NATIONAL MANUAL OF GOOD PRACTICE FOR BIOSOLIDS

Appendix C — Soil Characteristics

The primary objective of biosolids recycling is to improve soil productivity and fertility. For that
reason, application practices need to take into account the basic characteristics of soil.

Understanding soil characteristics and reactions can help in making wise decisions about
recycling practices, even though many believe that biosolids land application presents no greater
risk to human health and the environment than most other farming practices. This section
includes basic information on soil formation, soil properties, the hydrologic cycle, and soil
chemistry.

C.1 Critical Control Points / Operational Controls

Having a basic understanding of soil characteristics will help to:
e |ocate suitable sites for biosolids recycling
e understand the characteristics of soils and suitability for biosolids recycling
e gain a level of respect from the farmer
e appreciate local and regional issues related to soil fertility

The controls listed below can be used to improve overall biosolids program management.

e Be familiar with basic soil characteristics. Basic knowledge of soil characteristics is
helpful in understanding issues dealing with: seasonally wet soils, erodible soils, soil
compaction, ponding, etc.

e Understand how soil characteristics can impact your biosolids program. Properly
managing a biosolids land application or reclamation program requires an understanding
of the relationship of soil to: crop yields, soil fertility test reports, the fate of metals,
biosolids application activities, and many other issues.

e Display a level of knowledge that allows you to communicate with regulators,
conservation personnel, and farmers. Understanding basic soil characteristics shows a
level of commitment and professionalism on your part.

e Use suggested references as important resources when evaluating potential biosolids
application sites. There are several references listed at the end of this appendix that are
especially important. The US Department of Agriculture’s Soil Survey for the local area
where the site is located should be consulted prior to the first application of biosolids.
Soil Surveys provide valuable information about soil productivity and soil characteristics,
and assist in proper management of the site.

C.2 What is Soil?

Soil is the dynamic surface layer of the earth, composed of mineral and organic materials and
sustaining a wide variety of plant and animal life. Soils develop over time through the physical
and chemical influences of climate and biological organisms on geologic materials (the soil's
parent material). Parent material may be either undisturbed, underlying bedrock, or may be
deposits of minerals transported by gravity, wind, water, or ice.
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Structurally, soils are a matrix of solid matter and pore spaces. The solid matter is mineral
particles of rock fragments and organic matter from decayed plant and animal tissue. Pore
spaces are filled either with air or with a solution of water and dissolved salts. Minerals
account for approximately 45% of the soil by volume, organic material 1-5%, air 20-30% and
water 20-30%. This combination of minerals, air and moisture provides an environment for a
host of living organisms.

Many thousands of unique types of soil exist in the world. This is due to differences in the
variety of soil formation characteristics.

C.3 Soil Formation

Things that are a part of the soil formation process include: the type of parent material, climate,
organisms, topography, and time. Soil in any one place results from the combined influence of
climate and living matter acting upon the parent rock material. Topography, time, and how the
soil is used condition this process. Weathering is the combined action of processes that
physically disintegrate and chemically decompose rock.

Climate plays a dominant theme in the role of shaping the characteristics of the soil. Soils
associated with climates with excess soil water are strikingly different in structure, composition,
and fertility from those associated with a soil-water shortage. The most fertile soils from the
standpoint of plant nutrients are those of the semiarid climates. However, unless they are
irrigated, they are of limited agricultural value. Surplus water in warm climates is not conducive
to producing rich agricultural soils because, under such conditions, the nutrients are leached
from the soil. Soil formation is also shaped by the organisms living in or on the soil. Organic
matter supplies humus that profoundly influences the soil by preventing the escape of nutrients
from the soil.

The soil classification system used to categorize all soils has 10 basic categories called orders.
Of the 10 orders in the system, 9 of those soils can be found in the United States. As a result,
this section can not include specific information about each order of soil. Instead, only general
soil information will be provided. Anyone involved with biosolids programs should be familiar
with the local soil types and the impact of soil on local agricultural practices.

