1 with
the rain of 5.1 inches and at 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 L67
Totals:  63%0 1,475

The weighted Q is 1475/630 = 2.3k inches.

Example 10.5.--Use the watershed and rain data of example 10.k4
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. 230 69 15,870

Totals: 630 45,870

The weighted CN is 45,870/630 = 72.8. Use T3.
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3. Estimate the runoff. Enter figure 10.1 with the rain of
5.1 inches and at CN = 73 (by interpolation) read Q = 2.36
inches. (Note: Q is 2.34 inches just as in example 10.4 if
the unrounded CN is used.)

Without the rounding in step 2 of example 10.5, both methods of
weighting give the same Q to three significant figures, and there
appears to be no reason for choosing one method over the other.

But each method has its advantages and disadvantages. The method

of weighted-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 CN for a watershed this method
will under- or over-estimate Q, depending on the size of the storm
rainfall. For example an urban watershed with 20 acres of impervious
area (CN = lOO) and 175 acres of lawn classed as good pasture on a

B soil (CN = 61) will have the following Q's by the two methods (all
entries in inches):

Storm rainfall: 1 2 L 8 16 32
Q (weighted-Q method): 0.10 0.27 1.1% 3,91 10.85 26.10
Q (weighted-CN method): O .13 1.03 3.89 10.97 26.34

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

MULTIPLE-DAY STORMS AND STORM SERIES. Data from a gaged small
watershed will be used in the following example to illustrate (i)

an application of the method of estimation to a storm series such

as used in evaluation of a floodwater-retarding project, (ii) treat-
ment of multiple-day storms, which differs from that of design storms
in chapter 21, and (iii) the amount of error generally to be expected
from use of the method. The data to be used are taken from:

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

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

The watershed is W-1 with an area of 176 acres, average annual rain-
fall of 34.95 inches for the period 1940-1952 inclusive, and average
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storm rainfall depths determined from amounts at four gages on or
very near the watershed. According to figure L.6 (its scales must
be extended for so small a watershed) the storm rainfall amounts will
have a negligible error. With this exception the data to be used are
equivalent to those ordinarily obtained for ungaged watersheds.

Example 10.6.--Estimate the runoff amounts from storms that pro-
duced the maximum annual peak rates of flow at watershed W-1,
Waco, Texas, for the period 1940-1952 inclusive.

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

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

Land use and treatment Percent of area
Row crop, straight row, poor rotation 58
Small grain, straight row, poor rotation 25
Pasture (including hay), fair condition 15
Farmsteads and roads 2

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

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

Hydrologic soil-cover complex Percent/100 CN  Product

Row crop etc. 0.58 91 52.7
Small grain etc. .25 88 22.0
Pasture etc. A5 8L 12.6
Farmsteads etc. .02 9k 1.9

Totals 1.00 89.2

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

AMC: I IT III
CN: 76 89 9%



Table 10.2.--Working table for a storm series.

Stotm Prr——— Estimated runoff Actual runoff Differences
Year Month  Day rainfall rainfall AMC CN By Storm By Storm By Storm
days totals days  totals days totals
(in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1940  Nov. 22 4. 74 0.18 I 76 2.32 2.32 0
23 2.20 III 96 1.77 2.02 w25
24 2.03 III 96 1.61 1.39 .22
25 .38 I1I 96 o I 5.8% .26 5.99 - 13 - 0.16
1941  June 10 2.39 1.38 I11 96 1.96 1.96 2.05 2.05 - .09 - .09
1942  Sept. 7 3.89 .22 I 76 1.65 35 1.30
8 %30 III 96 2.91 2.02 .89
9 .78 III 96 e 5.00 L6 2.83 - .02 2.17
1943  June 5 1.58 .09 I 76 22 .22 .51 51 - .29 - .29
1944  April 29 3.63 0 T 76 1.45 1.56 P, % 1
30 2.64 III 96 2,21 2.15 .06
May  y 6.37 I1I 96 5.90 6.92 - 1,02
2 1.10 III 96 T3 10.29 13  10.76 60 - L7
1945 March 2 1T A1 I 76 0 2% - BF
3 2.50 I1I 96 2.07 2.07 2.15 2.38 - 08 = 31
1946  May 12 2.90 1.08 I1I 96 2.46 2.11 .35
13 <95 IIT 96 .59 3.05 .84 2.95 -~ 25 .10
1947 March 18 L. 74 0 I 76 .29 .29 .85 .85 = 56 = .56
1948  April 25 3.10 .05 I 76 1.08 1.08 1.17 1.2 - .09 - .09
1949  July 4 2.86 .03 I 76 .92 .92 1.07 1.07 = 15 = ,15
1950 Feb. 12 1.94 1.08 I1I 96 1.58 1.58 1.09 1.09 A3 43
1951 June 16 1.64 1.28 II 89 T4 T4 .19 .19 .55 55

€T 0T
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5. Determine which AMC applies for each rain in column k4, table
10.2. The AMC for the first day of a multiple-day storm is ob-
tained by use of dates in columns 2 and 3 (to get the season),
antecedent rainfall in column 5, and figure 4.9. The AMC for
succeeding days in a multiple-day storm is similarly obtained
but with the previous day's rain (from column 4) added to the
antecedent rainfall. The results are shown in column 6. The
CN for the AMC are shown in column 7.

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

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

Actual runoffs for W-1, taken from reference 2, are given in columns

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

SEASONAL OR .ANNUAL VARIATIONS. The average CN in table 9.1 apply to

average crop conditions for a growing season. If seasonal variations
in the CN are desired, the stages of growth of the particular crop in
the complex indicate how much and when to modify the average CN.

For cultivated crops in a normal growing season the CN at plowing or
planting time is the same as the CN for fallow in the same soil group
of table 9.1; midway between planting and harvest or cutting times the
CN is the average in table 9.l1; and at the time of normal peak growth
or height (usually before harvest) the CN is:

CN 2 (CN } = (CNfalloQ) (10.13)

normal peak growth - average
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Thus, if the average CN is 85 and the fallow CN is 91, the normal
peak growth CN is 79. After harvest the CN varies between those for
fallow and normal peak growth, depending on the effectiveness of the
plant residues as ground cover. In general, if 2/5 of the soil sur-
face is exposed, the fallow CN applies; if 1/5 is exposed, the aver-
age CN applies; and if practically none is exposed the normal peak
growth CN applies.

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

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

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

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

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

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

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

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

Accumulated Accumulated
Time rainfall runoff AQ
(inches) (inches) (inches)
1:00 a.m. 0 0
0
2:00 15 0
0
5:00 .30 0
0
4:00 .62 0
.08
5:00 1.01 .08
.10
6:00 1.27 .18
.04
T:00 1.36 .22
0
8:00 1.36 .22
.01
9:00 1.38 .23
0
10:00 1.3%8 .23
.09
11:00 1..55 .32
.16
12:00 noon 1.87 48
24
1:00 p.me. 225 T2
25
2:00 2.61 97
.03
3:00 2.66 1.00
.01
L:00 2.68 1.01
SliL
5:00 5.22 1.h2
.76
6:00 b AT 2.18
.56
T:00 .82 2.74
.09
8:00 4.93 2.83
.06
9:00 5.00 2.89
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RUNOFF FROM URBAN AREAS. Whether a conversion of farmlands to ur-
ban area causes larger amounts of storm runoff than before depends
on the soil-cover complexes existing before and after the conver-
sion; determination of the "before" and "after" CN is sufficient
for a decision. A comparison of runoffs, using real or assumed
rainfalls, gives a quantitative answer. Impervious surfaces of an
urban area cause runoff when the remainder of the area does not so
that the method of example 10.4 is best used. But these surfaces
may not contribute runoff in direct ratio to their proportion in
the area as the following case illustrates.

Figure 10.3 shows storm rainfall amounts plotted versus runoff
amounts for Red Run, a fully urbanized watershed of 36.5 square
miles' drainage area, near Royal Oak, Michigan. The data are from
"Some Aspects of the Effect of Urban and Suburban Development upon
Runoff" by S. W. Wiitla; open-file report, U.S. Geological Survey,
Lansing, Michigan; August 1961. This watershed has 25 percent of
its area in impervious surfaces and presumably runoff amounts should
never be less than those shown by the 25-percent line on the figure.
But the data show that the surfaces are only about half effective

in generating runoff. The report does not state why this deficiency
occurs but does state that "Flood peaks on the urban basin were found
to be about three times the magnitude of those for natural basins of
comparable size." Determination of the effects of urbanization may
therefore require as much use of the methods in chapters 16 and 17
as of those in this chapter.

APPLICATIONS TO RIVER BASINS OR OTHER LARGE AREA. The runoff-
estimation method is not restricted to use for small watersheds.

It applies equally well to river basins or other large areas pro-
viding the geographical variations of storm rainfall and soil -cover
complex are taken into account; this is best accomplished by work-
ing with hydrologic units (chap. 6) of the basin. After runoff is
estimated for each unit the average runoff at any river location is
found by the area-runoff weighting method of example 10.kL.

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:

Y = a+bX1+CXa eenees (10.1%4)
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where Y is the dependent variable; a, b, c, etc. are constants; and
the subscripted X's are the independent variables. But if the final
form is

T = 8 XS veuen (10.15)

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

ACCURACY. Major sources of error in the runoff-estimation method are
the determinations of rainfall and CN. Chapter 4 provides graphs for
estimating the errors in rainfall. 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 of methodology for reducing estimation
errors.

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

The example of W-1 at Waco demonstrates that estimation errors should
be kept random. One way of accomplishing this is to apply the CN for
AMC-IT to all storms in a series. A second example illustrates this.

Storm runoffs and rainfalls for Amicalola creek, Georgia, are given

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

NEH Notice L-102, August 1972
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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 1.0 1948 2.13 1.36
1942 1.81 1.74 1949 2,06 1.85
1943 1.22 1.65 1950 .89 1.15
1944 91 1.16 1951 1.46 1.33
1945 +12 .36 1952 .93 2.01
1946 1.92 2.33

In a plotting of estimated versus actual runoff the scatter of

points indicates a moderately low degree of correlation, but the
scatter also indicates that the errors are randomly distributed,
which means that a reasonably good result on probability paper can

be expected. Figure 10.4(b) substantiates this: again a single
frequency line will do for either group. The curvature of the
plottings signifies only that 13 years of record on this watershed
are insufficient for an adequate frequency line (chap. 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-1
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 1likely that misjudgment of several will not adversely af-
fect the estimate of the average CN. Using complexes that are
properly identified and rainfall data that are adequate, runoff es-
timates are made accurately enough for practical purposes.
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NATIONAL ENGINEERING HANDBOOK
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HYDROLOGY

CHAPTER 11. ESTIMATION OF DIRECT RUNOFF FROM SNOWMELT

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

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

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

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

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

Significance of Snowmelt Floods

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

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

Regional analysis
This method is one of the most useful for snowmelt floods. See Chapter 2

for detai

ls of the method.

