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Chapter 1

INTRODUCTION

City planning has occurred to varying degrees over a wide
expanse of history, but the process has not included, until fairly
recently, the use of natural resource data. Planners have become
increasingly concerned with the degree of stress placed upon a limited
resource base from scattered land developments and urban sprawl which,
if uncontrolled, could seriously damage or destroy the quality of life
expected by the American people.

Much technical data on natural resources is available. However,
a number of problems exist that make it difficult to compile and incor-
porate into the planning process. A survey of natural resource planners
and other professionals in Ontario has helped to document some of these
problems, not the least of which 1s some lack of knowledge as to what
information is available and, once it is obtained, how to use it. Most
natural resource data is in a format that is useful to a specific
scientific discipline but which may be difficult for a non-scientist
planner to fully understand and translate into meaningful planning
policy. Further difficulties may involve the question of how to pro-
cess basic data from a number of scientific disciplines that have not
been prepared at the same scale or at the same levels of generalization
(21, 25). These issues will not be resolved until a generally accepted

method of processing natural resource information is provided to aid
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the sciences in coordinating preparation and interpretation of the base
data,

A number of natural resource planning methodologies have been
developed in recent years, but many are beyond the means of smaller
communities which do not have or cannot afford the expertise needed to
handle the quantities or complexities of information involved. Yet
these communities cannot afford to wait until a widely accepted and
economically feasible comprehensive system can be devised to handle all
the input of scientists, sociologists, economists, biologists and
planners. The potential for loss of the intrinsic environmental quali-
ties as well as possible damage to the economic and social welfare of
comnunities requires that the best possible use be made of available
information. Ideally, this information should form a broad natural
resource data base which can be expanded into more complex systems of
data collection, analysis and interpretation for planning purposes as

methods and technologies become available.

USE OF SOIL SURVEY INFORMATION

One system of data collection, the soil survey of the USDA Soil
Conservation Service (SCS), has proven useful to many planners.
Although begun at the turn of the century with an emphasis on collect-
ing and producing information for agricultural uses of soil, these
surveys were broadened to include the study of engineering character-
istics of soils by the late 1920's. World War II furthered the union
of soil science and soil mechanics, as predictions of soil types to be
found behind enemy lines were needed for military operations where

on-site so0il testing was not possible. The success of this function



of soil data encouraged its greater use in locating and designing
houses, roads and other structures after the war. In the early 1950's,
Fairfax County, Virginia was among the first to request a soill survey
for the purpose of planning. Today, as the scil survey continues
across the country, some communities have extended the application of
this data to form the basis of ordinances and zoning regulations (1, 9).

Indeed, use of soil survey information in planning has increased
and is the focus of this study for a number of reasons:

1. It has a standardized format for its preparation so that
there is a nation-wide continuity.

2. It is currently available to many areas of the country and
will eventually be available to almost all.

3. It has been prepared for use by farmers, ranchers, plan-
ners, engineers, developers and home builders so the scientific informa-
tion is well explained and presented to the layman. There are also
public agents available tc help with its use.

4. The size of the mapping unit in the soil survey is small
enough to give more specific information without getting so detailed
as to create a process that's too complex.

5. Soils reflect and/or affect all other physical resources.

6. Soils are of major concern in most land uses, whether for
their productive gqualities or as the support and construction medium
for most developments.

7. The soil survey is already familiar to a number of groups
such as farmers, planners and engineers.

8. The soil survey provides interpretations of suitability



for a number of land uses including agriculture, rangeland, woodland,
wildlife, and community development.

All of these factors make the soil survey one of the more
easily obtained and useful forms of natural resource data for planners.
However, the interpretations it includes for community development may
prove inadequate for certain towns or cities where insufficient amounts
of solls are rated as suitable for various urban uses (Figure 1) (43).