C.4 Soil Classification System

Soil scientists have created a classification system to organize knowledge about soils. This
system identifies relationships among soils and their environments, and it describes
characteristics that affect their usefulness for various agricultural and engineering uses.
Classification begins with the description of a soil profile. This is an exposed vertical cut
extending from the soil surface down to the underlying parent material. Soil profiles near the
surface show horizons, or distinctive layers divided by differences in appearance, physical and
chemical composition, organic content, structure, or a combination of those properties.

The principal kinds of horizons, or master horizons, are described in Figure C.1. As shown, the
surface A horizon and underlying B horizon are dynamic zones of physical, chemical and
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biological activity. By contrast, the C horizon consists of comparatively unweathered parent
material.

Soils with similar soil horizon and profile characteristics are grouped and designated as a soil
series. They are given names, often of places where the characteristics of the series are well
expressed, such as Hagerstown silt loam series. Soil series are further divided into soil types
based on variations in texture in the A horizon. The types are further divided into soil phases,
based on variations in slope, degree of erosion, or some other feature that affects their use. Soil
types and phases form the basic mapping units used in county soil survey maps.

C.5 Using Soil Survey Information

County soil survey reports are a major tool used by biosolids appliers for gaining an
understanding of soil characteristics for biosolids applications. Soil surveys are developed by
the USDA's Natural Resources Conservation Service (NRCS), formerly known as the Soil
Conservation Service. The surveys are the product of extensive field work by soil scientists
trained in classification and mapping, and the soil maps show soil series and types drawn on an
aerial map of the landscape. The surveys are used primarily to predict the productivity of soils
under different farm management systems. However, soil surveys also contain other valuable
information relating to engineering properties, soil and water features, and usefulness for
purposes other than farming. Most surveys include tables covering the following topics: Prime
Farmland Assessment; Yields per Acre of Crops and Pasture; Water Management; Physical and
Chemical Properties of the Soils; and Soil and Water Features.

C.6 Soil Properties

A number of properties and characteristics have a bearing on the suitability of soil for land
application of biosolids. Although Part 503 Rule does not explicitly require investigation of soils,
most state regulatory programs do have restrictions on the use of soils with certain properties.
Therefore, you should become familiar with the soil properties listed in this section. There are
many excellent references available that provide more detailed information regarding soil and
soil properties. The local (county) Soil Survey Manual and the US Department of Agricultural
Soil Survey Manual are two references that may be helpful.

Soil Depth

Soil depth varies from mere films to layers many feet thick. The depth of soil is dependent on
the soil formation processes, both in the present and past. Generally, soil can be expected to be
deeper in flat or low lying areas, where soil particles from upslope areas are deposited, and
they are often shallower on steep or actively eroded areas. In some cases, shallow soils may
need to be avoided during application of biosolids. However, most of the time, shallow soils
benefit from the addition of organic matter provided from biosolids.
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Figure C.1 A soil profile showing the principal horizons.
Source: (Brady, Nyle C. The Nature and Property of Soils. 1990)
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Soil colors are one of the major features used to identify different soil types. Soils and soil
horizons exhibit distinct colors, ranging from dark browns to reds to grays and yellow. Soil
color may be inherited from the parent matter. But, more often, soil color is a property
generated by physical and chemical soil-forming processes. Dark brown and black colors often
indicate an abundance of organic matter; red color usually indicates the presence of oxidized

iron compounds and aging. Gray colors usually indicate soil wetness during some part of the
year.

