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CHAPTER |
INTRODUCTION

Prevention of ground water contamination is a major component of wise resource
management. One approach to help prevent ground water pollution is to recognize
where ground water is especially vulnerable, or sensitive, to pollution. Water resource
managers can use this information to develop and implement appropriate ground
water protection strategies.

This report presents the general approach and criteria for determining relative ground
water sensitivity throughout Minnesota. The Minnesota Ground Water Protection Act
of 1989 defines a sensitive ground water area as "a geographic area defined by natural
features where there is a significant risk of ground water degradation from activities
conducted at or near the land surface.” The Act, among other things, requires the
Minnesota Department of Natural Resources to develop sensitivity criteria and map
sensitive areas and indicate the "type of risk of ground water degradation that may
occur from activities at or near the surface.” To be able to consistently identify and
discriminate more sensitive areas from less sensitive areas requires a set of criteria for
decision-making. ‘

This report is the result of project funded by the Legislative Commission on
Minnesota’s Resources (LCMR) to develop criteria and a general approach for
assessing the geologic sensitivity of ground water in Minnesota. The criteria were
developed through the cooperative efforts of staff from: the Department of Natural
Resources, Department of Health, Hennepin Conservation District, Board of Water and
Soil Resources, Minnesota Geological Survey, Pollution Control Agency, the
Metropolitan Council, the Department of Agriculture, and the Minnesota Extension.
Service. Representatives of these agencies utilized previous work of their agencies as
well as personal experience in ground water research and management to develop the
criteria and approach. In addition, comments were solicited from a broad group of
interested persons.

The criteria, general approach and guidelines for application were developed to
encouraFe a consistent approach to assessing geologic sensitivity in Minnesota.
Potential users of this report include federal and state agencies, Tocal governments,
and research organizations in Minnesota colleges and universities.

These criteria for assessing geologic sensitivity allow the preparation of maps.
However, the prepared maps are interpretations of known or estimated subsurface
conditions. They are intended for use as screening tools and guides to indicate where
additional information or other special requirements might be desirable to support
land use or resource protection decisions.

The criteria for assessing sensitive ground water areas are based on the properties of
the geologic materials overlying the ground water. The sensitivity of the material is
indicated by the known or astimated "time of travel” for a water-borne contaminant to
travel vertically from its source at or near the land surface to the aquifer. The most
sensitive ground water areas would have the shortest estimated time of travel. These
areas have the least potential to retard the vertical movement of contaminants into an
aquifer. The time of travel varies with the =iziance and nature of the geologic




materials through which the contaminant must travel. The permeability, thickness,
mineralogy, and number and type of different geologic layers underlying the area also
affect the time of travel.

Users of the criteria and guidelines may find this approach satisfactory for many needs.
However, users should be aware of the limitations of the approach, which is intended
to be only a first step. The criteria describe geolo%ic sensitivity and are based solely on
the physical and geologic conditions in an area. The complex effects of human
activities, lateral movement of ground water, the physical and chemical properties of a
particular contaminant, or the chemical and biological characteristics of the soil and
underlying geologic materials are beyond the scope of this report. Other methods
which can be used to evaluate the effect of these factors on ground water sensitivity
are described in the report.

The Legislative Commission on Minnesota’s Resources (LCMR) funded related projects
to assist the development of criteria for delineating sensitive areas. This report is part
of a larger project that also included several aquifer and watershed studies. The
results of tEese studies of the Prairie du Chien - Jordan aquifer and in Dakota County,
Olmsted County, Winona County and the Twin Cities Metropolitan Area were used to
modify earlier drafts of this report.

It is recommended that the criteria and methods presented in this document be
further evaluated, and modified as needed, through future application to activities
related to ground water protection and management in the fields of planning,
regulation and education.




CHAPTER 1l
A GROUND WATER PRIMER

The geologic materials that make up the earth’s crust contain pore spaces, voids,
cracks, and other openings which are capable of storing and transmitting water.
Precipitation or surface water becomes ground water when it seeps or infiltrates
into the ground. As the water moves downward, some is retained in the
unsaturated zone or vadose zone (Figure I-1) where the pore spaces or fractures
contain both air and water. Some of the water in the unsaturated zone will be
taken up by plants and returned to the atmosphere, and some becomes attached
to soil and rock particles. Some of the infiltrating water eventually reaches the
saturated zone, where all voids and cracks are completely filled with water. The
surface separating the unsaturated or vadose zone from the saturated zone is
called the water table. Water stored in the saturated zone is called ground water.
A saturated geologic formation capable of yielding water to wells or springs is
called an aquifer. The static water level or head of an aquifer is the level to which
water will rise in an unpumped well constructed into that aquifer.

Two properties of geologic materials determine their ability to store and transmit

" water: porosity (the amount of space to store water) and permeability (a measure
of the relative ease with which water can move through the material due to the
connections between the spaces). Geologic materials with high porosity and
permeability typically yield large amounts of ground water.

WATER TABLE AQUIFERS

A water table aquifer is the uppermost aquifer in which a water table is present.
The water tahle exists everywﬁere in a variety of geologic materials. Some of these
such as sand, gravel, limestone, and sandstone readily store and yield water to
wells. Other geologic materials such as clay, shale or dense bedrock do not readily
yvield or transmit ground water. However, it high yielding aquifers are not present,
even low-yielding materials such as clay-rich glacial till can be used as a water
source. There is no clear definition of the minimal yield required to designate a
geologic formation an aquifer. In some areas of Minnesota, wells are supplied by
water table aquifers that yield less than one gallon per minute to continuous

pumping.

In a broad sense, the water table roughly parallels the land surface. The water
table in Minnesota is usually within fifty feet of the land surface, and is exposed in
lakes, perennial streams, and some wetlands (Figure 1I-2). Elsewhere, it is covered
by the vadose zone. When water infiltrating from the surface reaches the water
table, it begins moving toward points of ground water discharge, particularly
streams, springs, lakes, and wells.

Perched water is a term used to describe ground water that is not part of the
water table aquifer. Perched water occurs in isolated lenses above a continuous
water table. Perched conditions result when surface water or infiltrating water
encounters geologic materials of low permeability such as clay or shale. These
materials prevent or retard the vertical movement of water to the water table and
create water saturated conditions above thera. Thus, the water is contained or

perched above the actual water table. Sometimes it is very difficult to distinguish
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between perched conditions and water table conditions. Usually more subsurface
information, such as from borings, is required.

A more general term for water table conditions is unconfined . A partially
saturated geologic formation is called unconfined. The unconfined aquifer nearest
the surface is the water table aquifer. Although not common, uncontfined
conditions are sometimes observed below the water table aquifer where it is
underlain by a low permeability material.

DEEPER AQUIFERS

A confining layer is a geologic unit of relatively low permeability. An aquifer which
is completely saturated and’is overlain by a confining layer is called a confined or
artesian aquifer (Figures lI-1 and II-2). The static water level in a well casing
properly sealed through a confining layer into a confined aquifer will be above the
top of the aquifer, sometimes by quite a distance. The potentiometric surface or
head for the confined aquifer is the surface representative of the static water level
in a well cased into the aquifer.

For evaluating geologic sensitivity, a deeper aquifer is defined as one that is
separated from the water table by a confining layer. A well completed in a deeper
aquifer usually does not have the same static water level as an adjacent well
completed in the water table. If a deeper water bearing formation exhibits a static
water level elevation substantially different than that of the water table, the two
ground water systems (aquifers) are probably hydrologically separated.

In some areas, such as southeastern Minnesota, deeper aquifers may exhibit
unconfined conditions even though a confining layer separates them from the
water table aquifer. In Figure 1I-3, the deeper aquifer is not completely saturated
where the aquifer system is affected by discharge into a river valley. Under these
conditions, the deeper aquifer becomes unconftned even though it is not
connected to the water table aquifer.
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CHAPTER Wi
BACKGROUND AND APPROACH

This chapter presents the %eneral criteria for determining geologic sensitivity in
Minnesota. This chapter also introduces the method by which the general criteria can
be applied. Later chapters present guidelines for applying the method.

Evaluating the sensitivity of an aquifer to contamination sometimes requires
considerable effort. Many local governments may not have the resources to conduct
the extensive and detailed studies required to assess an aquifer’s sensitivity in all
situations. The criteria and method presented in this chapter provide a way to assess
the sensitivity of ground water to contamination in their jurisdiction when detailed
studies are not available. For manr focal needs, discussed in more detail in the next
chapter, using this method to apply the general criteria may be adequate.

DEFINING GEOLOGIC SENSITIVITY

The term "sensitivity" is commonly used to describe the general potential for an
aquifer to be contaminated. One aquifer is said to be more sensitive than another
aquifer if it has a higher potential to be contaminated. However, this definition of
sensitivity is unsatisfactory because "potential” is vague and difficult, if not impossible,
to measure.

Part of the difficulty is that the likelihood of contaminant release is pooriy known,
usually reflecting site-specific factors such as actual use, storage and handling and
equipment maintenance. In addition, the physical and chemical characteristics of a
contaminant, local and regional %‘round water flow patterns, geologic materials, land
use patterns, seasonal changes, how and where the release occurs, and other factors
complicate estimating the "potential” for contamination.

Instead of trKing to use an unmeasurable term such as "potential” to define relative
sensitivity, this report uses the concept of "time of travel", the time required for a
contaminant to move vertically from the land surface to an aquifer. This interpretation
is preferred as being specific and measurable.

The factors mentioned above can make it very difficult to determine the travel time for
a contaminant to reach an aquifer. Therefore certain simplifying assumptions have
been adopted. In particular, any factors that may change over time, such as land use
and seasonal effects, are not considered. Since contaminants are so variable in their
behavior, contaminants are assumed to be inert and conservative and to behave the
same as water. Contaminants are assumed to be released at or near the land surface
and not, for instance, from a buried tank. Ground water flow paths are assumed to be
verticallﬁ downward in all cases; any lateral movement of contaminants and the rate at
which they enter ground water is not considered. In addition, the method does not
evaluate the effects of human related activities such as ground water withdrawals or
improperly constructed, maintained or sealed wells on the movement of contaminants
to or within an aquifer.

The only factor affecting sensitivity that is fundamental to contaminant movement,
relatively well understood and stable over time is the geology of an area. The

propetties of various geologic materials are sufficiently known that reasonable




estimates of contaminant time of travel from a source to an aquifer are Fossiblg.
Since the time of travel estimate uses only geologic information, the evaluation is of
geologic sensitivity, not some broader interpretation.

GEOLOGIC SENSITIVITY CRITERIA

In this report, geologic sensitivity is proportional to the time required for a contaminant
to move vertically from the ground surface to an aquifer. Shorter travel times mean
the geologic sensitivity is greater while longer travel times indicate a lower geologic
sensitivity.

The general criteria for geologic sensitivity are listed in Table Hll-1. Figure Ill-1 shows
Table 111-1 as a graph. 1ghe five overlapping ranges of travel times have been assigned
relative sensitivity ratings from Very High to Very Low. The travel time ranges overlap
because of the uncertainty of travel time estimates, which can have great local
variation. This definition of geologic sensitivity is based on the cumulative experience
of the authors. Additional investigations such as age-dating analysis or porosity and
permeability studies, as discusseg in Chapter IX, can be used to confirm the ratings.

TABLE 1lI-1. Geologic sensitivity ratings based on time of travel.

Geologic

Sensitivity Estimated Travel Time

Rating

Very high Water moving vertically will reach the aquifer within
hours to months;

High Water moving vertically will reach the aquifer within
weeks to years;

Moderate Water moving vertically will reach the aquifer in years to
decades;

Low Water maoving vertically will reach the aquifer within
several decades to a century;

Very low More than a century will be required before water

moving vertically will reach the aquifer. This rating
should only be used in Level 3 assessments (deeper
aquifers) unless age-dating or other studies confirm
such conditions in water table aquifers. Special studies
are discussed in Chapter IX.
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How soon a contaminant may reach an aquifer following a release is an extremely
important public health issue. In some areas of Minnesota, aquifers may become
contaminated almost immediately after a contaminant release. For example, sinkholes
in southeast Minnesota allow contaminants to move quickly from the surface to the
ground water system. In such areas there is very little time to respond and prevent
aquifer contamination. In contrast, contaminants will infiltrate slowly in areas where
the subsurface materials contain a lot of clay. In the first case, contaminants can move
quickly and have short travel times. In the second case, contaminants move slowly
and have long travel times. Based on travel times the sinkhole area is more sensitive
than the clay area. Once a contaminant reaches an aguifer it may enter a water
supply system, perhaps eventually enter another aquifer, or discharge to the surface
water system. The experience of contamination cleanup programs shows it is more
cost-effective to remove contaminants before they have a chance to enter the ground
water system.

As shown in Table IlI-1, there is no simple measure of geologic sensitivity. Rather,
there are ranges of time of travel that have been given relative sensitivity ratings.
Preparation of maps showing sensitive versus non-sensitive areas is not
recommended. Such maps give the unfortunate and incorrect idea that any activity
may be pursued in the so-called "non-sensitive" area. No part of Minnesota is
perfectly isolated from contamination, although some areas may be relatively more
protected than others. Another reason to avoid preparing simple maps is the common
situation where there is more than one aquifer in an area. Each aquifer needs a
separate map which can be used in a coordinated aquifer protection program, perhaps
requiring different protection strategies for each aquifer.

This report does not replace other criteria and methods for assessing ground water
sensitivity. There are many other approaches that use different criteria and rating
schemes that may be more appropriate for particular geologic and land use settings.
Appendix D provides a brief description of many of the methods available to address
specific types of contaminants and situations as well as other methods for evaluating
ground water sensitivity.

ESTIMATING TRAVEL TIMES THROUGH VARIOUS GEOLOGIC MATERIALS

Geologic materials are defined primarily by their mineralogical and textural
compositions. Textural properties, interpreted as the permeability of a material, are
used by this method to estimate vertical times of travel. As discussed in Chapter I,
the permeability of a material is a function of pore geometry and how well the pores
are connected. Pores can be primary, such as the spaces between sand grains, and
secondary, such as fractures, joints or karst features. Dense bedrock composed of
interlocking crystals or cemented grains such as igneous, metamorphic and cemented
sedimentary rock are evaluated in this method relative to their secondary porosities.
Mineralogical composition is not used although it is a principal factor in determining
the degree to which specific contaminants may react to change permeability. An
example would be limestone and other carbonate rock areas that gradually dissolve in
response to acidic ground water.

Geologic materials with the least vertical permeability are assumed to have the
Freatest ability to retard the vertical movement of contaminants, resulting in the
ongest travel times. Conversely, the g[eologic materials with the highest vertical
permeability are assumed to have the least ability to retard the vertical movement of
contaminants, resulting in shorter travel times. Ground water resources are at greater

risk in those geologic settings which have greater vertical parmeability and thus less
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ability to retard the movement of possible contaminants. Greater risk may be
interpreted as less time to respond to a contamination problem.

METHOD FOR ASSESSING GEOLOGIC SENSITIVITY

The general criteria, presented above, can be applied using three different leveis of
sensitivity assessment. For convenience these options have been designated Level 1,
Level 2 and Level 3. Level 1 and Level 2 are related in that both assess the geologic
sensitivitr of the surficial aquifer. However Level 1 is a preliminary estimate that uses
only available information whereas Level 2 requires much more detailed information.
The additional information collected for a Level 2 assessment allows a more reliable
evaluation of an area’s %eologic sensitivity. The third option, or Level 3 assessment,
provides a separate evaluation of each confined aquifer identified below a confining
unit. Figure HI-2 shows the relationship between the three assessment levels.

Completing one or more assessment options or Levels may be needed to provide
information for certain tasks, such as planning or regulation. Each assessment level is
discussed in more detail later in this chapter. The choice of a particular assessment
level for a particular task is discussed in Chapter IV.

The general information needed to complete a geologic sensitivity assessment at each
of the three Levels is shown in Table [li-2. The procedures and specific information
requirements for each assessment are described in detail in later chapters.

TABLE 11I-2. Information required to complete ‘geologic
sensitivity assessments at each of the three levels.

Information needed to evaluate Assessment Level
geological sensitivity 1 2 3
Soil texture/parent materials X

Depth to water X X

Vadose zone material X

Deeper aquifers/confining units X

The following brief discussion presents a general description of each level and
describes the limitations and benefits of each in making decisions affecting land and
water use.

Level 1 - Estimates the vertical permeability of the vadose zone based on the geologic
material present at the ground surface. It has the following benefits and limitations:

12







Benefits-

a) The procedure does not require much training or equipment and uses
available information.

b) Depending on the information and maps available, the sensitivity mapping is
at a scale that can be applied to relatively small areas.

¢) Provides a general, first approximation of the water table sensitivity.

d) It has great potential for use in public education and as a classroom activity
for general science education.

Limitations-

a) Preparing maps may be time consuming and some maps cannot be pieced
together easily to show an entire county.

b} The sensitivity assessment estimates the conditions in the vadose zone from
surficial information; this level does not consider deeper aquifers.

c) It is only a first step in documenting geologically sensitive areas.
Level 2 - Instead of relying only on existing surficial information, subsurface geologic
information is used to define the thickness of the vadose zone and the composition of
the geologic materials in the unsaturated zone. It has the following benefits and
limitations:

Benefits-

a) The procedure will evaluate most of the ground water resources that are
directly affected by land and water use. -

b) It incorporates adequate information for DNR to delineate geologically
sensitive areas as mandated hy the Minnesota Ground Water Protection Act of
1989.

c) The procedures for conducting a Level 2 assessment can be applied to a
relatively small area if sufficient data are available.

Limitations-

a) This level requires an understanding of local hydrogeologic conditions that
must yet be developed for many areas of the state.

b) This level does not consider deeper aquifers. Therefore, it cannot assess the
sensitivity of an aquifer where its hydrogeologic setting changes from a water
table aquifer to a confined aquifer.

¢) This level cannot be performed effectively without a detailed quaternary
geologic map or extensive training in geology and ground water hydrology.

d) This level is time consuming and may be expensive to conduct.
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Level 3 - Evaluates the geologic sensitivity of aquifers occurring below, and separate
from, the water table aquifer. Deeper aquifers are evaluated by identifying the
presence of confining layers. This level has the following benefits and limitations:

Benefits-

a) This procedure, when used with a Level 2 assessment, provides a complete
initial assessment of the geologic sensitivity of the entire ground water system.

b) Some deeper aquifers may change from confined to unconfined conditions
within an assessment area. In such cases, the unconfined portion of the
deeper aquifer is assessed using the Level 2 procedure.

Limitations-

a) This level requires collection of additional subsurface geologic data in many
areas of the state.

b) This level cannot be performed effectively without extensive training in
geology and ground water hydrology.

c) This level is time consuming and expensive to conduct.
LIMITATIONS OF METHOD

The criteria and three-level method for mapping geologic sensitivity provides a flexible
procedure suitable for general use. The resulting maps will help state or local
governments to manage their land, water and other resources.

These guidelines for developing sensitivity assessments are necessarily general to
make them widely useful. However, a number of issues were not addressed: 1} the
‘physical and chemical properties of contaminants and their interactions with earth
materials; 2) whether contaminants are persistent or whether they transform to other
substances under particular conditions dpuring a particular time; 3) whether
contaminants are introduced at or near the surface such as pesticides, or originate
below the surface, such as leaking underground storage tanks; 4) the moisture
content of the vadose zone; and 5) the differences in behavior of saturated and
unsaturated flow.

The general approach to these uncertainties has been to consider the "worst-
reasonable" case. For example, some contaminants transform to harmless
substances, others do not. The method assumes that contaminants do not undergo
transformation. The reasoning is that although some contaminants may transform to
harmless substances, others may not.

Level 1 and Level 2 assessments estimate time of travel in the vadose zone. However,
unsaturated flow is very complex and difficult to predict. In many cases, unsaturated
flow is slower than saturated flow, so estimates of time of travel based on saturated
flow will be conservative for unsaturated flow - that is, contaminants in the
unsaturated zone are expected to move more slowly than predicted, but not faster.
However, this behavior is not always observed; under certain conditions unsaturated
flow will be faster than saturated flow.
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SPECIAL CASES - SURFACE APPLICATIONS

- Agricultural chemicals form a special case that may require modified treatment. They
share several general characteristics: they are deliberately applied at the land surface,
they may transform to other substances, and they are assumed to be applied at rates
that will be entirely consumed, transformed or degraded within the soil zone. The
time required for degradation depends on the particular chemical and on several other
factors. Transformation takes place in the soil, in contact with air, water, and soil
microbia. However, transformation takes place more slowly or not at all if agricultural
chemicals are leached below the root zone.

Agricultural nutrients, comprised of fertilizers, manures and other organic matter, are
intended to be taken up by plants. They will be taken up by the root system rather
than leaching through the soil, unless they are applied in excess of plant needs,
and/or the absorption capacity of the soil, or at times when plants are not present.

Land treatment of sludges is another activity that may need an alternate method to
evaluate sensitivity. Sludges from sewage treatment processes and municipal water
treatment are commonly applied at the land surface. The thicaI concern for land
treatr;”nent is the impact of non-degradable constituents in the sludge such as heavy
metals.

Other methods for assessing sensitivity are presented in Appendix D. An alternate
method may be more suitable for assessing sensitivity in the case of surface
applications of agricultural chemicals or sludges.

LAND-USE DECISIONS

Many land-use decision makers will want these guidelines to provide simple yes-no
answers. Geologic sensitivity is a complex subject, and the methods outlined in this
document have many simplifying assumptions. The guidelines have not considered all
of the variables that govern sensitivity, and therefore, cannot and should not be
expected to provide final land-use answers. Many land-use decisions are site-specific.
The guidelines are general; they will onlg provide site-specific evaluations in areas
where a large amount of site-specific information is available.

Geologic sensitivity is one of several criteria that can be used to make land-use
decisions. The relative value of proposed facilities, compatibility with existing fand
uses, and various mitigation measures should also be taken into account. Even if
ground water protection were the main criterion for such decisions, a trade-off still
may have to be made between potential ground water and surface water effects. In a
common situation in Minnesota, ground water near the surface, but underlain by low
permeability material may have greater effect on surface waters. In these areas
precipitation will tend to run off to surface water more readily than infiltrate into the
subsurface. The complex interrelationships of surface and ground water, while not
addressed in this guideline, must be considered in wise land-use management.

OTHER METHODS
These guidelines represent a qualitative approach to the assessment of geologic

sensitivity of ground water resources. They are designed to use data that are already
available, or can be obtained reasonably, in most parts of the state.
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However, they are not rigorously quantitative. The general criteria are based on time-
of-travel estimates that are very broad and overlapping. This method is not intended
to substitute for site-specific studies that establish more accurately the effects of
factors that affect ground water sensitivity.

For example, permeability tests performed on samples recovered from boreholes may
be used directly. In addition, a mathematical model of ground water flow can be
developed independently of any assessment level. Time of travel estimates from a
mathematical model can be compared with the general criteria in Table Ill-1, and a
map can be prepared, if desired.

In general, a study which takes more local physical, cultural and other factors into
account takes precedence over a study which considered fewer factors. And a study
which uses more exact and detailed information, including field measurements,
supersedes a study which uses less or only estimates of local conditions.

All needs will not be satisfied by the general criteria and/or the application method as
presented. Since some assessment needs are site-specific or require assessment
results this approach does not produce, such as the potential for ground water
contamination from a specific contaminant, an afternate method should be used to
address these needs. Examples of such needs would be landfill or hazardous waste
site evaluations, disposal basin leaching and mathematical modeling. Additional
information on other sensitivity assessment methods is provided in Appendix D.

GENERAL PRECAUTIONS

The quality of an assessment and the levels which can be completed are directly
related to the technical capabilities of the user and the amount and quality of available
hydrogeologic information. The degree of reliability achieved by anyone using this
methodology depends on their level of training and on the amount of information
available to determine hydrogeologic conditions. Levels 2 and 3 require experience in
interpreting subsurface geologic and ground water information to produce satisfactory
results. 1t is recommended that someone knowledgeable in geology and hydrology
participate in conducting Level 2 and Level 3 assessments.
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CHAPTER IV
APPLICATION OF CRITERIA

The introduction to this report discussed in general terms some of the reasons for
assessing of geolo ic sensitivity throughout Minnesota. In this chapter the various
[igurposes and applications for sensitivity assessment will be reviewed in more detail.

his chapter also includes a discussion on matching needs with the appropriate level
of assessment.