This problem arises from the method used in preparing interpre-
tations where each soil is evaluated as having slight, moderate, or
severe limitations, based on a number of engineering properties of
soils, for uses such as dwellings, small commercial buildings, sanitary
facilities, and local roads and streets. Soils considered to have
slight limitations for a given use are generally suitable, presenting
only minor problems that are easily corrected. These soils are
expected to perform well and require little in the way of maintenance.
If a soil is considered to be moderately limiting for a given use, it
has moderately favorable properties, but at some time during the year,
it will exhibit lower performance characteristics than a soil rated
slight. Soil problems under this rating may be overcome or modified to
an acceptable standard through special planning, design or maintenance
which could also incur greater development cost. Soils with a rating
of severe for a chosen land use have one or more soil-related problem
that would require such specialized design or extensive soil reclamation
or maintenance as to be economically infeasible. Included under this
rating would be properties such as frequent flooding, water table or
bedrock near the surface, very steep slopes, low bearing strength, and

high shrink-swell potential (44).



0 n 0
e e S|
c 0 ) ~
® » ol M~ o
n Ejln g Ml S
B O | Bt O o | am
Fa|sE|-a|=
dlH 0| o g
-~ © [+ By e] o Q
P —~alo &fn A
0w |00 |3 @ 0+
23z .o,
2155 8|45
=1 = 3| 3
< o =

1

Fizure 1

Limitations of Ottawa, Kansas Soils
for Residential Development

Decrese of Limitation

slight

moderates
moderate=-severs
sSevers

slight-severe



Within this rating system, no distinction is made between
levels of severity of one so0il characteristic over another. All are
given the same weight. Yet, a soil with "severe" limitations due to
hard bedrock near the surface may incur far greater costs in residential
developments than one with poor bearing properties.

The inadequacy of the SCS interpretations becomes apparent when
planning decisions must be made in communities where few if any soils
of "slight" limitations exist or remain within reasonable proximity to
a city where other planning considerations may override poor soil condi-
tions and cause development to occur on less than favorable soils. New
Orleans, Louisiana presents an extreme example of just such a city.
Here, all the soils are severely limiting for residential development
due to instability, flooding and high water table. Local builders have
learned how to minimize some of these problems through design and con-
struction techniques. But obviously, it is of benefit to planners to
be able to determine which unfavorable soil characteristics are easier
to modify or correct within the context of available construction
methods and the economic means of the New Orleans area (26).

Most cities, fortunately, are not faced with soil problems of
the same magnitude as New Orleans and would probably find methods used
there to be cost prohibitive in their own area. Nevertheless, these
communities may elect to establish higher standards even for soils with
"slight" limitations, if dictated by specific local community objec-
tives, necessitating evaluation and ranking of soils potential. A
planning system that can relate the existing natural resources to local

socio—economic conditions and that can easily be revised as goals,



economic conditions and technologies change, will prove to be a more

useful tool in preparing comprehensive community development plans.

PURPOSE AND SCOPE

A methodology has been developed by the University of Massa-
chusetts, known as the Metropolitan Landscape Planning Model (METLAND})
for quantitatively evaluating landscape resources which include land-
form, vegetation, soil, water, and cultural features such as housing,
farms and recreational developments. This type of system seeks to
maximize the pesitive effects of landscape rescurces and their natural
opportunities for development, while minimizing any hazards or damage
to the environment. It is designed primarily to assess landscape
resources for communities as they expand further into the less devel-
oped rural fringe, and to present this information in a form which
allows communities to evaluate it and make trade-offs consistent
within their own socio-economic framework.

This study will utilize a portion of the METLAND methodology,
the assessment of the Physical Development Suitability of a landscape,
to show how Soil Conservation Service data can be used to evaluate the
soil/subsurface conditions of Kansas for residential development, but
will include the following alterations:

1. Cost estimates will be based on average lot and home sizes
and designs typical of Kansas communities.

2. This study will evaluate soil/subsurface conditions for
houses with basements, slab on grade homes, asphalt and concrete
streets, and water and sanitary sewer lines. Suitability for conven-

tional septic tank absorption fields will also be discussed.



3. Soil engineering properties significant to residential
development in Kansas will be used.

4, Terminology and quantitative ranges of soil engineering
properties will coincide with those used in the standard SCS Guide for

Interpreting Engineering Uses of Soils so that information provided in

this paper can be related to SCS soil survey report data.