Degree-day method, ungaged watersheds
This method 1s widely used because of its adaptability to usual data

conditions. Similar methods going into more detail are available but

seldom ap
The degre
M
where M
K
D

plicable because of lack of required data.

e-day method uses the equation:

=KD (11-1)

the watershed snowmelt in inches per day.

a constant that varies with watershed and climatic conditions.

the number of degree-days for a given day.

A degree-day is a day with an average temperature one degree above 32° F,
Maximum and minimum temperatures, as found in "Climatologicel Data," are

averaged
Io° B, gt

to.get the daily average temperature. A day with an average of
ves eight degree-days; with an average of 51° F., nineteen

degree days. The general form of the method is given below. A working

arrangeme
can be co

1.

Re

nt of the data is shown on table 11-1. In most cases the table
ndensed. The steps in the method are:

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

For temperature stations in the watershed, tabulate average
temperatures for the melt periods. (Note: meximum and
minimum values as given in "Climatological Data" can be
avgrag§d mentally to avoid tabulation of averages below

33" F.
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Table 11-1. Estimation of snowmelt by degree-day method. One melt
period
Watershed
Dates average Degree- Estimated Total available
temg;rat e days snowmelt 2/ water equivalent
' Tnches Tnches
April 5 32 0 0 4.50
6 35 3 .18 4e32
7 34 2 o 4.20
8 36 4 o 24 3.96
% 48 16 .96 3.00
10 43 11 .66 2.34
etec. etc. etc. ete, etc.

1/ Average of two stations; adjusted for altitude.

2/ Using X = 0,06 in equation 11-1,
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Table 11-2, Estimation of snowmelt by degree-dey method. Intermittent
melt period.

Snowmelt

Dates Precipi- Water Degree- Remaining

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

Inches Inches Inchesg Inches Incheg

Nov 3 0.85 0.08 0.08

Nov 4-18 .08

Nov 19 5 0.30 0.08 0

Nov 20-29 : 0

Nov 30 3.80 .38 .38

Dec 1-24 .38

Dec 25 4el5 42 .80

Dec 26~ .80

Jan 18
Jan 19 «52 .05 .85
Jan 20-

Feb 2 .85
Feb 3-20 6.92 .69 1. 54
Feb 21~

Mar 14 1.54
Mar 15 14.24 1.42 2.96
Mar 16-28 2.96
Mar 29 3 .18 .18 2,78
Mar 30 11 .66 .66 2.12
Mar 31 22 1.32 1.32 .80
Apr 1-9 .80
Apr lO 7 ° 42 ° 42 . 38
Apr 11 32 1.92 .38 0

1/ One-tenth of snow depth.
2/ Using K = 0,06 in equation 11-1.
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3. Adjust the average temperatures to the average watershed
elevation, using the method given below in Adjustment of
temperatures for altitude. This step is omitted when elevation
data are crude or otherwise unreliable.

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

5. Subtract 32° 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 _fagtorg below for selection of K.

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

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

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

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

Degree-day method, gaged watershed
The degree-day method has a very limited use, if any at all, for flood

evaluations on gaged watersheds. When gaging station data are available,
those data should be used to estimate flood peaks and volumes on other
portions of the watershed.

Adjustment of temperatures for altitude
In general, air temperatures decrease about 3° to 5° for every 1,000

feet of rise in altitude. Other factors influence this "lapse rate,"
so that refinements are not justified, and an average decrease of 4~ F.
per 1,000 feet rise should be used.
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Example 1l-l1--A watershed with an average elevation of 4,600 feet
had temperature station readings of 38° F, at a 5600—foot elevation,

and 48° F. at a 3000-foot elevation. The average temperature for
the watershed is then:

(38) - 11500 (4L600 = 5600) = 42.0
(48) - (4600 - 3000) = 41.6
Sum: —53727
Average: 41.8

Round off to: 42

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

K factors

The constant K in equation 11-1 is known to vary not only from watershed
to watershed, but also from day to day on a given watershed. It is
seldom possible to do more than meske a broad estimate of K. An average

value of 0.06 can be used. The following table may be of assistance in
special cases:

Table 11-3, K factors

Condition K
Extremely low runoff potential 0.02
Average heavily-forested areas; .04 - .06 Y
north-facing slopes of open country
Average .06
South~facing slopes of forested areas;
average open country .06 - .08 Y
Extremely high runoff potential +.30

1/ 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 from a gaged watershed of 82 square miles with 76 percent
of the watershed having snow cover, then a subwatershed of 12 square miles
and 100 percent snow cover will have an estimated runoff of:

3.2 —%%%%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 subwatershed is:

3.2 (20.4) = 4.0 inches.
(16.2)

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

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

Where intensive study has been or can be made of a watershed, more

detailed and more accurate methods of estimating snowmelt runoff can be
used.
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The effects that are 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
individusl storms by 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 by changing the dimensions of
the furrows. The effect of a land use change depends on the change in
cover. A change from spring oats to spring wheat would ordinarily be
hardly noticeable, while a change from oats to a permanent meadow could
have a large effect. Graded terraces with grass outlets to some extent
will increase both over-all infiltration and over-all storage. These
effects are also confused with a lag effect. It should be noted that
lime and fertilizers, by increasing plant or root density, can indirectly
reduce direct runoff volumes.

4—J---.---"""""""""'----------............
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Table 12-1. Principal effects of land use and treatment measures
on direct runoff.

Reduction in direct runoff volume is due to:

Measure
Increasing infiltration Increasing surface
rates 1/ storage

1. Land use change that X

increases plant or

root density. 2/
2. Increasing mulch or X

litter
3. Contouring X
4. Contour furrowing X
5. Level terracing X
6. Graded terracing X

1/ Assuming soils not frozen.

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

Lag Effects

Lag, as used here, means the delay between the production of direct runoff
on upland areas and its appearance at a given cross section in a stream
channel. Another discussion of lag is given in Chapter 15.

Land use and treatment measures can produce lag effects by (1) increasing
infiltration (reducing surface runoff) and causing the increased
infiltration to appear some time later as subsurface flow, or (2) by
causing a delay in the arrival of surface runoff by increasing the
distance or reducing the velocity of flow.

Either effect is best studied by the methods of Chapters 15 and 16.
Table 12-2 shows the relative effects of land use and treatment measures
on the two types of lag. The subdivisions of small and large watersheds
do not depend solely on size in square miles. The methods of Chapters
15 and 16 are necessary in quantitative studies of lag.
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Table 12-2. Relative effects of land use and treatment measures on
types of lag.

Effect of increasing

Effect on subsurface surface flow distance
Measure flow 1/ or decreasing velocity
Small Large Small Large
watersheds watersheds watersheds watersheds
1. Land use changes Can be Can be Not usually considered.
that increase large. large.

plent or root
density. 2/

2. Increasing mulch Can be Can be Not usually considered
or litter. large. large.
3. Contouring. ' Can be Usually Can be Negligible.
large negligible., large.
4. Contour furrow- Can be Can be Not usually considered.
ing. large. large.
5. Level terracing. Can be Can be Not usually considered.
large. large,
6. Graded terracing. Usually Usually Can be Negligible.

negligible. negligible. large.

1/ Assuming soils not frozen.
g/ Examples: Row crop to grass; poor pasture to good pasture.

Determination of Effects

Determination of effects on wvolume
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:

1. Determine the hydrologic soil-cover complex number, antecedent
moisture condition (AMC) II, for future land use and treatment
conditions. (Chapters 7, 8 and 9.)
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2. Obtain complex numbers for AMC I and III (table 10-1).
3. Prepare a working table similar to table 12-3.

4. Plot the corresponding present and future values as shown on
figure 12-2. For example, plot 0.23 vs. 0.02; 0,60 vs. 0.18;
and 1,10 vs. 0.43, and draw in the curve for AMC I. Similarly
for the other conditions.

5. Enter figure 12-2 with the present volume and condition for a
storm or flood in the evaluation series and find future volume
on the appropriate curve.

Determination of effects on lag

Increased infiltration appearing some time later as subsurface flow is
seldom easy to evaluate quantitatively. Fortunately, however, in most
flood prevention surveys the changes in the hydrograph due to this lag
effect can generally be neglected. Where it cannot, special studies

are needed to determine the source areas (which may 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.

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

Direct runoff, in inches, for selected values of "P",

Selected from figure 10-1
values of "P" AMC* T AMC* ITI AMC* IIT
Present Future Present Future Present Future
0.5 0 0 0 0 0.08 0
1 0 0 .02 0 .35 12 ‘
2 0 0 .38 A1 1.15 .70
3 .23 .02 97 50 2.05 1.45 J
4 .60 .18 1.68 1.03 3.00 2.30
5 1.10 43 2.46 166 3,95 3.20
Curve numbers: 57 45 75 65 91 83

#*AMC is antecedent moisture condition.
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Quite often this first type of lag can be assumed to teke place in the
manner of the second type of lag, and the technique given below can be
used to estimate expected changes in hydrograph quantities.

The effect of causing a delay in the arrival of surface runoff by
increasing the distance of flow is easily computed when it must be
congidered. Figure 12-3 shows hydrographs for adjacent treated and
untreated watersheds. (For additional data see "Runoff from conservation
and non-conservation watersheds" by J. A. Allis, Agricultural Engineering,
Vol. 34, No. 11, Nov. 1953.) Two effects are evident. Some of the
reduction in peak rate is due to the lesser amount of runoff from the
treated watershed. Given the data as shown, the expected peak for the
treated watershed would be:

1.74 (%.68 = 1.40 in./hr., since E& = “2 when runoff is
. Ql "'Q-g

uniformly (or nearly so) distributed on each watershed, but the actual
value for W-5 is 0.87 in./hr. The difference is due primarily to a lag
caused by graded terraces and open-end level terraces (which tend to grade).

Following the methods of Chapters 15 and 16, the additional lag can be
computed from data on figure 12-3. The time to peak (Tp) for W-3 is about
0.72 hour, and for W-5, about 1.05 hour. The increase En lag (since

storm D is essentially identical for both hydrographs) is:

1.05 - 0,72 = 0.33 hour

Since T, consists of storm duration and time of concentration (see Chapter
16), the changes in either (or both) factors can be studied in a graph
like that of figure 12-4. The graph shows that, for this case, the

second type of lag effect becomes relatively insignificant at about

Tp = 5 hours.

