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Statement of Critica Regiona or State Water Problems

The Midwestern sates rely heavily on groundwater resources as primary sources for
drinking water, water for industry, and water for agriculture. Protection of high quality
groundwater resources and remediation of contaminated groundwater resources are two
management activities which are becoming increasingly crucid to long term management
of groundwater resources. Both protection and remediation require knowledge of the flow
characterigtics of a particular groundwater agquifer system. Unfortunately, physica
heterogeneity (that is, spatid variation in the sediments comprising a groundwater

aquifer) can make prediction of flow direction, chemica transport, and response to
pumping an extremely difficult task for the hydrologist.

Our inability to characterize the physicd heterogeneity within an aquifer leadsto
ggnificant uncertainty m our predictions of groundwater flow and transport behavior.
Recent research (e.g. Cole and Silliman, 1996) demondtrates that uncertainty in
characterizing the regiona gradient can be as high as 90(in terms of direction). Further,
uncertainty in characterizing the flow field has been shown to lead to large uncertainty. in
the proper placement of piezometers used to monitor the movement of a chemica plume.
At present, these uncertainties are generdly recognized by the hydrologi<t, but, dueto
lack of toolsto aid in characterization, not formally included in most hydrologic andyses
(e.g., ddineation of wellhead protection areas). As a result, management of groundwater
is generaly based on our best estimate of mean behavior, rather than on consideration of
the range of behavior likely to occur at afidd gte (Smilar to astuation in which might
attempt to design flood control strategies based purely on consderation of mean fiver
flow rather than on the analysis of flood events such as the 10-year, 50-year, and 100-
year floods). A sgnificant need therefore exists to develop cost- effective tools whereby
uncertainties in the flow and transport characteristics of a groundwater system may be
quantified.

Statement of Results/ Benefits



Recent mathematica theory has provided hope thet, given appropriate data sets from a
field dte, the problem of predicting groundwater movement may become increasingly
tractable, at least in adatistical sense. Primary among the required data sets are measures
of: (1) theregiond gradient in the hydraulic head, (2) locd variationsin this regiond
gradient, and (3) the length scales over which the hydraulic conductivity is correlated.
Unfortunatdly, each of these measures are difficult to quantify at afield Site except
through exhaudtive, expensive fidd sampling combined with numerica moddling. Asa
result, many of the mathematicd results exidting in the literature are not being utilized.
Thisis particularly unfortunate as much of this literature provides the tools whereby the
uncertainty in both flow and trangport characteristics of a particular aquifer can be
daidicdly quantified.

The proposed research effort will build both on the recent stochastic literature and on
work recently completed a Notre Dame which was specificaly targeted at utilizing
sample field experiments to respond to the three data needs outlined in the previous
paragraph. Based soldly on depth-to-water measurements (aready collected in essentidly
al fidd efforts involving groundweter flow), tiffs new method has been shown to provide
high quaity estimates of both the mean regiond gradient and locd variationsin this
gradient. Further, this technique provides an indirect measure of the corrdation length
scale of the hydraulic conductivity. Thislength scaleis criticd to the gpplication of the
stochadtic results available in the literature. As such, this method has the potentid to
revolutionize our approach to well head protection by providing reliable measures of both
the regiond gradient and the uncertainty in the gradient. These measures will be
invauablein assgning probabilities for such events as contamination from potentia
sources within and around a delineated wellhead protection area. Further, these measures
will represent sgnificant advancesin our ability to desgn and monitor remediation

efforts at Stes where ste specific information is limited. The god of the present study is
to extend and assess the utility of this technique through application to a variety of
geologic and hydrologic settings through direct andys's of published data sets and
numericd Smulation of various hydrologic and geologic conditions (e.g. outwash
sediments, dluvid sediments, karst formations, fractured rock, etc.). The primary
bendfits of this effort will be in establishing the proper application of this technique under
avariety of settings and transferring this technology into active use. Secondary benefits
will include significant educationa experience for anumber of graduate and
undergraduate students, and technology transfer direction to industry.