5. Average feasible additiomal development costs related to
soil/subsurface problems will be determined for Kansas.

In order to provide sufficient background information to under-
stand terminologies and the implications of soil and related subsurface
conditions on residential planning, this study will include a brief
discussion of soil formation, classification and a review of major soil
engineering properties that are evaluated by the Soil Conservation
Service. The METLAND methodology will also be reviewed, with an
emphasis on the Physical Development Suitability aspect of the Assess-
ment Phase which uses SCS soil maps and data.

A presentation of estimates obtained from Kansas contractors on
the added residential development and construction costs related to
goil and subsurface problems will then be made. Interpretations of
this information for Kansas communities will be applied to a case study
for Ottawa, Kansas, with concluding remarks on implications for residen-
tial planning on Kansas soils.

Although this study will only address one aspect of an extensive
planning system that has been designed for use with computers, its inten-
tion is to exemplify how even small communities of limited means can
make use of one widely available source of landscape data in making

critical planning decisions. These communities must determine their
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most important landscape resource concerns, whether it be hazards such
as flooding, special resources such as agriculturally productive land,
development suitability or ecological stability. By building upon a
planning model such as that provided by the METLAND system, any city or

town can work toward the optimum use of their land.



Chapter 2

SOIL FORMATION, CLASSIFICATION AND
ENGINEERING PROPERTIES

The concept of what soil is has evolved over an expanse of
many years, but today, it is considered to be a naturally occurring
body composed of minerals, air, water and organic matter with more or
less recognizable horizons or layers that lie parallel to and at the
earth's surface. Some so0ils have formed from residual deposits of
weathered bedrock material, but most are formed from sediments weath-
ered from bedrock in one location and transported te another by means
of wind, water, ice or gravity (8, 24).

As a result of weathering, soils develop horizons, with the
surface layers containing greater amounts of organic matter which grade
downward to layers higher in mineral content and materials leached from
above. The development of these soil layers varies according to five
major factors:

1. Type of parent material from which the soil is formed.

2. Climate under which it was formed (temperature, precipita-
tion, etec.).

3. Topography or land form on which it developed (aspect,
drainage characteristics, etc.).

4. Plant or animal life on or within the soil.

5. Amount of time during which the above processes have been

in operation.

10
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Soils with a similar background in these five factors will have
similar characteristics. Thus, scientists have been able to c¢lassify
soils and have developed a system of mapping and describing soils for
a given area in a more or less standardized soil survey report.

SOIL CLASSIFICATION SYSTEMS IN THE
SOIL SURVEY REPORT

The U. 5. Department of Agriculture (USDA) soil classification
system is used in preparing the soil survey report, but classification
under two other systems used by engineers, the Unified Soil Classifi-
cation System of the U. S. Army Corps of Engineers and the American
Association of State Highway Officials (AASHO) system, is also pro-
vided.- This information in conjunction with that of estimates of
engineering properties of soils and interpretations provided in the
report is extremely useful for general planning and design considera-
tions. It should be noted, however, that on-site investigations to
verify or add to the information will generally be necessary for
specific site designs. The map scale does not permit inclusion of
small areas of contrasting soils, and soil properties are only consid-
ered to a depth of 5 to 6 feet. Nevertheless, soil surveys provide
the best available estimate of the engineering properties of a given
soil at this time (44).

Understanding these three classification systems, differences
in their terminologies and the limitations of their use will aid in

making informed planning and design decisions.
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USDA Soil Classification System

Around 1900, the U. S. Department cf Agriculture adapted the
Russian soil classification system for the purpose of conducting the
American soil survey. Due to its agronomic orientation, this system
emphasizes the surface layers of soils which provide nutrients and
support for plant materials and is based on grouping soils according
to their properties.

Soil survey reports are concerned with the more detailed levels
of the classification system which groups soils by series and type.
Solls within a particular series have developed under similar condi-
tions and have similar profiles except for the texture of the surface
layers. Differences in surface texture within a soil series are
denoted through type classification based on texture of the soil
particles. The three general textures are sand (0,05-2mm), silt
(0.002-0.05mm), and clay (less than 0.002mm in diameter). Gravel,
which is considered to be material between Zmm and 3 inches in diameter,
is not included in the textural classification except as an adjective
modifier to describe one of the basic textural classes (8, 33, 44).

