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Project Summary

The aim of this NERC studentships to investigatea potentialradiochemicamethod for
estimatinghe Chalkaquifer'sapacityo attenuat€ontaminants

Contaminansolutesareadvectedy groundwateflow throughfracturesput areslowedand
attenuatedy moleculadiffusioninto immobilewaterin the poresof the Chalk(seeright)
Fracturaaperturesrethe keyfactorcontrollingboth advectioranddiffusioneffects

In principleaperturesnaybe estimatedby comparinglissolvedadon(Rn)gasn fracturewater
with U-seriessotopeactivitiesn therock matrix,asRn releasandcontaminanattenuatiorare
both governedy similamoleculadiffusion

The projectteststhe robustnes®f a Rn-derivediransportmodeldevelopedy Atkinsonand
Barket) througha serief lab experimentandfield observationsT he resultsarecompared
againsothermoretraditionakracerexperiments

Field Study Area 0 The Pang and
Lambourncatchmentdocatedin West
Berkshire These catchments are
underlainpredominanthyby Cretaceous
Chalk, and both rivers are fed by the
Chalkaquifer In the souththe Chalkis
overlainby depositof Palaeogenage
SuperficialQuaternarydepositsmainly
consist of clay with flints, some of
2 whicharesand{p.

Model Summary

Figurel(a)sketcheshe dominantcontaminantransport
processem fracturedchalkin termsof a tracerpulse
iInput Groundwateflow in fracturesadvectghe tracer
acrossthe diagramwhile concentrationsare strongly
attenuatedby moleculardiffusion into and out of

Immobileporewaterin the blocksof chalkbetweerthe
fractures

Thesgrocessesanbe modelledn termsof two related
parameterdractureaperturea anda time scalef for

diffusionto exchangéracet. Our methodestimates
(whichincludesa) andrestson the fact that radonand
contaminant concentrationsare both governed by
similardiffusion,seeFigurel(b).

Radonoriginatesn the rock matrixby decayf U-series
precursors Theradonconcentratiomn fracturewateris
thereforecontrolledpredominantlypy diffusionthrough
the porespacebut alsoby directrecoilfrom the fracture
surfaces

A simplemathematicahodet relateg to fracture?Rn
activity,C andproductionrate,P, whichin turn depends
on the concentratiorof uraniumin the matrix,U and
the[?2Ra]/[?3] activityratia

Figure 1(a) Contaminant transport processes in Chalk
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Figure 1(b) Radon emanation in Chalk by diffusion
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Fracture Water Rn Concentration (C,), where:
P = production rate for radon
7, = decay constant for ??Rn

7,45 = decay constant for 233U
E = radon emanation factor
Pm = bulk density

$= matrix porosity
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Testing the Model Assumptions

As the modelpresenteds relativelysimplein its representationf the exchangef radonbetweerthe Chalkmatrix
andthe fracturenetworkanumberof assumptioneavehadto bemade Thesenavebeentestedn thelaboratoryand
thoughaserie®f field observations

3) Thereis a uniform sourcestrength throughout the volume of Chalk representedby a groundwater
radon measurement

4) Uranium concentrationis an adequateand accuratesurrogatefor radon source strength, or 2?Ra

1) The aquifer systemis in steadystatewith respectto radontransportfrom matrix to fissures concentrationmultiplied by an emanationfactor.

2) The samplepoint is far enough from any boundaries(e.g. low Rn or high Rn inputs) for the Rn content
of fissurewaterto be determinedentirely by emanationof Rn from the matrix.

Fromthe studyof uraniumandradiumprofilingof Chalkcore(seeadjacenposterfor furtherdetailson this)
It is clearthat both radionuclidearesubjecto litho-stratigraphicontrolandthatboth the concentratiorand
Isotopeactivity ratio are subjectto significantvariation Figure 3 investigateshe effect that [*?Ra]/[?3]
disequilibriumwould haveon t.; the time scalefor diffusionto exchangdracerin our currentmodel,and
demonstratethat a 3-fold rangewould resultfrom the extreme®f disequilibriumn existingUK Chalkrock
matrixdat&®

Becauséhe half life of Rnatomsis only 3.82 daysa stateof equilibriumbetweerproduction,diffusionanddecay
will occurif groundwateresidencémesaregreatethanabout25days