Mottling (meaning marked with spots of color) is an important feature of soil color. In some
cases, mottling occurs in horizons when parent material is not completely weathered. Sometimes
the use of green manure (plowing cover crops under to provide organic matter for the soil) can
result in soil mottles. More often, mottling is an indication of poorly drained soils that remain
saturated with water for significant periods of the year. Mottling occurs in poorly drained soils
most of the time, but mottling in itself is not always the result of poorly drained soil. In a case
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where mottling is associated with poorly drained soils, the feature is called redoximorphic.
Redoximorphic features can be easily confused with mottling. Some mottled colors occur
that are associated with poor drainage in the past, even though present conditions do not
indicate wet soils. Poorly drained soils are nearly always mottled with various shades of
gray, brown and yellow, especially within the zone where the water fluctuates.

In some states, poorly drained soils, as referenced in the soil survey, must be avoided on
biosolids application sites. Generally, these soils:

e are difficult to work with when wet

e limit access of application equipment

e have reduced windows for biosolids applications

e have a higher probability of generating runoff

Soil Texture

The texture of a soil horizon is probably its most permanent characteristic. Soil texture refers to
the distribution of mineral particles of different sizes, specifically the proportions of clay, silt,
and sand in the soil. Figure C.2 shows the soil-texture classes on a triangular graph used by the
U.S. Department of Agriculture (USDA). Note that the corners of the triangle represent 100
percent of each of the three grades of particles--sand, silt, or clay. Loam is a mixture in which no
grade dominates over the other two.
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Figure C.2 Soil textural classes.
Chart showing the percentages of clay, silt, and sand in the basic soil textural
classes. Source: (Brady, Nyle C. The Nature and Property of Soils. 1990)
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Texture largely determines water retention and transmission properties of the soil. Sands hold the
least water, while pure clays hold the most. Loams hold an intermediate amount of water. Sand
transmits water downward most rapidly, clay most slowly. Sand reaches its full water holding
capacity quickly, and added water moves downward to the water table. Clay-rich loams take up
water slowly, and additional water becomes surface runoff. As you can see, understanding soil
texture is important when planning to apply biosolids. Stones, cobbles, and other coarse
fragments are also regarded as a part of the soil mass and are included in the textural soil class.
These fragments influence moisture storage, infiltration, and runoff.
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Soil Structure

Soil structure is the nature of aggregations (lumps or clusters) of soil particles. Each
aggregate is separated from adjoining aggregates by natural surfaces of weakness (cracks).
Structure influences water penetration into a dry soil, the susceptibility of the soil surface to
erosion, and the ease of cultivation.

Soil structure is of particular concern to biosolids appliers. The application of biosolids adds
organic matter that benefits soil by improving structure. On the other hand, repeated traffic of
application equipment and trucks over soil can result in a breakdown of the soil structure. The
resulting compaction can adversely affect tillage qualities. This is particularly true at times when
the soil is wet.

Soil Consistency

Soil consistency refers to the behavior of soil when worked by equipment. Consistency
describes resistance to deformation or degree of cohesion in a soil mass. A crumbly (friable)
consistency is desirable and is characteristic of a loamy soil. Loamy soil is easy to till, has
good water infiltration and permeability, and permits good root penetration. Firm or very firm
consistency usually restricts water movement through the soil and can be associated with
surface ponding on soils or extended periods of wetness. In some states, biosolids applications
may be restricted on such soils.

Soil Porosity

Soil porosity is the amount of pores (voids) of open spaces within the soil matrix capable of
holding water and air. Pore spaces account for about 50 percent of the soil by volume. Pore
space is not evenly divided between air and water solution and is quite variable. Pore space
is related to soil permeability, as discussed below.

Soil Drainage

Soil drainage characterizes the frequency and duration of water saturation. There are seven
classes of soil drainage, based on runoff potential, permeability, and internal drainage. Very
poorly drained and poorly drained soils may have a high water table that limits their use for
biosolids applications, either seasonally or year round. For example, if soils containing excess
water are worked with farm or biosolids application equipment they can become compacted,
resulting in loss of good structure and permeability qualities.