USDA basic textural classes in order of increasing proportion

of fine particles are:

S=-sand SCL--sandy clay loam
LS--loamy sand CL--clay loam
SL--sandy loam SICL--silty clay loam
L--loam SC=--sandy clay
SI--silt SIC--silty clay
SIL--silt loam C--clay

Unified Soil Classification System

Engineers are concerned with the properties of soils as they

affect structural foundations and excavations and in their quality for
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use as f£ill material. They therefore define soil as all unconsolidated
material, no matter how deep it is. The Unified system was developed
during World War II for the Corps of Engineers to estimate the suit-
ability of soils for roads and airfields, and has since been revised
and expanded in cooperation with the U. S. Bureau of Reclamation to
include suitability of soils for foundations and embankments.

Soils in this system are grouped as coarse-grained soils if
they include 50% or more gravel (4.7mm-3 inches) and/or sand (0.074-
4,.76mm), as fine-grained soils if they include 50% or more silts and/or
clays, or as highly organic soils. Silts and clays are classified
according to their plasticity index and liquid limit characteristics.
Highly organic soils can usually be identified on sight as to whether
they contain sufficient quantities of organic matter to create engi-
neering problems (33, 44).

Soils are classified as follows under the Unified system:

Coarse-grained Soils
GW~~-Well-graded gravels, gravel-sand mixtures, little or no
fines.
GP--Poorly-graded gravels, gravel-sand mixtures, little or
no fines.
GM--Silty gravels, gravel-sand-silt mixtures.
GC--Clayey gravels, gravel-sand-clay mixtures.
SW--Well-graded sands, gravelly sands, little or no fines.
SP--Poorly-graded sands, gravelly sands, little or no fines.
SM--5ilty sands, sand-silt mixtures.
5C--Clayey sands, sand-clay mixtures.

Fine-grained Soils
ML--Inorganic silts and very fine sands, rock flour, silty
or clayey fine sands or clayey silts with slight plasticity.
CL--Inorganic clays of low to medium plasticity, gravelly
clays, sandy clays, silty clays, lean clays.
OL--Organic silts and organic silty clays of low plasticity.
MH--Inorganic silts, micaceous or diatomaceous fine sandy or
silty soils, elastic silts.
CH--Inorganic clays of high plasticity, fat clays.
OH--Organic clays of medium to high plasticity, organic silts.
Pt--Peat and other highly organic scils.
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Each scil type in the USDA Soill Conservation Service soll sur-
vey publication is classified under the Unified system and includes
estimates of itz engineering properties to a depth of 5 or 6 feet.
Although many engineering works are concerned with soil and bedrock
qualities at greater depths, sufficient data can be gained from soil
surveys for the preliminary designing, cost estimating and planning of

further investigations for many engineering projects.

AASHO Classification System

The American Association of State Highway Officials (AASHO)
gystem was originally designed in the late 1920's by the U. S. Bureau
of Public Roads and is based upon soil properties and soil performance
under highway pavements. Materials up to 3 inches in diameter are
classified as granular if 75% or more by weight of the material is
gravel (2-3 inches) or sand (0.74-2mm), and as silt-clay if more than
35% by weight is less than 0.74mm in diameter (33, 44).

Soils are grouped further according to basically similar load
carrying capacity and service characteristics. These soils can be
described as follows, in order of those generally best suited for road
subgrades to poorest (33):

Granular Materials
A-1 soils are well-graded mixtures from coarse to fine
with a nonplastic or feebly plastic soil binder. This group
also includes coarse materials without soil binder.
A-2 soils are composed of a wide range of granular
materials that cannot be classified as A-1 or A-3 because

of their fines content, plasticity, or both.

A-3 soils are composed of sands deficient in soil
binder and coarse material.
Silt-Clay Materials

A-4 soils, very common in occurrence, are composed
predominantly of sgilt, with only moderate to small amounts
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of coarse material and only small amounts of sticky

colloidal eclay.