Dissolvedradonconcentrationfavebeenmeasureat approximatelynonthlyintervalsat 10 springlocationsand6
boreholelocationsduring 20052007 It is evidentthere are both differencesn magnitudebetweenindividual
locations,and that thereis a consistentemporaltrend throughoutthe year,with activity peakingin the summer
months This resultis contraryto the work of others Cuttelletal® observedittle or no variationin Lincolnshire
ChalkboreholeswhereasAndrewsand Wood? observeda decreasén summerin a more karsticCarboniferous
limestonaaquifersystem

Fromourwork on subset®f solidanddisaggregatamrematerialt is alsoclearthatthe radonemanatiomate
from chalkparticlego the matrix porescannotbe assumedo be 10®%6. In factfor silt particleg~63 mm)
averageaatesof ~20 are more common This is in line with valuesdeterminedby Cuttelf® in the
LincolnshireChalk Of courseeventhis apparenemanatiormaybe enhancedf alargeamountof rapid
diffusionoccursalonggrainboundariesassuggestebdy Andrewsetal?, or if theimmediatgarentsourceof

radon,.e radiumjs concentratedn the surfaceof grainsandnot uniformlydistributedhroughthe material
Our observationsuggesthat watersampledat theselocationgespeciallfhosesampledrom springsourcesjmay

not be in steadystatewith the surroundingock sourceand mayindicateeitherlow groundwateresidencéimesin
the shallowaquifersystenor amixingbetweerseverasources

Figure 2 Radon Activity at selected
spring and boreholes locations

Figure 2 (left) summarizes radon activity from a
selection of spring and borehole locations with the
NERC LOCAR Pang and Lambourn catchments in
Berkshire.

Data were collected at monthly to quarterly intervals
and demonstrate significant seasonal variation. This is
more pronounced at surface spring sites, where
mixing of groundwater with other surface sources is
considered more likely.

Figure 3 (above) illustrates the range of possible values
of t, for a given groundwater radon content but variable
matrix uranium concentration and [%26U]/[?38U] activity
ratio.

Figure 4 (above right) shows the theoretical uncertainty of
t. for a known groundwater radon activity and matrix
uranium concentration, but with variable radon emanation
factor.

Figure 5 (right) summarizes the calculation of radon
emanation factors for 3 stratigraphically distinct samples

Comparisons with other Tracer Tests

The expecteavaluefor the characteristiciffusion time t on the basisof determinedRn and U contentsof
groundwateandChalkcanbedeterminedor eachsetof pairedmeasurementResultgrom theanalysisf corefrom
theT r u mp Faensiteid e Pangcatchmenandsubsequemtackertestingin the sameboreholearepresenteadn
Figure6. Asisclearthereis significantvariationn the calculatediffusiontimefor eachpackere@ection

This Is due primarily to the variation in both the U
concentrationthe ?Ra/?* activity ratio within eachcore
sectionand the high degreeof uncertaintyin the radon
emanatioactor Furtherworkto investigatéhe extentof U-
serieglisequilibriumn the UpperChalkis plannedaspart of
thisproject

The averagevalueof t; overthe four sectiongs ~29 days
This valueis muchlargerthanthosedeterminedrom other
tracerderivedeststhathavebeenundertakem similarChalk
aquifer®.

Thesedatasuggedsthatthe modelin its presenstagamaynot
be appropriatefor rapid determinationof representative
transporjparameters

of core material from the 7 U X P S G-BriV MdrgNole in the
river Pang catchment. Each sample has also been split
Into a range of particle sizes.

Conclusions

Our originalnypothesisiasbeentestedusinga mix of laboratoryandfield experimentdt is clearthatthereis
a generalink betweenChalkmatrix uraniumcontentand fractureradonactivity,whichis in partdueto the
aquifergeometry Howeverbeingsimple,our modelasit currentlystandsembodieseverahssumptionthat

limit its applicabilityor routinesurveywork

At presentthe datarequirementsecessarto reducethe largeuncertaintyn the sourceterm (whichwould

then permitusto determinethe contaminanattenuatiorpropertiesof the aquifer)meanthat this type of

Investigatioms currentlysuitedto moredetailedvork at selectedites
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