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The Necessity of Soil Profiling for Sewage
Treatment System Use

Soil as a Natural Resource
Soil as a living filter and chelator of
toxic elements

The soil is both an anaerobic and aerobic
biological community of organisms that de-
compose organic debris into simple organic
material and eventually to humus, CO, and
H,O (Figure 1). Depending on the flow of
water through a soil, the soil can be thought
of as either 1) aerobic, 2) anaerobic, or 3)
various degree of each. Since soil organ-
isms decompose organic material (mostly
depending on concentration) the soil is con-
sidered as a dynamic living filter.

Inorganic materials are also absorbed
and modified by biogeochemical and geo-
chemical soil processes. Toxic elements

[ | |
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GARBAGE
TRASH
SEWERAGE
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POLLUTION / /
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Figure 1. Soil is a dynamic living filter fos-
tering organisms that decompose and recy-
cle waste.
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are sequestrated within recalcitrant humus
complexes.

Soil as a basis for land-use
management and planning

Soils are a complex layered system.
Soils are classified and identified by the
number and characteristics of these layers
(also called horizons) (Figure 2). Most peo-
ple think of the soil as only the surface layer
(since other layers require excavation to ob-
serve). However individuals who observe
road cuts and view excavations realize that
soils are a layered system.

The characteristics of soil layers and the
unique sequence of layers termed a soil type
is considered a basic natural resource. The

Figrue 2. A soil profile consisting of several
layers (often referred to as horizons).



exchange of energy and mass between soil
layers is the major determinant of soil po-
tential. Thus, soil as a natural resource is
used directly for land-use management and
planning.

Four General Soil Forming

Processes
Introduction - soil organic and
inorganic chemistry, and physics

Soils are a heterogeneous system for any
particular soil property, at a specific time
and controlled by chemical and physical
gradients and fluxes. Soil conditions in-
volve the knowledge of organic and inor-
ganic compounds which may contain the
following elements C, H, O, N, P, S, K, Ca,
Mg, Al, Si, Fe, Na, Cu, Co, Mn, Mo, B, Cl as
well as many others in trace quantities.

The unique sequence of soil layers
termed a type is produced by combining
four processes; additions, losses, transforma-
tions, and translocations (Figure 3). These
four general soil forming processes vary in
intensity from place to place due to differ-
ences in climate, type of plant and animal

community present, topography, time, and
type of rock that is the parent material for
the soil.

Additions to the soil

Major additions occur to soils includ-
ing overflow sediments, eolian particles,
and organic matter. Deposition of soil mate-
rial from eroding landscape surfaces occurs
especially along some floodplain and foot-
slope hillslope positions. Volcanic ash and
wind erosion are significant types of eolian
additions to soils. Precipitation also brings
small amounts of materials containing such
elements as sulfur and nitrogen. Usual-
ly additions to the soil are relatively slow
and they are incorporated to the upper soil
layer without burying the soil. If massive
amounts of material is rapidly added to soil,
sufficient to bury the soil, then the material
is considered new geologic soil parent mate-
rial (Figure 4). Usual additions to the soil do
not bury a soil.

Organic matter is added to a soil as plant
roots, and plant and animal debris. Organ-
isms such as chemolithotrophs and photo-
lithotrophs fix carbon from the air into the
soil. Inert atmospheric N is fixed by soil mi-

ADDITIONS

DUST,

W
PRECIPITATION
GROUND SURFACE

croorganisms.  Chemor-
ganothrophs recycle dead
animal and plant remains
and build humus in soils.

Losses from the soil

TRANSFORMATIONS

%@ SOIL

HUMUS

SOLUTES

ORGANIC MATTER — 3 ORGANIC COMPOUNDS,

PRIMARY MINERALS —» CLAY, OXIDES, IONS,

Soil losses occur in
several ways. One mode
of loss occurs when the
surface soil layer erodes
(Figure 5). Soil condi-

TRANSFERS

CLAY. REMOVALS|
IONS,

~ ORGANIC ]
COMPOUNDS, SOLUTES,
SOLUTES IONS

ASFE&

tions affecting surface soil
erosion are slope gradi-
ent, plant cover, and soil
infiltration rate. Surface
IONS, erosion is reduced by
SOLUTES . o s .
maintaining a thick plant

cover on the soil. Leach-

Figure 3. A soil exists based on the balance between four major ing causes the loss of dis-
soil forming processes; additions, losses, transformations, and solved materials from

translocations.
2

the soil to the underlying
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Figure 4. Soil can become buried if addi-
tions are rapid!

Figure 5. Surface erosion (soil loss) reduces
soil depth.

vadose zone and often the ground water.
Leaching is often referred to as geochemical
erosion. Common soil solutes reaching the
ground water are Ca*?, Mg*?, K*, Na*, SO,7?,
Cl, NO,, and HCO,. A striking example
of leaching and geochemical erosion is soil

DEQ/OSU Soil Classification Manual

formed from limestone producing karst to-
pography (sinkholes) (Figure 6). Gases are
also released from the soil by the decompo-
sition of organic material. These gases can
be in the form of CO,, CH,, N,O, and H,S, as
well as others.

Figure 6. Soil leaching (soil loss) can be
drastic e.g., formation of sinkholes in areas
of gypsum and limestone rock.

Transformations within the soil

Inorganic and organic compounds are
weathered in the soil to produce clay (Fig-
ure 7) and humus. Some transformations
occur rapidly; hours to days while others
are slow; months to years. The formation
of iron and aluminum oxides from primary
minerals is also a major soil transformation.
The rate and types of weathering products
are dependent on the amount of soil water,
soil oxygen, soil heat and movement, and
removals of reactants and products from the
soil system. Transformations occur mainly
by oxidation-reduction, hydrolysis, hydra-
tion, and chelation within the soil.

Translocations within the soil
Translocations within the soil are often
considered as the relocation of solids (such
as clays and organic matter) and solutes (Ca*?,
Mg**, K*, Na*, Cl,, SO?,, HCO,). Transloca-
tions of liquids and gases do occur but are
often overlooked when evaluating soil lay-
ers. Translocations modify soil texture and
pH. Translocations of clay from upper soil
layers to lower soil layers cause these lower
subsoil layers to be rich in clay compared

3
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Figure 7. Clay can form in a soil by the decomposition (transformation)
of primary minerals such as feldspar and mica originating in rock (photo

width = 2 mm).

Feldspar

Quart

Clay

Pore

Figure 8. Clay is removed from surface soil horizons and deposited (trans-
location) in the subsoil as clay films during precipitation (photo width = 2

mm).

to surface layer (Figure 8). Also, movement
of cations and anions cause acidification of
surface layers and alkalization and saliniza-
tion of subsoil layers (often forming calcite,
CaCO,; or gypsum, CaSO,-2H,0) (Figure 9).

Soil Morphology and

Nomenclature

Application of soil morphology to soil

forming processes and management
Soil morphology is the field description

and naming of soil layers using a sequence

DEQ/OSU Soil Classification Manual



Figure 9. Salts 1nclud1ng halite (NaCI) gyp-
sum (CaSO,*2H,0), and calcite (CaCO,) are
dissolved, moved, and deposited, (transol-
cation) along wetting fronts in the soil.

100 0

identifying specific characteristics; texture,
color, structure, consistence and special fea-
tures (Figures 10, 11, 12, and 13). Labora-
tory and field analytical methods support
the use of this science. Soil morphology is
used to determine how soils form, are used
for production of food and fiber, and to de-
termine suitability for construction and ap-
plication of waste material for storage and
degradation.