Before undertaking an assessment, the local government, state agency or other
organization shouFd carefully evaluate the ﬁurpose of the assessment and select the
appropriate level. In addition, there are other models and methods for assessing
geological or ground water sensitivity and one or more of these may be more
appropriate to needs of the organization. Appendix D contains a list and discussion of
other assessment methods.

REASONS FOR SENSITIVITY ASSESSMEN'-'S

The most important reason for assessing geological sensitivity is to encourage and
promote public and private land use decisions which will provide better long term
protection of Minnesota’s ground water resources. "Land use" includes those activities
and uses that occur at or near the surface. The information provided by a sensitivity
assessment will assist state and local governments, industries, businesses, and
citizens in deciding which land uses or near-surface activities are appropriate in
sensitive areas, or which should be redesigned or modified to protect ground water
resources. A sensitivity assessment may also indicate that specific uses should be
restricted or excluded in certain areas. A sensitivity assessment will also encourage
public and private decision-makers to seek more specific information regarding the
potential impacts on ground water of any proposed development or activity as part of
the land use decision-making process.

There are a wide range of statewide and local activities that affect land use and ground
water quality. Some of these activities affect whole communities while others affect
specific sites. These activities can be grouped into four broad purposes: planning,
regulation/management, program implementation, and education. Table V-1 shows
these categories and examples of specific activities. This discussion is not intended to
be exhaustive but to suggest some of the major uses for a geologic assessment as
proposed in this guideline. There may be other important activities involving local
governments, state agencies, research institutions and other organizations concerned
with ground water protection which would benefit from a sensitivity assessment. All
potential uses should be considered when undertaking a geologic or ground water
sensitivity assessment program.

Planning - A wide range of local and statewide planning activities affect land use in
geologically sensitive areas. Under recent state legislation, county governments are
now responsible for water resource planning in Greater Minnesota {Minn. Stat.
103B.301) and ground water planning in the Twin Cities Metropolitan Area (Minn. Stat.
103B.255). These activities include major land use plan components. In addition,
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Table IV-1. Applications and suggested sensitivity assessment levels

Suggested

ACTIVITY Assessment Level
: 3

1 2

PLANNING

a. Local government growth management/ M P
comprehensive planning: for example
the timing, location and density of
development and land use, and the timing
and level of public services.

b. Neighborhood and specific development M P
planning and review: for example the type
and density of commercial, restdential and
industrial uses; proposed types, locations
and standards for public services.

C. General systems planning for highways, M/P* P
sewers, storm water management and similar
public facilities.

d. Designation of search areas for hazardous M P
waste facilities, landfills, and similar
facilities.

e. Facilities site identification and preliminary M* M
evaluation: for example sanitary landfills,
hazardous waste facilities and wastewater
treatment plants.

f. County-wide water resource/ground water M P
planning: for example goals, objectives,
and standards for the protection of
ground water and sensitive areas.

g. Local (city and township) water M P
management planning including the
identification of regulated areas
and guidance for the application of
water quality protection methods and
official controls.

' + *-UZ

Minimum Assessment Level

Preferred Assessment Level

Depending on specific planning needs and contaminants involved.
Suggest completion of Level 3 assessment for this activity.
Completion of Level 3 assessment may not be needed.

o un

i

19




Table IV-1. Applications and suggested sensitivity assessment levels (Cont’d)

Suggested
ACTIVITY Assessment Level
1 2 : 3

REGULATION/MANAGEMENT

a. Zoning and subdivision regulations: for M P : -
example standards and specifications for :
industrial, commercial and other land use
districts and new subdivisions.

b. tocal conditional or special use permits M P : -
reviews and approvals. :

C. Building, health and sanitary codes: for M : +
exampﬁa requirements for septic systems, :
storage tanks, and handling/use of
hazardous substances.

d. Management and design standards: for M P
example highway stormwater storage ponds.

e. Best management practices: for example M P* : -
management requirements for surface :
runoff and road salt application.

PROGRAM IMPLEMENTATION

Guidance for programs related to ground water M M/P* +
rotection, including but not limited to, the :
ollowing:

- power plant siting and pipeline routing

- Environmental Assessment Worksheet (EAW)/
Environmental Impact Statement (EIS) reviews

- National Pollutant Disposal Elimination System
(NPDES)/State Disposal System {SDS) permits

- municipal sludge crijsposal

- clean-up of accidental spills

- Superfund sites

[} + *-Ug

nwnn

Minimum Assessment Level

Preferred Assessment Level

Depending on specific program needs and contaminants involved.
Suggest completion of Level 3 assessment for this activity.

Completion of Level 3 assessment may not be needed.
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Table IV-1. Applications and suggested sensitivity assessment levels (Cont’d)

Suggested
ACTIVITY Assessment Level
1 2 : 3

PROGRAM IMPLEMENTATION (Cont’d)

- hazardous and solid waste facilities M M/P* +
- sealing of abandoned wells on state-owned :
and other lands
- Clean Water Partnership grant program
- state water resources protection and
management grant program
- well-head protection
- Reinvest in Minnesota (RIM) (sensitive areas)
- permitting gas and liquid storage
- ambient ground water monitoring

EDUCATION

Education of public and officials regarding risks M P : +
of ground water contamination and need for :
protection.

Minimum Assessment Level

Preferred Assessment Level

Depending on specific program needs and contaminants involved.
Suggest completion of Level 3 assessment for this activity.
Completion of Level 3 assessment may not be needed.

[ I T I
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cities and townships in the Twin Cities Metropolitan Area must prepare local water
management plans {consistent with watershed plans) which are to address land use
and water quality protection (Minn. Stat. 103B.235).

Other planning activities among iocalc%overnments include growth management,
comprehensive plan development and neighborhood and site planning/review
(planned unit development). These activities affect the type (residential, commercial
or industrial) and density of land uses in sensitive areas. Local governments are also
involved in public facility planning and siting, such as the extension of sanitary sewers
and landfill siting.

At the state and regional level, assessment information developed according to this
guideline will guide systems planning efforts for facilities such as highways and
airports. The information can also be used to screen potential search areas for new -
waste disposal facilities and identify specific site areas for more detailed investigations.

Private business and industries can also use the information to assist locating new
facilities and making other land use and development decisions.

Sound planning requires appropriate and reliable information describinF the potential
impacts of planning options and decisions on existing conditions. Geologic sensitivity
information will broaden the environmental information base for local and state-wide
planning. This will help assure that impacts on and protection of ground water
resources are considered in the planning process.

Regulation/Management - Many regulatory and management activities at the local
angstate level that affect land use (and thus potentially affect shallow and/or deep
ground water) could benefit from the information provided in a sensitivity assessment.
Local governments have the most significant impact on land use in sensitive areas.
Local governments are involved in community-wide zoning, subdivision regulation and
environmental controls, the review and approval of conditional or special use permits
and the development of building, health, and sanitary codes. Each of these activities
has the potential to affect ground water quality. For example, zoning determines the
type and density of land use in sensitive areas. Geologic sensitivity information will be
a valuable asset when evaluating proposed rezonings and amendments to land use
controls and sanitary codes to protect ground water resources. Also, geologic
sensitivity information can indicate where additional management, engineering or
other controls may be needed to protect water resources.

Geologic sensitivity information can support statewide regulatory and management
functions by assisting the development of statewide health and sanitary codes,
providing information for various statewide facility design and management standards
and guidance for state-wide best management practices.

Program Implementation - There are a number of ongoing programs primarily
statewide in focus, that could benefit from the information developed through
sensitivity assessments. These programs directly or indirectly affect ground water
protection. The assessment criteria will assist in focusing program goals, priorities,
guidelines and activities to achieve protection of sensitive areas. Local communities
may also have similar activities and need additional information, for example, the
administration of septic system controls. Among the related programs are facility
siting, Environmental Assessment Worksheet and Environmental Impact Statement
preparation and review, various permitting programs, cleanup of spilis and other

contamination, well-head protection and otﬁer well-related programs, protection of
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sensitive areas through the Reinvest in Minnesota program and development of
management plans for certain industrial facilities and chemicals.

Education - This is both a statewide and local concern. There is a statewide need for
better information to improve public understanding of the link between land use
activities and ground water quality and protection. On the local level the results of a
geologic sensitivity assessment at any level may encourage individual and general
public support for stronger local action to protect ground water.

MATCHING NEEDS TO APPROPRIATE ASSESSMENT LEVELS

One of the desiFn criteria used by the project work group in the development of the
proposed guidelines presented in this report was to provide as flexible a system as
possible. That is the reason for the three assessment levels. Three levels allow a
reasonable amount of flexibility to fit a particular situation. However, this also makes
the application of the proposed guidelines somewhat more difficult because a choice
is Eossible as to which level to complete for a particular need. To assist the user,
Table IV-1 shows suggested sensitivity assessment levels for various needs or
activities. The table suggests when Level 1 and Level 2 assessments would be
suitable for the surﬁciaFaquifer. The table also indicates when a deeper aquifer, or
Level 3 assessment, is suggested. In some instances, because of the type of land use
or contaminants involved, both surficial and deeper aquifer assessments are suggested
to adequately assess the impact on ground water resources.

Level 1 - Preliminary. This is a minimum level of effort suggested for all four activity
categories. At a minimum, a Level 1 assessment is suggested for planning at all levels
of government, including local comprehensive plan development, public facilities
systems planning, county-wide water resources planning and local water management
Elan development. For several regulatory and management activities, a minimum of a

evel 1 assessment is also suggested, such as support for zoning and subdivision
regulations. A Level 1 assessment provides the minimum information necessary for
identifying search areas for locating sanitary landfills, hazardous waste facilities and
similar facilities. A Level 1 assessment provides the minimum level of information
necessary to support education activities directed towards the public and public
officials on the potential for ground water contamination.

Level 2 - Vadose Zone. Level 2 is indicated in Table IV-1 as a suggested minimum
assessment level for the important task of facility site identification and preliminary
evaluation for any site whicﬁ may handle or potentially produce toxic or other
contaminants. A Level 2 assessment is suggested as the preferred assessment level
for several planning activities, including neighborhood planning where specific uses are
known, identifying search areas for construction of public waste handling facilities and
local water management planning. This level is also the preferred assessment level for
most of the regulation and management activities listed in Table IV-1. These activities
include permitting of conditional or special uses and developing requirements and
standards for regulations. Level 2 is the suggested preferred assessment level for all
the ground water related programs shown in Table V-1 although there may be cases
where Level 2 should be considered the minimum assessment level. The program
manager will need to compare program information needs to the information required
and produced by each assessment level and choose the appropriate level. The public
and public officials will benefit as more information becomes available and the

assessment is refined. Compared to a Level 1 assessment, a Level 2 assessment
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Brovides a higher level of confidence that the sensitivity of the surficial aquifer has
een adequately evaluated for screening purposes.

Level 3 - Deeper Aquifers. As shown in Table IV-1, a Level 3 assessment is indicated
for relatively few activities. However, these activities may be critical to long term
protection of ground water quality. Since Level 3 assesses deeper aquifers, this level
of assessment is suggested when identifying areas for facilities which may handle or
roduce toxic or other contaminants such as a sanitary or hazardous waste landfill. A
evel 3 assessment can assist in designating potential sites for further investigation.
However, the siting of hazardous and solid waste disposal facilities requires additional
and more detailed evaluation of the ground water resources and potential impacts
than the information provided by a Level 2 and/or Level 3 assessment. The additional
information provided by a Level 3 assessment may greatly assist the implementation of
related ground water programs and is therefore suggested for these activities.
Protection of deeper aquifers may be of great concern to the public and public officials;
the deeper aquifers assessment provided by a Level 3 analysis can be of great benefit
by identifying those deeper aquiters most at risk and in need of protective measures.
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Note: Level 1 assessment ratings are available for all
counties in Minnesota. Ratings may be downloaded
from the DNR Waters web site at
www.dnr.state.mn.us/waters/. For more information,
CHAPTER V contact DNR Waters at 651-296-4800.

LEVEL 1 ASSESSMENT - PRELIMINARY

INTRODUCTION

Many local and state activities can benefit from an assessment of geologic sensitivity.
However, some planning is necessary before beginning the assessmen( process. A
financial status review may indicate insufficient resources for an immediate and
complete assessment for a particular area. A preliminary assessment of geologic
sensitivity can provide enough information to guide decisions and planning for many
activities, including the completion of a more complete sensitivity assessment.

A Level 1 assessment rates geolo§ic sensitivity according to the geologic materials
present at or near the ground surface. No new data are collected and no new geologic
interpretations are necessary for a Level 1 assessment. A Level 1 assessment uses
existing maps and assumes that the geologic materials at or near the ground surface,
as portrayed on those maps, are representative of the entire vadose zone. In many
places, this assumption is not true, but near-surface information may be all that is
readily available. Figure V-1 shows that only surface or near surface conditions are
directly considered by a Level 1 assessment.

A level 1 assessment is a first approximation of the geologic sensitivity of an area. It
can quickly and inexpensively provide an overview of geologic sensitivity and may be
adequate for certain purposes, including regulation, as described in Chapter IV. Local

Level 1 Assessment - Preliminary

General Assumptions - Based on the estimated time a water-borne contaminant
requires to move from the surface to the water table. Ratings reflect general
knowledge of the permeabilities of broad groups of geologic materials and depth to
the water table. E?(isting information, which may include geologic maps and
geologic information in soil surveys, is used to estimate the geologic sensitivity of an
area. Assessment ratings assume that geologic materials identified at or near the
land surface represent the entire vadose zone. Assessment ratings also assume
that the vadose zone is less than six feet thick unless additional information is
available. The seasonal high water table as identified in a soil survey is used as an
estimate of the depth to the true water table.

Benefits - No new data or geologic interpretations are required. Only minimal
training needed. May be completed relatively quickly. Expensive equipment not
required. May be adequate for some purposes. Can be used to help identify if and
where more detailed sensitivity studies are needed.

Limitations - For screening and first approximation estimate only. Does not
consider lateral ground water movement. Is not site specific. Does not assess
variations in materials deeper in the vadose zone.
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governments can prepare Level 1 sensitivity assessments with minimal training of their
current staff. Much of the information required for a Level 1 assessment can be used
for Level 2 and Level 3 assessments.

The intended use of any sensitivity assessment must be compatible with the data on
which it is based. Contact either the Minnesota Department of Natural Resources,
Division of Waters, or the Minnesota Geological Survey before beginning a preliminary
assessment. Discussing the intended purpose of the assessment with these agencies
will help identify useful data and resources. The U.S. Department of Agriculture, Soil
Conservation Service, and University of Minnesota Extension can provide additional
information about soils. If the sensitivity map will be used for a particular regulatory
purpose, contact the appropriate state and federal agencies to assure that the

sensitivity map will be compatible with the requirements of the regulatory program.

GENERAL RATINGS

Geologic sensitivity, as defined in Chapter llI, is based on the estimated time that a
water-borne contaminant requires to move from the ground surface to the water
table. Travel time is related to the permeability of the materials in the vadose zone
and the depth to the water table. Permeability is based on the types of geologic
materials present at the ground surface and assumed to represent the entire vadose
zon?.bIDepth to the water table is considered only where consistent information is
available.

The ratings given in Table V-1 should be used to interpret the sensitivity of geologic
materials portrayed by suitable large-scale maps. The two most common types of
maps that can be used for a Level 1 assessment are large-scale geologic maps and soil
surveys. The depth to water criterion in the rating has a threshold of six feet because

those data are available in soil surveys for many counties in Minnesota. The depth to

water reflected in soil surveys indicates the minimum depth to saturated material
during some portion of the year. In many cases this saturated zone does not reflect

~ the water table.

Depth to the water table cannot be determined from large-scale geologic maps.
Assume that the water table is within six feet of the ground surface at every point
when using such maps as the primary source of geologic information. A Level 1
assessment may combine sources of information, using geologic maps to determine
the geologic materials at the surface and using soil surveys to determine the depth to
the water table. The oldest soil surveys do not contain depth to water information.
Newer surveys contain depth to water information that may be outdated. Users of soil
surveys should consult the U.S. Department of Agriculture, Soil Conservation Service,
in St. Paul for the current interpretations of the various soils in the area of interest.

USING LARGE-SCALE GEOLOGIC MAPS

Large-scale geologic maps prepared for other purposes may be used for assessing
geologic sensitivity. Reports prepared for aggregate investigations, mining activities,
remedial investigations, graduate theses by geology students and other special reports
may be useful. Consult the Minnesota Geological Survey, Minnesota Department of
Natural Resources, Minnesota Department of Transportation, and local colleges and
universities to identify suitable geologic maps.
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TABLE V-1. General geologic sensitivity ratings for Level 1 assessments.

Geologic Material

Sensitivity Rating

Unconsolidated Deposits

Depth to Water Table

<6 feet >6 feet
Outwash, glacial lake sand & gravel Very High  Very High
Terrace sand & gravel deposits Very High  Very High
Organic material, peat High Moderate
Loess, glacial lake and terrace silt & fine sand High High
Sandy loam till, loamy sand till High Moderate
Altuvium, colluvium High Moderate
Loamy till, clay loam till, clay till Moderate  Low
Glacial lake clay & silty clay ~ Moderate  Low
Bedrock or Bedrock Residuum
Limestone, dolomite Very High  Very High
Sandstone Very High  High
Igneous & metamorphic rocks High _High
Siltstone Moderate  Moderate
Shale Low Low

*Note: Although Toess has a relatively high water-holding capacity and does not
readily transmit water, loess overlies karstic bedrock throughout a significant portion of

southeast Minnesota.
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Correlate the map units of a large-scale geologic map to the geologic-materials
categories in Table V-1. In many cases the match will not be exact and geologic
judgement will be required to properly correlate map units with the ratings table.
Unless depth to the water table is known, assume that the depth is less than six feet
throughout the area. The Minnesota Geological Survey should be consulted to
determine the suitability of a particular geologic map and the ratings of the map units.
Many geologic maps portray geologic formations that are buried by other materials.
The only suitable geologic maps for an assessment of geologic sensitivity are surficial
geologic maps, those maps that portray the geologic materials at the ground surface.

County geologic atlases prepared br} the Minnesota Geological Survey include a plate
that portrays geologic sensitivity. These plates were prepared at a scale of 1:100,000
or one inch equals approximately one and one-half miles. A map of this scale cannot
show all of the detail actually present or that could be shown on a map of greater
detail. Therefore, the atlas plates can be used, but only as general guides and not as a
basis for decisions about specific sites.

A map must never be enlarged from its original scale. The resolution of any map is
controlled by the scale at which the map will be reproduced; detail is omitted for
legibility. As discussed in Appendix C, many small inclusions within larger areas are
omitted on maEs. Enlarging a portion of a map will give a false impression of the
complexity of the area and may give a false indication of the actual sensitivity of any
particular site.

USING COUNTY SOIL SURVEYS

County soil surveys are the most detailed natural resources maps that are readily
available. They contain a variety of useful information. A Level 1 assessment does not
evaluate directly the effect of the material in the soil profile, or pedologic soil, in
determining geologic sensitivity. Rather, the soil survey is usecf to prepare a geologic
map which is then used for the Level 1 assessment. Soil surveys are not as desirable
as a source of geologic information as is a large-scale map of surficial geology.
However, soil surveys are adequate and are more readily available than are suitable
geologic maps.

An assessment based on a county soil survey requires a series of steps that are
described below. The general procedure is to prepare a geologic map based on the
parent materials and texture, or proportions of sand, silt, and clay, of the soils.
Ceologic map units are then given a sensitivity rating based on Table V-1. Experienced
soil scientists or geomorphologists and glacial geologists who are knowledgeable about
soils can draw afditionalpinferences from a soil survey and thus prepare a more
accurate geologic map than will result from the process given below.

Soil surveys have been produced in Minnesota over a period of four decades. Much
has been learned about scils during this time. Although the boundaries on soil maps
distinﬁuish natural sail bodies reasonably well, the interpretation of some of those soils
has changed as a result of more information and additional study. Hence, information
in an older survey may not accurately reflect the current interpretations of some soils.
The user is encouraged to contact the local Soil and Water Conservation District or the
LS. Department of Agriculture, Soil Conservation Service, in St. Paul for further
information about the soils in any particular area.
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SENSITIVITY MAP PREPARATION
Step 1 - Become familiar with the soil survey.

Soil surveys contain enough geologic information for a preliminary assessment,
However, surveys have been produced over several decades and the style and
information presented varies from county to county according to the date of
publication.

The maps and information within the survey are based on the concept of the soil
series. A soil series is the lowest, or most detailed, category in the soil classification
system currently used by the U.S. Department of Agriculture. A survey will describe
every identified soil series within a county. Each soll series consists of a unique
sequence of layers or soil horizons that are distinguished on the basis of hysical and
chemical characteristics. The description of each series will include details of the sail
horizons constituting that soil series. Soil mapping units are named for the dominant
soil series. In some places, several soil series are significant components of a soil
mapping unit. In such cases, the mapping units are called soil complexes. There may
be Iseverai different soil complexes in a county, each consisting of a different mix of
soils. ,

Review the survey and become familiar with its contents. Pay particular attention to
sections that discuss parent material and geology. These sections may be entitled
"Parent Material", "Geology", "Physiography, Drainage, and Relief", "Physiography”, or
"Factors of Soil Formation”. Diagrams found in sections entitled "General Soil Map®,
"Soil Associations”, or "Soil Series and their Relations" may also be helpful in
understanding the relationship between soils and geologic materials. Some surveys
will inciude a table that gives the parent material erther for each or for selected soils.

Become familiar with the way each soil series is described.
Step 2 - Identify the soil parent material for each mapping unit.

Identify theé:)arent material of each soil mapping unit. The organization of soil surveys
has changed in the past, but sections in older surveys that contain this information are
“Descriptions of the Soils", "Descriptions of Soil Profiles”, or "Morphology of the Soils."
As examples from an older survey of Isanti County, the key words that indicate the
parent material in the description of the Onamia Soil are "...water deposited sands and
gravel derived from noncalcareous red glacial drift..." and "...outwash plains and
terraces..." (Figure V-2). The parent material of the Greenbush Soil is "...thin...lake-
washed or modified till {over] noncalcareous red glacial outwash of the Cary
substage..." (Figure V-3).

In a newer survey of Hennepin County, the parent material of the Salida Series is
indicated as "...alluvium over calcareous gravel and sand..." (Figure V-4). The
Minnetonka Series description includes important information about the parent
material in more than one paragraph (Fi%ure V-5). The parent material is
"...calcareous, clayey sediments [over] silty sediments [over] loamy till [that is a]
calcareous, olive-gray silty clay loam." One of the most complex soils in this survey is
the Langola Series (Figure V-6}. The soil has formed in two distinct geolo%ic layers
because the top layer is relatively thin. The parent material of the upper layer is
"...sandy mantle...” and the lower is "...dark reddish-brown sandy loam tifl..." The
Earent material of the soil should be described as "sandy mantle over dark reddish-
rown sandy loam tiil".
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Onamia Soil

Onamia fne sandy loam is the only soil of the
Onarnia series mapped in Jsanti County.

Onamia fine sandy loam, 2 to 12 percent slopes (ON].
—This well-drained scil has developed from water-
deposited sands and gravel derived from nonesleareous
red glacial drift. It occurs on tmdu!ahng to gently
rolling outwash plains and terraces in the northern
part of the county along the Kanabee County line. It
is asaociated with Xanabec and Miiaea soils. Only a
few small areas are mapped.

Profile description_ of virgin soil:

0 to' 4 inches, dark-gruy fine sandy loam; Ana granular
strueturs; slightdy sed - .
4 to )0 inchen, rw.;:_nn fne mandy loam; thin plsty

strocture; (% .

10 to 25 Inches, reddigh-brown eclay loam; wmedium sub-
:l_nnlnr‘:lo:ky T alightly plaatic when wet; me-
ium seid.

25 inches 4, reddish-brown strstifed sand and gravel;
many large pebbles; slightly achd .

This moderately coarse textured soil ls anderiain at
depths of 20 to 40 inches by stratified gravel. It ia
similar to the Chetek loamy sands, except that the
layers of gravel are at greater depths and the aurface

_imver ix not so coarss textured. Internsl drainage is

rapid. - . .

