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1. Scope course of action. This document cannot replace education or
1.1 This guide covers information needed to select one ofxperience and should be used in conjunction with professional
more methods for assessing the sensitivity of ground water g#dgment. Not all aspects of this guide may be applicable in all
aquifers and the vulnerability of ground water or aquifers tocircumstances. This ASTM standard is not intended to repre-
water-quality degradation by specific contaminants. sent or replace Fhe standa}rd of care by. which the adequacy gf
1.2 This guide may not be all-inclusive; it offers a series of2 given professional service must be judged, nor should this
options and does not specify a course of action. It should not bgocument be applied without consideration of a project’s many
used as the sole criterion or basis of comparison, and does néfique aspects. The word “Standard” in the ftitle of this
replace professional judgment. document means only that the document has been approved
1.3 This guide is to be used for evaluating sensitivity andhrough the ASTM consensus process.
vulnerability methods for purposes of Iand-usg management, o o .nced Documents
water-use management, ground-water protection, government
regulation, and education. This guide incorporates descriptions 2-1 ASTM Standards: _ _
of general classes of methods and selected examples within D 653 Terminology Relating to Soil, Rock, and Contained
these classes but does not advocate any particular method. Fluids® ) o
1.4 Limitations—The utility and reliability of the methods D 5447 Guide for Application of a Ground-Water Flow

described in this guide depend on the availability, nature, and _Model to a Site-Specific Problein

quality of the data used for the assessment; the skill, knowl- D 5490 Guide for Comparing Ground-Water Flow Model
edge, and judgment of the individuals selecting the method; the _Simulations to Site-Specific Informatién o _

size of the site or region under investigation; and the intended D 5549 Guide for the Contents of Geostatistical Site Inves-
scale of resuling map products. Because these methods are_tigation Report , o
being continually developed and modified, the results should D 5717 Guide for the Design of Ground-Water Monitoring
be used with caution. These techniques, whether or not they _SYyStems in Karst and Fractured-Rock Aquifers

provide a specific numeric value, provide a relative ranking D_58§O Guide for Subsurface Flow and Transport Model-
and assessment of sensitivity or vulnerability. However, a 'N9

relatively low sensitivity or vulnerability for an area does not 3. Terminology

preclude the possibility of contamination, nor does a high o . o .
sensitivity or vulnerability necessarily mean that ground water 3-1 Definitions—Many of the terms discussed in this guide
or an aquifer is contaminated. are contained in Terminology D 653. The reader should refer to

1.5 The values stated in Sl units are to be regarded a&S guide for definitions of selected terms.
standard. 3.1.1 ground-water region n—an extensive area where

1.6 This standard does not purport to address all of the'®latively uniform geology and hydrology controls ground
safety concerns, if any, associated with its use. It is thdVater movement. _ _ -
responsibility of the user of this standard to establish appro- 3:1.2 hydrogeologic settingr—a composite description of

priate safety and health practices and determine the applica!l the major geologic and hydrologic features which affect and
bility of regulatory limitations prior to use. control ground-water movement into, through, and out of an

2
1.7 This guide offers an organized collection of information 2€&(1)-

or a series of options and does not recommend a specific 3-1-3 sensitivity n—in ground watey the potential for
ground water or an aquifer to become contaminated based on

* This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock 2 Annual Book of ASTM Standardgol 04.08.

and is the direct responsibility of Subcommittee D18.21 on Ground Water and 2 Annual Book of ASTM Standartdgol 04.09.
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intrinsic hydrogeologic characteristics. Sensitivity is not de-typically include unconsolidated materials that occur to a depth
pendent on land-use practices or contaminant characteristiosf 2 to 3 m ormore.
Sensitivity is equivalent to the teriiintrinsic ground-water 4.3.1 In many areas, significant thicknesses of unconsoli-
vulnerability’ (2). dated materials may occur below the soil. Retardation, degra-
3.1.3.1 Discussior—Hydrogeologic characteristics include dation, and other chemical attenuation processes are typically
the natural properties of the soil zone, unsaturated zone, anl@ss than in the upper soil horizons. These underlying materials
saturated zone. may be the result of depositional processes or may have formed
3.1.4 vulnerability, n—in ground water the relative ease In place by long-term weathering processes with only limited
with which a contaminant can migrate to ground water or arPiological activity. Therefore, when compiling the data re-
aquifer of interest under a given set of land-use practiceﬂUifed for assessing ground-water sensitivity and vulnerability,
contaminant characteristics, and sensitivity conditions. Vulnerit is important to distinguish between the soil zone and the
ability is equivalent td’specific ground-water vulnerability.” underlying sediments and to recognize that the two zones have
significantly different hydraulic and attenuation properties.

