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VII. USE AND MANAGEMENT OF THE SOILS

The nature and distribution patterns of soils are important in determining their usefulness.
This is becoming increasingly evident in Los Alamos County as the population expands and re-
quires greater amounts of land for a wider variety of uses. Investments per unit area of land are
high and increasing under such use, and mistakes are costly. These mistakes can often be
avoided, and more intelligent decisions on the use of land can be made from land use interpreta-
tions of soil surveys.

This chapter provides information of special interest to planners, engineers, contractors, and
others who use soil as a structural material or as a foundation for structures. This soil survey data
base is also used to provide information in planning recreational areas used for camping, picnick-
ing, playgrounds, and hiking. This information is only provided for the soils in the LASL-Soil
Conservation Service portion of the survey (Fig. 1), because this area receives a higher intensity
of land use than any other portion of Los Alamos County.

A. Engineering Uses of the Soils

The properties of a soil, in various degrees and combinations, affect construction and main-
tenance of roads, airports, pipelines, buried electrical cables, foundations for small buildings,
irrigation systems, ponds and small dams, and systems for the disposal of sewage and refuse.
Specifically, the properties of soils highly important in engineering-related projects are per-
meability, strength, compaction characteristics, drainage condition, shrink-swell potential,
grain size, plasticity, reaction, depth to the water table, depth to bedrock, and slope.

Information concerning these and related soils properties is given in Tables VIII and IX at the
end of this section. The estimates and interpretations in these tables can be used to select areas
for potential residential, recreational, and military uses; evaluate alternate routes for roads,
highways, pipelines, and underground cables; locate probable sources of gravel, sand, or clay;
plan drainage systems, irrigation systems, ponds, terraces, and other structures for controlling
water and conserving soil; correlate performance of structures already built with properties of the
kind of soil on which they are built, for the purpose of predicting performance of structures on the
same or similar kinds of soil in other locations; predict the trafficability of soils for cross-country
movement of vehicles and construction equipment; and develop preliminary estimates pertinent
to construction in a particular area.

Tables VIII and IX show, respectively, estimates of soil properties significant in engineering
and interpretations for various engineering uses. The information in these tables does not
eliminate the need for sampling and testing at the site of specific engineering works, especially
those that involve heavy loads or that require excavations to depths greater than those shown in
the tables. Also, a site that is designated as a given mapping unit can contain small areas of other
kinds of soil that have strongly contrasting properties and different suitabilities or limitations for
engineering uses. ‘

1. Engineering Classification System. The two systems most commonly used in classifying
soils for engineering are the Unified system' used by engineers of the Soil Conservation Service,
the Department of Defense, and others, and the system adopted by the American Association of
State Highway Officials (AASHO).1®

In the Unified system, soils are classified according to particle-size distribution, liquid limit
(lowest moisture content at which the fines in the soil mass behave as a liquid), plasticity index
(range in moisture content in which the fines in the soil mass behave as a plastic mass) and
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organic matter content.'® The soils are grouped in 15 classes, with 8 classes of coarse-grained soils
and 6 classes of fine-grained soils (Table VIII). The gravels (G) and sands (S) are each divided
into 4 groups: well-graded, fairly clean material (GW, SW), poorly-graded, fairly clean material
(GP, SP), coarse materials with clay fines (GC, SC), and coarse materials with silt fines (GM,
SM). The fine-grained soils with low (L) and high (H) liquid limits are each divided ihto three
groups: inorganic silty and very fine sandy soils (ML, MH), inorganic clays (CL, CH), and
organic silts and clays (OL, OH). Highly organic soils, such as peat and swamp soils, are placed
in one group (PT). Soils on the borderline between two classes are designated by symbols for
both classes: for example, CL-ML for the Carjo series (Table VIII).

The AASHO system is used to classify soils according to those properties that affect use in
highway construction and maintenance (Table VIII). In this system a soil is classified in one of

seven basic groups on the basis of grain-size distribution, liquid limit, and plasticity index.'®

These groups range from A-1, which consists of soils that have the highest bearing strength and
are the best soils for subgrade, to A-7, which consists of soils that have low strength when wet
and are the poorest soils for subgrade. A typical group A-1 material is a well-graded mixture of
stone fragments or gravel, coarse sand, volcanic cinders, fine sand, and a nonplastic or feebly
plastic soil binder. Group A-3 typically contains a fine beach sand or fine desert blow sand
without silty or clay fines or with a small amount of silt. Group A-2 contains a wide variety of
granular materials, which are borderline between Group A-1 and A-3 materials. The typical
material of Group A-4 is a nonplastic, or moderately plastic, silty soil, whereas Group A-6 con-
tains plastic clay soils. The Group A-7 materials are typically similar to those in Group A-6, ex-
cept that they have a high liquid limit and may be elastic as well as subject to a high volume
change. The USDA textural classification system is used to express the relative proportions of
sand, silt and clay in soil materials less than 2.0 mm in diameter (Fig. 8).