This scil is cropped and mana {n about the same
wav &3 the assoriated Milaca soils, but yields are gen-
erally lower. Because of the coarse substratum, the
s0il does not hold encugh moistare so that hay crops and
smail graine will do weli during dry years. In ex
{remely dry years,.crop yields are very low. This soil
is \n management group 8.

Figure V-2. Description of
Onamia Soil, 1santi County.

Greenbush Soils

Only two soils of the Greenbush seriea were mapped
in Isanti County. .

Grevabosh st loam, 0 io 3 percont slopes (. —This
inextensive, moderataly weil drairied _s0il occurs on
level flats and in slight depressions in the extrems
northeastern coruer of Dalbo Township. It has devel-
oped on thin deposits of lake-washed or modified till
that overlie noncalcareons red giacial outwash of the
Cary substage. Depth to sand and griavel ranges from
20 to 36 inches.

Surface drainage i3 moderately slow and thers in
littie runoff. Underdrainage s rapid because of the
ssndy and gravelly substratum. &clnu this soil is
leas well drained than Greenbush silt loam, 2 to 7 per-
cent slopes, its -y:l‘}owish-brown subecil layer is some-
what more mottled.

Yields of generai farm crops Are gpood. Corm, o.ut'\
and hay are the most common cTopa, This soil is mue
Jeas affected by drought than Greenbush silt loam, 2 to
7T percent alopes, but in sxtremely dry years it does not
supply encugh moisatun for crops. ‘This soil is in

AN t up 8.
et SiL loam, 2 1o 7 perceut slopes ) —Thit
inextensive, moderately well drained to well drained
soil occupies smooth undulating toppl_'rlphy in the Cary
outwash region. [t occurs only iR Dalbo Township
nesr the Kanabec County line. It has developed from
thin deposits of lake-washed or modified til! overlying

 ved sands and grave. [oternal drainage is medium.

and underdrainage is rapid.
Profile description of virgin soil:
vary dark brown, smooth, frisbley silt loum:
-'!:'“':::“ : u fow ytones on surfscs hin
4 to 14 inehes, brown frisble slit loam; wall-daveloped
piaty stroeture; stome fres. . i
14 to L5 inches, d,-fk ydh-hh-l:nn dity elay mﬂﬂ“nuy

plastie when 3 and i
nehas reddish-brown stre suand
2‘s-ui-i- p'b;?- up'u:muhm—ar;mg'nﬂ
nndlndmv‘lmhmh_mhuiuh-.

The erops commonly grown on Dalbo, Hayden, snd

ins, and ha lnthnchlduvpl;mmmbnt
gi‘t‘:; The v!rrlhr-holdln. capacity la mplnl:l;oh:
that of the associated glacial solls Yields are abou

same the ssscciated soils, except in abuor-
::Ily dry .721: This soil is in management group 8.

‘Figure V-3. Description of
Greenbush Soil, Isanti County.

Salida_Series

The Salula setvies consists of deep, excessively
drnned. sandy and gravelly soils that formed in &
w 14 inches ~f alluvium over calcarecus gravel and
¢and.  These solls are on kpolls and hills om stream
terraces and outwash plains. Slopes are both simple
gnd complex and range from 2 to 35 percent. The
aative vegetation was prsirie grasses that mre en-
croached upon by oaks in sowe pilaces.

in a representative profile, the surface luysr is
pieck coarse sundy loam about 10 inches thick. The
sbsoil ls very dark greyish-brown gravelly losmy
sand sbout 4 Inches thick, The underlying smterial
iz dark grayish-brown to brown gruvelly loamy sand.

Satida soils have very low aveilgble moisture cu-
pmcity. Permeability and internal dralinsge ure very
rapid.  The water tahle is deep in all seasons. The
roct zone ts shallow and is limited 1o the surfsce
jayer and thir subsoil. These sandy solls are low
in netursl fertility and orgmuni¢-matrer content.

Representative profile of Salida coarse sandy
Joum, 2 to & percent s]opes, in a cultivated field,
SEL/4 NEL/4 SE1/4 sec. 3, T. 119 M., R, 24 W,

Mp--0 to 10 inches. black (10YR Z/1} coarse sandy
Toam; weak, very fine, granmular strutture;
frisble; common roots; neutral; shrupt, swmooth
boundary.

§--10 to 14 inches, very dark grayish-brown (10YR
3/2} gravelly Joamy sand; weak, very fina,
granular structure; very frishle; commen
roots; shout 15 percent gravel; neutral;
clear, smooth boundary.

{i--14 to JB irches, dark grayish-brown {10YR 4/2)
graveily loamy coarse sand; single grain;
locse; few ToOts: ahout 20 percemt gravel;
miidly alkaline, strongly calcareous,; clear,
smocth boundary .

£2--18 to &0 inches, grayish-brown {(10YR 5/2) snd
brown (1GYR 4/3} gravelly losmy course sand;
single pgrain; loose; about 25 percent gravel;
mildly alkaline; strongly catcareous.

The solum commonly is B to 14 inches thick, but
it is thinner in areas where the surface layer has
been eroded. The Ap horizon is black or very dark
brown coarse sandy loam or loawmy coarse sand 7 to 10
inches thick. The B horizon is commonly discontimu-
wms. It is 3 to & inches in thickness and very datk
payish brown to dark yellowish brown in color, Tex-
tre ranges from graveily losmy sand to coarse sandy
loam, Texture of the C horizon is gravelly lommy
tmarse sapd or gravelly sand. Gravel content
troughout the profile ranges from 10 to 60 percent
bot is commonly 20 to 4D percemt. Renction of the A
wd B horizons s commomly neutral but ranges from
Mightly acid to mildly alkaline. The A horizon is
wakly calcareous in nlaces where it is mildly
wikaline. The C horizon is mildly slkaline end
strongly calcareous. :

Salids soils contain more gravel throughout than
the associsted Hubberd and Mymors soils. Salida
s0lls are more sandy and more shallow to sand and
gravel then ths associsted Estherville solls.

Figure v-4. Description of
- Salida Soil Series,

Hennepin County.




45

Minnetonka Series

The Minhetonka series consists of deep, poorly
denined soils that formed in 30 to 60 tnches of cal-
careous, clayey sediments. In most places a 2-foot
to 3-foot layer of 3ilty sediments Jies between the
clayey sedimants and the underlying loamy till.
These soils sre on broed flets and Ln drainagewsys.
The nitive vegetation was pralrie grass encrosched
uwpon by mixed hardwoods. There sre a Few stones and
boulders, mainly near the surface. These 10il% oc-
cupy scattered tracts and are associated mainty with
the Lester, Hayden, and Shorewood soils.

In a representative profile, the surface layer is
black silty clay loam shout 13 inches thick. The
subscil is mostly firm, elive-gray siity clay sbout
22 inches thick. The underiying material is cal-
carecus, olive-gray silty clay losm,

Minnetonks soils have high aveilsble moisture ca-
pucity, slow internsl drsinage, and slow permsubi]-
tty. The water tabls is at w depth of 1 to 3 feet
aring wet periods. The root zome Is limited by the
high water table. The organic-matter content and
matural fertilivy are high.

Aepresentative profile of Minnetonks silty cluy
losm, in a cultiveted field, SE1/& NEL/4 NE1/4 sec.
33, T. 118 N, K. 23 ¥, Orono village:

Ap--0 to 8 inches, black {10TR 2/1) light silty clmy
loam; weak, very fine, subangular blecky struc-
ture; frisble; mamy roots; slightly eecid;
clear, smooth boundary.

Al2--3 to 1} inches, black [10YR 2/1) hemvy silty
clay losm; lowser part of the horiton contains
patches and thin semms of gray (10YR 5/1);
moderate, very fine, subangular blocky struc-
ture; friable; mamy roots; slightly scid;
clear, smooth boundary.

9itg--13 to 18 inches, very dark gray (107TR 3/1)
silty clay intermingled with clive gray (ST
4/2); strong, very fine, subsngular blocky
structure; fimm; few roots; few, fine, tubular
pores; common, thick, black {IOYR 2/1} snd
very dark gray {(10YR 3/1) clay Films on [sces
of peds; slightly scid; clesr, smooth bound-

ary,

Blitg--18 to 25 inches, olive-gray (S¥Y 4/2) silty
clay; wesk, fine, prismatic structure parting
to stromg, very fine, subsngular blocky; fim;
few fine roots and pores; samy, thick, black
(10YR 2/1) and very dath gray (IOTR 3/1) clay
films on faces of peds snd in root chamnels;
sliphtly acid; clear, smoocth boundary.

B22tg--2% to 31 inches, olive-gray (57 5/2 and SY
4/2) silty clay; few, Fina, distinct, alive
(57 §/6) mottles; weak, wdium, prismatic
structure; frm; few fine roots; cosmon, fine,
tubular pores; mmay, thick, black (10TR 3/1)
and wery dark gray (10TR 3/1) clay filma on
faces of peds and im oot channels; nsutral;
clesr, smooth boumdary. .

93tg--31 to 35 inches, olive-gray {SY 5/I) silty
cluy lomm; few, fiee, distinee, olive (57 5/8)
sottles; weak, vory fine, subsmpgular blocky
structure; Prisble; few, fine, tubuisr pores;
fou, sndium, very dark gray (107D ¥1) and
black (10TR 2/1) clay films on faces of pads
md ia root channels; neutral; clewy, smooth
boundary . :

Figure V-5 Description of
Minnetonka Soil Series in
Hennepin County.

Clg--35 to 40 inches, clive-gray {ST 5/2) silty clay
loam; common, fine, prominent, olive (5T 5/8}
mttles; sodersts, very fims, subinguisr
bliocky structure; Frisble; few, thin, bleck
(10TR 2/1) clmy filme ia oot chanmels; common,
fine, light-gray |ims concentrations; few
black concrations; mildly alksline; strengly
calcarsous .

Clg--80 to 60 inches, olive-gray (5Y 5/7) silty cley
lomm; few thin strata of very fine sandy loas;
common, fina, prowiment, vellowish-browe (10TR
5/6) mottles that incresss in size ond sbum-
sdance with incressing dopth; vesk, coarse,
subangulsr blocky styocturs parting to weak, -
very fime, subangular blocky strecrure; fri-
sble; comem, Fime, light-grey line comcemtra-
tions; mildly siksline; strongly calearsous.

A thin, distinct A2 horison thet dries to gray or
grayish brows occurd 1s soms places. Theé B horizon
is typically clive gray but ramges from dath gray to
olive and light olive browe. The rone of mazimm
clay content in the B2 horizom risges frum silty
ciey to clay. The C horizom is olive grey or light
olive gray snd i3 varisble im texture. It
from hesvy siity clay lomm or silty clay to silt
loma or Iight silty clsy loam or to clsy loam or
loam placial till. The glacial till occurs within
s depth of 10 feet In sost places. Reactiom of the
A horizon renges from slightly acid to meutral, snd
Teaction of the B horizon ramges from wediue acid to
neutrsl. Depth to lime carbomates mages from 26 to
40 imches. '

Minaatonks 30ils have s flaer taxtwred B horizon
than the similar Cordova soils. They hawe & thicker,
darker colored A horizon them mssociated Skields
solls. ’ .

1a Series

The Lanjols series comsists of deep, soderately
well drained and well draiped solls that formsd in s
sapdy pomtle 18 to 40 inches thick samd =re wmiderieis

by dark reddish-brown samly leem till. These soils -

ars an the brosd cutwash plain in the sorthesstern
part of the comty. 3Slopes are smisly sisple amd
Tange from ¢ to 12 percamt. The natiwe vegetation
was mized hardwoods ‘el tall prairie gras. Stone
and bou)ders ary scsttered om amd in the soll.

In a representstive prefils, the surface layer is
o1y dark browm lomsy sand sbowt § Imches thick.
The swbeoil is sbowt 32 inches thick. The wpper

vary dotk brown sad dark yei-
The laver part is dark
yellovish-broim to browa sad reddish-brewm, cobbly
The

wnderlying mmterial is
reddigh-browe semly lom,

Langola soils heve low t moderate erailshle
woisture topecity sml medium intemsl drainags. The
sundy layers are Tapldly permashls, bot the umder-
lying material {s oaly sodarstely permasble. In
soms wet seasoms the water tsble is at & depth of 3
o § fest but is wanlly st a dipth below § faet in
all sessons. Langols solls have a shallow to moder-
ataly deep Toot 10Re Decmuse root growth is limited
to the ssndy material sbhowe the cobbly laysr, They
have spderate orgimic-matter comtemt swd low nstursl
fertilicr.

Figure V-6. Description of
Langotla Soil Series in
Hennepin County.

Representative profile of Lsngola lowmy sand, 1
“ta 2 parcent slopes, in & cultivated fiweld, NEL/4
NE1/4 WL/4 sec. 3, T. 120°N,, R, .2} W.:

Ap+-0 to 8 inches, very dark brown (10YR 2/2) lommy
sand; weak, very fine and fina, subangular
blocky structure; very frisbie: many roots;
medium acid; clear, wavy boundary. .

Bl--3 to 15 inches, vary dark brown (10YR 2/2},
dark grayish-brown [10YA 4/2), and brown (10YR
4/3) loamy sand, wery dark grayish-brown (10TR
3/2) when Tubbed; wesk, medium and cosrsw,
subsngulsr blocky structurs; very frishls; few
roots; faw thin clay bridges betwsen sand
grains; sedlim acid; clear; smooth boundery.

B21--15 to 18 inches, dark yellowish-brown (10YR-
4/4) loamy sand; weak, nedium and coarss,
nbangular blocky structure; wvery frisble; fev
roots; few, fine, tubular pores; thim, patchy,
brown (10YR 4/3) and dark-brown (1070 3/3)
clay flows; slightly acid; c¢lear, smooth

1I922--10 to 24 inches, dark yeilowish-brown (10YR
4/4) gravelly sandy losm; wesk, medivm, sub-
snpuler blocky structure; very frisble: faw
roots; few, vary fins, tubular porei; commem,
thick, patchy, dark-brown (10VR 3/3) cley
files on [aces of peds; sbout 30 percent
coarse frogments, mainly igneous; slightly
scid; clmr, wavy boundary. .

11823--24 to 29 inches, brown (7.5Yk 4/4) cobbly
loamy coarse sand; wesk, medium and coarse,
subangular blocky structure; very frisble; few
roots; few, fine, tubular pores; few thin clay
film on faces of peds; sbout 60 percent
coarse fragments, mostly igneous; few black
concretions; siightly acid; clear, wavy bound-

ary.

lIIZl--;; to 40 inches, Teddish-brown (STR 4/4)
sandy lomm; weak, coarse, subangulasr blocky
structure; friabvle; few, fine, tubular pores;
sbout 15 percent coarse fragments, mostly
igneous; siightly acid; tlear, swoath bound-

ary.

1IC--40 to 60 inches, reddish-brown (5YR 4/4) sandy
losa; wesk, coarse, subangular blocky 14 fuc-
ture grading to platy; friable; slaghtly scid.

The solul ranges from 70 to 40 inches in thick-
ness. The A horizon i3 7 to 11 inches in thickness,
wary dark brown or black in eolor, and lommy fine
sand or losmy sand in texturs. Texture of the Bl
and 321 horisoms 13 sapd, losmy sand, or loamy Fine
serd. The 1IBZ2 and JIB23 horizoms are commonly
darh yellowish brown and brown, but they are very
dark greyish brown in some places. Thay comsist of
cobbly gravelly losmy sand or sandy lomm. About 30
to 70 percent of the soil by volume consists of
cobblestones, and the rest of the coarse materisl is
gravel mnd sand in varying sizes. The gravelly cob-
bly layer Tenges in thickness from 4 to 24 inches
but is comsonly 8 to 24 inches thick. The I1IB24
Morizen is reddish-brown or derk-brown sandy lomm or
loamy ssnd that contains 5 to 20 percent coarse .
frogments. The C horizom is Teddish brown, dark
brown, of brown end ranges from cosrse sandy loam to.
loasly cosrse sand im textore. The C horizom contaima
% to 10 parcent coarss fragments. In some places
thers are gray and strong-brown mottles in the lower
pert of the 11B horizon snd in the C horizon. Depth
to the top of the 11D horizon ranges from 18 to 40
inches. The solum is slightly acid to medium acid
throughout .




The newest surveys, such as the Dakota County survey, have sections entitled "Soil
Descriptions” and "Soil Series and their Morphology”. Useful information about the
Mahtomedi Loamy Sand from "Soil Descriptions” is “...end moraines and pitted
outwash plains...grayish brown loamy sand [over] brown and yellowish brown gravelly
coarse sand and coarse sand..." (Figure V-7). "Soil Series and their MorEhology“ adds
"...pitted outwash plains and end moraines...sandy and gravelly outwash..."

Review all pertinent sections of the survey for proper identification of the parent
material for each soil mapping unit. Distinguish as many different parent materials as
the sail descriptions will allow. Forty-four soils are found in the example assessment
area (Figure V-8) in Greenfield, Minnesota located in northwest Hennepin County.
Table V-2 lists the soils and parent materials for the example area.

Several different soil series will have the same parent material. The oldest surveys
identify soil series by a capital and a small letter. In some cases, a change in the small
letter will change the soil series and thus the parent material of the soil. An example
from the Isanti County soil survey legend is given in Table V-3. For other surveys, the
soil series is indicated by two letters; the second letter changes when the soil texture
changes. A third letter indicates slope. The symbols used for any particular soil series
in older surveys usually varies from county to county. The newest surveys use
nu(;nbers for particular soil series map units that are unique and can be used state-
wide.

TABLE V-3. Selected soil names and symbols from the Isanti County soil survey.

Soil Symbol

Bluffton loam and silty clay loam Bc
Hayden silt loam, 2-7 percent slopes B

Hayden silt loam, 2-7 percent slopes, moderately eroded Bu
Hayden silt loam, 7-12 percent slopes Bp
Hayden silt loam, 7-12 percent slopes, moderately eroded Bd
Hayden silt loam, 12-18 percent slopes Br
Hayden silt loam, 12-18 percent slopes, moderately eroded Bx
Brickton silt loam Bk
Brickton silt loam, clayey subsoil variant Bv

Step 3 - Identify the texture of each map unit.

Identify the texture of the lowest described horizon for each soil map unit. Table V-4
provides a list of possible textures and modifying adjectives. As examples, the texture
of the lowest horizon of the Onamia Soil is "sand and gravel"; Greenbush Soil is "sand
and gravel"; Salida Series is "gravelly loamy coarse sand”; Minnetonka Series is "very
fine sandy loam”; Langola Series is "sandy loam"; and Mahtomedi is "gravelly coarse
sand" (Figures V-2 to V-7).
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mahtomed| series

The Mahtomedi seriea consists of deep, excessively
grained soiis On pitted gutwash piains and end mMoraras.
hey are rapidly permeable. These soils formed in sandy
and gravelly qutwasn. Siopes ranga from 3 ta 25
percem.

The Mahtomedi soils are simiar to the Chatek,
£mmaert, Hawick, and Hubbard sciis and are commanty
adiacent to the Chetek and Kingsley soils. The Chetek
soils have more clay in the surface and subsail honzons,
and the Emment soils have more gravet than the
\iantomedi soils. Tha Hawick and Hubbard sois have a
molic epipedon. The Kingsley soiis formed in sandy
‘pam glaciai tll. The Mahtomedi, Chetek, and Kingsiey
soiis are n similar positions on the landscaps.

Typical padon of Mantomedi loamy sand, 8 to 15
sercent siopes. 380 feet west angd 600 feet south of the
cemter of sec. 29, T. 27 N, R. 22 W.

A= ' 5 inches; very dark graysh brown (10YR 3/2)
lgarty sand, grayish brown (10YR 4/2) dry; weak
fine granular structure; very fnable; 12 percent
coarse fragments; siightly acid; abrupt boundary.

Jw1—35 to 27 inches; dark brown (7.5YR 4/4) gravelly
coarse sand: single grain; loose; 15 percent coarsa
fragments; slightly acid; clear wavy boundary.

3w2--27 to 35 inches: dark yeilowish drown (10YR 4/4)
coarse sand; single grain; locse: 1Q paercent coarse
fragments; slightly acid; abrupt smooth boundary.

21 —=35 to 50 inches: yeilowsn brown (10YR 5/4) sand;
single grain; loose; l@as than 3 percent coarse
fragmants; neutral; abrupt smocth boundary.

<Z2—50 to 60 inches: yellowigh brown (1QYR 5/4)
graveity coarse sand: single grain; locse; 25 percent
coarge fragmaents; slight aifervescence; mildly
aikaline.

The thickness of the sclum is 20 to 40 inches. Coarse
fragments :n the contrgl section average 10 to 35
sercant, by valume.

The A horizon has value of 2 or 3 and chroma of 1 or
2. Texture generaily is coarse sand, sand, loamy coarse
sand. or loamy sand; but fine sand, loarmy fine sand,
Coarse sandy loam, sandy loam, and fine sandy ioam are
within the range. Reaction ranges from slightly acid to
strangly acid. Some padons have an E horizon that has
hue of 10YA, vaiua of 4 or 5, and chroma of 1 of 2. An
AG honzon in cultivated pedons has hue of 10YR and
value and chroma of 3 or 4. The B horizon has hue of
SYR. 7.5YR, or 10YR; vaiue of 4 or §; and chroma of 4
ihrough § Textura is coarse sand, sand, gravelly coarse
Sand, or gravelly sand. Reaction ranges from slightly acid
‘0 strongly acid. The C honzon has hue of 5YR, 7.5YR,
9r 10YR: value of 5 or 6; and chroma of 3 or 4. Texturs

‘:acoarse sand. sand, gravelly coarsa sand, or gravally
nQ.
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4548—Mahtomed| loamy sand, 1 to 8 percent
siopes. This undulating to rolling, excessivaly drained
sail 4 on end mormmes and paied outwash piaina.
individual areas are irreguiar = shape and range from
about 3 1o 50 acres.

Typically, the surface layer is very dark grayish brows
lgamy sand about 7 inches thick. The subsail i dark
brown and dark yellowish brown graveily coarsa sand
and coarss sand about 35 inches thick. The undertying
material to a depth of about 60 inches is yellowish brown
stratified sand and gravally cosrse sand.

included with this scil in mapping are a few small
areas of the Kingsiey sail. it formed in sandy faam glacial
till. The Kingsley soil 13 similar in pogition to the
Mahtomedi 3oil. This soil makes up about 15 percent of
the mag unit.

Permeability of this Mahtomedi soit i3 rapid. The
avaiiable water capacity is low, and runcl is siow.
Reacton in the subsoil ranges from siightly acid o
strongty acid. Organic matter contant is low. Depth to the
seasonal high water table is more than 6 feat.

This soil i3 poorly swited 10 most cultivatad crops
because it has a low available water capacity.
Droughtinass iimits crop producBon in most years. Earty
maturing crops are best suited to this soil. Using
minimum tifiage, retuming crop residua to the soil, and
including forage in the rotation improve the available
water capacity and reduce erosion.

This soil has fair suitability for pasture and hay.
Productivity is genaraity low and supplemental pasturas
may be needed to insura adequate yeids. Proper
stocking, rotation grazing, fertilizing, and controiling
weeds heip maintain a good cover of the more desirable
grasses. Where planting 13 necessary to improve stands,
more drought-resistant plants are needed.

This soit is fairly suited to woodland. Because it is
droughty, seedling martality is severe and many trees
grow poarty.

Buildings constructed on this soil should be designad
ta conform to the natural siope of the land. Land shaping
May ba necessary in some areas. This soil is sutable for
road construction. This soil readily absoros but does not
adequately filter the effluent from septic tank absarption
fieids. The poor filtering capacity may resuit in the
pollution of ground-water supplis, but this limitation can
be reduced by instailing distribution lines closa to the
surface. In some areas additional precautionary
measures may be necessary.

This Mahtomedi soil 1a in capability subclass IVa.

Figure V-7. Description of
Mahtomedi Soil Series,
Dakota County.
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Figure V-8. Soils map for example area in Greenfield, Minnesota, northwest
Hennepin County.




TABLE V-2. Soils and parent materials for the example area.