4. Significance and Use 5. Description of Methods

4.1 Sensitivity and vulnerability methods can be applied to 5 4 Hydrogeologic Settings and Scoring MethedBhis
avar.igty of hydrog_eologic _settings, whether or not they contairgJroup of methods includes those that involve geologic map-
specifically identified aquifers. However, some methods arg;nq “evaluation, and scoring of hydrogeologic characteristics
best suited to assess ground water within aquifers, while othegs produce a composite sensitivity map or composite vulner-
assess grqund water above aq_uifer_s_ or ground water in aregBility map, or both. The methods range from purely descrip-
where aquifers have not been identified. _ tive of hydrogeologic settings to methods incorporating nu-

4.1.1 Intergranular media systems, including alluvium andnerical scoring. They can include descriptive information or
terrace deposits, valley fill aquifers, glacial outwash, sandgyyantitative information, or both, and the maps can be applied
stones, and unconsolidated coastal plain sediments are charag a “filter” to exclude specific hydrogeologic units from
terized by intergranular flow, and thus generally exhibit slowettyrther consideration or select sensitive areas for further study.
and more predictable ground-water velocities and directions 511 The concept of assessing ground-water sensitivity and
than in fractured media. Such settings are amenable to assegginerability is relatively recent and still developing. Thus, the
ment by the methods described in this guide. Hydrologicmethods presented differ because they have been developed for
settings dominated by fracture flow or flow in solution open-gifferent purposes by different researchers using various types
ings are generally not amenable to such assessments, agfljata bases in several hydrogeologic settings. These methods
application of these techniques to such settings may providgave been divided into three groups: assessments using hydro-
misleading or totally erroneous results. geologic settings without scoring or rankings, assessments in

4.2 The methods discussed in this guide provide users witvhich hydrogeologic setting information is combined with
information for making land- and water-use managementanking or scoring of hydrologic factors, and assessments using
decisions based on the relative sensitivity or vulnerability ofscoring methods applied without reference to the hydrogeo-
underlying ground water or aquifers to contamination. Mostiogic setting. The groups are not exclusive but overlap. Each of
sensitivity and vulnerability assessment methods are designedese methods produces relative, not absolute, results whether
to evaluate broad regional areas for purposes of assistingr not it produces a numerical score. Sensitivity analyses can
federal, state, and local officials to identify and prioritize areashe used as the basis for a vulnerability assessment by adding
where more detailed assessments are warranted, to design ane information on potential point and non-point contaminant
locate monitoring systems, and to help develop optimumsources.
ground-water management, use and protection policies. How- 5.1.2 Hydrogeologic Settings, No Scoring or Ranking
ever, some of these methods are independent of the size of thg/drogeologic mapping has been widely used to provide
area evaluated and, therefore, can be used to evaluate thquifer sensitivity information. This subgroup of methods
aquifer sensitivity and vulnerability of any specific area. includes those that generally present information as composite

4.3 Many methods for assessing ground-water sensitivithydrogeologic maps that can be used for multiple purposes.
and vulnerability require information on soils, and for someThe maps can be used individually to make a variety of
types of potential ground-water contaminants, soil is the mostand-use decisions or used as a basis for ground-water and
important factor affecting contaminant movement and attenuaquifer sensitivity evaluations. Although derivative ground-
ation from the land surface to ground water. The relativelywater and aquifer sensitivity maps can be prepared, any
large surface area of the clay-size particles in most soils and thgeeologic or hydrogeologic map could potentially be used to
soils’ content of organic matter provide sites for the retardatiorassess sensitivity. In settings where quantitative data are
and degradation of contaminants. Unfortunately, there aréacking, hydrogeologic maps can allow the same conclusions,
significant differences in the definition of soil between thewith the same level of confidence, as scoring methods. Hydro-
sciences of hydrogeology, engineering, and agronomy. For thgeologic settings were mapped in detail without scoring or
purposes of this guide, soils are considered to be thosmnking in the Denver Colorado, United States area by Hearne
unconsolidated organic materials and solid mineral particleand otherg?3).
that have been derived from weathering and are characterized5.1.2.1 Sensitivity assessments based on hydrogeologic set-
by significant biological activity. In the United States, thesetings with no scoring or ranking can be used to assess
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ground-water or aquifer vulnerability by overlaying informa- tions (1,13-14) For example, in South Dakofd5), drilling