Soil individuals; types and series

A name (usually of a nearby location;
town, city, etc.) is given to the unique se-
quence of soil layers (soil type). Each soil
name (or type) is given a range for the values

<
N
(5]

ANVAVAYA: AN
AVAV&‘%’A

o & ' l

@'AVAW

N NNN

.&.VA.'AVA\VA AVAATAVA
NaVAVavAVAVAVA'/

100

100 <

Percent Sand

Figure 10. The textural triangle is used to group soil by the relative amounts
of sand, silt, and clay (<2mm fraction).
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Figure 11. The Munsell color chart (Gretag
Macbeth, 1998) is used to identify soil col-
Oor.

of the characteristics for each layer (Figure
14). The soil name along with a specified
range in characteristics for each layer is
called a soil series. Soils form a complex
continuum across the landscape and are
difficult to classify compared to organisms,
which often have easily identifiable bound-
aries. Key characteristics e.g. soil depth,
clay content and thickness of surface layer
are selected within a particular area to dif-
ferentiate soil series boundaries. The char-
acteristics may change from one area to the
next based on important soil features and
land management practices for that area. A
common soil map at a scale of approximate-
ly 1:25,000 (e.g. county soil survey plan-
ning tool, Natural Resources Conservation
Service (NRCS), United State Department
of Agriculture (USDA)) is usually meant for

6

Common

Structure Diagrammic Horizon
Type Aggregate Description Aggregate Location
Granular  Relatively nonporous, small A horizon
and spheroidal peds; not %)
fitted to adjoining aggregates. 9 o
Crumb Relatively porous, small o, A horizon
and spheroidal peds; not (I
fitted to adjoining aggregates.
Platy Aggregates are platelike. E horizon
Plates often overlap and in forest &

impair permeability. claypan soils

Angular Block like peds bounded B horizon
Blocky other ag?regates whose
1)1] anlgpl ar faces form the
cast for the ped. The
aggregates often break into
smaller blocky peds.

Subangular Block-like beds bounded by B horizon
Blocky other aggregates whose
rounded subangular faces

form the cast for the ped.

Prismatic  Column-like peds without B horizon
rounded caps. Other prismi
aggregates form the cast for
the ped. Some prismatic
%gregates break into smalli

blocky peds.

B horizon

Columnar Column-like peds with
to sodic soils

rounded caps bounded
laterally by other columna:
aggregates which form the
cast for the peds.

Figure 12. Soil structure is classified by size,
strength, and shape of peds.

determining general land use practices and
may need further field investigation for spe-
cific application to proposed site specific
land use.

Determining Soil Pore Volume
Soil bulk density (mass of dry
undisturbed soil per unit volume)

An important basic parameter for all
soils is the relative amount of pore space
and solid space. The bulk density (mass of
dry soil divided by its undisturbed volume)
is the central property used to determine
soil mass and porosity (Figure 15). Bulk
density is sometimes estimated based on
previous evaluations or directly determined
by field and laboratory analytical methods.
Soil bulk density remains constant over
hundreds of years unless disturbed by an-

DEQ/OSU Soil Classification Manual



Consistence

Consistence is the degree and kind of cohesion and adhesion that soil
exhibits, and/or the resistance of soil to deformation or rupture un-
der an applied stress. Soil-water state strongly influences consistence.
Field evaluations of consistence include: Rupture Resistance (Block,
Peds, and Clods; or Surface Crusts and Plates), Resistance to Penetra-
tion, Plasticity, Stickiness, and Manner of Failure. Historically, con-
sistence applied to dry, moist, or wet soil as observed in the field. Wet
consistence evaluated Stickiness and Plasticity. Rupture Resistance
now applies to dry soils and to soils in a water state from moist through
wet. Stickiness and Plasticity of soil are independent evaluations.

RUPTURE RESISTANCE - A measure of the strength of soil to with-
stand an applied stress. Separate estimates of Rupture Resistance are
made Blocks/Peds/Clods and for Surface Crusts and Plates of soil.
Block-shaped specimens should be approximately 2.8 cm across. If
2.8 cm cubes (e.g., = 2.5 - 3.1 cm) are not obtainable, use the follow-
ing equation and the table below to calculate the stress at failure: [(2.8
cm/cube length cm)? x estimated stress (N) at failure)]; e.g., for a 5.6
cm cube [(2.8/5.6)° x 20 N = 5N = Soft Class. Plate-shaped specimens
(surface crusts or platy structure) should be approximately 1.0 - 1.5
cm long by 0.5 cm thick (or the thickness of occurrence, if <0.5 cm

thick).
Blocks/Peds

R -

Crusts/Plates

R

Figure 13. Soil consistence is the ability of a soil to resist rupture or defor-
mation under dry, moist, or wet conditions (Schoenberger et al., 2002)

DEQ/OSU Soil Classification Manual



Rupture Resistance:

Blocks, Peds, and Clods - Estimate the class by the force required to rupture
(break) a soil unit. Select the column for the appropriate soil moisture condi-
tion (dry vs. moist) and/or the Cementation column, if applicable.

Dry Moist Cementation’ Specimen
Class Code? Class  Code?* Class Code? Fails Under
Loose L Loose L Intact specimen
Not applicable not obtainable
d(lo) m(lo)
Soft S Very VFR Non- NC Very slight force
Friable Cemented between fingers.
d(so) m(vir) <8N
Slightly  SH Firable FR) Extremely EW Slight force
hard Weakly between fingers.
d(sh) m(fr) Cemented 8 to <20 N
Mod. MH Firm FI Very VW Moderate force
Hard Weakly between fingers.
d(h) m(fi) Cemented 20 to <40 N
Hard HA Very VFI Weakly w Strong force
firm Cemented between fingers.
d(h) m(vfi) c(w) 40 to <80 N
Very Hard VH Extr. EF Moderately M Moderate force
Firm Cemented between hands.
d(vh) m(efi) 80 to <160 N
Extremely EH Slightly SR Strongly ST Foot pressure by
Hard Rigid Cemented full body weight.
d(eh) m(efi) c(s) 160 to <800 N
Rigid R Rigid R Very VS Blow of <3 J but
Strongly not body weight.
d(eh) m(efi) Cemented 800N to <3 ]
Very VR Very VR Indurated I Blow of > 3.
Rigid Rigid (3] = 2 kg weight
d(eh) m(efi) c(I) dropped 15 cm).

! This is not a field test; specimen must be air dried overnight and the submerged in water
for a minimum of 1 hour prior to test.
2 Codes in parentheses are obsolete criteria (Soil Survey Staff, 1951).

Figure 13. Soil consistence is the ability of a soil to resist rupture or deformation
under dry, moist, or wet conditions (continued).

DEQ/OSU Soil Classification Manual



Figure 14. A soil profile photograph of a
typical Oklahoma soil.

thropogenic activity such as heavy equip-
ment, tillage compaction, or excavations.
Anthropologic disturbances are often dras-
tic and permanent. Bulk density increases
with increasing soil depth for undisturbed
(“natural”) soils. Values for bulk density are
usually given in grams per cubic centimeter
or mega grams per cubic meter (g/cm?® = Mg/
m®). Rock usually contains a small amount
of pore space compared to soil. Rock bulk
densities are commonly greater than 2.0 g/
cm®. A solid cubic centimeter of the mineral
quartz is 2.65 g/cm?® (specific gravity).

Increasing bulk density with
increasing soil depth

Soil pore space increases as soil forms
from rock. The lower bulk density in soils
as compared to rock is important and allows
for the rapid colonization of terrestrial envi-
ronments by plants, animals, and microbes.
The weathering and dissolution of minerals
in rocks and the swelling of the soil due to
plant roots, and animal and microbial action
enables the soil bulk density to be as low
as 1.0 g/cm? in surface layers and typically
be about 1.5 g/cm?® in subsoil layers (Figure
16).

