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IN THE MATTER OF:
)

AMENDMENTS TO LIVESTOCK )
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(35 ILL. ADM. CODE 506) ) (Rulemaking-Land)

)

MOTION TO FILE TESTIMONY

Now comes the Illinois Environmental Protection Agency (“Illinois EPA”) by one of its attorneys,

Connie L. Tonsor and moves that the Illinois Pollution Control Board (“Board”) accept the attached

testimony of Daniel L. Heacock in the above encaptioned matter.

1. On January 22, 2001, the Illinois Department of Agriculture filed proposed rules concerning the

design and construction of livestock waste handling facilities.

2. On February 21, 2001, the Board set the matter for hearing and established dates for the pre-

filing of testimony.

3. On March 27, 2001, the Hearing Officer setApril 30, 2001 as the second hearing date. The order

setApril 23, 2001 as the date for pre-filed testimony.

WHEREFORE, for the reasons set forth above, the Illinois EPA respectfully moves that the Board

accept the attached testimony of Daniel L. Heacock.

Respectfully submitted,

ILLINOIS ENVIRONMENT L PROTECTION AGENCY

By: 6~r~ ~
Connie L. Tonsor
Associate Counsel

DATED: April 23, 2001

1021 North Grand Ave. E.
P.O. Box 19276
Springfield Illinois 62794-9276
217/782-5544

PRINTED ON RECYCLED PAPER
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IN THE MATTER OF: )
)

AMENDMENTS TO LIVESTOCK )
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(35 ILL. ADM. CODE506) ) (Rulemaking-Land)

)

TESTIMONY OF DAN HEACOCK

OUALIFICATIONS

My nameis DanHeacock.I am employedby the Illinois EnvironmentalProtection

Agency(“Agency”) asthemanageroftheFacility EvaluationUnit in theWatershedManagement

SectionoftheBureauofWater.ThedutiesoftheFacility EvaluationUnit includereviewing

NPDESapplicationsandprovidingtechnicalassistanceforthe livestockwastemanagement

programadministeredby theIllinois EPA. I havebeenemployedin thepermitprogramsofthe

BureauofWaterorDivision ofWaterPollutionControl since1985.My experiencewith the

livestockwastemanagementprogramsof theAgencybeganwith my employmentwith the

Agency.I haveparticipatedin theLivestockManagementAdvisoryCommitteemeetingsduring

thedevelopmentoftheproposedamendmentsto Part506 andthe Illinois Departmentof

Agriculture’sPart900 rules. I ama graduateoftheUniversityofIllinois in Agricultural

Engineering.I amaregisteredprofessionalengineerin Illinois.

INTRODUCTION

TheAgencyparticipatedin thedevelopmentofthisproposalthroughtheLivestock

ManagementAdvisoryCommitteeandappreciatestheopportunityto furtherthatparticipationby

offering commentsand thistestimonyconcerningtheproposedrevisionof 35 Ill. Adm. Code

506. My testimonywill: (1) discusstwo areasofsubstantiveconcernregardingthedetectionof

voids andconstructionin karstareas,andthe installationandoperationofperimeterdrainage



tubing; (2) seekclarification ofonearea;and(3) addressothermattersthatmayrequire

clarificatior~dueto typographicalerrorsor otherreasons.

REGULATORYREVIEW

Section506.103

Theprovisionfor speciesotherthanlisted in theproposedregulationrequiresthe

Departmentto determinematureanimalweight. Immaturelivestockshouldbeincludedin the

calculationof animalunits at alivestockmanagementfacility.

Section 506.104

TheASAE standardfor anaerobiclagoonswas revisedin December1998 andis now

referencedas ASAE EP403.3DEC98.The ASAE standardfor manurestorageswas revisedin

December1998 andisnowreferencedas ASAE EP393.3DEC 98. The regulationsshouldbe

revisedto referencethemostcurrentstandardsfor manurelagoonsandmanurestorages.Section

13(b)(2)and(b)(3)of theLivestockManagementFacilitiesActrequiresuseof the updated

standardsfor manurestorages.

Section506.204~

The ASAE publishesall of its standardsannuallyin asinglevolume,resultingin changes

to thepagenumberingof unchangedstandards,as newstandardsare addedor modified.The

sectionnumbersof thestandardsremainthesameunlessthe standardis revisedandissuedwith a

newstandardnumber.Therefore,the Agencyrecommendsthatreferencesto pagenumbers,used

in the regulations,be changedto sectionnumbersof the standardsto eliminateambiguity

regardingthe standardreferenced.

Section506.204(g)(3)

The ASAE EP403.3DEC98 “Designof AnaerobicLagoonsfor Animal Waste

Management”clarifiesthe methodof determiningthetotal volume ofthe lagoonby specifically

including runoffandprecipitationgeneratedbetweenmanureremovalevents.The proposed

regulationsdo not specificallylist this runoffandprecipitationas additionalvolumes,although
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the runoffandprecipitationgenerated,whicharetributaryto alagoonfor astorageperiodof 270

days,shouldbeaccountedfor in thecalculationof the amountof wastegeneratedin the same

270-dayperiod.TheIllinois EPAsuggeststhatfor clarity,thesevolumesbe listedin theproposed

regulation. We recommendthatSection506.204(g)(3)(C)bereplacedwith: “Runoff andwash

downvolumesgeneratedduringa270-dayperiod includingall runoff andprecipitationfrom lots,

roofs andothersurfacedwherecollectedprecipitationis directedinto the lagoon,plus all the

washdownliquidsthat aredirectedinto the lagoon.In no caseshallthis volume belessthanthe

precipitationandrunoffgeneratedby a25-year,24-hourstorm eventanddirectedto the lagoon;

and”

Section506.205(a)

ProposedSection506.205(a)addsa cross-referenceto Section506.203(d)anddeletesa

cross-referenceto Section506.204(d).TheAgencyproposesremovingthedeletionof Section

506.204(d).Section506.203(d)is shownas repealedin the proposedregulations,andthe stricken

reference,Section506.204(d),appearsto bethe correctreference.

Section 506.206(a)

ProposedSection 506.206(a)adds a cross-referenceto Section506.203(d)anddeletesa

cross-referenceto Section 506.204(d).The Agencyproposesremovingthe deletionof Section

506.204(d).Section506.203(d)is shownas repealedin theproposedregulations,andthestricken

reference,Sectioii 506.204(d),appearsto bethecorrectreference.

Section 506.207(b)

Thisprovisionrequiringrigid constructionmaterialsshouldbeapplicableto lagoons

constructedon the landsurfacenotjustto lagoonsconstructedbelowthepre-constructionland

surfaceinkarstareas.A non-rigidlagooncouldbeconstructedon the landsurface.Requiringa

rigid structurewill provideadditionalassurancethata collapsecausinggroundwater

contaminationwill not occur.
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Section506.208(d)

Section506.208(d)concernsgroundwater-monitoringwells. The referenceto Section

506.205Liner Standardsappearsthat it shouldbereplacedwith areference-to-Section506.206

GroundwaterMonitoring.

Section506.303

The lastsentenceof 506.303(a)shouldberevisedfor clarity to includetheterm “volume”

as follows, “In addition,the designvolumeof livestockwastestoragestructuresthathandlethe

wastein liquid or semi-solidform shall includethe following:”

Theregulationsdo not specificallylist as anadditionalvoluine~the~runoff-and

precipitationgeneratedandtributaryto the livestockwastehandlingfacility for aperiodof 150

days.Thisrunoffandprecipitationis livestockwasteandshouldbeincludedin thecalculationof

thelivestockwastevolume generatedduringaperiod of 150daysandlisted in theregulationsfor

thecalculationof thetotal volumeof the livestockwastehandlingfacilities. TheIllinois EPA

suggeststhat for clarity, thisvolume beaddedto the list of additionalvolumesin the proposed

regulationandrecommendsthat Section506.303(a) (1) and(2) bereplacedwith:

“(1) Runoffvolumesgeneratedduringa 150-dayperiod includingall runoff and

precipitationfrom lots, roofsandothersurfaceswherecollectedprecipitationis

directedinto the storage.In no caseshallthisvolume belessthanthe precipitation

andrunoff generatedby a25-year,24-hourstorm eventanddirectedto the livestock

wastehandlingfacility; and

(2) the volume ofall washdownliquidsgeneratedduringthe 150-dayperiod that are

directedinto the livestockwastehandlingfacility.”

Section506.304(c)

TheAgencyrecommendsthatthis subsectionberevisedto include:

• Specificationsfor the maximumallowablehorizontalseparationbetweentheperimeter

drainagetubingandthe‘livestockwastehandlingfacility. The drainagetubingmustbe
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locatednearthe structureto effectively lower thewatertablebelowthe livestockwaste

handlingfacility to preventfloatation.The following languageshouldbeadded:

“Theperimeterdrainagetubingmustbelocatedatahorizontaldistancethat

providessufficientdrainageto maintainthewatertableelevationbelowthebottom

of thelivestockwastehandlingfacility.”

• A requiredsamplingport.The drainagetubingmayreceiveandtransportlivestockwaste

thathasleakedfrom the nearbylivestockwastestoragestructure.A subsurfacedrain

dischargemaybediscovereddischarginglivestockwaste-withseveralpossiblesourcesof

livestockwasteupstream.A samplingport locatedon-siteimmediatelydownstreamof

the subsurfacedrainaroundthe livestockwastehandlingfacility, wouldprovideeasy

accessfor samplingandinspectionto determineif the particularfacility is or is not

causingthedischargeof livestockwaste. Additionally, earlydetectionof sucha

dischargeby samplingor inspectionofthe samplingportwould providethe facility a

betteropportunityto initiateactionsto containthe livestockwasteor preventa discharge

to watersof the state.

• A referenceto howthe“seasonalhighwatertable”maybedetermined(thismayrequire

theaddition of adefinition in Section 506.103).If thewatertablerisesabovethe

livestockwastehandlingfacility bottom,the livestockwastehandlingfacility canbe

damagedby floatation,possiblycausinga discharge.Therefore,it iscritical to know

accuratelythe seasonalhighwatertableelevationwhenno subsurfacedrainageis

installed.

• A provisionfor the diversionof livestockwastethatmaybe dischargedfromthe drainage

tubing,awayfrom surfacewaters,to a field or collectionarea,pendingcollectionand

appropriatedisposal.If thesubsurfacedrainagetubingreceiveslivestockwaste,ameans

to containthewasteandpreventdischargeto watersof the statewouldneedto be

implemented.
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Section506.310(c)(3)

This Sectionrequiresthe certificationby theLicensedProfessionalEngineerof the liners

for livestockfacilities locatednearaquifermaterials. Doesthisprovisionrequirecertificationof

Sections506.310 and506.304requirementsfor liners? The Agencyis uncertainfrom the

languageof theproposalandrecommendsthatthecertification by theLicensedProfessional

EngineerincludebothSections506.310and506.304 requirementsbecausethe provisionsof both

sectionsareimportantto thepreventionof groundwatercontaminaticmby livestockwaste.

Section506.312(b)

This provisionrequiringrigid constructionmaterialsshouldbeapplicableto livestock

wastehandlingfacilitiesconstructedon the landsurfacenotjustto livestockwastehandling

facilities constructedbelowthe pre-constructionlandsurfacein karstareas.A non-rigid livestock

wastehandlingfacility couldbeconstructedon the landsurface.Requiringarigid structurewill

provideadditionalassurancethatacollapsecausinggroundwatercontaminationwill not occur.

Sections506.207and 506.312

Thesesectionsregardtheconstructionof lagoonsandnon-lagoonsin karstareas.The

Agencyis concernedthat if asingleboringis madeto amaximumdepthof 20 feetbelowthe

wastehandlingstructurebottomelevation,as isproposedin thesenew sectionsof Part506, a

void maybepresentbelowthe proposedlivestockwastehandlingstructureandstill be

undetected.

Agencyresearchhasrevealedthe following:

Jannick,etal., 1992,reportedthat of 14 wastewaterlagoonsitesin southeastern

Minnesotalocatedoverkarsticbedrockandwith 30 metersor lessof overburdensoil or till

overthebedrock,2 hadfailed in thetwentyyearspreceding1992. An interimguidance

documenttitled “ConstructingNewManureStorageSystemsin theKarstRegion”

(MinnesotaPollution ControlAgency,March2000),reportsthat 3 of 22 municipal

wastewatertreatmentpondsfailed in thekarstregion of southeastMinnesotabetween1974
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and1992.The reportalsoindicatesthatonemanurestoragesystemhadmanureseepageinto

fracturedbedrockoccurringsorapidly thatthe storagesystemdid not everneedto be

pumped.

TheIDNR- ISGSIllinois Map 8 “Karst TerrainsandCarbonateRocksofIllinois,”

incorporatedby referencein Section506.104(a)(3),showsthatkarstareaswith sinkholesexist in

areaswith drift overthebedrockof 50 feetor less.Small areasof the SalemPlateauandLincoln

Hills karstareasareshownon themapto havesinkholesin areaswheredrift thicknessis greater

than50 feetoverthe bedrock.In the report “Karst Regionsof Illinois” byPanno,et al (1997) for

the SalemPlateaukarstarea,thebedrockis reportedto betypically lessthan15 meters(or

approximately49 feet) belowthe surface,althoughsomeareasexceedthisdepth. In theLincoln

Hills karst regionthe reportindicatesthatmanyofthe sinkholesin this region occurin “relatively

thick bessdeposits.”Most sinkholesform in drift thicknessof lessthan20 feetbelowthe

surfacein the NorthCentralKarstregion accordingto thereportby Panno.Theformationof

sinkholesappearsto occurin areaswith depthto bedrockup to 50 feetor more in Illinois. Benson

andLa Fountain,1984,statethat 1000 boringsconductedon agrid wouldbe neededfor a90%

probability to detectavoid of 2.3 metersin size on aoneacresite.

TheAgencyconcludes,therefore,that if a singleboring is madeto amaximumdepthof

20 feetbelowawastehandlingstructurebottomelevationavoid-maybe-presentbelowthe

proposedstructureandstill beundetected.The Agencyrecommendsamorecomprehensive

investigationbasedon severalsourcesof data. Suchsystemsaredescribedbelowfrom

informationon programsin MinnesotaandMissouri.

TheStateof Minnesotaadoptedregulationsin October,2000regardingthe locationof

manurestoragestructuresin karstareas.Theregulationsas adoptedrequirethatcertainfacilities:

• haveaminimumseparationfrom bedrockof twentyto forty feet for earthenliners,based

on the size of operationandtypeof structures,

• userigid structuresor compositeearthen/syntheticliners,
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• limit thesize of manurestoragestructuresto 250,000gallons,

• prohibitmanurestoragestructuresif the bedrockiswithin 5 to 15 feetof the livestock

wastehandlingstructurebottom,or

• relocateawayfrom thekarst features.

Minnesotaalsoconvenedaworkgroupof engineersthatwerenot stateregulatory

personnelto determinewhatshouldbe requiredfor livestockfacilities locatedin karstareas

(MinnesotaPollutionControlAgency,2000,MinnesotaPollution ControlAgency,2001). The

reportfrom thatworkgroupindicatesthefollowing:

• that in 5 instancesearthenmanurestoragestructureshavefailed due-to-sinkhole

developmentin statesotherthanMinnesota,

• Minnesotaandotherstatesalso-havehadnon-livestockwastewatertreatmentpondsfail

dueto sinkholedevelopment, -

• In all casesthefailureshaveoccurredwhenthereis no liner or the liner is designedto

seepatgreaterthantheMinnesotarequirementsfor earthensoil liners. The seepagerate

- requirementis
1156th inchper day. l/S6~” inch perdayis equivalentto a2 feetthick liner

withahydraulicconductivityof 1 x 10~ cm/secwith anoperatingdepthof livestock

wasteof 8.6 feet.

TheMinnesotaworkgroupissuedthereport“Recommendationsof theTechnical -

Workgroup-LiquidManureStorageStructuresin the KarstRegion” on December20, 2000.The

reportconcludesthatthe following berequired:

• no newearthenmanurestorageslocatedin areaswherecarbonatebedrockis lessthan50

feetfromthe groundsurfaceandthe upperbedrockis fracturedor othergeologicstrata

wheresoil collapseor sinkholeformationoccurs,

• constructionof manurestoragestructureis not allowedif voidsareencounteredin the

constructionof the structureor soil inspection,
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• minimumbedrockseparationof five feetfor concretetanks,dual lined basins,composite

lined basinsandabove-groundtankswith concretefloors,

• asecondaryliner with a leachatecollectionsystemif bedrockseparationis lessthan5

feet,

• soil inspectionsduringconstruction,

• diversionof freshwaterawayfrom the perimeterof manurestorages,

• annualliner inspections,

• monitormanurelevels,and

• emergencyresponseplans.

The Missouri Departmentof NaturalResourcesregulationsrequirethat eachsitefor a

earthenwastewaterpond,includinglivestockwastefacilities, be subjectto a geological

evaluation.Theseevaluationsareconductedby the MissouriDepartmentof NaturalResources.If

thefacility hasseveregeologicallimitations,thewastewaterpond(i.e., livestockwaste lagoonor

holdingpond)maybeprohibitedunlessliner technology-and/oririore detailedinvestigationand

analysiscandemonstratethat theproposedpondwill not causegroundwatercontamination.If the

geologicalevaluationindicateshigh collapsepotential,thenthepondsare generallyprohibited

(MissouriCodeof StateRegulations,1999).

The Missouri systemprovidesfor the evaluationanddesignationof ascorefor the

following eight factorsin makingan assessmentofthe earthenlagooncollapsepotentialof asite.

A site is scoredif greaterthan50% ofthetop twentyfeetof bedrockis limestone,dolomiteor

calcareoussedimentsandthewastewaterpondbottom is underlainby lessthan20 feet of

unconsolidatedmaterialon top ofthe bedrock.A site is not scoredfor anassessmentof earthen

lagooncollapsepotentialif theearthenlagoonbottomis underlainby 20 feetor moreof

unconsolidatedmaterial(otherthanrelict bedrockresiduumor alluvium). Listedwith eachfactor

is the conditionthat is scoredthe highestfor potentialwastewaterpond collapseas shownbelow:
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Factor

Gainingor losingstream,

Most SevereCondition

Losing

Greaterthan50 feet

Thicknessof relict bedrockresiduumabove

consolidatedbedrock

Characteristicsofupper20 feet ofbedrock

and/or surficial material

Proximity of nearestsinkhole

Proximity of nearestundergroundopening

Surfaceareaof wastewaterpond

Maximumoperatingdepthof liquid

4Oto 100feet

Bedrockwith significantvoids> 10 feetbelow

surface,or unconsolidatedmaterialconsisting

ofrelict bedrockstructuresor alluvium with

losingconditionsassociatedwith thistypeof

bedrock

Within 500 feet

Beneaththewastewaterpond

Morethan4 acres

Greaterthan20 feet

Depthto watertable
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Section2.5of the report“Recommendationsofthe TechnicalWorkgroup-Liquid Manure

Storagein the KarstRegion”providesa summaryofthat workgroup’sreviewof requirementsof

manurestoragestructureslocatedin karstareasoftenstateswith karstgeology.The factorsor

restrictionsusedby Florida,Pennsylvania,Indiana,Ohio,Missouri,Kentucky,Wisconsin,Iowa

andtwo otherunidentifiedstatessurveyedincluded:

• size of themanurestoragestructure,

• useof rigid materials,abovegroundstorageor impermeableliners,

• linerpermeabilityrequirements,

• prohibitionof earthenliners,

• setbacksfrom sinkholesof 150to 500 feet,

• site assessmentto determinerelativerisk, and

• depthto bedrock

I haveattacheda chartcomparingthePart506 proposalwith the MinnesotaandMissouri

regulationsandworkgroupreport.

Thepresenceof voidsbelowthe structurepresentsthe greatestthreatin karstareasto the

integrityof thewastestoragestructure.Basedon theaboveinformationregardingkarst, asingle

soil boring to a depthof 20 feetwill not besufficientto reliablydetectvoidslocatednearthe

manurestoragestructurethatcan causefailureof manurestoragestructures.Additional borings

wouldprovidemoreassurancethatvoidsarenot present.Multiple boringsshouldbeconductedto

adepthof atleast50 feet or to thebedrockto detectthe presenceof voids.

Alternatively, if a singleboringto 20 feetor to bedrockis usedas proposed,additional

requirementswould providemethodsto preventgroundwatercontaminationdueto failuresof

manurestoragestructuresinto fracturedbedrock.Examplesof theseadditionalrequirementsare:

preventingthe locationof manurestoragestructuresor requiringthe useof secondaryliners with

leachatecollectionin areasof shallowsoils overbedrock,requiringmaterialandlinersbasedon
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depthto bedrock,limitations on thesize of manurestoragestructures,diversionof freshwater

awayfrom manurestorageareas,andprohibitionsbasedon detectionof voidsduring

construction.

I haveusedthefollowing materials,which will beofferedas exhibitsin this proceeding:

‘Benson,R. C. andLa Fountain,L. J., 1984.Evaluationof subsidenceor collapsepotentialdueto

subsurfacecavities.Proceedingsof theFirstMultidisciplinary Conferenceon Sinkholes.Orlando,

Florida

‘Jannick,N. 0. ,Alexander,E. C., andLanherr,L. J., 1992. The SinkholeCollapseof the

Lewiston,MinnesotaWasteWaterTreatmentFacility Lagoon.Proceedingsof theThird

Conferenceon Hydrogeology,Ecology,Monitoring andManagementof GroundWaterin Karst

Terranes,NationalGroundwaterManagementAssociation.

‘MinnesotaPollution ControlAgency,March20,2000.ConstructingManureStorageSystemsin

theKarstRegion.Interim GuidanceDocument.MinnesotaPollution Control Agency,SaintPaul,

MN.

‘MinnesotaPollution ControlAgency,December20, 2000.RecommendationsoftheTechnical

Workgroup-Liquid Manure Storagein KarstRegionTo theMinnesotaSenateandHouse

AgricultureandRural DevelopmentCommittees.MinnesotaPollutionControl Agency,Saint

Paul,MN.

‘MinnesotaPollution ControlAgency,January17, 2001.KarstWorkgroupRecommendations-

LegislativeFactSheet.MinnesotaPollution ControlAgency,SaintPaul,MN.

‘MissouriCodeof StateRegulations,1999. 10 CSR20-8.200Division20-CleanWater

Commission,Secretaryof State,Stateof Missouri.

‘Missouri DepartmentofNaturalResources,DivisionofGeologyandLand Survey.WasteWater

TreatmentSite - GeologicEvaluation.Rolla, Missouri.
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‘MissouriDepartmentof NaturalResources,Divisionof GeologyandLandSurvey.Assessment

of EarthenLagoonCollapsePotential.Rolla, Missouri.

‘Missouri Departmentof NaturalResources,Divisionof GeologyandLandSurvey,August15,

1994.Guidelinesfor Assessmentof EarthenLagoonCollapsePotential.Rolla,Missouri.

‘Panno,S. V., Weibel,C. P.andLi, W. 1997.KarstRegionsof Illinois, OpenFile Series1997-2.

Illinois Departmentof NaturalResources-IllinoisStateGeologicalSurvey.

‘Panno,S. V. andWeibel,C. P. 1997. KarstTerrainsandCarbonateRocksof Illinois. Illinois

Departmentof NaturalResources-IllinoisStateGeologicalSurvey.

‘Stateof Minnesota.MinnesotaRules,Chapter7020.

http://www.revisor.leg.state.mn.us/arule/7020/2100.html

This concludesmytestimony,I wouldbe happyto answeranyquestionsthatyoumay

have.

By: ____________________________

DanielL. Heacock

April 23, 2001

Illinois EnvironmentalProtectionAgency

1021 NorthGrandAvenueEast
P.O.Box 19276
Springfield, Illinois 62794-9276
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SHEET

________________________________

~ Minnesota Pollution Control Agency

Karst Workgroup recommendations
Introduction
Due to its uniquekarstgeology(fracturedlimestone
bedrockoverlaid with shallowsoil, oftenwith
sinkholes),muchof southeasternMinnesota
representsasensitiveenvironmentfor contamination
of groundwaterandsurfacewaters. Oneof the
environmentalconcernsaboutkarstgeologyis the
potentialfor sinkholesto form belowwastewater-or
manure-storagestructures,causingcontaminantsto be
channeleddirectly into the groundwater. Sinkholes
haveformedbelowthreepoorly linedmunicipal
wastewater-treatmentpondsin Minnesotaandat
severalpoorly lined wastewaterandliquid manure
storageareasin otherstates. Groundwater
contaminationproblemshavealsoresultedfrom
chronicseepageof liquid manureinto cracksin the
bedrockthatare directlyconnectedto aquifers.

Background
Recognizingthe environmentalsensitivityof the karst
region,theMinnesotaPollutionControlAgency
(MPCA) recentlyincorporatedinto rule (Chapter
7020)severalstandardsfor constructionof liquid
manure-storagesystemsin areasproneto sinkhole
development.In responseto the rule changes,the
Legislaturerequestedthata workgroupbeconvened
to reviewandproposestandardsrelated.tothistopic
accordingto the requirementsin section13 of 2000
SessionLaws,Chapter435.

The MPCA conveneda workgroupconsistingof 10
engineers,noneof whom areemployedby state
regulatoryagencies,in accordancewith the guidelines
setforth by the Legislature,whichspecifiedthat
engineersin the workgroupbe from theprivatesector.
At the requestof the workgroup,two or more

hydrogeologistsexperiencedin the karstregionwere
presentat eachmeetingto adviseon issuespertaining
to karstgeology,soils andhydrogeology.The
workgroupmetover eightdaysbetweenAugustand
November. Theworkgroupdid not build from
existingMPCApolicy, but rathertooka freshlook at
standardsneededfor thekarstregion.

Theworkgroupconsideredareas“susceptibleto soil
collapseor sinkholeformation,” to includeall land
wherethe depthto carbonatebedrockis lessthan50
feet,andtheuppermostbedrockis fracturedcarbonate
materialsor otherbedrockwheresoil collapseor
sinkholeformationoccurs.

Karst Workgroup recommendations
Followingconsiderablestudyof technicalinformation
fromMinnesotaandotherstates,the workgroup
developedseveralstandardsfor theseareas.

Location restrictions
‘ Maintaina300-footsetbackfrom sinkholes.
• Relocatesiteif subsoilinspectionsduring

excavationindicatesoil subsidenceor sinkhole
development.

• Avoid constructionovermappedcavesthat

becomeregisteredwith the state.
Designspecifications

• Usedual liners, concretelinersor above-ground,
glass-fusedmetal tanks.

• Limit maximumcapacityofa singlecell to three
million gallons(nototal-capacitylimit per farm
andno restrictionsbasedon animal-unit
numbers).

• Maintainafive-foot minimumseparationbetween
manureandbedrock,with someexceptions.

January17, 2001

Minnesota Pollution Control Agency, 520 Lafayette Road North, Saint Paul, MN 55155-4194
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‘Z~ Minnesota Pollution control Agency

• Conveyroofandsiterunoffwatersawayfrom the
manure-storagearea.

Identifyingandrespondingtofailures
• Monitor manurelevelsregularlyandconductan

annualinspectionof the liner.
• Developanemergencyresponseplan.

The workgrouprecommendedthatthe proposed
standardsreplaceexistingMPCA rulespertainingto
designstandardsin areassusceptibleto sinkhole
formation. It alsosuggestedthatthese
recommendationsbereviewedandrefinedafter
furthersinkhole-formationstudiesare completed.

Similarities between recommendations
and existingregulations
Manysimilaritiescan be foundwhencomparing
currentMinn. R. ch. 7020andworkgroup
recommendationsfor areassusceptibleto soil collapse
or sinkholeformation. Forexample,boththe existing
rulesandworkgrouprecommendations:

• establish300-footsetbacksfrom sinkholes.
• includemajor restrictionsfor useof cohesivesoil

linersalone.
• allow for useof concrete-lined,dual-linedand

above-groundstorage.
• establishasimilarminimumsoil thicknessneeded

abovebedrockfor useofconcrete,compositeand
above-groundliners atsmall to moderate-size
feedlots.

Differences between recommendations
and existing regulations
• Currentrulesfor minimumseparation-to-bedrock

restrictionsvaryfrom five to 15 feetfor concrete
pits, dual-linedbasinsandabove-groundtanks,
dependingon the typeof liner andthe numberof
animalunits on thefarm. Theworkgroup
recommendsthat separationto bedrockbea
minimumof five feet, exceptfor two typesof
designswhere.separationto bedrockcanbeless
thanfive feet.

