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Introduction

The potential for contamination of ground water has become an issue of great concern
to citizens and government alike, especially in the last decade. Numerous methods for
assessing ground water vulnerability to contamination have been proposed and used. These
methods include field-scale deterministic models that predict the rate of migration and fate of
specific chemicals, and regional models that attempt to show general trends of ground-water
vulnerability to contamination. To address regional ground-water vulnerability, a model may
focus on characteristics of the soil, the geologic materials at and above the unconfined water
table, or on the larger part of the geologic framework containing aquifers. A model's focus
significantly affects the characteristics and, therefore, the utility of maps produced by the
model. For example, a model focusing on the soil or vadose zone cannot adequately
characterize the contamination potential of confined aquifers.

The most commonly-used method for regional assessment of ground-water
vulnerability is called "DRASTIC," an acronym for the seven factors that comprise the model.
The U.S. Environmental Protection Agency (EPA) funded the development of the DRASTIC
model, and used it as an assessment tool in their National Pesticide Survey (USEPA, 1992).
In that Survey and in other assessments of contamination potential from application of
agricultural chemicals, the pesticide version of DRASTIC is used; it differs from the standard
DRASTIC model only in the degree of weighting applied to the seven factors. The DRASTIC
model was developed by a committee of technical advisors who used the consensus approach
to specify the relative significance of each factor. DRASTIC was designed primarily as a
regional tool for prioritization, or screening, to indicate those areas (of at least 100 acres in
size) which are generally more sensitive to contamination and, therefore, in need of more
detailed mapping and evaluation or monitoring. The committee also intended DRASTIC to
support decisions on allocation of scarce monitoring or remediation resources, and to serve as
an educational tool.

A detailed user's manual for the DRASTIC model (Aller and others, 1987) provides
descriptions of common hydrogeologic settings across the United States and expected values
for the seven factors; with this information and a specified "weight" or multiplier applied to
each factor, DRASTIC scores can be calculated for each setting, and a map of these DRASTIC
scores generated. The authors of this model intended it to be sufficiently objective and
straightforward that it could be effectively used by persons with but a rudimentary knowledge
of hydrogeologic principles. By adjusting the factor values for actual or interpreted local
conditions a more knowledgeable person should be able to produce a somewhat more realistic
and, therefore, reliable map of ground water vulnerability than by using the expected values for
a given hydrogeologic setting.

Other models for evaluating regional ground-water vulnerability have been developed;
of importance to this report are models developed by the Illinois State Geological Survey
(ISGS), the Wisconsin Department of Natural Resources (WDNR), and a joint effort between
the U.S. Geological Survey (USGS) and the ISGS. All of these models, as well as
DRASTIC, can only estimate the relative potential for contamination, either with a numerical
scheme or a hierarchy of contamination potential map units.

The model developed by WDNR (Schmidt, 1987) is based on a numerical scheme. It
was used to generate a statewide contamination susceptibility map of Wisconsin (Schmidt and
Kessler, 1987); Schmidt (1987) defines ground water contamination susceptibility as the "ease
with which water (and, presumably, accompanying contaminants) at the surface can reach the
water table." The model is not limited to aquifers, but rather considers all unconfined ground
water whether in sandy surface aquifers or low-permeability glacial till. Ground water in
confined aquifers is not addressed. Contamination susceptibility is estimated by a factor-



weighting scheme similar in concept to DRASTIC. The factors (soil texture, surficial deposits,
depth to the water table, bedrock type, and glacial drift thickness) are assigned an arbitrary
value based on perceived importance. These numbers are then weighted and summed to
produce the contamination susceptibility score. This model is compared and contrasted with
other models elsewhere in this report.

In contrast, the ISGS method avoids the use of a numerical system to rate the relative
potential for contamination, and instead orders the map units in a hierarchy from relatively low
to relatively high contamination potential. Also in contrast to the two models described above,
the ISGS model relies solely on the textural character of the geologic framework to a specified
depth. For example, a statewide map (Berg and others, 1984, scale 1:500,000) addresses land
burial of wastes, and shows the contamination potential of aquifers within geologic units in the
upper 50 feet. Another ISGS map (Keefer and Berg, 1990) addresses the contamination of
major, economically important aquifers, and therefore evaluates contamination potential to
greater depths (to greater than 300 feet). In general, the ISGS contamination potential maps
evaluate aquifers, and do not evaluate potential for contamination of ground water at the
unconfined water table in geologic units that are not aquifers (for example, in glacial till or fine-
grained lake sediments).