Soil Bulk Density is 1.06 = 40% of 2.65 g/cm’

* 9

Assume Solid

Assume Soil Space is Quartz

is Dry

<«— Specific Gravity of Quartz
2.65 grams / cubic centimeter

Soil particle size
and soil bulk density
relationships

Bulk densities are
slightly larger (0.1 grams/
cm?®) for layers with sandy
40% and silty soil textures com-
pared to layers containing
clayey soil textures. How-
ever, the continuity be-
tween pores and pore size
varies between different
soil textures. Larger more
continuous pores in sandy
and silty soils, compared
to clayey soils, allows
greater exchange of air be-

60%

Figure 15. Diagram showing idealistic soil relationships between
specific gravity (quartz), pore space, solid space and bulk den-

sity.
DEQ/OSU Soil Classification Manual

tween soil layers and the
atmosphere. Large con-
tinuous pores also permit
rapid water movement

9
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Figure 16. A typical trend of increasing bulk
density with increasing soil depth.

through sandy and silty compared to clayey
soils.

Soil water content, bulk density, and
porosity

Bulk density allows a gross estimate of
total pore volume. But when utilizing sub-
soil layers with relatively high bulk densi-
ties (>1.5 g/cm?®), the quality of the pore vol-
ume is needed to determine the rate of water
movement through soil. Pore volumes in
clayey soils contain a greater solid surface
area to pore volume ratio compared to sandy
and silty soils. The adhesion and cohesion
forces associated with water and soil surface
areas (matric potential) modify properties of
gases and liquids that can occupy soil pore
volume. For example, the same amount of
water applied to both a dry clayey soil com-
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pared to a dry sandy soil, with the same bulk
density, would present greatly different wa-
ter availabilities for root uptake. The film of
water surrounding the clay particles will be
thin compared to the film of water around
the sand. The clayey soil therefore would
seem “dry” to a plant root compared to the
sandy soil.

The soil structure concept

Though soil texture is often cited as a
key soil characteristic for estimating soil po-
rosity and air-water relationships, soil struc-
ture must also be included. Soil structure is
a concept and a key soil characteristic (Fig-
ure 17). The concept is especially impor-
tant for the upper soil layers near or at the
soil surface where the forces of 1) wetting
and drying, 2) freeze-thaw, 3) root penetra-
tion, 4) animal burrowing, and 5) extension
of microbial biomass e.g., fungal hyphae,
act to bind and aggregate soil particles into
groups. The description of soil structure is
the shape, size, and rigidity of these groups.
By describing soil structure in a soil layer
an observer indicates that both soil structure
and texture must be used to determine soil
porosity and air-water relationships. Porous
soil structure is a desirable characteristic.
Soil structure permits greater air and water
movement through claying soils and greater
retention of water in typically dry exces-

LaR)
ng 7% ?2 %a Upper B Horizon
& 0
’o°o b% (9
8 8? o @ R «%D 03 -

Blocky aobo [+ 800

Lower B Horizon

Prismatic

—_—
—_—
—X
—

Figure 17. Diagram showing soil structure
creating macropores and planes which ex-
pedite water and air movement through
soils.
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sively drained sandy soils. Soil structure
can be destroyed by compaction with heavy
equipment, tillage, and cultivation or other
soil disturbances.

Determining Rate and Amount of

Water Movement Through Soil
Soil-water conductivity related to
soil particle-size distribution, soil
structure, and soil bulk density

The size and continuity of soil pores
are key factors for determining water flow
through soils (Figure 18). The size and con-

S AR

Pore Slze

WWW

Pore Tortuosity ~

Figure 18. The size, continuity, and tortuos-
ity of soil pores is a key factor for determin-
ing water flow through soils.

DEQ/OSU Soil Classification Manual

tinuity of soil pores are dependent upon
soil particle-size distribution, structure, and
bulk density. Surface soil layers (unless
compacted or eroded) have higher soil-water
conductivities compared to subsurface lay-
ers. Surface soil layers are less clayey, have
stronger soil structure, and are more porous
compared to subsurface layers. Movement
of clay from surface to subsurface layers, and
a large humus content and biological activ-
ity of the surface layers are primary reasons
why surface soil layers are more conductive
compared to subsurface layers.

Determining the slowest soil water
conductivity layer

The saturated flow of water though a soil
depends on the layer with the lowest soil-
water conductivity. Dense clayey soil lay-
ers with weak soil structure transmit water
very slowly. Other dense layers are lithic
and paralithic (rock and soft slightly frac-
tured rock, respectively), fragipans (weakly
cemented layers), natric (dispersive layers
containing abundant exchangeable sodium),
and petrocalcic (layers cemented by CaCO,
called soil-formed limestone). These layers
and layers immediately above lack sufficient
oxygen for aerobic decomposition.

Applying Darcy’s equation to a
general soil-water flow model

Soil-water saturated flow follows an
equation proposed by Henri Darcy a French
engineer (1856) (Figure 19). This equa-
tion relates the quantity of water (Q) mov-
ing through a soil to the hydraulic gradient
(H), the length of the flow path (L), the cross
sectional area (A), time period (T), and the
hydraulic conductivity of a soil layer (K), as
follows:

H
=KAT —,
Q L

where:
Q = gallons (1 gallon = 231 cubic inches)
K'=inches/hour (a constant for each spe-
cific layer)

11



N //// / /| «— “Head” of Water
H “..-.".7. . | «—— Soil Core with Flow Rate Constant (K)
L NI and Cross-Sectional Area (A)
v Ll
00 0 \
) Permeable Membrane

Q-Collecting Water Over Time (T)

Figure 19. Idealistic diagram showing how Darcy’s law is used to
determine saturated flow through a soil during constant head con-

ditions.

A =inches squared (area circle = nr?)

T = hours

H = height of water in inches above a ref-

erence level

L = length of flow path in inches
‘K is the soil parameter, which can be es-
timated by observing and determining soil
particle size distribution (texture), structure,
and bulk density.

Determining Soil Biological
Activity
General principles of waste
degradation by soil microbes

Soil microbes are resilient organisms,
which can adapt to a range in life-support
conditions. They do however follow and
need basic requirements for life including;
food, shelter, and water. Waste materials
including sewage meet the requirement of
microbial food which provides the organ-
isms with energy, carbon, and many nutri-
ents. Shelter to microorganisms is often
simply the reduction in extremes of heat,
solar radiation, and moisture. Rapid decom-
position of organic waste products are best
accomplished within temperatures ranging
from 5° C to 25° G, lack of direct exposure
to solar radiation, and moderate soil mois-

12

ture conditions which allow air movement
through soil. Movement of air through soil
allows removal of carbon containing gases
e.g. CO,, and a steady supply of oxygen for
aerobic decomposition. Continuous yearly
treatment of organic waste is best when the
waste is applied to the subsoil where tem-
perature extremes are damped but still shal-
low enough to take advantage of soil poros-

ity.

Redoximorphic soil conditions
influence soil microbes

If soil water movement is very slow,
oxygen is excluded from the soil because
of water saturated soil conditions. An-
aerobic decomposition will occur but is
slow. If soil saturated with water persists
for weeks to months anaerobic decomposi-
tion of all waste applied to this soil may not
occur. Movement of untreated waste to the
ground water and surface water will then
occur. Oxidation of organic wastes by mi-
crobes in the presence of free oxygen (aero-
bic decomposition) is preferred because of
the greater decomposition rate compared
to reduced decomposition of waste without
free oxygen (anaerobic). The occurrence of
water saturated soil is identified by observ-
ing soil color (Figure 20). Gray soil colors

DEQ/OSU Soil Classification Manual
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Figure 20. Soil redoximorphic features are
used to determine soil zones of water satu-
ration.

usually indicate anaerobic decomposition.
Red soil colors indicate aerobic decompo-
sition. Water saturated soil conditions can

be predicted and modified by knowing the
soil hydraulic conductivity, occurrence of
impervious soil and water recharge loading
volume and rate.