• MPCArulesallow cohesivesoil liners alone
wherethereis asubstantialsoil thickness(e.g., 20
to 40 feet).betweenmanureandbedrock The
workgroup recommendsthatno cohesivesoil
linersbe usedalonewithoutanotherliner in areas
with lessthan50 feetfrom groundsurfaceto
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carbonatebedrockuntil furthergeologicstudy
identifiestheareaswith lessthan50 feet to
bedrockthathavealow potentialfor soil collapse
or sinkholeformation.

• MPCA rulesset a250,000-gallonlimit perstorage
cell in areaswherethereare four or more
sinkholeswithin 1,000feet. No otherstorage-
capacitylimits aresetin rules. Theworkgroup
recommendsathree-million-gallonlimit in all
areassusceptibleto sinkholeformation

Recommendationsfor additionsto
existingregulations
Otherrecommendationsthattheworkgroupmadeare
consistentwith MPCA policy andpastpermit
conditions,but arenot currentlyestablishedin rule for
all new liquid-manure-storagefacilities in sinkhole-
proneareas..Theworkgroupproposesthatthe
following be addedto staterules for areassusceptible
to sinkholeformation:
• inspectionsof subsoilduringconstruction,

• diverting freshwaterawayfrom the
manure-storagearea,

• annualliner inspections,

• monitoringof manurelevelsand
• emergencyresponseplans.

What’snext?
The MPCA intendsto implementworkgroup
recommendationsin the followingways:
1) Studytechnicalinformationfrom the workgroup

proposalsas abasisfor future rule revisions.
2) Issuepermitswith theworkgroupstandardsuntil

therule canberevised(wherean equivalentlevel
of environmentalprotectionis achieved).

3) Modify MPCA guidelinesto reflectworkgroup
proposals.

4) Discusswith otheragencieshow andwhento
implementrecommendationsfor furtherstudy.

For more information
If youhaveanyquestionsor would like more
informationaboutthe KarstWorkgroup’s
recommendations,call DavidWall at(651)296-8440
or e-mailhim at david.wall@pca.state.rnn.us.
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ExecutiveSummary

Much of the karstregionof southeasternMinnesotarepresentsasensitiveenvironmentfor
contaminationof groundwaterandsurfacewaters,duelargely to:

• shallowsoilsabovehighly fracturedbedrock;
• rapid transportof waterinto andthroughthe subsurface;
• sinkholesandotheropeningsto the fracturedbedrock;
• hydrogeologythatis highly variableanddifficult to predict; and
• an interconnectedsystemof surfacewaterandgroundwater.

Oneof the environmentalconcernsin karstregionsis thepotentialfor sinkholesto form below
wastewater.or manurestoragestructures,causingcontaminantsto be directlychanneledinto the
groundwater. Excessiveseepagefrom liquid impoundmentscancauseunderlyingsoil to wash
into bedrockfractures,leadingto aneventuallysoil collapseorsinkholeformation. Low
permeabilityliners reducethe likelihoodof sinkholeformationbelowliquid storageareas.

Sinkholeshavedevelopedunderthreepoorly linedmunicipalwastewatertreatmentpondsin the
karstregion,drainingseveralmillion gallonsof wastewaterinto the groundwaterbelow. In
addition,severalcroplandrunoffretentionpondsestablishedfor erosioncontrol havealso failed
whensinkholesdevelopedunderthe ponds. No liners of anysortwereusedfor constructionof
theserunoffretentionponds. Sinkholedevelopmentbelowliquid manurestoragesystemshas
not beenknownto occuratthe hundredsof structuresin southeasternMinnesota,but has
occurredin atleastfive instancesin otherstateswith karstgeology. Otherkarststateshavealso
hadfailuresofwastewatertreatmentpondsinto sinkholes. All failuresin Minnesotaandother
stateshavebeenassociatedwith earthenstoragepondshavingeitherno liner, or a soil liner
designedto seepmorethancurrentMinnesotarequirementsfor cohesivesoil liners.

Groundwatercontaminationproblemscanalsoresult from chronicseepageof liquid manure
movinginto fracturedbedrock(withoutsinkholeformation). Well waterwasseverely
contaminatedatone southeasternMinnesotafarm whenliquid manurecontinuouslyleaked
througha soil liner into thefracturedbedrockimmediatelybelowthe earthenbasin. Long-term
chronicseepageinto fracturedbedrockcan addbacteria,virusesandotherpotentialcontaminants
to theuppermostbedrockaquifers.

Recognizingthe potentialfor bothchronicandcatastrophicfailure of liquid manurestorage
systemsin thekarstregion,the MinnesotaPollution Control Agency(MPCA or Agency)
establishedguidelinesfor constructionof liquid manurestoragesystemsin areassusceptibleto
soil collapseor sinkholeformation. The agencyencouragesproducersanddesignengineersto
follow theseguidelines.Someof the standardsin the guidelineswereincorporatedinto MPCA
proposedrevisionsto Minn. R ch. 7020,governinganimalfeedlotsandtheSIORBIE, IRUSPDRIRIIIJI. I~O lflLIlBlIOB
of manure.Prior to going into effecton October23,2000, therevisedrule underwentan
extensivepublic reviewprocessinvolving oversightby anAdministrativeLaw Judge. The
MPCA madeseveralchangesto therules in responseto commentsfrom the public andthe
Judge. In addition,the MinnesotaLegislaturereviewedthe proposedrulesandpassedlegislation
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• requiringchangesto severalpartsoftheproposedrules(2090SessionLaws,Chapter435). No
changesweremadeby theMPCA ortheLegislatureto proposedrulespertainingto manure
storagein areassusceptibleto sinkholeformation. However,theLegislaturerequestedthat a
workgroupbe convenedto reviewandproposestandardsrelatedto this topic. Thelegislationin
section13 of 2000SessionLaws,Chapter435, states:

“The commissionerofthePollutionControlAgencyshall convenea workgroupconsistingof
representativesfrom NaturalResourcesConservationServicesandprivatesectorlicensed
professionalengineers,including individualswith expertisein hydraulics,structuralsystems,
andgeology,to reviewandproposedesignstandardsfor liquid manurestoragefacilities in
areassusceptibleto soil collapseandsinkholeformation. This reviewshall includean
evaluationofwhethersuchstandardsshouldbe volumebasedoranimalunit based.”

TheMPCA respondedto the legislationby conveninga workgroupconsistingoftenengineers
with collectivebackgroundsin structuralengineering;hydraulics;geology;designand
constructionof liquid manurestoragesystemsin thekarst region;assessingseepagethrough
manurestoragesystemliners; geotechnicalevaluation;alternativeliners for liquid containment;
andliner reinforcement. All workgrouprecommendationsweremadeby the tenengineers
formingtheworkgroup,noneofwhomareemployedby stateregulatoryagencies. At the
requestoftheworkgroup,two ormorehydrogeologistsexperiencedin thekarstregionwere
presentat eachmeetingto adviseon issuespertainingto karstgeology,soilsandhydrogeology.

Theworkgroupwasspecificallyaskedby the legislatureto targetstandardsfor liquid manure
storagein areas“susceptibleto soil collapseor sinkholeformation.” Theworkgroupconsidered
areas“susceptibleto soil collapseorsinkholeformation,” to includeall landwherethedepthto•
carbonatebedrockis lessthan50 feet,andtheuppermostbedrockis fracturedcarbonate
materialsor othergeologicstratawheresoil collapseor sinkholeformationoccurs. In areasnot
susceptibleto soil collapseorsinkholeformation,theworkgrouprecommendsthat thesamerules
shouldapply for liquid manurestoragedesign,constructionandoperationasthroughoutthe rest
ofthestate.

A shortcomingnotedby theworkgroupwith existinginformationis the lack ofgeostatistical
analysesindicating the likelihoodofsoil collapseto occurin a givenarea. TheMinnesota
GeologicalSurvey.UniversityofMinnesotaandDepartmentofNaturalResourcesarecurrently
examiningthe relationshipbetweenthepresenceofkarst featuresandassociatedgeologic
conditions. The recommendedmeasuresin this reportareintendedto serveasinterim standards
until thestudyis completedandthestandardscanbe revisedto morespecificallyreflect a
geostatisticalevaluationofsinkholeformation.

Theworkgroupdid not build from existing MPCA policy, but rathertooka freshlook at needed•
standardsfor thekarstregion. Existing MPCA policy wasonly briefly consideredduring the
workgroupprocess.Workgrouprecommendationsmadein this reportreflect thebest
professionaljudgementoftheworkgroupmembersmadeafterconsiderablestudyanddiscussion
of availableinformationon this topic.

ii



Theworkgrouprecommendsthe following protectivemeasuresfor areassusceptibleto soil
collapseorsinkholeformation. Thesemeasuresaremeantto be usedin additionto the existing
protectivemeasuresrequiredby the MPCA throughoutthe state. Thesestandardspertainto 1)
locationtestrictions,2) design,and3) identifying andrespondingto failures. The standardscan
be summarizedasfollows:

Locationrestrictions
• Maintain a 300-footsetbackfrom sinkholes;
• Relocatesite if subsoil inspectionsduringexcavation~indicatesoil subsidenceorsinkhole

development;
• Avoid constructionovermappedcavesthatbecomeregisteredwith theState;

Designspecifications
• Usedual-liners,concreteliners orabovegroundglass-fusedmetal
• Limit maximumcapacityof a singlecell to threemillion gallons(no total capacitylimit per

farmandno restrictionsbasedon animal unit numbers);
• Maintaina five-footminimum separationbetweenmanureandbedrock,with some

exceptions;
• Conveyroofandsite runoffwatersawayfrom thestoragearea;

Identifyingandrespondingtofailures
•. Monitor manurelevelsregularlyandconductan annualinspectionof the liner; and
• Developan emergencyresponseplan.

Theworkgrouprecommendsthat theproposedstandardsin this reportreplaceexisting MPCA
rulespertainingto designstandardsin areassusceptibleto sinkholeformation. Theyalso suggest
that theserecommendationsbe reviewedandrefinedaftercompletingfurtherstudyofthe
likelihood ofsinkholeformationundervariousgeologicconditions.

Manysimilaritiescanbe foundwhencomparingMinn. R. ch. 7020andworkgroup
recommendationsfor areassusceptibleto soil collapseorsinkholeformation. For example,both
therulesandtheworkgrouprecommendations:

• establishsetbacksfrom sinkholesof300 feet;
• includemajorrestrictionson useofcohesivesoil liners alone;
• allow for useofconcretelined, dual-linedandabovegroundstorage;and
• establisha similarminimum soil thicknessneededabovebedrockfor useofconcrete,

compositeandabovegroundlinersat small to moderate-sizedfeedlots;

Yet, thespecificcriteriafor someoftherecommendationsaredifferent. CurrentMPCA rules for
separationto bedrockrestrictionsvary from five to fifteenfeetfor concretepits, dual-linedbasins
andabovegroundtanks,dependingon the type oflinerandthenumberofanimalunits on the
farm. Whereas,theworkgrouprecottunendsthatseparationto bedrockbe a minimumof five-
feet,exceptfor two typesof designswhereseparationto bedrockcanbe lessthanfive feet.
MPCA rulesallow cohesivesoil liners alonewherethereis a substantialsoil thicknessbetween
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manureandbedrock(e.g., 20 to 40 feet). Theworkgrouprecommendsno cohesivesoil linersto
be usedalonewithout anotherliner in areaswith lessthan50 feetfrom groundsurfaceto
carbonatebedrockuntil furthergeologicstudy identifiestheareaswith lessthan50 feet to
bedrockthathavea low potentialfor soil collapseorsinkh~leformation.

Otherworkgrouprecommendations,suchasinspectionsofsubsoilduringconstructionand
diverting freshwaterawayfrom themanurestoragearea,arenotstatedin MPCA rulesbutare
consistentwith MPCA guidelines. TheMPCA requiresmanurestoragesystemdesignsto
includeplansfor periodicinspectionofthe liner. This is consistentwith, butnotas specificas
workgrouprecommendationsto requireregularmonitoringofmanurelevelsandannualliner
inspections.Theworkgrouprecommendedemergencyresponseplanrequirementsfor all new
liquid manurestoragesystemsconstructedin areassusceptibleto sinkholeformation.
Emergencyresponseplansarecurrentlyrequiredby MPCA rulesat feedlotswith 1000ormore
animalunits.

AnotherdifferencebetweencurrentMPCA policy andworkgrouprecommendationsrelatesto
storagecapacitylimits. MPCA rulesseta250,000gallon limit per storagecell in areaswith four
ormore sinkholeswithin 1000 feet. No otherstoragecapacitylimits areset in rules;however,
recommendedguidelinessuggestlimits that vary with the liner typeandgeologicconditions.
Theworkgrouprecommendsathreemillion gallon limit in all areassusceptibleto sinkhole
formation,regardlessofproximity ofkarstfeatures(with theexceptionofthe300 foot setback
requirementfrom sinkholes).

Theworkgroupemphasizedthat furtherwork is neededto:

• Determinethegeostatisticalprobabilitiesofsoil collapsein differenttypesofgeologic
settings;

• Studypathogentransportthroughsoils belowliquid manurestoragesystemsin thekarst
region;

• Developgenericemergencyresponseplansthat canthenbe tailoredfor specific feedlot
operations;

• Conductresearchanddemonstrationprojectson alternativemanuremanagementapproaches
that do not rely on liquid storage;

• Conductregularmonitoringandinspectionsofexisting liquid manurestoragesystems;and
• Collect,manage,analyze,interpretandmapgeologicandhydrogeologicinformationneeded

for engineersdesigningliquid storagebasinsin karstareas.
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Chapter 1 - Introduction

1.1 Workgroup Charge and Scope

In December1999,theMinnesotaPollutionControlAgency(MPCA) proposedrevisionsto rules
(Minn. R. ch. 7020)governinganimalfeedlotsand the SIDRIIIE, TRBUSI’ORIOIWil. HO VTI[IlRhIOO ofmanure.The rule
revisionupdatedthe20-yearold rulesandmodifiedtheapproachto permitting feedlots.Therule
revisionalsoaddedtechnicalstandardsfor suchactivitiesas landapplicationofmanure,manure
transportation,openlot discharges,manurestorageclosure,stockpiling,andconstructionof
liquid storagesystems. Severalnewrequirementsspecificallyaddressedconstructionofliquid
manurestoragesystemsin areassusceptibleto sinkholeformation.

Prior to going into effect on October23, 2000, therevisedrifle underwentan extensivepublic
reviewprocessinvolving oversightby anAdministrativeLaw Judge.TheMPCA madeseveral
changesto the rules in responseto commentsfrom thepublic andtheJudge. In addition, the
MinnesotaStateLegislaturereviewedtherulesandpassedlegislationrequiringfurtherchanges
to theproposedfeedlotrules(2000SessionLaws,Chapter435). No changesweremadeto the
rulespertainingto manurestoragein areassusceptibleto sinkholeformation. However,the
legislaturerequestedthata workgroupbeconvenedto reviewandproposestandardsrelatedto
this topic. Thelegislationin section13 of2000 SessionLaws, Chapter435, states:

“The commissionerofthePollutionControlAgencyshall convenea workgroupconsistingof
representativesfromNaturalResourcesConservationServicesandprivatesectorlicensed
professionalengineers,including individualswith expertisein hydraulics,structuralsystems,
andgeology,to reviewandproposedesignstandardsfor liquid manurestoragefacilities in
areassusceptibleto soil collapseandsinkholeformation. This reviewshall includean
evaluationofwhethersuchstandardsshouldbe volumebasedoranimalunitbased. The
commissionershallsubmitthe findings andrecommendationsof theworkgroupto theSenate
andHouseAgricultureandRural DevelopmentCommitteesby October31, 2000.”

In response,theMPCA conveneda technicalworkgroupto addressthespecificissuesrequiredin
the legislation. Theworkgroupfocusedon standardsforwaterqualityprotectionthat aredirectly
relatedto thedesignandconstructionofliquid manurestoragesystemsin areassusceptibleto
soil collapseorsinkholeformation. Severalissueswereconsideredto bebeyondthescopeofthe
workgroup,includingin-depthanalysisabouteconomicsandaffordability,extensive
investigationofcurrentwaterqualitythroughoutsoutheasternMinnesota,andthe socio-political
ramificationsofimplementingtheserecommendationsasstatelaw. Risksassociatedwith
manureapplicationto fields, liquid manurespills andair emissionswerealsoconsideredto be
beyondthescopeandchargeoftheworkgroup(yet theseissuesarelinked to manurestorage
techniques).

This documentdiscussesworkgrouprecommendationsmadefor newliquid manurestorageareas
andmajormodificationsmadeto existingstructures.Theworkgroupdid not addressstandards
for existing liquid manurestoragesystemscurrentlyoperatingin thekarstregion.
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TheMPCA requestedandwasgrantedan extensionof the reportdeadlinefrom October31,

2000,to January4, 2001.

1.2 Work2roupMembers

TheMPCA conveneda workgroupconsistingof individualswhocollectively,met the
requirementsof thelegislation. The groupincludesengineerswith expertisein theareasof
structuralengineering,hydraulics,andgeology. In addition,engineerswere selectedwho have
experiencein the following areas:a) designingandconstructingliquid manurestoragesystemsin
thekarstregion,b) studyingseepagethroughmanurestoragesystemliners,c) evaluating
geotechnicalinformation,andd) using alternativeliners andlinerreinforcementforliquid
containmentsystems.

The tenengineersin theworkgrouparelistedbelow. Their education,experience,expertise,
addressesandphone/e-mailis includedin AttachmentA.

Dr. RandalBarnes,P.R. - UniversityofMinnesota,Departmentof Civil Engineering
Dr. ChuckClanton,P.R.,P.S.S.(alternateDr. Kevin Jan.ni,P.R.) - UniversityofMinnesota,

DepartmentofBiosystemsandAgricultural Engineering
Mr. PeteFryer,P.E. - JointPowersBoard,working in associationwith NRCSandSWCDs
Mr. StephanGale,P.R. - Gale-TechEngineering
Mr. Art Kalmes,P.E. - PolarisGroup
Mr. RobertMensch,P.R. - MenschEngineering
Mr. LarryRoehi,P.R. - WHKS & Co.
Mr. Rob Romocki,P.E. - NaturalResourcesConservationService
Mr. ScottSwanberg,P.E. - NaturalResourcesConservationService
Mr. ColbyVerdegan,P.E. - ChosenValleyTesting

TheMPCA understoodtheintent ofthelegislationwas fortherecommendationsto bemadeby
thepeoplefrom organizationsspecifiedin the legislation.All workgrouprecommendations
includedin this reportweremadeby thetenworkgroupengineers.Therecommendationsin this
reportwerenotmadeby thestateagencyregulatorystaffparticipatingin thisprocess.This is
verydifferentfrom a rule-makingprocesswherestateagencies,local government,private
organizationsandthepublic at largeprovideinput into theenvironmentalregulation
developmentprocess.

Theworkgroupengineer.srequestedthathydrogeologistsexperiencedin thekarst regionbe
presentat all meetings. A minimumoftwo hydrogeologistsexperiencedin thekarst regionwere
presentateachmeetingto adviseon issuespertainingto karstgeology,soils.andhydrogeology.
Thehydrogeologistsincluded:

Mr. JeffGreen,P.G. - MinnesotaDepartiiaentofNaturalResources
Mr. BruceOlsen,P.G. - MinnesotaDepartmentofHealth
Mr. DaveWall, P.S.S.,P.G. - MinnesotaPollution Control Agency
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In addition,five othergeologistsandhydrogeologistswith karstexpertisewere invited to attend
oneoftwo meetingsheldon September7 andOctober2, 2000. Theseindividuals included:

Dr. Calvin Alexander- UniversityofMinnesota,Dept. ofGeologyandGeophysics
Mr. RobertLibra - Iowa GeologicalSurvey
Dr. Tony Runkel- MinnesotaGeologicalSurvey
Mr. RobertTipping - MinnesotaGeologicalSurvey
Dr. Mike Trojan- MinnesotaPollution ControlAgency

Mr. RogerSteinberg,MinnesotaExtensionService,assistedwith meetingfacilitation.
Mr. DaveWall, MinnesotaPollution ControlAgency,coordinatedworkgroupactivities and
developedthe reportasdirectedby theworkgroup.

1.3 Work2roupprocessand principles

Theworkgroupdid notbuild from existingMPCA policy, but,rathertooka freshlook at needed
standardsfor thekarstregion. ExistingMPCA policy wasonlybriefly consideredduringthe
workgroupprocess.

Theworkgroupheldall-daymeetingson eightdaysbetweenAugust10 andNovember27, 2000.
Notesfrom eachmeetingwereincorporatedinto writtensummariesthatwerereviewedand
refinedby workgroupmembersfollowing eachmeeting. Writtenresourcematerialswerehanded
out to workgroupmembersassupplementalinformationforreviewandconsiderationduring
developmentofthe recommendedstandards(seeBibliographyin AttachmentB).

The following backgroundtopicswerestudiedby theworkgroup.duringthe’first fourmeetings:

• Mechanismspotentially leadingto chronicandcatastrophicfailure whenoperatingliquid
manurestoragesystemsin thekarstregion;

• Environmentalconsequencesofmanurestoragefailuresin karstareas;•
• Environmentalconsequencesofunachievablestandards;
• Standardsfor liquid manurestoragein karstareasoutsideofMinnesota;
• Historical recordoffailed andsuccessfulwastestoragesystemsin karstregions;
• Minnesota’skarst-relatedstandardsfor othertypesofcontaminantcontainment;
• Groundwaterimpactsfrom liquid manurestoragesystems;
• Site characterizationtechniques;and
• PerspectivesfromMPCA, MinnesotaDepartmentofHealth,MinnesotaDepartmentof

NaturalResources;

Prior to thedevelopmentofrecommendedstandards,’theworkgroupspentconsiderabletime
discussingthecriteriaandprinciplesto useasa basisfor developingthestandards.The
workgroupagreedthat thestandardsshouldprotecttheenvironmentfrom bothchronic problems
resultingfrom seepageoutof theliquid manurestoragesystem,andfrom catastrophicproblems
resultingfrom a soil collapsebelow the storagesystem. Theworkgroupdecidedthat the design
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standardsneededto be developedin conjunctionwith standardsfor construction,operationand
monitonng.

Workgroupdiscussionsaboutriskmanagementled to theconclusionthat no matterhow asystem
is engineered,therewill still be a potentialfor environmentalfailure. Theworkgroupsuggested
that thegoalshouldnot be to developstandardsthat preventall risk ofpollution, but that the
standardsshouldbe developedto greatlyreducethepotentialfor environmentalproblems.The
workgroup,soughtto developstandardsthatwill minimize risks to waterquality to themaximum
extentpractical,while consideringthe following criteria:

1. Maintainthe level ofenvironmentalrisk atornearthelevel ofrisk asfor othernon-karst
areasofMinnesota(particularlyasit pertainsto chronicseepageeffectson waterquality).

2. Preventaccelerationofsoil collapsebelowa manurestoragesystem(comparedto conditions
prior to construction)thatcould result from seepageout ofthestoragesystemorpoorsurface
waterdrainageconditionson the land surfacenearthemanurestoragesystem.

3. Allow for constructionactivitiesthatwould provideagreaterlevel ofenvironmental
protectionthanexistingoperatingconditions,or the “nextbestalternative”that would existif
therewasto be no construction(e.g. to allow fornewliquid manurestoragesystemsthat will
replaceold unlined basinsor to correctaseriousmanurerunoffproblemto surfacewaters).

4. Do not constructstoragesystemsin areasor in wayslikely to leadto failure,basedon an
understandingof theprocessesthatcanleadto failure.

5. Usebestavailabletechnologywhenthebestavailabletechnologyis neededto meettheabove
objectivesandis consideredfeasible.

6. Developstandardsthatwill notprecludethecontinuedoperationofanimalagriculture
throughoutmuchofthekarstregion(e.g. maintainstandardsthat arewithin economic
reason).

The recommendationsin this reportreflect thebestprofessionaljudgementofworkgroup
membersmadeafterconsiderablestudyanddiscussionofexistingresourcesrelatedto this topic.

As requiredby MinnesotaStatutesSection3.197,thecostto convenetheworkgroup,developthe
recommendationsandwrite,print anddistributethereport, includingall public andprivatesector
contributionof time, is $48,956($2l;356 MPCA and27,600non-MPCA).
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Chapter 2 - Background

2.1 Environmental concernsof liQuid manure stora2ein karst areas

Much ofSoutheasternMinnesotais considereda “karst” landscape(Figure1). Karst is a
geologictermfor a landscapeareacreatedoversolublerockwith efficient drainage. The
underlyingcarbonate’bedrockin karstregionsdissolvesoverlongperiodsof geologictime to
producesolutionenlargedjointsandcracks. Thesefeaturescanresultin rapid transmissionof
contaminantsfrom thelandtssurfaceto the groundwaterbelow. Karstareasoftenhavefeatures

2 3
suchas sinkholes, caves,springs,andblindvalleys. However,the lack ofthesefeaturesdoes
not meanthat anareadoesnot have“karst” geology. The extentof karst featuredevelopment
variestremendouslyacrosssoutheasternMinnesota,andoftenchangesabruptlywithin a scaleof
hundredsoffeet.

Figure 1 MinnesotaKarstLands - Mostkarstfeaturesarefoi.ind in areaswith less than50 feetof
sedimentarycoveroverbedrock(from Gaoetal.,2000 in draft)

Carbonatebedrock— typically dolostoneor limestone.
2 Sinkhole— surfacedepressioncausedby collapseof soil or overlying formationabovefracturedor cavernous

bedrock,or suchdepressionsthathavebeenfilled.
Blind valley— valleys thathaveno surfaceoutletandwaterfrom thestreamor. intermittentstreamentersthe

ground.
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Karstconditionsrepresenta sensitiveenvironmentfor contaminationoftheupperaquifersand
surfacewaters. Someoftheheightenedenvironmentalconcernscharacteristic-o-f-karstareas
include:

1. Shallowsoils abovebedrock— reducingthechancefor treatmentandattenuationof
contaminantsintroducedat the land surface;

2. Highlyfracturedbedrock- potentiallyleadingto rapidcontaminanttransportto other
undergroundlocationsor streams,andmakingit verydifficult to collect,removeandtreat
contaminantsaftermovinginto bedrock;

3. Soilcollapse/sinkholedevelopment- thatcanleadto failure of liquid impoundment
structures;

4. ExistingSinkholesandotheropeningsinto theground— that canfunnelcontaiiiinantsin
surfacerunoffdirectly into thegroundwater;

5. Interconnectedsystemofsufaceandgroundwater — so thatcontaminantsenteringground
watercanbe rapidlytransportedto surfacewaters,andvisa-versa;

6. Steeplyslopinglandscapes— acceleratingsurfacerunoffanderosion;
7. Largenumberofwells in theuppermostbedrockaquifer— so thatmanyprivatedomestic

water sourcesandsomepublic watersourcesarevulnerableto contamination;
8. Highly variableandunpredictablegeology— leadingto a lower levelof certaintyregarding

contaminanttransport.

Severalconcernshavebeenraisedin recentyearsregardingtheconstructionandoperationof
liquid manurestoragesystemsin Minnesota’skarstregion. Fourpotentialwaterquality risks
associatedwith liquid manurestoragesystemsin thekarstregionaredescribedbelow. The first
andsecondrisks couldleadto long-termchronicproblems,whereasthe third risk is a
catastrophicfailure.

1. Seepageof contaminantsthroughthestoragefacility andunderlyingsoil to fracturedbedrock
andsubsequentlyto groundwater;

2. Soil subsidencebelow thestructurewhichbreachesthe integrityofthe liner, causingslow
continuousleakingofmanurefrom thestoragesystemto groundwater;and

3. A sinkholeformingbelow a manurestoragesystemcausingeitherarapid flow ofmanure
directly into groundwater,or a collapsein a basinsidewallresultingin a releaseofmanure
onto thegroundsurfacewhereit could thenflow to streams.

4. Surfacerunoffofliquid manurefrom the storageareato sinkholes,blind valleys,losing
streamsor areaswith very thin soilsabovebedrock(e.g. resultingfrom a spill, overflow,or
sidewallfailure).