tion on potential point or non-point contamination sources. Fotogs and soil survey maps were used to prepare maps based on
example, the sensitivity map included in R8j has been used hydraulic conductivity which was inferred from the percent

in combination with a series of maps entitled “Land Usesand thickness of surface organic matter. Attenuation potentials
Which Affect Ground-Water Managemen{4) to conduct of soil in selected Wisconsin countiést) were mapped based
vulnerability assessments at specific sites within the greatesn soil depth, permeability, drainage class, organic matter
Denver area. content, pH, and texture.

5.1.3 Hydrogeologic Settings with Ranking or Scoring, or 5.2 Process-Based Simulation Model§hese methods for
Both—This group of methods includes those which assesassessment of ground-water sensitivity and vulnerability use a
ground-water or aquifer sensitivity within or among variousvariety of models, each of which simulates some combination
hydrogeologic settings using specific criteria to rank or scoref the physical, chemical, and biological processes that control
areas beneath which the ground water or aquifers have differettie movement of water and chemicals from land surface
potentials for becoming contaminated. The assessment through the unsaturated zone to and through the saturated zone.
usually based on two or more hydrogeologic criteria. ForThese processes are formulated in terms of equations that are
example, material texture and depth to aquifer are parametederived theoretically or empirically. Analytical or numerical
that are commonly used to establish critefial0). Criteria, techniques are used, usually within a computer program, to
once defined, can then be ranked or scored, or both. solve the equations. The solutions take the form of predicted

5.1.3.1 Assessing vulnerability from point and non-pointrates of water and chemical movement as a function of location

sources of potential contamination (for example, leaking tanksand time. Models differ greatly in the degree of complexity
waste generators, landfills, and abandoned hazardous wadtged to incorporate actual processes, the amount of data
sites) is accomplished by mapping their location on a sensitivi€duired, the intended scale of the application, and the domain
ity map (for example, numerous waste-generation sites in aﬁlmulate_)d. The Iatter_cnterl_on is arbitrarily selected here to
area of low sensitivity would result in a relatively low categorize different S|mulat|(_)n m.odels. The three categories
vulnerability rank, all other factors being equal). This mapping@ré: Root Zone Models, which simulate water and chemical
method is particularly useful for evaluating the vulnerability of Movement through the portion of the unsaturated zone that is
a large region. However, it can also be used to target smalléffected by vegetation; Unsaturated Zone Models, which simu-

areas of particular concern where more detailed investigatiortdte transport through the entire thickness of the unsaturated
may be needed. For example, Shaf&ét) mapped regional ZOne; and Saturated Zone Models which deal with processes

aquifer vulnerability based on sensitivity analysis. Bhagwatoccurring beneath the water table. Within each category there
and Berg(12) defined aquifer sensitivity according to depth to ¢an be a wide range of model complexity with some models

aquifers and the characteristics of the geologic materials. Th@verlapping between different categories. Unsaturated-zone
sensitivity map was combined with information showing the@nd root-zone models have been cataloged by van der Heijde
distribution of waste-source sites per zip code per square milé17,18)and van der Heijde and Elnawav(¥9).