Hazardous Materials in

Treatment Systems

Hazardous materials including e.g.
cleaning agents, solvents and pesticides
may inadvertently be released into septic
systems. These materials can temporarily
suppress microbial decomposition of waste.
Most of these toxic materials are organic
and will eventually be decomposed by mi-
crobes. However, if hazardous materials, are
frequently released into septic systems they
will pass through the systems and contami-
nate soil and water resources. Some of the
hazardous materials are inorganic chemicals
e.g. chloride, bromide, boron, copper, lead,
and zinc. These elements and their associ-
ated compounds can accumulate in the sep-
tic system and may permanently suppress
microbial decomposition. Amounts of haz-
ardous inorganic materials must be kept to a
minimum to assure efficient decomposition
of organic waste.

STANDARD APPROACH FOR
OBTAINING SOIL PROFILE
DESCRIPTIONS

Soil Profiles are Used to Identify

Individual Soil Types
Soils consist of different layers (often
called horizons)

Six major layers (horizons) are used to
identify a soil (Figure 21). All six layers may
not be present in every soil. These six layers
include: O - predominantly organic material
with some inorganic material, A - inorganic
material with humus, E - inorganic material

DEQ/OSU Soil Classification Manual

which has been washed of compounds e.g.
clay, humus, and solutes by water moving
vertically and horizontally, B - inorganic
materials enriched by clay, humus, and sol-
utes, from wetting fronts caused by water
movement, C - inorganic materials showing
chemical weathering i.e., oxidation-reduc-
tion, hydrolysis, hydration, chelation, due
to exposure to the atmosphere, and R and
D - inorganic material not weathering by ex-
posure to the atmosphere (rock types).

13
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Figure 21. Diagram showing major soil ho-
rizon (layer) nomenclature.

Soils are a natural resource identified
by individual types (often called soil
series)

Rock exposed to the atmosphere will
weather and form soil. Soil as a natural re-
source is often a continuum across the land-
surface. Depending on the presence and
absence of the six major layers, this soil con-
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tinuum is divided into soil series. Each soil
series contains a range in acceptable charac-
teristics, which serve to define it.

Soil types (or series) are identified by a
unique sequence of layers (usually 3 to 7
layers within a depth of 2 meters below the
soil surface)

Each location on the earth contains a
unique soil (Figure 22). A soil profile de-
scription at a particular location is a soil
type. Thickness and kinds of soil layers
will vary from location to location. A de-
fined range in soil layer thickness, type and
characteristic (a group of soil types) is col-
lectively called the soil series. A soil type
is a subset of a series. Soil series and types
usually contain 3 to 7 layers within a depth
of 2 meters. A two-meter depth is a practi-
cal arbitrary lower limit to a soil and does
not actually define an upper or lower limit
to soil formation and weathering.

Obtaining a Complete Soil Profile

Description
A soil profile is an aggregated
description of each soil layer

A soil profile description identifies a soil
type and eventually the soil series. A soil
profile contains a description of each soil
layer and boundary condition.

Soil layers are described by a set of
features

Each soil layer within a soil profile is
described by using the same protocol. This
protocol includes determining features that
are salient to soil use and management or
the processes of soil formation.

A soil layer always consists of at least
four features (the same four for all
layers) plus others deemed pertinent
to the understanding of soil processes
and management at each location

Soil color, structure, texture, and con-
sistence are routinely determined for each
soil layer. In addition special features are
included which help further define a layer
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Figure 22. Four different soil types.

i.e., pH, mineral precipitates including con-
cretions and nodules, roots, animal burrows,
and cavities. The thickness of each layer is
also recorded along with the horizon name
e.g., 0, A E, B, G, D, R, and Figure 23. Soil
layer horizons are subjective i.e., depends
on the experience of the observer.

Soil features are useful for both
soil use and management as well as
the understanding of soil forming
processes

Soil texture, depth to impervious to bor-
ing and wetness as determined from redoxi-

DEQ/OSU Soil Classification Manual

morphic features are interpretations made
from a soil profile description that can be
used to determine design and sizing of in-
dividual and small public on-site sewage
treatment systems. Several observations
of these soil characteristics must be made
within the proposed sewage treatment site
location. Each soil type determined from a
soil profile description may be part of one or
more soil series. The most limiting soil type
and series should be used for designing and
sizing treatment systems.
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Horizon Suffixes - Historically referred to as “Horizon Subscripts,” and more recently as “Subordinate distinc-
tions.” (Historical codes and conversation are shown in the “Soil Taxonomy Section.”)

Horizon
Suffix? A. Criteria
a Highly decomposed organic matter
*b Buried genetic horizon (not used with C horizons)
c Concretions or nodules
d Densic layer (physically root restrictive)
e Moderately decomposed organic matter
f Permanently frozen soil or ice (permafrost) continuous subsurface ice; not seasonal
ff Permanently frozen soil or ice (“Dry” permafrost); no continuous ice; not seasonal®
*g Strong gleying
h Mluvial organic matter accumulation
i Slightly decomposed organic matter
j Jarosite accumulation3
i Evidence of cryoturbation3
*k Pedogenic carbonate accumulation
m Strong cementation (pedogenic, massive)
*n Pedogenic sodium accumulation
o Residual sesquioxide accumulation (pedogenic)
*p Plow layer or other artificial disturbance
q Secondary (pedogenic) silica accumulation
*r Weathered or soft bedrock
s Nluvial sesquioxide accumulation
*ss Slickensides
*t Mluvial accumulation of silicated clay
Y Plinthite
*w Weak color or structure within B *used only with B)
*x Fragipan characteristics
y Pedogenic accumulation of gypsum
zZ Pedogenic accumulation of salt more soluble than gypsum

Keys to Soil Taxonomy, 6th Edition, 1994.
Keys to Soil Taxonomy, 7th Edition, 1996.

P

Most commonly used in Oklahoma.

NRCS Soil Classification Staff, 1997; personal communication

Figure 23. Definition of key minor soil horizon nomenclature used to subdivide major soil

horizon names and identify key soil features.

Laboratory Analysis is Used
to Support Field Soil Profile

Descriptions
Overview of soil physical, chemical,
and mineralogical laboratory analysis
The most widely determined laboratory
soil analysis is major plant nutrient con-
tent i.e., nitrogen, phosphorus, and potas-
sium. Soil nutrient content along with pH
of the surface layer is used by agronomists
to predict crop yield and calculate fertiliz-
er applications. Soil plant nutrient analy-
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sis determines available forms of nutrients,
which are often variable over time and have
requirements that change with crop choice.
Laboratory analysis used to identify soil
types and series include those that do not
change appreciably over several years.

Examples of laboratory analysis used
to support soil profile descriptions
Laboratory measurements of physical,
chemical and mineralogical properties can
be made to support field soil observations.
Examples of these analysis include, bulk
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density, particle-size distribution, hydraulic
conductivity, pH, cation exchange capacity,
exchangeable bases, soluble salts, organic
matter content, and clay mineral identifica-
tion. These analyses are performed on all
soil layers.

Soil particle size analysis (soil texture)

The relative amounts of sand, silt, and
clay-sized particles within a soil layer are
determined by applying Stokes’ Law. Soil is
dispersed in a column of water after organic
matter is removed and the relative amounts
of each particle size are determined by the
rate of fall through the column of water over
several hours. This relatively simple and in-
expensive laboratory method can be used to
calibrate field determinations made by ma-
nipulating moist soil samples between the
fingers and hands (often referred to as the soil
texture by the “feel” method). This method
is described in Brady and Weil (2007; page
130).