Parent Material

Symbol Soil Name

Bb Becker loam Alluvium over sand

Bc Biscay clay loam Altuvium over sand & gravel

Ca Canisteo clay loam Calcareous loamy till

Co Cordova silty clay loam Loamy till

Cu Cut and fill land Man-made

DIB Dalbo silt loam, 2 to 6 % slopes Alluvium over loamy till

Du Dundas silt loam Calcareous loamy till

EnB Erin loam, 2 to 6 % slopes Calcareous shaly till

EnD Erin Loam, 12 to 18 % slopes _ Calcareous shaly till

EtA Estherville sandy loam, 0 to 2 % slopes = Alluvium over sand & gravel

EtB Estherville sandy loam, 2 to 6 % slopes  Alluvium over sand & gravel

Gce Glencoe silty clay loam Colluvium over loamy till

Ha Hamel loam Colluvium over loamy till

HbB Hayden loam, 2 to 6 % slopes Loamy till

HbC Hayden loam, 6 to 12 % slopes Loamy till

HbD Hayden loam, 12 to 18 % slopes Loamy till

HbE Hayden loam, 18 to 24 % slopes Loamy till

HcB2 Hayden clay loam, 2 to 6 % slopes Loamy till

HcC2 Hayden clay loam, 6 to 12 % slopes Loamy till

HcD2 Hayden clay loam, 12 to 18 % slopes Loamy till

HcE2 Hayden clay loam, 18 to 24 % slopes Loamy till

HdF Hayden and Lester loams, Loamy till
24 to 35 % slopes

HIB Heyder complex, 2 to 6 % slopes Sandy loam till

HIC Heyder complex, 6 to 12 % slopes Sandy loam till

HuA Huﬁbard loamy sand, 0 to 2 % slopes ~ Outwash sand

HuB Hubbard loamy sand, 2 to 6 % slopes ~ Outwash sand

HuC Hubbard loamy sand, 6 to 12 % slopes  Outwash sand

Lc - Lake beaches, sandy ' Sand over loamy till

Lm Lerdal loam Loamy till

LrB Lester loam, 2 to 6 % slopes Loamy till

LrC Lester loam, 6 to 12 % slopes Loamy till

LrD Lester loam, 12 to 18 % slopes Loamy till

LrE Lester loam, 18 to 24 % slopes Loamy till

LsB2 Lester clay loam, 2 to 6 % slopes Loamy till

LsC2 Lester clay loam, 6 to 12 % slopes Loamy till

LsD2 Lester clay loam, 12 to 18 % slopes Clay loam till

LB Le Sueur roam, 2 to 6 % slopes Loamy till

Ma Marsh Organic material

NeB Nessel loam, 1 to 4 % slopes Loamy till

Pa Peaty muck Organic material

Pm Peaty muck over loam Organic material

SaC Salida coarse sandy loam, Alluvium over sand & gravel
6 to 12 % slopes

SaD ~ Salida coarse sandy loam, 12 to 18% Alluvium over gravel & sand

Sh Shorewood silty clay loam Clayey altuvium over loamy till
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Table V-4. Textures of various soils, with modjifiers.

Soil Type Textures
sandy soils sand, loamy sand
coarse loamy soils sandy loam, fine sandy loam
medium loamy soils very fine sandy loam, loam, silt loam, silt
fine loamy soils clay loam, sandy clay loam, silty clay loam
clayey soils sandy clay, silty clay, clay

Typical Adjectives that Modify Textures

gravelly cobbly stoney shaly
cherty flaggy slaty
coarse fine very fine

Step 4 - Identify the depth to seasonal high water.

Determine the depth to seasonal high water for each soil mapping unit. Note that
depth to seasonal high water indicates the depth to seasonal saturation within the
pedologic soil. This is not always the same as the depth to the water table. A Level 1
assessment conservatively assumes that depth to seasonal high water is equal to
depth to the water table because seasonal high water data are available. In newer
surveys, this information is included in tables entitled, "Estimated soil properties
significant in engineering” (e.g., Hennepin County), "Water features” {e.g. Dakota
County), "Soil and water features” (e.g. Washington and Ramsey counties), and
"Engineering description of the soils and their estimated properties significant to
engineering” (e.g. Wright County). Information from these tables may not be identical
to data from the U.S. Soil Conservation Service state-wide data base. Information in
older surveys has been recently reviewed and updated. Users are encouraged to
contact their Soil and Water Conservation District or the U.S. Soil Conservation Service
St. Paul office for updated information.

Step 5 - Summarize mapping unit information in a table.

Develop a table that groups every soil mapping unit in the survey according to parent
material. Include the texture of the lowest horizon described for each soil series,
depth to seasonal high water, and the preliminary sensitivity rating for each parent
material based on the general ratings (Table V-1). Have the table reviewed by the
Minnesota Geological Survey before proceeding further. A table for the example
assessment area is given in Table V-5. Table V-5 contains depth to water information
both from a soil survey and from updated information supplied by U.S. Department of
Agriculture, Soil Conservation Service. Note that the sensitivity rating is different for a
significant number of soils because the depth to seasonal saturation has been
reinterpreted. The example assessment for Hennepin County in this document is
based on the updated information.
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TABLE ¥-5. Parent material, texture, and sensitivity ratings for the example area.

Hennepin Co. Soil Survey SCS Soil Database
Symbol Soil Name Parent Material Texture Water Table* Rating Water Table* Rating
Bb Becker igam Alluvium over sand Fine sand 3 vH 46 vH
Bec Biscay clay loam Alluvium over sand & gravel Coarse sand 2 vH 1-3 VH
Ca Canisteo clay loam Calcareous loamy till Loam 1 M . M
Co Cordowa silty clay loam Loamy till Loam 1 M 1-3 M
Cu Cut and fill fand Man-made N/A N/A N/A NfA N/A
0B Dalbo siit loam Alluvium over loamy till Loam 3 M 2-5 M
Du DQundas silt loam Calcareous loamy till Loam 2 MM - M
EnB Erin loam Calcareous shaly tilt Loam 5 M >b L
EnD Erin Loam Calcareous shaly till Loam 5 M >6 L
£ta Estherville sandy loam Alluvium over sand & gravel Gravelly coarse sand 5 VH >6 VvH
EB Esthervitie sandy loam Alluvium owver sand & gravel Gravelly coarse sand 5 VH >6 VH
Ge Clencoe silty clay loam Colluvium over loamy till Loam [1] M -1 M
Ha Hamel loam Colluvium over loany Lill Loam 1-2 M 1-3 M
HbA Hayden lcam Loamy till Loam 5 M >6 L
HbC Hayden loam Loamy titl Loam 5 M »6 L
HiD Hayden loam Loamy till Loam 5 M >6 L
HbE Hayden loam Loamy till Loam 5 M >6 L
#cB2 Hayden clay loam Loamy till Loam 5 M >6 L
HeC2 Hayden clay loam Laamy tiil Loam 5 M >6 L
HeD2 Hayden clay koam Loamy tilf Loam 5 M >6 3
HcE2 Hayden clay loam Loamy till Loam 5 M 6 L
HdF Hayden and Lester loams Loamy till Loam 5 M >6 L
HiB Heyder complex Sandy loam till Sandy loam 10 M >6 M
HIC Heyder complex Sandy loam till Sandy loam 10 M >6 M
HuA Hubbard loamy sand QOutwash sand Coarse sand 5 vH >6 VH
HuB Hubbard loarry sand Qutwash sand Coarse sand 5 vH »6 YH
HuC Hubbard kamy sand Qutwash sand Coarse sand 5 vH »6 VH
Lc Lake beaches, sandy Sand aver foamy till Loam 1-2 M - M
Lm Lerdal loam Loarmy till Loam 3 M 13 MM
8 Lester loam Loamy Ll Loam 5 M >6 L
LrC Lester loam Loamy till Loam 5 M >6 L
LD Lester loam Loamy till Loam 5 M >6 L
LrE Lester loam Loamy till Loam 5 M »6 L
LsB2 Lester clay loam Loamy till Loam 5 M >6 L
LsC2 Lester clay loam Loamy till Loam 5 M >6 L
LsD2 Lester clay loam Loamy till Loam 5 M >6 L
LtB Le Sueur koam Loam tilf Heawy loam 3 M 2-4 M
Ma Marsh Organic material N/A 0 VH 0 vH
NeB Nessel loam Loamy till Loam 3 M 3-5 M
Pa Peaty muck Qrganic material N/A 0 VH 0 VvH
Pm Peaty muck over in_am Qrganic matenrai NSA 0 vH [1] LW
5aC Salida coarse tandy loam Alluvium over gravel & sand GCraveily loamy 10 vH 26 VH
coarse sand
SaD Salida coarse sandy loam Alluvium over gravel & sand Cravelly loarmy 10 vH >8 vH
coarse sand
Sh Shorewood silty clay loam Clayey alluvium over loamy till Clay loam 3 M 3-5 M

* Water Table - Depth {ft) to seasonal high water table.
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Step 6 - Prepare the parent-materials geologic map and the sensitivity map.

Using the table developed in Step 5, create a parent-materials map by grouping the
soil mapping units accordin% to parent material. This is done by ignoring or erasing
the boundaries between soil mapping units that have the same parent materials. No
"new" boundaries are drawn. Figure V-9 shows the parent-materials map of the
example area that was created by hand-coloring the soil map units. A parent-materials
geologic map is a valuable document to geologists for any future work and can be
used directly for assessments of a higher level. :

Using the general ratings, create a sensitivity map by grouping the parent-materials
map units according to the ratings developed for Table V-5. This is done by ignoring
or erasing the boundaries between parent-materials map units that have the same
sensitivity rating. No "new" boundaries are drawn. FiEure V-10 shows the preliminary
sensitivity assessment for the example area. Remember to label the map as a
Freli}minary assessment to avoid confusion with maps prepared at other assessment
evels.

USING THE MINNESOTA SOIL ATLAS

Not all counties have a soil survey and large-scale geologic maps are not available for
most areas. In such cases, a preliminary assessment can be made using sheets from
the Minnesota Soil Atlas. The atlas is prepared at a scale of 1:250,000 or one inch
equals approximately four miles. Prepare the sensitivity map using the texture of the
material below five feet and the drainage as indicated in Table V-6.

TABLE V-6. Sensitivity ratings for use with the Minnesota Soil Atlas.

Soil Texture Below Five Feet

Drainage Sandy Loamy/Silty Clayey
Poorly Drained Very High High Moderate
Well Drained High Moderate Low

Figure V-11 shows the sensitivity of the example area as determined by the Minnesota
soil atlas. Compare the level of detail with the assessment developed from the soil
survey (Figure V-10). :

The scale of the Minnesota soil atlas is far too small to serve as anything other than a
%(:_\neral guide to a cou ntr. The only advantages of the atlas are that it is more detailed
than the unsuitable small-scale state-wide maps of various types and that it is available
for all areas of the state. The atlas should be used only as alast resort. The
preliminary assessment based on the Minnesota soil atlas must be labeled to avoid

confusion with assessments based on other sources.
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CHAPTER VI
LEVEL 2 ASSESSMENT - VADOSE ZONE MATERIALS

INTRODUCTION

The vadose zone is the unsaturated material above the water table (Figure VI-1) and
includes all unsaturated materials from the surface to the water table whether
unconsolidated or consolidated. In Minnesota the vadose zone thickness may range
from zero where the water table is at the surface to over a hundred feet. The vadose
zone is typically not a single homogeneous unit but may be many distinct geolo&ic
materials. The vadose zone may be composed of unconsolidated materials such as
Clag, s;‘:nd or gravel or consolidated materials such as sandstone or limestone bedrock,
or bot )

A Level 2 assessment of geologic sensitivity, as defined in Chapter Il is an estimate of
the vertical downward travel time of contaminants from the surface to the water table.
This travel time depends on both the rate of downward movement and the thickness
of the vadose zone. The vertical permeability of the vadose zone material is an
important factor controlling the rate of downward migration.

Vadose zone permeability is influenced by several factors. One factor is the texture
(grain size distribution) of the material. For example, sands and gravels are more
permeable than mixtures of sand, silt and clay. Another important factor is the
presence of fractures, joints and solution features in underlying bedrock. Fractures,
joints and solution features act as conduits through which water, along with any
contaminants it may carry, migrates very quickly.

Level 2 Assessment - Vadose Zone Materials

General Assumptions - The ratings tables are based on general knowledge of the
saturated permeabilities of broad groups of geologic materials. Saturate
permeabilities are used as a conservative estimate of difficult-to-evaluate
unsaturated permeability. A person experienced in subsurface geologic mapping
will be capable of comp?;ting this assessment level, including necessary steps
which are not detailed in this document. This assessment level assumes that all
contaminants are conservative, that is, contaminants have characteristics similar or
identical to water, and are introduced at the surface.

Benefits - A Level 2 assessment is a more complete evaluation of the sensiti'vit?/ of
the water table aquifer in the mapped area than a Level 1 assessment. A Level 2
assessment can be applied to a relatively small area.

Limitations - This assessment process requires a person to be familiar with the geclogy of!
the area of concern and possess a thorough knowledge of geologic principles and
processes. A Level 2 assessment can be very time consuming and expensive if existing |
subsurface data are inadequate. It does not evaluate complex vadose zone processes and
therefore should not be used for contaminant or site specific applications, although it may
be useful as a screening tool where data are available. It does not evaluate deeper aquifers.
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The procedures described in this chapter combine information about vadose zone
material and depth to the water table to estimate the vertical time of travel. The

eneral geologic sensitivity criteria presented in Chapter lll are then used to determine
the sensitivity ratings.

A Level 2 assessment can be completed by using either of two related procedures:
the Point Method and the Area Method. The Point Method uses subsurface
information at specific locations (from driller’s, engineering or geologic logs) to
interpret and assign a geologic sensitivity rating. This procedure is generally most
useful in settings where data are sparse and evaluation of specific points is desired.
Larger areas such as townships or counties with adequate subsurface data coverage
may apply the Area Method. The Area Method requires a detailed surficial geologic
map or its equivalent of the area to be assessed. A geologist constructs a surficia
geologic map by using all available surface and subsurface data, including soil parent
materials information, local geomorphic expression and an extensive field investigation
along with knowledge of the geologic processes that have affected the area over time.
The geologic map produced is the result of combining many different information
sources and is an interpretation of those sources. Because geologic interpretation is
required for both assessment methods, a Level 2 assessment should be attempted
only by a person experienced in geological investigations.

A Level 2 assessment is a more realistic predictor of the sensitivity of the water table
aquifer to surface contamination than a Level 1 assessment because it considers the
variability of geologic materials from near the surface all the way down to the water
table. However, a Level 2 assessment requires knowledge of the water table depth
and the characteristics of the vadose zone materials in the area to be assessed. The
information from a Level 1 assessment is not sufficient in most locations because a
Level 1 assessment only considers the materials at or near the land surface Where
the water table is located in the deeper subsurface additional effort may be necessary
determine its depth. Considerable effort is usually required to characterize the
materials in the vadose zone.

This assessment level does not take into account the complex processes and
properties of unsaturated materials such as the behavior of infiltrating water,
evaporation, vegetation, preexisting moisture conditions, etc. These factors are very
difficult to evaluate and are beyond the scope of this assessment system. To allow
some estimate of travel time, saturated conditions under a nominal vertical head are
assumed. Although the assumption of saturated conditions in the vadose zone may
result in some inaccuracies in estimating travel times, for many situations assumin
saturated conditions will probably give a more conservative, or shorter, estimate of the
travel time. For site specific applications, a sensitivity assessment model which
evaluates the complex behavior of the vadose zone should be considered. Other
assessment models are discussed in Appendix D.

Subsurface information needed for a Level 2 assessment includes data found in well
records, exploration and engineering test borings, borehole geophysical records and
samples of geologic materials from the vadose zone. The types of subsurface data
mentioned always require interpretation; therefore, as stated previously, the vadose
zone assessment should be conducted by a person experienced in geological
investigations. If there are any questions concerning the interpretation or validity of
specific data, the Minnesota Geological Survey staff, a professional consultant or other
knowledgeable person should be consulted.
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GENERAL PROCEDURE - POINT METHOD

A Level 2 assessment of geological sensitivity using point source data (i.e., driller’s,
engineering and geoloFicaI Io%s) should be considered preliminary in most areas. In
many areas water well driller logs are the only source of subsurface information.
Some of these logs may not provide sufficient information to support consistent
interpretations of subsurface conditions. In addition, lack of consistency among
drillers, lack of training, and different aquifer targets generates conflicting data. The
uncertainty introduced into the assessment tprocess y using this information should
not be ignored. An intensive investigation of the area of concern, producing a detailed
surficial geologic map is recommended for a Level 2 assessment (see Area Method,
age 57). The following steps describe the process when conducting a Point Method
evel 2 assessment.

Step 1 - Collect all available hydrogeological information-

~ The first step is to collect all available studies and information for the area of concern

from published and unpublished sources. Refer to Appendix B for information on
where to obtain subsurface geologic information.

Step 2 - Organize data

After obtaining the information, organize the subsurface data points using a worksheet
such as shown in Figures VI-2 and VI-3. Figure VI-2 is a completed worksheet based
on an engineering [o% Figure Vi-3 shows a completed worksheet based on a water
well record (driller’s Tog). At a minimum, a worksheet should contain: the source of
information, data identification number (unicfue well number for wells or a test boring),
location information, elevation, depth of well/boring, static water level and a geologic
log containing depth intervals and lithology. The location information should include
county, township, range, and section to the quarter-quarter-quarter-quarter (2.5
acres). The totaFthickness of the vadose zone will be calculated by knowing the
depth to the water table. if the depth to water is not recorded on a well/boring log it
should not be estimated and that log should be used only for stratigraphic information.
In addition, the worksheet should include an inventory of any low or moderate
permeability units and a description of the material at the water table. Low and
moderate permeability units and water table materials are discussed in more detail in
Steps 5 and 6.

Step 3 - Determine vadose zone thickness at data point location

In many cases, the depth to water or static water level is the vadose zone thickness
for each subsurface data point. If the position of the water table is given as a local or
National Geodetic Vertical Datum (NGVD) elevation, subtract the water table elevation
from the elevation given for the surface at that point. Care must be taken to avoid
using static water levels which represent perched conditions, a deeper aquifer or
different levels within a single aquifer. The static water levels recorded on water well
records are usually measured after completion of well construction and represent the
water level of the aquifer in which the casing ends. That water level may be the same
as the water table, or it may represent a separate aquifer. If a deep open hole exists
beneath the cased portion of the hole, the measured static water may not be
representative of the aquifer in which the casing ends. Also, if significant thicknesses
of confining materials occur between the land surface and the bottom of the casing
the aquifer is probably confined and the static water level can not be used to

determine the vadose zone thickness.
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FIGURE VI-2. Data worksheet with example of engineering boring log.

D # 242282 LOCATION _119-24-15, DBBB
SOURCE __MGS TOTAL DEPTH __217’
ELEVATION __982’ STATIC WATER LEVEL __42'
__ Diriller's Log X Engineering boring log __ Geologic log
Depth Thickness Material Description

0-2’ 2’ No sample

2-4/ 2 . Sandy lean clay

4-7’ 3 Lean clay

7-34' 27’ Clayey sand w/a little gravel
34-57' 23 Silty sand

57-67’ 10 Sand w/ silt and gravel

67-118’ 51 Sandy lean clay w/a little gravel
118-173' 55’ Sand w/ silt and a little gravel
173-208’ 35’ Silty sand :

208-218' 10 Sand w/ silt and gravel

Vadose zone thickness: __ 42
Presence of low permeability units: _moderate permeability unit >20" thick
Material at water table/rating category: _sandy till/3

Vadose zone rating: _moderate

Note: Static water level was measured when the total depth of the boring was 51 feet
and the casing depth was 49 feet.

After determining the vadose zone thickness, record this information on the data
worksheet. In Figures VI-2 and VI-3 the static water level shown on the logs is the
vadose zone thickness. This number, 42" and 50/, respectively, is recorded on the
lower part of the worksheet.

Step 4 - Determine terminology used for subsurface data points
Material descriptions on subsurface logs can be vague and confusing. Different terms
are sometimes used to describe identical geologic materials. For these reasons the

user must become familiar with the sources of information and the terms used for
various materials.
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FIGURE VI-3. Data worksheet with example of driller’s log.

D # 162847 LOCATION __119-24-15, BBACBD

SOURCE MGS TOTAL DEPTH 169’

ELEVATION 959’ STATIC WATER LEVEL _ 50’
CASING DEPTH 155’

X_ Driller's Log  __ Engineering boring log __ Geologic log

Depth Thickness Material Description

0-6’ ' No Record

6-18 12/ Clay

18-40’ 22 Clay

40-55 15’ Sand

55-120’ 65’ No Record

120-169 49’ Sandstone

Vadose zone thickness: 50’

Presence of low permeability unit: low permeability unit greater than 10’ thick
Material at water table/rating category: glacial gravel/3

Vadose zone rating: _low

Water well drillers typically use general descriptive terms such as sand, clay, gravel
and rock. Engineering boring logs usually contain standardized terms such as lean
clay, sandy si%t and clayey sand that relate to engineering properties. Geologic logs
include such terms as alevium, till and outwash that describe a material’s physical
properties as well as its geologic history.

Table VI-1 shows the three terminologies side-by-side. Column one lists engineering
terms that will commonly be seen on engineering boring logs. Geologic terms from
geologic boring logs are listed in column two. Examples of terms used by water well

rillers are shown in column three. The terms are arranged in groups of roughly
similar F])ermeabi[ity (rating category) and divided into unconsolidated and consolidated
materials.

Step 5 - Determine presence of low or moderate permeability units

In this step the vadose zone data is examined to determine the presence of low or
moderate permeability units. The material in the top ten feet of the vadose zone is
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TABLE VI-1. Materials at the Water Table by Rating Category

Engineering Geologic Examples of Rating

Terminology Terminology Driller's Category*
(ASTM Unified) Terminology [Go to Table
VI-2, page 55)

UNCONSOLIDATED MATERIALS

Clayey gravel (GC), Outwash, glacial Any combination of 2
silty gravel(GM), lake sand and sand and gravel

poorly graded gravel(GP), gravel, terrace that does not

well graded gravel(GW), deposits, organic include the term

poorly graded sand(SP), material, peat, clay

well graded sand(SW) loess**, glacial lake

sift and fine sand

Silty sand (SM), Sandy loam till, Clay sand, sandy 3

Clayey sand (SC) loamy sand till, clay, hard pan,
' alluvium, colluvium gravelly clay,

clay and rock, any .
other description
modified by clay

Fat clay (CH), Glacial lake clays, ‘ Clay 4
lean clay (CL) loamy till clay loam till,
clay till

CONSOLIDATED MATERIALS

Limestone, dolomite Karstic limestone Limestone, limerock 1
: limestone, dolomite C Shakopee, Prairie du
Chien, etc., rock

Sandstone, igneous or Sandstone, igneous or Sandstone, sandrock 2
metamorphic rocks* metamorphic rocks Jordan, St. Peter, etc., rock
Siltstone Siltstone, interbedded Shale modified by 3
' sequence or mixed limestone or sandstone .
deposits, shaly (seamud), mudrack

limestone, sandy shale

Shale Shale Shale 4

*Ratings must be modified as appropriate according to the actual permeability that results from both the
primary and secondary porosity present in each material.

**Although loess has a relatively high water-holding capacity and does not readily transmit water, loess
overties karstic bedrock throughout a significant part of southeast Minnesota.
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not evaluated. Infiltrating water can enter the ground water via direct pathways

opened by animal burrows, root casts, or fractures and joints caused by frost action or
desiccation. These complexities make estimating vertical flow in the top ten feet of
the vadose zone very difficult.

For the purposes of this document the presence of low or moderate permeability units
in the vadose zone can be assigned to one of four categories:

- at least one low permeability unit a minimum of 10 feet thick;

- an aggreﬁate of low permeability units greater than or equal to 10 feet
thick with no single unit greater than 10 feet thick;

- a single moderate permeability unit a minimum of 20 feet thick.