Ordinarily, in practice, the second type of lag effect is neglected.

The technique given above can be used when the second type must be
evaluated and, quite often, for evaluations of the first type of lag
effect. The altered hydrographs can be reproduced by the methods of
Chapter 16.

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 changes in
effects are due partly to changes in the measures themselves, and partly
to frost actionm.
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By the time of arrival of the snow season, cultivation and weathering
have usually eliminated the mechanical distinction between gtraight row
and contour farming on cultivated lands, Other effects of contouring

are usually small enough to be overshadowed by variations in areal
distribution of precipitation and are usually neglected. Graded terracing
effects would be confined to the second type of lag and determined by the
method shown. (losed-end level terraces and contour furrows are usually
dependent on storage, not infiltration, for their effect, which is
therefore calculable, The effect of land use or cover on cultivated land
and pastures is small enough to be obscured by the effects of topography,
fences, roads, and nearby trees and shrubs on the distribution of snow

on the ground. The effect of crop rotation is similarly obscured.

In order for land treatment measures to be effective through the snow
season, they must either (1) maintain high infiltration rates on soils
that have a large water storage potential; or (2) maintain surface
storage; but seldom both at once. High infiltration rates are maintained
by vegetation that provides heavy litter or large depths of humus.
Ordinary practices on cultivated lands and pastures seldom provide
sufficient residues and such areas need not be considered. Permanent
meadows usually provide enough litter and humus to prevent mild frost
action, but not enough to be effective against heavy freezes. Commercial
forest and woodland, with the exception of areas like swamps and spruce
flats, are effective maintainers of infiltration, and when located on a
soil with sufficient internal storage capacity, are very effective in
reducing flood runoff from snowmelt. The Forest Service procedure given
in Chapter 9 (see figure 9-1) covers the evaluation of commercisl forest
and woodland.,

Surface storage in closed-end level terraces, and in contour furrows,

may be effective in reducing snowmelt runoff as described below. Generally,
on field-size watersheds, the storage has to be quite large in order to
control the additional volumes of snowmelt from snow drifting from

adjacent smooth fields and caught by the earthwork.

Determination of surface storage effects
Storage in closed-end level terraces and contour furrows can be evaluated

on a wetershed or subwatershed basis using the equation:

Ag (@ = Sg) + AQ,

Qg = (12-1)
As + Ao
where Qs = runoff in inches with storage in effect

As = square miles of area draining into storage and including
storage pond area

Sg = storage in inches

Q0 = runoff in inches with no storage

A~ = gquare miles of area not draining into storage

0
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When S; exceeds Q,, then only the storage equal to Q, is effective.
For example, if Sg = 3.0 inches and Qu = 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 Qg, use Ag (Q, - Ss) = 0,

(Note: Equation 12-1 and subsequent equations 12-2, 12-4,
12-5a, and 12-5b, are for use when runoff and storage volumes
are distributed uniformly (or nearly so) on a watershed. When
the distribution is not uniform, the watershed is divided into
subwatersheds on which the distribution may be considered
uniform. See remarks accompanying equations 12-5a and 12-5b.)

Infiltration in the storage area, including that due to increased head,
is generally assumed to offset storm rainfall on the storage pond area.
When this infiltration is significantly large or small, it can be
accounted for on a volumetric basis by changing equation 12-1 to read:

e Ay (P=F) + (A - L) (Q - 5,) + 40, (12-2)
o=

Ay + Ao

where is the average pond surface area in square miles; P is the
storm rainfall, in inches; and F is the total infiltration, in inches,
on the area occupied by the pond. If P is less than F, use (P - F)
equal ‘to zero. When other data are lacking, and the average depth of
the pond is less than about 3 feet, F may be approximated using the
following equation:

F=Df, (1.5h + 1) (12-3)
where F = total infiltration in inches on the pond area
D = storm duration in hours for equation 12-2, or snowmelt
duration in hours for equation 12-4
f, = minimum infiltration rate in inches per hour
h = average depth of pond in feet during time D

Acres or square feet may be used instead of square miles in equations
12-1 and 12-2, but whichever unit is chosen must be used for all the
areas in a particular computation.

The effect of storage on snowmelt runoff is generally computed by
equation 12-1 since the increase in infiltration due to head in the
pond area is usually negligible because of the temperature. When this
infiltration is important, equation 12-2 becomes:

o (Ag - a)) (@ = Sg) + 4, Q - A(Q - F) (12-4)

As + AO
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unless there is rainfall on the pond surface during the melt period, in
which case equation 12-2 is used. The effect of the earthwork in increasing
the average depth of snow on an area (by catching drifting snow) is
important only on very small areas, and is usually ignored.

According to unit hydrograph theory, the effect of surface storage on peak
rate of flow is proportional to the effect on volume of flow when both
the storage and runoff are about equally distributed over the watershed:

q. =4
. _i (12-5a)
qO QO
or Qs )
qs = q-O 6— (12"5b
(o]

where q4 is the reduced peak, g, is the original peak, and the other
symbols are as before. Equation 12-5b is adequate for many watersheds.
However, when the distribution of Qy and Sg is not sufficiently uniform,
or when a watershed has a complex drainage pattern, or is unusually
shaped, or has channel improvements, it is necessary to determine the
storage effects on a subwatershed basis, prepare hydrographs on a sub-
watershed basis, and route floods, in order to determine ggq. It is
usually necessary to follow this routing procedure for large watersheds,
since the distribution of Q, and Sg is nearly always nonuniform on large
watersheds.
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The economist requires data or curves showing the relation between the
area inundated and (1) stage, (2) discharge, (3) flood volume, or

(4) frequency. The hydrologist generally provides information on these
relations, using data obtained in field surveys by both survey engineers
and economists. The party leader chooses one of the above relations '
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 Methods

Simple cases
This method relates the flooded acres in a stream reach to the stage at

either end (or middle) of the reach, usually the downstream end, except
when 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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Table 13-1. Sample computation of stage versus area inundated, for a
simple case using one representative cross section in the

reach.
Cross section Width minus Inundated
Stage top width channel width area in Remarks
reach
Feet Feet Feet Acres
A 24 0 0 Bankfull
stage

6 92 68 13,5

8 367 343 68.2

10 608 58/, 116.0

12 786 762 1512

14 872 848 168.2

Column 4 is computed using Column 3 and the valley length of the reach.
In this case the reach is 8640 feet long. To get acres, the formula is:

_8640 (Co1l. = 0.1984 (Col. 3) = (Col.
i (Col. 3) 984 (Col. 3) = (Col. 4)

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

Acres inundated at given depths

Total area

Stage inundated 0-2 2=/ 4=6 Over 6 1/
ngit) (Acres) (Feet) (Feet) (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
14 168.2 170 35.2 47.8 68.2

Values in columns 3, 4, 5, and 6 can also be obtained graphically. See
figure 13-la, and text.

1/ Values in last column are those of Column 2 shifted downward three
lines.

When two cross sections per reach are used, and the drainage areas at
the sections are not significantly different in size, the sections may
be averaged as shown in table 13-3. Determination of acres flooded for
given depth increments follows the procedure of table 13-2., When the
two cross sections have significantly different sizes of drainage areas,
the sections may be averaged as shown in table 13-4, with the procedure
of table 13-2 used to get flooding by depth increments. In this case,
the inundated acreage has been related to the foot of the reach. The
footnote on table 13-3 tells how the acreage may be related to the
middle of the reach for that method. The method given in table 13-4 is
probably at its best when acreage is related to the foot of the reach,
as shown.

In table 13-4, column 3, the corresponding discharges at the upstream
cross section have been proportioned using the ratio of the bankfull
discharges. This method is applicable when the channels are not
excessively eroded or silted. The method of teking the same discharge
in csm is sometimes used, but this method ignores the fact that the
upstream bankfull discharge in csm is normally greater (for natural
channels in noncohesive materials and in an equilibrium condition or
nearly so) than the downstream bankfull discharge in csm. In these
cases the exact discharges that should be used are those of the same
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Figure 13-1(b) Flood damage reach showir. weighting of area between
cross sections.
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Table 13-3. Sample computation of stage versus area inundated with two
cross sections in the reach (head and foot) and drainage
areas not significantly different.

Foot of reach Head of reach Areas related to foot of reachl/
Cross section 1 Cross section 2 Stage Average Average Inun-
top top dated
Stage Top width Stage Top width width width area in
minus reach
channel 2/
width
(Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet)
10/ il 2 30 10 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

1/ If related to middle of reach, the stages (col. 5) are 8.5, 10.5,
12.5, and 14.5.

2/ Length of valley in reach is 4230 feet, and

4230 . = :
e (col. 7) = (col. 8)

3/ Bankfull stage.
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Table 13-4. Sample computation of stage versus area inundated with two
cross sections in the reach (head and foot), and drainage

areas at the sections vary significantly.

Cross section A Cross section B Areas related to stages
Foot of reach Head of reach at foot of reach
(D.A.=36.0 sqg.mi.) (D.A.=24.0 sq.mi.) (Cross section A)
Average Average top Inundated
Dis- Top Top top width minus area in
Stage charg8 width Discharge width width channel width reach
(Feet) (cfs) (Feet) (efs) (Feet) (Feet) {Feet) (Acres)
i
0w ¥ el 32 36.5 0 0
2/
12 1510 168 143 141 154.5 118.0 s s
14 3060 646 28902/ 362 504.0 467.5 43.7
16 5030 1070 47502 858 964.0 927.5 87.0

1/ Bankfull discharge.

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

680 (1510) = 1430 cfs
720

Length of reach 4080 feet.
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frequency. For example, the top width for the 2-year frequency discharge
at the upper section is averaged with the top width for the 2-year
frequency discharge at the lower section, and so on. When this frequency
method is not used and the channel sections vary widely, much accuracy

in the averaging should not be expected.

With more than two cross sections, a system of weighting must be used.
Figure 13-1b shows a typical reach with seven cross sections on it.
The weight for section A is a/L, for section B it is b/L, 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. Lay out and match the photographs, and meke a tracing of the
floodplain outline. Show the cross section locations and

details of land use.