With the cooperation of the ISGS, I have developed a model (Soller and Berg, in press)
for the regional assessment of aquifer contamination potential that is based on ISGS
techniques, adapted to a broader map area where detailed information may be unavailable.

This model was used to generate a map of aquifer contamination potential for an area
encompassing parts of five states near southern Lake Michigan and Lake Erie; the model and
map are currently being refined and evaluated.

Purpose of this report

The DRASTIC model has become perhaps the most commonly-used approach for
Federal and State agencies to produce a regional overview of ground water vulnerability. In
the mid to late 1980's, the Monsanto Agricultural Company conducted their National Alachlor
Well Water Survey. It was designed to statistically estimate the proportion of private, rural
drinking water wells in the United States in which the pesticide alachlor could be detected. For
that Survey, 90 counties in hydrogeologically diverse areas were evaluated using the pesticide
version of the DRASTIC model; these reports have been made publicly available by Monsanto,
as guides for local planning (Research Triangle Institute, 1989). At the request of EPA, this
report evaluates several reports published by the Monsanto Company for counties in the U.S.
agricultural midcontinent (fig. 1).

Since its introduction, various research and regulatory entities have begun evaluating
the DRASTIC model, mostly to assess its ability to predict where contamination is actually
occurring. At this time, results are preliminary and few published conclusions are available on
the subject. Based on oral communications with other researchers and preliminary published
results, it is evident that DRASTIC cannot, by itself, adequately predict contamination. Curry
(1987) found essentially no statistical correlation between DRASTIC scores at specific sites
and water-quality data for a drainage basin in karstic terrain. Baker and others (1989)
compared composite DRASTIC scores calculated for each county in Ohio with county average
nitrate concentrations from private wells. At that broad scale, a weak positive correlation was
measured (r2 = .3). It is likely that future studies will more clearly define the predictive
abilities of DRASTIC in different hydrogeologic settings and at different map scales. Then,
DRASTIC's role in vulnerability assessments can be better defined, and new regional
approaches to assessing vulnerability can be devised.






This report focuses on an aspect of DRASTIC even more fundamental than its
predictive abilities; that is, what problems arise when the model is applied to real settings with
imperfect data sets? Given the well-documented "cookbook" approach of the DRASTIC model
(in Aller and others, 1987), how difficult is it to implement, and how do results vary
~ depending on available data and the level of expertise or judgement of the modeler? These
issues have not been thoroughly addressed for the DRASTIC model, but as will be supported
in this report, a number of problems may arise when the model is applied.

To address these issues, several Monsanto reports were evaluated and compared and
contrasted with vulnerability maps made by other models discussed in the Introduction. Those
Monsanto reports were for counties lying within the area covered by the aquifer contamination
potential map generated by the USGS-ISGS model (see Introduction). This author is,
therefore, reasonably familiar with the hydrogeologic setting and framework of the region, and
with the quality and utility of the available literature on hydrogeologic data.

Acknowledgments

This work was mostly supported by the U.S. Environmental Protection Agency's
Office of Pesticide Programs, with additional support provided by the USGS Toxic
Substances Hydrology Program and National Geologic Mapping Program. Thanks to
Elizabeth Behl (EPA) and Dennis McKenna and Richard Berg (both ISGS) for their
constructive suggestions.

Evaluating the reports

Background
The DRASTIC model consists of seven factors that influence the movement of water
from land surface to the water table or to a confined aquifer. Single-letter abbreviations for
these factors form the acronym "DRASTIC." The factors and their abbreviations are:
"D" - depth to water
"R" - net recharge
"A" - aquifer media

"S" - soil media
"T" - topography
"I" - impact of the vadose zone media

"C" - hydraulic conductivity of the aquifer

To apply DRASTIC to a study area, hydrogeologic settings in that area must first be
defined and mapped. Commonly, each setting has hydrogeologic characteristics somewhat
different from those of adjacent settings. A map of surficial materials and geologic framework
is commonly used to delineate the hydrogeologic settings. For each setting, measurements or
descriptive data for each DRASTIC factor are gathered. For each factor, a rating is determined
on the basis of standard values (see Aller and others, 1987) or interpretation of the available
data. These factor ratings are multiplied by weighting factors, and the products are added to
obtain a composite DRASTIC index or score for the setting.