- no low permeability units greater than 10 feet thick or moderate permeability
units greater than 20 feet thick; :

Water well records (Figure VI-3) are the most common form of subsurface data that
are available for many parts of Minnesota. Unfortunately, most water well records lack
somewhat in detail compared to other information sources such as engineering boring
logs. When assessing water well records (also commonly cailed driller’s logs) for the
presence of low permeability units, the only terms acceptable for low permeability
units are "clay” and "shale". The terms "clay” or "shale" may not be modified by any
other term; sandy clay, clay and gravel or shaly limestone do not qualify as low
f)ermeability units when the point data source is a water well record (driller’s Io%). Ifa
ow permeability unit (unqualified clay) is not listed on the log, no low permeabtlity
unit is assumed to be present in the vadose zone. If a material is described as "clay"
modified by terms sucE as sandy or gravelly (e.g., sandy clay but not clay with sand)
then the material may qualify as a moderate permeability unit if it is greater than 20’
feet thick. Also, if bedrock described as "shale” is modified by terms such as limy or
sandy (limy shale, sandy shale) then the material may qualify as a moderate
permeability unit if greater than 20 feet thick.

Engineering boring logs may contain different terminology depending on the
classification system used. Classification systems encountered may include the
American Association of State Highway Officials (AASHO) Soil Classification and the
American Society for Testing and Materials (ASTM) Unified Soils Classification System.
The descriptions used may differ slightly from these standard classification systems.
Terms which would qualié a low permeability unit include fat clay (CH) and lean clay
(CL) using the ASTM Unified system and shale. Moderate permeability units include
silty sand (SM) and clayey sand (SC) and siltstone.

Subsurface material terms used on geologic logs tell geologists something about the
geologic history of the material. For example, outwash, loess and till are deposits
assoctated with glaciers. Geologic log terms indicating low permeability units include
till or till modified by clay, loam or both or glacial lake clays. Geologic log terms
indicating moderate permeability units include any till modified by sand, all alluvium
and all colluvium.
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In general, low permeability units are indicated by materials identified as clayey till,
lake clay, loamy to clayey till and shale (rating category "4" in Table VI-1). Typical
materials that qualify as moderate permeability units are those listed as rating category
"3" in Table VI-1.

If the descriptions of subsurface data are unclear or questionable, refer to the original
data source for clarification. For example, if the data source is an engineering log, the
firm which conducted the work should be contacted.

Follow Figure VI-4 to determine the permeability unit category for each data point.
Record this information on the worksheet. For example, when the worksheet
information in Figure VI-2 is applied to Figure Vi-4 it is found that:

- vadose zone thickness = 42 feet;
- there is no single low permeability unit greater than 10 feet thick;

- since there are no low permeability units in the vadose zone, the aggregate
thickness of low permeability units is zero;

- measuring from 10 feet below the surface to the water table, the
vadose zone includes one moderate permeability unit (the unit
described as clayey sand with a little gravel) about 24 feet thick.

Step 6 - Determine the material at the water table

The material at the water table is used to modify the sensitivity rating of the overlying
vadose zone materials. The rating is an estimate of the ease with wﬁich contaminants
may enter the water table system. On each worksheet, record the category of the
material at the water table using Table VI-1. If no static water level is given or if it has
been determined to represent a perched or deeper aquifer, the material at the water
table cannot be identified and the subsurface data point cannot be used in the
assessment. In Figure VI-2 the material at the water table is silty sand. Since Figure
VI-2 is an engineering boring, the first column in Table VI-1 was used to find its rating
category. Silty sand is listed in rating categog/ 3. Gravel material occurs at the water
table in Figure VI-3 (driller’s log). Using the driller’s terminology in the third column of
Table VI-1, gravel was found in rating category 2.

Step 7 - Apply information from Steps 5 and 6 to rate each point

The Level 2 geologic sensitivity assessment at each data point is determined by using
the information from Steps 5 and 6. Step 5 evaluated whether a low or moderate
permeability unit occurred in the vadose zone. Step 6 rated the material at the water
table. Table VI-2 is used to find the sensitivitr' rating for each subsurface data point.
The vadose zone of the boring in Figure VI-2 has a moderate permeability unit greater
than 20 feet. At the water table this boring has material ratetj) 3. According to the
Table VI-2 the Level 2 geologic sensitivity rating for this point is "Moderate". In a
similar manner, the boring in Figure VI-3 has material at the water table rated as 2, and
a low Eermeability unit is present in the vadose zone. According to Table VI-2 the
Level 2 geologic sensitivity for this point is "Low".
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Figure VI-4. Flow chart to identify low and moderate permeability units in the vadose zone. See Table VI-2 on page 55.




TABLE VI-2. Level 2 sensitivity rating table.

STEP 6, p. 53
Water Table Material Rating
(from Table VI-1)

Carbonate rock; Sand/gravel, Sandy til, Ciay,
STEP 5, p. 50-53 Karst conditions sandstone sandy shale shale
LOW AND MODERATE 1 2 3 4
PERMEABILITY UNITS i
IN THE VADOSE ZONE Total vadose zone thickness (feet)

{from Figure Vi-4) :
<20 | 20-50 | >50 | <20 | =20 <20 >20 | <20 >20

No low or VH VH H VH H M M L L
moderate
permeability
units [BOX A]

Aggregate of -- H M - M -~ M -- L
thin low

permeability units

>10 feet thick [BOX B]

At least one low - M L - L - L - L
permeability unit
>10 feet thick [BOX C]

<30 | 30-50 | >50 <30 >30 } <30 >30 <30 >30

Single moderate - H M -- M -- M -- L
permeability unit
>20 feet thick [BOX D]

NOTE: VH = Very High; H = High; M = Moderate; L = Low; -- = No low or moderate permeability
units as defined can be present; go to “No low or moderate permeability units” row.

Step 8 - Plot data points and rating on map.

Using a suitable base map, preferably a 7.5 minute quadrangle, plot the subsurface
data locations and label tﬁem with the Level 2 geologic sensitivity ratings determined
in Step 7. Figure VI-5 shows the Level 2 Point Method plot for the example area in
Greenfield, Minnesota. Note that much of the example area has no point ratings
indicated. This is one of the disadvantages of using point data to assess sensitivity.
Unless the sensitivity ratings for points are consistent over a large area it is not
recommended that point data be extrapolated to fill in areas lacking subsurface data.
In these cases it is best to obtain additional data so a more accurate characterization of
the sensitivity can be made.
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Figure VI-5. Point Method Level 2 geologic sensitivity assessment for the
example area in Greenfield, Minnesota, northwest Hennepin County. Note
that rated points are not available for much of the example area. Density of
rated points is not sufficient to allow extrapolation to rate areas.



GENERAL PROCEDURES - AREA METHOD

A Level 2 assessment using the Area Method requires two essential maps for the area
to be assessed: geological and depth to water table.

Step 1 - Construct or obtain surficial geological map

Conducting a complete geological investigation of an area is the technical foundation
of a Level 2 geological sensitivity assessment. Geological mapping requires advanced
interpretive skills and a great deal of background knowledge and utilizes many
different sources of information. Geological mapping should only be attempted by
individuals with experience in conducting such investigations.

Surficial geological maps are available for some parts of Minnesota, however they may
not be of adequate detail for a particular assessment project. Where surficial
%eological maps are not available it will be necessary to construct a map to use the

rea Method. The most accurate method of mapping surficial geologic features is
based on scil parent materials, local geomorphologg, available subsurface data and
extensive field work. It is recommended this step be completed by a geologist with
considerable knowledge of near-surface geologic materials and the 1é‘eologic history of
the area being mapped. A geologist, (with the assistance of the staff at the Minnesota
Geological Survey), will be able to delineate map units based on geologic
interpretation and provide an accurate map. F&ure VI-6 is a surficial geologic map for
the example area prepared by the staff of the Minnesota Geological Survey.

Step 2 - Construct or obtain a depth to water table map

While accurate maps of the depth to water table may be available for some areas,
most likely a map will need to be prepared. A depth to water table map requires
sufficient information to be able to predict the depth of the water table throughout the
area to be mapped. Figure VI-7 is a simEIiﬁed depth to water table map for the
example area. The figure only shows where the depth to the water table is less than
or greater than 20 feet. The Level 2 rating table (Table VI-2) does not require more
definition than this for most locations. In the karst areas of Minnesota (rating Category
1 in Table VI-2), however, the depth to water map should show areas of less than %0
feet and greater than 50 feet. A geological professional should be consulted to prepare
a water table depth map for the assessment area.

Step 3 - Determine presence and lateral extent of mapped units

Before the surficial geologic map can be rated the areal extent and thickness of
mapped units must be documented. In some areas of the state, mapped surficial
deposits may be a very thin veneer over more laterally persistent units. In the
example area in Figure VI-6, the units marked dic and o are known to be relatively thin
deposits over glacial till. Very thin surficial deposits may not always be important,
however because of the shallow depth to the water table where these units occur
these units will be considered in the Level 2 rating. In situations where the depth to
the water table is considerably more than 20 feet, thin surficial units should not be
considered in most cases as representative of the vadose zone. This type of
information is not readily inferred from typical surficial geologic maps; a geologist
knowledgeable in the area of concern should interpret the surficial geologic maps
before the area is rated.
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Figure VI-6. Surficial geologic map of sections 14-18, Greenfield Township,
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EXPLANATION

DEPTH TO WATER

] Less than 20 feet

[] Greater than 20 feet

Figure VI-7. Depth to the water table in the example area.



Step 4 - Construct sensitivity map

The last step is to rate the geologic units and construct the sensitivity map. The depth
to the water table map (Figure V1-7) is overlaid on the surficial geologic map. Table VI-
2 is used after working through Table VI-1 (water table materials category) and Figure
VI-4 (presence of materials with low or moderate permeability). The map is
constructed by combining units with identical sensitivity. Figure VI-8 is the Level 2
geologic sensitivity map for the example area using the Area Method. The final map
should be marked as Level 2 to avoid confusion with a Level 1 assessment map.

The Level 2 assessment for the example area (Figure VI-8) looks quite different
compared to the Level 1 assessment for the same area (Figure V-10). Most of the area
is now rated "Low" instead of mixed "Low" and "Moderate". This means surface
contamination is expected to take longer to infiltrate the surficial materials and enter
the water table aquifer. The area along the Crow River rated "Very High" in Level 1 is
now rated mostly "High" with the exception of a narrow band of "Very High" next to
the river where the water table is shallow. The thin sandy surficial materials around
the edges of Schwappauff Lake and the pond were dropped from the rating since they
were determined to be not representative of the underlying till.

BENEFITS AND LIMITATIONS

Compared to a Level 1 assessment, a Level 2 assessment is a more complete and
realistic evaluation of the sensitivity of the water table aquifer in the mapped area.
The assessment considers both the rate at which a contaminant may move vertically
downward as well as the distance to the water table aquifer.

The assessment allows evaluation of both points and areas. Assessment of points
allows initial screening when subsurface mapping is not available. This may assist
prioritizing future mapping and other ground water protection efforts. When data

density is sufficient a Level 2 assessment using point information can be applied to
relatively small areas.

A Level 2 assessment of areas requires technical capability in geology and ground
water hydrology and detailed ungerstanding of Ioca?geologic and hydrogeologic
settings. If an area Level 2 assessment is desired, but existing subsurface data are
inadequate, developing the data base for the assessment can be very time consu ming
and expensive.

The complex processes and properties of the vadose zone are not addressed in a Level
2 assessment. Given these complexities, the rating table, Table VI-2, uses an estimate
of the average vertical time of travel of a conservative contaminant under saturated,
not unsaturated, conditions. In many situations, this assumption should give a more
conservative estimate of the time of travel.

Deeper aquifers that may exist below the water table are not considered. The Level 3
assessment presented in Chapter Vil explains how deeper aquifers may be evaluated.

60







CHAPTER VII

LEVEL 3 ASSESSMENT - DEEPER AQUIFERS

INTRODUCTION

A Level 3 assessment evaluates the sensitivity of aquifers below the water table
aquifer.. The block diagram in Figure VII-1 shows a confining layer and a deeper
aquifer below the water table aquifer. The methodology used is similar to Level 2 in
that 1) the degree of sensitivity is based on the presence of low permeability or
confining layers that reduce aquifer recharge and 2) a Level 3 assessment evaluates
the cumulative thickness of low permeability layers. The low permeability layers act
as confining units above or between deeper aquifers. If more than one deeper aquifer
occurs in an area, each deeper aquifer is rated separately. If more than one deeper
aquifer occurs in an area, the lower deeper aquifer will be less sensitive because the
cun’_afulative thickness of overlying confining layers will be greater for the lower deeper
aquifer.

Human activities will likely have little or no impact on deeper aquifers protected by
thick confining layers because infiltrating surface water probably requires a relatively
long time to reach the aquifer. However, the long-term effects of lateral flow from
recharge areas affected by human activities may be significant. Unfortunately, analysis
of lateral flow in deeper aquifers is beyond the scope of these guidelines. Experience
indicates the principal sources of contamination to deeper aquifers protected by thick
confining layers are improperly constructed or maintained wells and abandoned wells
or test holes which have not been properly sealed.

Level 3 Assessment - Deeper Aquifers

General Assumptions - Based on the ability of geologic materials to retard or
prevent water-borne contaminants from reaching deeper aquifers. Ratings reflect
the thickness of potential confining IaKers of clay, clayey till or shale. Each ten foot
thickness of these materials adds to the overall degree of protection. This level
defines deeper aquifers as aquifers that are hydrologically isolated from the water
table aquifer and so automatically have a "Low" sensitivity rating. With additional
geologic protection, a deeper aquifer may have a "Very Low" sensitivity rating.

Benefits - Provides a mechanism for assessing the degree to which muiltiple
aquifers below the water table are isolated from near surface sources of = .
contamination. Where the local water supply is a deeper aquifer, this assessment
level can be used to educate the public about the sensitivity of these aquifers to
potential contamination.

Limitations - Does not account for lateral movement of contaminants into a deeper
aquifer nor the effects of improperly constructed, maintained, or unsealed
abandoned wells that may allow contaminants to move across a confining layer.
Does not consider the benefits of low permeability layers less than ten feet thick or
local changes in the sequence of geologic materials.
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A Level 3 assessment requires detailed information describing subsurface geologic
conditions and accurate measurements of water levels. In many areas, these data are
not readily available. The difficulties noted in Chapter VI with using subsurface data to
define the vadose zone increase with depth below the land surface. Reference sets of
formation samples and borehole geophysical information should be available to assist
interpretation of written logs from various sources. A person with experience in
collecting and interpreting subsurface information should be consulted when
conducting a Level 3 assessment.

IDENTIFYING DEEPER AQUIFERS

A deeper aquifer is overlain by a conﬁnin%layer that hydrologically separates it from
overlying aquifers. All geologic materials between the land surface and the first
confining layer are considered the water table aquifer, which may be a few feet to
several Eundred feet thick in Minnesota. Confining layers are not totally impermeable
and may allow some aquifer interconnection to occur. Usually, the degree of
interconnection cannot be determined without conducting a pumping test of the
deeper aquifer to measure the vertical leakage across the confining layer. Because
little is known about deeper aquifer systems in many areas of Minnesota, the following

uidelines may be used to help identify geologic and hydrologic conditions that may
indicate the presence of one or more confining layers:

1. Head Difference in two nearbﬁ wells - Aquifers that are
hydrologically separated may have different potentiometric (head)
values. The greater the head difference between nearby wells, the

reater the IiEeIihood that the wells are in aquifers that are

ydrologically separated by a confining layer. If no better
information is available, at least five feet of head difference is
suggested as a guideline for defining aquifer separation when
comparing water well records because: a) the wells may have been
drilled at different times and the reported water levels do not reflect
seasonal fluctuations in aquifer head caused by precipitation
Eatterns, seasonal ground water withdrawals or regional pumping;

) the well may not have been completely developed when the
water level was taken and does not reflect the true aquifer head;
and c) different reference points may have been used by the well
contractors to describe the static water levels.

2. Unsaturated conditions in an aquifer below the water table- Ground
water discharge into river valleys can cause a drop in head in
adjacent parts of deeper aquifers. As shown earlier in Figure 1I-3, a
deeper aquifer may be unconfined near a river even though the
overlying water table aquifer is still saturated. Such conditions’
demonstrate the effectiveness of the confining layer(s) that separate
the two aquifers.

3. Alayer of shale, clay, lake clay, clayey till, or clay loam till at least ten
feet thick below the water table - These geologic materials typically
have low or.yery low vertical permeabilities (hydraulic conductivity
value of 1077 ¢cm/sec or less) and often serve as confining layers.
However, the presence of a low or very low permeability layer does

not Iguarantee the layer is a reliable confining unit. Pumping tests,

v geologic mapping, permeability measurements, tracer studies, or
other hydrologic investigations should be conducted to confirm the
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effectiveness of a low or very low permeability layer to seﬁarate
aquifers. A ten foot thickness is a guideline and reflects the
thickness intervals generally used fo describe geologic materials in
well records. Also, samples of drilling cuttings are often collected at
ten foot intervals which limits the accuracy of material descriptions.

4. Differences in ground water chemistry between aguifers - Chapter IX
describes additional studies that use chemical parameters to confirm the
presence of a confining layer. Chemical studies may also identify
multiple routes used by infiltrating surface water to recharge a deeper
aquifer. [tis recommended that geological mapping and hydraulic head
differences between aquifers (items a-c, above) Ee used as the principal
means for delineating the distribution of deeper aquifers. Differences in
water chemistry should be used only to support these other methods.
An additional parameter, while not strictlty chemical, is the temperature
of the water in the aquifer. Thermal profiles may assist defining separate
aquifers. There is currently insufficient ground water chemistry data for
most parts of Minnesota to be used as the only means for documenting
the occurrence and distribution of deeper aquifers.

All of the methods just described should be used to determine the presence and
distribution of confining layers and deeper aquifers. However, this may be impractical
because of the time and costs associated with collecting these data. Method number
one above is best if only head difference data are available. It is recommended that
the third method to identify confining layers be given highest priority because it uses
geologic criteria to define potential confining layers. The first and fourth methods rely
on measurements that may be affected by well construction practices while the
second is generally limited in application to relatively small geographical areas. A Level
3 assessment should begin by using subsurface geologic information to identify
confining layers (method number 3, above). The other methods listed should be
viewed as supportive.

GENERAL APPROACH

Deeper aquifers are defined in this document by the existence of one or more ten foot
thick intervals of confining material below the water table aquifer. Note that this
definition is used as a guideline: detailed studies may show that in some cases a
thickness of less than ten feet may also function as an effective confining layer. The
geologic materials that are used to identify a confining layer are shown in Figure VII-2
and are the same lithologies used in a Level 2 assessment to define confining layers in
the vadose zone. Only these lithologies should be considered as confining unless
hydrologic studies demonstrate that other materials such as sandy till or ¢ ay mixed
with granular materials are shown to hydrologically separate aquifers. If the materials
being considered as a confining layer are not |dentiﬁedp as, or equivalent, to any of the
materials shown in Figure ViI-2, then only layers described as "clay" qualify as a
confining material. Mixtures of clay and other materials such as "silty clay” or "sandy
clay” from engineering boring logs would not be considered as confining unless the
engineering terminology is translated into geological terminology. Refer to Chapter VI
for further discussion on use of material description terms from various sources.

All of the geologic materials shown in Figure VII-2 are assumed to exhibit the same

vertical permeability. This assumption may be acceptable for assessing county-wide
geological sensitivity of deeper aquifers. However, more rigorous evaluations of
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FIGURE Vil-2. Confining materials for Level 3 assessment.

Geologic Materials Defined as Confining Materials

Unconsolidated Deposits

Lake Clay
Clayey Till
Clay Loam Till
Bedrock

Shale

"Generic" Terminology Used in Water Well Records

lIClay"

localized variations of the vertical permeabilities of these materials should be
conducted when making site-specific assessments.

QUANTIFYING THE EFFECTS OF CONFINING LAYERS

The sensitivity of a deeper aquifer is assumed in this document to be a function of
how well it is protected by overlying confining layers. Protection to a deeper aquifer
can be given by: 1) the presence of a single, very thick confining layer, or 2) the
cumulative effects of multiple, possibly thinner, confining layers. A Level 3 assessment
assumes that the greater the thickness of confining materia, the better the deeper
aquifer is protected. In addition, the sensitivity ratings assume the net effect of several
distinct and laterally continuous layers provide the same level of protection as a single
layer of comparable thickness.

All deeper aquifers are, by definition, overlain by a confining layer and therefore have
at least a "Low” sensitivity rating. This means that deeper aquifers can only be rated
"Low" or "Very Low". If a confining unit does not exist beneath the vadose zone (water
table aquifer), the entire saturated thickness is rated the same as the Level 2
assessment no matter how thick it is. For example, in some parts of Minnesota there
mal be one hundred feet of glacial deposits above dense metamorphic basement
rock. Suppose these deposits do not contain any materials that would qualif}; as a
confining unit, that is, they are composed of materials rated "Moderate”, "High" or
"Very High". In this case, the 100’ thickness of glacial deposits and the underlying
metamorphic rock would be rated the same as the Level 2 assessment and no Level 3
rating would be given.

Confining layers below the water table are not as prone to the development of
macropores as those in the vadose zone and may exhibit even lower vertical
permeabilities. The isolating effects of one or more confining layers may result in very
slow recharge rates (a century or longer) for a deeper aquifer. Ground water residency
studies (Alexander and Alexander, 1989) demonstrate that the "age" of the ground
water in some Minnesota aquifers is centuries to tens of thousands of years old.
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These aquifers are very well isolated from modern surface infiltration and according to
these guidelines have a very low sensitivity rating.

It is beyond the scope of this project to determine the exact thickness of a single
confining layer or the additive amount of several confining layers that will result in a
"Low" or "Very Low" sensitivity rating for a deeper aquifer. As stated in Chapter lll,
Table lil-1, a "Low" sensitivity rating implies that several decades to a century will pass
before an aquifer is recharged with modern surface water. A "Very Low" sensitivity
rating implies more than a century will pass before modern surface water reaches the
deeper aquifer. A Level 2 assessment requires the presence of at least 10 feet of
unweathered confining material to give the vadose zone a "Low" sensitivity rating. If
10 feet is viewed as the minimum thickness for water to infiltrate over several decades
(i.e., about 20 years), then 50 feet would require about a century and 50 feet would be
the minimum thickness of a low permeability unit to qualify a "Very Low" rating for a
deeper aquifer. This 50 foot guideline for a "Very Low" rating should be considered a
rough estimate. However, it is consistent with the time ranges used in this document
to define sensitivity ratings.

In these guidelines a "Very Low" rating can be achieved either with a minimum of a
single 50 foot layer or by adding the combined thicknesses of five "Low" layers that are
a minimum of ten feet thick each. These calculations are shown in Figure VII-3. The
total thickness of each qualifying layer is divided by ten and rounded down to the next
lowest whole number to calculate a comparative score for each confining layer. Note
that "L" scores are not obtained by adding the total thickness of all qualifying layers and
then dividing by ten. Calculating an "L" score in this way may result in a higher score
but may also give an overly optimistic assessment of natural deeper aquifer protection.
At this time, until the methodology is thoroughly evaluated for technical soundness,
the ratinﬁ procedures, which give a conservative rating, should be used as stated. "L"
scores should only be used as a guide for assessing the vulnerability of deeper
aquifers.

"L" scores can used to compare the protection of deeper aquifers. A deeper aquifer
rated "Low" with a score of L-4 has a higher degree otp protection than a cﬂeeper aquifer
also rated "Low" with a score of L-1. A combined score of L-5 is the minimum score
for a "Very Low" sensitivity rating. The larger the "L" score the more likely the

"Very Low" rating will be accurate. For example, a se?uence of clayey till units
s?}arated by sand layers having a cumulative score of L-12- would probably be more

e ectiv? protection to the underlying deeper aquifer than a single clayey till unit with a
score of L-5.

EVALUATING THE EXAMPLE AREA

There are two components to evaluating the geologic sensitivity of a deeper aquifer:

1) site specific subsurface data that defines aquifer separation and 2) geo?ogic mapping
that defines the spatial distribution of confining layers. Subsurface data from geologic,
engineering and driller’s logs define site specific aquifer conditions that geologic maps
cannot portray. However, site specific data cannot readily show the correlation an
interpretation of geologic conditions of geologic mapping. Therefore, both
components are required to conduct a Level 3 assessment of deeper aquifers. The
uses of each component are demonstrated using the example area.
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FIGURE VII-3. Procedure for calculating "L" scores for deeper aquifers.

Step 1. Thickness of each confining layer = approximate "L" value.
10

Step 2. Round approximate "L" value down to next whole number to get
the confining layer "L" score.