L. 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.

¢. = planimetered area
computed area

7. Compute the area for various other floods, using widths as in
Step 5, and assuming the flood plain outline increases and
decreases parallel to the outline of the selected recent large
flood. Use the correction factor of Step 6, if required.
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Table 13-5. Sample computation of stage versus area inundated with three
cross sections in the reach and drainage areas at the
sections not significantly different.

Cross section Cross section Cross section
1 2 3 Related to cross section 1
Weight = 0.22 Weight = 0.47 Weight = 0.31 Weighted Weighted Inundated
top top width area

width minus in
Top Top Top channel reach
Stage  width Stage width Stage width width

(Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Feet) (Acres)

SL/ 42 1ol/ Ll 7l/ 32 39.82/ 0 0

10 154 12 250 9 140 194.8 155.0 30.7
12 702 14 540 11 603 595.2 555.4 109.9
14 1100 16 832 13 948 926.9 887.1 175.5

1/ Bankfull stage. Widths at this stage are channel widths.

2/ 39.8 = 0.22 (42) + 0.47 (44) + 0.31 (32). The weights are in
proportion to total reach length as shown on figure 13-1b.

Length of reach = 8620 ft.
8. Plot area flooded versus stage at the selected cross section.

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

Other methods involving planimetering are sometimes useful. For example,
flood lines for each of several floods may be used to define inundated
areas on aerial photos, which are planimetered and related to stage or
runoff or frequency. Generally, lack of data on the location of the
flood lines of historic floods limits the application of this and similar
methods.

Flood Peak or Volume Versus Area Inundated Method

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

1. Make field interviews (the economist usually does this) to
determine the areas flooded, for as many floods as possible.
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Determine actual or estimated flood peak or volume for each
flood, using a cross section or gage upstream from the fan as
a reference point.

Plot the flooded area, in acres, versus the flood peak or
volume for each flood, using arithmetic paper. Draw the
relation between area and peak or volume.

Once the relation is determined, the effects of upstream projects can
be computed in terms of runoff. A reduced runoff means a reduced area

flooded.

When a channel system within the fan is proposed for reducing

flooding, hydrographs are prepared at the upstream section or gage and
routed downstream.

Frequency Versus Area Inundated Method

This method is sometimes used instead of the methods described above.
It is applicable to both stream reaches and alluvial fans.

1.

Determine the area flooded for all known floods by field
interview., The earliest known flood determines the length of
record, ¥y.

Array the "area flooded" values in order of size, the largest
first.

Refer to Chapter 18 to get frequency plotting positions and
tabulate these next to the array for convenience in plotting.

Arrange arithmetic graph paper with convenient scales for
"area flooded" on the vertical axis and plotting positions on
the horizontal axis.

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

Draw the frequency versus area curve. The area under the curve
divided by y gives the average area flooded.

A major objection to this method is that the dollar damage per acre may
vary greatly from flood to flood. In such cases, it is more accurate
to use a damage-frequency curve.
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NATIONAL ENGINEERING HANDBOOK
SECTION L4

HYDROLOGY

CHAPTER 14. STAGE DISCHARGE RELATIONS

Introduction

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.

Many hydraulics textbooks and handbooks, as well as NEH-5, contain
methods for developing stage discharge curves assuming non-uniform
steady flow. Some of these methods are elaborate and time consuming.
The type of available field data and the use to be made of these stage
discharge curves should dictate the method used in developing the curve.

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

Manning's formula has been used to develop stage discharge curves for
natural streams assuming the water surface to be parallel to the slope
of the channel bottom. This can lead to large errors, since this
condition can only exist in long reaches having the same bed slope with-
out a change in cross section shape or retardance.

This condition does not exist in natural streams.

The rate of change of discharge for a given portion of the stage dis-
charge curves differs between the rising and falling sides of a hydrograph.
Some streams occupy relatively small channels during low flows, but
overflow onto wide flood plains during high discharges. On the rising
stage the flow away from the stream causes a steeper slope than that for

a constant discharge and produces a highly variable discharge with dis-
tance along the channel. After passage of the flood crest, the water
re-enters the stream and again causes an unsteady flow, together with

a stream slope less than that for a constant discharge. The effect on

the stage-discharge relation is to produce what is called a loop rating
for each flood.2 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.

i/ Handbook of Applied Hydrology, Ven Te Chow, page 15-37.
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Development of Stage Discharge Curves

Direct Measurement

The most direct method of developing stage discharge curves for natural
streams is to obtain velocities at selected points through a cross sec-
tion. The most popular method is to use a current meter though other
methods include the use of the dynamometer, the float, the Pitot tube

and chemical and electrical methods. From these velocities and associ=
ated cross sectional areas, the discharge is computed for various stages
on the rising and falling side of a flood flow and a stage discharge curve
developed.

The current meter method is described in detail in USGS Water Supply
Paper 888, "Stream Gaging Procedure", and in "Handbook of Hydraulics,"
by King and Brater, McGraw-Hill, 1963, Fifth edition (generally referred
to as King's Handbook).

The velocity head rod (Figure 1lL4-1) may be used to measure flows in small
streams or baseflow in larger streams. In making a measurement with a
velocity head rod, a tape is stretched across the flowing stream, and
both depth and velocity head readings are taken at selected points that
represent the cross section of the channel. Table 1L-1 is an example of
a discharge determined by the velocity head rod. The data is tabulated
as shown in columns 1, 2 and 3 of the table and the computation made

as shown.

The total area of flow in the section is shown in column 9 and the total
discharge in column 10. The average velocity is 45.19/15.00 or 3.01
ft/sec.

Indirect Measurements

Indirectly, discharge is measured by methods such as slope-area, contracted-
opening, flow over dam, flow through culvert, and critical depth. These
methods, which are described in "Techniques of Water Resources Investiga-
tions of the United States Geological Survey," Book 3, Chaps. 3-7, utilize
information on the water-surface profile for a specific flood peak and

the hydraulic characteristics of the channel to determine the peak dis-
charge.

It should be remembered that no indirect method of discharge determina-
tion can be of an accuracy equal to a meter measurement.

Fairly accurate discharges may be computed from measurements made of
flows over different types of weirs by using the appropriate formula

and coefficients selected from King's "Handbook of Hydraulics," Sections
4 and 5. Overfall dams or broad-crested weirs provide an excellent
location to determine discharges. Details on procedures for broad-
crested weirs may be found in King's Handbook or USGS Water Supply Paper
No. 200, entitled "Weir Experiments, Coefficients, and Formulas" by

R. E. Horton.

NEH Notice 4-102, August 1972



L
&
9
)
[ ]
([
’
L 4
3 $®
~‘
L 4
[ ]
®
®
[ ]
9
[ ]

#" Brass Shoe

Trailing
26 Gige Sheet
Edge Copper

Cutting
( N Edge
vy sl

SECTION 4 A

3»
I 4" Radius
) b

SECTION B B

VELOCITY HEAD ROD
Developed at San Dimas
Experimental Forest

14-3

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 turned
upstream a hydraulic jump will be formed by the
obstruction to the flow of the stream. After the
depth or 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,

v = /2¢h = 8.02 vVh
in which v = Velocity in ft. per sec.
g = Acceleration of gravity (32,18 ft. per

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

The average discharge for the stream is obtained by
taking a number of measurements of depth and velocity
throughout its cross section., @ = AV, in which @ =
discharge cfs; A = cross sectional area, sq. ft.
V = velocity, ft. per sec.

VELOCITY FOR DIFFERENT VALUES OF "h"

v = 8,02 /T

h, Velocity Velocity,
Head in Ft. Ft. per sec.

005 1.8

«10 2.5

15 3.1

«20 3.6

25 4.0

.30 body

35 4.8

40 51

45 54

«50 5.7

Figure 1L-1. Velocity head rod for measuring stream flow.
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Table 14-1. Computation of discharge using Velocity Head Rod (VHR) measurements.

Depths of
flow
using VHR Velocity Mean
Distance Cut- Ah Average depth Width Area Discharge
along ting| Flat Col 3 - At for (from (from (Col T x (Col 9 x
Section edge | edge Col 2 | pointl/|section Col 2) Col 1) Col 8) Col 6)
(£5.) (ft.)|(ft.) (fps) (fps) (ft.) (ft.) (#6.2) (efs)
(1) (2) 1 (3) (L) (5) (6) (7) (8) (9) (10)
3.5 0 0 0

0.9 0.68 1.00 0.68 0.61

L.5 1.35 | 1.ko .05 1.8
2.15 2.05 0.40 0.82 1.76

4.9 2.T5 2.85 +10 2.5
3.35 2.90 1.00 2.90 9.72

29 3.05 3.32 S2T L.2
4.05 3.03 1,50 L.5k 18.39

T.h4 3.0L | 3.25 .24 3.9
3.40 2.60 50 1.30 4.L2

7.9 2.18 | 2.31 +1.3 2.9
2.35 1.48 2.80 4.1k 9.75

10.7 .78 .83 05 1.8
.90 .39 1.60 .62 .56

12.3 0 0 0

Totals 15.00 45,19

i/ Column 5 is read

from Figure 14-1 using the Ah in column L.

=ht
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Slope-Area Estimates

Field measurements taken after a flood are used to determine one or
more points on the stage-discharge curve at a selected location. The
peak discharge of the flood is estimated using high water marks to
determine the slope.

Three or four cross sections are usually surveyed so that two or more
independent estimates of discharge, based on pairs of cross sections,
can be made and averaged. Additional field work required for slope-
area estimates consists of selecting the stream reach, estimating '"n"
values and surveying the channel profile and high water profile at

selected cross sections. The work is guided by the following:

1. The selected reach is as uniform in channel alignment, slope,
size and shape of cross section, and factors affecting the roughness
coefficient "n" as is practicable to obtain. The selected reach should
not contain sudden breaks in channel bottom grade, such as shallow drops

or rock ledges.

2. Elevations of selected high water marks are determined on both
ends of each cross section.

3. The three or more cross sections are located to represent as
closely as possible the hydraulic characteristics of the reach. Dis-
tances between sections must be long enough to keep small the errors
in estimating stage or elevation.

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

Q = 189 ap2/3g1/2 (Eq. 1k4-1)

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. 1lk-1 gives

%u/z = lﬁh9 AR?/3 (Eq. 1h=2)

The right side of Eq. 1L-2 contains only the physical characteristics
of the cross section and is referred to as the conveyance factor Kd.
The slope is determined from the elevations of the highwater mark and
the distances between the high water marks along the direction of flow.