Manureenteringgroundwaterwill threatendrinking watersuppliesas it travelstowardstreams.
Most ofthepeoplein southeasternM~esotarely on groundwaterfor drinkingwatersupplies.
Manureenteringgroundwaterwill ultimatelydischargeinto streamswithin a periodoftime
rangingfrom hoursto decadesdependingon thesite-specifichydrogeology.Thekarstregionof
Minnesotamaintainsa largenumberofhigh qualitytrout streams.A rapiddischargeofa large
quantityof manureinto astreamwill destroytheaquaticlife for a stretchofthestreamuntil the
streamis rejuvenated.Ultimately thedischargewill also increasecontaminantloading into the
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receivingwatersoftheMississippiRiver system.Manurethat travelsin thegroundwaterfor a
longerperiodbeforedischarginginto streamswill bemorediluted andmaynot destroyaquatic
life, but canstill contributeto streampollutionupondischargeinto thestream.

Basinoverflowsanddischargesfrom manurestoragestructureshavebeenproblemsat some
facilities in Minnesota. Anotherpotentialwaterquality risk from liquid manurestoragesystems
is afailure ofearthenbasinsidewallsto hold liquid manure.This typeofrisk appearsto be
minimal with systemspermittedin Minnesota,giventhat sidewallfailuresarenotknownto have
occurredin Minnesotaatanyoftheover2500 earthenbasinfacilities permittedby theMPCA.

2.2 Historical record of failed and successfulwastestoragesystemsin karst regions

Hundredsofmanurestoragesystemshavebeenconstructedin thekarst regionin Minnesotaand
havebeenin operationfor severalyearsto severaldecades.TheNaturalResourcesConservation
Service(NRCS)andSoil andWaterConservationDistricts (SWCDs),whichprovidedassistance
with thedesignandconstructionofmanyofthesesystems,is not awareofanycatastrophic
failuresofliquid manurestoragesystemsinto sinkholesin Minnesota. However,theNRCS and
SWCDsareawareofseveralcroplandrunoffretentionpondsfor erosioncontrol thathavefailed
into sinkholes. Runoffretentionpondsaretypically constructedwithoutanysort ofa linerand
arenot designedto minimize seepage.

TheMPCA is awareofoneinstancein Fillmore County,Minnesota,wheremanureseepage
througha soil liner into fracturedbedrockoccurredat sucharapidratethat thestoragesystem
did not everneedto bepumpedand thefarmer’swell was severelycontaminated.During the
original constructionof theearthenbasin,the soil wasreportedlyexcavatedto depthsexceeding

• thosein theapproved,designplan. A newwell andinstallationof a‘synthetic linercorrectedthe
problemfor thatproducer. Therehavebeenfew farmswith ongoingmonitoringor
documentationofmanurelevelsthroughoutsoutheasternMinnesotato gainanunderstandingof
how frequentlyexcessiveseepageproblemsoccurin areaswith shallowsoils abovebedrock.

Theworkgroupcontactedpeoplein tenotherstateswith karstgeologyto find out if therehave
beenanysinkholesformingbelow liquid manurestoragesystemsin theseotherstates.Sinkholes
havedevelopedbelow fourearthenhogmanurestoragesystemsin Kentucky,as reportedin
Crawford,1998. In Florida,asinkholedevelopedin a newstoragesystemafterthebasinwas
filled with waterto checkfor problems. No otherknownsinkhole-relatedmanurestorage
failureswerereportedby theotherstatesfor manurestorage.

Sinkholeshaveformedbelow municipalwastewatertreatmentpondsin Minnesota. Between
1974and 1992,sinkholesopenedbelow threeofthe twenty-twomunicipalwastewatertreatment
pondsin Minnesota’skarstregion. Sinkholesdevelopedin Altura’s pondsin 1974 during
constructionandin 1976whenit first filled to capacity(AlexanderandBook, 1984)~ A sinkhole
developedin a Lewistonpondin 1991 aftereighteenyearsofuse(Janniket al., 1992). Several
sinkholesdevelopedin a Bellchesterpondin 1992 aftertwenty-twoyearsofuse(Alexanderet
al., 1993). The amountsofpartiallytreatedwastewaterdraininginto sinkholesatthethree
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respectivesiteswas3.7, 2.3, and7.7 million gallons. Thepondswereconstructedofearthen
materialswith a designedseepageratenot to exceed3,500gallonsperacreper day(notethat the
currentminimum designstandardformanurestoragewith soil liners is 500 gal/ac/dand is
50 gal/ac/dfor compositeliners). Severalsinkholesarelocatedwithin abouta mile from all
threesites,yet no sinkholesweremappedwithin abouta quarterofamile from thesites. The
environmentalconsequencesofthesefailureswerenot thoroughiystudied.Sinkholeshavealso
formedbelow municipalwastewatertreatmentpondsin Missouri (Aley etal., 1972)and
Pennsylvania(Bachiretal., 1999).

Thesefailuresclearlydemonstratethe potential for sinkholesto developin southeastern
Minnesotawhenlargequantitiesofliquids arestoredin sinkholeproneareaswith minimal
barriersbetweenthe liquid andunderlyingmaterials. Similarproblemscandevelopwhenstoring
liquid manureabovepermeablelinermaterials. It shouldbe notedthat allowabledesignseepage
ratesfor cohesive-soillined manurestoragesystemsin Minn. R. .ch. 7020 is .moreprotectivethan
thestandardsusedfor the failedmunicipalwastewaterpondconstruction.It is alsoimportantto
considerthat thecontaminantconcentrationsin manureareoftenover 100 times greaterthan
municipalwastewaterpondliquids. Thus, theenvironmentalconsequencesofacatastrophic
manurereleasewill be muchworsethana similar releasefrom a municipalpondfailure.

2.3 Benefitsoflivestockagriculture in the karst region

Livestockagricultureandliquid manurestoragecanbenefitwaterquality in thekarstregion,
helping to offset someof therisks to waterquality. Forexample,manureapplicationto landin
row crop productioncanenhancesoil propertiesandreducesoil erosion. Haylandand
pasturelandassociatedwith dairyandbeefcattleoperationsresultin little lossesofsediment,
pesticides,phosphorus,andoxygendemandingsubstances.If dairyandbeefoperationsleave
southeasternMinnesota,thenmuchofthepastureandhaygroundwould beconvertedto row
crop agriculture. Erosionrateswould be expectedto dramaticallyincreaseaslandis convertedto
row crop agriculture.

The trendsto constructnewandexpandedfeedlotfacilities andtheassociatedliquid manure
storagesystemmaypotentiallyresultin enhancedprotectionofsurfacewaterquality. Liquid
manurestoragestructuresincreasemanagementflexibility, making it easierto applyatproper
ratesandto avoidwinter-timemanureapplication.Many oftheolderfeedlot facilities in
southeasternMinnesotaarelocatednextto streamsanddo nothavecontainmentofmanureor
manure-contaminatedrunoff. Mostfacilities with newliquid manurestoragestructureshave
total containmentof manuresothat thereis no manure.in rainfall andsnowmeltrunoffwaters
leavingthe feedlotarea.

2.4 Minnesotapolicy on liquid manurestoragein karst areas

MinnesotaRulespertainingto constructionofliquid manurestoragesystemsarefoundin Mm.
RulesChapter7020.2005and7020.2100(attachmentC). Theseruleswentinto effecton
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October23, 2000. The minimumrequirementsspecificto thekarstregionare foundin the
following sectionsof Chapter7020.

7020.2005subpart1 — setbackfrom sinkholes
7020.2100 subpart2, ItemA — storagecapacitylimit in high risk areas
7020.2100 subpart2, ItemB — Separationto bedrockandlinerdesignrequirements
7020.2100 subpart2, Item C — Exceptionsfor feedlotswith lessthan300 animalunits
7020.2100 subpart4, ItemA(3) and(4)— soil investigationdepthrequirements
7020.2100subpart4, ItemA(7) — karst featureidentificationrequirements

TheMPCA hasalso developedinterim guidelinesthat incorporatetheminimumstandardsin the
revisedfeedlotrulesandadditionalrecommendedsitespecificevaluationsandmeasuresto
safeguardwaterquality (attachmentD). A comparisonofthecurrentMPCA policy with
workgrouprecommendationsis includedin Chapter4 ofthis report.

TheMinnesotaEnvironmentalQuality Boardrecentlymodifiedtheirrulesto include a provision
for thekarstregion. Mimi. RulesChapter4410.4300subpart29,.requiresthat anEnvironmental
AssessmentWorksheet(EAW) be completedwhenthereis an expansionofmorethan500
animalunits or a newfeedlot is constructedwith morethan500animalunits, anda karstfeature
existswithin 1000 feetoftheproposedsite. Karstfeaturesspecifiedin therule include
sinkholes,caves,resurgentsprings,disappearingsprings,karstwindows,blind valleys,ordry
valleys.

2.5 Other states’standards for liquid manure storage in karst areas

Theworkgroupreviewedthe liquid manurestoragesystempoliciesof tenotherstateswith karst
geology. Therequirementsfor otherstatescanbesummarizedasfollows:

• The requirementsvarygreatlyamongthevariousstates;

• Very fewmulti-million gallonmanurestoragesystemsarebeingconstructedin areasthat
havea highdegreeof karstification. (For example,Florida’s climateandcroppingsystems
aresuchthat theycantypically applymanureyear-roundandthereforetheydo notneedlarge
manurestoragesystems. In northernU.S. karststates,mostofthe farms in thekarstregions
arereportedlysmall.)

• Most statesrely largelyon thedesignengineersto determinetheneededmeasuresfor
protection,andmanyoftheengineersarerecommendingconcrete,abovegroundstorageor
impermeableliners. In Florida,Pennsylvaniaand Indiana,concreteliners areusedat mostof
themanurestoragesystemsconstructedin karstareas.Above-groundmanurestorageis
typical in Ohio’s karstregion.

• Many statesallow cohesivesoil linersto be constructedin karstregionsif the linerhasa
permeabilitylessthaneither1X1O-6 cm/secor lX 10-7 cm/sec. Missouridoesnot allow.
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cohesive-soilliners alonein areaswherea geologicassessmentidentifiesseverekarstrisks
andin someareasof moderaterisk. Iowa’slaws statethat for operationsexceeding200,000
poundsof swineorpoultry or 400,000poundsofbovine(approximately1333 finishing hogs
or400 cows),earthenbasins(using only a cohesivesoil liner) shallnot be locatedon a site
that exhibitskarstfeaturessuchassinkholesorsolution channeling.

• Kentucky,Missouri,Wisconsin,and Iowahavesetbacksfrom sinkholesof 150, 300, 400 and
500 feet,respectively.

• Missouri,Florida, andWisconsinrequirea siteassessmentto determinetherelativerisk of
thesitebeforedeterminingtheneededtypeoflinersystem.

• Depthto bedrockrequirementsvary. Somestatesdid not reportto haveminimumdepthto
bedrockstandards.Otherstatessetminimum separationto bedrockfrom 2 to 4 feet, with
additionalseparationneededif usinga cohesivesoil lineralone(i.e. 10 or20 feet). For
example,Iowa’sseparationto bedrocklaws(whichapplyonly to largerfeedlots)requirefour
feetof soil abovebedrockforuseofa compositeliner, andtenfeetwhereonly a soil liner is
used.Iowa doesnot specifyabedrockseparationfor concrete.
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Chapter 3: Work2roup Recommendations

3.1 Defining areassusceptibleto soil collapseor sinkholeformation

Theworkgroupwasaskedby theMinnesotaStateLegislatureto proposestandardsfor “areas
susceptibleto soil collapseor sinkholeformation.” Until furthergeologicrefinementscanbe
completed,theareasdeterminedbytheworkgroupaspotentiallysusceptibleto soil collapseand
sinkholeformation includeall landwherethe depthto carbonatebedrockis lessthan50 feetand
theuppermostbedrockis fracturedcarbonatematerialsor othergeologicstratawheresoil
collapseorsinkholeformationoccurs(e.g.NewRichmondSandstoneorbaseof the St. Peter
Sandstone). In addition,landwith morethan50 feetto bedrockmayalsobe considered
susceptibleto sinkholeformationif karst featuresexistwithin 1000 feetoftheproposedsite,and
geologicconditionsnearthekarstfeaturesaresimilarto geologicconditionsattheproposedsite.
Karstfeaturesincludesinkholes,blind valleys,mappedcavesregisteredin accordance.with
recommendationB, resurgentsprings,karstwindows,blind valleysanddryvalleys. The
workgrouprecognizedthat thereis a wide rangeofsoil collapseriskswithin all landsconsidered
by theworkgroupto be “susceptibleto soil collapseorsinkholeformation.”

In areasnot susceptibleto soil collapseorsinkholeformation,theworkgroup recommendsthat
thesamerulesshouldapplyfor liquid manurestoragedesign,constructionandoperationas
throughouttherestof thestate. Theselow risk areasinclude landwherethereis over50 feetof
soil, unconsolidatedsandstone,andshaleabovecarbonatebedrockandno karstfeaturesexist
within 1000 feet.

Theworkgroupmadethe following recommendationsin regardsto definingareassusceptibleto
soil collapseor sinkholeformation:

RecommendationA - Theworkgroup recommendsthat theMinnesotaGeologicalSurvey
completeinvestigationsto determineareaswherethereis lessthan50 feetofsoil abovebedrock,
andto assessthegeologicconditionsin theseareasthat indicatesusceptibilityto soil collapseand
sinkholeformation (pleasealsoseerelatedrecommendationsfor furtherstudyin Chapter6).

RecommendationB - The workgrouprecommendsthatwherepublishedmapsshowingareas
with less than 50 feetto consolidatedbedrockare notavailable,that suchmapsbe developedby
theMinnesotaGeologicalSurvey.

3.2 Recommendedstandardsfor areaspotentiallysusceptibleto soil collapseor sinkhole
formation

Theworkgroupmadeseveralrecommendationsfor additionalprotectivemeasuresin areas
consideredto bepotentiallysusceptibleto soil collapseorsinkhOleformation. The workgroup
suggeststhat therecommendedstandardsreplaceexistingMinnesotarulespertainingto design

11



standardsin areassusceptibleto soil collapseorsinkholeformation. The recommendationsare
intendedto be in additionto minimumstatewidestandardssetin Minn. RulesChapter7020. A
comparisonofworkgrouprecommendationswith existing MPCA policy for karstregionsis
includedin Chapter4. A discussionof workgroupconsiderationsandjustificationrelatedto
theserecommendationsis includedin Chapter5.

Theworkgrouprecommendationsfor areassusceptibleto soil collapseor sinkholeformation
includeseveralstandardsthat shouldbe addedto existingstatewideminimumrequirements.
Theseaddedstandardspertainto 1) locationrestrictions,2) designspecifications,and3)
identifyingandrespondingto failures,as follows:

3.2.1 Location restrictions

Theworkgroupagreedon the following threerecommendationsconcerningsiteswhere
constructionof liquid manurestoragesystemsshouldbeprohibited. Theworkgroupdiscussion
pertainingto theserecommendationsis foundin section5.1.

RecommendationC - The workgrouprecommendsthat liquid manurestoragesystemsnotbe
constructeddirectlyover sinkholesorwithin 300 feetfrom theoutsideedgeofsinkholes. For the
purposesof this recommendation,sinkholesreferto surfacedepressionscausedby collapseof
soil or overlyingformationabovefracturedorcavernousbedrock,or suchdepressionsthat have
beenfilled.

RecommendationD - Theworkgrouprecommendsrequiringa constructioninspectionof the
soil subgradeby a licensedgeologist,soil scientistorengineerwith educationandexperiencein
karstgeology. An inspectionform shouldbe completedby aninspectorandsubmittedto the
designengineerso that it canbepartoftheconstructionreport. Constructionshouldnotbe
allowedin areaswheresubsoilshavemovedinto fracturedbedrockso asto causevoids in the
soil or a downwardmovementof topsoil. If the inspectoridentifiespossibleindicationsof
potentialsoil subsidenceor sinkholedevelopment,including soil voids, piping, channels,or
topsoilsfoundatdeeperdepths,thenthe inspectormustnotify theMPCA anddesignengineerso
thanan evaluationcanbe madeofwhetherthesitemustbe movedto an alternativelocation.

RecommendationE - The workgrouprecommendsthat thestateestablishan official registration
processfor cavesanddeterminethe locationoflandareaswhich couldaffect the registered
caves. Theworkgrouprecommendsthat liquid manurestoragesystemsbe prohibitedfrom
beingconstructedovermappedandregisteredcaves.

RecommendationF - The workgrouprecommendsthat thestatecompleteresearchofstatistical
probabilitiesofsoil collapsein different typesofgeologicsettings.The topic of location
restrictionsshouldbe revisitedafterobtaininga betterunderstandingofthestatisticalrelationship
betweengeologicconditionsandsoil collapse.
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3.2.2 DesignSpecifications

The following protectivemeasuresarerecommendedfor areassusceptibleto soil collapseor
sinkholeformation. Thesemeasuresaremeantto beusedin additionto theexisting protective
measuresrequiredby theMPCA throughoutthe entire state.

RecommendationG — The workgrouprecommendsthat theliquid manurestoragesystem
designbe oneofthe following:

(i) A dual-linedorcomposite-linedmanurestoragesystemconsistingofoneofthe
following combinationsofmaterials: a).compactedcohesivesoil linermeeting
MPCA standardsover a geomembraneorgeosyntheticliner, orb) two
geomembraneliners separatedby enoughmaterialso that a punctureofone layeris
unlikely to penetratetheotherliner. Thesedesignsshouldincludefive feetormore
ofsoil betweenthemanureandbedrock,including anysoil usedfor partofthe liner
system.

(ii) Concrete-linedmanurestoragearea,and five feetormoreofsoil betweenthe
manureandbedrock;

(iii) Abovegroundtankswith concretefloors, and five feetormoreofsoil betweenthe
top oftheconcreteandbedrock.

(iv) Concretelined with a secondarygeomembraneliner for leachatecollection.
Leachate,tankleakageandrainwaterpercolatingdownthroughbackfill, shallbe
collectedin a tile abovetheplastic liner andconveyedby non-perforatedpipe or tile
to a grasseddaylight outletat least50 feetfrom themanurestoragearea. A separate
perimeterdrainagetile maybe requiredto control theelevationofthewatertableor
saturatedsoils. No minimum separationdistancefrom thebedrockis established,
exceptthat theplasticlinershall beplacedon a cushionofsoil orsandwith a
thicknessdeterminedby thedesignengineer..

(v) Above-groundtankswith concretefloors anda secondarygeomembraneliner for
leachatecollection. Any seepageliquids andrainwaterpercolatingthrough
backfill, shall becollectedin a tile abovetheplasticlinerandconveyedby non-
perforatedpipeor tile to a grassedareaat least50 feet from themanurestoragearea.
No minimumseparationdistancefrom the bedrockis established,exceptthat the
plasticlinershallbeplacedon a cushionofsoil or sandwith a thicknessdetermined
by thedesignengineer.

RecommendationH —Designplansshall indicatethemethodfor regularmeasurementofliquid
manurelevelsin associationwith RecommendationK(l).
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RecommendationI — The workgrouprecommendedthat at sitessusceptibleto soil collapse,a
newormodified liquid manurestorageareashouldbe limited to amaximumofthreemillion
gallons. A storageareais considereda singlecell that is spacedfar enoughfrom adjacentcells
so thata sinkholeforming belowonecell will not affect theintegrity of theadjacentcell(s). If
cellsareconnectedby pipesanddesignedsuchthat if onecell drainstheotheronewill also
drain,thenthetotal capacityofthe individual cellsshouldbeno greaterthan3 million gallons.

RecommendationJ - Theworkgrouprecommendsthatdesignplansshowhowbarnroofrunoff,
rainwaterpercolatingthroughuncompactedbackfill, tile line waters,andsurfacerunoffnearthe
liquid manurestorageareawill be intercepted,collectedandconveyedawayfrom theliquid
manurestoragearea.All pipesconveyingwatermustnot outletwithin 50 feetofthemanure
storageareaandmustdischargeonto sloping land suchthat no pondingofwateroccurswithin
300 feetof the liquid manurestoragearea.

3.2.3 Identifying and respondingto failures

To helpensurethatthemanurestorageareasareoperatingasintendedby thedesignengineer,
andto minimize the risk ofenvironmentaldamagefrom any failed systems,theworkgroup
stronglyrecommendedthefollowing requirements.

RecommendationK - Theworkgroup recommendsthatatsitessusceptibleto soil collapse,
inspectionsandmonitoringbe conductedasfollows:

(1) An annualvisual inspectionof thestoragesystemshouldbe conductedafterpump-down,
exceptthat inspectionsshouldnot berequiredin confinedspacessuchasthe interiorof
earthenbasinsthathavea membranecoverfor odorcontrol,concretepits underslat floor
bamsandothercoveredstorageareas;and

(2) Manurelevelsshouldbecheckedanddocumentedat leastweekiywithin drinking water
supplymanagementareaswheretheaquiferis vulnerable,andat leastmonthly for other
areas(preferablyweekiyat all sites,wherepossible).

RecommendationL - The workgrouprecommendsthat anemergencyresponseplanberequired
atall feedlotsin areassusceptibleto soil collapse.Theplanshouldincludenotification
proceduresandactionstepsfor anyspill or lossofliquid manurefrom thestructure.
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Chapter 4: Comparison of work2roup recommendationswith
current Minnesota policy

4.1 Comparison overview

Minnesotarulespertainingto constructionof liquid manurestoragesystemsarefound in Mm.
R. ch. 7020.2005(attachmentC). TheMPCA hasalsodevelopedinterim guidelinesthat
incorporatetheminimumstandardsin the revisedfeedlotrulesandadditionalrecommendedsite
specificevaluationsandmeasuresto safeguardwaterquality (attachmentD). Theworkgroup
understoodthat the intentof the legislationwasfor theworkgroupto takea freshlook at needed
standardsfor thekarstregion,andthus not focuson existingMPCA policy. Therefore,existing
MPCA policy wasoniy briefly consideredduringtheworkgroupprocess.Following the
finalization oftheworkgroupproposals,theMPCA draftedthis Chapter4 comparisonofcurrent
MPCA policy to workgroupproposals.

TheTablebelow showsa comparisonsummaryofMPCA requirementsin rules,
recommendationsin MPCA guidelines,andhowexistingpolicy comparesto recommendations
developedby theworkgroup.

Issue MPCA minimum
requirementsfor karst
areasas statedin rules
Chapter7020

MPCA recommended
guidelines

Workgroup
Recommendationfor rules

ProhibitedSitesfor
liquid manurestorage

300 feetfrom sinkholes
(7020.2005subp.1)

300 feetfromsinkholes 300 feetfrom sinkholes
(existingandfilled) andover
registeredcaves

Areaswhererulesare
the sameas therestof
thestate,

Areasnotsusceptibleto
soil collapseor sinkhole
formation(no further
definitionof theseareasis
includedin the rules)

Sameasrules. Guidelines
indicatethe types of
conditionswherethereis a low
risk of soil collapse.

Areaswherethereis at least
50 feetof unconsolidated
materialsabovecarbonate.
bedrockandalsono karst
featureswithin 1000 feet.

Maximumstorage
capacityinareas
susceptibleto sinkhole
formation

250,000gallon limit per
cell wherefour or more
sinkholesexistwithin
1,000 feet. No other
capacitylimits. Some
exceptionsfor feedlotswith
lessthan300 animalunits
correctingpollution
problems.

Sameasrules. In addition,
onemillion gallonlimit per
farm is recommendedfor areas
with ahigh risk of soil
collapse,asdefinedin the
guidelines.

Threemillion gallonsper
storagecell. Nomaximum
limit perfarm.

Useof cohesivesoil
liners (with no
secondaryliner) in
areassusceptibleto soil
collapse

Permittedonly in areas
with a separationdistance
betweenmanureand
bedrockof 20, 30 and40
feetfor operationswith
<300, 300-1000,and
>1000animalunits,
respectively. Some.
exceptionsif <300 AU.

Sameasrules. In addition,
onlyrecommendedforuse
wherethe risk of soil collapse
is consideredlow in
accordancewith the
guidelines.

Do not allow earthenliners
alonein areassusceptibleto
soil collapseuntil further
geologicstudyis completed
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Issue - MPCA minimum
requirements for karst
areas asstated in rules

MPCA recommended
guidelines

Workgroup
Recommendationfor rules

Chapter7020
Use of concreteliners
andcompositeliners(2
foot cohesivesoil liner
overlainby a
geomembraneliner).in
areassusceptibleto soil
collapse

Permittedin areaswith at
least5 to 15 feetof
separationto bedrock,
valying with thesize ofthe
farm(in animalunits).
Someexceptionsfor
feedlotswith lessthan300

Sameasrules. In addition,
theseliners arenot
recommendedfor storageof
morethanabout2 million
gallonswherethe risk of soil.
collapseis consideredhigh in
accordancewith the

Permitin areaswith at leasta
five foot separationto
•bedrock.

animalunitscorrecting
pollution problems.

guidelines.

Useof concreteliners
oversecondaryliners in
areassusceptibleto soil
collapse

Permittedwhereseparation
to bedrockis at least5 and
10 feetfor operationswith
less thanandmorethan
1,000animalunits,
respectively. Some

Sameasrules Permittedas longas
secondaryliner is
geomembranematerialand a
groundsurfaceoutletis
installedfor anydrainage
waters. No minimum

exceptionsfor feedlotswith
less than300 animalunits

separationto bedrock.

correctingpollution
problems.

SiteInvestigation Soil investigationsto a
depththatverifies
minimumseparationto
bedrockrequirementsand
karstfeatureidentification

Sameasrules. Site
investigationmethodsand
analysisare includedin the
guidelines,

Soil investigationsto a depth
that verifiesseparationto
bedrockrequirementswill be
met. Identifyall existingand
filled sinkholesto ensurethat

within a halfmile of the all setbacksand otherlaws
proposedsite. arebeing met.

Monitoring Designplansmustinclude
a plan foroperation,
periodicinspectionand
maintenanceof the storage
area. Specificplansto be

Regularinspectionsfor liner
damage,seepageproblems,or
soil collapse.

Weeklyto monthly
monitoringof manurelevels.
Annual inspectionsfollowing
manureremoval.

decidedby the design
engineer.

Construction Numerousrequirementsfor In additiontostatewide In additionto statewide
Requirements all areasof thestate.No

specific requirementsfor
karstareas,

requirements,inspectsubsoil
during constructionfor
possiblekarstfeatures

requirements,inspectsubsoil
during constructionfor
possiblekarstfeatures

Waterinfiltration near No requirementsin rules. Gradingandroutingwaterso Gradingandroutingwaterso
thestoragearea that freshwaterfromroof thatfreshwaterfrom roof

runoffandothercollected runoffandotherprecipitation
precipitationdoesnot infiltrate doesnotinfiltrate nearthe
nearthestoragearea, storagearea.

EmergencyResponse
Plan

Not specificto karst.
region. All feedlotswith

Not included in current
guidelines,

Plans.neededfor all newor
modified liquid storagein

over 1,000 animalunits areassusceptibleto soil
mustdevelopan
emergency_response_plan.

collapse.
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Many oftheworkgrouprecommendationsaregenerallyconsistentwith MPCA policy. For
example,both MPCA rulesandworkgrouprecommendations:

• establish300 foot setbacksfrom sinkholes;
• includemajorrestrictionson useofcohesivesoil linerusedalonewithout otherliners;
• allow for useofconcretelined, compositelined andabovegroundstoragein karstareas;
• establisha similardegreeofseparationto bedrockconditionsfor useofconcrete,composite

andabovegroundliners for small to moderate-sizedfeedlots;and
• includesite investigationrequirementsfor soil investigations.

Yet, severaloftheworkgroupproposalsarefoundin MPCA recommendedguidelines,butnot in

MPCA rules (mandatory).

Theworkgroupproposalsgenerallyfall into threecategories:

1) Workgroupproposedadditionsto MPCArules - recommendationsthatarenotcurrently
includedin Minn. RulesChapter7020,but thataregenerallyconsistentwith MPCA
guidelinesandpastpermit requirements;

2) Recommendedalternativestandardsto MPCArules - recommendationsto replaceexisting
provisionsofMPCA ruleswith new standards;and

3) Proposalsfor furtherstudy- recommendationsfor additionalresearch,study orwork that
will provideclearerjustificationfor modifying/refiningdesignstandards,andthat will better
enableengineersto locateanddesignliquid manurestoragesystemsin karstregions.