Step 3. Add the "L" scores of each confining layer to get total score for aquifer.
If the score is L-5 or greater, the sensitivity rating is "Very Low".

Example 1 - A single confining layer 69 feet thick.

Step 1. 69 feet = L-6.9
10
Step 2. L - 6.9 rounded down = L-6
Step 3. Deeper aquifer is rated "Very Low" because confining layer score is

greater than L-5.
Example 2 - Three confining layers 15, 11 and 23 feet thick.

Step 1. 15 feet = L-1.5 11 feet = L-1.1 23 feet = L-2.3
10 10 10
Step 2. L-1.5 rounded down = L-1
L-1.1 rounded down = L-1
L-2.3 rounded down = L-2
Step 3. Adding layer "L" scores gives a total score of L-4. The deeper aquifer

is rated "Low" because the total confining layer score is less than L-5.

Site Specific Subsurface Data Component - Using Point Source Data

Unless detailed subsurface geologic mapping is available for the assessment area, a
Level 3 assessment is limited to evaluating data for specific points based on subsurface
information from various types of drilling records. Subsurface information sources
such as well logs can be used to identify the presence, thickness, composition, and
distribution of confining layers.

The process of analyzing subsurface geologic data is time consuming and must be
coordinated with the Minnesota Geological Survey, the Minnesota Department of
Natural Resources, and the Minnesota Land Management Information Center in order
to avoid duplication of effort and to ensure quality control for these efforts. The data
must be arranged into a geographically based filing system and geologically interpreted
prior to use.
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The two geologic logs shown in Figure VII-4 are from nearby wells in the example
area. Notice the di#erence in how subsurface geologic materials are described. The
geologic log of the test hole was prepared using engineering terms whereas the water
well log was prepared by a water well contractor. Both logs are accurate relative to
the needs of the individuals who prepared them but both must be geologically
interpreted to be useful in a Level 3 assessment. Well 1 was used in Figure Vi-2 (p. 49)
to rate the sensitivity of the vadose zone materials. Well 1 will now be used to
evaluate the presence of a deeper aquifer and its geologic sensitivity.

Test hole record - In the engineering test hole in Figure VII-4, the water table occurs at
a depth of 42 feet (elevation 942 feet) in a silty sand that is interpreted to be sandy till.
This sandy till (34 to 57 feet below the land surface) overlies a laver of "sand with Ssilt
and gravel" (57 to 67 feet). For purposes of this assessment, both layers are
considered part of the water table aquifer because neither meet the definition of a
confining (low permeability) layer (See Figure VIi-2). However, the 51 feet of "sandy
lean clay with a little gravel” (67 to 118 feet) is interpreted to be a loamy till and
qualifies as a conﬁninE layer. The other layers below this loamy till are considered a
separate aquifer and have a "Very Low" sensitivity rating. This rating was determined
by dividinF the 57 foot thickness of the loamy till by ten and rounding down to the
next whole number, giving a score of L-5. As stated above, confining units with a
score of L-5 or greater allow the deeper aguifer below to be rated "Very Low". Thus,
the information presented in the record of the test hole shows that at least one deeper
aquifer exists and that it is probably isolated from the water table aquifer.

Water well record - The water well record in Figure VII-4 does not provide as detailed
a description of subsurface geologic materials as the record of the engineering test
hole. Nevertheless, its eolOﬁic information is still useful and it also provides
information not supplied by the other record. The 918 foot static water level elevation
reported in the water well is significantly lower than the 942 foot static water level
elevation of the water table reported in the test hole. This indicates that the well
pumps from a deeper aquifer that is not directly connected to the water table. Figure
VII-5 shows a profile across the example area using water level elevations from test
holes, wells, and exposures of the water table. The upper line in the figure shows the
water table from Scﬁwappauff Lake to the river. The lower line shows the
potentiometric head of the deeper aquifer and was drawn using mostly water well
data. Notice the water level elevation differences between the deeper aquifer and the
water table throughout most of the example area. It is only near the river where the
twof;;ppear to have similar values and may be interconnected. The data available are
insufficient to determine if the river causes the deeper aquifer to discharge into it, if
the river is recharging the deeper aquifer, or if there is no hydrologic connection
between the two. More detailed studies such as monitoring the water levels in both
aquifers to observe seasonal changes are needed to confirm their hydrologic
connection.

The well record does not provide any information about the depth to the water table.
This can be estimated using the map of the water table shown in Figure VII-6. The
land surface elevation at the well site is about 1045 feet and the water table elevation
shown in Figure VII-6 is about 975 feet. Therefore, the depth to the water table is
approximately 70 feet (1045 minus 975). Comparing this depth to the geologic log of
the well indicates that the water table occurs in a "clay” layer present from 45 to 205
feet below the land surface. The lithologic descriptions from the engineering test hole
show that the "clay” interval described by the we’l) contractor is probably not all clay
but rather a mixture of several layers of differing composition. However, it is not
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- FIGURE VII-4. Examples of engineering test hole and water well record logs.

WELL 1 - Engineering test hole

ID+#: 242282 Location: 119-24-15

Elevation: 982’ Total Depth: 217/

Static Water Level: 42/* Static Water Elevation: 942

Depth  Thickness Material Description interpretation
0-2/ 2 No sample

2-4 2 Sandy lean clay

4.7’ ¥ Lean clay

7-34/ 27 Clayey sand w/a little gravel

34-57 23 Silty sand

57-67’ 10/ Sand w/ silt and gravel

67-118’ 51 Sandy lean clay w/a little gravel Confining Layer
118-173’ 55’ Sand w/ silt and a little gravel —___

173-208’ 35’ Silty sand .= Deeper Aquifer
208-218' 10/ Sand w/ silt and gravel --—=""

*Static water level was measured when the total depth of the boring was 51 feet and
the casing depth was 49 feet.

WELL 2 - Water Well Record

ID#: 437510 Location: 119-24-14

Elevation: 1048’ Total Depth: 245’

Static Water Level: 130'* Static Water Elevation: 918/

Depth Thickness Material Description Interpretation
0-30 30 Clay

30-45’ 15’ Gravel

45-205’ 160 Clay Confining Layer
205-245’ 40’ Gravel Deeper Aquifer

*Static water level was measured after the well was constructed.

possible to substitute the engineering log lithologies for those of the well log because
of the possibility of lateral variation in composition between the two holes. Therefore,
the sensitivity rating of the deeper aquifer at the water well site will be calculated as
follows: 1) ignoring the top ten feet (similar to a Level 2 assessment), the surficial clay
unit is 20 feet thick and has a score of L-2, 2) The 160 foot thick clay confining layer
from 45 to 205 feet below the surface has a score of L-16, 3) adding the two scores
%ives a cumulative score of L-18 for the clay units above the deeper gravel aquifer.

his deeper gravel aquifer is rated "Very Low" since the cumulative score of L-18 is

certainly greater than the required minimum of L-5 for a "Very Low" rating.
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Figure VII-5. Comparison between Water Level Elevations of the Water Table

and a Deeper Aquifer in the example area.
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Figure VII-6. Elevation of water table insurficial aquifer of example area. Locations of test hole
and water well in Figure VII-2 are shown for reference.




Using the well record to rate the sensitivity of the deeper aquifer produces the same
"Very Low" rating as using data from the engineering test hole. However, the very
general description of subsurface geologic matenals used by the well log results in a
much lower rating of L-18 compared to L-5 for the test hole. This demonstrates the
need to collect subsurface geologic samples from the drilling of water wells or other
boreholes in order to more accurately interpret water well contractor logs. Otherwise,
usin% well records to assess sensitivity of deeper aquifers may result in inaccurate
results, particularly in a overly optimistic impression of aquifer protection.

In summary, the principal uses of subsurface data for conducting Level 3 assessments
are to determine if aquifer separation occurs and to document site specific conditions.
Simply plotting "L" values on a map such as Figure VII-7 does not provide enough
information to place boundaries between areas of different Level 3 sensitivities.
Geologic mapping is needed to do this because it provides the three dimensional
framework OP consistent geologic interpretation and correlation between data points.
Point source subsurface data are tco variable in quality and too limited in distnbution
to replace geologic mapping.

Geologic Mapping Component - Using Area Data

The most accurate way to conduct a Level 3 assessment throughout an area such as a
county is to use geologic maps and data presented in ground water studies. Geologic
mapping in particular, provides detailed information on the occurrence, distribution

and thickness of confining layers. Usually data from several types of maps such as the
surficial geology and bedrock geology must be combined to acﬂequately evaluate
deeper aﬂuifers. The county geologic atlas program of the Minnesota Geological
Survey (MGS) is a good example of the mapping scale and accuracy of geologic
investigations required to adequately assess deeper hydrogeologic conditions
throughout a county. A geologic atlas of Hennepin County has been prepared by
MGS and will be used to assess the sensitivity of deeper aquifers in the example area.

The benefit of using county-wide mapping is that it includes a much broader
interpretation of ground water conditions and can sort out very localized conditions
from those that are more widespread. The relationship of the water table to the
deeper aquifer along the Crow River in the example area is a good illustration of this.
Figure VII-5 shows that a deeper aquifer is present within the glacial deposits below
the water table. However, there is insufficient information to determine if this aquifer
extends downward to include any bedrock formations or if other aquifers exist
beneath it. The glacial hydrogeclogic map in the Hennepin County Geologic Atlas
shows that hydrologic separation of the water table and the deeper glacial aquifer is
resent throughout most of the example area except for an area along the river (Figure
II-8). Along the river the water table aquifer and tEe deeper glacial aquifer are
considered interconnected although additional studies shouid%)e conducted to
confirm this and to more accurately define this area. :

The glacial hydrogeclogic map of the example area (Figure VII-8) shows the part of the
example area where a conﬁmncF layer separates the deeper aquifer from the water
table aquifer. In this area the deeper aquifer can be given at least a "Low" rating
because it is confined. However, a "Very Low" ratinlg can be assigned where the
conﬁnin%layer has at least a L-5 score. The sutficial geologic map in the Hennepin
County Geologic Atlas describes the clay loam till confining layer as being at least 50
feet thick. The discussion of subsurface glacial stratigraphy accompanying the surficial
geologic map in the atlas indicates that older, clay-rich till units exist in nearby areas
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Figure VII-8. Distribution of the deeper glacial aquifer in the example area.
Where the deeper aquifer is confined, it is hydrologically separated from the
overlying water table aquifer. The deeper aquifer may be interconnected with
the water table aquifer along the river. Compare to the cross-section in Figure
VII-5 {Source: Hennepin County Geologic Atlas, Plate 5). Deeper aquifer map at
1:100,000 enlarged for illustration.
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and are shown on a cross section. The point source subsurface data also indicates
their presence. Calculating confining layer scores using the available subsurface data
gives confining layer scores that exceed L-5 for all but one site in the northwest
quarter of section 15 (Figure VII-7). This site had a score of L-4 but nearby scores are
higher. The L-4 score may reflect very site specific conditions or a poor ?uality well
record. The site with the score of L-4 is not considered representative of the example
area. With this one exception, a Level 3 sensitivity rating of "Very Low" can be
assigned to the deeper glacial aquifer except along the river. Along the river the
confining layer present in the rest of the area cannot be confirmed. As a result, the
Level 2 sensitivity rating of "High" is used.

The Level 3 sensitivity assessment of the deeper glacial aquifer directly below the
water table is shown in Figure VII-9. The deeper Elacial aquifer is considered to have a
"Very Low" sensitivity rating throughout most of the example area with the exception
of the area along the river which is given a "High" sensitivity rating.

The Level 3 assessment of the example area shows the importance of detailed
geologic mapping in an assessment area. It also shows the importance of using point
source subsurface data to check and supplement area information.

BENEFITS AND LIMITATIONS

A Level 3 assessment can help identify the degree of natural protection afforded to
deeper aquifers. This will aid local and State efforts to protect deeper aquifers such as
directing State cost sharing for proper sealing of abandoned wells to aquifer settings
with low and very low sensitivity ratings. A Level 3 assessment also has a great
educational benefit to local residents who are concerned that a deeper aquifer may be
contaminated by the siting of a new landfill. Furthermore, a Level 3 assessment can
assist State welﬁiuead protection efforts for public supply wells by identifying aquifers
least sensitive to contamination. Wells that draw from these aquifers wouFd not
require nearly the level of protection from contamination sources as those that draw
from sensitive aquifers. Aquifer sensitivity can be used to determine priorities for
implementing State wellhead protection efforts.

The accuracy of a Level 3 assessment depends of the quality of the subsurface data
and the expertise used to define subsurface hydrogeological conditions. Mapping the
geologic sensitivity of deeper aquifers in many areas is not realistic because of the
general lack of high quality subsurface data. Water well records provide a general
understanding of deeper aquifer conditions but cannot provide the detailecF
understandirég of subsurface geologic conditions that geologic test drilling, geologic
mapping, and aquifer testing provide. These studies are needed to prepare accurate
sensitivity maps but are time consuming and expensive to conduct.

77




CHAPTER VIl
SAMPLE AREA - HENNEPIN COUNTY

The previous three chapters described in detail the information required and the
procedures used to complete a geologic sensitivity assessment at each of the three
assessment levels. This chapter summarizes the assessment process at each level as
illustrated by the example area from Hennepin County and compares the resuits from
level to Ieve{

Assessment of geological sensitivity is generally not done in a vacuum; there is usually
a purpose for the work involved. Chapter IV discusses the various applications of the
three geologic sensitivity assessment levels. Program managers should carefully
identi§ the purpose for which the assessment is needed, the information required,
the information available and the time and resources restraints before proceeding. All
three assessment levels were completed in the example area, however only one level
may be needed in a particular situation. -

None of the assessment levels is intended to evaluate the behavior of specific
contaminants. If movement of contaminants is a concern, an alternate assessment
method should be considered. Appendix D summarizes information for many other
empirical assessment methods. In some situations a mathematical model of ground
water flow and contaminant transport may be required. Discussion of these models is
beyond the scope of this document; an introduction to mathematical models of
ground water and contaminant transport can be found in any good hydrogeoclogy text.

ASSESSMENT OF THE WATER TABLE AQUIFER

Level 1 and Level 2 assessments are intended to estimate the geologic sensitivity of
the first, or water table, aquifer within a particular area. A Level 1 assessment is a
preliminary estimate of the geologic sensitivity using readily available information. A
Level 1 assessment assumes the geologic materials’identified at the surface is
representative of the entire vadose zone. This simplification means a Level 1
assessment is limited in its ability to accurately describe the geologic sensitivity of the
water table aquifer. '

A Level 2 assessment collects detailed information describing the geologic materials
present in the vadose zone. A Level 2 assessment is a better estimate than a Level 1
assessment of the sensitivity of the water table aquifer from contaminants originating
at the surface. In contrast to a Level 1 assessment which uses limited surﬁcia% '
information, a Level 2 assessment evaluates the effect of the geologic materials in the
entire unsaturated zone upon the time of travel of infiltrating water.

Level 1 - In the Level 1 assessment of the example area from northwest Hennepin
County, information from the Hennepin County soil survey was used to prepare a
reliminary estimate of geologic sensitivity. Descriptions of each soil map unit found
in the example area were examined to determine the parent material, texture and
seasonal high water table. Preparation of the Level 1 assessment was simplified by the
availability of parent material, texture and water table information from a Soil
Conservation Service data base. The rating chart in Figure V-1 was then applied to

determine the sensitivity category of each map unit. A Level 1 Sensitivity Map,
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Figure V-10 was then prepared. Figure VIIl-1(a) is simplified from Figure V-10 by
combining a large number of small, irregular areas of "Moderate” and "Low" into a
single contiguous unit.

The Level 1 Sensitivity Map for the example area shows three levels of sensitivity.
Most of the example area is rated mixed "Moderate” and "Low” sensitivity. About ten
per cent of the example area is rated "Very High". No part of the example area is given
a "High" or "Very Low" sensitivity rating. A Level 1 assessment is intended to be a
conservative estimate of sensitivity, acknowledging the unknowns beneath the
surface.

Level 2 - To conduct a Level 2 assessment, the type and distribution of geologic
material between the surface and the water table aquifer is evaluated for its effect on
the rate of infiltration through the vadose, or unsaturated, zone. A Level 2 assessment
can be done two different ways depending on whether a detailed surficial geologic
map is available. if a surficial geologic map is not available, subsurface logs can be
used to determine the sensitivity rating of individual points. The result of a Level 2
Point Method assessment is shown in Figure VI-5. A Level 2 assessment of the
example area using the Point Method is unsatisfactory because subsurface logs are
not available for much of the area. Another limitation is that the density of subsurface
logs is too low to allow rating of areas; the assessment is restricted to point ratings.

en a detailed surficial geologic map is available, the map units can Ee interpreted
and areas can be rated. The Level 2 assessment of the example area required careful
interpretation of available vadose zone information whether from logs or from geologic
maps. Geologic descriptions and interpretations and preliminary sensitivity ratings
were reviewed by the Minnesota Geologic Survey.

Figure VIII-1(b) is the Level 2 (Area Method) assessment for the example area.
Comparing the Level 1 and Level 2 assessment maps shows major changes. The
geologic sensitivity for most of the area has changed from mixed "Moderate” and "Low"
to mostly "Low". The change results from 1) Level 1 criteria being more conservative
than Level 2 criteria and 2) different interpretation of representative surficial materials
when materials throughout the vadose zone are considered. Note that many of the
small "Very High" sensitivity areas around Schwappauff Lake and the pond to the
southwest disappear in the Level 2 assessment. These were thin surficial deposits
overlying more extensive units. These areas were rated according to the more
representative underlying materials. Another change was the enfargement of the
"Moderate” area in north-central part of the example area. The surficial eologic map
identified sandy till there instead of the till present elsewhere. Sandy ti]ighas greater
permeability than till so a "Moderate" rating was assigned to this area.

ASSESSMENT OF DEEPER AQUIFERS

The Level 3 assessment is designed to look "beneath” the water table aquifer. A Level
3 assessment identifies the presence of confining layers and evaluates the degree of
protection such layers provide. A Level 3 assessment is indicated when a decision
needs to be made that may affect deeper aquifers.

Completion of either a Level 1 or Level 2 assessment is not necessary in order to
conduct a Level 3 assessment. However, some of the same information collected to
complete a water table aquifer assessment, such as well logs, may be used to assess
deeper aquifers.
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Figure Vill-1. Comparison of geologic sensitivily assassments for example area.

' 2) Lavel 1-Preliminary. The preliminary geologic sensitivity assessment of the example area based on.available

information rates most of the area as mixed'*Moderate™ and "Low". [There is a strip of “Very High" sensitivity along
the Crow River. Smaller areas of “Very High® sensilivity can be seen on the edges of Schwappauff Lake and

the small pond in the southwaest cornar of Section 15. Accerding to Figure V-8, the soil parent materials map,
most of the soils in the example area formed in glacial lill. The soils along the Grow Riiver formed in sands

and gravels. The very small “Very High" areas on the edges of surface walers represent surlicial organic

material or sandy deposits. A Lavel 1-Preliminary geclogic sensitivity assessment is the minimurm

assessment lgvel recommended for activilies kisted in Table iV-1.

',;f b) Level 2-Vadose Zone. Using a surticial geologic map for the example area (Figure VI-8), a Level 2 {Area

Mathod) geologic sensitivity assessmeni shows a major change lrom the Level 1 Preliminary assessment.
Most of the example area is now rated “Low”. The strip along the Crow River rated “Very High" in Lavel 1 is
now rated "High" except for a thin strip next to the river where the water table is shailow. The “Very High"
areas on the edges of Schwappaufi Lake and Schauer Lake represenl organic deposits in a marsh. A morg
representative evaluation of the geologic sensitivily in the example area, a |.evel 2 gaclogic sansilivity
assessment is the recommended preferred assessment for most activities listed in Table IV-1.

. ¢} Level 3-Deeper Aquilers. ALevel 3 assessment evaluales the vulnerability of aquilers below the waler tablg

aquifer. By definition, a deeper aquifer mus! be protected by a laterally persistent confining layer. ifthe
confining layer is thick sncugh, the araa may be rated even lower. In the example area, thick clay unit
piolects the underlying sandigravel aguiler allowing a "Very Low" raling. Alang the Crow River, the lower
sand/gravel aquifer may not be confined; since a deaper aquiler may not exist, the Level 2 assessment is
applied. A Levet3 assassment is recommended for relatively few activilies lisled in Table Iv-1; a Level 3
assessmant is indicated when toxic substances, deep excavation and well protection is under consideration.

Explanation
VH=Very High
H=High
M=Moderate
L=Low
VL=Very Low
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Level 3 - Assessment of deeper aquifer in the exam?[e area from northwest Hennepin
County required collection and detailed review of all data which describe deeper
subsurface conditions. Data such as well records and drill logs were examined to
determine the presence of a confining layer beneath the water table aquifer. The
surficial geology and surficial hydrogeology as mapped by the Hennepin County
Geologic Atlas was also studied. Analysis of this information revealed a thick confining
layer of till and a deeper sand and gravel aquifer underlying the till beneath most of
the example area except for a strip along the Crow River. Tn this area, the confining till
layer could not be contirmed. As shown in Figure VIII-1(c) the thick confining layer
permits a Level 3 sensitivity rating of "Very Low" for the first deep aquifer below the
water table aquifer. Along the river, where a confining layer above the deeper aquifer
was not confirmed, a Level 3 assessment was not possible. Instead, the Level 2 rating
of "High" for the water table aquifer was transferred to the Level 3 map and assigned
to the deeper glacial materials.

SUMMARY

The geologic sensitivity assessment conducted in the example area in Hennepin
County shows the area does not have a single geologic sensitivity. The example area
was rated mixed "Moderate” and "Low" when a Level 1 assessment is conducted. A
Level 2 assessment rated the area mostly "Low". Beneath the water table aquifer is a
deeper sand and gravel aquifer protected by a confining till unit. A Level 3 assessment
rates the vulnerability of the deeper aquifer in this area as "Very Low".

Referring back to Chapter [l in which the definition of geologic sensitivity was
introduced in Table [lI-1, the estimated travel times of contaminants vary from location
to location and from aquifer to aquifer within the example area. Depending on the
location, contaminants are estimated to reach the water table either very quickly,
perhaps in a few hours, or after several decades. The protection provided by a
confining to a lower aquifer extends the estimated time of travel of a contaminant to
over a century. The actual times of travel are not yet known, but could be determined
using various hydrogeological tools, such as age dating, as described Chapter IX.

The multiple assessment levels were designed to provide a degree of flexibility when
conducting geologic sensitivity assessments. However, some confusion may be
possible if the results of assessments are misunderstood or applied inappropriately.
Users of assessment results must verify which level of assessment has been prepared.
‘Suggested uses and recommended assessment levels for various activities were
discussed in Chapter IV.
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CHAPTER IX
ADDITIONAL STUDIES

INTRODUCTION

The ground water sensitivity guidelines in this report are based on general
considerations of how water travels through soil and geologic materials. They have
not yet been rigorously tested in actual practice. The ratings are in any case relative;
they are based on estimated travel time of a contaminant that behaves like water from
the surface to an aquifer of concern, either the water table aquifer or a deeper aquifer.
Areas rated High and Very High are estimated to have rapid infiltration from the
surface to the water table, on the order of a few hours to a few years.- In areas rated
Low, on the other hand, the infiltration should take decades at least, perhaps
centuries. Implicit in this rating system is the idea that water-borne pollutants will
eventually reach the ground water.

This is not to say that all areas are equal, even in the long run. An area of Low
sensitivity which is subjected to a local, one-time impact such as an oil spill will
probably transmit very little contaminated water, if the normal recharge through the
area is unpolluted. In fact, even if the water recharging an area of Low sensitivity is
consistently Polluted, the polluted recharge waters will constitute only a small
proportion of the total recharge to an aquifer. Therefore, if the areas of hi%her
sensitivity (i.e., higher recharge) are kept clean, the aquifer will remain fairly clean.

TESTING THE AQUIFER

It is difficult to directly test the validity of the ratings presented here. It is easier to test
their validity indirectly, by testing water samples from aquifers. Several tests can be
grouped under two main categories: 1) residence time and 2) water quality. Studies
of residence time can determine when the water entered the ground. Water quality
tests can determine whether, and how much, the water has actually been polluted.

