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Dr.Larry D. McKay, Assoc. Prof., (Co-Pl), Dept. of Geological Sciences
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Dr. John W. Smith, Director & Prof., (Co-Pl), Ground Water Ingtitute

The University of Memphis, Dept. of Civil Engineering, Memphis, TN 38152,

Tel: 901-678-3283, Fax: 678-3026, e-mail: jws@ce5.gwi.memphis.edu

(8) Congressional District: Second




(9) Statement of Critical Regional Water Problems:

Theresear ch proposed her e addresses two identified research prioritiesfor the Southeastern
and Idand Region: Water Quality and Water Quantity. Specifically, we will provide new methodsto
study regional water problems, such aswater resource evaluation in the northern part of the L ower
Mississippi Embayment, and contaminant transport at the Department of Energy sitein Oak Ridge,
Tennessee by the use of a new environmental tracer. Environmental tracerscan play amajor rolein
quantitative assessment of the hydrology of aquifer-aquitard systems. Tritium, CFCsand krypton-85
arepresent at very low, but measurable levelsin the atmospher e, and hence, in precipitation, dueto
release from anthropogenic sour ces such asthe nuclear power cycle, atmospheric testing of
thermonuclear devicesand industrial or commercial activities. As precipitation containing these
tracersinfiltratesinto the ground, it carrieswith it chemical or isotopic signaturesrelated to
atmospheric conditions at thetime of recharge. The concentration of thesetracersalong a
groundwater flow path will vary, (usually decreasing along the flow path) and measurement of
concentrations can be used to deter mine groundwater age and infiltration rates. Although tritium
and CFCshave been used extensively in recent groundwater studies, krypton-85, dueto thevery
large (120 to 250 liter) samplesrequired by current analytical techniques, has seen almost no use.
Having developed a new analytical technique for Kr -85 that can reducetherequired sampleby a
factor of 10 to 100, we here proposeto put it through itsfirst fieldtesting, thereby bringing on-line
krypton-85 asa new tracer. Thiswill provide an improved monitoring and assessment tool that can
addressawidevariety of problemsinvolving the movement of groundwater .

Thistype of direct measurement of infiltration rateisfar morereliablethan the
conventional indirect methodswhich are usually based on measurements of hydraulic conductivity,
hydraulic gradient, and por osity, all of which can vary greatly in the subsurface. Tracerscan also be
used to quantitatively investigate many other aspects of groundwater flow systemsincluding:
discrimination between rechar ge and dischar ge zones, leakage through aquitar ds, measurement of
dispersion or mixing rate between older and younger groundwater s, significance of fractureflow,
investigation of groundwater -surface water interactions, and can act asa surrogate for assessing
transport rates of contaminants. These factorscan becritical in assessing the potential yield
(Quantity) of an aquifer system, itsinfluence on wetland/lake/river ecology, or itsvulnerability to
contamination, (Quality) all of which areimportant issuesin the Southeast/Island Region and
throughout the nation.

(10) Resear ch Results, Benefitsand/or Information:

Characteristicsof an ideal groundwater tracer are: 1) itsinput concentration history should
be known and not sensitivetolocal or seasonal variation; 2) it should be non-degradable or should
decay at a known rate; 3) it should be unaffected by interaction with the aquifer and have no
subsurface sour ces; 4) collection and analysis of samples should be practical, and 5) inter pretation of
results should be ssimple and unambiguous. Presently used tracers, tritium and CFCs, fail to mest
several of thesecriteria. Krypton-85 promisesto avoid many of the problemsinherent in tritium and
CFCs, Table 1. The proposed research will address some of the major factorsexpected to influence
the applicability of krypton-85 asatracer. Thiswill include study of sampling proceduresto
minimize changes due to the sampling process, comparison of the Kr -85 to conventional methods of
determining groundwater age and rechargeratefor an existing sitein a well-characterized
unconfined sand aquifer, and identification of a suitable major aquifer (for afollow-up study) for
which krypton-85 data could provide unique, practical information for evaluating a significant
groundwater resour ce. These steps ar e necessary to develop the sampling technology, to further test
thetheoretical and practical limitations of krypton-85 asa groundwater age dating tool and to gain
acceptance of the new analytical method.

Initially, krypton-85 will primarily be aresearch tool until its applicability and limitations
have been tested in a variety of hydrogeologic settings. Thevery first resear ch measurementswill be
at an existing resear ch sitein a simple, well-char acterized sand aquifer near Sturgeon Falls, Ontario.



At the sametime, preliminary investigationswill be underway to identify an appropriate major
aquifer system for testing itsapplicability in a more complex system that isimpacted by human
activities, including groundwater pumping. Thefirst " practical" application will likely bein a
sedimentary aquifer in thenorthern part of the L ower Mississippi Embayment, a region under active
study by one of the CoPlsat the Ground Water Ingtitute of the Univer sity of Memphis. Another

likely user may bethe US Geological Survey for their ongoing resear ch on hydrology of aquifer
systems. Other early userswill probably include the Department of Energy and related national
laboratoriesfor usein contaminant fate and transport studies at sites such as Savannah River or Oak
Ridge. In thelong term, krypton-85 measur ements may become a widely used investigativetool for
researchersand practitionersworking on avariety of topics, including assessing aquifer or basin
yields, and examining theintegrity of clay-rich confining layersbelow contaminated sites. This
facility, located in Tennessee and morereadily accessibleto those in the southeast and island region,
isthe only one currently capable of processing Kr -85, and hencewi Il provide resear ch and economic
benefitsto theregion.