Eachof thesethreecategoriesarediscussedbelow~

4.2 Workgroup Droposed additions to MPCA rules

Severalworkgrouprecommendationsarenot currently includedin Mm. RulesChapter7020.
Theworkgrouprecommendedthat thefollowing be addedto MCPA requirementsfor. liquid
manurestoragesystemsin areassusceptibleto soil collapseorsinkholeformation:

RecommendationD — Constructioninspectionsofsubsoilsfor karstfeatures(currentlyin
guidelines,not in rules)
RecommendationJ — Designandconstructto conveysurfacerunoffawayfrom manurestorage
areas(currentlyin guidelines,not in rules)
RecommendationsH and K — Manurelevel monitoringandinspectionsanddesignplans
showingmethodofmanurelevel monitoring(currently in rules,butnotas specificasworkgroup
recommendations)
RecommendationL - Emergencyresponseplansfor all newliquid manurestorageconstructed
in areassusceptibleto soil collapseorsinkholeformation (currentlyemergencyresponseplans
arerequiredstatewidefor 1000 ormore animalunits).
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4.3 Recommendedalternative standards to MPCA rules

Twoof theworkgrouprecommendationsaredifferent from existingMPCA policy: 1) storage
cell capacitylimits, and2) separationto bedrockrequirements. Theworkgrouprecommended
that’theirproposedstandardsreplacerelatedexisting.MPCA rule provisions.

4.3.1Storagecell capacity limits

CurrentMPCArules - MPCA rulesseta 250,000-gallonlimit perstoragecell in areaswith four
ormoresinkholeswithin 1000 feet(7020.2100, subpart2, Item A). No otherstoragecapacity
limits areset in MPCA rules. TheMPCA allows exceptionsto the250,000-gallonlimit, if the
farmhaslessthan300 animalunits andthestoragesystemis neededto correctapollution hazard
(see7020.2100Subpart2, Item C). Roughlytwo to tenpercentof landin thecountieswith karst
geologyhavesinkholedensitiesthatwould triggerthe250,090-gallonlimit. Few liquid manure
storagesystemshavebeenproposedin highsinkholedensityareas(e.g.,morethan4 sinkholes
within 1000 feet)in recentyears. MPCA guidelinesrecommendstoragecapacitylimits that vary
with the liner typeandanassessmentofthekarstgeologyconditions.

It shouldalsobe notedthat a mandatoryenvironmentalassessmentworksheet(EAW) is required
beforean expansionof 500 ormoreanimalunitswhenoneormoresinkholesis within 1,000 feet
ofaproposedsite (Mm. R. 4410.4300,subp.29). A discretionaryEAW mayberequestedby
theMPCA for othersitesbelow the 500 animalunit thresholdif theagencydeterminesthat the
projectmayhavethepotentialfor significantenvironmentaleffects(Mi R. 4410.5400).

Workgrouprecommendation- The workgrouprecommendsa threemillion gallon limit in all
areassusceptibleto sinkholeformation(recommendationI). Theworkgroupproposesthat the
threemillion-gallonlimit betheonly storagecapacityrequirementatthis time. The three
million-gallonlimit for all areassusceptibleto sinkholeformationwould replacetheMPCA rule
in 7020.2100,subpart2, itemA. WorkgrouprecommendationI couldbeconsideredto be more
restrictivethanMPCA rulesfor areasoutsideof.high sinkholedensityzones(e.g.,3
million-gallon cell capacitylimit, insteadofno limits in thecurrentrules). However,
recommendationI is lessrestrictivethanMPCA rules forhigh sinkholedensityareas(e.g.,
allowing a threemillion-gallon cell capacitylimit insteadofa 250,000gallon limit). Both
MPCA rulesandworkgrouprecommendationsprohibit constructionwithin 300 feetofa
sinkhole. A comparisonofMPCA rulesandworkgroupproposalsfor differentsituationsis
includedbelow (Table4.1).
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Table4.1 Single-cellmanurestoragecapacitylimits

SiteConditions MPCA Policy Workgroup Proposal
Four or more sinkholes
w/in 1000 ft. No pollution
hazard or more than 300
animal units (AU)

250,000gallon limit in rule 3 million gallons

Four or more sinkholes
w/in 1000 ft. Feedlothas
less than 300 AU and is
correcting a pollution
hazard

No limit in rules.
Guidelinessuggesttotal
farm manurestorage
capacitylimits basedon
liner type andgeologic
conditions.

3 million gallons

One or more sinkholes
w/in 1000 ft and more
than 500AU

EAW required.

Guidelinessuggesttotal
farmmanurestorage
capacitylimits basedon

liner type andgeologic
conditions

3 million gallons

Lessthan four sinkholes
within 1000 ft. and No
EAW required

No limit in rules
Guidelinessuggesttotal
farmmanurestorage
capacitylimits basedon
liner type andgeologic
conditions

3 million gallons

4.3.2separationto bedrockrequirements

CurrentMPCA rules for separationto bedrockrestrictionsvary from 5 to 15 feetfor concrete
pits, dual-linedbasinsandabovegroundtanks,dependingonthe typeofliner andthenumberof
animalunitson the farm. Whereas,theworkgrouprecommendsthat separationto bedrockbea
minimumof five feet forthesesametypesofmanurestoragesystems,exceptfor two typesof
designswhereno minimumseparationto bedrockis necessary. MPCA rules allow cohesivesoil
liners alonewherethereis a substantialsoil thicknessbetweenmanureandbedrock(e.g.,20 to
40 feet). Theworkgrouprecommendsno cohesivesoil linersto be usedalonewithout another
liner in areaswith lessthan50 feetfrom groundsurfaceto carbonatebedrock.However,the
workgrouprecommendedreviewandpotentialrevisingof this requirementafterfurthergeoldgic
study identifiestheareaswith lessthan50 feet to bedrockthat havea low potentialfor soil
collapseorsinkholeformation.

A morespecificcomparisonofMPCA rulesandworkgrouprecommendationsrelatedto
separationdistancesbetweenmanureandthe underlyingbedrockis shownbelow (Table4.2).

19

f1~ I’M



Table4.2 Comparisonof separationto bedrockrestrictions.(all unitsin feet)

Composite,
Concrete,above
ground tanks

Concrete
w/geomembraneor
above ground tank
with geomembrane

Soil liners only
(assumingbasin is 10
feetbelow ground
surface)

MPCA Work- MPCA Work- MPCA Work-
Rules group Rules Group Rules Group

20 40Lessthan 300 AU 5 5 5 Engineer
determines

Soil cushion
300 to 999 AU 5-10 5 5 Engineer

determines
30 40

Soil cushion
1000or more AU 10-15 5 10 Engineer

determines
Soil_cushion

40 40

4.4Proposalsfor further study

Theremainingworkgroupproposalspertainto areasneedingfurtherresearch,studyorwork,

including:

RecommendationA - Assessinggeologic conditionsthat indicatesusceptibilityto soil collapse

andsinkholeformation(usethis informationfor future.revisionsto rules).

RecommendationB - Developing/completingmapsshowingareaswith lessthan50 feet to

bedrock(tool for engineers,producers,state/localagencies).

RecommendationE - Developingregistrationandmappingprocessfor caves(joint MDNR and

MGS effort).

RecommendationF - Researchingstatisticalprobabilitiesofsoil collapsein differentgeologic

settings(usethis informationfor variouspolicy decisions).

Severalotherrecommendationsfor furtherstudy arealso includedin Chapter6, including.:

- Studyingpathogentransportbelow liquid manurestorageareas
- Developingtemplateemergencyresponseplans
- Exploringanddemonstratingalternativesto liquid manure
- Conductinginspectionsofexisting liquid manurein karstareas
- Collecting,analyzing,interpretingandmappingkarst featureinformation
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Chapter 5: Workgroup Considerationsand Justification

5.1 Location Restrictions

The workgroupconsideredwhethertherearesiteswhereliquid manurestoragesystemsshould
not beconstructed,no matterhowsmall thestoragesystemis, orhow it is designed?”Several
potentialsite restrictionswerediscussed,including a) overa knownsinkhole,b) in high risk
geographicareassuchassinkholeplains, c) overknowncaves,d) in closeproximity to conduits
to groundwater,e) in vulnerableweliheadprotectionareasfor municipalwells, andf) near
privatewells.

Theworkgroupagreedthat theonly criteria thatshouldbeusedin staterules to prohibit
constructionarea) directlyoverorwithin 300 feetofasinkholeorb) over a registeredcave.
Therewasdiscussionaboutthe possibilityof buildingon top of sinkholes,byusingvoid spanning
concretedesignsorgeogridsto spana distanceoftwice thedepthto bedrock(assuminga slope
no greaterthan45 degreesonthesinkholesidewalls). However,theworkgroupdecidedthat
manurestoragesystemscanusuallybe movedto be morethan300 feetfrom sinkholesandthere
areuncertaintiesaboutsinkholediameterandpracticallimits (e.g. 10-20feet)ofvoid spanning
reinforcement.

Prior to settingthe 300 foot setback,the workgroupconsideredusing a 50-footsetbackfrom
sinkholessincesinkholesin Minnesotararelyexpandto haveadiameterofover 50 feet. In
addition, theworkgroupdid nothavegeostatisticalevidenceindicating thatnew sinkholesare
moreaptto form 50 feetfrom an existingsinkholethan300 feetfrom anexistingsinkhole.
However,theworkgroupagreedthat a50-footsetbackdoesnotprovideasufficient marginof
safety. Severalexampleswerecitedregardingsubsurfaceconduitsthat extendedwell beyond50
feet from existing sinkholes. Theworkgroupdecidedthat 300feetprovidedagreatermarginof
safety. A 300 foot setbackfrom sinkholesexistsin cunentMPCA rules for all newfeedlots,not
just liquid manurestorageconstruction.A 300-footsetbackis alsomoreconsistentwith other
stateswheresetbacksrangebetween150 and500 feet.

Theworkgroupdiscussedwhetherconstructionshouldbeprohibitedoverknowncaves,due to
thepotentialfor bedrockcollapsesoverthecaveandthepotentialfor long-termdamageto the
caveecosystem.The workgroupagreedthatpreservationofcertaincavesis important,and they
agreedon theconceptofprohibiting constructionofliquid manurestoragedirectly overlarge
cavernousopeningsdirectlybelowtheground. However,severalconcernswereraisedabout
automaticallyprohibitingconstructionoverknowncaves. Someoftheconcernsinclude:

a) The likelihoodofbedrockcollapseis small,particularlyif thecaveis deepwithin the
bedrock;

b) Cavesarenetworksofconduitsandit is too difficult to definetheareaswherecavesare
located.A manurespill into oneconduitthat is notmappedasa cavecanleadto a cave;

c) Defining whatshouldbe consideredacave andwherethe cavesarelocatedis difficult and
subjective,andwould likely resultin conflict anddisagreementamongthosewhowant the
feedlotand thosewho do notwant a newmanurestoragesystemin a given area;and
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d) Individualsmayknowof caves,but theydo not tell anybodybecausethey do not want others
exploringthesecaves.

Theworkgroupreviewedthe restrictionin Kentuckyprohibiting constructionof liquidmanure
storagedirectlyovermappedcavesystemsassociatedwith nationalor stateparks.This concept
wasgenerallysupportedamongtheworkgroup if the caveswereclearlymappedandcommercial
caveswerealso included. Theworkgrouprecommendedthat beforesitesareprohibiteddueto
theproximity ofcaves,the legislatureshouldinitiate a processto registerandmapexistingcaves.
Additionally, theworkgroupsuggestedthat thestatedeveloprecommendationsregardinghow
thesecavesshouldbeprotected(seealso relateddiscussionin Chapter6).

The workgroupdiscussedthepossibleneedto definehigh risk-zoneswithin thegeneralareas
consideredto be susceptibleto soil collapse(e.g. in sinkholeplains). Forsuchhigh risk areas,
therewasdiscussionof possiblyusing geophysicsto identify voids andthenrequirevoid
spanningdesignswheregeophysicsindicateanomaliesorpotentialvoids in the soils/geology.
Theworkgroupagreedthat thereis currentlynotenoughunderstandingaboutthegeostatistics
andprobabilityof newsinkholedevelopmentto beable to specifyzonesaroundkarstfeatures
wheretheseadditionalmeasuresshouldbe required.Theworkgroupconsideredusing
geophysicsto betterdefinesite risks,butconcludedthat thedecisionto usegeophysicsshouldbe
left to thedesignengineergiventhatthis work doesnotprovideassurancesofasafe•site andcan
be quite costly~

Theworkgroupagreedthat thereshouldbeno specialprovisionsfor wellheadprotectionareas,
watershedswith trout streams,or landnearstateparks,otherthanadoptingtheprotective
measuresfor all landsusceptibleto soil collapse.

5.2 Areaswith similar water quality risks as the rest of the state

Theworkgroupconsultedkarstgeologistswho havestudiedSEMinnesotato determinethe
geologicconditionswheresinkholesrarelyform. Suchareasincludelandwherethereis more
than50 feetofunconsolidatedmaterialsabovebedrock. Sinkholescanstill form evenwhen
thereis over5.0 feetofcovermaterials,but the likelihoodofsoil collapseor sinkholeformation
is very low in theseareas. The workgroupdecidedthat areaswith over50 feetto bedrockand
no karstfeatureswithin 1 ;000 feet shouldbeexcludedfrom restrictionsfor areas“susceptibleto
soil collapseorsinkholeformation.”

The workgroupalso suggestedthat therecanbeareaswith lessthan50 feetofunconsolidated
materialabovebedrock,andyet still-not be susceptibleto soil collapse.For example,in areas
wherethereis asubstantialthicknessofDecorahshale,sinkholesarenot likely to form.
However,theworkgroupwasunsureat this time aboutthe minimumthicknessofDecorahshale
to preventsinkholeformation. The workgrouprecommendsthat theMinnesotaGeological
Surveyidentify othergeologicconditionswheresinkholesarenot likely to form (in thezones
with less than50 feetto consolidatedbedrock).
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Theworkgrouphighly recommendedthatmapsbe developedto clearly identify areaswherethe
depthto consolidatedbedrockis lessthan50 feet. A preliminarymap(with somemissing
counties)wasdevelopedshowingareaswherethereis-lessthan50 feetof soil coverabove
fracturedbedrock(seeFigure 1). Largerscalemapsshouldbe developedfor individual counties
or townshipswheresuchmapshavenotbeencompleted. Theworkgroupalsoagreedthatat
siteswhereit is notcertainfrom themapsthat thereis over 50 feetofcover.(i.e., fringe areas),
thenboringsandlorfurthergeologic analysisshouldbe conductedto demonstratethepresenceof
over50 feetofunconsolidatedmaterials.

5.3 Liner Types

Theworkgrouprecognizedthat excessiveseepagethroughliners cancauseunderlyingsoil to be
washedinto fracturesin thebedrock,andthus inducesinkholedevelopment.Oneoftheprimary
waystheworkgroupsoughtto minimize risk ofcatastrophicfailure is to useliners thatare
durableandhavevery low seepagerates-. Theseliners alsohavethebenefitofreducingchronic
risksassociatedwith bacteria/virusmovementinto fracturedbedrock.

Theworkgroupfirst listed themaintypesofliquid storagesystemsandrankedthesesystems
from highestto lowestrisk, basedmostlyon theseepagerate,durabilityandeasexi’ith which
leaksarevisible. Theworkgroupsuggestedthefollowing, beginningwith highestrisk:

1. Structureswithoutanytypeofa liner

2. Earthenbasins(2 foot cohesivesoil liner)

3. a) Earthenbasins(3-4 foot cohesive‘soil liner), or

b) Geosyntheticlinerwith NO underlyingclay-liner

4. a) In-groundconcrete(castin- placew/inspectionswasconsideredto bebetterthanprecast),
or
b) HDPE (high densityPolyethylene)or otherplastic-typegeomembraneswith NO

underlyingclayliner -

5. Dual lined systems
a)- compositeliner — geomembraneunderlainby-cohesivesoil liner
b) concreteunderlainby ageomembrane -

6. Double-compositelined systems— geomembraneunderlain-by cohesivesoil linerwhich is
thenunderlainby anothergeomembrane

7. Systemswith very low seepageratesandwheremajorseepageproblemsarevisible:
a) -Above-groundglass-fusedmetal tank
b) Above-groundconcretetank
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Theworkgroupalsodiscussedtheuseofvoidspanningmaterialsto reinforcegeomembraneand
compositetypesof linersystems.Reliablematerialshavebeenusedand testedextensivelyfor
landfills thatspanvoids that arebetween10 and20 feetin diameter.Thereare someproducts
that havenotbeenfoundto work well andotherproductsthat aremorereliable. Mr. Galenoted
that the mostreliablematerialis polyestergeotextilesor geogridsmadeby oneofthree
companies1) Tensar,2) Mirafi, and3) Heusaer,all ofwhich canreportedlybe installedfor $5 to
$15 persquareyard. However,additionalexcavationcostswill alsobe incurredsincethe
geotextile/geogridmustbe installedbeneaththe earthenberms. Reinforcedconcretecanalsobe
usedto spanvoids; howeverthecostofreinforcedvoid spanningconcretemakesit essentially
not feasiblefor manurestoragesystems. -

Initially, theworkgroupdiscussedthepossibilityofrequiringdifferent linerstandardsdepending
on the geologicrisk ofsoil collapsefoundatthesite. Forexample,theworkgroupcould
recommendclay liners at themoderatelylow risk sites,compositeandconcreteliners at
moderatelyhigh-risk sitesandtheuseofvoid spanning-reinforcementfor extremelyhigh risk
situations. However,theworkgroupdecidedto recommendthesameliner requirementsin all
areasconsideredsusceptibleto sinkholeformation, due largelyto the lackofclear-cut
scientificallyjustifiable criteriaavailableat this time for assigningdifferentlevelsof soil collapse
risk. In addition,substantialleakagefrom liquid storagesystemshasinduced-sinkholeformation
in areasthat do not havemuchevidenceofprevioussoil collapse.Anotherpoint wasmadethat
manysinkholeshavebeenfilled andwe cannotrely entirelyon existing sinkholesas indicators
offuturecollapseat a specific site.

In areassusceptibleto sinkholeformation,theworkgroupagreedthat standardcompacted
cohesivesoil linersaloneshouldgenerallynotbe allowed. While cohesivesoil linerscanbe
moreeffectivein limiting seepageif theyareinstalledunderoptimumconditions,theworkgroup
still hadconcernsaboutliner durabilityandseepageratesthatcould leadto soil collapsein the
karstregion. Onealternativetypeof earthenlinerdesignwassuggestedas a possibleoption for
thekarstregion. Thisalternativedesignwould includesevenfeetof earthenmaterials,including
threefeetofcompactedcohesivesoils(< 1 * 10-7crnlsec)overlainby four feetofsoil. The four
feetof overlyingsoil would protecttheclayliner from problemsofdesiccation,freeze/thaw,
roots,anderosion. Someworkgroupmembersstatedthata spillwaywould be neededso that the
basindid no-t get filled abovetheelevationofthe clay- liner. Concernsaboutthisspillwaywere
alsoexpressed.Theworkgroupwas doubtfulwhetherthis typeofdesignwould be preferredby
anyoneinsteadofa composite-linedsystem.

Theworkgroupalsodiscussedthepossibility that a cohesivesoil linercould beusedwithouta
geomembraneif sufficiently thick soils existedbelow thebasinto greatlyreducetheseepage
from enteringthe fracturedbedrockdirectlybelow thebasin. Someworkgroupmembers
suggestedthat siteswith lessthan50 feetofsoil covershouldnot necessarilybeprohibitedfor
useofcohesivesoil linersalone. Theworkgroupseemedto believethat therewassomemerit to
consideringuseofcohesivesoil liners alonein areaswith lessthan50 feet to bedrock.The
workgroupdecidedto wait for moregeostatisticalinformationto be completedin order to
identify underwhat soil/geologicconditionssoil collapseis uniikely in zoneswith lessthan50
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feet to bedrock(andthento reconsiderallowing constructionofcohesivesoil liners alonein such
zones).

Theworkgroupagreedthatadual-linedorcomposite-linedmanurestorageareashouldbe
allowedin areassusceptibleto soil collapseif oneofthe following combinationsofmaterialsis
used: a) compactedcohesivesoil linermeetingMPCA standardsoverlainby a geomembraneor
geosyntheticliner, or b) two geomembraneliners separatedby enoughmaterialso that a puncture
oftheupperlayeris unlikely to penetratethe secondliner. Thesetypesof linershavevery low
seepagerates,andif oneliner is damaged,a secondaryliner is in placeto retardseepagethrough
thedamagedareas.Theworkgroupalsoagreedthat concreteliners andglass-fusedmetalor
concretetanksshouldbe allowedin areassusceptibleto soil collapseorsinkholeformation.
Thesetypesofliners aredurableandhaveleakageratesthatare very low. Theworkgroup
estimatedthat thecostsof constructinga dual-linerwith clayandgeomembranesare

• approximately$1 moreper squarefoot.

Theworkgroupstronglyrecommendedthatfurtherinvestigationsbe conductedto gainabetter
understandingofthe likelihood ofsoil collapseunderdifferent geologicconditions,andthat the
recommendationsin this reportbereviewedandadjustedin thefuture to correspondwith the
morespecificgeologiccriteria.

5.4 Separationto bedrock

Theworkgroupemphasizedthat thetypesofliners allowedin areassusceptibleto soil collapse
would resultin very little seepage,but that therewould still be a smallamountof-seepage.The
primarypurposeofseparationto bedrockrequirementsareto 1) allow for adsorptionofviruses
andbacteriaontosoil particlesuntil theydie-off, or2) slowthe time oftravel ofliquids sothat
bacteriaandviruseswill likely die priorto theliquids enteringfracturedbedrock. In addition,the
soil separationto bedrockwill alsoallow for someattenuationofnutrientsandother -
contaminantsassociatedwith manure. Oncecontaminantsenterfracturesin thebedrock,there
will bevery little contaminanttreatment. The workgroupgenerallybelievedthat five feetofsoil
shouldlikely be sufficientto attenuatebacteriafrom- low seepageratesif thereis atleasta couple
feetoftheunderlyingmaterialsareunsaturated.However,theworkgroupalso recognizedthat
moreresearchis neededonpathogentransportbelow manurestorageareasandthat the five-foot

- separationshouldonly be useduntil furtherresearchbettersupportsdifferentrequirements.

Theworkgroupdiscussedthedifferencebetweensaturatedand-unsaturatedsoilsbelow the
storagearea.. Saturatedsoils orseasonallysaturatedsoils belowthebasinarecharacteristicof
low permeabilitysoils. Bacteriaandvirusesarelesslikely to be adsorbedonto soil particles
undersaturatedconditions;however,the-rateofwaterflow will bereducedin situationswhere

- thereis a perchedwatertable,providing additionaltime for bacteriaandvirus die-off.

The recommendationsfor separationdistanceto bedrockfor thedifferentliner typeswerebased
on thebestprofessionaljudgementoftheworkgroupmembersafterconsideringstudiesof
pathogentransport,seepagethroughliners, andthepracticalissuesassociatedwith limited soil
thicknessconditions in thekarstregion.
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- Theworkgrouprecommendedthat constructionofcertaindual-linedmanurestoragesystemsthat
collectanddrainseepageliquids be alloweddirectlyon top ofbedrock. With this typeofa liner,
thehydraulicpressureson thesecondarylinerwill be alleviated,andtherisksofseepagethrough
this secondarylinerwill thereforebevery low. A blanketofsoil is neededto-separatethe liner
from bedrockto preventpuncturesandto allow for differential settlementoverunevenbedrock.
The thicknessofthissoil blanketis to bedeterminedby thedesignengineerormanufacturerof
the liner.

5.5 Feedlotsizeand stora2ecapacity

Theworkgroupdiscussedpossibleoptionsto factorfeedlotsize/capacityinto makingdecisions
aboutdesignstandards.Theworkgroupaddressedwhetherdesignstandardsshouldvarywith a)
numberofanimalunitson the farm, b) numberof animalunits contributingto an individual
storagesystem,c) total capacityof liquid manurestorageat the farm, d) capacityofthe
individual storagecell, e) noneoftheabove.” The workgroupagreedthat designstandards
shouldvary with capacityofthe individual storagecell. Risk is relatedto theconsequenceof
failure andtheprobabilityof failure. As thecapacityofthestoragesystemcell increases,the
consequencesofafailure -are generallyexpectedto be worse,reasonedtheworkgroup.

Theworkgroupconsideredseveralissuesbeforedecidingon thebestalternative. One
considerationwasthatby settingstandardsbasedon cell capacity,we maybe encouragingdesign
anduseofunder-sizedmanurestoragebasins,possiblyleadingto storagesystemoverflow and/or
winterapplicationofmanure.However,thegroupreasonedthatwinter applicationis not
prohibitedin staterules andmorestoragecellscanbe addedif necessary.Theworkgroupalso
consideredthat multiple cellswith slopingsidewallswill createmoresurfaceareathanone
individual cell, thereby,increasingtheprobabilityoffailure comparedto onelargercell. More
surfaceareaof storagealsocancreatemoreodorandgaseousemissionsinto theair. However,
thegroupstill agreedafter-consideringtheseissuesthat thecapacityof the individual cell wasthe
bestvariableto usein settingstandards.

Thegroupalsoagreedthat to beconsideredanindividual cell, acertainseparationdistance
betweencellsshouldbe maintained.The neededseparationdistanceshouldbeinverselyrelated
to depthto bedrock,anddirectly relatedto storagesystemseepagerates-andrisks relatedto the
local geology.

The workgroupalsopointedout that if two cells areconnectedby pipesanddesignedsuchthat if
onecell drainstheotheronewill alsodrain, thenthecapacityofthetwo cellsshouldbe added
andconsideredasonecell. An overflowpipecanbeusedto. preventthis situation.

After theworkgroupdecidedthat standardsshouldvarywith cell capacity,thenextquestionwas
shouldtherebe a slidingscaleof storagecell capacitylimits, orwould it bebestto setone limit
thatcouldbe usedthroughoutall areassusceptibleto soil collapse?Theydecidedthat a single
thresholdwould bebest. Theyreasonedthat theconsequencesofa largemanurerelease(e.g.20-
million gallons)would be muchgreaterthantheconsequencesof a small release(e.g.20,000
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gallons). However,theworkgrouphada difficult time selectingonethresholdnumbersince -

therewasa poorunderstandingofthe consequencesrelatedto releasingvariousamountsof
manureinto thegroundwaterorsurfacewaters. Becausetheworkgroupdid not believethey
couldjustify specific thresholdsbasedsolely on consequencesofreleasealone,theworkgroup
decidedto basecell capacitylimits on storageneedsofsmall to moderatesizedfarms.

TheNRCScompiledliquid manurestoragecapacityinformationfor manurestoragesystems
designedby theNRCSfrom 1994 to 1998. TheaveragecapacityofDairy andBeefliquid -

- manurestoragesystemswasroughly1.3 million gallonsandthemaximumwas2.6 million
gallons. Thesesystemsweredesignedto correctproblemsassociatedwith manurerunofffrom
feedlots. Theworkgroupalsoreviewedtheannualmanurestorageneedsfor a 300 animalunit
dairyoperation. The 300 animalunit farm is a commonlyusedthresholdin federalandstate
rules. The workgroupconcludedthatabout3 million gallonswasneededfor a dairy operation
with 300 animalunits. Swine manurestorageneedsaremuchlessper animalunit thandairy.
Basedon theNRCS designsandthestorageneedsfor a 300animalunit-dairy, theworkgroup
suggestedtwo numbersaspossiblethresholdsfor maximumstoragecapacityofa singlecell — 3
million gallonsand 1.5 million gallons. If theyhadto pick onenumber,thegroupagreedthat the
betternumberwas3 million gallonsperstoragecell. The workgroupagreedthatby usingeither
numbereconomichardshipfor producerswould beminimized,exceptpossiblyfor largedairies-
wheremultiple cellswould be needed.