Radioactive isotopes can be used to study residence time. Tritium is a radioactive
isotope of hydrogen which decays naturally to deuterium, a nonradioactive isotope of
hydrogen. The half-life of tritium is 12.5 years. Tritium was very rare in the
environment until the era of atmospheric testing of nuclear weapons; its concentration
in the atmosphere jumped sharply in 1953 and peaked in the 1960’s. Water which
entered the ground prior to the atomic era contains little or no tritium. Water which
contains some tritium thus includes at least a portion which entered the ground
during the last 35ﬁyears, roughly. This is the same period in which Minnesota ground
water has been affected by chemical fertilizers, pesticides, pipeline spills, and sanita
landfills. Water which contains no tritium is thus less likely to contain pollutants, wit
the exception of some sources of pollutants that have existed for a much longer time,
such as septic tank effluent and animal manure.

Radiocarbon dating is also used to determine residence time of ground water. Carbon-
14 is a radioactive isotope of carbon, produced in the upper atmosphere. Like tritium,
it has no source underground. It enters the ground via dissolved carbon dioxide, and
gra_dua!ly decays once out of contact with the atmosphere. The practical limit of

ating is about 40,000 years, much older than is the case with tritium. So radiocarbon
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can distinguish between water that is really old, e.g., 10,000 years, and water which is
only marginally old, such as 150 years. Water which entered the ground prior to the
advent of European settlement, about 150 years ago, is very unlikely to be polluted.
However, water with a nominal age of 150 years may be a mixture of older and
younger water, and thus could contain a polluted component. An age date is only
approximate, and the age of water pumped from an aquifer may change over time, as
younger (or older) water is drawn in from other areas. Figure IX-1 shows the time
range for tritium and carbon-14 studies relative to the time ranges for the sensitivity
ratings.

Radioactive isotope tests of ground water are rather expensive, about $150 for tritium
and about $200 for radiocarbon. Radiocarbon samples are also labor-intensive,
because the carbon must be precipitated from a large volume of water which has
been kept out of contact with the atmosphere. Radioactive isotope tests are more
suited to general studies of an area or an aquifer than to studies of individual water
supplies. Waters determined to be "young" are not necessarily contaminated.
However, young waters are at higher risk of contamination than older water.

Water quality tests can show the presence of specific Eoliutants, and their
concentrations. Water quality analyses vary considerably, de‘Dending on the goal of
the analysis program. Bactena and nitrate tests are commonly done by county and
state health departments. These tests are fairly routine and cheap, and give a direct
rating of health risk from drinking the water. Fecal coliform bacteria indicate pollution
by human waste or animal manure. This test indicates a route from waste source to.
water supply, with little or no filtration through soil. This sort of contamination is
common to sensitive aquifers, such as in karst areas, where water can pass from the
surface to the water table through sinkholes and solution enlarged joints. But coliform
bacteria can also enter aquifers through improperly constructed wells.

Much more common than bacterial contamination is a high level of dissolved nitrates.
Nitrates are derived from septic tanks, feedlots, sewage lagoons, etc., and from
fertilizer in excess of plant needs. Unlike bacteria, nitrates cannot be filtered out by
passage through soil, nor can they be rendered harmless by boiling. "Natural” ground
water normally contains fess than 1 part per million of nitrate-nitrogen; drinking water
standards require less than 10 parts per million. Ground water with detectable
hitrates is common in parts of southeastern Minnesota and is sporadically present in
other parts of the state, especially in unconfined sand-plain aquifers such as those
north of the Twin Cities metropolitan area.

Water may also be tested for specific chemicals such as atrazine (a herbicide), or any
chemical whose presence may be suspected in a given area. Herbicides, insecticides,
solvents and petroleum-derived chemicals are derived from human activity at or near
the land surface. Sulfate and chioride ions may be dissolved from minerals in the
ground. However, in areas where natural chloride levels are tow, elevated chloride
may be an indicator of surface pollution such as road salt and water softener effluent.

Figure IX-2 shows the relationship between water quality and relative sensitivity of two
aquifers in southeastern Minnesota. The Galena limestone forms the upper aquifer; it
is protected from surface contamination only by thin glacial deposits. Once
contaminants enter the rock, they spread rapidly through a system of solution-
enlarged joints. Thus, the sensitivity of the Galena in this area is rated High. Water
from the well shown is young, and high in nitrates.
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Figure IX-1. Geologic Sensitivity ratings and ground water travel times.
Upper bars show time ranges for dye tracing, tritium and C14 studies.
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A nearby well is cased and grouted into the St. Peter sandstone. Water from the
Galena cannot enter this well. The two aquifers are separated by a confining layer
comprised of two shales and a limestone, totalling 70 feet in thickness. The
effectiveness of the confining layer can be shown by the large head difference
between the two aquifers of almost 100 feet. The sensitivity of the St. Peter aquifer in
this area is rated Very Low. Water tests support this rating: . nitrates are undetectable,
and the nominal radiocarbon age is 2000 years.

The situation pictured is straightforward. But lateral flow in aquifers may introduce
complications where the water quality in a2 well may not match the rated sensitivity of
the aquifer in that area. For example, pollutants could enter the St. Peter through a
sand-filled bedrock valley which cuts through the conﬁning layer, or through a multi-
aquifer well. For this reason, any map based on these guidelines must be considered
tentative, not definitive.

TESTING THE SENSITIVITY RATINGS

How may these various water tests be used to test and refine the sensitivity
guidelines? In some cases, the correlation is simple, as shown in Figure IX-2. Surface
aquifers in areas rated High and Very High are predicted to have water which contains
tritiumn, at least in the upper part of the aquifer. Nitrates are likely to be high if the
surface is used for farming or suburban housing with septic tanks but not if the surface
is mostly forested. Coliform bacteria in the water would confirm a rating of Very High,
at least If the well sampled is properly constructed, but lack of coliform %acteria does
not confirm a lower rating because a source may not be present. Other chemicals are
expected to be found in the water, in some relationship to the chemicals locally in
use.

Confirming a High rating is fairly straightforward, because most of the water in the
surface aquifer percolated down from the land above it. Confirming a Low or
Moderate rating is more difficult, because the ground water in such areas is likely to
have infiltrated from another area and moved laterally below the surface. Some
knowledge of ground water flow is necessary in order to evaluate this. It does not
automatically follow that ground water in an area rated Low is old, or that it contains
no nitrates. Ifitis old, it will tend to confirm the rating, but a finding of young polluted
water does not disprove a Low rating. The ratings apply to the surface, not to the
aquifer. That is, they rate the time for surface contaminants at a given point to reach
the aquifer in question, not the residence time of water in the aquifer at that point.

The best way to resolve these complications and uncertainties is to plot the results of
a large number of water quality samples on a sensitivity map. The cf;ta points should
be color-coded into water-table aquifer and confined-aquifer groups, where
information is available. Confined-aquifer data should not be used to test the
sensitivity of the water table. A perfect correlation should not be expected, but the
general trend of water quality should follow the general trend of sensitivity mapping.
Major discrepancies should be investigated to determine the cause. Possible reasons
for low nitrates in an area mapped high include: lack of sources at the surface,
unrecognized confining zones, or nitrates may simply have not yet migrated from the
water table to the well screen. High nitrates in areas mapped low may have infiltrated
through unmapped inclusions of high sensitivity or improperly constructed wells, or
may have flowed laterally from areas of higher sensitivity. Major unresolved
discrepancies indicate that something is wrong with the sensitivity map. There may
be too little data to properly map the area, or the data may be poor-quality and/or
improperly interpreted or the underlying guidelines may be faulty.
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Deeper aquifers may be tested in the same manner as the water table aquifer. The
sensitivity map must be specially constructed for the deeper aquifer because the map
constructed for the water table does not take into account additional protection
between the water table and the deeper aquifer. Only samples drawn from the
aquifer should be used to test the sensitivity map.

A point to remember when checking the ratings against water quality data is that areas
rated High or Very High will have a disproportionate influence on the "average”
pollution sensitivity ot an area. If other ratings remain almost the same, the doubling
of the area of High from 10% to 20% will almost double the real aggregate sensitivity
of the whole area. On the other hand, the doubling of the area of Low under the
same conditions will have little effect. Similarly, an area which is rated 50% High and
50% Low will have a much higher real sensitivity than an area rated moderate
throughout. Another factor to keep in mind is that people are more likely to have their
water tested if they suspect it may be contaminatet:’lJ than if they feel it is good. This
may bias the nitrate data towards higher sensitivity wells. Thus, in a given area, water
samp:es may show higher nitrate values than would be shown in a strictly random
sample.

Computer models of ground water flow have been constructed by the U.S. Geological
Survey for parts of Minnesota. They may assist interpretation of the water-quality data
and residence time studies and compare those data to the sensitivity maps.
Computer models require large amounts of high-quality data in order to work well.
Where data do not exist, approximations must be made. One of the greatest
limitations of ground water flow models is the data, not the model itself. And the
same is true of these guidelines.

There is a considerable amount of onﬁoing research, in Minnesota and elsewhere, on
the movement of various chemicals t rough the soil and into the ground water, such
as the movement of nitrogen fertilizers and pesticides in different soils and geologic
settings. The results of these studies should help test the guidelines, but these
studies are of specific contaminants, while the guidelines were deliberately written to
not be contaminant-specific.

It is clear that sensitivity assessments cannot be exhaustively tested and confirmed in
all particulars. But it is feasible to check on the general reliability and comparability of
the ratings scheme. Tritium and radiocarbon can sometimes be used to estimate
residence time of the water. Tests for nitrate and other contaminants can be used to
estimate the actual extent of pollution.
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GLOSSARY
ALLUVIUM - material deposited by streams and rivers.
AQUIFER - geologic material capable of yielding a useable quantity of water to a well.
ARTESIAN AQUIFER - see CONFINED AQUIFER

ARTESIAN PRESSURE - the pressure exerted by water in a confined aquifer that will
raise the water level in a well above the top of the aquifer.

BEDROCK - solid rock. See also CONSOLIDATED DEPOSITS.
BMP - Best Management Practice
COLLUVIUM - loose deposits at the foot of slopes and cliffs.

CONFINED AQUIFER - an aquifer which is completely saturated, is overlain by a
confining layer and is under artesian pressure.

CONFINING LAYER - a geologic unit of low permeability.

CONSOLIDATED DEPQOSITS - firm and coherent earth materials; cemented sediments.
DNR - Minnesota Department of Natural Resources

DRAWDOWN - the lowering of ground water level (head) caused by pumpiﬁg a well.

DRIFT (glacial) - any rock debris, such as boulders, till, gravel, sand or clay, transported
and deposited by ice or meltwater.

EAW - Environmental Assessment Worksheet

EIS - Environmental Impact Statement

FLUVIAL - produced by river action.




GROUND WATER - water in the saturated zone.

HEAD - height of water in a well above a specific measuring point. - see also
POTENTIOMETRIC SURFACE

LCMR - Legislative Commission on Minnesota Resources

LOESS - silt-sized material deposited by the wind.

MGS - Minnesota Geological Survey

NPDES - National Pollutant Discharge Elimination System
OUTWASH - stratified sandy sediment deposited by glacial meltwater streams.

PEDOLOGIC SOIL - the material making up the soil profile, from the land surface to a
depth of about six feet.

PIEZOMETER - an observation well.

PIEZOMETRIC SURFACE - the surface to which water from a given aquifer will rise in a
well. - see also POTENTIOMETRIC SURFACE

PERCHED WATER - ground water that is not part of a water table aquifer because
unsaturated materials occur beneath it. Generally isolated areas above a
continuous water table.

PERMEABILITY - a measure of the relative ease with which water can move through a
geologic material.

POROSITY - the percentage of void space in a geologic material.

POTENTIOMETRIC SURFACE - the surface representative of the static water level in a
well cased into a single aquifer.

RIM - Reinvest in Minnesota

SATURATED ZONE - the portion of the subsurface in which all voids and cracks in
geologic materials are completely filled with water.
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SDS - State Disposal System
SQIL - earth material modified by natural physical, chemical and biological agents and
capable of supporting the growth of plants.

SOIL HORIZON - a layer of soil material that is different from other layers by
characteristic properties such as structure, color or texture.

STATIC WATER LEVEL - the level to which water will rise in an unpumped well that is
open to a single aquifer.

TILL - unsorted sediment deposited by a glacier. - see also DRIFT

UNCONFINED AQUIFER - an aquifer in which the upper portion is unsaturated or
which is saturated but under less than artesian pressure.

UNSATURATED ZONE - zone above the water table where voids and cracks are not
completely filled with water.

UNCONSOLIDATED DEPOSITS - loose material overlying bedrock. Includes soil,
glacial deposits, stream sediments, windblown deposits, weathered bedrock,
and organic deposits.

USGS - United States Geological Survey
VADQOSE ZONE - see UNSATURATED ZONE.
WATER TABLE - the surface separating the unsaturated and saturated zones.

WATER TABLE AQUIFER - the uppermost aquifer which has a water table; more
generally, an unconfined aquifer..
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SOURCES OF SUBSURFACE GEOLOGIC INFORMATION

Subsurface geologic information is the basis for assessing the susceptibility of ground
water to contamination. There are various types of information describing subsurface
conditions, ranging from detailed maps and reports to uninterpreted records of water
wells and borings.

PUBLISHED REPORTS AND MAPS

The state is covered in varying degrees of detail br} published reports and maps,
depending on the level of detail and coverage of the various investigative and mapping
efforts. The degree to which these reports are useful depends on the scale and detail
of the questions being asked of them. Soil atlases and cou nty soil surveys cover the
entire state, but are concerned with only the upper 5-6 feet of the earth’s surface.
Geologic and hydrogeologic maps of Minnesota at various scales are available from the
Minnesota Geological Survey (MGS). Hydrologic Atlases published by the U.S.
Geological Survey (USGS) provide statewide coverage and are useful for establishin
the general hydrogeologic setting for the area to be assessed. Other sources include
MGS county atlases and USGS reports includin% Water Resources Investigations,
Water Supp(lfx Papers, and Open-File Reports. Additional information can be found in
studies conducted by state agencies, colleges and universities, and consuiting firms.
The coverage across the state is by these reports is uneven.

The "Minnesota Ground Water Bibliography" published by the Department of Natural
Resources(DNR) in 1989 is a useful guide to published reports and maps. The
Minnesota Geological Survey "List of Publications in Print” is also useful.

WELL RECORDS AND BORING LOGS

Records from water wells and test borings are the most important and basic source of
subsurface geologic information for the state.

Water well records - Since 1975 water well contractors have been required to submit
to the Minnesota Department of Health (MDH) a record (driller’s log) for each well
drilled. MDH then distributes copies to other agencies including DNR and MCS. An
example of a water well record from Greenfield township in Hennepin County is
shown in Figure B-1.

The location and geologic information contained in water well records range in quality
from very good to poor. The MGS is responsible for or anizing and interpreting water
well records as part of state efforts to develop a groundgwater information system. In
addition, the MCS is the lead agency for organizing the state’s water well record
library. A portion of the records on file at MGS have been field-located and interpreted
by geologists, and are likely to portray the eology accurately. Other records which
have not been field-located and geologically interpreted may have questionable
accuracy. '

Water well records suitable for assessing geologic sensitivity should have their location
verified and the geological and hydrologic information interpreted. Field located well
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Figure B-1: Comparison of Water Well Record (Driller's Log) to nearby engi-
neering test boring. Note difference in level of detaill. Also note MGS field
location versus driller's location.




records have been plotted on 7.5 minute topographic quadrangles or more detailed
maps such as housing subdivision plats. The MGS should be contacted for advice on
locating and interpreting well record data. interpreted water well records are available
for many counties and are filed either manually or on a computer data base.
Unlocated well logs can be used, but the user must verify their locations. This is a
time consuming process.

As an example of the types of problems that result from unlocated well logs, the water
well record in Figure B-1 was incorrectly located by the driller as being in the extreme
southwest corner of section 10. Field location showed it to be in the extreme
southeast corner. Without the additional field location effort b‘é the MGS, the well
location and any interpretations based on it would be in error by nearly a mile.

Many water well records list very brief descriptions of the material overlying bedrock.
In Figure B-2, it is not possible to determine the texture of the vadose zone material or
the presence of low permeability units because it is located within the zone labeled as
"drift.” Drift is a collective term used to describe all unconsolidated deposits left by
glaciers. The term "drift" is too general to use to identify texture or permeability. The
conclusion one should reach about such a well log is that it does not contain enough
information to identify vadose zone materials for a Level 2 assessment. Vague
terminology makes many well records useless for Level 2 or 3 assessments.

FIGURE B-2. Well log of a bedrock weil.

UNIQUE NO.: 207284
WELL NAME: INVER GROVE HTS, NO. 3
LOCATION: TOWNSHIP 27 NORTH, RANGE 23 WEST, SECTION 3, CCBCCA

ELEVATION: 855 FT. WATER LEVEL: 132 FT.
DEPTH: 407 FT. DATE: 70/02/27
COMPLETED: 70/02/27 AQUIFER(S): JORDAN

from To Description

0 145  DRIFT

145 150 SANDSTONE
150 307 DOLOMITE
307 407 SANDSTONE

Descriptions of geologic material vary in quality from driller to driller. Soil and
engineering terms such as "loam" and "silt" are not generally used by water well
drillers. "Clay" has a wide range of meanings; it may be clay in the geological sense, or
it may describe silt or loam containing as little as ten per cent clay.

Test boring logs - Various types of test drilling also provide valuable information about
subsurface and hydrogeologic conditions. For example, the Minnesota Department of
Transportation has many engineering test boring records acquired from road and
bridge construction projects. Test boring records can be obtained for other types of
construction projects from private consultants. Environmental borehole and

monitoring well records from landfills and other types of environmental assessments
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are another source of data. Figure B-1 shows a record from test boring which is within
a few hundred feet of the water well discussed earlier. Notice the difference between
them in the fevel of detail used to describe subsurface geologic materials.

ASSESSING DATA COVERAGE

If little or no subsurface data are available or vague terms are used to describe the
subsurface materials, it may not be possible to complete a Level 2 or Level 3
assessment. Unfortunately there are no set rules to define the amount of data that
should be collected in order to have "enough.” Data needs are dependent on the
purpose for which the assessment is being prepared, the scale of the area being
assessed and the complexity of local hydrogeorc))gic conditions.

A Level 1 assessment using soil parent materials information can be used as a guide to
evaluate the complexity. Large areas with the same parent material indicate relatively
simple geology, at least near the surface. On the other hand, an intricate pattern of
soil parent materials could indicate a complex setting. Also, if the subsurface data and
soil parent materials map are in general agreement, the soil parent materials
information can be used to fill in the data deficient areas. When subsurface conditions
can be predicted by correlating other data points, the data coverage is probably
adequate. If, however, the geologic setting appears to be complex, as indicated by a
wide variety of geologic materials within a relatively small area, estimating the geology
from soil parent materials becomes difficult. Most areas will not have enough data to
map strictly by data points; geological interpretation will be necessary. The
experienced geologist may interpret aerial photographs and topographic maps to
identify landforms and infer geologic history to extrapolate available data points.
Unfortunately, extrapolation of existing data may produce unreliable results. In this
case, collection of additional subsurface data are required to complete a reliable
evaluation of geologic sensitivity.
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WORKING WITH MAPS

A map is a representation or abstraction of a portion of the world. A map is also a way
of organizing information. A map never shows all the information or detail that an
observer might actually see. Map makers must choose which information to show
within the fimited confines of a map. Much of the detail and complexity of the world
must be simplified for clarity. This means a m(y) is really an interpretation of a
selected set of information describing the world.

Mapping projects start with choosing or making an appropriate map base. The choice
is a balancing of a number of factors, includinﬁ urpose, availability of various map
bases, cost, reliability, the information that wi Be organized on the map, and how
different maps will work together.

MAP SCALES

Maps are constructed in different proportions, or scales, to the world. A scale of 1:2
means that one measurement unit on the map equals two measurement units on the
ground. The units of measurement can be anything, as long as the same "yardstick" is
used for both the map and on the ground. In Table C-1, several different map scales
are listed. A scale of 1:100,000 means that one inch on the map represents 100,000
inches on the ground. For convenience, 100,000 inches is normally converted into
another unit that may be easier to work with. For example, 100,000 inches is the
same as about 1 1/2 miles.

Different map scales may be more suitable for different purposes. A state road map,
for instance, would not be much help when designing a neighborhood traffic plan. It
is important to match the need to the right map with the most suitable scale. Table
C-1 shows several common map scales and their suggested uses. The map scale of
1:100,000 is used by the Minnesota Geological Survey in the County Geologic Atlas
program. The 1:24,000 topographic maps prepared by the U.S. Geological Survey are
useful for many local-scale activities, including city, township and watershed planning.
For many of the activities listed earlier in Table V-1, one of the map scales listed in
Table C-1 could be considered.

Table C-1. Suggested map scales and applications.

Map scales [ Suggested Uses
1:200,000 Regional planning
1:100,000 County-wide planning
1:24,000 Local planning

Commonly, maps from different sources prepared at different scales must be
combined to produce the desired map. Maps may need to be reduced from their
published scale. Such changes should not be undertaken lightly. The next section
discusses the problems of combining maps and introduces some specific techniques

by which map combinations can be done in an appropriate manner.
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COMBINING MAPS WITH DIFFERENT SCALES

Level 1 assessments are done at the scale of soil maps; the common scale for modern
soil surveys is 1:15,840, or 4 inches to the mile. Higher level assessments may be
done on topographic maps at the scale of 1:24,000, roughly 3 inches to the mile. In
order to complete the higher level assessment, all data must be plotted at a common
scale. Where two maps need to be combined, the larger one should be reduced to
the scale of the smaller one. Enlarging the smaller one will give a false sense of
precision to the combined map. Where two map scales are only moderately different,
as in the case of 1:15,840 soil survey maps and 1:24,000 topographic maps, rules for
combining maps become less stringent.

Combining maps of similar scale can be done several ways. Two methods that are
generally suitable for sensitivitrl assessment maps are freehand sketching and
mechanical/photographic. Either method can be used to enlarge or reduce.

When combining maps using freehand sketching, simply transfer the lines from one
map to the other by constant reference to the original map. Most areas of the state
have a fairly regular road network based on the one-mile grid of section lines. Other
points of reference include houses, lakes and streams, which are shown on the
topographic maps and can be recognized on the air-photo base of the soil maps. Itis
important to remember that some houses may not be on one map or the other, and
lakes may be a different size and shape because the maps were made at different
times. Even the road networks may be different.

Freehand sketching is adequate when the lines to be transferred are relatively simple
and where there are enough landmark features on both maps. In areas where
landmark features are sparse and the lines to be transferred are complex, some
mechanical or photographic method must be used. The cheapest and simplest is
photocopy machine reduction. Lines based on the soil survey at 1:15,840 can be
copied at 66% reduction to 1:24,000, the scale of topographic maps. Then they can
be traced onto the topographic base map. Even though nominally at the same scale,
they will still not match perfectly because of paper shrink and swell and because the
photos on the soil map base are unrectified. ("Rectified” air photos, corrected for the
various distortions inherent in air photos, match a grid of surveyed control points.)
Thus it is necessary to include some landmark features on the soil lines such as the
road grid. This will allow the lines to be traced more accurately. The overlying map
must be moved from time to time during tracing in order to acﬁieve the best fit.

Various types of reflecting projectors and zoom transfer scopes may be used to
change scale. Each has its own advantages and drawbacks. Each requires lining up
landmark features on both maps. Accuracy is generally best in the center of the field
of view, and the maps must be moved an?rea%igned frequently. This method has
been used successfully at the Minnesota Geological Survey but it is time-consuming
and requires expensive specialized equipment. Photographic enlargement or
reduction is more precise, but is not recommended for general use because the

inherent imprecision of the lines does not justify the accuracy.

To easily examine geologic sensitivity on a county-wide basis, the assessment results
shown on larger scale soils and/or topofgraphic maps may be reduced in scale and
traced onto a smaller-scale base map of the whole county. A county road map at 1
inch to the mile or 1/2 inch to the mile may be used. A drawback to the county road

maps is that they greatly exaggerate the widths of the roads, showing them several
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hundred feet wide. They also normally show section lines as a regular grid, even
though, in places, the section lines are irregular due to early survey errors.