Drainage on a farm can sometimes be altered through artificial drainage. Artificial drainage
through subsurface perforated pipes lowers the water table or removes perched water so that
plant roots have a greater vertical zone for growth. Roots will not penetrate into a zone of
saturation because of the plant root’s need for oxygen. Artificially drained fields offer some
opportunity for biosolids applications, though this possibility should be discussed with the local
conservation district to insure that the site is managed effectively to protect tile lines and water
quality.

Soil Permeability
Soil permeability is the ability of the soil to transmit water or air and is determined by the
volume, size, and interconnections of pore spaces. Permeability can be measured in terms of the
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rate of water movement through a unit cross section of saturated soil in unit time and is
commonly expressed in inches per hour. This rate is called the percolation rate.

Soil permeability may aid in judging a site’s usefulness for biosolids applications. Soil types
with a rapid percolation rate or a very slow percolation rate may present some limitations for
the application of biosolids. Fine textured soils generally exhibit slow to very slow
permeability, while values for coarse textured soils range from moderately rapid to very rapid.
A medium textured soil such as a loam or silt loam tends to have moderate to moderately slow
permeability.

C.7 Chemistry and Organic Matter

The primary function of soil is to serve as a media for plant growth. Soil chemistry and fertility
are dimensions of the soil that deliver nutrients to plant roots. Seventeen elements are
considered essential for plant growth, and they are placed into two categories that reflect the
relative amounts used by growing plants: macro nutrients and micro nutrients. Soil organisms
and organic matter also influence plant growth by affecting both physical and chemical
conditions in the soil. Additional information on soil chemistry can be found in Chapter 13:
Environmental Considerations.

Soil Nutrients

The three key soil nutrients: nitrogen (N), phosphorus (P), and potassium (K). Crops require
large amounts of N, P and K, and their deficiency in soil leads to poor crop yields. Therefore,
these nutrients are generally added to the soil in the form of commercial fertilizer, animal
manures or biosolids.

Biosolids can be a significant source of nitrogen and phosphorus. Potassium is generally not
found in biosolids in significant quantities, but many soils do have adequate natural potassium
levels. Typically, when biosolids application rates are based on nitrogen, the amount of
phosphorus supplied is greater than what is needed by the crop. However, much of the
phosphorus is bound up in the organic matter and soil minerals and is not immediately available
for direct plant uptake. If soil potassium is low, it will have to be supplied from another source.

Certain nutrients are required in small quantities, but are nevertheless essential for healthy plant
development. These are "trace elements" and are also termed "micro nutrients." Principal
micronutrients include sulfur (S), calcium (Ca), magnesium (Mg), boron (B), chloride (Cl),
copper (Cu), iron (Fe), molybdenum (Mo), selenium (Se), zinc (Zn), and possibly nickel (Ni).
Poor yields and crop failures can sometimes result from the lack of any one of these
micronutrients. As a result, they are sometimes recommended for application to certain soils.
Biosolids contain all of these micronutrients for plant growth and, when applied to lands,
biosolids serve to amend soils with these elements. However, the supply of these elements in
biosolids is generally quite variable, depending on the characteristics of the wastewater and the
biosolids treatment processes. For example, alkaline (lime) treatment processes add a
significant amount of calcium to biosolids. For this reason, it is useful to have your biosolids
analyzed by an agricultural laboratory, for micro nutrient status.
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For more information about soil nutrients, refer to Chapter 13: Environmental
Considerations. The application rate for biosolids, based on the nitrogen need of the crop,
is discussed in Chapter 14: Biosolids Nutrient Management.

Cation Exchange Capacity

The soil solution contains dissolved elements and compounds with an electric charge, also
called ions. Many of these ions are nutrients required by plants for good growth. Soil has the
capacity to influence the movement of ions through electrical charges present on the surface
of soil particles and organic matter. These charges can attract ions, much in the same way as a
magnet attracts iron. The very fine textured particles, specifically the clay and organic fraction
of the soil, are primarily responsible for the electrical charge and hence the retention of ions.
The overall charge on most soil particles is negative. Positively charged ions, known as cations,
include such nutrients as ammonium, calcium, magnesium, potassium, and sodium. These are
attracted to negatively charged soil particles. The measure of the soil's ability to hold cations is
the cation exchange capacity (CEC). The greater the CEC of a particular soil, the greater the
soil's ability to retain nutrients. The addition of biosolids can improve a soil's CEC value
because biosolids are high in organic matter. Organic matter contributes to high CEC values.