Computation of DRASTIC scores from the factor values presents certain restrictions for
the user. The values, which represent physical measurements in some unit of measure or
classification system, are classified into dimensionless numbers (the factor "rating"). This
simplifies the DRASTIC computations, allowing both physical measurements and physical
descriptions to be factored into a composite index. The user of a DRASTIC map must either
accept the composite DRASTIC score at face value or, based on certain assumptions, estimate
the raw data from the score.



To properly evaluate the DRASTIC scores in the Monsanto reports, it was essential to
examine the source data and the interpretations and assumptions made by the report authors.
This information was available, more or less, on the DRASTIC computation worksheets
supplied with each DRASTIC report. On these worksheets, data and source references are
cited for each DRASTIC factor and used as evidence to determine the best data value and rating
for each factor. Although it may be considered impractical in some instances, I nevertheless
suggest that before basing decisions on DRASTIC maps (or other maps of this type), users
should acquire a sense of the map's accuracy by examining the source data and interpretations,
as done in this report.

Each Monsanto county DRASTIC report follows a standard format that includes a
DRASTIC map (single-page or fold-out) of scale roughly 1:250,000, a short summary of the
map's hydrogeologic settings, cited and general references, general information on the
DRASTIC factors, and the worksheets for each setting. Reports are commonly about 20 pages
in length. Reports were done by a contractor to Monsanto, who allotted two to three days for
the literature search and map and report preparation.

Evaluating the hydrogeologic settings

For each county report, one of my primary objectives was to evaluate the
hydrogeologic settings shown on the DRASTIC map. The definition of each setting and its
distribution on the map are vital to an effective vulnerability assessment. The source map(s)
from which the hydrogeologic setting boundaries were defined was not cited in any of these
reports, but in most cases the source map(s) could be identified. Such citations are essential to
properly identify and credit the source of the map information. Citations also allow the user to
evaluate whether the degree of complexity of map units is realistic for that map scale, or if the
lack of detailed geologic map information has dictated a highly generalized DRASTIC map. In
several cases, this lack of documentation severely limits evaluation of the DRASTIC maps.

In most cases, the DRASTIC maps show hydrogeologic setting boundaries that are
clearly derived from geologic contacts on published maps, and this is entirely appropriate.
However, an example illustrates that these boundaries may be drawn incorrectly if physical
relationships among settings are not properly considered. For Jay County, Indiana, four
settings appear on the DRASTIC map: "outwash", "glacial till over bedded sedimentary
rocks”, "moraine”, and "buried valley." The buried valley unit is emphasized on that map,
shown as a continuous feature that takes precedence over other units (for example, where the
buried valley trends beneath a moraine, the moraine is bisected by the buried valley unit).
Moraines are surficial features with sand and gravel aquifers that are relatively shallow
compared to aquifers assumed to occur in the buried valleys. Primarily for this reason, the
moraine setting has the relatively higher DRASTIC score. It seems, therefore, that the moraine
should bisect the buried valley map unit. To extend this argument, perhaps the buried valley
setting should not be shown anywhere in this county, because it represents a feature deeply
buried beneath the aquifers evaluated in the settings it displaces, and has the lowest DRASTIC
score on the map. In certain areas, however, buried valleys contain the most productive
aquifers, whose protection is vital despite the low DRASTIC scores. On ground water
vulnerability maps, buried valleys should be shown in some manner in order to illustrate the
three-dimensional nature of vulnerable ground water. In this example, the DRASTIC map
combines surficial and deeply buried deposits in a simple, two-dimensional representation.
Perhaps these buried features could be better represented by an overlay pattern that would
show their location beneath other settings.

In certain reports, a given hydrogeologic setting includes deposits with different ground
water vulnerabilities. In general this occurs with all maps, because complex geologic materials
must be classified and grouped in order to portray them at a usable map scale. However, in the
McHenry County (Illinois) report, for example, areas of outwash covered by a thin layer of till



are grouped in a hydrogeologic setting with deposits of thicker till because the stratigraphic
distinction was not noted by the report authors.