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

2
& _E -E

= (Eq. 1L-3)
28 U-U‘; q
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where
q = discharge,in cfs
= elevation of the water surface at the upstream section
= elevation of the water surface at the downstream section
U = and UT = symbols used by Doubt for certain computed values;
(See NEH-5, page A.1llh)

= =
N
1 n

The working equation is derived from equation 1k-1,

_w,y\1/2
2a(F1 - Ea) (Eq. 1h-b)
Ut - U7
Also from NEH-5 -
= i & lf o (Eq. 1L4-5)
a% qHst
and:
U7 = == - & o (Eq. 14-6)
a% qaadl

where 2 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-T5, 76, and 77 are expedient work-
ing tools used to solve Equations 14-4, 14-5 and 1L-6.

The following example illustrates the modified slope area method and the
use of Eq. 1l4-2. The example is based on data taken from USGS Water
Supply Paper 816 (Major Texas Floods of 1936).

Example 1Lk-1 - Using data for the Concho River near San Angelo, Texas,

for the September 17, 1936, flood compute the peak discharge that occurred.
Figure 1L-2 shows Section A and B with the high water mark profile along
the stream reach between the two sections.

1. Draw a water surface through the average of the high water
mark. From Figure 14-2 the elevation of the water surface at
the lower cross section B is 55.98 designated in the example
as E2. The elevation of the water surface at cross section A
is 56.50 designated as E;.

2. Compute the length of reach between the two sections.
From Figure 1L4-2 the length of reach is 680 feet.

3. Divide each cross section into segments as needed due to
different "n" values as shown in Figure 1L-2.

In computing the hydraulic parameters of a cross section on

a natural stream when flood plain flow exists, it is desirable
to divide the cross section into segments. The number of seg-
ments will depend on the irregularity of the cross section and
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8.

n_nmn

the variation in "n" values assigned to the different portions.
NEH-5, supplement B, gives a method of determining "n" values

for use in computing stage discharge curves.

Compute the cross sectional area and wetted perimeter for each
segment of each cross section. Tabulate in columns 2 and 3 of
Table 1L4-2(a) for cross section A and Table 14-2(b) for cross
section B.

Compute F = 1.486 AR?/? for each segment. Using standard
drawing ES-T76 (NEH-5), compute F and tabulate in column b,
Table 14-2(a) and 1L-2(b).

Compute /Sl/2 = 1.486 AR?/%. Tabulate the "n" value assigned
P 28

to each segment in column 5 of Table 14-2(a) and 1L-2(b). Col-
umn 6 is A/S'/%and is computed by dividing column L by column 5
or by using ES-T7 (NEH-5). This is commonly called the flow
factor of conveyance and is generally designated as Kd.

Compute the total area and the total Kd. Sum columns 2 and 6
of Table 1L4-2(a) and 1L4-2(b).

Compute U”. Using Eq. 14-6 or ES-TT compute U~ for the down-
stream cross section A using data from Table 1L-2(a).
From Eq. 14-6: U™ = 1 _ s
af o
S = 8.29 x 10-1°

B = L = 1.18 x 10-*

i (91.88 x 10°%)2

g (5-2-)= (680) (32.2) (1.18 x 10™'*) = 2,58 x 10~1°
q1

U~ = (8,20 = 165") - {2.58 x 10~} = 5,71 x jJo0~1°®

Compute Ut Using Eq. 14-5 or ES-TT compute Ut for upstream
cross section B using data in Table 14-2(Db).

= —=—— =9,31 x 10-1°

= =1.32 x 10-*
a3 (87.11 x 10°%)2

>
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Table 1i-2(a) Data for computing discharge from modified slope-area
measurements; Cross Bection A at Station 4+20. Example 1L-1

14-9

Wetted

Legnent Area Perimeter F n 8 oI 72

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

1 2354 252 1.55 x 10% 0.080 1.94 x 105

2 12691 735 12.60 x 10% .030 42.00 x 105

3 5862 231 7.50 x 10% .050 15.00 x 10°

L 5385 167 8.1 x 1o0“ .035 23.14 x 10°

5 2523 135 2.64 x 10 .100 2.64 x 10%

6 2498 350 1.38 x 10% .050 2.76 x 105

 § 3416 645 1.54 x 10 .035 4.4 x 105‘
34729 91.88 x 105

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

Wetted Q

JBegment Area Perimeter F n m

(1 (2) (3) (b) (5) (6)
1 1598 236 0.85 x 10" 0.080 1.06 x 105
2 11750 725 11.18 x 10 .030 37.27 x 105
3 4750 227 5.37 x 10" .0L5 11.93 x 105
N 2486 78 3.71 x 10“ .055 6.75 x 103
5 4oLk 153 7.43 x 10 .035 21.23 x 10°
6 3L455 134 L.4T x 10 .100 4.47 x 105
7 2270 273 1.38 x 10" .0ks 3.07 x 105
8 1518 513 0.465 x 10" .035 1.33 x 10°
32771 87.11 x 10°

(210-VI-NEH-4, Amend. 6, March 1985)
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g (EE')= (680) (32.2) (1.32 x 10™'*) = 2.89 x 1071?°
2

\Q

U* = (9.31 x 10~'° + 2.89 x 10-'?) = 12.20 x 10~!°

10. Compute g. Using Eq. 14-L. q = (2g (E, - Ez))l/z
Ut - Ut
(2) (32.2) (56.50 - 55.98) 5 1/33.3
+] =1/ = 10" x
(12.20 - 5.71) x 10-1° 6.59

Q= 2.265 x 10° or q = 226,500. This compares with the
discharge of 230,000 cfs computed by USGS in Water Supply
Paper 816.

Synthetic methods

There are various methods which depend entirely on data which may be
gathered at any time. These methods establish a water surface slope
based entirely on the physical elements present such as channel size and
shape, flood plein size and shape and the roughness coefficient. The
method generally used by the SCS is the modified step method.

This method bases the rate of friction loss in the reach on the elements
of the upstream cross section. Manning's equation is applied to these
elements and the difference in elevation of the water surface plus the
difference in velocity head between the two cross sections is assumed
to be equal to the total energy loss in the reach. This method, ignor-
ing the changes in velocity head, is illustrated in Example 1kL-6.

Selecting Reach Lengths

The flow distance between one section and the next has an important
bearing on the friction losses between sections. For flows which are
entirely within the channel the channel distance should be used. On a
meandering stream the overbank portion of the flow may have a flow dis-
tance less than the channel distance. This distance approaches but does
not equal the floodplain distance due to the effect of the channel on
the flow.

From a practical standpoint the water surface is considered level

across a cross section. Thus the elevation difference between two

cross sections is considered equal for both the channel flow portion and
the overbank portion.

It has been common practice to compute the conveyance for the total sec-
tion then compute the discharge by using a given slope with this convey-
ance, where the slope used is an average slope between the slope of the
channel portion and the overbank portion. The average slope is computed
by the formula:

Bg = T (Eq. 14-7)

NEH Notice 4-102, August 1972
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where: Sy = average slope of energy gradient in reach
H = elevation difference of the energy level between sections
Lg = average reach length

The reach length Lg can be computed as follows:

qc = Kdg x 8,'/2
gr = Kdg x Sfl/z
at = Kdg x S,'/2
where Qe = discharge in channel portion
Kd, = conveyance in channel portion
S, = energy gradient in channel portion
ar discharge in floodplain portion

de conveyance in floodplain portion

S¢ = energy gradient in floodplain portion
qy = total discharge

Kdy = total conveyance

Sa = average slope of energy gradient

(Eq. 14-8)
(Eq. 14-9)
(Eq. 14-10)

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

flow in the overbank.

Then Ay = Qo * ar (Eq. 1k-11)
Substituting from Equations 14-8, 14-9 and 14-10
Kdy x S,'/% = Kde x Sg'/? + Kap x sp!/2 (Eq. 14-12)
_H
Let S = I
where H = elev. of reach head - elev, of reach foot
L = length of reach
Then substituting into Eq. 14-12 using the proper subscripts
H 1/2 5 q 1/2 H 1/2
Kth(La) —KdCX Lc) +deXTf
Divide both sides by g1/2
Kdg _ Kdc , Kdp
Lgl/? Lcl/z Lfl/z
K
Ly = dt . (Eq. 14-13)
Kdo/Le'/? + Kag/Lgt/?

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.
plot in a form as shown in Figure 1L-3.

NEH Notice 4-102, August 1972
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This procedure is somewhat difficult to use as each time a new elevation
is selected for use a new reach length must also be used.

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

S
Multiply both sides of Equation 14-9 by (§%J1/2
This gives:
Sa) V% - (kap)(sc/2) (Sf)l/z lae i
i |8c £)(Sc = "
1/2
(S ) on the left hand side drops out with a value of 1 giving
c
1/2
= (Kp)(5e)'/2 ( (Eq. 1L-15)

S¢ and S, can be represented as follows

1/2

_H 1/2 _ [(_H
Sg = = (sg) = (——— Eq. 1L-16
f=T, o B¢ B (Eq )
H 5 H 1}/2
8¢ = |- or = (-——- (Eq. 1k-17)
o
Divide Equation 14-16 by Equation 14=1T
g o|1/2
Sf1/2 ~ (f; ) ( EQ) 1 f2
— B Eq. 1h-
(Sc) ( TH \i/2 Le (Eq 18)
Equetion 14-15 becomes by substitution:
1/2 [Le iz
ap = (Kdg)(Se)/ (E;) (Eq. 14-19)

The term (LQJ is ‘commonly referred to as the meander
factor.

Then substituting Equation 14-19 and 14-8 into Equation 14-11 we get

_ Vi fio 11./2
= (Kdo)(Sc) 2 + (Kag)(se)!/? (ﬁ)
Rearranging we get

. (ch + (Kag) (%%)1/2) (5)1/2 (Eq. 14-20)

NEH Notice L4-102, August 1972



CL6T 3sndny ‘20T~ 99T30N Hay

ELEVATION

1020
1015
LITTLE NEMAHA SECTION 35
1010 \
1005 \\\\\\\\
i N \\\\\;\\\\\\\-~
MEANDER FACTOR =1.53
MEANDER FACTOR =1.25 \
990
BANK FULL ___
985 .
3600 3800 4000 4200 4400 4600 4800 5000 5200 5400

REACH LENGTH

Section 35.

Figure 1L=3, Reach length vs. elevation, Little Nemaha

5600

ET-HT



1h-14

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 1L4-5 illustrates the use of modifying the flood plain
conveyance by the square root of the meander factor in developing a
stage discharge curve.