2. Engineering Properties. Table VIII also shows other estimates of soil properties that are
significant in engineering. These estimates were determined for selected soils based on layers of
the profile that have significantly different properties. The estimates are based on field observa-
tions, test data for these and similar soils, and experience with the same kinds of soil in other
areas. Some of the terms for which data are shown are explained in the following paragraphs and
in the glossary.

The coarse fraction >7.6 cm was estimated, in per cent, by weight of the soil mass. In field
sampling, this part of the soil was discarded and only the size fractions <7.6 cm were estimated
for the number 4, 10, 40, and 200 sieve sizes (Table VI1I1). This 7.6 cm size limit coincides with
that used in both the AASHO and the Unified classification systems.

Soil plasticity is another property significant in engineering. It is a characteristic of a soil to
take up water to form a mass that can be deformed into any desirable shape after the force ap-
plied exceeds a certain value, and to maintain this shape after the deformation pressure is
removed. Plasticity is described from the point of view of the moisture range over which soil
plasticity is manifested, from the liquid limit (the moisture content at which the soil will barely
flow under an applied force) to the plastic limit (the moisture content at which the soil can
barely be rolled out into a wire).!® The plasticity index presented in Table VIII is calculated as
the difference between the liquid and plastic limits. Large values for the liquid limit and the
plasticity index given in Table VIII reflect large amounts of finer soil fractions such as clay and of
exchangeable sodium in the specific soil series.

Shrink-swell potential is the relative change in volume to be expected of soil material with
changes in moisture content, or the extent to which the soil shrinks as it dries out and swells
when it gets wet. The extent of changes is influenced by the amount and kind of clay in the soil.
Shrinking and swelling of soils cause much damage to building foundations, roads, and other
structures. A high shrink-swell potential (Table VIII) indicates a hazard to maintenance of
structures built in, on, or with material having this rating.




Corrosion, as used in Table VIII, pertains to potential soil-induced chemical action that dis-
solves or weakens uncoated steel or concrete. The rate of corrosion on unconted steel in relnted to
such soil properties as drainage, texture, total acidity, and electrical conduetivity of the woil
material. Corrosivity in concrete is influenced mainly by the content of sodium or magnesium
sulfate, and also by soil texture and acidity. Installations of uncoated steel that intersect soil
boundaries or soil horizons are more susceptible to corrosion than instalintions entirely in one
kind of soil or in one soil horizon. The risk of corrosion is low if there is a low probability of xoil-
induced corrosion damage. A high rating indicates a high probability of damage and indicutes
that protective measures for steel and more resistant concrete should be used to avoid or
minimize damage.

The erosion factors K and T are given for each soil series in Table VIIL. The noil erodibility fac-
tor K is a unitless constant used in the universal soil loss equation and ix n funetion of the tex-
ture, structure, permeability, and organic matter content of a soil series. For exnmple, increased
amounts of silt and very fine sand cause many soils to be more erodible. The K valuen for noils
range from 0.02 to 0.69 with larger K values reflecting more erosive soils, The soil lons tolerance
value, T, is strictly a function of soil depth and is expressed in units of tonx of allowable soil
loss/acre/year. The values of T range from 1 to 5, with larger T values gencrally being assigned to
deeper soils.

A measure of the potential rate of soil loss by -wind erosion is given in Tahie VI in the form of
wind erodibility group ratings. These ratings can be roughly estimated by the texture of the sur-
face 2.5 cm of soil. Wind erodibility groups 3, 5, 6, and 8 correspond to 67-113, 3.7, 28.63, and 0
tons of soil potentially eroded by wind erosion/acre/year, respectively. Once the wind erodibility
group has been estimated, site-specific information on the other factors of the wind eronion equa-
tion can be collected to estimate the potential amount of wind erosion for n given field under
local climatic conditions.

Hydrologic soil groups (Table VIII) are used in watershed planning to extimate runoff from
rainfall. Soil properties are considered that influence the minimum rate of mfiltration obtained
for a bare soil after prolonged wetting. Depth to the seasonal high water table, intake rate, per-
meability after prolonged wetting, and depth to very slowly permeable layers nre considered in
hydrologic soil groupings, but the influence of ground cover is treated independently, The four
hydrologic groups considered by the Soil Conservation Service are A (low runof! potential), B
(moderately low runoff potential), C (moderately high runoff potential), and D (high runoff
potential). Soils belonging to Group A have rapid water infiltration and tranxmission rates;
Group D soils generally have slow infiltration rates, high shrink-swell potentinlx, and very slow
water transmission rates.