Types of Soil Excavations; Small

or Large Volume Disturbance.
Small volume soil auger or push-
probe cores

The use of small soil auger or push-probe
cores that are several inches in diameter and
length should be the first choice in profil-
ing soil. Soil augers and cores samples can
be done by hand or by using small motors.
Rapid retrieval of small auger or core sam-
ples can be more efficient compared to large
excavations when determining soil types for
an area. If more information is needed or
anomalies occur during small sample inves-
tigations a large excavation can be made to
help answer these soil profile description
questions.

Large soil excavations using backhoe
or similar “heavy” equipment

Large surface exposures (soil pits) of
freshly dug soil are ideal for viewing soil
profiles. These large exposures are 36 inch-
es wide, 48 inches deep, and allow repeat-
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ed analysis of soil characteristics and soil
boundaries, which determine soil layers.
Smaller features associated with animal
burrows or other soil anomalies are clearly
identified. Large soil excavations disturb
large volumes of soils, which may reduce
soil quality in the immediate area. Also large
excavations may require “heavy” or expen-
sive equipment, which may not be available
at the site investigation area.

Advantages and disadvantages of
various methods of soil excavations

Augered soil samples are less desirable
compared to core or shallow pits. Augers
twist the soil into a sample container. Twist-
ing and smearing obscures soil features es-
pecially soil structure. Larger augers, 3 inch
diameter buckets compared to 1 inch diame-
ter buckets will preserve some soil structure.
Determining depth to rock can be difficult
when using soil cores. Soil cores penetra-
tion is often stopped not only by rock but
also by dry sandy soils, which do not com-
pact away from the cutting tip and therefore
stop entry of the probe into the soil. Dry
sandy soils may sometimes incorrectly be
interpreted as rock. For soil profilers with
limited experience, a shallow pit yields the
best soil profile description.

Remotely Sensed Techniques for

Noninvasive Soil Investigations
Ground penetrating radar
observations

Ground penetrating radar uses pulses
of radar waves to determine dense soil lay-
ers and rock. Ground penetrating radar is
pulled along the ground producing a linear
chart recording, which identifies subsurface
soil features to a depth of 3 to 6 feet. Ground
penetrating radar is useful on a relatively
small scale of 10 to 30 feet or more. Ground
penetrating radar does not disturb the soil.

Hammer seismograph techniques
Hammer seismograph techniques use
sound waves produced by striking a ham-
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mer on a plate laid (or a small explosion) on
the soil surface. The refracted sound waves
that move through the soil are collected by
a series of detectors (geophones). Depth to
rock, groundwater, and other dense layers
can be identified for depths up to 30 feet be-
low ground surface. Hammer seismograph
information does not disturb the soil but
yields depth information for a point midway
along 100 feet observation line.

Limitations of using remotely sensed
data for soil interpretations

Remotely sensed data derived from ground
penetrating radar and hammer seismograph
techniques will supplement but not replace
actual interpretation made by directly ob-
serving the soil. Remotely sensed data does
not provide direct information about soil
texture or redoximorphic features.

Individual residences Versus
Multiple residences and

developments
Individual Residences

Soil interpretations for a single residence
are made from a minimum of three soil ex-
cavations (auger, core, and/or shallow pit).
Observations are made within the area of the
proposed sewage treatment.

Multiple residences and developments

Soil survey maps may be used to help
identify major soil types in the proposed de-
velopment. This information will help the
developer determine lot sizes and possible
wastewater treatment options. Site specific
soil profiles must be performed to determine
the actual design and size of the on-site sys-
tem.

Classifying Key Soil Characteristics for
Design and Sizing of Individual and
Small Public on-Site Sewage Treatment
Systems in Oklahoma Soils

Identification of Potentially

Unsuitable Soils

Conditions, which limit use of earth ma-
terial as soil, are unsuitable for adsorption
fields. Soil layers which restrict plant roots,
microbial activity, excavations, and water
flow are extremely dense (usually greater
than 1.8 g/cm?® soil bulk density) and some-
times (cemented soil materials that don’t
slack in water). These dense layers often
have low porosity and low oxygen content,
which limits biological activity. Soil imper-
vious to boring should not be included as
soil suitable for absorption fields. Possible
impervious soils include lithic and paralith-
ic materials (hard, soft, and fractured rock),
petrocalcics (soil-formed limestone or cali-
che), fragipans (dense soil layers), and natric
layers (dense sodium-rich soil layers)
18

Identification of Water Saturated
Soil Layers

Introduction

Redoximorphic (redox) features associ-
ated with wetness result from alternating
periods of reduction and oxidation of iron
and manganese compounds in the soil and
are used to determine water saturated soil
layer. Reduction occurs during saturation
with water, and oxidation occurs when the
soil is not saturated. The reduced iron and
manganese ions are mobile and may be trans-
ported by water as it moves through the soil.
Certain redox patterns occur as a function of
the patterns in which the ion-carrying water
moves through the soil and as a function of
the location of aerated zones in the soil. Re-
dox patterns are also affected by the fact that
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manganese is reduced more rapidly upon
aeration. These processes create character-
istic color patterns. The reduced iron and
manganese ions may be removed from a soil
if vertical or lateral fluxes of water occur, in
which case there is no iron or manganese
precipitation in that soil. Wherever the iron
and manganese are oxidized and precipitat-
ed, they form either soft masses or hard con-
cretions or nodules. Movement of iron and
manganese as a result of redox processes in
a soil may result in redoximorphic features.

Types of redoximorphic features

Redox concentrations. - These are zones
of apparent accumulation of Fe-Mn oxides,
including:

Nodules and concretions, which are ce-
mented bodies that can be removed from the
soil intact. Concretions are distinguished from
nodules on the basis of internal organization.
A concretion typically has concentric layers
that are visible to the naked eye. Nodules do
not have visible organized internal structure.
Boundaries commonly are diffuse if formed in
situ and sharp after pedoturbation.

Masses, which are noncemented concen-
trations of substances within the soil matrix;
and

Pore linings, i.e., zones of accumulation
along pores that may be either coatings on
pore surfaces or impregnations from the ma-
trix adjacent to the pores. These can be old
worm casts or root channels.

Redox depletions. - These are zones of
low chroma (chromas less than or equal to
2 in the matrix) where either Fe-Mn oxides
alone or both Fe-Mn oxides and clay have
been stripped out, including:

Iron depletions, i.e., zones that contain
low amounts of Fe and Mn oxides (turns
grey) but have a clay content similar to that
of the adjacent matrix (often referred to as
albans or neoalbans); and

Clay depletions, i.e., zones that contain
low amounts of Fe, Mn, and clay (often re-
ferred to as silt coatings or skeletons).
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Quantity of redoximorphic feature is
indicated by three percentage classes
of the observed surface
Few: less than 2 percent,
Common: 2 to 20 percent, and
Many: more than 20 percent.

Redoximorphic notations within soil
profile descriptions

The notations must clearly indicate to
which colors the terms for quantity apply.
For example, “common grayish brown and
yellowish brown redoximorphic deple-
tions” could mean that each makes up 2 to
20 percent of the horizon. By convention,
the example is interpreted to mean that the
quantity of the two colors together is be-
tween 2 and 20 percent. If each color makes
up between 2 and 20 percent, the descrip-
tion should read “common grayish brown
(10YR 5/2) and common yellowish brown
(10YR 5/4) redoximorphic depletions.”