Soil pH and Acidity

Soil pH is a measure of acidity or alkalinity of the soil. On a scale of 1 to 14, a pH of 7 is
considered neutral. Lower values indicate acidity, and higher values indicate alkalinity. Soil pH
generally ranges from approximately 5.6 to 8.4. Table C.1 has corresponding terms to use for
ranges in soil pH. Some soils are naturally acidic, while others are not. Soil forming processes
play a significant role in soil acidity and alkalinity. Farming practices can also impact soil pH.
Soils that tend to be acidic must be adjusted to a neutral pH through the addition of a liming
agent for optimal productivity.

Table C.1 Ranges of soil pH
pH Class pH Range pH Class pH Range
Extremely Acid Below 4.5 Neutral 0.6 to 7.3
Very Strongly Acid 4510 5.0 Mildly Alkaline 7.4t0 7.8
Strongly Acid 51t05.5 Moderately Alkaline 7910 8.4
Medmum Acid 5.6 to 6.0 Strongly Alkaline 8.5t0 9.0
Slightly Acid 6.1t0 6.5 Very Strongly Alkaline 9.1 or higher

¢

A decision to add lime to soil is based on: the crop to be grown and the acidity of the soil. Soil
test results generally provide a recommendation for lime application in tons per acre specific to
the crop to be grown. When required, lime should be added to soil to avoid potential problems
with soil leaching or reduced availability of certain cations. In addition, nitrification and
microbial activity can be suppressed at a lower than optimum soil pH.

The importance of soil pH in the application of biosolids is related to potential availability of
nutrients and mobility of metals present in biosolids. In very acidic soils (pH of 5.5 or less),
metals are relatively mobile and can move to the groundwater, and plant growth may be
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adversely affected by nutrient deficiencies. Recent research on biosolids has shown that at
concentrations of metals typically found in today's biosolids, and at normal soil pH, soil pH
management is not a significant concern for metal mobility. Soil pH management, however, is
essential for crop growth, as plant nutrients are most soluble at a neutral pH. Chapter 13:
Environmental Considerations contains a more detailed discussion relating to the mobility of
metals in soils and in biosolids, and the importance of managing soil pH in a biosolids recycling
program.

Organic Matter

The amount of organic matter found in soil is an important soil characteristic and cannot be
overlooked. The benefits of high levels of organic matter include: improved soil texture, better
water holding capacity, increased soil CEC, and increased nutrient availability, especially
nitrogen.

The total amount of organic matter in soils varies widely. But, it is generally low, at about 1 to 5
percent by weight. Commonly, soils have the greatest amount of organic matter in the surface
layer (A horizon), with significantly less in the layers beneath (B horizon). Soil organic matter is
formed by the decomposition of plant and animal residues. The well-decomposed mixture of
organic matter in soil is referred to as humus.

Crop yields improve dramatically with the addition of organic matter to the soil. Biosolids are
one useful source of organic matter for soil and crop enhancement. Many farmers seek organic
amendments for the purpose of feeding the soil to stimulate microorganism activity. Organic
matter tends to promote soil aggregation, thereby improving soil texture and water infiltration
and reducing erosion potential.

Soil Organisms

Soil organisms play a vital role in the decomposition of organic matter in the soil. Plant and
animal residues are consumed by the earthworms and by soil microorganisms such as bacteria
and fungi. The decomposition process is strongly influenced by; the number and type of
organisms present in the soil, soil temperatures, soil moisture, amount of organic matter, and
competition from other organisms.