Highly vulnerable areas have aquifers at or near the surface and5.2.1 Model complexity, data requirements, and scale of

contain numerous point sources of potential contaminatio@pplication are closely related and should be considered in
with mobile contaminants. Areas of low vulnerability have conjunction with each other. As models increase in complexity,

deep ground water or no aquifers and contain few potential is expected that the accuracy of their predicted results would

contaminant sources or relatively immobile contaminants. Thi®e improved. However, there would also be a commensurate
vulnerability information was then used to establish groundincrease in the amount of data required by the models. The lack
water protection planning regions. of requisite data often limits the scale at which complex models

5.1.4 Scoring, Without Hydrogeologic Settingdhis cat- May be applied, and many model codes are restricted to
egory includes those methods that use qualitative ranking dfeld-scale applications.
quam'tat_'v_e §corlng with hydfogeo'Pg'C information, _bUt W'_th' Note 1—The term “field-scale” as used here refers to the typical size of
out subdividing the area on the basis of hydrogeologic settingsy, agricultural field. In general, this is an area of 65 hectares (160 acres)
Methods were developed to have universal application andr less that is planted to a single crop. “Local scale” refers to an area the
were intended to be used consistently to provide unifornsize of a 1:24 000-scale quadrangle or the area of a typical county, while
results regardless of location. The methods are useful foiregional scale” refers to an area of from several counties to one or more
applications that require a consistent approach over large are&&es-
however, these methods can be complex and may require muchs 2 2 Root-Zone Models-Models in this category were
unnecessary data preparation. Furthermore, because critegiaveloped primarily for the agricultural industry to assess and
selection and ranking are subjective, the final scores may bgompare the effects of agronomic best management practices
misleading. (BMPs) on the management, protection, and enhancement of

5.1.4.1 These methods classify a site or region based onthe chemical quality of ground- and surface-water resources.
ranking or a numerical score derived from hydrogeologicalThese simulation models provide a relative prediction of the
information irrespective of the different hydrogeologic settingsfate and transport of sediments, salts, pesticides, fertilizers, and
that may be present within the mapped area. Scores amganic wastes applied to crop production systems. Because of
calculated from equations based on criteria assumed to apply the specificity of these models, they are generally applied at the
different geographic areas and different hydrogeologic condiscale of a single farm field although they can be used for areal
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management in combination with regional sensitivity maps. ated zone processes such as recharge and evapotranspiration

5.2.2.1 Model components include the hydrology of the siteare often incorporated in an ad hoc fashion. For ground-water
(weather, surface runoff, return flow, percolation, evapotranssensitivity studies, a ground-water flow model such as MOD-
piration, lateral subsurface flow, and snow melt), erosiof-LOW (31), is often applied. Flow rates, position in the flow
(water and wind), nitrogen and phosphorus cycling (loss irsystem, ground- and surface-water interaction, and recharge
runoff, leaching, transport on sediment, mineralization, immo-{ates can be identified through model analysis. For example,
bilization, and crop uptake as well as denitrification andregions with high simulated recharge rates may be considered
nitrogen fixation), pesticide fate and transport, crop managel0 be highly sensitive to ground-water contamination. Data
ment factors (growth, yield, rotation, tillage, drainage, irriga-requirements are generally less stringent than for the previous
tion, fertilization, furrow diking, liming, and waste manage- category because Richard’'s Equation is not involved and
ment), and economic accounting. Some models contain defauthemical transport is often not addressed.
values that allow them to be used for general planning, 5.2.4.1 Ground-water modeling studies to evaluate sensitiv-
however, the user may supply site-specific values to improvéy of a particular site should be developed in accordance with
the applicability of the result to the site of interest. Thesethe procedures described in Guides D 5447 and D 5490.
root-zone models usually calculate the amount of each pollutOrdinarily, these models are used to simulate primarily hori-
ant of concern delivered out of the bottom of the root zone ozontal ground-water flow in two or three dimensions. These
unsaturated zone, but do not account for reactions in th&odels have the advantage of also being applicable at large
saturated zone. scales (regional analysis). A vulnerability analysis may be

5.2.2.2 Examples of models in this category are the PestiPerformed using a solute-transport model such as NEX.33)
cide Root Zone Model, PRZNR0), the Groundwater Loading ©F MT3D (34) in conjunction with the guidance of Guide
Effects of Agricultural Management Systems Model, D 5880.
GLEAMS (21), the Chemical Movement in Layered Soils 5.25 Limitations—Process-baseq simylatjon models are
Model, CMLS (22), and EPIC (Erosion Production/Impact powerful and useful tools, but their application can be prob-

Calculator)(23). An application of the EPIC model is given in Iematic. Uncertainty in simulation results can arise from two
Williams (24). major causes: model-related errors and data-related errors.