Soil Particle Size Distribution

(Soil Texture)

Classification of soil particle sizes

Soil texture (also known as particle size
distribution) including fine earth (smaller
than 2 mm diameter) as distinct from rock
fragments (pebbles, cobbles, stones, and
boulders). Soil texture refers to the weight
proportion of the separates for particles less
than 2 mm:

Very coarse sand: 2.0-1.0 mm
Coarse sand: 1.0-0.5 mm
Medium sand: 0.5-0.25 mm
Fine sand: 0.25-0.10 mm
Very fine sand: 0.10-0.05 mm
Silt: 0.05-0.002 mm
Clay: < 0.002 mm

Soil texture of fine earth or less than 2
mm is determined in the field mainly by feel.
The content of rock fragments is determined
by estimating the proportion of the soil vol-
ume that they occupy and then adding a pre-
fix modifier to the soil texture name.

The texture classes are sand, loamy
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sands, sandy loams, loam, silt loam, silt,
sandy clay loam, clay loam, silty, clay loam,
sandy clay, silty clay, and clay. Subclasses of
sand are subdivided into coarse sand, sand,
fine sand, and very fine sand. Subclasses of
loamy sands and sandy loams that are based
on sand size are named similarly.

Definitions of the soil texture classes
(simplified)
Sands. More than 85 percent sand.

(1) Coarse sand. A total of 25 percent or
more very coarse and coarse sand.

(2) Sand. Atotal of 25 percent or more very
coarse, coarse, and medium sand.

(3) Fine sand. Fifty percent or more fine
sand; or a total of less than 25 per-
cent very coarse, coarse, and medium
sand and less than 50 percent very fine
sand.

(4) Very fine sand. Fifty percent or more
very fine sand.

Loamy sands. Between 70 and 91 per-
cent sand and the percentage of silt plus 1.5
times the percentage of clay is 15 or more;
and the percentage of silt plus twice the per-
centage of clay is less than 30.

(1) Loamy coarse sand. A total of 25 per-
cent or more very coarse and coarse
sand and less than 50 percent any oth-
er single grade of sand.

(2) Loamy sand. A total of 25 percent or
more very coarse, coarse, and medium
sand and a total of less than 25 per-
cent very coarse and coarse sand, and
less than 50 percent fine sand and less
than 50 percent very fine sand.

(3) Loamy fine sand. Fifty percent or more
fine sand; or less than 50 percent very
fine sand and a total of less than 25
percent very coarse, coarse, and me-
dium sand.

(4) Loamy very fine sand. Fifty percent or
more very fine sand.

Sandy loams. Seven to 20 percent clay,
more than 52 percent sand, and the percent-
age of silt plus twice the percentage of clay
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is 30 or more; or less than 7 percent clay,

less than 50 percent silt, and more than 43

percent sand.

(1)  Coarse sandy loam. A total of 25 per-
cent of more very coarse and coarse
sand and less than 50 percent any
other single grade of sand.

(2) Sandy loam. A total of 30 percent or
more very coarse, coarse, and medi-
um sand, but a total of less than 25
percent very coarse and coarse sand,
but a total of less than 25 percent very
coarse and coarse sand and less than
30 percent fine sand and less than 30
percent very fine sand; or a total of
15 percent or less very coarse, coarse,
and medium sand, less than 30 per-
cent fine sand and less than 30 per-
cent very fine sand with a total of 40
percent or less very fine sand.

(3) Fine sandy loam. 30 percent or more
fine sand and less than 30 percent
very fine sand; or a total of 15 to 30
percent very coarse, coarse, and me-
dium sand; or a total of more than 40
percent fine and very fine sand, one
half or more of which is fine sand,
and a total of 15 percent or less very
coarse, coarse, and medium sand.

(4)  Veryfine sandy loam. Thirty percent or
more very fine sand and a total of less
than 15 percent very coarse, coarse, and
medium sand; or more than 40 percent
fine and very fine sand, more than one
half of which is very fine sand, and to-
tal of less than 15 percent very coarse,
coarse, and medium sand.

Loam. 7 to 27 percent clay, 28 to 50 per-
cent silt, and 52 percent or less sand.

Silt loam. Fifty percent or more silt and
12 to 27 percent clay, or 50 to 80 percent silt
and less than 12 percent clay.

Silt. Eighty percent or more silt and less
than 12 percent clay.

Sandy clay loam. Twenty to 35 percent
clay, less than 28 percent silt, and more than
45 percent sand.

Clay loam. Twenty-seven to 40 percent
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clay and more than 20 to 46 percent sand.
Silty clay loam. Twenty-seven to 40 per-
cent clay and 20 percent or less sand.
Sandy clay. Thirty-five percent ore more
clay and 45 percent or more sand.
Silty clay. Forty percent or more clay and
40 percent or more silt.
Clay. Forty percent or more clay, 45 per-
cent or less sand, and less than 40 percent silt.

Including rock fragments within soil
texture
Introduction

Rock fragments are unattached pieces
of rock 2 mm in diameter or larger that are
strongly cemented or resistant to rupture.
Rock fragments are described by size, shape,
and, for some, the kind of rock. The classes

Table 1. Terms for rock fragments.

are pebbles, cobbles, channers, flagstones,
stones, and boulders (Table 1).

Rock fragment classes, based on volume
percentages, are used to modify soil texture
classes.

(1) Less than 15 percent: No adjectival or
modifying terms are used in writing for
contrast with soils having less than 15
percent pebbles, cobbles, or flagstones.
the adjective “slightly” may be used
however, to recognize those soils used
for special purposes.

(2) 15to 35 percent: The adjectival term of
the dominant kind of rock fragment is
used as a modifier of the textural term:
“gravelly loam,” “channery loam,”
“cobbly loam.”

(3) 35to60 percent: The adjectival term of

Size Noun (shape) Adjective
Spherical, cubelike, or equiaxial
2-75 mm diameter Pebbles Gravelly
2-5 mm diameter Fine Fine gravelly
5-20 mm diameter Medium Medium gravelly
20-75 mm diameter Coarse Coarse gravelly
75-250 mm diameter Cobbles Cobbly
250-600 mm diameter Stones Stony
>600 mm diameter Boulders Bouldery
Flat:
2-150 mm long Channers Channery
150-380 mm long Flagstones Flaggy
380-600 mm long Stones Stony
>600 mm long Boulders Bouldery
Fragment Content
% By Volume Rock Fragment Modifier Usage
<15 No texture adjective is used (noun only; e.g., loam).
15 to <35 Use adjective for appropriate size; e.g., gravelly.
35 to <60 Use “very” with the appropriate size adjective; e.g.,
very gravelly.
60 to <90 Use “extremely” with the appropriate size adjective; e.g.,
extremely gravelly.
=90 No adjective or modifier. If < 10% fine earth, use the appropriate

noun for the dominant size class; e.g., gravel. Use Terms in Lieu

of Texture.

TEXTURE MODIFIERS-Conventions for using “Rock Fragment Texture Modifiers” and for using tex-
tural adjectives that convey the “% volume” ranges for Rock Fragments-Size & Quantity.

DEQ/OSU Soil Classification Manual

21



the dominant kind of rock fragment is
used with the word “very” as a modi-
fier of the textural term: “very gravelly
loam” “very flaggy loam.”

More than 60 percent: If enough fine
earth is present to determine the textural
class (approximately 10 percent or more by
volume) the adjectival term of the dominant
kind of rock fragment is used with the word
“extremely” as a modifier of the textural
term: “extremely gravelly loam,” “extreme-
ly bouldery loam.” If there is too little fine
earth to determine the textural class (less
than about 10 percent by volume) the term
“gravel,” “cobbles,” “stones,” or “boulders”
is used as appropriate.

Step-by-Step Procedure for
Determining Suitability (Oklahoma
Administrative Code
252:641)
1. Locate desirable area for system

A. Down hill from residence.

B. Three holes at corners of an isosce-
les triangle having two (2) sides fifty
(50’) long and one side seventy-five
feet (75°) long.