A-5 soils, limited in occurrence, are similar to A-4
soils except that they include very poorly graded soils
containing such materials as mica and diatoms, which are
productive of elastic properties and very low stability.

A-6 soils, very common in occurrence, are composed
predominantly of clay, with moderate to negligible amounts
of coarse material.

A-7 soils are composed predominantly of clay, as are
the A-6 soils, but because of the presence of one-size silt
particles, organic matter, mica flakes, or lime carbonate,
they are elastic.

The USDA Soil Conservation Service soil survey publication
gives the AASHO classifications for each soil type and estimates engi-
neering properties to a depth of 5-6 feet. This information is suffi-
cient for making preliminary cost estimates, designs and plans for

further investigations for local roads and streets that receive minimal

heavy traffic.

ENGINEERING PROPERTIES OF SOILS

A portion of each soil survey report provides information on
the estimated engineering properties of the soils to be found within
the survey area. This section will briefly discuss the more major
properties, the problems they may present to development, and how dif-
ficult they may be to improve or correct. Understanding this informa-
tion is not only important to engineers, designers and builders, but
also to communities in approving site plans and in determining the

best use of their land.

Depth to Bedrock and Stoniness

Soil surveys describe the type of bedrock that is found within

a soil mapping unit, and provide an estimate of its depth and hardness.
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The description of the soil profile also makes reference to size and

percentage of stones or rocks that may be encountered.

Removal of shallow bedrock can be a major construction expense
of as much as 3 to 20 times the cost of earth excavation (see Table 4,
page 48). Basements may be economically infeasible if soil depths are
much less than 5 or 6 feet, an& shallow soils may prove inadequate for
the growth of trees and shrubs. Septic tank absorption fields may
fail if there is insufficient soil for absorption, filtration and
purification of the effluent, and may become a source of pollution if
the bedrock is porous or contains many factures that may allow the
effluent to contaminate ground water important for domestic use.

Large amounts of stones or rocks in the soil may hamper or
economically prohibit construction activities or may cause damage to
special pipe or structural coatings. Rocky or stony surface soils could
prohibit the establishment of conventional grass lawns or interfere with
the growth of other plant materials.

If it is not possible to avoid development on shallow soils,
overcoming these problems may include:

--removal of rock with hand tools or light equipment if it is soft;
blasting or use of air hammers for hard rock (extremely costly).

--eliminating basements in very shallow soils.

--prohibiting conventional septic tank absorption fields and providing
public sewer systems or alternate on-site disposal systems such as
package treatment plants.

--bringing in additional £fill material if cut depths are limited by
bedrock and bringing in additional topsoil for landscaping.

——avoiding steeper slopes requiring greater cut and fill.
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Slope

The slope of a soil refers to its per cent change from a level
horizontal plane. For example, a 107 slope 1s 10 feet of vertical
change in 100 horizontal feet. Each soil type described in the soil
survey has a characteristic slope or slope range which can be used in
determining soil suitability for different land uses.

A major concern of development on steeper slopes is that they
have a greater potential for erosion if there 1s a significant reduction
in the amount of vegetative cover and permeable soil surface so that
the rate of run-off is increased. This situation will result in the
loss of topsoil and increased sedimentation in water bodies.

Steeper slopes may also greatly increase construction costs if
a large amount of earthwork is required for cuts and fills for founda-
tions and for utility and road excavations that may require longer
lengths to maintain specific grades of gentler slope. Special struc-
tural design or soil modification may be required, or development may
need to be prohibited on those slopes subject to mass failure if the
soil's shear resistance is insufficient to support the weight of the
structure, £fill, and any water above it.

On-site sewage treatment may also be infeasible on steeper
slopes where the layout and building of septic tank absorption fields
is difficult or where lateral seepage or down slope flow may result,
especially where soils are underlain by shallow bedrock or hardpan
layers. Sewage lagoons may also be impractical to build on slopes

greater than 7% unless there is sufficient impermeable soil for level-

ing (44).







































































































































































































