Modeling errors can arise from improper conceptualization of
IJé;le problem or inappropriate application of a model on the part

unsaturated zone. Some models were developed specifica the modeler. Also of concern is failure of the selected model
for agricultural applications, others were developed for mord® aceur ately and completely repre§ent system processes._Th|s
general problems of water and contaminant transport. inatter is often a question of scale; while some very detailed

general, these models offer more sophistication in the treatmeRfCC€SSes can be addressed at the scale of a laboratory column

of the physical process of water movement than the root—zonEXperimer_'t' it would not be practical to incarporate that detai_l
to a regional-scale model. An example of such a process is

models. Water movement through the unsaturated zone 18 ) .
usually described by Richard’s Equation and the advectionpreferentlal water flow through soils, such as flow through root

dispersion equation is employed to describe solute transpor‘i’.r worm holes, FieS|pcat|on cracks, and joints. The importance
The equations are solved in one or two dimensions wittP! thiS process is widely recognized, but because of the large
primary consideration given to vertical water movement. Somé@mount of detailed _df'ﬂ"?‘ required to under_sta_md It, 1tIS not
models are capable of solving three-dimensional problems ant&rachcal to deterministically account for it in large-scale
others can account for both unsaturated and saturated mov@pdels'

ment of water and chemicals. Additional data are required for Nore 2—In karst or fractured-rock aquifers, velocity, turbulence,
solving a more complex equation. For example, information orboundary conditions, directions of flow, and contaminant transport cannot

the relations between water and soil (that is, moisture-retentiobe adequately simulated using currently available d&®

and relative permeability data) may be required. 5.2.5.1 Data are needed in order to determine parameter
5.2.3.1 Two problems limit the scale at which these models/alues and to evaluate the accuracy of model results. A large
may be applied: the aforementioned lack of requisite data, angonstraint on model application is the availability of represen-
the fact that Richard’s Equation is difficult to accurately solvetative data. Representativeness refers to both the quality (all
for large regions. Application of these models is usually limitedmethods of data collection have some degree of error) and the
to areas less than or equal to the size of a single field. Thesguantity of data required to adequately represent the modeled
models also require a certain amount of expertise to operaiggion. Various approaches have been taken to study the effects
and to interpret results. Examples of these models includesf uncertainty in parameter values upon simulation re¢853
LEACHM (25), VS2DT (26), RZWQM (27,28) and  One approach is to use Monte Carlo technig@@& and a large
SWMS_3D(29). These models are used primarily for vulner- number of model simulations to assess parameters. Carsel and
ability assessment, although they can also be used for sensjthers(36) used this approach to assess leaching potential by
tivity analysis. A summary of commonly used unsaturated zon@pplying PRZM in conjunction with probability distributions
models, and their data requirements, is presented by Krameyf soil properties in a simple screening procedure.
and Cullen(30). 5.3 Statistical Methods-Statistical methods provide esti-
5.2.4 Saturated-Zone ModelsThis category of models is mates of the likelihood of contamination based on the relation-
limited to processes in the saturated zone. Effects of unsatuship of soil, hydrogeologic, or cultural factors to known or

5.2.3 Unsaturated-Zone ModetlsModels in this category
are capable of simulating processes throughout the enti
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calculated contaminant distributions. Statistical methods in- 6.3.1 The validity of regional sensitivity and vulnerability
clude discriminant analysis, regression analysis, and spatialssessments are particularly influenced by the density of the
estimation. These techniques are specific for hydrogeologidata and provide limited information for evaluating potential
settings for which they were developed. Successful applicationontamination at a specific field. Therefore, data from regional
of these methods to other sites has not been demonstrated. or local studies should only be used at the field level to give an

5.3.1 Discriminant Analysis—-Ground-water contamination indication of what to expect. Similarly, a field-scale sensitivity
by pesticides has been predicted using the Soil Conservatiasr vulnerability assessment should not be extrapolated to a
Service’s Cooperative Soil Survey and a regional inventory ofarger area unless the hydrogeologic setting is the same and the
water-quality analyses from wells. The method has beemegional variability of the physical setting is similar to that
applied to areas as large as a county and as small as 0.0deasured at the field. If field-scale conditions are to be
km?(37). assessed, then field-scale data are required.