Evaluating the worksheets and source data

After reviewing the DRASTIC map, I examined the worksheets to identify the source
information offered as evidence to support selection of values for each factor. The evidence
given on the worksheets, as well as the cited references, served as the basis for the majority of
my comments. These worksheets emphasize some difficulties with implementing DRASTIC,
including: the general lack of uniform data coverage of sufficient quality; the ambiguity of data
and inherent subjectivity of interpretations; the use of standard factor values to supplement real
data; and difficulties in treating confined and unconfined aquifers in a single hydrogeologic
setting. ‘

The most significant problem may be the lack of adequate data. Where the model is
applied to sparse, ambiguous data, they must be supplemented by standard factor values. The
process of selecting factor values can be highly subjective, and is especially noticeable when
DRASTIC maps made by different people are compared. For example, for "C", the value 1-
100 gpd/ft? is used for settings in McHenry County, Illinois, where "I" = glacial till and "A" =
sand and gravel lenses in the till. For Bureau County, Illinois, "C" values of at least 700
gpd/ft? are used for settings with apparently the same geologic materials as in McHenry
County. These are significant differences in hydraulic conductivities for presumably the same
type of aquifer material in similar settings. There may be real differences in materials, but
because values for "C" are generally standard values for specific materials, it is more likely that
the different persons who calculated the DRASTIC scores did so with slightly different
assumptions or criteria. Despite the model's essentially straightforward, "cookbook"
approach, it is apparent that subjective, informed decisions are required to a certain extent.

Based on what can be deduced from regional geologic framework, the use of standard
values in lieu of real data can result in significant errors for a setting. For example, certain
reports delineate a buried valley hydrogeologic setting and cite a value for "D" of 30-50 ft,
derived from standard references (for example, see the Bureau County, Illinois summary).
However, in that part of the U.S. midcontinent, sand and gravel aquifers in the buried valleys
commonly occur beneath more than 100 ft of glacial deposits dominated by till. If a value of
>100 ft were used for "D", the DRASTIC score would be reduced by 20. For certain reports,
cited references supply this information, yet it is not applied.

The DRASTIC manual (Aller and others, 1987) cites the common availability of data as
a primary consideration in the selection of the seven factors. However, these reports and this
author's experience indicate that information is not widely available for certain factors. Lack of
real data is most common for factors "D", "R", and "C." Although these three factors have
some relation to water movement and hence to the vulnerability of water to contamination, it
does not seem worthwhile for a model to include a data category if data are not generally
available. In extreme cases (Cass County, Wisconsin, for example) almost no real data were
available for any factor, and the DRASTIC scores were derived from standard values and data
extrapolated from other areas. Given the interrelationships and redundancy among factors
(Aller and others, 1987, p. 62-65), it would seem preferable to reduce the model to as few
commonly available, independent variables (factors) as possible. Additional factors may refine
a vulnerability assessment where such data are commonly available and of high quality, but for
most areas will not be useful.

DRASTIC permits evaluation of either the unconfined aquifer or a single confined
aquifer. For a confined aquifer, "D" indicates depth to the top of the aquifer. For settings
where wells tap aquifers in both the bedrock and the surficial deposits, several county reports
compute a composite value for each factor based on the proportion of wells in each aquifer (for



example, see summaries of Ingham (Michigan), Walworth (Wisconsin), and Jay (Indiana)
counties). The source data for these composite scores is not readily determined in all cases.

More importantly, the logic behind these composite scores is flawed. Glacial and
bedrock aquifers can have very different characteristics, and will occur at different depths in a
given area. For example, a glacial sand and gravel aquifer may occur at depths of 30-50 ft
below till, whereas bedrock aquifers will occur beneath the glacial deposits, at greater depth.
The vulnerabilities of the two aquifers cannot be the same and, therefore, a composite score is
not gfppropn'ate because it does not adequately characterize the vulnerability of the uppermost
aquifer.

In the Jay County, Indiana, report, composite factor values are computed for a
hydrogeologic setting that includes distinct areas of thin drift where water is drawn from
bedrock and areas of thicker drift where glacial aquifers are used. The factor values were
calculated by assuming that an equal proportion of wells tap the two aquifers. It would seem
preferable to divide the setting in two on the basis of drift thickness: one setting for areas
where bedrock is at shallow depth and is the predominant aquifer, and another setting for areas
where drift is sufficiently thick that sand and gravel aquifers are the predominant source of
water.