Overall,theworkgroupdid nothavegoodscientific informationto believethat a 3-million gallon
releasewasmuchworsethana 1.5-million gallonrelease.Severalworkgroupmembers
expresseda desireto keepthemaximumcell capacityaslow aspossiblewithout significant
hardshipto producers. Oneconcernraisedaboutsettingsmallcell capacitylimits is thatmany
smallerexisting dairy andbeeffarmsdo nothaveenoughspacenearthebamsto split thestorage-

systemsinto multiple cells(e.g.,theyareadjacentto hills, haveshallowdepthsto.bedrock,or the
barnsareadjacentto otherfeaturesthat limit room for thestoragebasins).Theworkgroup
agreedthatmultiple cells,whenaddedtogether,shouldbe allowedto exceedthreemillion
gallons(e.g.no capacitylimits per farm). -

Theworkgroupalsodebatedthemerits ofrequiringthemanurestoragesystemto holdatleast
sevenmonthsofmanureproduction.The reasonfor this recommendationwasto ensurethat the
producerwill haveenough-storagecapacityto beableto-applymanureat a time ofyearwhenthe
manurecouldbeimmediatelyincorporated,therebyavoidingwinterapplication.The workgroup
felt this wasjustified for thekarst regiongiventhe numberofconduitsto groundwater,rapid
contaminanttransport,andpotentiallyrapidgroundwater/surfacewaterinteraction.

Two concernswereraisedin regardsto theseven-monthminimum storagerecommendation.
First, manysmall farmersoftenrequesta smallerstorageareato reducefeedlotrunoffto streams
in a waythat is affordable. Whensmallstoragesystemsareused,the farmerswill still be
applyingmanurethroughouttheyear,butmanurerunoffto streamscanbe greatly reduced.-
Second,a seven-monthcapacityminimumwasproposedfor thepurposeofbettermanure
spreadingpractices,andconsiderationofmanureapplicationpracticeswasnotpartofthe
directivegiven to theworkgroupby thelegislature. The workgroupdecidedto highiy
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recommenda seven-monthminimum storagedesigncapacity, butnot to makethisa

requirementfor all feedlotswherea manurestoragesystemis constructed.

5.6 Diverting surface runoff

Theprimarygoalofrequiringliners with very low seepageratesis to limit thepossibility ofsoils
below themanurestoragesystemfrom beingwashedinto underlyingfractures,therebyinducing
soil collapse. Infiltration ofprecipitationwatersnearthemanurestoragesystemcanalso-
acceleratesinkholedevelopment.If excessiveinfiltration of wateroccursnearthemanure
storagesystem,thenasinkholecould developbelow themanurestoragesystem. Therefore,the
workgroupconsideredit importantto conveyprecipitationfalling on thebamroofsandlandnear

- themanurestoragesystemto a locationthat is not likely to affect sinkholedevelopmentnearthe
manurestoragesystem. -

Theworkgroupdiscussedwhethertherecommendedrequirementsshouldspecifyhowfar from
themanurestoragesystemthat freshwaterrunoffneedsto be routedordivertedawayfrom the
site. At manysites,the landis slopedsufficientlyto carryfreshwaterawayfrom thesite without
theneedforbelowgroundpipes. The workgroupconsideredit importantthatpipescarrying
waterdischargeat least50 feet from themanurestoragearea,andthat the siteis plannedso that
no pondingofwatersoccurswithin 300 feetofthemanurestoragearea.

5.7 Construction reuuirements

Theworkgroupreviewedthenew(Chapter7020)rulesrelatedto statewidestandardsfor
constructionofliquid manurestoragesystems.Theworkgroupthoughtthatstatewide
requirementsforconstruction,inspections,testingandreportingarefairly comprehensive,but
recommendedthat two requirementsshould-be addedfor all manurestoragesystemsconstructed
statewide,asfollows: 1) for all liner construction, the installer of the liner should certify that
the subgradepreparation is acceptableand that all necessarytesting of the liner was
completedin accordancewith the designengineerplans and specifications,and 2) the
manufacturer of liners should provide certification ofmaterial-specifications.

The workgroup alsoconsideredwhat additionalconstructionstandardsmayneedto be added
specificallyfor constructionin thekarstregion. Theworkgroupconcludedtheonly construction-
relatedrequirementthat shouldberecommendedspecificallyfor thekarstregionis for
constructioninspectionof thesoil subgradeby a licensedgeologist,soil scientistorengineerwith
educationandexperiencein karstsoils/geology.Aninspectionform shouldbecompletedby the
inspectorandsubmittedto thedesignengineerso that it canbepartoftheconstructionreport.
Thepurposefor this inspectionis to identify karst featuressuchassoil pipingor otherconditions
indicativeofpotentialsoil subsidence.If suchfeaturesareidentified,thenthe sitewould needto
be moved,or potentiallyvoid-spanningreinforcementcouldbe addedto thedesign.
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5.8 Monitoring

The workgroupconsideredthreetypesof possiblemonitoring: 1) visual inspectionsof the
manurestoragearea,2) regularmonitoring of-manurelevels,and3) monitoringofgroundwater
qualitybelow themanurestoragesystems.The workgroupagreedthat inspectionsand
monitoringof manurelevelswere importantandshouldberequired. However,theworkgroup
agreedthatwaterquality in thesubsurfacebelowliquid manurestoragesystemsshouldnot be
monitoredmoreextensivelyin thekarstregionthanelsewherein Minnesota(e.g.,throughthe
useofmonitoringwells, lysimeters,springsamplingand/orperimetertile lines). Theworkgroup
concludedthat thewaterqualitymonitoringwould oftennotprovideuseful information,the
moneyformonitoringwould bebetterspenton installinghighly protectiveliners,andmonitoring
contaminationin karstgeologycanbe fairly complicatedandcostly.

Theworkgroupbelievedthat routineinspectionsareimportantto makesurethatthe linerhasnot
beendamaged.Inspectionsaremostusefulafterthem~.nurehasbeenpumpedoutofthestorage
system.Severalsuggestionsweremadeaboutwho shouldconductanannualinspection(county
feedlotofficer (CFO),MPCA, dairy inspectors,feedlotowner,privateparty). Onesuggestion
wasto hayethe feedlotownerconducttheinspectionand thenmail the inspectionform to the
MPCA or county feedlotofficer. The CFO or MPCA could follow-up with an inspection astime
andprioritiesallow. The workgroupagreedthat inspectionofthe interiorof concretepits
coveredby barnsshouldnotbe requireddue to thedurabilityof concreteandthehumandangers
involvedin theinspectionprocess.

Theworkgroupthoughtthat manurelevelmonitoringanddocumentationshouldbe conducted-to
ensurethat themanurestoragesystemis operatingasexpectedand to detectpotentialreleasesof -
manureinto theenvironment(and thustakemeasuresasspecifiedin anemergencyresponse -
plan). Somepossiblemethodsof checkinglevelssuggestedby theworkgroupincludea)
measureon theconcreteramp,b) installinga liquid levelmonitoringpipe,orc) useof pressure
transducers.Total costsfor a pressuretransduceranddatarecorderwerereportedto be about -
$6,000to $8,000.-An articlewasprovidedby a workgroupengineershowinghow a manure-
level monitoringpipecouldbeinstalled. The workgroupagreedthat themethodofmeasuring
manurelevelsshouldbe left up to thedesignengineerand feedlotowner. Theworkgroupalso
agreedthatthe frequencyofmanurelevel monitoringshouldbe greaterin drinkingwatersupply
managementareasforpublic wellswheretheaquiferis vulnerableto contamination.The
workgrouphadvarying opinionsabouttherecommended--frequency~fmanurelevel
measurement.Somethoughtthatweeklymeasurementswasbest,andothersbelievedweekly
measurementswereexcessiveandunnecessary,exceptin vulnerabledrinkingwatersupply
managementareas.

5.9 EmergencyResponsePlan

Theworkgroupbelievedthateachfarmerwith liquid manurestoragesystemsin sinkholeprone
areasshouldberequiredto developanemergencyresponseplanfor the farm. Theworkgroup
suggestedthatsoutheasternMinnesotacountiesandthestateshouldwork togetherto develop
genericemergencyresponseplansthat canthenbe individually tailoredfor specific sites. The
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feedlotownershoulddevelopandsubmitto theMPCA ordelegatedcountya plan for howthe
ownerwill respondif it appearsthat manurelevelshavebeendecreasingor thereis other
evidenceof a manurerelease. Theemergencyresponseplanshouldincludenotification
proceduresfor informing theMPCA, MinnesotaDepartmentofHealth,-local authorities,-and
othersin theeventof a manurerelease.
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Chapter 6 - Recommendationsfor further study

Theworkgrouprecommendsto the legislaturethat thefollowing additionalwork be conducted:

1. Determinethegeostatisticalprobabilitiesofsoil collapsein different typesofgeologic
settings;

2. Study pathogentransportthroughsoils belowliquid manurestoragesystems;

3. Developgenericemergencyresponseplansthat canthenbe tailoredfor specificfeediot
operations;

4. Conductresearchanddemonstrationprojectson alternativemanuremanagementapproaches
that do not rely on liquid storage. -

5. Conductregularmonitoringand inspectionsofexistingliquid manurestoragesystems
constructedin areassusceptibleto sinkholeformationorsoil collapseto determinewhether
any majorseepageproblemsareoccurringat thesesites;and

6. Collect,manage,analyze,interpretandmapgeologicinformationneededby engineers
designingliquid storagebasinsin karstareas.A morespecificdescriptionofthis
recommendationis includedbelow:

TheMinnesotaGeologicalSurvey(MOS) was establishedin 1872 to serveasthestate’s
repositoryfor geologicalinformation. TheMGS is partoftheN.H. Winchell SchoolofEarth
SciencesattheUniversityofMinnesotaandhasno regulatoryauthorities. As such,it is in a
uniquepositionto critically evaluategeologicalinformationandmakeunbiased
interpretationsregardingthephysicalgeologyof anarea. It is appropriatethatMGS serveas
the focalpoint to storeandprovidegeologicalinformationneededby engineerswhodesign
liquid manurestoragebasinsin sensitivekarstareas.Thepotentialrolesfor theMGS
include:

1. Preparemapsshowingdepthto bedrock—

Depthsto bedrockgreaterthan50 feetaregenerallyconsideredto greatlyreducethe
likelihoodthatcollapseofa liquid storagebasinwill occurasa-resultofthepiping of
unconsolidateddepositsinto karstbedrock.

Depthto bedrockmapsshowingareaswherethereis lessthan50 feet ofcoveroverkarst
bedrockhavebeenpreparedforDakota,Fillmore, Goodhue,Olmsted,Rice,Scott,
Wabasha,andWashingtonCounties(1/100,000scaleor 1 inchequalsabout1.6 miles)

MGS hasthecapabilityto preparemapsshowingwherethereis lessthan50 feetofcover
overkarstedbedrockfor BlueEarth, Carver,Dodge,Faribault,Freeborn,Houston,

- Le Sueur,Nicollet, Pine,Steele,andWaseca,Winonacounties.
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MGS needstheresourcesto evaluateadditionaldatadescribingdepthto bedrockso that
countydepthto bedrockmapscanbeupdatedandthe databaseofsubsurfacedatacanbe
maintainedandmadeaccessibleto thepublic. Mapsshouldbe madeavailableto the
public througha website.

2. Karst database-

Developandmaintaina databaseofkarstfeaturesthat canbe usedto determinethe
designrequirementsfor liquid manurestoragebasinsin sehsitivekarstareas.MGS is
developingthis databaseandintendsto makeit availableto thepublic througha web
site. The following itemsneedto be integratedwith this effort to addressthedataneeds
of statefeedlotregulations:

• prepareformal definitionsofkarstfeaturesthat will be usedby stateandlocal
agenciesincluding sinkhole,karstedbedrock,blindvalley, resurgentspring, cave,and
karstfeature;

• coordinatingthecollection,evaluation,anddisseminationofinformationdescribinga
karstfeature;

• implementaformalprocedurefor 1) determininganddocumentingtheexistenceofa
karstfeatureand2) updatingthekarstfeaturesdatabase;

• educatepermittingstaffto usekarstfeaturesdatato supportdecisionmaking;and -
• maintainthekarstfeaturesdatabaseon a website.

Other Considerations-

Theagencyresponsiblefor protectingcavesneedsto b~ identified. MGS responsibilities
do not addressissuesrelatingto 1) protectionofa caveasa naturalresourceor2)
protectionofplantandanimalcommunitiesthatpopulatethecave.Themission-ofthe
MinnesotaDepartmentofNaturalResourcesmight be a bettermatchto addressthese
issues. However,thereareinter-agencyissuesrelatingto designatinga caveasbeing
“protected”thatshouldbeconsideredin anyfuture actions:

• identify a leadagencyresponsiblefor 1) designatinga “protected”caveand2)
integratingcaveprotectionwith theland andwaterresourceprotectionefforts ofother
stateandlocal agencies;

• designateformal criteriathat will be usedto designatea.”protected”cave;
• determinetheprotocolfor mappinga caveso that thecavecanbereferencedwhen

making regulatorydecisions;and
• makethe areaoverlyinga “registeredandprotected”cavepublicly available(possibly

usingtheMGS karst featuresdatabase).

32



Attachment A
Information about Workgroup Members

Art Kalmes, P.E

.

PolarisGroup
8200HumboldtAvenueSouthSuite302
Bloomington,MN 55431
952-881-0878
akalmes@polarisgroupinc.com

Education:
B.S. Agricultural Engineering,IowaStateUniversity
M.S. Civil Engineering,UniversityofMissouri - Columbia

Experience:
• Designedanimalwastestoragelagoonsin southeasternMinnesota
• Evaluatedanddesignedalternativesfor sinkholetreatments
• Involvedin designandconstructionof landfill liner leachatecollectionandcoversystem.
• Grew up on a farm in southeastMinnesota

Areas ofExpertise:
• Waterresources(stormwatermanagement,flood control,hydrology,hydraulics)
• Generalcivil (systemdesign,plans,specifications,grading,utilities, drainage)

Rob Romocki, P.E

.

NaturalResourcesConservationService
330 Elton Hills Dr.
Rochester,MN 55901
507-289-7454
robert.romocki@rnn.usda.gov

Education:
B.S.Engineering,Cornell University— 1977
MasterofEngineering,Cornell University - 1978

Experience:
• Twenty-twoyearsworkingas anengineerwith theNRCSat severallocationsin thestate.

•:• ThiefRiverFalls, 1978-82— Civil Engineerworkingin Area 1, northwestMinnesota.
Workedwith LO on wastesystem,WWAVS, gradestab. str.

‘~ Mora, 1982-84— ProjectEngineerforKnife LakeDam
•. Lewiston,1984-87— Civil Engineerfor GarvinBrook Watershed

- Rochester,1987-92— ProjectEngineerfor SouthZumbroWatershed
• LicensedP.E. in Minnesota.

I



Areas of Expertise:
• Soil andwaterconservationpractices(designandconstruction)
• Flood control structures(designandconstruction)
• Animal wastestoragesystems(designandconstruction)

Dr. Chuck Clanton, P.E.,P.S.S

.

Univ. ofMm. - DepartmentofBiosystemsandAgricultural Engineering
1390 EcklesAvenue
St.PaulMN 55108-6005
612-625-9218

clantOO1(~umn.edu

Education:
B.S.AgriculturalEngineering— Nebraska
B.S.Animal Science— Nebraska -
M.S. AgriculturalEngineering— Nebraska
Ph.D.AgriculturalEngineering— Minnesota

Experience:
• Twenty-oneyearsteaching/researchin manuremanagement

AreasofExpertise:
• Manurecharacterizationandnutrientmanagement
• Odor and gasesemissionand control
• Soil andconcretesealingby manure

Dr. Randal J. Barnes,P.E

.

UniversityofMinnesota
122 Civil Engineering
500 PillsburyDrive SE
Minneapolis,MN 55455
bame003@tc.umn.edu

Education:
B.S. Civil Engineering,UniversityofWashington
M.S. Mining Engineering,ColoradoSchoolofMines
Ph.D.Mining Engineering,ColoradoSchoolofMines

Experience:
• Two years—U.S.NavyROICC
• Two years— Instructorat ColoradoSchoolofMines
• Thirteenyears— Professor(AssistantandAssociate)at theUniversityof Minnesota,

DepartmentofCivil Engineering

2



Areas of Expertise:
• Geotechnicalengineering
• Groundwatermodeling
• Geologicsitecharacterization

Stephan Gale.P.E

.

Gale-TechEngineering
15500WayzataBlvd., Suite832
Minneapolis,MIN 55391
612-473-7193
galetec@aol.com

Education:
B.S.C.E.Geotechnica]IStructuralEngineering,Ohio StateUniversity
M.S. GeotechnicalEngineering,Ohio StateUniversity

Experience:
• Twenty-fiveyearsconsultingexperience

Areasof Expertise:
• Linerdesign— clayandgeosyntheticfor individual andpublic facilities
• Reinforcementdesign— void spanning
• Soil borings/geophysicalsiteevaluations

Scott Swanber~

NaturalResourcesConseivationService
600 FarmCreditBldg
375 JacksonSt.
St.Paul,MN55101
651-602-7877
s1s(~2mn.nrcs.usda.~ov

Education:
B.S. Civil Engineering,UniversityofMinnesota

Experience:
• Eighteenyearswith NRCS— ProjectEngineer,PlanningEngineer,DesignEngineer

Areasof. Expertise:
• Systemplanning
• Structuraldesign
• Soil mechanics

3



PeteFryer. P.E

.

Agricultural ServicesCenter
P.O.Box 39
LewistonMN 55952
507-523-2171
prf@mnlewistoafsc.usda.gov

Education:
B.S. AgriculturalEngineering— UniversityofMinnesota— specializingin soil andwater

Experience:
• Workingwith SWCDsby determiningfarmerneeds,designingandconstructingBMP’s best

suitedto sites
• Engineeringconsultantbusinessin metro areafor watersheddistricts. Surfacewater

hydrology/hydraulicsandwaterqualityprotectionprojectsandreview.
• Surfacewaterrunoff from projectwork anderosioncontrol/waterqualityprotection
• Engineerworkingin karstareadesigningmanurestoragesystemsanderosioncontrol

projects.

AreasofExpertise:
• Engineeringofstructuresinvolving conservationandprotectionof soil andwaterresources.
• Designandconstructionofvarioustypesofmanurefacilities on existingfarrnsteads.

Robert Mensch. P.E

.

MenschEngineering
927 East10th St.
Fairmont,MN 56031
507-235-9151
FAX: 507-235-2605

Education:
B.S.AgriculturalEngineering— 1959
M.S. Agricultural Engineering— 1962

Experience:
• Six yearsteachingandresearchingfarmbuildings— KansasStateUniversity
• Startedconsultingoffice in 1968workingwith livestockproducers
• Six years with UNDP-FAO pig farm developmentin Singapore
• Dairy farmproject in Indonesia
• Extensivework with Minnesotalivestockproducersmanurestorageandfeedlotpermits

AreasofExpertise:
• Feedlotplanning
• Structuralengineering

4



Larry Rohi. P.E

.

WHKS & Co.
1412- 6th St. SW
P0Box 1467
MasonCity, Iowa 50401
515-423-8271
masoncity@whks.com

Education:
M.S. Agricultural Engineering,North DakotaStateUniversity
B.S.AgriculturalEngineering,NorthDakotaStateUniversity

Experience:
• Design— Livestockwastehandlingsystems

concrete,earthen,geomembrane,Karstareas
• Ag. Research,NDSU andUSMARC, Clay Center,NE
• ConsultingEngineerP.E. in MN and IA

Dr. Kevin Janni. P.E

.

UniversityofMinnesota- Departmentof BiosystemsandAgricultural Engineering
1390EcklesAvenue
St.PaulMN 55108
612-625-9218
kianni(~),umn.edu

Education:
B.S. Agricultural Engineering,UniversityofMinnesota,1976
M.S. Agricultural Engineering,PurdueUniversity, 1977
Ph.D.Agricultural Engineering,PurdueUniversity, 1979

Experience:
• UniversityofMinnesotaBiosystemsandAgriculturalEngineeringfaculty— 1980 to present.

Areas of Expertise:
• Livestockhousingsystems
• Ventilation
• Air quality
• Biofiltration

S



Colby Verdegan.P.E

.

ChosenYalleyTesting
21305. Broadway,Suite470
Rochester,MN 55904
507-281-0968
verde~an~aol.com

6



Attachment B

Biblio2raphy

Aley, T.J., Williams, J.H., andMassello,J.W. 1972. Groundwatercontaminationand
sinkholecollapse- inducedby leakyimpoundmentsin solublerock terrain.
MissouriDepartmentofNaturalResources,Division of GeologyandLandSurvey.
30pp.

AlexanderE.C.,Jr., andLively, R.S. 1995. Karst - Aquifers,CavesandSinkholes. Text
Supplementto theGeologicAtlasFillmore County,Minnesota. CountyAtlas
SeriesC-8, PartC~ editedby R.S.Lively andN.H. Balaban. MinnesotaGeological
Survey. Pp. 10-33.

Alexander,E.C., Jr., andMilske, J.A. 1986. Dyetracingstudiesof theFountain,
MinnesotaSewageSystem. In proceedingsofthe “EnvironmentalProblemsin
KarstTerranesandTheirSolutionsConference.”Publishedby NationalWater
Well Association,Dublin, Ohio. Pp. 249-262.

Alexander,E. C., Jr., andBook, P.R., 1984. Altura Minnesotalagooncollapses, in
Beck, B.F. (ed.), Proc. First Multidisciplinary Conf. on Sinkholes, Balkema,
Boston. p. 311-318.

Alexander,E.C., Jr.,Brogerg,J.S.,Kebren,A.R., Graziani,M.M. andTurri, W.L., 1993.
BellchesterMinnesotalagooncollapse in Beck B.F. (ed.),AppliedKarstGeology.
Balkema,Rotterdam.p. 63 to 72.

Bashir,A.M., Azmeh,M.M., Pitts,M.W. 1999. Theenvironmentalhazardsof locating
wastewaterimpoundmentsin karst terrain. In proceedingsof Hydrogeologyand
EngineeringGeologyof Sinkholes and Karst, editedby Beck, Pettit and Herring.
Balkema,Totterdam,ISBN. Pp.365-372.

Beck,B. 1991. Oncalculatingthe risk ofsinkholecollapse. ProceedingsofAppalachian
Karst Symposium. Pp.23 1-236.

Benson.R.C. andLa Fountain,L.J. 1984. Evaluationofsubsidenceorcollapsepotential
dueto subsurfacecavities. Proceedingsofthe first multidisciplinaryconferenceon.
Sinkholes. Orlando. pp. 201-215.

Crawford, N. 1998. Leakageand sinkhole collapsesunder hog waste lagoons in
ICentucky. Reportpreparedfor The HonorableHankGraddy. Centerfor Caveand
KarstStudies,Dept.ofGeographyandGeology,WesternKentuckyUniversity.



Coxon,C. 1999. Agriculturally inducedimpacts. Chapter4 in KarstHydrogeologyand
Human Activitie3 edited by David Drew and Heinz Hotzl. A.A.
Balkema/Rotterdarn/Brookfield.pp. 37-80.

Gao,Y., Alexander,E.C., Jr., andTipping, P.. 2000. Applicationof GIS Technologyto
Study Karst Featuresof SoutheasternMinnesota. Draft report. University of
MinnesotaandMinnesotaGeologicalSurvey.

Gillieson, D. 1996. Caves - processes,Development,Management. Blackwell
Publishers,Maiden, MA. 299pp.

Jannik,N.O., Alexander,E.C., Jr., Landherr,L.J., 1992. The SinkholeCollapseof the
Lewiston,MinnesotaWastewaterTreatmentFacility Lagoon. In Proceedingsofthe
Third Conferenceon Hydrogeology,Ecology, Monitoring, and Managementof
GroundWaterin Karst Terranes.Dec. 4-6, 1991. Nashville,Tennesee. Pp715-
724.

Magdalene,S. andAlexander,E.C., Jr., 1995. Sinkholedistribution in WinonaCounty
Revisited. in BeckB.F. (ed.)KarstGeoHazards.Balkema,Rotterdam.p. 43-51.



1557.7308
OFS
1997—2
c.1

ILL U1o~~ DOCU~.’~~i—~

JAN 2 ~i ~Q~7

ILU;\’cls STATELIL3!?A.~y

KARST REGIONS OF ILLINOIS

Open File Series1997-2

S.V. Panno, C.P.Weibel, andW. Li

llIino~s State Geological Survey

615 E. PeabodyDrive

Champaign, Illinois 61820

Aj~A~.



KARST REGIONS OF ILLINOIS

Open File Series1997-2

S.V. Panno,C.P.Weibel, andW. Li

Illinois StateGeologicalSurvey

615 E. Peabody Drive

Champaign, Illinois 61820

ILUNCIS STATE LrSRARY

3 1129 00800 850 0



— —— C-

• /

KARST REGIONS OF ILLINOIS

SN. Panno,C.P.Weibel, andW. Li

ABSTRACT

Karst occurs in Illinois where bedrock exposures and subcrops consist of carbonate

rocks. Approximately 25% of Illinois’ bedrock is carbonate rock, and of that area,

approximately 35% (equals 9% of the state) includes the state’s five karst regions. The

highest degree of karstification occurs in southwest and southern Illinois where the

Mississippian limestones are predominant. Karst encountered in Illinois, as classified by their

dominant landforms, included sinkhole karst, cave karst, and pseudo-sinkhole and pseudo-

cave karst that resulted from human modifications to the land. Only natural karst terrains are

studied herein, and only the most karstified areas are described in detail.

The carbonate bedrock of Illinois was the focus of our efforts because these rocks are

susceptible to karst development. Carbonate bedrock is either exposed at land surface or

coveredby relatively thin glacial till (diamicton), bess, and other unlithified sediment around

the margins of the Illinois Basin, and along the flanks of structures within the basin. Karsti~c

features are concentrated in five regions: (1) the Driftless Area of northwest Illinois, (2)

north-central Illinois, (3) the Lincoln Hills of the western Illinois, (3) the Salem Plateau of

southwest Illinois, and (5) the Shawnee Hills of southern Illinois. A few caves and sinkholes

occur in northeastern Illinois, and in La Salle and Douglas Counties in carbonate rocks

associated with either the LaSalle Anticlinorium or the northeast flank of the Illinois Basin

(Kankakee Arch).
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INTRODUCTION

Background

Carbonate rock comprises approximately 25% of the bedrock surface in Illinois. Of the

area underlain by carbonate rocks, 35% of that area (equals 9% of the state) is included in

the five regions that contain evidence of numerous karstic features at the land surface. The

term “karst’ is defined by Ford and Williams (1 989) as “...terrain with distinctive hydrology

and landforms arising from a combination of high rock solubility and well developed

secondary porosity.” Features that typify karst terrain include closed depressions (sinkholes),

caves, large springs, fluted rock outcrops (Ford and Williams, 1 989), blind valleys and

swallow holes (White, 1 988).

Carbonate rocks generally have low primary porosity and permeability; however,

secondary porosity (fractures) permits the rapid transport of large volumes of water into and

through the rock. The movement of surface waters (rainwater and snowmelt), through soil,

and into fractures in soluble carbonate bedrock is responsible for the development of karst

terrains. Because of the microbial generation of carbon dioxide in the soils overlying

carbonate rock, infiltrating water becomes acidic prior to entering fractures, joints and

bedding planes in carbonate rocks. Small amounts of calcite and/or dolomiteithe dominant

minerals in carbonate rock) dissolve in accordance with the following simplified reactions:

Calcite: CaCO3 + H~ Ca
2 + HCO

3-

Dolomite: CaMg(C03)2 +2H~ Ca
2~ + Mg~2 + 2HCO~-

until the water approaches saturation with respect to the solubility of these mineral phases

(White, 1 988). The slow dissolution of carbonate minerals over thousands to hundreds of
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thousands of years gradually enlarges joints, fractures, and pathways along bedding planes

through which water moves. Some pathways become large conduits or caverns through

which groundwater flows to points of discharge (e.g., springs). Continued enlargement of the

conduits eventually can result in the collapse of overlying rock and soil. Surface erosion

eventually results in fragmentation and finally; destruction of the conduit system (White,

1988).

The relatively large interconnected pores present in fissured or karstified carbonate rock

allow rapid movement of water into and through the rock bodies. These rock bodies often

constitute locally important aquifers in Illinois; however, fissured and karst aquifers are very

susceptible to surface-derived contamination. Recharge to karst aquifers often is rapid

(analogous to water movement to drainage tiles) and carries with it materials (often

macroscopic) from the land surface that include human and animal wastes, pesticides, urban

runoff, and other waste products associated with the human culture of a region. In contrast,

recharge to non-karst aquifers typically undergoes a slow migration through materials (e.g.,

thick, clay-rich glacial diamictonl that generally provide sufficienttime and environment for

chemical, biological, and physical degradation and retardation of pollutants. Unfortunately,

residents who draw groundwater from karst aquifers for domestic use risk ingesting

contaminants. Rare and endangered species that inhabit underlying caves are also at nsk

from chemical and bacterial contamination in groundwater. In addition, knowing where karst

terrain is present in Illinois is important when conducting regional geological screening for

citing facilities such as waste disposal sites and low-level nuclear waste repositories. Thus, it

is important to identify the locations of karst terrain in the’ state for water-resource protection

and regulatory purposes.
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Purpose

The purpose of this investigation was to prepare a state-wide map and detailed maps of

the karst terrains of Illinois and to describe the geologic and hydrogeologic controls of

karstification. The detailed karst maps presented herein were prepared from a smaller-scale

map of the state of Illinois (Weibel and Panno, in press) (Figure 1).