5.3.2 Regression Analysislf adequate data are available, 6.3.2 County soil survey reports, for example, are useful
the frequency of occurrence of an individual contaminant insources of information for both regional and local assessments.
excess of a specified detection limit can be estimated usinglydraulic properties and organic matter classifications are
multiple-regression techniques. An example is a study ofjiven for each soil series and for specific soil horizons within
triazine-herbicide and nitrate concentrations in Nebraska&ach series. For smaller-scale regional assessments requiring
(38,39) Independent variables describing soil, hydraulic, andsoils information, the procedure outlined by Keefés) could
well properties were used to predict the concentration obe followed. In that study the State Soil Geographic Data Base
triazine herbicides and nitrates in wells. Similarly, nitrate (STATSGO) was used to evaluate water movement through
concentrations were predicted by Steichen and otf@&svho  surface soilg46). In addition, the presence of soil joints can
related pesticide concentrations to the age of the well, land usaffect the ease with which contaminants can move through the
and the distance to the nearest possible source of pesticidesoil zone (47). Jointing is best evaluated on a local scale,

5.3.3 Geostatistics—-Contaminants with erratic spatial vari- however, once established, the effects may be generalized to
ability can be analyzed through the application of spatialarger areas of similar hydgeologic setting.
estimation, using least-squares estimators such as kriging 6.4 Determine the Availability and Quality of the Data
(41,42) If information about the variability of values at a Required to Assess the Ared’he methods that can be used to
sampled point is to be presented, geostatistical simulatioprepare sensitivity or vulnerability maps depend on the avail-
methods may be us€d3). The results for a specific site should ability and quality of the resource data. For example, small-
be presented in accordance with Guide D 5549. For examplescale assessments using map overlays require less detailed
public domain software to assist in spatial analysis is presentddformation than simulation methods that require detailed
in Englund and Spark&i4). information on hydraulic properties, geology, and soils. Table
1 shows the data required for the methods discussed in this
6. Procedure guide. This table can be used to narrow the choice of methods;

6.1 The procedure for the selection of methods for deterhowever, the documentation and examples of the methods
mining sensitivity and vulnerability is based on determiningshould be reviewed in detail before a final selection is made.
the appropriate type of method for the intended use. This 6.4.1 Information from geologic reports and maps; field
requires an understanding of the scale of the problem angbservations; water-well logs and samples; driller's records;
intended map products, the type of geologic setting, soibngineering records, logs, and core samples; and test drilling
characteristics and distribution, and aquifer geometry andiata can be used to determine the stratigraphy, construct
hydrology. For vulnerability methods, mappable data on theross-sections, and identify the continuity of subsurface units,
contaminants of concern as well as land use is necessaryarticularly aquifers and confining layers. A stack-unit map can

Individual methods vary widely in their specific data require-be made based on the succession of geologic materials in their
ments.

6.2 Determine the Purpose of the Assessmebétermine TABLE 1 Summary of Data Requirements for Methods that Can

whether the assessment will be used fig &ssist policy Be Used for Assessing Sensitivity and Vulnerability
analysis, planning, development, and program management; Vethod Data Required
(2) make informed land-use decisions; 8) {mprove general ethods Geology  Soils  Hydrology  Chemistry®

education(35) as stated in 1.3. Hydrogeologic setfings, no AP vC 5o ¥
6.3 Determine the Area to Be Assesseddaps should scoring or ranking

always be prepared at a scale that is appropriate for the densi'tyv‘:iftzgseg‘r’i%ic zftrf;':ﬁjn A M M M
of the data. Three general classifications of scales are appr@zyring, without 9 M M A M
priate: regional, local, and field (see Note 1). Regional studies Hydrogeologic settings
E
should be those presented at scales at or smaller than 1:100 0fpt-zone models S A M M
. nsaturated-zone models M A A A
(such as on a state-base map). Local studies are those preseng | ated-zone models M S A A

at Ia_rger scales, typlca”y about 1:24 000, such as fO_I’ county Alnformation about the chemistry of contaminants is not required for sensitivity
studies or those based on a USGS quadrangle. Field-scalg@essments, but is needed for vulnerability assessments.