Comparison with other vulnerability models and maps

Contamination potential maps generated by the WDNR, ISGS, and USGS-ISGS
models (see Introduction) were compared to the DRASTIC maps. Ideally, such a comparison
might include a quantitative evaluation of each DRASTIC score and contamination potential
map unit. However, to obtain an absolute ranking of the map units, in essence a numeric
probability of contamination, would require correlation of the map units with actual
contamination incidents. This has yet to be accomplished.- Therefore, regional evaluation of
contamination potential is based on a very general, qualitative comparison of the relative
contamination potential on each map. This involves comparing the hierarchical position of a
DRASTIC map unit to the correlative map unit in the contamination potential ranking scheme
of another model. .

Despite the problems with scoring the individual DRASTIC factors, as described in the
county reports, comparison with maps made by the other models generally suggests that the
relative hierarchy of DRASTIC map units seems reasonable. Apparently, the influence of an
inappropriate factor value on the overall DRASTIC score is so small that it does not commonly
effect a reordering of map units in the scoring hierarchy; the number of factors is large enough
and the scoring system is sufficiently intricate that inconsistencies in factor data interpretation
are minimized by the model. Although this could be viewed as a positive attribute, I feel it
indicates an unwarranted level of intricacy and detail in the scoring technique and the model in
general.

Although the information represented by the dimensionless, numeric DRASTIC score
has little intrinsic value, the distribution of map units can be informative. The map distribution
of relatively high- and low-vulnerability areas, for example, can provide significant input for
ground-water management decisions. My comparison focused on similarity in map patterns
and general correlation of areas of relatively high (and low) contamination potential among the
maps. For each map, the accuracy and detail of contacts between map units were evaluated
based on correlation with the best available source map information of appropriate scale.

The USGS-ISGS contamination potential map includes the counties for which
DRASTIC maps were reviewed; it serves as a common basis for comparison, supplemented in
certain counties by comparison with the WDNR and ISGS maps. The DRASTIC and USGS-
ISGS maps are generally similar because they are based on the nature of the surficial geologic
materials. In some cases, the DRASTIC maps were more detailed than the USGS-ISGS map,
and in some cases they were more generalized despite their larger map scale (approximately



1:250,000 for the DRASTIC maps and 1:1,000,000 for the USGS-ISGS map). Areas of low
and high DRASTIC scores generally correspond to areas of low and high contamination
potential on the USGS-ISGS map; exceptions are caused by an inconsistent approach to
mapping from county to county, especially for confined aquifers in buried valleys. In general,
the most common shortcomings of the DRASTIC maps included a low level of map detail for
the map scale, inaccurate mapping based on improper assumptions, and failure to address the
significance of aquifers in buried valleys. These problems are discussed in the county
summaries below.

To evaluate relative contamination potential among several counties, mapping
techniques must be consistent; for example, this is important if the contamination potential of
several counties must be ranked and compared, or if a single area of highest or lowest
contamination potential must be identified among several counties. The USGS-ISGS map,
which covers parts of five states, contains a large, consistent base of information for assessing
relative contamination potential in different counties. In contrast, each county DRASTIC
report and map is prepared as an isolated study, without a proper regional context for either the
geologic framework or appropriate DRASTIC factor values. This regional context is essential
for constructing DRASTIC maps, especially if several maps across a broad area are to be
compared and evaluated to determine the area with the highest (or lowest) contamination
potential. Compounding the problem of regional context is the preparation of reports by
different authors, which naturally leads to different interpretations and differing content and
styles of maps.

Procedurally, the DRASTIC and WDNR models have much in common, as discussed
in the Introduction. However, little similarity was noted in map pattern, probably because of
the manner in which map units are determined. In contrast to the DRASTIC model, the
WDNR model intersects the map patterns for each of the five factors. This results in a
complex pattern of hundreds of map units, each reflecting a unique combination of values for
the five factors. Although map patterns are quite different, areas of low and high vulnerability
generally correspond. More similarity exists between the USGS-ISGS and the WDNR maps,
reflecting the higher number of factors in common (drift thickness and bedrock lithology are
considered by both models but not by DRASTIC).

County report summaries

Bureau County, Illinois

Bureau County is predominantly till-covered, with extensive coarse-grained sediment
(outwash) in the northwest quadrant. The county is traversed by a large buried valley system
from north to south. In that valley, glacial sediment exceeds 400 ft in thickness. Sediment
thins away from the valley, to less than 50 ft in the southeastern and southwestern corners of
the county.