METHODOLOGY

Karst Maps

Karst maps were constructed for the state on the basis of landforms observed on 7.5-

minute (1:24,000) topographic maps and stereo pairs of U.S. Department of Agriculture

aerial photographs (1:20,000), bedrock lithology, cave locations, and sinkholes indicated on

Natural Resources Conservation Service (formerly the Soil Conservation Service) county soil

survey maps. Areas mapped as karst were field checked by the authors. As discussed above,

carbonate bedrock is most susceptible to dissolution, particularly where it occurs at or near

the land surface. The occurrence of caves in an area was used as an indicator of karst

terrain. A map of the caves of Illinois found in carbonate rock was constructed using a

confidential inventory of 313 caves (compiled by J.E. Gardner of the Illinois State Natural

History Survey from his work and from a data base prepared by the Illinois State Museum).

The term “cave” is defined as ‘any natural cavity or series of cavities beneath the surface of

the earth. Such cavities are usually classified as caves only if they are large enough to permit

entrance by humans” (Mohr and PoIson, 1966). A literature search also was conducted for

karstic features observed within the state and neighboring states. Karst regions were

delineated on the basis of the location of indicator sinkholes, caves, and carbonate rock,

without regard for the thickness and nature of Quaternary overburden. Because all carbonate
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Figure 1. Map of the bedrock geology of Illinois showing sinkholes and caves (modified from
Weibel and Panno, in press).



rock in the state shows some degree of dissolution (usually along joints and bedding planes),

no area is described as “karst’ unless it was identified as having a karst aquifer with

associated karstic features.

Cross Sections

Cross sections of the areas containing carbonate bedrock and karstic features (Figure 2)

were constructed to examine relationships between bedrock formations and karstification.

The cross sections are schematic and were based on the following: 1) well records available

at the Geological Records Library of the Illinois State Geological Survey (ISGS), 2) published

references describing the geology of the surficial sediment, bedrock surface and subsurface,

and 3) unpublished cross sections from the ISGS Map Library. Formation codes used in the

cross sections are explained in Figure 3.

DISCUSSION

The focus of this investigation is on the carbonate bedrock of Illinois because these are

the rocks most susceptible to karstic development. These rocks are either exposed or

subcrop at the bedrock surface beneath glacial deposits around the margins of the Illinois

Basin on the flanks of the Kankakee, Mississippi River, Pascola, and Wisconsin Arches, and

the Ozark Dome, and, within the Illinois Basin, on the crest of the LaSalle Anticlinorium in

east-central Illinois (Figure 2). Karstic features are concentrated in north-central Illinois, the

Driftless Area, the Lincoln Hills, the Salem Plateau, and the Shawnee Hills (Figures 1, 2).

Sinkholes and caves found in Kane, Kankakee, La Salle, and Douglas Counties are rare and

generally isolated, and occur in carbonate rocks associated with the LaSalle Anticlinorium and

Kankakee Arch.
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Figure 2. Map showing locations of cross-sections, karst regions, and major structures (in italics)
of the Illinois Basin.



REGIONAL KARST MAPS

Caves

Predominantly
Noncarbonate Bedrock

4~4~I Predominantly
_________ Carbonate Bedrock

Sinkhole
Areas

REGIONAL MAPS AND CROSS-SECTIONS

a-P Quaternary, consisting mostly of Pleistocene deposits

Penn = Pennsylvanian
Mcu = Mississippian, upper Chesterian (includes Vienna, Menard, Glare, Kinkaid)

McI = Mississippian, lower Chesterian (includes Renault, Ridenhower, Beech

Creek, Glen Dean)
Mvu Mississippian, upper Valmeyeran (includes St. Louis, Ste. Genevieve)

Mvm= Mississippian, middle Valmayeran (includes Salem)

Mvl = Mississippian, lower Valmeyeran (includes Burlington, Keokuk)

Mk = Mississippian, Kinderhookian

Du = Devonian, Upper
Dm = Devonian, Middle (includes Grand Tower, Lingle)

Dl = Devonian, Lower(includes Bailey, Backbone)

S = Silurian (includes Kankakee, Sexton Creek, Hopkinton)

Ou = Qrdovician, Upper

Om = Ordovician, upper Middle (includes Platteville, Galena, Kimmswick)

Oma = Ordovician, lower Middle

Cl = Ordovician, Lower (includes Shakopee)

C = Cambrian

Figure 3. Explanation for symbols, shadings, and abbreviations used in cross sections and
regional karst maps. Stratigraphic units are modified from Wiliman et al. (1967). Relevant
stratigraphic units mentioned in the text are contained within parentheses.



In the Illinois Basin, only Paleozoic-age rocks contain carbor~ate strata, whereas

younger Mesozoic and Cenozoic rocks lack carbonate strata. Rock units that are karstified

include (from oldest to youngest) limestones and dolomites of the Lower and Middle

Ordovician and of the Silurian Alexandrian and Niagaran Series, limestone of the Lower and

Middle Devonian Series, limestones of the Mississippian Valmeyeran and Chesterian Series,

and the LaSalle Limestone of the Pennsylvanian Missourian Series (Figure 4). The most

intensely karstified limestones occur within the Mississippian-age strata. The regions that

contain numerous karstic features (particularly caves and sinkholes) are described in detail.

below. The geology and hydrogeology of each region are also discussed and formations that

have undergone karstic development are described. Formation codes, symbols, and shadings

used on the regional maps are explained in Figure 3.

Shawnee Hills Karst Region

Sinkholes and caves are abundant in the karst of the Shawnee Hills of southern Illinois.

The Shawnee Hills karst region (Figures 2, 5, 6, 7) includes Jackson, Union, Johnson, Pope,

Saline and Hardin Counties. A few sinkholes and caves are associated with the Lower

Devonian Bailey and Badkbone Limestones and Middle Devonian Grand Tower and Lingle

Limestones in the west part of the Shawnee Hills. Most sinkholes and caves occur in soil

overlying and within Mississippian Valmeyeran and Chesterian rocks (Figure BA); Sinkholes

are common to abundant in areas where bedrock is dominated by the Salem, St. Louis, Ste.

Genevieve, Glen Dean, and Menard Limestones, and are found throughout most of the

Shawnee Hills. Sinkholes also are commonly associated with the Haney Limestone Member

of the Golconda Formation and the Kinkaid Limestone in the west part of the region. Karstic

features are relatively rare in the Renault Limestone, Downeys Bluff Limestone Member of the

9
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Figure 5. Index of regional karst maps, outlined by boxes. Dashed lines indicate extent of karst
regions.
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Paint Creek Formation, Vienna Limestone, and the Clore Formation. In most places the

Vienna Limestone is too thin for the significant surface expression of karstic features. Within

the Clore Formation, sinkholes generally are found in the Ford Station Limestone Member,

which contains the thickest limestone in the formation. Sinkholes in the Kinkaid Limestone

are most commonly within the Goreville Limestone Member, but can occur within the Negli

Creek Limestone Member and, in the west part of the Shawnee Hills, within the Cave Hill

Shale Member where its carbonate conter~t is higher. The Goreville is absent in the east part

of the Shawnee Hills area. A few sinkhole~ are associated with the Hardinsburg Sandstone

which probably formed as a result of dissolution of the underlying Haney Limestone Member.

In the west portion of the Shawnee Hills, some sinkholes occur where thin Pennsylvanian

Caseyville Sandstone forms the bedrock surface. We suggest that these sinkholes formed as

a result of dissolution of-the underlying Goreville Limestone Member of the Kinkaid

Limestone.

Groundwater in the counties of the Shawnee Hills karst region is available from sources

that include Silurian and Devonian carbonate rocks, Mississippian Valmeyeran limestones,

and Mississippian Chesterian Ilmestones and sandstones. Solution-enlarged crevices of

Valmeyeran limestones, and faulting and crevice development in the Chesterian rocks

enhanced the permeability of these rocks. The carbonate rocks of the Shawnee Hills karst

region are used for rural, municipal and industrial water supplies (Pryor, 1956).

Salem Plateau Karst Region

The region adjacent to the Mississippi River just south of East St. Louis is often referred

to as the “sinkhole plain” because it contains a high density of sinkholes (Figures 5, 9, 10). It

is also part of the Salem Plateau Section of the physiographic provinces of Leighton et al.

~15



Figure 9. Karst map for the north part of the Salem Plateau karst region. Geology modifed from
Wiliman et al. (1967).



Figure 10. Karst map for the south part of the Salem Plateau karst region. Geology modifed from
Willman et al. (1967).



(19481. Approximately lOrOOO ~inkhoIes,numerous karst springs, and the largest caves in

Uhinois are found in this region (Panno, 1 996). The bedrock geology of St. C~air, Monroe, and

Randolph Counties ConSiSts of Mississippian and Pennsylvanian limestone, dolomite,

sandstone, shale, claystone and coal (Figure 88). The structural geology of the area

(anticiines), relativeb1thin glacial drift, and close proximity to the MississippiRiver are

responsible for the exposure of these rocks in these counties. Drift thickness in this area is

typicaHy less than 1 5 m, but may exceed ~5 m in and Bdjacent to stream valleys (Horberg,

1950).

Caves and sinkholes occur in Mississippian strata ranging from the Valmeyeran Salem

Limestone to the Chesterian Kinkaid Limestone. Many of the sinkholes (Weller, 1 939) and

probably many of the caves occur in the St. Louis Limestone. SoLution features in the St.

Louis are primarily responsible for the widespread karst topography in the west part of the

region. The trends of long caves in this region are parallel or subparal!ef to the axial trend of

major structures in the area. Anticlines, synclinesand major cave systemstrend northwest-

southeast in St. Clair and Monroe Counties. Many caves in this area formed as surface

waters entered bedding planes at outcrops and through fissures in near-surface bedrock.

Dominant routes for the waters migrating along bedding planes eventually formed small

conduits (typically about 1 0 cm in diameter) that down cut over time to form large solution

cavities. The remnants of these initial conduits are visible in parts of Illinois Caverns and

Fogiepole Cave in Monroe County. These caves are relatively large in diameter (5 m or

greater), and extensive (several have more than 5 km of traversable passages). They are

typicai of the ‘branchwork’ type (per classification scheme of Palmer, 1 991), and form as

solution tributaries along bedding planes in the limestone bedrock; thus, their passages are

characteristically sinuous in plan view.

18
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Sinkholes also are abundant in areas underlain by the Salem and Ste. Genevieve

Limestones and are often connected to underlying cave systems. Sinkholes are rarely

associated with the Downeys Bluff Limestone Member of the Paint Creek Formation, Beech

Creek Limestone Members (and perhaps in the overlying Fraileys Shale Member) of the

Golconda Formation, and Vienna Limestone. The few sinkholes associated with the Cypress

Sandstone probably formed by dissolution and collapse of the underlying Ridenhower Member

of the Paint Creek Formation.

Groundwater resources in these counties occur in the Valmeyeran strata that include

the St. Louis Limestone and the overlying Aux Vases Sandstone. Springs and wells in the St.

Louis are sources of groundwater for domestic and rural supplies in the west part of the karst

region. The Aux Vases Sandstone underlies part of this region, and in the east, forms the

bedrock surface below thin glacial drift. This sandstone is also a reliable source of

groundwater in this region. The thin glacial drift, however, does not offer much protection for

shallow groundwater supplies in this area. Wells drilled through the overlying Chesterian karst

aquifer and into the underlying Aux Vases Sandstone typically are not cased through the

karstic zone and localized contamination may occur by this route (Panno et al., 1 996).

Lincoln Hills Karst Region

Karstic features in the Lincoln Hills karst region (Figures 5, 11, 1 2) occur in Adams,

Pike, Calhoun, Greene, Jersey, and Madison Counties in Middle Ordovician Kimmswick

Limestone, Silurian (Alexandrian Series) Sexton Creek Limestone, and Mississippian

(Valmeyeran Series) Burlington, Salem, St. Louis, and Ste. Genevieve Limestones (Lamar,

1928; Rubey, 1952) (Figure BC, 13A). Rubey (1952) and Baxter (1965) described the

lithologies of the carbonate strata of the region. The Kimmswick Limestone dominantly
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consists of fine— to coarse—grained, massive limestone- The Sexton Creek Limestone ranges

from a fine—grained limestone in the north part of the area to a porous dolomite in the south

part. The Burlington is a cherty, coarse—grained, crinoidal limestone. The overlying Keokuk

Limestone is lithologically similar and is difficult to distinguish in many places. The Keokuk

probably contains karstic features, although this investigation has not verified such

occurrences. The Salem consists of a coarse—grained limestone that locally contains dolomite.

The overlying St. Louis Limestone is dominated by fine— to very fine—grained, cherty

limestone, but also contains variable amounts of dolomite, conglomeratic limestone, and

arenaceous and oolitic limestone. The Ste. Genevieve Limestone consists of very fine— to

medium—grained limestone that locally varies from being argillaceous, to arenaceous, and to

oolitic.

Most of the sinkholes in the west part of the Lincoln Hills karst region occur in either

the Kimmswick or St. Louis Limestones (Rubey, 1 952). The sinkholes in the east part of the

region, in and near Alton, are associated primarily with the St. Louis and Ste. Genevieve

Limestones (Figures 3, 11 )~ Many of the sinkholes occur in relatively thick bess deposits that

overly the limestones and appear to have formed by stoping of the bess into voids in the

limestone. Some of these sinkholes, particularly in southernniost Calhoun County, contain a

thin layer of Pennsylvanian strata between the underlying limestone and the overlying bess

(Rubey, 1 952). Sinkholes in this region are typically shallow, bowl—shaped depressions, many

of which contain trees or are filled with water and surrounded by trees.

Sand and gravel, dolomite, limestone, and sandstone aquifers are used in the Lincoln

- Hills karst region for domestic water supplies. Wells and springs in the Mississippian

Burlington and Keokuk Limestones are the main sources of domestic water from bedrock.

Wells also have been drilled into Devonian and Silurian rocks, but these are not as productive.
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The Salem—St. Louis limestone interval in Jersey County is sufficiently thick and creviced to

serve as a supply for rural wells (Bergstrom and Zeizel, 1 957).

Driftiess Area Karst Region

Near—surface and exposed carbonate bedrock in the Driftless Area of northwest Illinois

(Jo Daviess and northwest Carroll Counties) are of Middle Ordovician or Silurian age (Figures

1 3B, 14). The Middle Ordovician Platteville Group is composed of very fine—grained limestone

mottled with dolomite. The Galena Group overlies the Platteville Group and consists of

limestone and dolomite, except for a basal shaley limestone and dolomite interval (Willrnan et

al., 1 975). Karstic features also occur in Silurian (Alexandrian and Niagaran Series) bedrock.

The Silurian is divided into the Mosalem, Tete des Morts, Blanding, and Hopkinton Formations

(Willman, 1 973; Bunker et al., 1 985). These rocks are medium— to coarse-grained, locally

cherty dolomite (Heyl et al., 1959). Most, if not all, of the sinkholes in this area occur in the

Niagaran Hopkinton Formation (Brian Witzke, Iowa Geological Survey, personal

communication).

Both caves and sinkholes are indicators of karst terrain in the Driftless Area; however, -

caves are the dominant feature in this region (Figures 5, 14) in Illinois. Most of the caves

occur in the Galena Group (Trowbridge and Shaw, 1916; Heyl et al., 1959; Brown and

Whitlow, 1 960). Bretz and Harris (1961) described a cave in Carroll County in Silurian

dolomite, probably in strata younger than the Hopkinton Formation. The caves are

predominantly solutionally—widened joints, according to descriptions by Bret: and Harris

(1961), and Webb et al. (1994). Caves of this type are referred to as “network” caves

(Palmer, 1991), are fracture—controlled, and often follow solution features along near—vertical

fracture planes.
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Few sinkholes in this area are evident on topographic maps and aerial photos~.. However,

both Trowbridge an~ Shaw (1916) and Heyl et al. (1959) reported sinkholes to be locally

common in Silurian rocks. We observed several sinkholes of this diameter and of smaller sizes

in regolith underlain by Hopkinton dolomite. Heyl et al. (1959) noted that sinkholes are larger

(averaging about 30 m in diameter) and more abundant in the Silurian dolomite than in the

Ordovician Galena Group. We did not study any sinkholes in the Ordovician strata in this

area. The number of sinkholes associated with Ordovician rocks drastically increases towards

the northwest into Iowa where these strata are less dolomitic (Heyl et al., 1 959; Hallberg and

Hoyer, 1 982). The relationship between soils type and thickness (from stack unit maps by

Berg and Kempton, 1 988), and the locations of sinkholes shown on our maps indicates that

sinkholes mostly occur in areas.dominated by bess, silt and diamicton of the Quaternary

Glasford Formation: They are most common in areas where these materials are less than 6 m

thick, and within one to two kilometers of a stream valley. In the Driftless Area, sinkholes are

most common adjacent to the Mississippi River valley. Sinkholes commonly occur near

stream valleys because of the gradual lowering of the piezometric surface (i.e., the water

table) near low-lying areas by surface erosion and the associated collapse of formerly water-

saturated sedimerTts (cover-collapse sinkholes) into solution-enlarged fissures. This

mechanism was proposed by Ford (1 964) for sinkhole formation in the Mendip Hills of Britain.

The limestones and dolomites of the Platteville and Galena Groups, where they are not

overlain by shale of the Maquoketa Group, are an important source of groundwater in•

northwest Illinois, and in most of the northern third of the state. Groundwater occurs in

joints, fractures, and solution cavities. Groundwater also occurs in Silurian dolomite on ridges

where it is perched on underlying Maquoketa shale. This dolomite similarly contains crevices
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and solution features that provide groundwater for farm and domestic supplies (Hackett and

Bergstrom, 1956).

North-Central Karst Region

An area that straddles the Rock River in Ogle and Lee Counties in north-central Illinois

comprises the North-Central karst region (Figures 5, 1 5). Carbonate bedrock units in north-

central Illinois consist of the Lower Ordovician Shakopee Dolomite of the Prairie du Chien

Group and the Middle Ordovician Platteville and Galena Groups (Figure 1 6A). Because of the

north-south trending Wisconsin Arch, these rocks are exposed along the tributaries of the

Rock River from near Rockford (Winnebago County) to near Dixon (Ogle County) (Willman et

al., 1 967). The rocks are also exposed in road cuts and quarries on the south side of

Rockford, and in road cuts north of Fre~port (Stephenson County). Knappen (1926) first

described the lithology of these strata near Dixon. The Shakopee Dolomite is a fine-grained,

porous, argillaceous dolomite which locally contains shale and sandstone. The Galena Group

consists of a porous, cherty, very fine-grained to very coarse-grained dolomite. The Platteville

Group consists of a very fine- to coarse-grained, interbedded dolomite and limestone that

locally contains argillaceous intervals. The Galena-Platteville interval has an average thickness

of approximately 11 5 m (Foster, 1 956).

Sinkholes are the principle evidence for karstic development in the Byron-Dixon area

and occur mostly in near-surface or exposed carbonate bedrock (Bretz, 1 923; Knappen,

1 926). A few sinkholes also occur in soils overlying the St. Peter Sandstone, but we suggest

that these are due to dissolution of the underlying Shakopee Dolomite and collapse of both

the overlying sandstone and soil. Knappen reported that over 75% of the sinkholes occur

where limestone of the Platteville Group is overlain by bess and silt, and diamicton of the
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Figure 15. Karst map for the North-Central karst region. Geology modifed from Willman et al.
(1967) and Kolata etal. (1978).
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Quaternary Glasford Formation. Comparison of the karst maps of this paper with stack-unit

maps developed by Berg and Kempton (1 988) indicates that sinkholes commonly occur in

areas where the bedrock is dominated by this stratigraphic sequence, where the overlying

Quaternary cover is less than 6 m thick, and are located within several kilometers of stream

valleys associated with the Rock River. The proximity of sinkholes to the stream valleys may

be the result of reactivation of paleokarstic features. The gradual lowering of the piezometric

surface (i.e., the water table) as stream valleys erode downward and the associated collapse

of formerly water-saturated sediments (cover-collapse sinkholes) into solution-enlarged

fissures may also be a factor in this area.

There are no verified cave entrances in the North-Central karst region; however,

quarrying operations reportedly destroyed a cave in limestone of the Platteville Group

northeast of Dixon (Knappen, 1926). We observed a sediment-filled cave opening in the

Gregory-Anderson Co. quarry on the south edge of Rockford. At the northeastern edge of the

region, Bretz (1 923) referred to an unverified cave reportedly located south of Rockford near

the Winnebago-Ogle county border. Bretz also reported several occurrences of open cavities

(probably solution features) in the limestone that were encountered during the drilling of

water wells.

Solution-enlarged fissures are common in the road cuts and quarries near Rockford and

Freeport.. They range in width from 0.25 m in road cuts along Interstate 39 to 8 m wide in

the Gregory-Anderson Co. quarry. Despite the common occurrence of fissures in this region,

we only mapped sinkholes in the Byron-Dixon area (Figure 1 5).

Groundwater in north-central Illinois is available in the Galena-Platteville dolomite where

joints, fractures, and solution cavities are present and interconnected over a relatively large

areal extent. Mills et al. (1 993) reported that groundwater flow in the Galena-Platteville
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aquifer was primarily through “...subvertical fractures and subhorizontal zones of solution,’

the latter of which are probably stratigraphic breaks. They noted that hydraulically connected

subhorizontal solution features have been identified that extend laterally for at least 1 .2 km.

The availability of water from these strata is adequate for domestic, farm, municipal, and

industrial use (Foster, 1 956); however, water-producing zones are distributed irregularly

(vertically and horizontally) due to the irregular nature and distribution of the cavities

(Csallany and Walton, 1963).

Other areas containing karstic features

Karstic features have been documented in carbonate bedrock in areas outside of the

five karst regions. These areas are. mostly covered with unlithified Quaternary deposits. In

addition, some of the features occur in carbonate bedrock in areas where the bedrock is

overall predor~inantly noncarbonate.

Northeast Illinois

The bedrock of northeast Illinois contains a few, widely dispersed karstic features. This

area is most covered with regolith and outcrops are few in number and size. The paucity of

karstic features in a relatively large area (from Lake to Kankakee Counties) and definite. -

evidence of widespread extant karstification processes are the reason for not referring to this

area as a karst region.

Silurian (Alexandrian and Niagaran Series) rocks comprise most of the bedrock surface

in this area. These rocks are on the northeast flank of the- Kankakee Arch, the axis of which

plunges to the southeast and separates the Illinois Basin from the Michigan Basin (Visocky et

al., 1985). These rocks are typically buried under 30 mor more of clayey diamicton and lake
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sediments (Figure 1 6B). In this area, the Alexandrian Series (lowermost Silurian) is divided

into the Wilhelmi, Elwood, and Kankakee Formations which are chiefly composed of dolomite

(Willman, 1 973). The Wilhelmi Formation is an argillaceous dolomite with coarse silt, fine

sand and shale partings near its base. The Elwood Formation is an abundantly cherty, pure to

slightly argillaceous dolomite. The Kankakee Formation is a relatively pure dolomite that also

contains shale partings. The younger Niagaran Series (middle Silurian) is divided into the

Joliet, Sugar Run and Racine Formations. The lithology of these formations ranges from pure

dolomite to silty, argillaceous and cherty dolomite containing some thin shale beds. Reefs

occur locally in the Racine Formation (Willman, 1.973). The upper surface of the Niagaran

Series dolomite is an erosional surface (Willman, et al., 1 975) and is creviced in outcrop.

Otto (1 963) and Buschbach and Heim (1 972) interpreted the buried Silurian dolomite of

northeast Illinois as a karstic surface on the basis of seismic refraction, borehole, and outcrop

data. The latter study covered over 2000 square kilometers of the greater Chicago area, most

of Cook Cbunty, east Du Page County, and part of northern Will County. Buschbach and

Heim described the bedrock as ‘...a dissected surface with numerous hills, northeast-

southwest to east-west trending valleys that slope to the east, and enclosed depressions.”

Rare and typically small caves occur in Kane and Kankakee Counties where Silurian dolomite

is exposed along stream valleys. Zeizel et al. (1 962) stated that “enlargement of joints,

fractures, and bedding planes by solution has taken plsce” typically at or near the bedrock

surface. Otto (1 963) prepared a detailed map of the bedrock surface near Joliet where

abundant karstic features had been exposed in a deep excavation for a power plant site.

Conversely, in the younger Niagaran dolomite, Bloom (1978) described only minor karstic

features found along and interpreted to be controlled by joints and bedding planes.

During our field work, we found solutionally widened fractures and caves exposed in
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quarries, excavations, and a few natural bedrock exposures. These caves and fractures are

typically filled with very fine-grained material that renders these features ineffective as

conduits. However, exhumation and flushing of fill materials could result in the rejuvenation

of a conduit system. Solutionally-widened fractures, sinkholes, solution features (i.e.,

horizontal grooves), and caves were observed in Lehigh Quarry, Kankakee River State Park

(Kankakee County). Active sinkholes and sinking ephemeral streams occur near the Illinois

River in Will County. Sediment in some karstic features in the Racine Formation in the Lehigh

Quarry describe by (Bretz, 1 940) contained early to middle Pennsylvanian spores. Much of

the buried bedrock surface in northeast Illinois may be classified as paleokarst (per -

classification scheme of White, 1988). Karstic features such as those along Rock Creek in

Kankakee County in the Kankakee Formation may have been exposed by erosion and be

classified as exhumed karst. The active sinkholes in Will County may be classified as sinkhole

karst.

The Silurian dolomite aquifer in northeast Illinois is the most productive aquifer of.the

Upper Bedrock Aquigroup (which also includes the Ordovician Galena-Platteville interval and

the Ancell aquifer). Specific yields for this aquifer are dependent on the distribution and

intensity of crevicing, and the size of the fracture openings. Consequently, specific yields

from this aquifer are extremely variable (Visocky et al., 1 985). The most productive part of

the Silurian dolomite aquifer is the upper 1 5 m where solution-enlarged fractures are

prevalent (Zeizel et al., 1962).

Douglas County

A cave entrance in an abandoned barrow pit and dissolution features in an active

~uarry are indicators of karst near the village of Tuscola in Douglas County. During
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excavation of a barrow pit for material to be used in the construction of the adjacent

interstate highway, a small cave was encountered. This pit is just east of Tuscola and the

cave was in the floor, which consisted of Devonian limestone. The cave was relatively small

but was not filled with sediment, suggesting that karstification processes are active. In a

nearby quarry, about 1 .5 km east, solutionally widened joints occur in Devonian limestone

but appear to be filled with sediment. These karstic features occur in an isolated

outorop/suborop of limestone, surrounded by predominantly noncarbonate bedrock, at the

axis of the LaSalle Anticlinorium. Further study is required to determine additional details on

these karstic features and if a karst aquifer is present.

La Salle County

Several sinkholes and a cave are indicators of karst in a small area near the villages of

La Salle and Oglesby in La Salle County. A few sinkholes occur in the Late Pennsylvanian

LaSalle Limestone southeast of Oglesby. The LaSalle Limestone is the thickest limestone in

the otherwise noncarbonate dominated Pennsylvanian strata of Illinois. This limestone is

rarely used as a source for groundwater and only for domestic use (R. Brower, ISGS, personal

communication).

The cave occurs in the Lower Ordovician Shakopee Dolomite and is about 1 .5 km east

of La Salle. In this area, the Shakopee is a more widespread bedrock than the LaSalle

Limestone, but it is only locally utilized as a groundwater source. Most deep wells obtain

water from sandstone strata above and below this dolomite. Where either the LaSalle or the

Shakopee are used as aquifers, joints/fractures provide the porosity and they may be

solutionally enlarged.
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PSEUDO-KARSTIC FEATURES

Karst-like or pseudo-karstic features similar to sinkholes occur in areas where the

collapse of abandoned underground mine tunnels have resulted in pit subsidence and

associated piping of soil. Soil piping may also take place where drainage in poorly

consolidated materials such as bess and sand intersects underground cavities and

progressively .erodes materials along its flow path. Mine collapse and soil piping often form

pit subsidence that may be indistinguishable from sinkholes in true ka~stic areas.