Locate depth to a soil layer impervious

to boring (if any) or 48” or depth to a six-

inch interval classified as a Group 5 soil
or depth to water saturated soil.

Locate depth to a water saturated soil

layer as identified by redoximorphic

depletions of 5% in two consecutive

intervals or more with soil color of < 2

chroma and value = 4 (if any).

The shallowest limiting layer encoun-

tered in the test holes shall be the limit-

ing layer for the entire dispersal site.

Texture soil intervals from surface to

limiting layers.

Interpreting results

A. The soil group (Table 2) for the separa-
tion range establishes the required ver-
tical separation between the dispersed
effluent and the limiting layer.

The separation range consists of the

Table 2. Loading rates by soil groups for conventional systems in Oklahoma.

Application rate

Soil Group Corresponding Soil Textures Linear ft/gal/day
1 e Coarse sand Prohibited
e Loamy coarse sand
e All soils with a rock fragment content of > 35% by
volume having continuous voids > 1 mm
2 e Sand 0.8
¢ Loamy sand (not including coarse sand or loamy coarse sand)
2a e Sandy loam 1.3
3 e Sandy clay loam 1.7
e Loam
e Silt loam with <20% clay
e Silt
3a e Sandy clay without slickensides with moderate and 2.5
strong soil structure
e Silt loam with >20% clay
4 ¢ (Clay loam S
e Silt clay loam
5 e Sandy clay with slickensides or weak soil structure Prohibited
e (lay
e Silty clay
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Table 3. Options and Vertical Separation Distances for Systems Designed Using a
Soil Profile Description.

Spray
Conventional Irrigation
Prevalent and Shallow Drip Irrigation Field
Soil Group Extended Field Preceded Preceded
in Separation | Subsurface Low Pressure ET/A by Aerobic by Aerobic
Range Absorption Field Dosing Field Field Lagoon Treatment Unit Treatment Unit
1 NOT ALLOWED ALLOWED If at ALLOWED If ALLOWED ALLOWED If at ALLOWED No
least 24” of installed in No applicable | least 18” of applicable
separation between | Group 5 soil vertical separation vertical
the trench bottom with at least separation between the separation
and the limiting 6” of range. drip line and range.
layer separation rock and/or
between the water saturated
trench bottom soil
and soil
2 ALLOWED If at ALLOWED If at impervious to Requires a lot | ALLOWED If at
least 24” of least 16” of boring or water | size of at least 14” of
separation separation saturated soil. least 2 2 acres. | separation
between the between the ET/A’s are Lagoons are between the
trench bottom trench bottom not allowed not allowed drip line and
and the limiting and the limiting in Zone 1, in Zone 1, rock and/or
layer layer see Appendix | see Appendix | water saturated
H, Figures 10 H, Figures soil
and 11. 23 and 24.
2a ALLOWED If at ALLOWED If at Requires lot ALLOWED If at
least 21” of least 14” of size of at Lagoons are least 12” of
separation separation least 1 acre. not acceptable | separation
between the between the in Zones 7-10 | between the
trench bottom trench bottom when the flow | drip line and
and the limiting and the limiting is less than rock and/or
layer layer 100 gpd. water saturated
soil
3 ALLOWED If at ALLOWED If at ALLOWED If at
least 18” of least 12” of least 10” of
separation separation separation
between the between the between the
trench bottom trench bottom drip line and
and the limiting and the limiting rock and/or
layer layer water saturated
soil
3a ALLOWED If at ALLOWED If at ALLOWED If at
least 14” of least 10” of least 8” of
separation separation separation
between the between the between the
trench bottom trench bottom drip line and
and the limiting and the limiting rock and/or
layer layer water saturated
soil
4 ALLOWED If at ALLOWED If at ALLOWED If at
least 10” of least 6” of least 6” of
separation separation separation
between the between the between the
trench bottom trench bottom drip line and
and the limiting and the limiting rock and/or
layer layer water saturated
soil
5 NOT ALLOWED NOT ALLOWED ALLOWED If at
least 6” of
separation
between the
drip line and
rock and /or
water saturated
soil
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three (3) six-inch intervals above the
interval containing a limiting layer
or, if no limiting layer was identi-
fied, the separation range shall be
the three (3) six-inch intervals above
the bottom of the test hole.

B. Based on the soil group identified,
use Table 3 to identify suitable dis-
persal fields along with their mini-
mum separation distances from the
limiting layer. To determine the soil
group for the separation range:

(1) Select the test hole in the disper-
sal site with the lowest clay con-
tent in the separation range: and

(2) Identify and record the most
prevalent soil group in the sepa-
ration range for that test hole.

7. Sizing the dispersal field(s)

A. Select the test hole in the dispersal
site with the highest clay content in
the sizing range for the chosen dis-
persal field.

i. Conventional subsurface absorp-
tion fields are three (3) six-inch
intervals between twelve (12”)
inches and thirty inches (30”).

ii. Low pressure dosing fields are
three (3) six-inch intervals be-
tween twelve (12”) inches and
thirty inches (30”).

iii. ET/A fields are three (3) six-inch
intervals between twelve (12”)
inches and thirty inches (30”).

iv. Shallow extended subsurface ab-
sorption fields are three (3) six-
inch intervals between six inch-
es (6”) and twenty-four inches
(24”).

v. Drip irrigation fields are three
(3) six-inch intervals between
ground level and eighteen inches
(18”).

vi. Spray irrigation fields are three
(3) six-inch intervals between
ground level and eighteen inches
(18”).

B. Determine the most prevalent soil
group in the sizing range for the test
hole.

C. Based on the soil group identified
in (B.) of this subsection (7.), size
the dispersal field using Table 4
(or equivalent; State of Oklahoma,
2008).

Wastewater Treatment

Proper treatment of wastewater is de-
pendant on the amount of oxygen present in
the unsaturated area below the absorption
trench. Soil profiles assist in identifying
soil conditions that are favorable to subsur-
face wastewater treatment. Most biological
activity in the soil occurs within an area just
a few inches below the trench bottom. In or-
der for this infiltrative zone to remain effec-
tive in the treatment of wastewater, wetting

Table 4. Minimum Trench Length in Feet for subsurface absorption systems.

Number of Bedrooms in Residence’

Soil Group Two or Fewer Three Four Each Additional Bedroom

1 Prohibited

2 160 210 260 50
2a 250 330 410 80
3 340 450 550 100
3a 500 665 830 165
4 660 880 1,100 220
5 Prohibited

! These figures are based on an average flow of 6,000 gallons per month for a two-bedroom residence with an additional 2,000
gallons per month added for each additional bedroom. The size of the system should be increased if the actual or anticipated

water usage exceeds this average.

24
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and drying conditions should be provided.
An adequate amount of acceptable soil must
be between the bottom of the trench and a
water-saturated soil to provide the aerobic
environment needed to treat wastewater ef-

fluent. Increasing the strength of the waste-
water or decreasing the bottom contact area
of the absorption trench decreases the soils
ability to effectively treat the wastewater.

Interpretation of Key Soil Characteristics
for designing and Sizing Sewage
Treatment Systems

Special Soil Features that May
Cause Water Saturated Soil or

Impervious to Boring
Lithic and paralithic materials (r)
Lithic and paralithic materials are rock
(usually with > 3 hardness on the Moh scale)
and fracture rock that is not considered soil.
The contact between soil and bedrock (lithic
materials) is called the lithic contact. Bed-
rock is not found to be a suitable filtering
material, and can also limit water movement
through the ground. Lithic and paralithic
material are unsuitable for conventional ab-
sorption systems and are considered imper-
vious to boring.

