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• Environmental Due Diligence
• Land Development Support

• Sewage Facilities
• Stormwater
• Wetlands
• Water Supply

• Site Remediation
• Industrial Compliance
• Solid Waste Management



CLASSIFICATION SYSTEMS
• WHO
• WHY
• HOW

HYDROLOGIC SOIL GROUPS and 
LAND CAPABILITY CLASSES
• RULES/REGULATIONS
• SOIL SURVEY
• SITE-SPECIFIC SURVEY



What is SOIL?

Soil is the unconsolidated mineral and
organic matter on the surface of the earth
that has been subjected to, and shows
effects of genetic and environmental
factors of: climate (including water and
temperature effects), and macro- and
microorganisms, conditioned by relief,
acting on parent material over a period of
time.

Soil Science Society of America



CLASSIFICATION SYSTEMS

• AASHTO
• UNIFIED SOIL CLASSIFICATION
• OSHA
• INTERNATIONAL UNION OF 

SOIL SCIENCES
• USDA – NRCS



AASHTO – American Association of 
Highway and Transportation Officials

• Classify soil for construction, 
subgrade material

• A-1 through A-8
• Tested “out of place” 

1. Grain size (gravel, sand,                 
silt and clay)

2. Plasticity
3. Liquid limit



Unified Soil Classification System

• Classify soil for use in 
engineering and geology

• Two-letter symbol
• Tested “out of place” 

1. Grain size (gravel, sand,                 
silt, clay, organic)

2. Plasticity/Liquid Limit
3. Grading

G gravel
S sand
M silt
C clay
O organic
_______________________________________

P poorly graded (uniform particle sizes)
W well-graded (diversified particle sizes)
H high plasticity
L low plasticity



OSHA- OCCUPATIONAL SAFETY 
AND HEALTH ADMINISTRATION

OSHA Technical Manual
Section V Chapter 2
Excavations: Hazard Recognition in Trenching and Shoring

Excavating is recognized as one of the most hazardous construction operations.
Subpart P, Excavations, of 29 CFR 1926.650, 29 CFR 1926.651, and 29 CFR 1926.652

This chapter is intended to assist OSHA Technical Manual users, safety and health
consultants, OSHA field staff, and others in the recognition of trenching and shoring
hazards and their prevention.



A.
Stable Rock is natural solid mineral matter that can be excavated with vertical 
sides and remain intact while exposed. It is usually identified by a rock name 
such as granite or sandstone. 

OSHA categorizes soil and rock deposits into four types, A through D, as follows:

B.
Type A Soils are cohesive soils with an unconfined compressive strength of 1.5 
tons per square foot (tsf) or greater. Examples of Type A cohesive soils are 
often: clay, silty clay, sandy clay, clay loam and, in some cases, silty clay loam 
and sandy clay loam. 

C.
Type B Soils are cohesive soils with an unconfined compressive strength greater 
than 0.5 tsf but less than 1.5 tsf. Examples of Type B soils are: angular gravel; 
silt; silt loam; previously disturbed soils unless classified as Type C; soils that 
meet the unconfined compressive strength or cementation requirements of 
Type A soils but are fissured or subject to vibration; dry unstable rock.

D.
Type C Soils are cohesive soils with an unconfined compressive strength of 0.5 
tsf or less. Other Type C soils include granular soils such as gravel, sand and 
loamy sand, submerged soil, soil from which water is freely seeping, and 
submerged rock that is not stable.

E.
Layered Geological Strata. Where soils are configured in layers, i.e., where a 
layered geologic structure exists, the soil must be classified on the basis of the 
soil classification of the weakest soil layer.



Five Soil Forming Factors

SOILS VARY ACROSS 
LANDSCAPES

SOILS ARE PREDICTABLE 
ACROSS LANDSCAPES

1) Climate
2) Biology
3) Topography
4) Parent 

material
5) Time



Five Soil Forming Factors

1) Climate
2) Biology
3) Topography
4) Parent 

material
5) Time



IUSS– WORLD 
REFERENCE 
BASE FOR SOIL 
RESOURCES



USDA (NRCS) – NATURAL RESOURCES 
CONSERVATION SERVICE

• Conducts Soil Survey 
• Provides taxonomic classification of soils
• Provides various interpretations of soils data
• Provides technical assistance to farmers and 

land planners



Gelisols: Frozen
Histosols: Organic, wet

Spodosols: Sandy, acidic
Andisols: Volcanic ash

Oxisols: Very weathered
Vertisols: Shrink and swell

Aridisols: Very dry
Ultisols: Weathered

Mollisols: Deep, fertile
Alfisols: Moderately weathered

Inceptisols: Slightly developed (young)
Entisols: Newly formed

SOIL TAXONOMY/SOIL ORDERS



OFFICIAL SERIES DESCRIPTION



(4) The following uses are permitted by special exception only on soils 
with agricultural land capability classifications of IV, V, VI, VII, and VIII as 
defined by the United States Department of Agriculture.

