United States
Department of
Agriculture

Natural
Resources
Conservation
Service

Part 630 Hydrology
National Engineering Handbook

Chapter 7

Rain clouds

/—_\

Surp—__|
Urfacq Tungge

v

Precipitation

Hydrologic Soil Groups

O

7///\\§

Cloud formation

T

Evaporation

=
&
£
£
&

* Percolation || %%+«

—
T%?YT YryY
Yy 'Yy [yyrrY
Yy /yrryYy

(210-VI-NEH, May 2007)

%\/ \>‘/¥</
\"\/\/\/&/ Ocean ~—>—<_—
Ground water " < T



Chapter 7 Hydrologic Soil Groups Part 630
National Engineering Handbook

Issued May 2007

The U.S. Department of Agriculture (USDA) prohibits discrimination in all
its programs and activities on the basis of race, color, national origin, age,
disability, and where applicable, sex, marital status, familial status, parental
status, religion, sexual orientation, genetic information, political beliefs, re-
prisal, or because all or a part of an individual’s income is derived from any
public assistance program. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for communication
of program information (Braille, large print, audiotape, etc.) should con-
tact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights,
1400 Independence Avenue, SW., Washington, DC 20250-9410, or call (800)
795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.

(210-VI-NEH, May 2007)



Acknowledgments

Chapter 7 was originally prepared by Victor Mockus (retired) and re-
printed with minor revisions in 1972. This version was prepared by the
U.S. Department of Agriculture, Natural Resources Conservation Service
(NRCS) under guidance of Jon Werner (retired), NRCS; with assistance
from Donald E. Woodward (retired), NRCS; Robert Nielsen (retired),
NRCS; Robert Dobos, soil scientist, NRCS; and Allen Hjelmfelt (re-
tired), Agricultural Research Service. It was finalized under the guidance
of Claudia C. Hoeft, national hydraulic engineer.

(210-VI-NEH, May 2007)



Chapter 7 Hydrologic Soil Groups Part 630
National Engineering Handbook

7-ii (210-VI-NEH, May 2007)



Preface

This chapter of the National Engineering Handbook (NEH) Part 630,
Hydrology, represents a multi-year collaboration between soil scientists at
the National Soil Survey Center (NSSC) and engineers in the Conservation
Engineering Division (CED) at National Headquarters to develop an agreed
upon model for classifying hydrologic soil groups.

This chapter contains the official definitions of the various hydrologic soil
groups. The National Soil Survey Handbook (NSSH) references and refers
users to NEH630.07 as the official hydrologic soil group (HSG) reference.
Updating the hydrologic soil groups was originally planned and developed
based on this perspective.

Listing HSGs by soil map unit component and not by soil series is a new
concept for the engineers. Past engineering references contained lists of
HSGs by soil series. Soil series are continually being defined and re-
defined, and the list of soil series names changes so frequently as to make
the task of maintaining a single national list virtually impossible. There-
fore, no such lists will be maintained. All such references are obsolete and
their use should be discontinued.

Instructions for obtaining HSG information can be found in the introduc-
tion of this chapter.
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630.0700 Introduction

This chapter defines four hydrologic soil groups, or
HSGs, that, along with land use, management prac-
tices, and hydrologic conditions, determine a soil's
associated runoff curve number (NEH630.09). Runoff
curve numbers are used to estimate direct runoff from
rainfall (NEH630.10).

A map unit is a collection of areas defined and named
the same in terms of their soil components or miscel-
laneous areas or both (NSSH 627.03). Soil scientists
assign map unit components to hydrologic soil groups.
Map unit components assigned to a specific hydrologic
soil group have similar physical and runoff charac-
teristics. Soils in the United States, its territories, and
Puerto Rico have been assigned to hydrologic soil
groups. The assigned groups can be found by consult-
ing the Natural Resources Conservation Service’s
(NRCS) Field Office Technical Guide; published soil
survey data bases; the NRCS Soil Data Mart Web site
(http://soildatamart.nrcs.usda.gov/); and/or the Web
Soil Survey Web site (http.//websoilsurvey.nrcs.usda.

gov/).

The state soil scientist should be contacted if a soil
survey does not exist for a given area or where the
soils within a watershed have not been assigned to
hydrologic groups.

630.0701
groups

Hydrologic soil

Soils were originally assigned to hydrologic soil
groups based on measured rainfall, runoff, and infil-
trometer data (Musgrave 1955). Since the initial work
was done to establish these groupings, assignment

of soils to hydrologic soil groups has been based on
the judgment of soil scientists. Assignments are made
based on comparison of the characteristics of unclas-
sified soil profiles with profiles of soils already placed
into hydrologic soil groups. Most of the groupings are
based on the premise that soils found within a climatic
region that are similar in depth to a restrictive layer or
water table, transmission rate of water, texture, struc-
ture, and degree of swelling when saturated, will have
similar runoff responses. The classes are based on the
following factors:

¢ intake and transmission of water under the con-
ditions of maximum yearly wetness (thoroughly
wet)

¢ soil not frozen
e bare soil surface

e maximum swelling of expansive clays

The slope of the soil surface is not considered when
assigning hydrologic soil groups.