Five hydrogeologic settings are delineated on the DRASTIC map: 7Ba - outwash; 71 -
swamp/marsh; 7C - moraine; 7D - buried valley; and 7Aa - glacial till over bedded sedimentary
rocks (fig. 2). The DRASTIC map pattern is relatively simple, and might be generalized from
a 1:500,000-scale statewide map of Quaternary deposits (Lineback, 1979) and a figure in
Hackett and Bergstrom (1956, scale approx. 1:1,000,000) which delineates the buried valleys.
However, the map's origins are not clear, as the moraines are not faithfully reproduced from
Lineback's map. The number of communities located over the buried valley aquifer suggest its
importance as a municipal water supply, yet its relatively deep position and low score indicate
that it is not considered by DRASTIC to be a vulnerable aquifer. Nevertheless, the buried





































































Summary

1. General comments on the DRASTIC model and its implementation:

A. The DRASTIC model is designed to be usable even by persons with a rudimentary
knowledge of hydrogeologic principles. According to the manual (Aller and others,
1987), such individuals should be able to produce a DRASTIC map. Such a map,
however, can be of only limited reliability and utility if its author delineated
hydrogeologic settings and selected factor values without adequate training or
information. In this model, opportunities for the modeler to err are numerous, and
include the selection of hydrogeologic settings, the delineation of those settings on the
DRASTIC map, and the computation of the DRASTIC score. This computation is a
complex process that involves the gathering and subjective interpretation of sparse data.
As stated in Aller and others (1987), vulnerability assessments improve with the
modeler's knowledge and experience. Unfortunately, the map user cannot readily
discern a skillfully-prepared map from one prepared by a novice.

B. The source information upon which factor values are based is not readily available. This
can be a significant problem. Map users might need access to the source information
for a variety of reasons, including verification of DRASTIC scores, reinterpretation of
the data for related purposes (development of a depth-to-water table or recharge-area
map, for example), or to increase the map user's understanding of regional
hydrogeologic framework. In these reports, documentation on source data and maps is
sparse and uneven in quality.

C. Perhaps the greatest shortcoming of the DRASTIC model is the scarcity of adequate source
data to characterize the factors. For certain factors, notably "R," real data are rarely
found for a study area. Because data are sparse for most factors and may also be
ambiguous, and because ratings must be selected for each factor, factor values are all
too commonly based on standard values from Aller and others (1987) or on
extrapolated values from nearby areas. Interpretation of the evidence offered on
DRASTIC computation worksheets can, therefore, be highly subjective. As aresult, a
range of values for a factor is possible.

D. For most of the county reports, the level of DRASTIC map detail was appropriate to the
map scale. However, in several cases, the maps were far too simplistic; there, the
DRASTIC map showed less detail than the USGS-ISGS map, which is a map of
broad, regional extent (scale 1:1,000,000). The most current source map data of
appropriate scale was not used in every DRASTIC report, which may partially account
for the lack of detail.

E. Each county report seems to have been prepared as an isolated product, with little
consideration for regional context or consistency with the other reports. Regional
context can be considered to be the distribution of map units in and around the study
area. The importance of understanding and using the regional context cannot be
overemphasized because it forms the framework upon which interpretations of data,
and selection of appropriate factor values, should be based. Regional context can also
help to standardize local vulnerability assessments conducted for a large area such as
the agricultural belt in the U.S. midcontinent. If the DRASTIC model is to provide a
consistent format for depicting vulnerability, it must be implemented in a consistent
manner based on regional context and a common level of expertise among the
modelers. This consistency will be difficult to achieve because the model is designed
for use by virtually anyone who needs to create a vulnerability map.

F. DRASTIC is designed to address either the unconfined aquifer or a confined aquifer; the
county reports are inconsistent in their treatment of confined aquifers. For areas with
confined aquifers in buried glacial valleys, some county reports depict them whereas
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others do not. These buried valley hydrogeologic settings commonly have low
DRASTIC scores, and displace more vulnerable settings (that describe unconfined
aquifers) on the DRASTIC map. For areas where wells tap both unconfined glacial
aquifers and the confined bedrock aquifers beneath, some county reports use a
composite score based on estimates of the proportion of ground water withdrawals
from the two aquifer types. This approach can cause the vulnerability of the
unconfined aquifer to be misrepresented, especially where the bedrock aquifer lies at
depths too great to be vulnerable to contamination from the land surface.

