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Project Summary

The aim of this NERC studentshipis to investigatea potentialradiochemicalmethod for

estimatingtheChalkaquifer'scapacityto attenuatecontaminants.

Contaminantsolutesareadvectedby groundwaterflow throughfractures,but areslowedand

attenuatedby moleculardiffusion into immobilewaterin the poresof the Chalk(seeright).

Fractureaperturesarethekeyfactorcontrollingbothadvectionanddiffusioneffects.

In principleaperturesmaybeestimatedbycomparingdissolvedradon(Rn)gasin fracturewater

with U-seriesisotopeactivitiesin therockmatrix,asRnreleaseandcontaminantattenuationare

bothgovernedbysimilarmoleculardiffusion.

The projectteststhe robustnessof a Rn-derivedtransportmodeldevelopedby Atkinsonand

Barker(1) througha seriesof lab experimentsandfield observations. The resultsarecompared

againstothermoretraditionaltracerexperiments.

Model Summary

Figure1(a)sketchesthedominantcontaminanttransport

processesin fracturedchalk in termsof a tracerpulse

input. Groundwaterflow in fracturesadvectsthe tracer

acrossthe diagramwhile concentrationsare strongly

attenuatedby molecular diffusion into and out of

immobileporewaterin theblocksof chalkbetweenthe

fractures.

Theseprocessescanbemodelledin termsof two related

parameters,fractureaperture,a anda time scale,tcf, for

diffusionto exchangetracer1. Our methodestimatestcf

(whichincludesa) andrestson the fact that radonand

contaminant concentrationsare both governed by

similardiffusion,seeFigure1(b).

Radonoriginatesin therockmatrixby decayof U-series

precursors. Theradonconcentrationin fracturewateris

thereforecontrolledpredominantlyby diffusionthrough

theporespace,but alsobydirectrecoilfrom thefracture

surfaces.

A simplemathematicalmodel1 relatestcfto fracture222Rn

activity,Cf andproductionrate,P, whichin turn depends

on the concentrationof uraniumin the matrix,U and

the[226Ra]/[238U] activityratio.

Testing the Model Assumptions

As the modelpresentedis relativelysimplein its representationof the exchangeof radonbetweenthe Chalkmatrix

andthefracturenetworkanumberof assumptionshavehadto bemade. Thesehavebeentestedin thelaboratoryand

thoughaseriesof fieldobservations.

1) The aquifer systemis in steadystatewith respectto radon transport from matrix to fissures.

2) The samplepoint is far enough from any boundaries(e.g. low Rn or high Rn inputs) for the Rn content

of fissurewater to be determinedentirely by emanationof Rn from the matrix.

Becausethe half life of Rn atomsis only 3.82 days,a stateof equilibriumbetweenproduction,diffusionanddecay

will occurif groundwaterresidencetimesaregreaterthanabout25days.

Dissolvedradonconcentrationshavebeenmeasuredat approximatelymonthlyintervalsat 10 springlocationsand6

boreholelocationsduring 2005-2007. It is evidentthere are both differencesin magnitudebetweenindividual

locations,and that there is a consistenttemporaltrend throughoutthe year,with activitypeakingin the summer

months. This resultis contraryto the work of others. Cuttelletal.(3) observedlittle or no variationin Lincolnshire

Chalkboreholes,whereasAndrewsand Wood(4) observeda decreasein summerin a more karsticCarboniferous

limestoneaquifersystem.

Our observationssuggestthat watersampledat theselocations(especiallythosesamplesfrom springsources)may

not be in steadystatewith the surroundingrock sourceandmayindicateeitherlow groundwaterresidencetimesin

theshallowaquifersystemor amixingbetweenseveralsources.

3) There is a uniform sourcestrength throughout the volume of Chalk representedby a groundwater

radonmeasurement

4) Uranium concentration is an adequateand accuratesurrogatefor radon sourcestrength, or 226Ra

concentrationmultiplied by an emanationfactor.