In its simplest form, hydrologic soil group is deter-
mined by the water transmitting soil layer with the
lowest saturated hydraulic conductivity and depth to
any layer that is more or less water impermeable (such
as a fragipan or duripan) or depth to a water table (if
present). The least transmissive layer can be any soil
horizon that transmits water at a slower rate relative
to those horizons above or below it. For example, a
layer having a saturated hydraulic conductivity of 9.0
micrometers per second (1.3 inches per hour) is the
least transmissive layer in a soil if the layers above and
below it have a saturated hydraulic conductivity of 23
micrometers per second (3.3 inches per hour).

Water impermeable soil layers are among those types
of layers recorded in the component restriction table
of the National Soil Information System (NASIS)
database. The saturated hydraulic conductivity of an
impermeable or nearly impermeable layer may range
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from essentially 0 micrometers per second (0 inches
per hour) to 0.9 micrometers per second (0.1 inches
per hour). For simplicity, either case is considered im-
permeable for hydrologic soil group purposes. In some
cases, saturated hydraulic conductivity (a quantitative-
ly measured characteristic) data are not always readily
available or obtainable. In these situations, other soil
properties such as texture, compaction (bulk density),
strength of soil structure, clay mineralogy, and organic
matter are used to estimate water movement. Tables
7-1 and 7-2 relate saturated hydraulic conductivity to
hydrologic soil group.

The four hydrologic soil groups (HSGs) are
described as:

Group A—Soils in this group have low runoff poten-
tial when thoroughly wet. Water is transmitted freely
through the soil. Group A soils typically have less
than 10 percent clay and more than 90 percent sand
or gravel and have gravel or sand textures. Some soils
having loamy sand, sandy loam, loam or silt loam
textures may be placed in this group if they are well
aggregated, of low bulk density, or contain greater
than 35 percent rock fragments.

The limits on the diagnostic physical characteristics of
group A are as follows. The saturated hydraulic con-
ductivity of all soil layers exceeds 40.0 micrometers
per second (5.67 inches per hour). The depth to any
water impermeable layer is greater than 50 centime-
ters [20 inches]. The depth to the water table is greater
than 60 centimeters [24 inches]. Soils that are deeper
than 100 centimeters [40 inches] to a water imperme-
able layer are in group A if the saturated hydraulic
conductivity of all soil layers within 100 centimeters
[40 inches] of the surface exceeds 10 micrometers per
second (1.42 inches per hour).

Group B—Soils in this group have moderately low
runoff potential when thoroughly wet. Water transmis-
sion through the soil is unimpeded. Group B soils typi-
cally have between 10 percent and 20 percent clay and
50 percent to 90 percent sand and have loamy sand

or sandy loam textures. Some soils having loam, silt
loam, silt, or sandy clay loam textures may be placed
in this group if they are well aggregated, of low bulk
density, or contain greater than 35 percent rock frag-
ments.

The limits on the diagnostic physical characteristics
of group B are as follows. The saturated hydraulic

conductivity in the least transmissive layer between
the surface and 50 centimeters [20 inches] ranges
from 10.0 micrometers per second (1.42 inches per
hour) to 40.0 micrometers per second (5.67 inches
per hour). The depth to any water impermeable layer
is greater than 50 centimeters [20 inches]. The depth
to the water table is greater than 60 centimeters [24
inches]. Soils that are deeper than 100 centimeters [40
inches] to a water impermeable layer or water table
are in group B if the saturated hydraulic conductivity
of all soil layers within 100 centimeters [40 inches] of
the surface exceeds 4.0 micrometers per second (0.57
inches per hour) but is less than 10.0 micrometers per
second (1.42 inches per hour).

Group C—Soils in this group have moderately high
runoff potential when thoroughly wet. Water transmis-
sion through the soil is somewhat restricted. Group C
soils typically have between 20 percent and 40 percent
clay and less than 50 percent sand and have loam, silt
loam, sandy clay loam, clay loam, and silty clay loam
textures. Some soils having clay, silty clay, or sandy
clay textures may be placed in this group if they are
well aggregated, of low bulk density, or contain greater
than 35 percent rock fragments.

The limits on the diagnostic physical characteristics
of group C are as follows. The saturated hydraulic
conductivity in the least transmissive layer between
the surface and 50 centimeters [20 inches] is between
1.0 micrometers per second (0.14 inches per hour)
and 10.0 micrometers per second (1.42 inches per
hour). The depth to any water impermeable layer is
greater than 50 centimeters [20 inches]. The depth

to the water table is greater than 60 centimeters [24
inches]. Soils that are deeper than 100 centimeters [40
inches] to a restriction or water table are in group C
if the saturated hydraulic conductivity of all soil lay-
ers within 100 centimeters [40 inches] of the surface
exceeds 0.40 micrometers per second (0.06 inches per
hour) but is less than 4.0 micrometers per second (0.57
inches per hour).