Discharge vs. Drainage Area

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

The rate of discharge at any point in the watershed is based on the
formulal

. 894
(5o ~ 1)
Q= LbcAb

(Eq. 1k-21)
where Q is discharge in CSM
A is the drainage area
and C is a coefficient depending on the characteristics of
the watershed

Assuming that C remains constant for any point in the watershed, then
the discharge at any point in the watershed may be related to the dis-
charge of any other point in the watershed by the formula

( .894
% A, 088 - 1)
1
% =K = 8oL (Eq. 1L4-22)
& (A2.55§ -1)
2

where Q1 and A; 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.

In practice Q2 and Az usually represent the outlet of the watershed and
remain constant and A; is varied to obtain Q; at other points of interest.

Equation 14-22 is plotted in Exhibit 1k-1 for the case where A, is 40O
square miles. This curve may be used directly to obtain the CSM

1/ Engineering For Dams, Vol. 1 page 125, Creager, Justin & Hines.
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discharge of the outlet if the outlet is at 400 square miles as shown in
Example 14-2. Example 1L-3 shows how to use Exhibit 14-1 if the drain-
age area at the outlet is not 400 square miles.

Example 1li-2

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

1. Determine K for a drainage area of 50 square miles.
From Exhibit 14-1 with a drainage area of 50 square
miles read K = 2.61.

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

(80) (2.61) = 209 CSM @ 50 square miles.

Exsmple 14-3

Find the CSM rate to be used at a reach with a drainage area of 20
square miles if the drainage ares at the outlet is 50 square miles.
The CSM rate at the outlet is 60 CSM.

1. Determine K for a drainage area of 20 square miles.
From Exhibit 1L4-1 for a drainage area of 20 square 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 square miles
read K = 2.61.

3. Compute a new K value for a drainage area of 20 square
miles. Divide step 1 by step 2.

34%% = 1.40

4. Determine CSM rate for the 20 square mile drainage area.
Multiply K obtained in step 3 by the CSM at the outlet.

(1.40) (60) = 84 csM

Computing Profiles

When using water surface profiles to develop stage discharge curves for
flows at more than critical depth, it is necessary to have a stage dis- ,
charge curve for a starting point at the lower end of a reach. This
starting point may be a stage discharge curve developed by current meter
measurements or one computed from a control section where the flow passes
through critical discharge; or it may be one computed from the elements

(210-VI-NEH-4, Amend. 6, March 1985)
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of the cross section and an estimate of the slope. The latter case is
the most commonly used by SCS since the more accurate stage discharge
curves are not generally available on small watersheds. In most cases
it is advisable to locate three or four cross sections close together

in order to eliminate part of the error in estimating the slope used

in developing the stage discharge curve at the lower or first cross sec-
tion on a watershed.

Example 1hL-L4

Develop the starting stage discharge curve for cross section M-1 (Figure
14-L) shown as the first cross section at the outlet end of the water-
shed, assuming an energy gradient of .00l ft/ft.

ey

Plot the surveyed cross section. From field survey notes, plot

the cross section, Figure 1k-5(a) noting the points where there

is an apparent change in the "n" value.

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

n_n

using NEH-5, Supplement B, or the "'n" may be based on other
data or publications.

Plot the channel segment on an enlarged scale. Figure 14-5(b),
for use in computing the area and measuring the wetted peri-
meter at selected elevations in the channel. The length of the
segment at selected elevations is used as the wetted perimeter
for the flood plain segments. The division line between each
segment is not considered as wetted perimeter.

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.

Compute the wetted perimeter at each elevation listed in step bL.
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 9k.

Compute the cross sectional area for each elevation listed in

step i, Starting at the lowest elevation, compute the accumu-
lated cross sectional area for each segment at each elevation

in column 1 and tabulate in columns 2, 6, 10, and 14 of Table

1k-3.

Compute F factor. F = 1.486AR2?/? for each elevation. Using
standard drawing ES-T6, compute the F factor for each segment

NEH Notice L4-102, August 1972



1h-17

M-5 2 } 51+00
©
gfi’ M—4\ \\\ 46400
> I ] ¢ HIGHWAY
\ 36400
/ 21450
- 0400

Figure 14-4. Schematic of Watershed for Examples 14-L, 14k-5,
and 14-6.
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Table 14-3. Hydraulic parameters for starting cross section M-1, Example 1h-)k,
n = .08 Segment 1 n = .045 Segment 2 n = .040 Segment 3 n = .045 Segment 4
Elev | Area |wp | F |Wd/g 12 A |w | p | WA/g 2 ha |we| p | WA/ A | w F a/g 12§ Wd/s }/y| I Area
(1) @) (3| (&) (5) (6) | (1)] (8) (9) (10) j(11)} (12) (13) (14) | (15) | (16) (a7) (18) (19)
105 |4862 |550 | 30600 |3.80 x 105 §10268 [ 925 | 75500 | 1.67 x 106 §1006 | 62 |9560L/| 2.38 x 105 §15555 | 1460 |1120002/| 2.49 x 108§ 4.78 x 105 | 31601
102 | 3272 |510 | 17000 |2.12 x 105 § 7493 | 925 | L4700 | 9.83 x 105 § 856 | 62 {7300 1.82 x 105 §11175 | 1kko | 65000 1.4k x 106§ 2.81 x 106 | 22796
100 |2272 {490 | 9350 [1.17 x 105 § 56L3 [ 925 [ 27900 [ 6.20 x 105 } 756 | 62 [59k0 | 1.8 x 105 || 8325 [ 1400 | 40800 | 9.06 x 105§ 1.79 x 105 | 16996
98 |1322 | 460 | 3970 [L4.96 x 10* § 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 10" § 1943|925 | L47k0 | 1.05 x 105 § 556 | 62 |3560 | 8.9 x 10" § 2833 [1300 | TO40 | 1.56 x 105§ 3.61 x 105 | 5819
95 [150 [300| 140 [1.75 x 103 § 1018|925 | 1615| 3.59 x 104 § 506| 62 3040 | 7.6 x 10" § 1543 |1275 | 2600 | 5.78 x 10§ 1.72 x 105 | 3217
9k 0 0 ofo 93| 925 30| 6.67 x 102 || k56| 62 [2560 | 6.4 x 10“ 378 | 1050 284 | 6.32 x 103§ 7.10 x 10* 927
93 o] o oo LoT7| 58 [2250 | 5.61 x 10“ 0 0 o |o 5.61 x 10 Ko7
91 315 52 [1560 | 3.92 x 10" 3.92 x 10* 315
-89 231| 46 [1080 | 2.51 x 10" 2.51 x 10% 231
87 155| 41 | s60 | 1.40 x 10% 1.%0 x 10" 155
85 87|35 | 236 | 5.90 x 10° 5.90 x 103 87
82 1 0| 26 o |o 0

1/To solve this on ES-TT divide F by 2, then double results read from Sheet 3, ES-TT.

2/In order to solve this on ES-T6 it is necessary to divide both area and WP by 2 and then double the F factor read from Sheet 3, Es-T76.

NOTE:

qnd/SOVZ is the same as Kd or commonly referred to as the conveyance factor.
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10.

at each elevation in column 1 and tabulate in columns L, 8,
12, and 16, Table 1L-3.

Compute the conveyance faetor qnd/Sgl/z-for each elevation.

Using standard drawing ES-T7 and the assigned "n" value for

each segment compute gqpg /So1 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.

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 1L-6.
The elevation scale is selected based on feet above the channel
bottom.

Compute the discharge for each elevation. Using the average
slope at cross section M-1, S = .001, develop stage discharge
for cross section M-1, q = s1/2 y qnd/Sol/z, or q = s1/2 x xa.
The stage discharge curve for cross section M-1 is shown on
Figure 1L-T7.

The next example shows the effect of a meandering channel in a flood-
plain on the elevation discharge relationship. Equation 14-20 will be
used to determine the discharge.

Example 1L-5

Develop the stage discharge curve for cross section M-1 (Figure 1kL-k4)

if M-1 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 Kdr.

Figure 1L4-5 shows segments 1, 2 and 4 of section M-1 are
floodplain segments. Table 14-3 of Example 1h-L4 was used to
develop the hydraulic parameters for section M-1 for each
segment. From Table 14-3 add the Qnd/So1 2 values for each
elevation from columns 5, 9, and 17 and tabulate as Kdf in
column 2 of Table lh-hﬁ

Determine the meander factor Le/Le. For the channel length

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

2700

5000 ~ 1+3°

Determine Lc/Lfl/Z.

(1.35)1/2 = 1.16

NEH Notice L-102, August 1972
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Table 1k-L. Stage discharge for Section M-1 with meander correction, Example 14-5
Elevation | Floodplain I B2 Channel get, 3 = Discharge

Kd, Kdp (f;) Kd, Col. k4 Qt

(1) (2) (3) (L) (5) (6)
105 k.sh x 10° | 5.27 x 10° 2.38 X 10° 5.51 X 108 174000
102 2.64.X 10° | 3.06 X 10°® 1.82 x 10° 3.24 X 10°® 102000
100 1.64 X 105 | 1.90 x 10°® 1.48 X 10° 205 X 10° 64800
98 8.30 X 10% | 9.63 X 105 1.1IT X 10° 1.08'X 10°® 34100
96 2,72 X 105 |} 3.16 X 1065 8.9 X 10" 4.05 X 10° 12800
95 9.55 ¥ 10* | 1.11 % 10° T.6 X 10* 1.87 ¥ 105 5910
9k 6.99 X 10% | 8.11 X 108 6.4 X 10" T.21 X lo* 2280
93 0. 0. 5.61 X 10" 5.61 X 10% 1770
91 0. o 3.92 X 10* 3.92 X 10" 1240

€34T
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4, Compute (Kdr) (Lc/Lf)l/z. For each elevation in column 1 of

Table 1Lk=4 multiply column 2 by (Lc/Lf)l/zand tabulate in col-
umn 3.

(k.54 x 10°%) (1.16) = 5.27 x 10°

5. Compute the channel conveyance Kd. From Figure 1l-4 the chan-
nel is segment 3 and the conveyance has been calculated in col-
umn 13 of Table 14-3. Tabulate Kde in column L4 of Table 1h-L.

6. Compute Kdc + (Kdr) (Le/Lg)'/?. From Table 14-k add columns

3 and 4 and tabulate in column 5.

T. Compute the discharge for each elevation. Use S = .001
and Equation 14-20. Multiply columns by Sc1 2and tabulate
in column 6.

Qt = (Kdc + (Kdp) (Le/Lg)t/2) (8¢)'/2

Qt = (5.51 x 10°%) (3.16 x 10%) = 1.74 x 10% = 174,000 cfs.