(a) Membership clubs and camps and outdoor recreation facilities  
such as playgrounds, golf clubs, swimming pools, and tennis 
courts

(b) Commercial camps and resorts

(c) Extraction of sand, gravel, and other materials

(d) Airports and landing strips

LAND CAPABILITY CLASS



Class I (1)
soils have slight limitations that restrict their use.  

Class II (2)
soils have moderate limitations that reduce the choice of plants or require moderate conservation practices.  

Class III (3)
soils have severe limitations that reduce the choice of plants or require special conservation practices, or both.  

Class IV (4)
soils have very severe limitations that restrict the choice of plants or require very careful management, or both.  

Class V (5)
soils have little or no hazard of erosion but have other limitations, impractical to remove, that limit their use 

mainly to pasture, range, forestland, or wildlife food and cover.  

Class VI (6)
soils have severe limitations that make them generally unsuited to cultivation and that limit their use mainly to 

pasture, range, forestland, or wildlife food and cover.  

Class VII (7)
soils have very severe limitations that make them unsuited to cultivation and that restrict their use mainly to 

grazing, forestland, or wildlife.  

Class VIII (8)
soils and miscellaneous areas have limitations that preclude their use for commercial plant production and limit 

their use to recreation, wildlife, or water supply or for aesthetic purposes. 

LAND CAPABILITY CLASS



Class I and II

LAND CAPABILITY CLASS



Class IIIe

LAND CAPABILITY CLASS



Class IVw

LAND CAPABILITY CLASS



Class Vs

LAND CAPABILITY CLASS



Class VI, VII, and VIII

LAND CAPABILITY CLASS



HYDROLOGIC SOIL GROUP

PA BMP MANUAL  - SECTION 9
STORMWATER CALCULATIONS AND 

METHODOLOGY



HYDROLOGIC SOIL GROUP

“In its simplest form, hydrologic soil group is 
determined 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).”



HYDROLOGIC SOIL GROUP

Group A—Soils in this group have low runoff 
potential 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.



HYDROLOGIC SOIL GROUP

Group B—Soils in this group have moderately 
low runoff potential when thoroughly wet. 
Water transmission through the soil is 
unimpeded. Group B soils typically 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 fragments.



HYDROLOGIC SOIL GROUP

Group C—Soils in this group have moderately 
high runoff potential when thoroughly wet. 
Water transmission 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.



HYDROLOGIC SOIL GROUP

Group D—Soils in this group have high runoff 
potential 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 20 inches and all soils with a water table 
within 24 inches of the surface are in this 
group, although some may have a dual 
classification, as described in the next section, 
if they can be adequately drained.



HYDROLOGIC SOIL GROUP

Dual hydrologic soil groups—Certain wet soils 
are placed in group D based solely on the 
presence of a water table within 24 inches of 
the surface even though the saturated 
hydraulic conductivity 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. 



WEB SOIL SURVEY



WEB SOIL SURVEY



WEB SOIL SURVEY



WEB SOIL SURVEY

AASHTO

A-4

GdB, A-6



WEB SOIL SURVEY

SEPTIC TANK 
ABSORPTION 
FIELDS

VERY LIMITED

GdB, 
SOMEWHAT 
LIMITED



WEB SOIL SURVEY

HYDROLOGIC 
SOIL GROUP

A

C

C/D

A

C/D

B

C

C

C/D

D

D

B/D



WEB SOIL SURVEY

NOW I KNOW 
EVERYTHING 

ABOUT THE SOILS 
ON THIS SITE



WEB SOIL SURVEY

716 ACRES



Commonly, individual soils on the landscape merge into one 
another as their characteristics gradually change. To 
construct an accurate soil map, however, soil scientists must 
determine the boundaries between the soils. They can 
observe only a limited number of soil profiles.

Direct measurements do not exist for every property 
presented for every map unit component.

If intensive use of small areas is planned, onsite investigation 
is needed.



WILL REVIEWING AGENCIES ACCEPT MODIFIED CLASSIFICATIONS BASED 
ON ACTUAL SITE CONDITIONS?

WHO IS QUALIFIED TO MODIFY CLASSIFICATIONS?

DO YOU WANT TO MODIFY CLASSIFICATIONS?

WHAT AMOUNT OF EFFORT ARE YOU WILLING TO SPEND – TIME AND 
MONEY – TO MODIFY CLASSIFICATIONS?

QUESTIONS



Class I (1)
soils have slight limitations that restrict their use.  

Class II (2)
soils have moderate limitations that reduce the choice of plants or require moderate conservation practices.  

Class III (3)
soils have severe limitations that reduce the choice of plants or require special conservation practices, or both.  

Class IV (4)
soils have very severe limitations that restrict the choice of plants or require very careful management, or both.  

Class V (5)
soils have little or no hazard of erosion but have other limitations, impractical to remove, that limit their use 

mainly to pasture, range, forestland, or wildlife food and cover.  