Bacteria are essential for the processes that make nitrogen available for root uptake. These
processes include the conversion of organic nitrogen to ammonia and to nitrate. Chapter 14:
Biosolids Nutrient Management provides additional information about the nitrogen cycle.

Metals

Metals are found in trace quantities in soils in varying concentrations. Biosolids also contain
trace elements. Some of these elements are essential plant and animal nutrients, while others,
like cadmium and lead, are not. To ensure metal levels remain within safe ranges for crops,
livestock and humans, state and federal regulations limit the concentrations of some of these
elements. Limits are applied to arsenic, cadmium, copper, lead, mercury, molybdenum, nickel,
selenium and zinc contained in the biosolids when applied to land. These limits were designed
to maintain the long-term productivity of the soil and to ensure its safe use.

Prior to the first use of a site for the application of biosolids, you should consider collecting soil
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samples and having the soils analyzed for the metals noted above. Knowledge of the
concentration of metals that occur naturally in soils is helpful in establishing base soil metal
levels. Unless the soil is naturally high in one of these metals, or unless past activities have
contributed to a higher than expected level of metals, most soils should be suitable for the
application of biosolids. Part 503 Rule does not require that base line soil samples be collected
and analyzed for metal concentrations. However, many state regulations require that soil metal
concentrations be established before biosolids are applied.

Many publications are available that provide an average and a range of soil metal levels. If
there is a concern that the soil metal levels at a potential site are higher than expected, refer the
soil test results to your state land grant university for review.

Interpreting Soil Test

Most land grant universities offer a comprehensive testing service for soils. You can request
analyses of soils for parameters of special interest for biosolids application sites. These include
measures of nutrients (fertility) and metals (chemistry) in the soils, as well as pH and cation
exchange capacity. The accuracy of soil sample analytical results are important. Make certain
that the soil testing laboratory is providing accurate results and the information you need is
included in the results.

Several features of most soil tests are notable and deserve the attention of biosolids appliers.
Most test results include all regulated compounds and also several non-regulated micronutrients.
Concentrations of these elements can be expressed in many ways. The first is total metals,
reported in pounds per acre (roughly one-half the concentration that would be expressed in a
milligram per kilogram of dry soil basis). The second is "Available™ metals, expressed as pounds
per acre, indicating the amount available for plant uptake. The third is "Activity Level," a
measure, similar to the pH scale, that indicates the abundance of the ion in soil solution. Some
soil test results are also expressed as a graphic scale, on which concentrations are expressed in a
"low to excessive" range, to indicate how they compare to typical values for soils in the region.
Soil tests for biosolids application sites provide several useful functions. First, they provide
documentation of existing soil nutrient levels so proper crop fertility recommendations and
biosolids applications can be determined. Second, testing establishes a baseline and provides a
screening mechanism to identify a site that might have concentrations of metal or nutrients
above those typical for soils of that type. Because of the expense of soil testing for micro
nutrients, many farmers do not have a comprehensive picture of soil quality at their farm, and
they may place significant value on having test results, supplied by the biosolids generator or
applier, in hand for their own use.

The biosolids applier may benefit from periodic testing of application fields. Over time, the
levels of nutrients and metals in the soil may be expected to increase. Obtaining analytical results
periodically during the course of the biosolids recycling program can be used to demonstrate that
soil constituents remain within acceptable levels. Part 503 Rule does not require the periodic
testing of soils for nutrients and metals. In fact, many states no longer require this type of regular
comprehensive soil testing. However, consideration should be given to the benefit of periodic
soil nutrient and metals testing for the farmer and for demonstrating the safety of biosolids
programs.
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Most soil test kits provide instructions on methods of sampling. EPA and most state regulatory
agencies also provide guidance on field soil sampling. All samples must be prepared in a
deliberate fashion to ensure they are representative of a field. Sampling techniques include taking
multiple grabs at random locations across the field (at least one for every acre), blending the
grabs in a thorough fashion, and then partitioning the sample in a way that draws a mixed sample
for submission to the soil testing laboratory.