The next example will show the use of the modified step method in comput-
ing water surface profiles. It is a trial and error procedure based on
estimating the elevation at the upstream section, determi7ing the con-

2

veyance, Kd, for the estimated elevation and computing gt by using
Mannings equation in the form Sl/2 = %ﬁ where Kd = ;4%§§-AR2/3. 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.

Example 14-6

Using the rating curve developed in Example 1lL-4 for cross section M-1
and parameters plotted on Figures 1L-8 and 14-10 for cross sections

M-2 and T-1, compute the water surface profiles required to develop
stage discharge curves for cross sections M-2 and T-1. The changes in
velocity head will be ignored for these computations. The drainage area
at section M-1 is 400 sq. mi., at M-2 is 398 sq. mi. and at T-1 is U8
sq. mi. The reach length between M-1 and M-2 is 2150 feet and between
M-2 and T-1 is 1150 feet. Assume the meander factor for this example is
10

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 1kL-5(a).

2. Compute the discharge in cfs for each csm at the two cross sec-
tions M-1 and M-2. At section M-1 the drainage area is L0O sq.
mi. Using Exhibit 1L4-1 the K factor is 1.0 and the cfs for 2
csm is 2 x 400 x 1.0 = 800 cfs. At section M-2 the drainage

NEH Notice L-102, August 1972




2L6T 3sn3ny ‘z0T-t 90T30N HAN

/
: -
"*_ -
= — /
S g9 "’/"
—
: ""”/’/,/”'
(V]
]
u ——
85
1 2 3 4 6 8 1 2 3 4 56 8 1 2
1x104 Ix10° Ix10®
9nd (Kd)
YSol/p

Figure 14-8. Conveyance values section M-2, Example 1L-6.

15

o
STAGE ABOVE BOTTOM

Se-HT



2L6T 3sndny “20T-t S0T3ON HAN

Table 14-5(a).

Water Surface profiles from cross section M-1 to M-2, Example 14-6.

Col 5 &+
Assumed am-2) 2 =s Col 9 Computed
i Elev. € elev. € Kdy_p Ka, , £ S x 4 estimate elev. @
CSM Discharge in cfs M-1 M-2 C M-1 M-2 f elev @ M-2 M-2
(1) (2) (3) (b) (5) (6) (7) (8) (9) (10) (11)
2 x b00 x 1.000 = 800
x 398 x 1.002Y/= 798 | 21502/ 89.22 90.0 3.70 x 10% .00046 .99 90. 21*
90.2 3.89 x 10" .000kY .95 90.17" 90.2
90.1 3.75 x 10" .000k45 .97 90.19*
10 10 x 400 x 1.000 = L4000
10 x 398 x 1.002 = 3990 2150 9k.66 95.2 1.20 x 10% .00107 2.30 96.96*
95.6 1.60 x 105 .00062 1.3 96.00* 95.7
95.8 1.90 x 10° .000LL .95 95.61~
20 20 x 400 x 1.000 = 8000
20 x 398 x 1.002 = 7980 2150 95.52 96.7 3.50 x 10° .00052 1.2 96.62 96.7
96.6 3.30 x 10° .00059 1.26 96.78"%
50 50 x 400 x 1.000 = 20000
50 x 398 x 1.002 = 19950 2150 97.12 98.3 7.80 x 10° .00065 1.ko 98.52*%
98.L 8.00 x 105 .00062 1.34 98.46" 98. 4
98.5 8.20 x 10° .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 108 .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 108 .00062 133 103.017 103.1
103.1 3.00 x 106 .00071 1.52 103.20%

1/ Computed from equation shown on Exhibit 1k-1.

g/ Where the channel length is different from the flood plain length, Kd values for flood plain portion of section are

modified so channel length may be used in all calculations.

92-#T
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area is 398 sq. mi. and from Exhibit 1k-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-1l and M-2 on Table 1Lk-5(a), col-
umns 2 and 3 of Table 1L4-5(a).

Tabulate the reach length between the two cross sections in

column 4. The reach length between section M=1 and M-2 is 2150

feet.

Determine the water surface elevation at M-1. For the discharge
listed in column 2 read the elevation from Figure 1L4-7 and tabu-
late in column 5 of Table 1k4-5(a).

Assume a water elevation at section M-2. For the smallest
discharge of T98 cfs assume an elevation of 90.0 at M-2 and

tabulate in column 6 of Table 14-5(a).

1/2

Determine Kd for assumed elevation. Read Qnd/So or KdM_2

of 3.70 x 10" at elevation 90.0 from Figure 14-8 and tabulate
in column 7 of Table 1L4-5(a).

2
Pebeoming Be, €5 = VR | Divide sl 3 by solon T end
(Kdp-n)
square the results (798/37000)% = .00046 and tabulate in column
8 of Table 1L-5(a).

Determine Sf x £. Multiply column 8 by column 4, .000L46 x 2150

.99, and tabulate in column 9 of Table 1lk4-5(a).

Compute elevation at M-2. Add column 9 (Sg) to column 5
(elevation at M-1) and tabulate in column 10 of Table 14-5(a).

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.

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.

Repeat steps 5 through 10 for each csm value selected.

Plot stage discharge curve, columns 3 and 11 as shown on Figure

14-9.
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Table 14.5(b). Water surface profiles from cross section M-2 to T-1. Example 1L-6,
Col S +
Assumed [gg:;__ C Col 9 Computed
Elev. € elev. @ Kdp_q Kdm_ = S¢ estimate elev. @
CsM Discharge in cfs  M-2 T-1 te M-2 -1 -1 & elev € T-1 T-1
(1) (2) (3) (%) (5) (6) (1) (8) (9) (10) (11)
2 2 x 398 x 1.002 = 798
2 x 48 x 2.68V = 260 | 1150 90.15 93.0 1.7 x 10° .0234 26.9 116.9*
9k.0 3.4 x10° .0058 6.70 96.8%
9k.5 4.4 x 103 .0035 .02 9k.2” 9h.4
N 4.2 x 103 .0038 ) 9k.6%
10 10 x 398 x 1.002 = 3990
10 x 48 x 2.68 = 1290 | 1150 95.70 97.0 1.65 x 10" .0062 7.05 102.75%
98.0 5.7 x 10" .00051 .59 96.29~ 97.5
97.5 3.2 x 10" .00163 1.87 97.5T*
20 20 x 398 x 1.002 = 7980
20 x 48 x 2.68 = 2580 | 1150 96.65 98.0 5.7 x 10 .00205 2.36 99.01*
98.5 9.0 x 10“ .00082 .9k 97.59~ 98.2
98.2 7.0 x 10“ .00135 1.56 98.21*
50 50 x 398 x 1.002 = 19950
50 x 48 x 2.68 = 6450 | 1150 98.45 100.0 2.32 x 105 .00077 .89 99.34~
99.5 1.85 x 105 .00122 1.40 99.85% 99.7
99.65 2.00 x 10° .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 105 . 00128 1.47 101.77*
101.2 4.0 x 10° . 00104 1.2 101.5% 101.3
101.3 4.4 x10° .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

gken from Exhibit 1h-1.

6T
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Figure 1ll=10. Conveyance values section T-1, Example 1k-6.



2L6T asndny ‘20T=f 9T30N HAN

ELEVATION

w0
[}

104

102

i00

o
™

94

92

90
o

4 6

Figure 1u4-11.

8 10 12 14 16
DISCHARGE [N 1000 c.f.s.

Stage discharge section T-1, Example 1L-6.

20

TE-HT



1Lh-32

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-1 the first cross section on a tributary. Kd values are shown on
Figure 14-10. Figure 1k4-11 was plotted from Table 14-5(b).

Road Crossings

Bridges

In developing the hydraulics of natural streams, bridges of all types
and sizes are encountered. These bridges may or may not have a signifi-
cant effect on the stage discharge relationship in the reach above the
bridge. Many of the older bridges were designed without regard to their
effect on flooding in the reach upstream from the road crossing.

The Bureau of Public Roads (BPR) in cooperation with Colorado State Uni-
versity initiated a research project with Colorado State University in
1954 which culminated in the investigation of several features of the
bridge problem. Included in these investigations was a study of bridge
backwater. The laboratory studies, in which hydraulic models served as
the principal research tool, have been completed and since then consider-
able progress has been made in the collection of field data by the U.S.
Geological Survey to substantiate the model results and extend the range
of application. The procedure developed is explained in the publication
"Hydraulics of Bridge Waterways," U. S. Department of Transportation,
Federal Highway Administration, Bureau of Public Roads, 1970. This is
one method which is recommended by the Soil Conservation Service for use
in computing effects of bridges in natural channels and floodplains.

The FHWA document may be obtained from the Superintendent of Documents,
U. S. Government Printing Office, Washington, D. C. and it should be
included in the working files of any engineer concerned with the effect
of bridges on stream hydraulics.

The Bureau of Public Roads (BPR) Method has been formulated by applying
the principle of conservation of energy between the point of maximum back-
water upstream from the bridge and a point downstream from the bridge at
which normal stage has been re-established. The general expression for
the computation of backwater upstream from a bridge constricting the flow
is:

2 2 2
o V
nto=xx 82 Ynz oy [0 Ve W (Bq. 14-23)
1
2g 28 2g
where h¥ = total backwater, in feet
K¥ = total backwater coefficient
oy, G2, 0y = velocity head energy coefficients at
the upstream, constriction, and downstream
section.
V,, = average velocity in constriction or %-in feet per second.
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Vy = average velocity at section 4 downstream in
feet per second.
V) = average velocity at section 1 upstream in feet

per second.

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

Equation 14-23 is reasonably valid if the channel in the vicinity of the
bridge is essentially straight, the cross sectional area of the stream
is fairly uniform, the gradient of the bottom is approximately constant
between sections 1 and 4, the flow is free to expand and contract, there
is no appreciable scour of the bed in the constriction and the flow is
in the subcritical range.

This procedure relates the total backwater effect to the velocity head
caused by the constriction times the total backwater coefficient. The
total backwater coefficient is comprised of the effect of constriction
as measured by the bridge opening coefficient, M, type of bridge abut-
ments, size, shape and orientation of piers, and eccentricity and skew
of bridge.

For a detailed discussion of the bgckwater coefficient and the effect of
constriction, abutments, piers, eccentricity and skew of bridges refer
to "Hydraulics of Bridge Waterways."

A preliminary analysis may be made to determine the maximum backwater
effect of a bridge. If the analysis shows a significant bridge effect
then a more detailed procedure should be used. If the analysis shows
only a minor effect then the bridge may be eliminated from the backwater
computation.