studies are those presented at an appropriate scale for the fielﬂa—ﬁugda';t' deta"etd dﬁf‘tla afedf?q}l"fs%- . -

. . . —Moderate amounts of less-detailed data are required.

in question, such as 1:6000 or less. The scales of maps or 0thebs_ e assessment can be performed with sparse data.

graphic products determine the potential uses of the maps.  £Root-zone models are not used for sensitivity assessments.
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order of occurrence over specified areas and to a specifiadiulnerability assessments focusing on potential contamination
depth. It is important to show how earth materials are distribfrom subsurface sources usually do not require information on
uted both horizontally and vertically. soils. Likewise, if a contaminant is introduced below the water

6.4.2 Delineate where aquifer materials (for example, uniable, it is not generally necessary to select a method that
consolidated sands and gravels; permeable sandstones dngorporates information on the vadose zone.
carbonates; and jointed or fractured rocks) and non-aquifer 6.6.1 Table 2 and Table 3 summarize the appropriateness of
materials (diamictons, silts, shale, and other low-permeabilitihe methods that can be used for sensitivity and vulnerability
rocks) lie in the vertical succession. Successions subsequengjalyses at various scales. Statistical methods were considered
can be rated according to the proximity of aquifer materials tdoo diverse and specialized to tabulate. These tables should
the surface and the thickness of confining layers. The closer tienly be considered as a general guide: other considerations

aquifer to the surface, and the thinner the confining layers, theuch as purpose or data availability should also influence the
greater the likelihood of it becoming contaminated. selection. References and examples of the various methods

6.4.3 Glacial terranes composed of porous rocks and similafhould be reviewed in detail before a final selection is made.
hydrogeologic settings can be classified using the techniques of 8-7 Détermine Whether Special Conditions Exisipecial
Berg and otherg5,6), Soller and Berg(10), Berg (48), and con(_jltlons m_a.y.eX|st which pr_e_clude the use of some or gll
modified by Keefer(45) for specific land uses. For regional aquifer sensitivity or vulnerability methods, or require their

assessments, soils in glacial terrains may be classified accorgiedification. Such conditions include settings where water
ing to the parent materials from which they formed and aMmay move from the surface to the aquifer with little interaction

soil-geologic or surficial geologic map can be constructed. Thigith the soil, sediments, or rocks, such as where karst or

surficial geologic map would show the succession of materialfactured rocks are present; and settings where ground-water
to a depth of about 2 to 3 m. flow is modified by interaction with streams or lakes. Ground

. o ... water may be affected by leaky abandoned or improperly
6.5 Determine Whether to Do a Sensitivity or VuInerab|I|ty constructed wells. These and other special conditions require

Assessment, or BothThe decision of whether to do a sensi- . :
2 . . that the hydrology and potential flow paths of contaminants be
tivity or vulnerability analysis depends on the purpose of the : :
. A . . NP understood in much greater detail for an assessment to be done.
project and the availability of information. A sensitivity assess- : .
; . S2 6.7.1 Karst, volcanic, and fractured rock settings are gener-
ment will provide a general framework for considering any : ) N
. - . . - ally very susceptible to potential contamination. Basalt and
contaminants. A vulnerability assessment provides information . . .
. e . . other extrusive volcanic rocks are characterized by fractures,
relative to a specific contaminant or group of contaminants,

. o interflow breccias, and lava tubes. Karst systems developed in
Ground-water and aquifer sensitivity assessments, done re-

gionally or on a site-specific basis, evaluate the contaminatioSOIUbIe rocks contain large channels that provide little oppor-

; : . . Punity for interaction between the contaminated water and soil
potential or potential for ground-water and aquifer degradation

- X : . s .. or the surrounding rock. Ground-water flow is often rapid in
within various hydrogeologic settings and can aid in |dent|fy-th se systems and attenuation of contaminants insignificant.

ing areas where more detailed assessments are warrant%\. . :
; . . 50, in many cases, contaminants do not follow the apparent
Regions or specific sites that have been determined to be

sensitive and that have been or may be subjected to adverreeglonal flow paths and discharge at unexpected locations and

land-use practices can be assessed additionally using avulnﬁrmes‘ Whether a technique can be applied to a karst or

. ) . fractured rock setting depends on whether, at the scale of
ability model. Therefore, ground-water and aquifer vulnerabil-. . . ;
) ; L interest, that setting can be approximated as an equivalent
ity assessments usually require sensitivity assessments.