3. Engineering Interpretations. The interpretations in Table IX are based on the engineer-
ing properties of soils shown in Table VIII, on test data for soils in this survey nren and others
nearby or adjoining, and on the experience of engineers and soil scientists with the noils of Los
Alamos. The ratings summarize the limitation or suitability of the soils for all lixted purposes.

Soil limitations are given ratings of slight, moderate, or severe. Slight means that soil proper-
ties generally are favorable for the rated use; in other words, that limitations are minor and
easily overcome. Moderate means that some soil properties are unfavorable, but can he overcome
or modified by special planning and design. Severe indicates soil properties so unfavorable and
so difficult to correct or overcome that major soil reclamation, special design, or intensive main-
tenance is required. Soil suitability is rated as good, fair, or poor.

Septic tank absorption fields (Table IX) are subsurface systems of tile or perforated pipe that
distribute effluent from a septic tank into natural soil. For this application, the soil material
from a depth of 46 to 152 cm must be evaluated. The soil properties considered are those that af-
fect both absorption of effluent and construction and operatiocn of the system. Properties that af-
fect absorption are permeability, depth to water table or rock, and susceptibility to flooding.

81



Slope affects difficulty of lavout and construction and also the risks of soil erosion, lateral
seepage, and downslope flow of ¢ffluent Large rocks or boulders increase construction costs.

Sewage lagoons (Table IX) are shnllow ponds constructed to hold sewage, within a depth of 60
to 150 cm, long enough for bacterin to decompose the solids. A lagoon has a nearly level floor, and
sides, or embankments, of compuneted roil mnterinl, The interpretations given in Table IX
assume lagoons in which the embankment i compneted to medium density and the pond is
protected from flooding. Properties that alleet the pond (loor are permeability, organic-matter
content, and slope. If the floor needs leveling, depth to bedrock is important. Properties that af-
fect the embankment are the engineering prapertios of the embankment material as interpreted
from the Unified soil classification and the number of stones, if any, that influence the ease of ex-
cavation and compaction of the etnbankment material.

Sanitary landfill (Table 1X) ix n method of disposing of refuse in dug trenches. The waste is
spread in thin layers, compacted, nnd covered with soil throughout the disposal period. Landfill
areas are subject to heavy vehicular trathic Soil properties that affect suitability for landfill are
ease of excavation, hazard of polluting ground water, and trafficability. The best soils for
sanitary landfill have moderatelyv slow permenbility, withstand heavy traffic, and are friable and
easy to excavate.

Shallow excavations require digping or trenching to a depth of less than 150 ¢cm and are used
for pipelines, sewer lines, telephone nnd power transmission lines, basements, open ditches, and
cemeteries. Desirable soil properties nre pood workability, moderate resistance to sloughing, a
gentle slope, absence of rock outeropm or hig stones, and freedom from flooding or a high water
table.

Foundations for low buildings without hunements, as rated in Table IX, are for buildings no
more than three stories high that nre supported by foundation footings placed in undisturbed
soil. The rating is based on the copueity of the soil to support load and resist settlement under
load and on the ease of excavation. Soil properties that affect the capacity to support.a load are
wetness, susceptibility to flooding, denmity, plasticity, texture, and shrink-swell potential. Those
that affect excavation are wetness, slope, depth to bedrock, and content of stones and rocks.

Local roads and streets, as rated i ‘I'nble IN, have an all-weather surface expected to carry
traffic all year. They have a subprude of xoil material; o base of gravel, crushed rock, or soil
material stabilized with lime or cement; nnd o flexible or rigid surface, commonly asphalt or con-
crete. These roads are graded to shed water and have ordinary provisions for drainage.

Soil properties that most affect design nnd construction of roads and streets are load-
supporting capacity, stability of the materinl, and workability and quantity of cut and fill
material available. The AASHO nnd Uinified classifications of the soil material, and also the
shrink-swell potential, indicate traftic supporting capacity. Wetness and flooding affect stability
of the material. Slope, depth to hurd rock, content of stones and rocks, and wetness affect the
ease of excavation and the amount ot cut and fill needed to reach an even grade.

Road fill is soil material used in constructing subgrade for roads. The suitability ratings reflect
the predicted performance of soil ntter it hns heen replaced in a subgrade that has been properly
compacted and provided with adequate drainage. The ease of excavating the material at borrow
areas is also considered.

Sand and gravel are used in great quantities in many kinds of construction. The ratings in
Table IX provide guidance on where to look for probable sources. A soil rated as a good or fair
source of sand or gravel generally hns i lnver at least 90 ¢cm thick, the top of which is within 180
cm of the surface. The ratings do not tuke into account factors that affect mining of the
materials. Also, they do not indicate the quality of the deposit.

Topsoil is used for topdressing an nren where vegetation is to be established and maintained.
Suitability is affected mainly by case of working and spreading the soil material, as in preparing
a seedbed; natural fertility of the material, or the response of plants if fertilizer is applied; and















































































