Group D—Soils in this group have high runoff poten-
tial when thoroughly wet. Water movement through
the soil is restricted or very restricted. Group D soils
typically have greater than 40 percent clay, less than 50
percent sand, and have clayey textures. In some areas,
they also have high shrink-swell potential. All soils
with a depth to a water impermeable layer less than 50
centimeters [20 inches] and all soils with a water table

7-2 (210-VI-NEH, May 2007)



Chapter 7

Hydrologic Soil Groups

Part 630
National Engineering Handbook

within 60 centimeters [24 inches] of the surface are in
this group, although some may have a dual classifica-
tion, as described in the next section, if they can be
adequately drained.

The limits on the physical diagnostic characteristics
of group D are as follows. For soils with a water im-
permeable layer at a depth between 50 centimeters
and 100 centimeters [20 and 40 inches], the saturated
hydraulic conductivity in the least transmissive soil
layer is less than or equal to 1.0 micrometers per sec-
ond (0.14 inches per hour). For soils that are deeper
than 100 centimeters [40 inches] to a restriction or
water table, the saturated hydraulic conductivity of all
soil layers within 100 centimeters [40 inches] of the
surface is less than or equal to 0.40 micrometers per
second (0.06 inches per hour).

Dual hydrologic soil groups—Certain wet soils are
placed in group D based solely on the presence of a
water table within 60 centimeters [24 inches] of the
surface even though the saturated hydraulic conduc-
tivity may be favorable for water transmission. If these
soils can be adequately drained, then they are assigned
to dual hydrologic soil groups (A/D, B/D, and C/D)
based on their saturated hydraulic conductivity and
the water table depth when drained. The first letter
applies to the drained condition and the second to the
undrained condition. For the purpose of hydrologic
soil group, adequately drained means that the seasonal
high water table is kept at least 60 centimeters [24
inches] below the surface in a soil where it would be
higher in a natural state.

Matrix of hydrologic soil group assignment
criteria—The decision matrix in tables 7-1 and 7-2
can be used to determine a soil’s hydrologic soil group.
Check both tables before making a final decision. If
saturated hydraulic conductivity data are available
and deemed to be reliable, then these data, along with
water table depth information, should be used to place
the soil into the appropriate hydrologic soil group. If
these data are not available, the hydrologic soil group
is determined by observing the properties of the soil
in the field. Factors such as texture, compaction (bulk
density), strength of soil structure, clay mineralogy,
and organic matter are considered in estimating the
hydraulic conductivity of each layer in the soil profile.
The depth and hydraulic conductivity of any water im-
permeable layer and the depth to any high water table
are used to determine correct hydrologic soil group

for the soil. The property that is most limiting to water
movement generally determines the soil’s hydrologic
group. In anomalous situations, when adjustments to
hydrologic soil group become necessary, they shall be
made by the NRCS state soil scientist in consultation
with the state conservation engineer.
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Table 7-1 Criteria for assignment of hydrologic soil groups when a water impermeable layer exists at a depth between 50
— and 100 centimeters [20 and 40 inches]

Soil property Hydrologic soil group A | Hydrologic soil group B | Hydrologic soil group C | Hydrologic soil group D
Saturated hydraulic >40.0 pm/s <40.0 to >10.0 pm/s <10.0 to >1.0 pm/s <1.0 nm/s
conductivity of the (>5.67 in/h) (£5.67 to >1.42 in/h) (£1.42 to >0.14 in/h) (£0.14 in/h)
least transmissive layer

and and and and/or
Depth to water imper- 50 to 100 cm 50 to 100 cm 50 to 100 cm <50 cm
meable layer [20 to 40 in] [20 to 40 in] [20 to 40 in] [<20 in]
and and and and/or
Depth to high water 60 to 100 cm 60 to 100 cm 60 to 100 cm <60 cm
table [24 to 40 in] [24 to 40 in] [24 to 40 in] [<24 in]
Table 7-2 Criteria for assignment of hydrologic soil groups when any water impermeable layer exists at a depth greater
— than 100 centimeters [40 inches]

Soil property Hydrologic soil group A | Hydrologic soil group B | Hydrologic soil group C | Hydrologic soil group D
Saturated hydraulic >10 pm/s <10.0 to >4.0 pm/s <4.0 to >0.40 pnm/s <0.40 pm/s
conductivity of the (>1.42 in/h) (£1.42 to >57 in/h) (20.57 to >0.06 in/h) (£0.06 in/h)
least transmissive layer

and and and and/or
Depth to water imper- >100 cm >100 cm >100 cm >100 cm
meable layer [>40 in] [>40 in] [>40 in] [>40 in]
and and and and/or
Depth to high water >100 cm >100 cm >100 cm >100 cm
table [>40 in] [>40 in] [>40 in] [>40 in]
74 (210-VI-NEH, May 2007)
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630.0702 Disturbed soils

As a result of construction and other disturbances,
the soil profile can be altered from its natural state
and the listed group assignments generally no longer
apply, nor can any supposition based on the natural
soil be made that will accurately describe the hydro-
logic properties of the disturbed soil. In these circum-
stances, an onsite investigation should be made to
determine the hydrologic soil group. A general set of
guidelines for estimating saturated hydraulic conduc-
tivity from field observable characteristics is presented
in the Soil Survey Manual (Soil Survey Staff 1993).
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