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The former Frongoch Mine, one of the largest in North
Ceredigion,is located near Pontrhydygroesin central Wales
andapproximately15km southeastof Aberystwyth.

Mining at Frongochbegan in the mid 1700s, with activity
significantlyincreasing through the acquisitionfrom Lisburne
Mines in 1834. Mine work excavatedlead reservesidentified
in mineral veins present to the north of the site area.
Undergroundminingculminatedin 1910, howeversalvationin
later yearsreworkedmine spoil for the extractionof zincand
leadthat hadoncebeendeemeduneconomicalto recover.

FrongochMine isa majorsourceof metalspollution,causinga
chemical and ecological impact on downstream water
courses; FrongochStream, Nant Cell, Nant Cwmnewydion,
RiverMagwr andsignificantlycontributingto WFDzincfailure
in the RiverYstwyth. Theprimary pollutantsof lead,zincand
cadmium originated at the abandonedFrongochMine, and
haveattributed to failing environmentalquality standardsby
the EuropeanWaterFrameworkDirective.Figure1. FrongochMinesite location.

NaturalResourcesWales(NRW)hasanongoingcommitmentto restore
the surrounding water courses and land to their natural state,
implementingnumeroussuccessfulremediationstrategiesto date. In
2011, the FrongochStreamwasdiverted to prevent it flowing directly
into the underground workings, thus reducing the contaminated
dischargefrom the FrongochAdit.

Phase1 remediation,completedin 2013, focusedon the construction
of a catchmentchannellocatedon the perimeterof the mine,actingto
capture surface runoff and divert it away from areas of potential
contaminationto a lined flood attenuationpond.

DuringPhase2 remediation,completedin 2015, wastedumpswere re-
shapedand cappedwith a low permeabilityclaycapto prevent water
ingress, and restoration soils to encourage re-vegetation. Further
catchment channelsand a seriesof linked ponds were constructed,
creatinga wetlandhabitatandto further control surfacerunoff.

AECOMwas commissionedby NRWto undertake the designand constructionof a Phase3 remediation scheme,involving the placementof a low
permeabilitygeosyntheticclayliner over the remainingmine wastenot cappedduringPhase2, in conjunctionwith hydroseedingthe banksof the flood
attenuationpondwith an analogousseedmix. Theintention is that leadandzincpollution from erosionandinfiltration of the surroundingwatercourses
shouldsignificantlydecrease.

Thegeosyntheticclay liner chosenwas BENTOMATAS4000-1, consistingof a layer of sodiumbentonite between a woven and nonwovengeotextile,
which are subsequentlyneedle punched together to provide internal reinforcement. The internal reinforcement minimisesclay shifting and thus
maintainsconsistentlow permeabilityandperformanceundera wide varietyof field conditions. Eachclayliner wasattachedto the adjacentliner by an
overlappingseam,sealedwith a H2Osodiumbentonitesalinepowder.

Prior to deploymentof the geosyntheticclayliner, the underlyingsurfacehadto be preparedby scouringandproof rolling the groundsurfaceto remove
any angular material that may cause potential puncture. Each liner was installed using a suspendedI-beam to minimise roll deformation and
subsequentlycoveredwith a 100mm blindinglayerof material,followedby a further 200mm of screenedmaterial. Thefinal coveringwasanorganicrich
restorationsoil to encouragevegetativegrowth acrossthe site.
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It isexpectedthat the benefitsof Phase3 remediationwill be:

Å Completionof the SurfaceWater ManagementSystemeliminating erosion, transport
and dissolutionof mine spoil. ThisenablesNRWto focuson the treatment of the much
reduced volumes of heavy metal polluted groundwater dischargesthus enabling
downstreamwaterbodiesto achieveGoodEcologicalStatus. Similarremediationmaybe
implementedat similarmetalminescausingpressureon recipientwater bodies.

Å Reducedcontaminatedsedimentbeingmobiliseddownstream,decreasingthe likelihood
of flood riskandenvironmentalimpact.

Å A largeareaof minewastewill be re-establishedin part asa wetlandhabitat surrounded
by acidgrassland,significantlyincreasingthe biodiversityacrossthe site.

Å The GCLis consideredsustainablewith minimal maintenance. Dependanton weather,
covering and restoration soils may need to be monitored for erosion, and GCLfor
impairmentthroughwet dry cycling.