Fromthestudyof uraniumandradiumprofilingof Chalkcore(seeadjacentposterfor furtherdetailson this)

it is clearthatboth radionuclidesaresubjectto litho-stratigraphiccontrolandthatboth theconcentrationand

isotopeactivity ratio are subjectto significantvariation. Figure3 investigatesthe effect that [226Ra]/[238U]

disequilibriumwould haveon tcf, the time scalefor diffusion to exchangetracerin our currentmodel,and

demonstratesthat a 3-fold rangewouldresultfrom the extremesof disequilibriumin existingUK Chalkrock

matrixdata3,5

Fromour workon subsetsof solidanddisaggregatedcorematerialit isalsoclearthattheradonemanationrate

from chalkparticlesto the matrixporescannotbe assumedto be 100%. In fact for silt particles(~63mm)

averageratesof ~20% are more common. This is in line with valuesdeterminedby Cuttell(3) in the

LincolnshireChalk. Of courseeventhis apparentemanationmaybe enhancedif a largeamountof rapid

diffusionoccursalonggrainboundaries,assuggestedby Andrewsetal(4), or if the immediateparentsourceof

radon,i.e. radium,isconcentratedon thesurfaceof grainsandnot uniformlydistributedthroughthematerial.

Field Study Area ð The Pang and

Lambourncatchmentslocatedin West

Berkshire. These catchments are

underlainpredominantlyby Cretaceous

Chalk,and both rivers are fed by the

Chalkaquifer. In the souththe Chalkis

overlainby depositsof Palaeogeneage.

SuperficialQuaternarydepositsmainly

consist of clay with flints, some of

whicharesandy(2).

Figure 3 (above) illustrates the range of possible values

of tcf for a given groundwater radon content but variable

matrix uranium concentration and [226U]/[238U] activity

ratio.

Figure 4 (above right) shows the theoretical uncertainty of

tcf 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

of core material from the �7�U�X�P�S�O�H�W�W�¶�VFarm borehole in the

river Pang catchment. Each sample has also been split

into a range of particle sizes.

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.

Comparisons with other Tracer Tests

The expectedvalue for the characteristicdiffusion time tcf on the basisof determinedRn and U contentsof

groundwaterandChalkcanbedeterminedfor eachsetof pairedmeasurements. Resultsfrom theanalysisof corefrom

theTrumplettõsFarmsitein the Pangcatchmentandsubsequentpackertestingin the sameboreholearepresentedin

Figure6. As isclearthereissignificantvariationin thecalculateddiffusiontimefor eachpackeredsection.

Conclusions

Our originalhypothesishasbeentestedusingamix of laboratoryandfield experiments. It is clearthat thereis

a generallink betweenChalkmatrixuraniumcontentandfractureradonactivity,which is in part dueto the

aquifergeometry. However,beingsimple,our modelasit currentlystandsembodiesseveralassumptionsthat

limit itsapplicabilityfor routinesurveywork.

At presentthe datarequirementsnecessaryto reducethe largeuncertaintyin the sourceterm (whichwould

then permit us to determinethe contaminantattenuationpropertiesof the aquifer)meanthat this typeof

investigationiscurrentlysuitedto moredetailedworkatselectedsites.

Figure 2 Radon Activity at selected 
spring and boreholes locations

This is due primarily to the variation in both the U

concentration,the 226Ra/238U activityratio within eachcore

sectionand the high degreeof uncertaintyin the radon

emanationfactor. Furtherwork to investigatetheextentof U-

seriesdisequilibriumin theUpperChalkis plannedaspartof

thisproject.

The averagevalueof tcf over the four sectionsis ~29 days.

This valueis muchlargerthan thosedeterminedfrom other

tracer-derivedteststhathavebeenundertakenin similarChalk

aquifers(6).

Thesedatasuggestthatthemodelin its presentstagemaynot

be appropriatefor rapid determinationof representative

transportparameters.