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

v2
¥ = K% — -
h K P (Eq. 1kh-2L4)
where: h* = total backwater, in feet
K¥*¥ = total backwater coefficient
V = average velocity in constriction %
A = gross water area in constriction measured

below normal stage.

The following data are the minimum needed for estimating the maximum
backwater effect of a bridge using Equation 1k-2L4,

1. Total area of bridge opening.
2. Length of bridge opening.

NEH Notice 4-102, August 1972
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3. Cross section upstream from the bridge a distance approximately
equal 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 1L4-7. Exhibits 14-2 and 1L4-3 were
developed only for use in making preliminary estimates and should not be
used in a more detailed analysis.

Example 1L-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-
mated velocity in the natural stream = 2.5 ft./sec.

1l. Compute the ratio of the area of the bridge to the area of
approach section. From the given data: 4100/11850 = .3L46

2. Compute the ratio of length of bridge to the width of the flood
plain. From the given data: 100/2650 = .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 1L4-2. This
is the velocity head, Xi in Equation 14-24 and (from Exhibit 1L4-2)
is 0.8 ft. 2g

4., Eestimate the constriction ratio, M. Using the results from step
1 (.346) and step 2 (.151) read M = .67 from Exhibit 1L4-3.

5. Estimate the total backwater coefficient. Using M = .67 from
' step 4 read from Exhibit 1L-4 curve 1, Kp = .6. Kp is the BPR

base curve backwater coefficient and for estimating purposes is

considered to be the total backwater coefficient, K*, in Eq. 14-2L,

6. Compute the estimated total change in water surface, h*. From
Equation 14-2h the total change in water surface is h* = K* V2 =
(.6)(.8) = .48 ft. 2g

If the estimate shows a change in water surface that would have an appre-
ciable effect on the evaluation or level of protection of a plan or the
design and construction of proposed structural measures, a more detailed
survey and calculation should be made for the bridge and flood in question.

(210-VI-NEH-4, Amend. 6, March 1985)
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Example 14-8 shows a more detailed solution to the backwater loss using
Equation 14-24., 1In order to use the BPR method it is necessary to develop
stage discharge curves for an exit and an approach section assuming no
constriction between the two cross sections.

The exit section should be located downstream from the bridge a distance
spproximately twice the length of the bridge. The approach section should
be located upstream from the upper edge of the bridge a distance approxi-
mately equal to the length of the bridge.

If the elevation difference between the water surface at the exit section
and the approach section prior to computing head loss is relatively small
the bridge tailwater may be taken as the elevation of the exit section
and the bridge head loss simply added to the water elevation of the
approach section. However, if this difference is not small the bridge
tailwater should be computed by interpolation of the water elevation at
the approach section and exit section and the friction loss from the
bridge to the approach section recomputed after the bridge headwater is

obtained.

In Example 14-8 it is assumed that all preliminary calculations have been
made. The profiles are shown on Figure 14-12a and the stage discharge
curve for cross section M-5 is shown on Figure 1L4-13, Natural Condition.

Example 14-8

Develop stage discharge curves for each of four bridges located at cross
section M-4 (Figure 14-L), 300, 40O, 500, and TOO feet long (Figure 12c)
with 45° wingwalls. The elevation of the bottom of the bridge stringer
is 103 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 effects
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 1L-6.

2. Determine present condition élevation 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 llh=g.

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 L4-102, August 1972




1Lk-36

105
70000 cfs
10 60000 cfs
0 - 50000 cfs
S 102 40000 cfs:
’<>_! 101 30000 cfs.
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Figure 1L4-12a. Water surface profile without constriction.
Example 14-8.

TOP OF ROADWAY IN EXAMPLE ~——

107,
losk___W.'S. ALONG BANK
105
h  NORMAL W. S. 50000 cfs
104 T \\
=
3103 - == =
A BOTTOM OF STRINGERS " ~ACTUAL W. 5. ON ¢ OF 700 BRIDGE FOR >
z |52 =g 50000 cfs DISCHARGE =g
= 105 z3 g%
= =< .:,‘?,
Bt o= oz
o
99} = oz »2
g s 9%
98] gm ow 251
o> S [3)

Figure 1L4-12b. Water surface profile with constriction.
Example 14-8,
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Figure 14-12c. Cross section of road at section M-l,
Example 14-8,
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Table 1L4-6., Backwater computations through bridges, Example 1L-8.

Normal Velocity | Normal X
Discharge| el. @ through el. @ v 2 Eiﬁv. with
in x-sec Restricted bridge x-sec / / np 1/ 2 , H. col.
1000 cfs M-k area A,, openings M-5 MY Ko Jl/ 1/ kal/ 2g h* 25' on cen.
(1) (2) (3) (%) (5) (6) 1 (1) (8) (9) (10) | (11) (12) (13)

" 5 97.20 885 5.65 97.35 | .470 | 1.4 |.020 | .06 1.30 .h95 64 | 97.99
o3 10 98.25 1280 7.81 98.55 | .350 | 1.74 | .028 .08 1.82 L9LT 1.72 | 100.27
39 20 99.82 1720 11.63 | 100.00 | .276 | 2,08 |-035 | .08 2.16 | 2.10 4.53 | 104.53
e 30 100.95 2060 14.56 | 101.15 | .243 { 2.04 |.038 | .08 2.32 | 3.29 7.63 | 108.78
(] ko 101.90 2340 17.10 | 102.10 | .222 | 5.3 [.040 | .08 2.42 | 4.s4 | 10.99 | 113.09
o= 50 102.80 2600 19.23 103.00 | .208 | 2.41 | .01 .08 2.49 5.7T4 1%4.29 | 117.29
Ahn 60 103.55 2660 22.56 103.75 | .183 | 2,54 | .02 .08 2.62 7.90 20.70 | 124.L5

&F 70 10k.25 2660 26.32 104.50 | .160 | 2.66 | .0k2 .07 2.73 |10.76 29.37 | 133.87

4 5 97.20 1030 .85 97.35 | .510 | 1.09 | -02T .10 1.19 .365 .43 97.78
o 3 10 98.25 1470 6.80 98.53 | .385 | 1.59 | .036 | .12 | 1.71 .7T18 | 1.23| 99.78
3 '3 20 99.82 2070 9.66 |100.00 | .315 | 1.90 | .03 | .12 | 2.02 | 1.k5 2.93 | 102.93
Pl 30 100.95 2540 11.81 [ 101.15 | .282 | 2.05 | .046 | .12 | 2.17 | 2.17 4.71 | 105.86
o ko 101.90 2950 13.56 1 102.10 | .265 | 2.13 | .048 | .12 | 2.25 | 2.86 6.44 | 108.54
3 50 102.80 3300 15.15 | 103.00 | .250 | 2,21 |.049 | .12 | 2.33 | 3.56 8.29 | 111.29
2% 60 103.55 3380 17.72 | 103.75 | .220 | 2.35 | .049 11 | 2.46 | 4.8 | 12.03] 115.78

o 70 10k.25 3380 20.71 | 104.50 | .192 | 2.4%9 | .ok9 .10 | 2.59 | 6.66 | 17.25 | 121.T5

' 5 97.20 1160 b.31 | 97.35 | .525 | 1.03 |.032 | .13 | 1.16 .288 .33| 97.88
03 10 98.25 1670 5.99 98.55 | .420 | 1.4k | .o0k2 .15 | 1.59 .557 .89 | 99.hk
o '3 20 99.82 2550 7.8% | 100.00 | .350 | 1.74 | .ou9 | .16 | 1.90 .955( 1.81| 101.81
% % 30 100.95 3050 9.84 1101.15 | .325 | 1.85 | .052 .16 | 2.01 | 1.50 3.02 | 10k4.17
ol Lo 101.90 3520 11.36 | 102.10 | .310 | 1.92 | .054 | -16 | 2.08 | 2.00 .16 | 106.26
o 50 102. 80 3950 12.66 | 103.00 | .298 | 1.98 | .055 .16 | 2.14 | 2.k9 5.33 | 108.33
R 60 103.55 4050 14.81 | 103.75 | .262 | 2.15 | .055 | .14 | 2.29 | 3.b41 7.81| 111.56

o 70 10k.25 4050 17.28 | 104.50 | .230 | 2.30 | .055 | .13 | 2.43 | L.6k | 11.28| 115.78

+ 5 97.20 1420 3.52 97.35 | .580 | 0.84 | .0ko .19 | 1.03 .192 .20 | 97.55
o3 10 98.25 2170 b.61 98.55 | .480 | 1.20 | .050 | .21 | 1.l .330 A7 99.02
L 20 99.82 3300 6.06 | 100.00 | .415 | 1.46 | .056 | .21 | 1.67 .570 .95 100.95
% 3 100.95 1080 7.35 [101.15 | .394 | 1.55 | .08 | .21 | 1.76 | .839| 1.k8| 102,63
4 Lo 101.90 4750 8.k2 | 102.10 | .377 | 1.62 | .059 .21 | 1.83 | 1.10 2.01| 10k.11
39 e 102.80 5380 9.29 |103.00 | .367 | 1.67 | .060 | .20 | 1.87 | 1.3k 2.51| 105.L7
2h 60 103.55 5520 10.87 1103.75 | .325 | 1.85 | .061 .19 | 2.04 | 1.83 3.73| 107.48

ol T0 10k.25 5520 12.68 | 104.50 | .285 | 2.04 | .061 a7 | 2.212 | 2.50 5.53| 110.03

1/ These letters and symbols are the same as used in Hydraulics of Bridge Waterways, U. S. Dept. of Transportation,
Bureau of Public Roads, 1970. This publication is for sale by Superintendent of Documents.
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Figure 14-13. Stage discharge without embankment
overflow. Section M-5, Example 1L-8.

NEH Notice L-102, August 1972
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piers. The channel area is 600 ft.2 and for the 300 ft.
long bridge the gross bridge area is:

Elevation Bridge Area
96 600
97 900
99 1500
103 2700

Plot the elevation vs. gross bridge opening area as shown in
Figure 1L-1k.

Determine the gross area of the bridge opening at each water
surface elevation. Using Figure 1L-1L4 read the gross area
at each elevation tabulated in column 2 and tabulate in
column 3 of Table 14-6.

Compute the average velocity through the bridge opening.

Divide column 1 by column 3 and tabulate in column 4 of Table
14-5. For the 300 ft. long bridge:

%-= 2%%% = 5.65 ft./sec.

Compute the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>