) . porous medium. Guidance in making this determination is

6.5.1 In order to conduct a regional vulnerability assesSprovided in Guide D 5717, in Quinlan and Ewé#9), and in
ment, the nature and distribution of actual or potential CoNQyuinlan and otherg50). Modifications to scoring methods
taminant sources, contaminant characteristics, loading infory plied to a karst setting are discussed in Davis and of)s
mation, and land-use practices, together with a measure Ofp6.7.2 Aquifers exchange water with surface-water sources
gquifersensitiyity, need_ to be considel@yl Detailed recharge many hydrogeologic settings. Streams flowing through
information, piezometric surfaces, the ground-water flow ré-yyial or glacio-fluvial valley-fill deposits often have a
gime, rates of contaminant loading, as well as chemical and
biological reactions that may degrade a contaminant need to be
considered for field-scale assessments.

6.6 Select Appropriate MethedChoose a method based on Sensitivity Methods Regional Tooal —

whether or not the contaminant is introduced at the land surface — -
. . H¥drogeolog|c settings, no 4 3 2
(such as agricultural chemicals, sewage sludge, septage, Ofcoing or ranking

TABLE 2 Methods of Conducting Sensitivity Assessments
Depending on the Scale of the Assessment

accidental spills) or beneath the land surface (such as fomydrogeologic settings, with 5 5 4
i i i i scoring or ranking
pipeline preaks, landfills, leaking undergrog_nc_i storage tankssconng' ithout Hydrogeologic 1 5 4
and septic tanks). If the purpose of the sensitivity assessment ISgettings
to evaluate potential contamination from surface point oOrRoot-zone models N& N N
non-point sources, information such as the organic matteg”Se‘t““‘“’d‘Zone models N N 4
aturated-zone models 3 4 4

content and hydraulic conductivity of the soil, and information yYRPT——— — — — - —
on other soil and vadose zone factors must be available at &g ;e scaie indicatad. e POPHAIENESS, WAETE 5 18 MOSt approprate
appropriate scale and level of detd#45). Sensitivity and BN—not appropriate.
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TABLE 3 Methods of Conducting Vulnerability Assessments cally active zone. Because of this, the zone can affect the
Depending on the Scale of the Assessment quality of water moving into the aquifer, either increasing or
Vulnerability Methods Regional Local Field decreasing the level of contamination. The actual sensitivity of
Hydrogeologic settings, no 34 2 1 the aquifer may therefore be more or less than that determined
Hysdiggzglgéllaz':t’;%gs with . 5 4 using the hydrogeologlg: meth_od; in thlS:; guide. The user.of this
scoring or ranking guide thus should consider this interaction when evaluating the
Scoring, without Hydrogeologic 1 3 4 results of any method applied to hydrogeologic settings con-
Rostit-tzlg?wse models NB N 3 taining streams.
Unsaturated-zone models N N 4 6.7.3 Abandoned wells that have not been properly plugged,
Saturated-zone models 1 3 3 and improperly constructed withdrawal or injection wells can

A1-5 indicates relative ranking of appropriateness, where 5 is most appropriate provide pathways for the rapid movement of contaminants
o ot sopronate. between the surface and an aquifer or between aquifers. Some
wells have been constructed for the drainage of surface runoff,

significant hydraulic connection with those deposits. suctdr for disposal of water from field tile drains. When these and

: : milar wells are present, their role i
streams may receive poor-quality water from surface sourced P n the movement of

or from discharge from contaminated aquifers. This streanfontaminants must be understood to properly perform an

water may then recharge the aquifer elsewhere along gh@ssessment.

stream, either under natural ground-water gradients or gradis
ents caused by pumping. In these hydrogeologic settings, the
contact between the stream and the aquifer is often a chemi- 7.1 aquifers; contamination; ground water flow; pollution
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