G. In certain respects, the county DRASTIC reports are somewhat deficient. In part, the data
requirements of the model are at fault, causing a map to be produced without adequate
data to support it. However, problems with report preparation are also noted, including
instances of weak assumptions for factor ratings, lack of internal consistency, and
failure to use the latest and most detailed information available at the time. These
problems may be attributed to unfamiliarity with regional geologic setting, poor source
data, or inadequate time allowed for report preparation.

2. Correlation with other maps and actual contamination:

A. Ground-water resources can be defined to include shallow, unconfined water in low-
permeability deposits, or can be restricted to ground water in aquifers. Likewise, a
depth limit for consideration can be imposed, or confined aquifers can be excluded
from consideration. From these different perspectives, distinctly different ground-
water vulnerability maps can be produced to address different ground-water protection
goals. For example, the WDNR map emphasizes unconfined ground water both in
aquifers and aquicludes, whereas the ISGS map emphasizes economically significant
ground water in both unconfined and confined aquifers.

B. Regional evaluation of contamination potential is based on very general, qualitative
comparisons of the relative contamination potential on each map. This involves
comparing the hierarchical position of a DRASTIC map unit to the correlative map unit
in the contamination potential ranking scheme of another model. The need for more
precise measures of vulnerability is discussed in point G, below.

C. Despite problems with scoring the individual DRASTIC factors (as described in the county
reports), comparison with maps made by the other models generally suggests that the
relative hierarchy of DRASTIC map units seems reasonable. Apparently, the influence
of an inappropriate factor value on the overall DRASTIC score is so small that it does
not commonly effect a reordering of map units in the scoring hierarchy; the number of
factors is large enough and the scoring system is sufficiently intricate that
inconsistencies in factor data interpretation are minimized by the model.

D. In general, areas of relatively high and low DRASTIC score correspond to areas of high
and low contamination potential on the ISGS and the USGS-ISGS maps. However, as
noted above in this summary, differences in source data and interpretations (especially
for portrayal of aquifers in buried valleys) lead to significant differences in the details
shown on these maps.

E. Procedurally, the DRASTIC and WDNR models have much in common. However, little
similarity was noted in map pattern between these maps, probably because of the
manner in which map units are determined. In contrast to the DRASTIC model, the
WDNR model intersects the map patterns for each of its five factors. This results in a
complex pattern of hundreds of map units, each reflecting a unique combination of
values for the five factors. Although map patterns are quite different, areas of low and
high vulnerability generally correspond.

F. The models discussed in this report need not be viewed as competing approaches, and no
model should be seen as clearly superior to another. Each addresses a slightly different
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facet of the ground-water vulnerability issue; the map information produced by one
model may, therefore, serve to complement and support information produced by the
other models. Also, different applications may be more suited to one model than
another. For example, a regional assessment of the vulnerability of both confined and
unconfined aquifers can be provided by the USGS-ISGS model, which uses map units
defined and delineated by the geologic framework. In some instances, map units in a
vulnerability assessment must be defined by political/cultural boundaries, whether for
jurisdictional reasons or for expediency. The USGS-ISGS model would be difficult to
implement in this manner because geologic and political boundaries rarely coincide.
The DRASTIC model translates physical information to a factor rating, and is well-
suited to this task; composite factor ratings for all hydrogeologic settings within a
political subdivision can be computed, as done in EPA's National Pesticide Survey.

G. Contamination potential as predicted by regional models has yet to be correlated with actual
contamination incidents in a rigorous, statistical manner. Therefore, current models can
only provide intuitive, "common-sense" assessments of regional contamination
potential. These assessments can be highly informative and useful, but cannot be as
effective in predicting contamination as a comprehensive, quantitative model for
predicting an absolute probability of contamination. Such a model might use data on
geologic framework, hydrology, land use, and climate. Currently, research indicates
little correlation between DRASTIC scores and contaminated sites (for example, Curry,
1987, and Baker and others, 1989). However, the literature on this subject is quite
limited. It is likely that future studies will more clearly define the predictive abilities of
DRASTIC in different hydrogeologic settings and at different map scales. Then,
DRASTIC's role in vulnerability assessments can be better defined, and new regional
approaches to assessing vulnerability can be devised. Assessment of contamination
probability, not relative contamination potential, should be a primary goal for research
and testing to support sound land-use management and ground-water protection
strategies.
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