Underground mines (Figure 17), that act as drains for infiltrating surface water and

groundwater, have been responsible for the formation of sinkholes and other subsidence

phenomena in Illinois. As shallow (less than 60 m) room and pillar mines collapse7

concomitant collapse of overlying poorly consolidated materials, and/or soil piping into these

cavities may form sinkholes in overlying terrains (e.g., Bauer et al., 1 993). The mines also

may be respansible for groundwater and surface water contamination due to their efficiency

in transporting surface-derived contaminants to groundwater and surface waters.

Underground mines are located in Ordovician rocks in Jo Daviess County, zinc and lead ores

were extracted, in Mississippian rocks in Pope and Hardin Counties, where fluorspar was

extracted, and in the predominantly noncarbonate Pennsylvanian rocks, where coal was

extracted. Coal mining is responsible for most of the mined out areas in Illinois. The locations

6f these areas are discussed in Treworgy et al. (1989) and Damberger et al. (1 984).

Soil piping occurs as a result of surface water draining rapidly through the soil into an

open space (e.g., mine openings, fissures associated with mine-collapse). As the. pressure of

the infiltrating water increases in the soil, the soil fails and collapses into the &penings.

Eventually, cavities are formed at depth along the flow path as the soils collapse or stope
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Figure 17. Map showing mined-out areas where psudo-karst features are likely to occur.
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upward into the overlying materials.. Continuous upward stoping of soil eventuaUy results in

the formation of a sinkhole at the surface (e.g., White, 1 988).

CONCLUSiONS

Approximately 25% of the bedrock surface of Illinois is carbonate rock, and

approximately 9% includes the five karst regions. In these regions, which are on the margins

of the Illinois Basin and along structures within the basin, carbonate bedrock is either

exposed or subcrops beneath glacial diamicton, bess, and other sediments. Karstic features

are concentrated in the Driftless Area in northwest Illinois, north-central Illinois, the Lincoln

Hills of the west part of the state, the Salem Plateau of southwest Illinois, and the Shawnee

Hills of southern Illinois. A few caves and sinkholes are found in northeast Illinois, and La

Salle and Douglas Counties, and are associated either with carbonate rocks along th~ LaSalle

Anticlinorium or the northeast flank of the Illinois Basin (Kankakee Arch).
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7020.0100 ~Repea1ed, 25 SR 834J

Current as off 12/02/00

7020.0200 SCOPE.

This chapter governs the storage, transportation, disposal,
and utilization of animal manure and process wastewaters arid the
application for and issuance of permits for construction and
operation of animal manure manager~ent and disposal or
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MinnesotaRules,Chapter7020.

7020.0100 [Repealed, 25 SR 834J

Current as off 22/01./GO

7020.0200 SCOPE.

This chapter governs the storage, transportation, disposal,
and utilization of animal manure and process wastewaters and the
application for and issuance of permits for construction and
operation of animal manure management and disposal or
utilization systems for the protection of the environment. This
chapter does not address wastes from fish. This chapter does
not preempt the adoption or enforcement of zoning ordinances or.
plans by counties, townships, or cities.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 22/02/00

7020.0205 INCORPORATIONBY ~EFERENCZ.

For the purposes of parts 7001.0020 and 7020.0200 to
7020.2225, the documents in items A to L are incorporated by
reference. These documents are not subjectto frequent change.

A. Annual Book of American Society for Testing and
Materials (ASTM), Part 4, ASTM 0 1557, Test Methods for
Moisture—Density Relations of Soils arid Soil-Aggregate Mixtures
Using 10—lb (4.54—kg) Rammer and 18—in. (457—mm) Drop. 1978
Edition. This publication is available through the Minitex
interlibrary loan system.

B. Annual Book of American Society for Testing arid
Materials (ASTM), Part. 4, ASTM D 4318, Test Method for Liquid
Limit, and Plasticity Index of Soils. 1984 Edition. This
publication is available through the Minitex interlibrary loan
system.

C. Annual Book of American Society for Testing and
Materials (ASTM), Part 4, ASTM D 422, Method for Particle—Size
Analysis of Soils. 1972 Edition. This publication is available
through the Minitex interlibrary loan system.

D. Annual Book of American Society for Testing and
Materials (ASTM), Part 4, ASTM D 698, Test Methods for
Moisture—Density Relations of Soils and Soil-Aggregate Mixtures
Using 5.5—lb (2.49—kg) Rammer and 12—in. (304.8—mm) Drop. 1978
Edition. This publication is available through the Minitex
interlibrary loan system.

E. Code of Federal Regulations, title 40, part 412,
Feedlots Point Source Category. This publication is available
through the Minitex interlibrary loan system.

F. Code of Federal Regulations, title 40, section
122.23, Concentrated Animal Feeding Operations. This
publication is available through the Minitex interlibrary loan
system.

http://www.revisor.leg.s’tate.mn.us/cgi-binlgetrulechap.pl 4/16/2001
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G. Protected Waters and Wetlands Maps, 1999.
Minnesota Department of Natural Resources, Division of Waters.
These maps are available through the Minnesota Bookstore, 117
University Ave., St. Paul, MN 55.155. These maps are available
for viewing at the County Auditorts offices, County Soil and
Water Conservation District offices, Watershed District offices,
Minnesota Department of Natural Resources offices, and through
the Minitex interlibrary loan system at the Minnesota Department
of Natural Resources Internet site at the following address:
http: //www.dnr.state.mn.us/waters/wetlands/pwi/index.html.

H. United States Geological Survey Quadrangle Maps,
7.5- and 15—minute maps, United States Department of the
Interior Geological Survey, 1999. These maps are available
through the Minitex interlibrary loan system from the Minnesota
Pollution Control Agency library. They are available for
viewing at the Minnesota Department of Administration and county
offices, and may be ordered from the United States Geological
Survey Internet site at the following address:
http: i/mappings. usgs. gov/mac/findmaps . html.

I. Minnesota Natural Resources Conservation Service
Practice Standard, Waste Storage Pond (Code No. ‘425), November
1991, or Waste Storage Facility (Code No. 313), January 1998.
This publication is available through the Minitex system.

J. Feedlot Inventory Guidebook, Minnesota Board of
Water and Soil Resources, June 1991. This publication is
available through the Minitex interlibrary loan system.

K. Annual B6ok of American Society for Testing
Materials (ASTM), part 4, ASTM D 2922, Test Method for Density
of Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow
Depth) . 1996 Edition. This publication is available through
the Minitex interlibrary loan system.

L. An Evaluation System to Rate Feedlot Pollution
Potential, United States Department of Agriculture, Agricultural
Research Service, April 1982. This publication is available
through the Minitex interlibrary loan system.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 21/01/00

7020.0250 SUBMITTAI~S A1~D PECO~DS.

Subpart 1. Accuracy of submittals. An owner who fails to
submit relevant facts or who has submitted incorrect information
in a submittal shall, upon becoming aware of the failure or
incorrect information, promptly submit to the commissioner or
county feedlot pollution control officer the supplementary facts
or corrected information.

Subp. 2. Record retention, access to records, and
inspections.

A. A person required to keep records under this
chapter shall maintain at the animal feedlot ormanure storage
area, or at the persorirs business address, for three years from
the date the record was made, unless otherwise specified, all
information required to be recorded under applicable, state and
federal rules. The person shall make these records available
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for examination and copying upon request of the commissioner,
county feedlot pollution control officer, or agent of the
commissioner and shall, upon request, submit these records to
the commissioner, county feedlot pollution control officer, or
agent of the commissioner within 30 days.

B. A person storing, transporting, disposing, or
utilizing animal manure or process wastewaters shall provide the
commissioner, county feedlot pollution control officer, or agent
of the commissioner access to the animal feedlot, the animal
holding area, the manure storage area, or other areas where
manure or process wastewaters are stored, in transport, or
utilized, including allowing the collection of samples, and
records to the extent provided under Minnesota Statutes, section
115.04, or other law, upon presentation of credentials.

C. Nothing in this subpart limits the commissioner’s
or agency’s authority underMinnesota Statutes, section .115.04

,

or other law.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834

Current as off 21/02/00.
7020. 0300 DEFINITIONS.

Subpart 1. Scope. All terms employed in this chapter for
which definitions are given in Minnesota Statutes, sections
115.01 and 116.06, have the meanings given in those sections.
For the purposes of this chapter, the terms specified in this
part have the meanings ascribed to them.

Subp. 1a. Aboveground manure storage area. “Aboveground
manure storage area ‘‘ means a manure storage area for which all
portions of the liner are located ‘at or above the elevation of
the natural ground level.

Subp. 2. Agency. “Agency” means the Minnesota Pollution
Control Agency as established in Minnesota Statutes, chapter 116.

Subp. 3. Animal feedlot. “Animal feedlot” means a lot or
building or combination of, lots and buildings intended-for the
confined feeding, breeding, raising, or holding of animals and
specifically designed as a confinement area in which manure may
accumulate, or where the concentration of animals is such that a
vegetative cover cannot be maintained within the enclosure. For
purposes of these parts, open lots used for the feeding and
rearing of poultry (poultry ranges) shall be considered to be
animal feedlots. Pastures shall not be considered -animal
feedlots under these parts.

Subp 4. Animal manure or manure. ~~Animal manure” or
“manure” means poultry, livestock, or other animal excreta or a
mixture of excreta with feed, bedding, precipitation, or other
materials.

Subp. 5. Animal unit. “Animal unit” means a unit of
measure used to compare differences in the production of animal
manure that employs as a standard the amount of manure produced
on .a regular basis by a slaughter steer or heifer for an animal
feedlot or a manure storage area, calculated by multiplying the
number of animals of each type in items A to I by the respective
multiplication factor and summing the resulting values for the

http ://www.revisor.leg.state.mn.us/cgi-bin/getrulechap.pl 4/16/2001
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total number of animal units. For purposes of this chapter, the
following multiplication factors shall apply:

A. dairy cattle:

(1) one mature cow (whether milked or dry);

(a) over 1,000 pounds, 1.4 animal unit; or

(b) under 1,000 pounds, 1.0 animal unit;

(2) one heifer, 0.7 animal unit; and

(3) one calf, 0.2 animal unit;

B. beef cattle:

(1) oneslaughter steer or stock cow, 1.0 animal
unit;

(2) one feeder cattle (stocker or backgrounding)
orheifer, 0.7 animal unit;

(3) one cow and calf pair, 1.2 animal unit; and

(4) one calf, 0.2 animal unit;

C. one head of swine:

(1) over 300 pounds, 0.4 animal unit;

(2) between 55 pounds and 300 pounds, 0.3 animal

unit; and

(3) under 55 pounds, 0.05 animal unit;

D. one horse, 1.0 animal unit;

E. one sheep or lamb, 0.1 animal unit;

F. chickens:

(1) one laying hen or broiler, if the facility
has a liquid manure system, 0.033 animal unit; or

(2) one chicken if the facility has a dry manure
system:

(a) over five pounds, 0.005 animal unit; or

(b) under five pounds, 0.003 animal unit;

G. one turkey:

(1) over five pounds, 0.018 animal unit; or

(2) under five pounds, 0.005 animal unit;

H. one duck, 0.01 animal unit; and

I. for animals notlisted in items A to H, the number
of animal units is the average weight of the animal in pounds
divided by 1,000 pounds.

httn://www.revisor. 1eQ.statemn.us/c~i-hin/~etru1echann1 4/16/2001
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Subp. Sa. Concentrated animal feeding operation or CAFO.

“Concentrated animal feeding operation” or “CAFO” means animal
feedlots meeting the definition of a CAFO in Code of Federal
Regulations, title 40, section 122.23

.

Subp.. 6. Certificate of compliance. “Certificate of
compliance” means a letter from the commissioner or the county
feediot pollution control officer to the owner of an animal
feedlot or manure storage area stating that the feedlot or
manure storage area meets agency requirements.

Subp. Ga. Commencementof construction. “Commencement of
construction” means to begin or cause to begin, as part of a
continuous program, the placement, assembly, or installation of.
facilities or equipment; or to conduct significant site
preparation work, including clearing, excavation, •or removal of
existin.g buildings, structures, or facilities, necessary for the
placement, assembly, or installation of facilities or equipment
at:

A. a new or expanded animal feedlot; or

B. a new, modified, or expanded manure storage area.

Subp. 7. ~Repealed, 25 SR 8341

Subp. 7a. Commissioner. “Commissioner” means the
commissioner of the Minnesota Pollution Control Agency whose
duties are defined in Minnesota Statutes, section 116.03

.

Subp. 7b. Composite liner. “Composite liner” means a
manure storage area liner which is designed to achieve a
theoretical seepage rate of 1/560 inch per day or less and
consists ofa geomembrane liner, geosynthetic clay liner, or
other comparable material, laid over a constructed cohesive soil
liner having a thickness of two feet or greater.

Subp. 7c. Compost. “Compost” means a humus-like product
derived from the controlled microbial degradation of organic
material. . Only manure that has completed the composting
processes described in part 7020.2150, subpart 2, is compost.

Subp. 8. Corrective or protective measure. “Corrective •or
protective measure” means a practice, structure, condition, or
combination thereof which prevents or reduces the discharge of
pollutants from an animal feedlot or manure storage area to a
level in conformity with agency rules.

Subp. 8a. Construction short-form permit. “Construction
short—form permit” means a permit issued for an aniiaal feedlot
or manure storage area according to part.s 7020.0505 and
7020.0535

.

Subp. 9. County feed.lot pollution control officer.
“County feedlot pollution control officer” means an employee or
officer of a delegated county who is knowledgeable in
agriculture and who is designated by the county board to perform
the duties under part 7020.1600

.

Subp. 9a. Delegated county. “Delegated county” means a
county that has applied for and received authorization pursuant
to part 7020.1600, subpart 3a, item C, to implement an animal
feedlot program.

http://www.revisor.leg.state .mn.us/cgi-bin/getrulechap.pl 4/16/2001
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Subp. 9b. Design engineer. “Design engineer” means a
professional engineer licensed in the state of Minnesota or a
Natural Resources Conservation Service (NRCS) staff person
having NRCS approval authority for the project.

Subp. 9c. Discharge. “Discharge” means the addition of a
pollutant to waters of the state, including a release of animal
manure, manure-contaminated runoff or process wastewater from an
animal feedlot, a manure storage area, or an animal manure land
application site by leaking, pumping, pouring, emitting,
emptying, dumping, escaping, seeping, leaching, or any other
means. Discharge includes both point source and nonpoint source
discharges.

Subp. 10. £Repealed by amendment, L 1987 c 186 s 15)

Subp.. 11. Domestic fertilizer. “Domestic fertilizer”
means:

A. animal manure that is put on or injected into the
soil to improve the quality or quantity of plant growth; or

B. animal manure that is used as compost, soil
conditioners, or specialized plant beds.

Subp. ha. ~xpansion or expanded. “Expansion” or
expanded” means construction or any activity that has resulted

or may result in an increase in the number of animal units that
an animal feedlot is capable of holding or an increase in
storage capacity of a manure storage area.

Subp. 12. Floodplain. “Floodplain” means the areas
adjoining a watercourse which have been or hereafter may be
covered by ~ large flood known to have occurred generally in
Minnesota and reasonably characteristic of what can be expected
to occur on an average frequency in the magnitude of the 100
year recurrence interval.

Subp. 12a. Flow distance. “Flow distance” means the
distance runoff travels from the source of the runoff to waters
of the state.

Subp. 13. Interim permit. “Interim permit” means a permit
issued by the commissioner or the county feedlot pollution
control officer in accordance with parts 70.20.0505 and 7020.0535

.

Subp. 13a. Intermittent streams. “Intermittent streams”
means all water courses identified as intermittent streams on
United States Geological Survey quadrangle maps.

Subp. 13b. Manure-contaminated runoff.
“Manure-contaminated runoff” means a liquid that has come into
contact with animal manure and drains over land from any animal
feedlot, manure storage area, or animal manure land application
site.

Subp. 14. Manure storage area. “Manure storage area”
means an area where animal manure or process wastewaters are
stored or processed. Short—term and permanent stockpile sites
and composti~g sites are manure storage areas. Animal manure
packs or mounding within the animal holding area of an animal
feedlot that are managed according to part 7020.2000, subpart 3,
are not manure storage areas.

All vI)f~fll



MinnesotaRules, Chapter 7020. Page7 of 53

Subp. 15. New animal feedlot. “New animal feedlot” means
an animal feedlot or manure storage area:

A. constructed, established, or operated at a site
where no animal feedlot or manure storage area existed
previous ly; or

B. that existed previously and has been unused for
five years or more.

Subp. 15a. New technology. “New technology” means an
alternative construction or operating method to those provided
in parts 7020.2000 to 7020.2225. New technology construction or
operating methods must achieve equivalent environmental results
to the requirements in parts 7020.2000 to 7020.2225

.

Subp. 16. National Pollutant Discharge Elimination System
permit or NPDES permit. “National Pollutant Discharge
Elimination System permit” or “NPDES permit” means a permit
issued by the agency for the purpo~e of regulating the discharge
of pollutants from point sources including concentrated animal
feeding operations (CAFOs).

Subp. 17. Owner. “Owner” means all persons having
possession, control, or title to an animal feedlot or manure
storage area.

Subp. 18. Pastures. ~‘Pastures” means areas where grass or
other growing plants are used for grazing and where the
concentration of animals is such that a vegetation cover is
maintained during the growing season except in the immediate
vicinity of temporary supplemental feeding or watering devices.

Subp. 18k. Permanent stockpiling site. “Permanent
stockpiling site” means a manure storage area where manure is
stored or processed that does not meet the requirements of part
7020.2125, subpart 2.

Subp. 19. Permit. “Permit” means a document issued by the
agency or county animal feedlot pollution control officer which
may contain requirements, conditions, or schedules for achieving
compliance with the discharge standards and requirements for
management of animal manure construction or operation of animal
holding .areas or manure storage areas. Permits issued under
this chapter are NPDES, state disposal system,. interim, and
construction short—form permits.

Subp. 19a. Pollution hazard. “Pollution hazard” means an
animal feedlot or. manure storage area that:

A. does not comply with the requirements of parts
7020.2000 to 7020.2225 and has not been issued an SDS or NPDES
permit establishing an alternative construction or operating
method; or

B. presents a potential or immediate source of
pollution to waters of the state as determined by inspection by
a county feedlot pollution control officer or agency staff
taking into consideration the following:

(1) the size of the animal feedlot or manure
storage area;

(2) thd amount of pollutants reaching or that may

http://www.revisor.Ieg.state.nm.us/cgi-binlgetrulechap.pl 4/16/2001
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reach waters of the state;

(3) the location of the animal feedlot or manure
storage area relative to waters of the state;

(4) the means of conveyance of animal manure or
process wastewater into waters of the state; and

(5) the slope, vegetation, rainfall, and other
factors affecting the likelihood or frequency of discharge of
animal manure or process wastewater into waters of the state.

Subp. 19b. Process wastewaters. “Process wastewaters “

means waters and/or precipitation, including rain or snow, which
comes into contact with manure, litter, bedding, or other raw
material or intermediate or final material or product used in or
resulting from the production of animals, poultry, or direct
products, such as milk or eggs.

Subp. 20. ~Repealed, 25 SR 834]

Subp. 20a. Separation distance tobed.rock. “Separation
distance to bedrock” means the distance between stored manure
and fractured bedrock.

Subp. 21. Shoreland. “Shoreland” means land, as defined
in Minnesota Statutes, section 103F.205, subdivision 4, located
within the following distances from the ordinary high water
elevation of public waters:

A. land within 1,000 feet from the normal high water
mark of a lake, pond, or flowage; and

B. latid within 300 feet of a river or stream or the
landward side of floodplain delin&ated by ordinance on such a
river or stream, whichever is greater.

Subp. 21a. Short-term stockpiling site. “Short-term

stockpiling site” means a manurestorage area where manure is
stored or processed according to part 7020.2125, subparts 1 to 3.

Subp. 22. Sinkhole. “Sinkhole” means a surface depression
caused by a collapse of soil or overlying formation above
fractured or cavernous bedrock.

Subp. 23. Special protection area. “Special protection
area” means land within 300 feet of all:

A. protected waters and protected wetlands as
identified on Department of Natural Resources protected waters
and wetlands maps; and

B. intermittent streams and ditches identified on
United States Geological Survey quadrangle maps, excluding
drainage ditches with berms.and segments of intermittent streams
which are grassed waterways.

Subp. 24. State disposal system permit or SDS permit.
“State disposal system permit” or “SDS permit” means a state
permit that may be processed in accordance with parts 7001.0040

;

7001.0050; 7001.0100, subparts 4 and 5; and 7001.0110

.

Subp. 25. Unpermitted or noncertified liquid manure
storage area. “Unpermitted or noncertified liquid manure

http://www.revisor.leg.state.mn.us/c~i-bin/getrulechaijxl 4/16/2001
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storage area ‘‘ means a liquid manure storage area that is in
operation and:

A. the owner does not have an agency or delegated
county permit, or certificate of compliance for the manure
storage area and was required to apply for and obtain a permit
or certificate of compliance prior to the construction or
operation of the manure storage area; or

B. the owner has not complied with the preoperational
requirements of part 7020.2100 or. permit requirements, if
applicable.

Subp. 26. Waters of the state. “Waters of the state”
means all streams, lakes, ponds, marshes, watercourses,
waterways, wells, springs, reservoirs, aquifers, irrigation
systems, drainage systems, and all other bodies or accumulations
of water, surface or underground, natural or artificial, public
or private, which are contained within, flow through, or border
upon the state or any portions of the state.

STAT AUTH: MS 5 115.03; 116.07; 122.23

51ST: L 1987 c 186 s 15; 25 SR 834

Current as of .22/02/00

7020.0350 REGISTRATION REQUIRE~NTSFOR ANIMAL FEEDLOTS AND

MANURE STORAGE AREAS.

Subpart 1. Registration data. After January 1, 2002, the
agency and all delegated counties shall maintain registration
data for animal feedlots and manure storage areas. The
registration data must include the information required in a
Level II fe~dlot inventory as described in the Feedlot Inventory
Guidebook and must contain the following:

A. date the registration form was completed;

B. name and address of all owners of the animal
feedlot, manure storage area, or pasture;

C. facility location according to township, county,
section, and quarter section;

D. permit or certificate number for owners who have
been issued an agency or delegated county feedlot permit or
certificate of compliance;

E. types of animal holding areas including pastures,
confinement barns, and open lots;

F. numbe’r and types of animals in the areas listed in
item E;

G. identity of surface waters within 1,000 feet of

the facility;

H. presence and type of manure storage areas;

I. shortest distance from an animal holding area or

manure storage area to a well; and

J. the name of the person that completed the
registration form.

http://www.revisor.leg.state.mn.us/cgi-biri/getrulechap.pl 4/16/2001
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Subp. 2. Owners required to register.

A. Owners of the following facilities are required to
register with the commissioner or delegated county, except as
provided in item B:

(1) an animal feedlot capable of holding 50 or
more animal units, or a manure storage area capable of holding.
the manure produced by 50 or more animal units; and

(2) an animal feedlot capable of holding ten or
more and fewer than 50 animal units, or a manure storage area
capable of holding the manure produced by ten or more and fewer
than 50. animal units, that is located within shoreland.

B. An owner of a livestock facility located on county
fairgrounds is not required to register, in accordance with Laws
2000, chapter 435, section 10, paragraph (c), clause (6).

Subp. 3.. Initial registration schedule and requirements.
Owners required to register under subpart 2 shall comply with at
least one of the following by January 1, 2Q02:

A. the owner shall submit the information in subpart
1, on a form provided by the commissioner, to the commissioner
or delegated county feedlot pollution control officer;

B. the owner shall submit a permit application to the
commissioner or delegated county after October 23, 2000; or

C. the owner shall be listed on a feedlot inventory
that:

(1) is a Level II or Level III invei~tory as
described in the Feedlot Inventory Guidebook that contains the
information under subpart 1, items A and E to J;

(2) is current as of October 1, 1997;

(3) contains the information required under
subpart 1, items B to D; and

(4) has been submitted to the commissioner.

Subp. 4. Registration requirements after January 1, 2002.
Owners of animal feedlots and manure storage areas who are
required to register under subpart 2 shall comply with items A
and B, as. applicable.

A. Owners of facilities not in operation prior to
January 1, 2002, shall register with the commissioner or
delegated county prior to or upon commencement of operation.
Owners shall comply with at least one of the following:

(1) the owner shall submit the information in
subpart 1, on a form provided by the commissioner; or

(2) the owner shall submit a permit application
to the commissioner or delegated county.

B. Owners shall update their registrations prior to
the registration update deadlines which shall be established by
adding four-year increments to the initial registration deadline

httD://www.revisor.1e2.state.mn.us/c2i-bin/~etrulechao.D1. 4/16/2001
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of January 1, 2002. Owners shall register at least once during
each of the four-year registration update intervals by meeting
one of the following:

(1) the owner shall comply with item A, subitem
(1) or (2); or

(2) the owner shall be listed on a feedlot
inventory that:

(a) is a Level II or Level III inventory as
described in the Feedlot Inventory Guidebook that contains the
information under subpart 1, items A and B to J;

(b). has been updated within the applicable
four-year registration ‘interval;

(c) contains the information required under
subpart 1, items B to D and K; and

(d) in its updated form has been submitted
to the commissioner, including the information in unit (c).

Subp. 5. Notification. The agency or delegated county
shall:

A. notify owners at least 90 days prior to the
scheduled registration update deadlines about reregistration;
and

B. send a receipt of registration to owners within 30
days of receipt of the registration by the agency or the
delegated county.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 11/01/00

7020.0355 PERMITS AND CERTIFICATES ISSUED PRIOR TO OCTOBER 23,
2000.

Subpart 1. SW—Apermits. All owners with SW-A permits
shall comply with the permitting requirements in parts 7020.0355
to 7020.0535. Upon application for a permit under parts
7020.0405 to 7020.0535, the SW—Apermit must be reconsidered
pursuant to this chapter and chapter 7001. Any SW—Apermit
terms and conditions that are inconsistent with the requirements
of parts 7020.2000 to7020.2225 are superseded as of October 23,
2000.

Subp. 2. Certificates of compliance. All owners with
certificates of compliance shall comply with the permitting
requirements in parts 7020.0355 to 7020.0535

.

Subp. 3. Interim A and interim B permits. An owner with
an Interim A orInterim B permit that has not expired on October.
23, 2000, shall comply with items A and B.

A. If the requirements for which an Interim A permit
was issued are not complete on October 23, 2000, the owner shall
apply, prior to the expiration date of the Interim A permit, for
a construction short—form, SOS, or NPDES permit as required
under part 7020.0405

.

http://www.revisor.leg.state.mn.us/cgi-bin/getrulechap.pi 4/16/2001
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B. If the requirements for which an Interim B permit
was issued are not complete on the expiration date of the
Interim B permit, the owner shall comply with part 7020.0535

,

subpart 5, except that the owner shall complete the notification
• requirement prior to the expiration date of the Interim B permit.