Fragipans (x)

Fragipans are soil formed subsoil layers
of dense, brittle (when moist), and very hard
(when dry) soil materials. Fragipan layers
limit water movement and biological activi-
ty and tend to show redoximorphic features,
which is unsuitable for conventional absorp-
tion systems. Fragipans are similar to lithic
and paralithic materials but unlike lithic
materials they will slack when immersed in
water. Fragipan are considered impervious
to boring.

Natric layers (n)

Natric layers are soil formed subsoils
containing abundant sodium on the soil par-
ticle surfaces. Natric layers are dispersed
and will be dense. Natric layers limit water
movement and biological activity unsuit-
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able and tend to show redoximorphic fea-
tures, which is unsuitable for conventional
absorption systems. Natric layers are con-
sidered impervious to boring.

Petrocalcic/Caliche layers (k)
Petrocalcic layers are soil formed lithic
materials. The soil is continuously cement-
ed by CaCO,. Petrocalcic layers are often
called caliche. Petrocalcic soil layers are
analogous to limestone and are considered
impervious to boring. Petrocalcic layers are
unsuitable for conventional absorption sys-
tems due to the fact that they are impervious
to boring.
There are four stages of caliche. The first
two stages are weakly to moderately devel-
oped and are not considered impervious to
boring. Stages three and four are strongly
developed and are considered impervious
to boring . Caliche is typically found in the
B-horizon and has a horizon suffix of “k”
in stages I and II, but the horizon suffix will
be “km?” if the soil is in stages IIT or IV. This
information can be found in the county soil
survey.

Criteria Established by Presence
of Water Saturated Soil Layer

Formation of soil redoximorphic
features

Redoximorphic features associated with
wetness result from alternating periods of
reduction and oxidation of iron and manga-
nese compounds in the soil. Reduction oc-
curs during saturation with water, and oxi-
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dation occurs when the soil is not saturated.
The reduced iron and manganese ions are
mobile and may be transported by water as
it moves through the soil. Certain redox pat-
terns occur as a function of the patterns in
which the ion-carrying water moves through
the soil and as a function of the location of
aerated zones in the soil. Redox patterns are
also affected by the fact that manganese is
reduced more rapidly than iron, while iron
oxidizes more rapidly upon aeration. These
processes create characteristic color patterns.
The reduced iron and manganese ions may
be removed from a soil if vertical or lateral
fluxes of water occur, in which case there is
no iron or manganese precipitation in that
soil. Wherever the iron and manganese are
oxidized and precipitated, they form either
soft masses or hard concretions or nodules.
Movement of iron and manganese as a re-
sult of redox processes in a soil may result
in redoximorphic features that are defined
as follows: Redox concentrations. - These
are zones of apparent accumulation of Fe-
Mn oxides and Redox depletions. - These
are zones of low chroma (chromas less than
those in the matrix) where either Fe-Mn ox-
ides along or both Fe-Mn oxides and clay
have been stripped out.

Duration of water saturated soil and
impact on on-site sewage treatment

systems
Layers of soil that are saturated with wa-
ter for periods of time longer than several
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weeks will contain redoximorphic features
and be anaerobic. Water saturated soil lay-
ers (aquic layers) are unsuitable for conven-
tional absorption systems. Aquic soil layers
are usually endosaturated (all subsoil layers
contained redoximorphic features) or episat-
urated (only one layer contains redoximor-
phic features).

Criteria Established by Soil

Particle Size Distribution

Loading rates by soil groups for
conventional systems in Oklahoma
(Table 2)

Minimum trench length for subsurface
absorption systems (Table 3)

Using Current Soil Survey
Information as a County or

Regional Planning Tool

Soil maps with general interpretations
are available (generally at 1:20,000 scale) for
all Oklahoma counties. A hard copy county
soil survey is available through county and
state Natural Resources Conservation Ser-
vice (USDA) offices or by visiting the soil
web site for Oklahoma and the U.S. (web soil
survey, NRCS Soils). These soil maps are
very useful for identifying benchmark and
key soils and their suitability for individual
and small public on-site treatment system.
County soil maps should be reviewed before
site evaluations are performed.
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Glossary

Adhesion- steady or firm attachment.

Aerobic- having molecular oxygen in the en-
vironment.

Alkalization- accumulation of sodium ions
on the exchange sites in a soil, produc-
ing high pH (>8.0).

Alluvium- soil deposited on the land by
streams.

Anaerobic- a condition in which molecular
oxygen is absent from the environment.

Biogeochemical- of or relating to the parti-
tioning and cycling of chemical elements
and compounds between the living and
nonliving parts of an ecosystem.

Bulk density- mass of dry soil divided by its
undisturbed volume.

Chelation- the formation of more than one
bond between the metal ion and a mol-
ecule of the complexing agent, resulting
in the formation of a ring structure in-
corporating the metal ion.

Chroma- indicates the colors intensity,
shown on the horizontal scale.

Cohesion- in granular soils due to capillary
forces associated with water.

Colluvium- soil deposited by gravity.

Concretions- firm to extremely firm irregu-
larly shaped bodies with diffuse bound-
aries, when broken in half concretions
have concentric layers.

Eluviation- movement of material in solu-
tion through the soil.

Endosaturated- all subsoil layers contained
redoximorphic features.

Eolian- Pertaining to earth material trans-
ported and deposited by the wind in-
cluding dune sands, sand sheets, loess,
and parna.

Episaturted- only one layer contains redoxi-
morphic features.

Fragipan (x)- weakly cemented layer; dense

Geochemical- the related chemical and geo-
logical properties of a substance.

Geochemical erosion- removal from the en-
tire profile; leaching.

Gleyed soil- indicates low chroma (gray color)
under poor drainage conditions (>50%).
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Heterogeneous- consisting of dissimilar or
diverse ingredients or constituents.

Hue- indicates its relation to Red, Yellow,
Green, Blue, and Purple (specific wave-
length of light); each Munsell page.

Humus- undecayed plant and animal tissue
resistant to short-term decay (organic
matter).

Hydration- to cause to take up or combine
with water or the elements of water.
Hydraulic conductivity- the proportionality
factor in Darcy’s law as applied to the vis-
cous flow of waterin soil, i.e., the flux of wa-
ter per unit gradient of hydraulic potential.

Hydrolysis- a chemical process of decompo-
sition involving the splitting of a bond
and the addition of the hydrogen cation
and the hydroxide anion of water.

Leaching- the removal of soluble materials
from the soil.

Lithic- rock.

Illuviation — deposition from one horizon to
another.

Impervious soil- conditions which limit the
use of earth material as soil.

Matrix- the volume of ped interiors in a soil
horizon or subhorizon.

Natric (n)- abundant sodium (sodic).

Nodules- firm to extremely firm irregularly
shaped bodies with diffuse boundaries,
when broken in half nodules have a uni-
form internal fabric.

Organic matter- all organic fractions of the
soil inclusive of undecayed plant and
animal residues.

Oxidation- the loss of one or more electrons
by iron and manganese or other materi-
als and received by oxygen.

Paralithic- fractured or soft rock.

Ped- an individual natural soil aggregate.
Pedoturbation- mixing soil layers usually by
animals or by other agents like frost.
Petrocalcic (caliche-k)- layers cemented by

CaCO,.

Recalcitrant- resistant to change—does not
change.

Reduction- the gain of one or more electrons
by an ion or molecule, where the soil is
water saturated.
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Salinization- accumulation of soluble salts
(e.g., NaCl).

Sandstone- sedimentary rock containing
dominantly sand-size particles.

Shale- Sedimentary rock formed by the
hardening of a clay or silt deposit.

Slickensides- Polished and grooved surfaces
produced by one soil mass sliding past
another.

Solum- the upper part of a soil profile, above
the C-horizon, in which the processes of
soil formation are active (has soil struc-
ture).
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