The same principles and techniques discussed above for combining maps may be
used for the county-wide maps, but one other factor must be considered. When a
map is greatly reduced, its lines must be generalized because the line becomes
"wider" in terms of the width that it covers on the ground. Small details cannot be
shown. Small areas must be dropped, in effect absorbing them into surrounding areas
with a different rating. Tight line squiggles need to be replaced with broad, sweeping
curves, which in turn will reduce down to tight squiggles.

This process illustrates why small areas cannot be confidently rated by a county-wide
map; the area in question may be an unmapped inclusion in an area of contrastin
sensitivity. And o? course the precision of the lines drawn in the first place is variable.
County maps of geologic sensitivity should be used only to illustrate which parts of the
county are generally sensitive, not to determine the geologic sensitivity of specific
parcels of land. The advantage of small-scale maps is that they allow recognition of
major trends, without the distraction of small details. This may be especially true
when comparin% a |geolo ic sensitivity map with plotted water-quality data. Smaller-
scale maps will be less affected by local ground water flow, and may give a better
general look at the relationship between water quality and predicted sensitivity.

MAP RELIABILITY AND DATA COVERAGE

in addition to properly combining maps of different scales, users should carefully
consider the reliagility of the maps they use. High quality data are, of course, very
important. However, enough data need to be collected and mapped. Interpretations
or area boundaries based on too little information will be misleading. Determining
when sufficient data has been collected should be a careful and deliberate decision.
As a general rule of thumb, enough data have been collected when a user is able to
predict most of the time the result of the next data collection effort. The issue of
sufficient data collection must be carefully considered when assessing geologic
sensitivity, especially when conducting Level 2 and Level 3 assessments. For example,
in areas with relatively predictable geology and little topographic relief, less data may
be needed than in areas of highly variable geology and greater relief. Reviewing
available information before beginning an assessment project will help identify the
level of effort needed to collect enough information to complete the assessment.
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OTHER SENSITIVITY RATING METHODS

Many sensitivity assessment mathods or technigues are currently availabie for
estimating ground water vulne: - ility to contamination. The methods vary in the type
of information produced, the information required and the scale of application. Each
method is appropriate for certain applications and not others. Suitable applications for
the proposed geologic sensilivity guidelines presented in this document were
discussed in Chapter IV. This appendix provides a brief introduction to other
techniques, primarily empirical, for evaluating ground water vulnerability.

GENERAL REVIEWS OF SENSITIVITY METHODS

Several reviews of various sensitivity assessment methods have been completed
(Trojan, 1986; Canter et al., 1987; Geier and Perry, 1990). Trojan (1986) identified five
general categories of methods: Predictive, general geologic criteria, mathematical
modeling/routing, water balance and monitoring. Canter et al. (1987) provided a
synopsis of nine empirical assessment methodologies. The nine methods were all
pollutant source prioritizing methodologies, according to the authors. Geier and Perry
(1990) evaluated in detail a more extensive group of empirical methodologies which
would also belong to the predictive category of Trojan (1986). The evaluation by Geier
and Perry (1990) included a comparison between methods of the intended
application(s).

The sensitivity assessment methodologies reviewed and categorized by Trojan (1986)
included the models listed in Table D-1. A predictive method such as EPA’s DRASTIC
model (Aller et al., 1985) assesses the potential for contamination to impact the
subsurface. Predictive methods may evaluate a variety of factors, including the
Bhysical system, chemical characteristics, and perhaps land use or water use.

redictive methods may be site specific or they may be designed to assess larger areas
not related to any particular use. General geo ogic criteria methods typically apply
simplified rules based on physical attributes for determining vulnerability to
contamination. These methods are also predictive and may or may not be site specific.
Mathematical models are best applied to individual sites with identified or potential
contamination problems. Mathematical models are constructed by developing a set of
equations to describe the physical system. Etquations of infiltration and ground water
flow are matched to real conditions. If conteminants are a concern, existing or
Eotential transport of contaminants is added to the physical system model. Water

alance methods are site specific techniques for estimating leachate impact on local
Eround water conditions. Monitoring of wastes is an assessment technique that may

e useful in limited situations where sourcas of potential contamination can be clearly
identified and the quantities are limited.

The review by Canter et al. (1987) included the nine pollutant source prioritizing
methodologies listed in Table D-2. Each method was summarized, with emphasis on
the Erocess by which a rating is obtained. The authors asserted that all the listed
methodologies were suitable for site specific assessments, however DRASTIC was not
designed for site specific application. Although the idea of geologic vulnerability and
other assessment purposes were introduced several times, the authors focused their
discussion on the technical development of site specific rating methods, particularly
for pollution sources such as fandfills. The authers also provided some limited
information on the mysterious process of f.2"or identification, setting factor weights
and developing scaling functions.
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Table D-1. Sensitivity assessment methodologies reviewed by Trojan (1986).

Type/Method Source(s}
Predictive
DRASTIC Aller et al. (1985)
LeGrand LeGrand (1964, 1983)
EPA SIA Silka and Swearingen (1978)
Fuller Land
Treatment Fuller (1986)
EPA HRS U.S. EPA (1985)
Florida DRASTIC Higher and Wailer (1986)
Kansas Kansas Dept. of Health and Envir. (1986)
New Jersey New Jersey Geological Survey (1983)
Massachusetts Roy and Bowley (1986)
Wisconsin Schmidt (1986)
Missouri Duley (1983}
Illinois Berg et al. (1984}

Michigan SAS Mich. Dept. of Nat. Res. (1983)

General Geologic Criteria

Septic tank fields
Missouri

Ohio

South Dakota
Minnesota

Waltz (1972)
Stohr et al. (1981)
Stein et al. (1981)
Mevyer (1986)
Olsen et al. (1983)

Mathematical Modeling/Routing

Contaminant
transport

Water Balance
Landfill leachate
Monitoring

Nebraska

Watson (1984), Oberlander and Nelson {1984),
Gray and Hoffman (1983), Enfield et al.(1982)
MacFarland (1983)

Fenn et al. (1975), Remson et al. (1986)

Nebraska Dept. of Env. Control {1985)
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Table D-2. Empirical pollutant source prioritizing methodolagies
reviewed by Canter et al., (1987

Method Source
Surface Impoundment Assessment (SIA) U.S. EPA (1978)
Landfill Site Rating (cited reference incorrect)
Waste-Sail-Site Interaction Matrix Phillips et al. (1977)
Site Rating System Halgerty et al. (1973)
Caldwell et al. (1981}

Hazard Rankin%]System (HRS)
Site Rating Methodolo Kufs et al. (1980)
Brine Disposal Methogglogy Western Mich. Univ. (1981)
Pesticide Index Rao et al. (1985)
DRASTIC Aller et al. (1985)

Geier and Perry {1990) chose to catalogue and review different empirical assessment
models according to their intended applications. The assessment models were
organized into six categories based on intended use:

- selection of candidate waste disposal sites

- prioritize existing sites for remediation

- evaluate sensitivity over large areas

- rank and evaluate individual contaminants according to pollution potential

- evaluate candidate sites for Land Surface Treatment

- evaluate pollution potential from oil and gas field activities.
The organization into these categories is intended to helr users identify the
appropriate empirical method for a particular need. Table D-3 lists the models
reviewed, the method categories and the applications.
ASSESSING SENSITIVITY IN AGRICULTURAL SETTINGS
In Chapter Ill, the surficial application of agricultural chemicals was introduced as one
of several SEecial cases. Agricultural practices apply specific chemicals directly on the
surface of the earth or in the soil zone. Consideration of any particular chemical
cannot be addressed by the general geologic sensitivity criteria. This kind of activity
requires a specialized approach.
The U.S. Dept. of Agriculture Soil Conservation Service (SCS} in cooperation with the
Agricultural Research Service (ARS) and the Minnesota Cooperative Extension System
(MES) has developed a system for rating soils on their potential for pesticides to leach

through them. Each soil mapping unit is assigned a rating of "nominal’, "intermediate”,
or "high". Each pesticide is given a rating of "small", "medium", or "large", based on its
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Table D-3. SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHODOLOGIES.FOR

VARIOUS NEEDS (Modified from Geier and Perry, 1990)

Section 1. Site Selection Methodologies

Empirical Explicitly Screens Screens Screens Rates General
AsSess- BEvaluates Evaluates Evaluates Potential Potential Potential Land Planning/
ment Primary Geoiogic Contaminant Hazardous Indust. Waste Septic Sys. Landfill Treatment Regulatory
Mecthod Source Sensitivity Prop/Behav. Wastes Pond Sites Sites Sites Sites Application
LeGrand LeGrand, 1964 X X X X X
(1964)

Surface Silka and

Impound Swearingen, X X X X X X X
Assessment 1978

(SLA)

Soil /Waste Phillips, et al.,

Interaction 1977 X X X X X X X
Matrix

Hazardous Hagenty, et al,,

Waste /Land- 1973 X X X X X X

Fill Site

Ranking System

LeGrand LeGrand, 1983 . X X X X X X X

(1983)
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Table D-3. SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHODOLOGIES FOR
VARIOUS NEEDS (Modified from Geier and Perry, 1990} (Cont’d)

Section 2. Site Remediation Methodologies

Empirical Rates Rates Rates General
Assess- Primary Evalvates Evaluates Existing Existing Land Pianning/
ment Source Geologic Contaminant Septic Landfilt Treatment Regulatory
Method Sensitivity Prop/Behav. Systems Sites Sites Application
Geologic Nelson and X X

Ranking Young, 1981

System

Ground Water Olpvieri, X X X X

Contamination et al., 1986

Site Ranking

Method

New Jemsey Hutchinson X X X

Site Ranking and Hoffman,

Method 1983

Kansas Kansas X X X X X

Ranking DHE, 1986

System

Site Kufs, et al., X X X

Rating 1980

Methodology

Hazard CFR, 1989 X X X

(HRS)




Table D-3, SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHODOLOGIES FOR
VARIQUS NEEDS (Madified from Geler and Perry, 1990) (Cont'd)

£01

Section 2. Site Remediation Methodologies (Cont’d)

Emypirical Baplicitly Rates Rates Rates Rates General
Assess- Primary Evaluates Evaluates Evaluates Existing Existing Existing Land Planning/
ment Source Geologic Contaminant Hazardous Industrial Septic Landfill Treatment Regulatory
Method Sensitivity Prop/Behav. Wastes Waste Ponds Systems Sites Sites Application
Michigan Michigan X X X X

Site Assess- DNR, 1983

ment System

(5AS3)

California Dilugosz X X X X

Ranking and Ingham,

System 1985




Table D-3. SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHODOLOGIES FOR
VARIOUS NEEDS (Modified from Geier and Perry, 1990) (Cont’d)

Section 3. Large-Scale Sensitivity Ranking Techniques

Empirical Explicitly Screens Screens Screens Screens General
Assess Evajuates Evaluates Evaluates Areas for Areas for Areas for Areas for Planning/
ment Primary Geologic Contaminant Hazardous Industrial Septic Landfill Land Treat- Regulatory
Method Source Sensitivity Prop/Behav Wastes Waste Ponds Systems Sites ment Sites Application
D rastic Aller, et al., X X

1985
Minnesota Porcher, 1989 X X
Sensitivity
Map
Wisconsin Schmidt, 1987 X X
Sensitivity
Map
IHinois Berg, et al,, X X X X X X
G round Water 1984
Contamination
Potential Rating
System
Minnesota Minnesota X X X X X X
Sensitivity DNR, 1990
Rating Method
Trojan- Trojan and X X X X X X X
Perry Perry, 1988

Method
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Table D-3. SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHCGDOLOGIES FOR
VARIOUS NEEDS (Modified from Geier and Perry, 1990) (Cont'd)

Section 4. Contaminant Indices (scale not applicable})

Empirical Explicitly Rates Rates Rates General
Asgess- Evaluates Evaluates Evatuates Industrial Septic Rates Land Planning/
ment Primary Geologic Contaminant Hazardous Waste System Landfill Treatment Regutatory
Method Source Sensitivity Prop/Behav Wastes Ponds Sites Sites Sites Application
Leaching Laskowski, X X

Index ct al., 1982

Pesticide Rao, 1985 X X X
Index

Minnesota Becker,

Pesticide X X

Index

et, al., 1989




oLt

Table D-3. SUMMARY OF SELECTED SENSITIVITY ASSESSMENT METHODOLOGIES FOR

VARIOUS NEEDS (Modified from Geier and Perry, 1990)(Cont’d)

Section 5. Land Treatment Site Methodologies

Empirical Explicitly Rates Rates Rates General
Asscss- Evaluates Evaluates Evaluates Industrial Septic Rates Surface Planning,/
ment Primary Geologic Contaminant Hazardous Waste Pond System Landfil} Application Regulatory
Method Source Sensitivity Prop/Behav Wastes Sites Sites Sites Sites Application
Fuller Land Fuller, 1984 X X

Treatement

Methodology

Mobility Mahmood, X X X X

Dyegradation et al,, 1986

Index




solubility, persistence, and soil absorption value. The two ratings are combined in a
matrix to yield a potential for leaching through the scil, ranging trom Potential 1
(largest) to Potential 3 (smallest). This system is simple, easy to use, and the
necessary data for its aﬁjnlication are avallable for most of Minnesota. It is a guide for
managing individual fields. A similar matrix has also been developed for evaluating
p?stiude surface runoff potential. Loca! county agents should be contacted for further
information.

The Nitrogen Fertilizer Task Force has developed voluntary Best Management
Practices (BMP’s) for nitrogen fertilizers. Nitrogen fertilizer BMP’s have been
formulated for five Minnesota regions based general soils, climatic and cropping
conditions. Figure D-1 shows the five nitrogen fertilizer BMP regions. For each region,
the Minnesota Department of Agriculture (MDA) developed specific recommendations
for managing nitrogen fertilizer. In the future, the MDA will coordinate the promotion
and overall plan of response where high levels of nitrogen fertilizer related compounds
are found in surface and ground waters.

The MDA has also issued voluntary BMP’s for atrazine, a commonly used pesticide
with a high leaching potential.. The BMP’s includes recommendations for two
application rates; one for general use statewide and a maximum of one-half the
statewide rate in sensitive areas. For atrazine management, the MDA has identified
sensitive areas as those areas with highly Eermeable geologic materials such as
fractured rock aquifers and sandy areas where the water table is less than thirty feet
from the land surface. As shown in Figure D-2, the voluntary atrazine BMP indicates
the counties where these conditions are common. The MDA should be consuited for
further details.

Soil-based systems such as the SCS leaching index and the geological sensitivity
guidelines may be applied to the same area. Table D-4 lists the Level 1 rating and the
SCS leaching potential for some Douglas County soils. Experience shows that in many
cases there will be good agreement between the systems. An area may be rated High
in both soil leaching potential and geologic sensitivity. Ancther area may be rated
Nominal in leaching potential and Moderate or Low in geologic sensitivity. However,
some areas may be rated Nominal in leaching potential, but High in geological
sensitivity. In many cases where such a discrepancy has been analyzed, it'is the result
of a relatively low-permeability soil overlaying a high-permeability parent material, for
example, loess over outwash, or over carbonate bedrock. In such a case both systems
are accurate, in their area of application. A contaminant such as a pesticide used in an
area rated Nominal is unlikely to leach through the root zane, but if it does, it is likely
to reach ground water if the area has High geologic sensitivity. There is less margin for
error, and more need of caution in this case than in a situation where both the sail
leaching potential and the geologic sensitivity are rated low.

The other case where discrepancies will commonly turn up between the general
$eologic criteria and the soif leaching system is in an area with a high water table. In
able V-1, (general geologic sensitivity ratings for Level 1 assessments), a water table
of less than six feet changes Moderate ratings to High, and Low ratings to Moderate.
This is done because the system is designed to estimate travel time to the first zone of
saturation, regardiess of whether it is seasonal, perched or the water table aquifer. In
an area of a high water table, the water does not have far to go to reach saturated
conditions. In an area rated Nominal in leaching potential but High in geologic
sensitivity because of a high water table, pesticides are unlikely to leach through the
soil, but if they do, they are likely to quickly enter the ground water. This situation is

another indicator that extra care may be needed to protect the ground water system,
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MINNESOTA DEPARTMENT OF AGRICULTURE
AGRONOMY SERVICES DIVISION/4TH FLOOR

90 WEST PLATO BOULEVARD

SAINT PAUL, MINNESOTA 55107

(612) 296-6121

VOLUNTARY ATRAZINE BEST MANAGEMENT PliACT'lCES

L Usr lotegraied Fort Maoeg: haiques for pest comtrol
s Scoul fiekds 1o identify weed species present.
b. Asszss population kowele
c Detcrmine whether herbicid ant jted and if 5o,
which berbicides are appropriste.
d. Consider alicrnatives to Mrazine use that may do the tame job with

polatia) pegative impact o8 water resdored.
e Apply the deast amount of herbicide noccasary io control the weede, and only
where weed probl €Kigl OF are antici d

T Maintsia a fickd history which includes scil iest resulls, crops, pest problems, peaticides wied (brand names, active
ingredicnis, rates), application dalcs, and resuli.
MIXING AND LOADING
1L Miz, load, o clean equip doing jur & min of 150 fort from » sinkhole (ouler edge of dope),
beed, Take, wetbisl, water imp river or Imir Gress
3 Niix, load end cless-owt equip on mpeyh riscen. Atnizine mizing/loading and equipment chean-out Fhauld

be carmied oul 0o A impervious surface such as & mixing and loading pad. Equipment and conthiner wash waters
should be applicd evenly over labcled arcas or used s part of dilution make-up water.

AFFLICATION RATES

—i L Scogitivc Ascas

C; Limit 0 ome nnd Ga¢-hall powads of los sirasiee activs lgmaient (or 1.6 pouads atravime active bagredicnt phos
relatad compomiie) per acre par calesder i sumaltion: resa.  The application rate for atrxine of 13 loa active

ingredieat is equivibent to 1 qo of 4L, 20 e of 30W, or 1.8 bs. of 90% WDG or DF formulations. Scnsitive
areas, uniil further defined by the Deperiment of Natursl Resources, include highty permeable gealogic material such
s

a Iracturtd rock aquifers {including karst, sinkhole areas) or;

b. where sands, loamy sands, sod/or sandy koams sre the prevalent soil texiure within 2 fiekd
(grester thaz 309 of the scil surface) 30 where the waler Wable is less than thirty feet betow
Ibe surface.
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1t should be noted that portions of every Minnesots county may include onc, of all, of thesz conditions. Far exampie,
in addifion {c the counties listed sbove, sands, Tosary sands, and/or sandy loams are prevalent in river valleys,
especially in suth western countics such m Rock snd Pipestone. Coutact your Iocal Soil Conservation Service for
further information on specific soill conditions an your farm.

1 Stasewide
Limis w s e tha 3 e atrazine active ingredicad per acre per cabeadber year. The 1 dbcath
mie for aimasine i equivalent to 3 qu of 4L, 3 /4 loe. of 30W, or 13 be of 9% WDG or D
except in e Breas whert rele restrictions apply.

Refmin from using armrine for nonsclective weed control on poncrop land,

ATRAZINE USE RECOMMENDATIONS

| B Ouly npply atrasine botwor spring dure ad il cors reches 12 imches is beight Do mor apply atrzine
io the il or winter.
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buller nrcas.
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University of Mi Extension Service irrigaion Specialista for irrigati i
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a labeled site.
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Contect the M D of Agri o the Mi Exteasion strvice for (urthes information ou

Atmzine Batt Nanagemeni Practices (BMPy

:\uldlm: Best Management Practices ary suppl I vol Y r [ Lhers must wiso follow all ke gal roquiremeats
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Pesicide dealer nt the end of each year. ; v
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figure D-2. Voluntary Atrazine Best Management Practices (BMP's) for Minnesota
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Table D-4. Partial listing of Douglas County Level 1 - Preliminary Geologic Sensitivity Assessment
showing comparison of Level 1 rating and SCS Leaching Potential.

Texture of lowest Water Level 1 SCS Leaching
Symbol  Soil Name Parent Matenal described horizon Table* Rating Potential
AaA Aastad clay loam Loam tiil Clay loam, loam 3>6 Moderate Intermediate
Ad Altuvial land Alluvium Variable, loamy to sandy 1-5 High High
Ao Arveson sandy clay loam Sandy outwash or lacustrine F. sand, Imy sand, s.loam 1-2 Very High High/Interm.(D**}
AsA Arvilla sandy loam, 0-2% Outwash, stream terraces, beaches Gravelly coarse sand >6 Very High High
AsD Arvilla sandy toam, 2-6% Outwash, stream terraces, beaches Gravelly coarse sand >6 Very High High
AsC Arvilla sandy toam, 6-12% Qutwash, stream terraces, beaches Gravelly coarse sand >6 Very High High
AlA Arvilla sandy loam, 0-3% Outwash Gravelly coarse sand >6 Very High Intermediate
BaB2 Barnes toam, 2-6%, eroded Loam tiil Loam >6 Low Intermediate
BaC2 Barnes loam, 6-12%, eraded Loam till Loam >6 Low Nominal
BiB2 Barnes-Langhei loams, 2-6%, Loam till Loam >6 Low Intermediate
BIC2 Bames-Langhei loams, 6-12% Loam till Loam >6 Low Nominal
BmA Beltrami loam, 1-3% Loam til} Loam, clay loam 24 Moderate Intermediate
Bp Brophy peat Peat Organic 0 High High /Interm.(D**}
Ca Carlos muck Mucky peat(peat interlayered wy/ silt/clay Organic 0 High High/interm.(D**)
Ce Cathro muck Muck over silt loam Sandy Im, Im, silt loam 0 High High/Interm.(D**)
Ch Cathro muck, sandy subsoil Muck over grav:elly sand Gravelly coarse sand 0 Very High High/Inierm.{D"**)
CIB2 Claricn loam, 2-6% (Ves) Loam till Loam, clay loam >6 Low Intermediate
acz Clarion loam, 6-12% (Ves) Loam till Loam, clay ioam >6 Low Nominal
CmA Clontarf sandy loam, 0-2% Qutwash, terraces, or gl. lacustr. Sand, f. sand, Imy sand 35 Very High High
Co Colvin silt loam Lacustrine, outwash channels Lm., slt Im, sity cl Im 1-2 High High/Interm.(D**)
Cp Colvin silt loam, depress. Lacustrine sikt Lm, st Im, slty ¢l Im 0 High High/Interm.(D**)
DaA Darnen loam, 1-4% Calluvium/alluvium Loam, clay loam »6 Moderate Nominal
Dd Dassel sandy loam (Darfur) Outwash Stratified f sand, f sndy Im 1-3 High High
De Dassel sandy loam, depress. Qutwash Strat. Imy sand, coarse sand 0 Very High High
DoA Dorset sandy loam, 0-2% Qutwash Gravelly coarse sand »6 Very High High
DoB Darset sandy loam, 2-6% Outwash Gravelly coarse sand >6 Very High High
DoC Dorset sandy loam, 6-12% Qutwash Gravelly coarse sand >6 Very High High
DpA Dorset sandy loam, 0-2% Outwash Gravelly coarse sand »6 Very High Intermediate

*Natural depth in feet to seasonal high and low zones of soil saturation is listed. This is not strictly equivalent to the "water table” in the hydrogeological sense. Drained areas, especially

deeply ditched areas may need to be separately considered in assignment of Level 1 ratings and also the Levet 2 vadose zone assessment.
**Rated High if undrained; rated Intermediate if drained.




The SCS soil leaching system is designed to be used where the chemical application is
at or very near the surface and where the persistence of the chemicai can be defined
for local climatic conditions. The SCS system should not be used for evaluating
threats to ground water that originate under the surface, such as landfills,
underground storage tanks, or septic tank drain fields.

- SUMMARY

From the discussion above, it should be clear that many sensitivity assessment models

are available and include both mathematical models and empirical methods. The

choice of an assessment model is area and user specific. Sometimes the choice of

which model to use is relatively straightforward. In other cases the choice may be
gifgcult such as when there are conflicting needs, limited data and/or constrained
udget.

Using an assessment model is not an easy task. First, the purpose and information
needed should be identified. Second, an appropriate method must be chosen to meet
the specified purpose and within known information or other limits. Third, the chosen
method must be used within the scope of the method design. Finally, the results of
the sensitivity assessment must be interpreted and an evaluation conducted to
determine if the goals of the assessment process have been achieved. Potential users
of any model or method may need to work with experienced professionals to achieve
the desired results.
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