1. Abandoned Mine Case Study: FrongochLead & Zinc Mine, Natural Resources Wales, June 2016. 

2. FrongochMine Remediation, www.aspectsofwales.co.uk/frongochinfo.htm, access 19/07/2018
3. t[²aΣ ¢ƘŜ IŜǊƛǘŀƎŜ ƻŦ /ŜǊŜŘƛƎƛƻƴΩ ¦ǇƭŀƴŘǎΣ ƘǘǘǇΥκκǿǿǿΦǇƭǿƳΦƻǊƎΦǳƪκƛƴŘŜȄΦǇƘǇΚǉҐŜǾŜƴǘǎκоонΣ ŀŎŎŜǎǎŜŘ моκлтκнлмуΦ

4. Surface water management and encapsulation of mine waste to reduce water pollution from FrongochMine, Mid Wales. Edwards, P; Williams, T; Stanley, P. Mining Meets Water ςConflicts and Solutions. Natural Resources Wales, 2016. 

Remedial Works at Frongoch Lead and Zinc Mine
Sean Matthew Collier

Graduate Environmental Scientist, AECOM, Environment Liability Solutions
sean.collier@aecom.com

1Richard Knott, 2Paul Edwards

1AECOM, 2Natural Resources Wales

Figure3. Deploymentof
the geosynthetic clay
liner using a suspended
I-beamandexcavator.

Technical Data

Material Property Typical Value

BENTOMAT AS4000-1

Index Flux 6.0x10-09 (m3/m 2)/s

Hydraulic Conductivity 3.0x10-11 m/s

Total Mass/Unit Area 4.33 kg/m2

Bentonite Mass/Unit Area 4.00 kg/m2

Tensile Strength 12.0/12.0 kN/m

Puncture Resistance (CBR) 2.0 kN

Thickness 6.5mm

Roll Length 40.0m

Roll Width 5.0m

Technical Data

Material Property Typical Value

BENTONITE

Free Swell 25 ml/2g

Fluid Loss Max 18 ml

Montmorillonite Content 8-%

Technical Data

Material Property Typical Value

GEOTEXTILES 

Non-Woven Mass/Unit Area 200 g/m2

Woven Mass/Unit Area 130 g/m2

Figure4. Thefull extent
of the geosyntheticclay
lineroncedeployed.

Figure 5. Covering the
geosynthetic clay liner
with a minimum100mm
blinding layer of
materials to inhibit the
potential for punctureor
damage by angular
material.

Figure 6. Fully covering
the liner with a
minimum of 300mm
material before
vehicularaccess. A final
50-100mm restoration
soils cover the liner to
encourage vegetative
growth.

Aspart of the deliveryteam, Seanwasemployedin the ConstructionQualityAssurancerole, actingasanŜƳǇƭƻȅŜǊǎΩagentbetweenNRWandthe
contractor. Without anyformal role in the administrationof the worksor site engineering,the ConstructionQualityAssuranceInspectoris free to
independentlymonitor complianceand conformanceto the specification. Sean'sresponsibilitiesof the ConstructionQualityAssuranceInspector
involved:

Å A comprehensiveunderstandingof the sitehealth& safety,coupledwith the responsibilityto stopwork if required. Throughthe durationof the
project, Seandevelopeda relationshipwith the contractor to ensuresafeworkingpracticeswhilst on site, deemingit necessaryto stop work
duringthe third weekof the projectafter complicationsarose. Seamcommunicatedthe appropriateactionsandresponseto the contractorand
reportedthesefindingsbackto NRW.

Å Assessall ƳŀƴǳŦŀŎǘǳǊŜǊǎΩquality control certificates to confirm that the material meets the requirements of the specificationprior to
installationandappraisethe methodstatementssubmittedby the contractordetailingthe proposeddeploymentandseamingtechniques.

Å Inspectionof eachGCLroll from delivery to deployment for any significantdamageor defects that may have occurredthrough transport,
includingany imported materialsand sources. Seanfound complicationresulting from handlingand delivery,and requestedthe GCLto be
repairedor replacedon three separateoccasionsto guaranteecompliancewith the manufacturersspecification, and establishthat a defect
free tie-in with the existingcappingwasconstructed.

ÅWhilst on site, Seanwas able to implement professionalsupport and guidanceto the contractor, witnessingall panel deployment and
excavationof anchortrenchesthroughout the installationprocess. Duringthe ConstructionQuality Assurancerole, Seanrefined the method
statementprovided,aimingto improvethe safetyandefficiencyof the installationprocess.

Å Providedailycomprehensiveprogressreports to AECOMandNRWto ensurethat work progressedaccordingto schedule,includingmaintaining
a fully referencedas-built panellayoutplan. Liaisingwith the contractorensuredexcellenceanda professionallevelof carewasmaintained.

Figure2. FrongochMine (above)prior to remediationin 2010, and(below)post
Phase2 remediationin 2015(www.aspectsofwales.co.uk/frongochinfo.htm).