Class VI (6)
soils have severe limitations that make them generally unsuited to cultivation and that limit their use mainly to 

pasture, range, forestland, or wildlife food and cover.  

Class VII (7)
soils have very severe limitations that make them unsuited to cultivation and that restrict their use mainly to 

grazing, forestland, or wildlife.  

Class VIII (8)
soils and miscellaneous areas have limitations that preclude their use for commercial plant production and limit 

their use to recreation, wildlife, or water supply or for aesthetic purposes. 

LAND CAPABILITY CLASS



START

STONES, 
OUTCROPS, 
MISC AREAS

SOIL DEPTH

PONDING

FLOODING

SOIL 
DRAINAGE 

CLASS

Very stony 
or outcrops

Misc areas, 
beaches, 
dumps, etc.

VIIIs

Vs nearly level
VIs gently sloping
VIIs steep

IIIs

VIIs

Shallow, 
0-3%

Very 
shallow

VIIIw
Always

During growing 
season

Vw

IVw

*For severely 
eroded soils, 

increase capability 
class by one

Slope Capability Class
0-3% IIIs
3-8% IIIs
8-15% IVe*
15-25% VIe*
25-50% VIIe
50% + VIII

Ex
ce

ss
iv

e
ly

 
D

ra
in

ed Slope Capability Class
available water capacity

High-Med.      Low       Very Low

0-3% I                 IIs            IIIs 
3-8% IIe*            IIe IIIs
8-15% IIIe*            IIIe*       IVe*

15-25% IVe*            IVe*       VIe*
25-50% VIe*           VIe*       VIIe
50% + VIIe VIIe VIIe

Slope Capability Class
0-3% IIw
3-8% IIe*
8-15% IIIe*
15-25% IVe*
25-50% VIe*
50% + VIIe

Moderately Well 
Drained

Drainage Permeability Capability Class
Drained   Undrained

SWPD              All IIIw IIIw
Poorly      Mod – Rapid IIIw Vw
Poorly            Slow IIIw Vw
VPD                  All IVw Vw

LAND CAPABILITY 
CLASS AND 
SUBCLASS

Somewhat 
Poorly, 

Poorly, Very 
Poorly 

Drained



Matrix Table 7-1

The decision matrix in table 7–1 can be used to
determine a soil’s hydrologic soil group using saturated
hydraulic conductivity data and water table depth
information.

If Ksat is not known, the hydrologic soil group is
determined by observing the properties of the soil in
the field – texture, bulk density, structure, mineralogy,
and organic matter – to estimate the hydraulic
conductivity of each layer in the soil profile.

The property that is most limiting to water movement
generally determines the soil’s hydrologic group.

HYDROLOGIC SOIL GROUP



HYDROLOGIC SOIL GROUP

1/ An impermeable layer has a Ksat less than 0.0014 in/h or a component restriction of fragipan; duripan; petrocalcic; 
orstein; petrogypsic; cemented horizon; densic material; placic; bedrock, paralithic; bedrock, lithic; bedrock, densic; 
or permafrost.
2/ High water table during any month during the year.
3/ Dual HSG classes are applied only for wet soils (water table less than 60 cm [24 in]). If these soils can be drained, 
a less restrictive HSG can be assigned, depending on the Ksat. 



HYDROLOGIC SOIL GROUP



HYDROLOGIC SOIL GROUP



HYDROLOGIC SOIL GROUP



SOIL SURVEY MANUAL
Use texture and bulk density to estimate
Ksat, saturated hydraulic conductivity



PUBLISHED MAPPING AND INTERPRETATION

EDGEMONT, 
GROUP A

NESHAMINY,
GROUP C

TOWHEE,
GROUP C/D



SITE-SPECIFIC INVESTIGATION

TEST PITS

BORINGS

INFILTRATION 
TESTING

REMAPPING



DO:

PROVIDE VALUABLE PLANNING INFORMATION
SHOW SOIL SERIES THAT ARE LIKELY PRESENT ON A SITE
MATCH SOIL PROPERTIES TO MAPPED SOILS

PUBLISHED SOIL MAPS AND INTERPRETATIONS

DO NOT:

PROVIDE INFORMATION ON A SMALL SCALE
SUBSTITUTE FOR SITE-SPECIFIC INVESTIGATION (?)



Web Soil Survey - USDA
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm

ChescoViews GIS
http://www.chesco.org/2198/ChescoViews

Official Soil Series Descriptions by name
https://soilseries.sc.egov.usda.gov/osdname.aspx

NRCS Home Page
https://www.nrcs.usda.gov/wps/portal/nrcs/site/soils/home/

NRCS Technical References
https://www.nrcs.usda.gov/wps/portal/nrcs/main/soils/ref/

RESOURCES



MILLION ACRE MAPPERS 

2,080 HRS/YR
X   40 YRS
83,200 HRS

1,000,000 ACRES
÷ 83,200 HRS
12 ACRES/HR

Sid Vander Veen
Freeman Stephens

Norb Lerch
Waldo G. Elwonger
Clarence Furbush