C.8 Soil and the Hydrologic Cycle

Earth’s water cycle, or hydrologic cycle, is the continuous circulation of water on our planet.
Radiation from the sun evaporates water from the oceans into the atmosphere. The water vapor
rises, then collects to form clouds, and falls back to earth as precipitation. Precipitation that falls
upon land areas is the source of essentially all fresh water. Some of this precipitation runs over
the surface of the earth to streams. Another part soaks into the soil. Much of the water that enters
the soil during the growing season is detained in the plant root zone and is taken to the surface by
plants or held in the soil pore spaces. During the late fall and winter, some rainfall soaks below
the plant root zone and continues moving downward until it enters the groundwater. Ground
water also sustains the flow of streams during periods of dry weather. Streams carry both the
surface runoff and natural groundwater back to the oceans. Figure C.3 is a schematic diagram of
the hydrologic cycle.
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Figure C.3 The Hydrologic Cycle

Source: (Edward E. Johnson

Inc. Ground Water and Wells. 1975)
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The Fate of Water in Soil

Water that infiltrates the soil may go in several directions. Some of this water is evaporated from
the soil surface. Another portion of the water is absorbed by plant roots and re-enters the
atmosphere through transpiration from plant leaves. The water that infiltrates the soil deeply
enough may be pulled downward by gravity until it reaches the zone of saturation. The water
table refers to the first zone below the soil surface where pore space in the geologic material is
filled with water. The thickness of this zone of saturation varies from a few feet to many
hundreds of feet, depending on the local geology, and is called an aquifer. In many areas, the
land surface is underlain by several aquifers stacked up like a sandwich and separated by dense
layers of impermeable materials. The depth to the ground water table should not be confused
with the depth of drinking water wells. Drinking water wells are normally placed in aquifers that
are isolated from the soil surface and much deeper than the first zone of saturation.

The rate at which water enters the soil surface is called infiltration. Infiltration is expressed in
“inches per hour” and is influenced by soil texture, soil structure, soil moisture, and slope of the
soil surface. Sandy soils on a level slope would have a high infiltration rate, whereas fine-
textured soils on a steep slope would have a low infiltration rate. Soils with low water
infiltration rate may pose constraints for liquid biosolids or septage application because of their
higher runoff potential. You may not exceed the soil's ability to absorb liquids and cause
ponding or surface runoff of materials.

Water holding capacity is a soil characteristic related to pore space. It is the quantity of water
held in small soil pore spaces (micropores) against the force of gravity and available for plant
use. This soil characteristic is expressed in terms of inches per unit of depth. The greater the
organic matter or clay content of soil, the greater its water holding capacity. One important
benefit of biosolids is that the organic matter it provides increases the soil's water holding
capacity.

Surface runoff refers to water flow over the soil surface as a result of the inability of water to
infiltrate. This can be caused either by precipitation falling at an intensity greater than the
infiltration rate, or by saturated soil conditions near the surface. Soils with the potential for rapid
and very rapid surface runoff may need increased conservation practices, or might instead be
avoided for biosolids applications.

Seasonal Water Table

The water table is not a stationary surface, but moves up and down in response to weather
conditions. The table rises in rainy seasons, and it drops during droughty periods. The
fluctuation of the water table occurs seasonally, as well as over longer periods of time. The
variation of the seasonal water table on potential sites is important because the presence of
seasonal water can limit biosolids applications. Some state regulations restrict biosolids
applications on soils where seasonal water tables are within a certain distance from the soil
surface. This information can often be found in the county soil survey. The term “high water
level” refers to the seasonal water table and is the highest level of a saturated zone in the soil in
most years. The estimates are based on the occurrence of grayish colors or redoximorphic
features in the soil. A field check may be warranted for any soil series listed in the Soil Survey
with a potential for high seasonal water table.
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