Subp. 4. NPDES and SDS permits. NPDES and SDS permits
issued prior to October 23, 2000, remain in effect to the extent
provided by the issued permit terms and conditions.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834

* NOTE: This part was originally adopted at 25 SR 834 as
~7020.0400. It was renumbered editorially.
Current as off 11/01/00

7020.0405 PERMIT REQUIRE~dENTS.

Subpart 1. Permit required. Four types of permits are
issued under this chapter and chapter 7001:. interim permits,
construction short-form permits, SOS permits, and NPDES
permits. The owner shall apply for a permit as follows:

A. an NPDES permit for the construction and operation
of an animal feedlot that meets the criteria for CAFO;

B. unless required to apply for a permit under item
A, an SOS permit under the following conditions:

(1) the construction and operation of an animal
feedlot or ihanure storage area that has been demonstrated not to
meet the criteria for CAFO and is capable of holding 1,000 or
more animal units or the manure produced by 1,000 or more animal
units;

(2) the facility does not comply with all
applicable requirements of parts 7020.2000 to 1020.2225 and the
pollution hazard cannot be, or has not been, corrected under the
conditions in part 7020.0535 applicable to interim permits;

(3) the owner is proposing to construct or
operate a new technology. An SOS permit is required for new
technology operational methods while these operational methods
are employed; or

(4) the facility is one for which conditions or
requirements other than those in parts 7020.2000 to 7020.2225
were assumed:

(a) as a mitigation measure in an
environmental impact statement; or

(b) in obtaining a negative declaration in
an environmental assessment worksheet;

C. unless required to obtain a permit under items A
and B, an interim permit for:

(1) facilities identified as a pollution hazard;
or

hrtD://www.revisor.1e~.state.mn.us/c2i-binI2etrulechan.nl 4/16/2001
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(2) an animal feedlot or a manure storage area
with a capacity of 300 or more animal units prior to applying
manure or process wastewater:

Ca) on land where the soil phosphorus test
levels exce~d the levels in part 7020.2225, subpart 3, item C;

(b) on land in spe~ial protection areas with
slopes exceeding six percent; or

(c) in a drinking water supply management
area where the aquifer is designated vulnerable under chapter
4720; or

D. unless required to obtain a permit under items A
to C, a construction short.- form permit for an animal feedlot •or
manure storage area proposing to construct or expand to a
capacity of 300 animal units or more, or the manure produced by
300 animal units or more. However, if a facility is determined
to be a pollution hazard and the owner is proposing to expand to
a capacity of 300 animal units or more, or the manure produced
by 300 animal units or more, the owner shall apply for an
interim permit under item C.

•Subp. 2. Expansion and stocking limitations. Prior to
expansion, an owner required to apply for a construction or
operating permit under subpart 1 shall have obtained the permit,
or permit modification, as applicable. An owner issued an
interim permit that authorizes construction for an expansion
shall not stock the expansion prior to the•fulfillment of all
permit conditions related to the correction of the pollution
hazard for which the interim permit was issued.

Subp. 32 No permit required. The owner of an animal
feedlot or manure storage area is not required to apply for a
permit for:

A. a feedlot or manure storage area that meets the
requirements of part 7020.2003, subparts 4 to 6;

B. a short—term stockpile or compost •site if the
owner is not an owner of an anii~tal feedlot or manure storage
area other than a short—term stockpile or composting site;

C. a livestock facility located on county
fairgrounds; or

D. a change in an existing facility that consists
solely of a change in ownership of the building, grounds, or
feedlot.

Subp. 4. Change of ownership. Prior to the change in the
ownership or control of an animal feedlot or manure storage area
issued a permit under this chapter, the new owner shall submit
to the commissioner or county feedlot pollution control officer
the information required in item A or B, as applicable. If the
commissioner or county feedlot pollution control officer
determines that the new owner meets the requirements for
obtaining the permit, then the commissioner or the count.y
feedlot pollution control officer shallissue the permit to the
new owner. The new owner ~hall submit:

A. a request for permit modification according to
part 7001.0190 for facilities covered under an SDS or NPOES

htt~://www.revisor.leg.state.znn.us/c~i-binI~etrulechao.ol 4/16/2001
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permit; or

B. a change of ownership form provided by the
commissioner.

STAT AUTH: MS 5 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 22/02/00

7020.0500 fRepealed, 25 SR 834)
Current as of 22/02/00

7020.0505 PER~VIIT APPLICATIONS AND PROCESSINGPROCEDURES.

Subpart 1. Submittals. Permit applications must be
submitted according to items A and B. An application is
complete when all applicable information in subpart 4 and
application fees under parts 7002.0250 and 7002.0310 have been
received by the commissioner or the county feedlot pollution
control officer, as appropriate. Incomplete permit applications
must not be processed by the commissioner or delegated county
feedlot pollution control officer.

A. NPDES and SDS permit applications must be
submitted to the agency in accordance with this part and chapter
7001, with a copy submitted to the delegated county.

B. Interim permit and construction short-form permit
applications must be submitted to the agency or delegated county
in accordance with this part and part 7020.0535

.

Subp. 2. Permit application submittal schedule. An owner
of an anima~. feedlot or a manure storage area required to apply
for a permit under part 7020.0405, subpart 1, shall apply in
accordance with the following schedule:

A. the following facilities that are in existence on
or before October 23, 2000, must submit a permit application by
June 1, .2001:

(1) a CAFO; and

(2) an animal feedlot capable of holding 1,000
animal units or more or a manure storage area capable of hold,ing
the manure produced by 1,000 animal units or more for which the
owner has demonstrated that the facility does not meet the CAFO
criteria;

B. a CAFO as determined through the case-by-case
determination process under Code of Federal Regulations, title
40, section 122.23(c), shall submit a permit application by the
submittal deadline established by the commissioner’s written
request. The owner has at least 30 days to submit the permit
application;

C. an animal feedlot or a manure storage area that is
new or expands after October 23, 2000, and required to apply for
an SDS or NPDES permit, shall submit a permit application at
least 180 days prior to the planned date of commencemen’t of
construction or expansion;

D. an animal feedlot or a manure storage area that is
new or expanding after October 23, 2000, and is required to

httn://www.revisor.le~.state.mn.us/c~zi-bin/~etrulechap.Dl 4/16/2001
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apply for a construction short-form permit, shall submit a
permit application at least 90 days prior to the planned date of
commencement of construction or expansion; and

E. a facility determined to be a pollution hazard
shall submit a permit application by the submittal deadline
established by the commissioner or the county feedlot pollution
control officer’s written request. The owner has at least 15
days to submit the permit application.

Subp. 3. Permit application format. A permit application
for an NPDES, SDS, interim, or construction short-form permit
must be on a form provided by the commissioner or the county
feedlot pollution control officer.

Subp. 4. Content of permit application.

A. An application for a permit must contain the
following:

(1) the names and addresses of the owners and the
signature of at least one of the owners;

(2) the legal name and business address of the
facility, if different than the ow~ier;

(3) the location of the facility by county,
township, section, and quarter section;

(4) a list of all animal types, and the maxim-um
number of animals of each animal type that can be confined
within each lot, building, or area at the animal feedlot;

(5) A list of all existing and proposed manure
storage areas, including plans and specifications as required in
part 7020.2100 for proposed liquid manure storage areas and part
7020.2125 for permanent stockpile sites;

(6) the total number of ani~ttal units the
facilities listed in subitems (4) and (5) will be capable of
holding after completing construction or expansion;

(7) the soil type or texture and depth to
saturated soils at the facility as identified in the USDA Soil
Survey Manual or a site-specific soils investigation. If
applicable, submittal •of the soil~ investigation information
required in parts 7020.2100 to 2Q..±222~.meets this requirement;

(8) an aerial photograph showing the location of
all wells, buildings, surface tile intakes, lakes, rivers, and
watercourses within 1,000 feet of the proposed facility;

(9) the number of acres available for land
application of manure;

(10) if applying for an SD$ or NPDES permit or
interim •permit under part 7020.0405, subpart 1, item C, subitem
(2), a manure management plan that meets the requirements under
part 7020.2225, subpart 4;

(11) if applicable, a description of all
conditions that make the facility a pollution hazard and a
description of the corrective and protective measures proposed
to correct the pollution hazard;

http://www.revisor.leg.state.mn.us/cgi-binlgetrulechap.pl 4/16/2001
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(12) if applying for an NPDES permit, a
supplemental federal application form.

B. In addition to the requirements of item A, a
permit application for an animal feedlot capable of holding
1,000 animal units or more or a manure storage area capable of
holding the manure produced by 1,000 animal units or more must
contain:

(1) an air emission plan that includes:

(a) methods and practices that will be used
to minimize air emissions resulting from animal feedlot or
manure storage area operations including manure storage area
start-up practices, loading, and manure removal;

(b) measures to be used to mitigate air
emissionsin the event of an exceedanceof the state ambient
hydrogen sulfide standard; and

(c) a complaint response protocol describing
the procedures the owner will use to respond to complaints
directed at the facility, including:.

1. a list of each potential odor
source at the facility;

~. a determination of the odor
sources most likely to generate significant amounts of odors;
and

iii. a list of anticipated odor
control strategies for addressing each of the significant odor
sources; and

(2) an emergency response plan that includes a
description of the procedures that will:

Ca) contain, minimize, and manage an
unauthorized discharge;•

(b) provide notification to the proper
authorities; and

Cc) mitigate any adverse effects of an
unauthorized discharge.

C. In addition to the requirements of items A and B,
an owner proposing to construct or expand an animal feedlot or a
manure storage area shall also submit, on a form provided by the
commissioner, certification and documentation that the owner has
notified the local zoning authority, as required under part
7020.2000, subpart 5, of the proposed new or expanded animal
feedlot or manure storage area, or that no such local zoning
controls exist.

0. In addition to the requirements of items A to C,
an owner proposing to construct or expand an animal feedlot with
the capacity of 500 animal units or more or a manure storage
area with the capacity to hold the manure produced by 500 animal
units or more shall also certify and document, on forms provided
by the commissioner, that the notification requirements under
part 7020.2000, subpart 4, have been met.

http://www.revisor.leg.state.mn.us/cgi-bin/getrulechap.pl 4/16/2001
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E. The owner of an animal feedlot or a manure storage
area shall submit additional information relating to the
facility design, construction, or operation as requested by the
commissioner or county feedlot pollutioncontrol officer to
evaluate compliance with applicable federal and state rules.

Subp. 5. Application processing. Permit applications must
be processed according to items A to C.

A. NPDES and SDS permits must be processedaccording
to the procedures under this part and part 7001.0020, item F.

B. The agency and delegated county shall issue,
reissue, revoke and reissue, o~ modify a permit according to
part 7001.0140 and other applicable agency rules.

C. Construction short-form and interim permit.
applications must be processed in accordancewith parts
7020.0505 and 7020.0535. County feedlot pollution control
officers shall also process permit applications according to
part 7020.1600, subpart 4a.

Subp. 6. Application for variance. Any person may apply
for a variance from any requirement of parts 7020.2000 to
7020.2225 in o.rder to avoid undue hardship. A variance must be
applied for and acted upon by the agency according to Minnesota
Statutes, section 116.07, subdivision 5, and other applicable
statutes and rules.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 11/01/00

7020.0535 CONSTRUCTION SHORT-FORM A~4D INTERIM PERMITS.

Subpart 1. Applicability. This part applies to owners who
apply for construction short-form and interim permits required
under part 7020.0405

.

Subp. 2. Permit applications submitted. priori to October
23, 2000. If an owner has submitted a complete permit
application for construction of an animal feedlot or a manure
storage area prior to October 23, 2000, and is~ eligible for a
construction short—form permit, the owner may request to have
the original application voided, returned, or, upon-receipt of a
construction short—form permit application by the commissioner
or county feedlot pollution control officer, to have the
original application submittals incorporated into the
construction short—form permit application. Complete
construction short-form permit applications submitted under this
subpart must be considered received by the commissioner or
county feedlot pollution control officer on the date the
original completed permit application for an agency permit was
received.

Subp. 3. Delegated county procedures for denial and
revocation.

A. In the case of a denial of a permit application by
the county feedlot pollution control officer, the applicant must
be informed in writing by the county of the reasons for denial
and must be informed of appeal procedures under chapter 7001.
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The applicant shall retain all rights of fundamental fairness
afforded by law and the applicant may make an appeal to the
agency to review the county’s action. The denial by a county
shall be without prejudice to the applicant’s right to an
appearance before ~the agency to request a public hearing or to
file a further application after revisions are made to meet
objections specified as reasons for denial.

B. In order for a delegated county to revoke a
permit, a copy of the permit together with a written
justification for revocation must be submitted to the
commissioner for review. The commissioner shall, after receipt
of the justification for revocation from the county, review the
matter within 60 days to determine compliance with applicable
agency rules. The county must receive written approval of the
permit revocation from the commissioner before taking action.
If a revocation has been approved by the commissioner, the
applicant must be informed in writing by the county of the
reasons for revocation and the applicant shall retain all rights
of appeal afforded under chapter 7001. Revocation without
reissuance of the permit must follow the requirements under part
7001.0180

.

Subp. 4. No circumvention. An owner who obtains a
construction short-form or interim permit is subject to
enforcement action for construction or operation without a
permit if the commissioner or county feedlot pollution control
officer later determines that the animal feedlot or a manure
storage area does not qualify for the construction short-form or
interim permit that was issued and that the owner is required to
apply for and obtain an SOS or NPDES.permit.

Subp. 5. Duration of oonstruction short-form and interim
permits. All construction short—form and interim permits expire
within 24 months of the date of issuance. If the work for which
a construction short-form permit was issued is not complete upon
expiration of the permit, the expiration date of the permit may
be extendedby no more than 24 months if the owner complies with
items A and B. If the pollution hazard for which an interim
permit was issued is not corrected upon expiration of the
permit, the expiration date may be extended by no more than 90
days if:

A. the facility is currently eligible for the same
permit; and

B. the owner notifies the commissioner or county
feedlot pollution control officer at least 90 days prior to the
expiration of the permit. The notification shall include:

(1) the name of the owner, and the name of the
facility if different from the owner;

(2) the permit number;

(3) the reason the work may not be completed

prior to expiration of the permit;

(4) the estimated amount of time required to

complete the work; and

(5) if the animal feedlot under construction or
expansion will be capable of holding 500 animal units or more,
or the manure storage area under construction or expansion will
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be capable of holding the manure produced by 500 animal units or
more when completed, the notification requirements under part
7020.2000, subpart 4, on a form provided by the commissioner,
submitted to the commissioner or delegated county feedlot
pollution control officer. In addition to the information
requiredunder part 7020.2000, subpart 4, the notification must
include the date on which the original permit was issuedand the
new proposedcompletion date.

Subp. 6. Construction short-form permit content. A
construction short-form permit issued by the commissioner or
county feedlot pollution control officer must state: “The
permittee shall comply with Minnesota Rules, parts 70.20.2000 to
7020.2225, and all applicable requirements.” The permit must
also identify at least the following information:

A. the permit number;

B. the owners’ namesandaddresses;

C. the legal name of the animal feedlot, or manure
storage area if different from that of the owner;

0. the location of the facility by county., township,
section, and quarter section;

E. the existing and proposed animal types and types
of animal holding areas;

F. the maximum number of animal units authorized at
the facility after construction or expansion is complete; and

G. the types of existing and proposed manure storage
areas. .Design.plans and specifications for proposed manure
storage areas shall be incorporated by reference into the permit.

The general conditions in paft 7001.0150, excluding subpart’
3, item 2, must be incorporated by reference in all construction
short-form permits.

Subp. 7. Interim permit content. An interim permit issued
by the’ commissioner or county feedlot pollution control officer
must include at least the information in subpart 6 and the
following:

A. the corrective and protective measures required to
bring the facility into compliance with parts 7020.2000 to
7020.2225

;

B. the schedule under which the corrective and
protective measures must be completed; and

C. additional requirements related to the specific
site or, operation as determined necessary to ensure compliance
with applicable rules and requirements.

Subp. 8. Expansion stocking limitations. An owner issued
an interim permit that authorizes construction for an expansion
shall not stock the expansion prior to the fulfillment of all
permit conditions related to the correction of the pollution
hazard for which the interim permit was issued.

STAT AtJTH: MS 5 115.03; 116.07; 122.23
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HIST: 25 SR 834
Current as off 11/01/00

7020.0600 (Repealed, 25 SR 834)
Current as off 11/01/00

7020.0700 (Repealed, 25 SR 834]
Current as off 11/01/00

7020.0800 (Repealed, 25 SR 834)
Current as off 11/01/00

7020.0900 (Repealed, 25 SR 834]
Current as off 21/01/00

7020.1500 SCOPE.

Any Minnesota county board may, by resolution, assume
responsibility for processing applications for animal feedlot
permits as authorized by Minnesota 5~atutes, section 116.07

,

subdivision 7. The provisions of parts 7020.1500 to 7020.1900
shall govern the exercise of approval and supervising authority
by the agency with respect to the processing of animal feedlot
permit applications by a county.

STAT AUTH: MS s 116.07 subd 7

Current as off 11/01/00

7020.1600 AUTHORITIES AND REQUIPE~NTS FOR DELEGATEDCOUNTIES.

Subpart 1. Scope. A county delegation process consists of
the following:

A. the county board resolution;

B. commissioner authorization;

C. a delegation agreement signed by the county board
and commissioner;

0. periodic review of the delegation agreement; and

E. when applicable, withdrawal from the program by
the county board or revocation of authorization to administer
the program by the commissioner.

Subp. 2. County feedlot pollution control officer
requirements. A delegated county animal feedlot program shall
require the county feedlot pollution control officer to:

A. administer animal feedlots and manure storage
areas registration programs according to part 7020.0350

;

B. locate and register all animal feedlots and manure
storage areas that remain unregistered by the date required
under part 7020.0350

;

C. distribute permit application and registration
forms to owners required to make application for a permit.
Permit application forms must contain the information required
in part 7020.0505, subpart 3;

0. review permit applications and issue construction
short—form and interim permits in accordance with part
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7020.0535.~ and in the approved delegation agreement;

E. inspect all animal feedlots and manure storage
areas in accordance with the approved delegation’ agreement;

F. review and process complaints;

G. provide assistance to owners in completing permit
applications;

H. maintain a record of all correspondence and
material relating to permit applications, inspections, and
complaints;

I. maintain a record of all notifications received
from livestock production facility operators claiming the
hydrogen sulfide ambient air quality standard exemption,
including the. days the exemption was claimed and the cumulative
days used, as provided in MinnesotaStatutes, section 116.0713

,

paragraphs (b) and (c);

J. submit an annual report to the commissioner by
April 1 of each year, in a format requested by the commissioner,
that includes the following:

(1) all newly acquired and updated registration
information required under part 7020.0350

;

(2) inspection summary information from the
previous year;

(3) permitting summary information from the
previous year, including information regarding permits for
facilities with fewer than 1,000 animal units that are CAFOs
under Code of Federal Regulations, title 40, part 122, appendix

(4) complaint and complaint response summary
information from the previous ‘year;

(5) outreach and education summary information
from the previous year; and.

(6) summary of the progress toward achieving the
goals identified in the approved delegation agreementand, if
applicable, proposed adjustments to the goals or plans to meet
the goals in the approved delegation agreement;

K. complete the, required county feedlot pollution
control officer training necessary to perform the duties
described under this part assigned to the county feedlot
pollution control officer; and

L. forward to the commissioner all permit
applications, inspection reports, and all other applicable
documents for the facilities identified in subpart 4, item B.

Subp. 3. CRepealed, 25 SR 834)

Subp. 3a. Resolutions and delegation agreements. To
assume responsibility for administering the delegated county
feedlot program under this part, a Minnesota county board shall
complete the requirements in items A to 0. Counties that have
received delegation authorization from the ‘commissioner prior to
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October 23, 2000, may administer the delegated county feedlot
program provided that the requirements of i’tem B are completed
by June 1, 2001. Delegation agreements must be reviewed and
revised by the commissioner and the county annually to determine
if the requirements of item B are being fulfilled and to
establish new goals.

A. Submit to the commissioner a resolution duly
adopted by the county board requesting permission to administer

• the animal feedlot program in the county.

B. Submit to the commissioner; for review and’
approval, a delegation agreement that contains:

(1) inspection goals for facilities capable of
holding fewer than 300 animal units or the manure produced by
fewer than 300 animal units:

(a) at existing facilities for the purposes
of identifying pollution hazards;

(b) at new and expanding facilities for
which construction activities have commenced; and

(c) for determining compliance with
discharge standards and schedules for existing open lot
facilities eligible under part 7020.2003, subparts 3 to 6;

(2) inspections conducted at facilities capable
of holding 300 to 999 animal units or the manure produced by 300
to 999 animal units for the facilities meeting the conditions
under subitem (1), units (a) and (b);

(3) permitting goals;

(4) registration goals, including locating and
registering facilities that remain unregistered after the daze
required under part 7020.0350

;

(5) scheduled compliance goals, coordinated with
county local water plans, for bringing feedlot operations into
compliance with the applicable standards under parts. 7020.2000
to 7020.2225, including the compliance dates of part 7020.2003

,

subparts 5, item B, and 6, ‘item’ A, considering the following:

(a) type and extent of the pollution hazard
at feedlot operations;

(b) availability of private and public
financial resources for cost-share grants and low—interest
loans; and

(c) availability of private and public

technical and administrative assistance;

(6) complaint response and resolution goals;

(7) owner assistance goals; and

(8) staffing levels available to achieve the
stated goals.

C. Receive written authorization from the
commissioner to administer the program identified in subpart 1.
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D. Designate a county feedlot pollution control
officer as having the priimary responsibility for the animal
feedlot permit program and charge the person with the duties in
subpart 2.

Subp. 4. CRepealdd, 25 SR 834)

Subp. 4a. Permit application processing procedures. The
processing of permit applications by a delegated county shall be
conducted according to the procedures in items A to D.

A. The county feedlot pollution control officer shall
process permit applications and issue construction short-form
and interim permits according to this part and part 7020.0535

,

except as directed in item B.

B. The county feedlot pollution control officer shall
forward to the commissiop.er for issuance all permit applications
and all other applicable documents, comments, and
recommendations for the following:

(1) all facilities that are required to apply for
a permit under part 7020.0405, subpart 1, item A or B;

(2) all facilities where all animal manure is not
used as domestic fertilizer;

(3) all facilities capable of holding 500 or more
animal units or the manure produced by 500 or more animal units
‘that are proposing liquid manure storage areas within l,000feet
of an open or filled sinkhole, a known cave, a resurgent spring,
a disappearing stream, a karst window, or a blind valley;

(4) ‘all facilities with 500 or more animal units
that are within a vulnerable drinking water supply management
area, as described on a Minnesota Department of Health approved
wellhead protection plan; and

(5) all facilities for which an application for a
variance under part 7020.0505, subpart 6, is submitted.

C. The county feedlot pollution control officer may
forward to the commissioner ‘any permit application when
technical assistance or permit issuance by the commissioner is
desired with a statement of the action desired from the agency.
The commissioner shall process all complete permit applications
forwarded by the county with a request to issue a permit, and
shall notify the county of the status of the review and of any
intended action.

D. The county feedlot pollution control officer shall
forward to the commissioner permit applications for facilities
that are eligible for the exemption under part 7020.2100

,

subpart 2, item C, for review and approval before a permit can
be issued by the county feedlot pollution control officer.

Subp. 5. [Repealed, 25 SR 834)

Subp. 6. Withdrawal by county from review process. A
delegated county no longer wishing to have delegation authority
shall submit a resolution to the commissioner stating its
reasons for withdrawal and the effective date of withdrawal.
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Subp. 7. Revocation of county review authority. If the
agency finds that a county program is not meeting the
requirements of this chapter, the agency may, after giving the
county written notice and an opportunity to respond, revoke its
approval of the county’s delegation.

STAT AtJTH: MS s 115.03; 116.07; 122.23

HIST: L 1987 c 186 s 15; 17 SR 1279; 25 SR 834

* NOTE: Subparts 3a and 4a were originally adopted at 25 SR
*834 as subparts 3 and 4. They were renumbered editorially.

Current as off 11/01/00

7020.1700PROCEDURAL RULES A±~DAPPEALS.

All requests for hearings, appeals, and other procedural
matters not specifically provided for herein shall be governed
by the agency rules of procedure, the rules of the Office of
Administrative Hearings, and other applicable statutes and rules.

STAT ATJTH: MS s 116.07 subd 7
Current as off 11/01/00

7020.1800 SEVERABILITY.

If any provision. of ‘parts 7020.1500 to 7020.1900 or the
application thereof to any person or circumstances is held to be
invalid, such invalidity shall not affect other provisions of
parts 7020.1500 to 7020.1900 or application of any other part
which can be given effect without, application of the invalid
provision. To this end theprovisions of all parts and subparts
herein and the various applications thereof are declared to be
severable.

STAT AUTH: MS s 116.07 subd 7
Current as off 11/01/00

7020.1900 VARIANCES.

Any person may apply for a variance from any requirements
of parts 7020.1500 to 7020.1900. Such variances shall be
applied for and acted upon by the agency in accordance with
Minnesota Statutes, section 116.07, subdivision 5, and other
applicable statutes and rules.

STAT AtJTH: MS 5 116.07 subd 7
Current as of 11/01/00

7020.2000 OVERVIEW.

Subpart 1. In general. An owner of an animal feedlot or a
manure storage area, and any person storing, transporting,
disposing, or utilizing animal manure, or process wastewaters,
shall comply with parts 7020.2000 to 7020.2225

.

Subp.. 2. Animal manure and wastewaters not used as
domestic fertilizer. Animal manure or process wastewaters not
used as domestic fertilizer must be treated or disposed of in
accordance with applicable rules. An owner not using manure or
process wastewaters as domestic fertilizer shall apply for a
permit according to part 7020.0405, subpart 1, item A or B.

Subp. 3. Manure packs and mound.ing. Manure accumulations
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created by manure packs or mounding must be managedsuch that a
pollution hazard is not created or maintained. Land application
must be in accordance with part 7020.2225

.

Subp. 4. Notification of proposedconstruction or
expansion. An owner of an animal feedlot or manure storage area
proposing to construct or expand an animal feedlot capable of
holding 500 or more animal units, or a manure storage area
capable of holding the manure produced by 500 or more animal
units, shall no later than ten business days after the
application is submitted to the agency or delegated county,
provide notice to each resident and each owner of real property
within 5,000 feet of the perimeter of the proposed feedlot by:

A. publishing in a newspaper of general circulation
within the affected area a notification containing the following
information:

(1) the names of the owners or the legal name of
the facility;

(2) the location of the facility by county,

township,. section, and quarter section;

(3) species of livestock and total animal units;

(4) types of confinement buildings, lots, and
areas at the animal feedlot; and

(5) the types of manure storage areas;

B. sending a written notice to them containing the
information in item A, . subitems (1) to (5), delivered by first
class mail tr in person; or

C. providing equal or greater notification required
as part of obtaining a county conditional use permit.

Subp. 5. Governmentnotifications of proposed construction
or expansion. An owner proposing to construct or expand an
animal feedlot or manure storage area shall notify the
government authorities listed in items A and B. Notifica.tion
must be on a form provided by the commissioner and include the
information in subpart 4, item A, subitems .(l)to (5).

A. The commissioner, or in a delegated county the
county feedlot pollution control officer, at least 30 days prior
to commencement of construction of a new animal feedlot or
manure storage area or an expansion of an existing animal
feedlot capable of holding fewer than 300 animalunits or a
manure storage area capable of holding the manure produced by
fewer than 300 animal units after construction. Notification
under this item is complete if the owner is proposing
construction or modification of a liquid manure storage area and
has submitted plans and specifications in accordance with part
7020.2100, subpart 4.

B. All local zoning authorities, including county,
town, and city zoning authorities, of the proposed construction
or expansion at least 30 days prior to commencementof
construction of a new feedlot or manure storage area or an
expansion of an existing animal feedlot or’ manure storage area.

Subp. 6. Record of livestock owners and manure sources.
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Owners of animal feedlots or manure storage areas that raise
livestock that are not owned by them or store manure not
produced at their facilities must record and retain on file the
names of the livestock or manure source owners for at least the
most recent three years.

STAT AtJTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 22/02/00

7020.2002 A~IENT AIR QUALITY STANDARD APPLICABILITY.

The owner of an animal feedlot is exempt from the state
ambient air quality standards during the removal of manure from
barns or manure storage facilities pursuant to the limitations
in Minnesota Statutes, section 116.0713, paragraphs (b) and
(c) . Nothing in this part limits the emergency powers authority
of the Minnesota ?ollution Control Agency in Minnesota Statutes,
section 116.11

.

The operator of a livestock production facility that claims
exemption from the state ambient air quality standards shall
notify the commissioner or county feedlot pollution control
officer. Notification must include:

A. the names of the owners or the legal name of the
facility;

B. the location of the facility by county, township,
section, and quarter section;

C. the facility’s permit number, if applicable; and

0. the anticipated start date and the anticipated
number of days of removal of manure from barns or manure storage
facilities.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 22/02/00

7020.2003 WATER QUALITY DISCHARGE STA~DAPDS.

Subpart 1. Animal feedlots and manurestorage areas.
Animal manure, manure—contaminated runoff, or process wastewater
from any animal feedlot, including CAFOs, or manure storage area
is prohibited from flowing into a sinkhole, fractured bedrock,
well, surface tile intake, mine, or quarry.

Subp. 2. CAFOs and facilities with 1,000 animal units or
more. An owner of an animal feedlot that is a CAFO or is
capable of holding 1,000 animal units or more, or a manure
storage area capable of holding the manure produced by 1,000
animal units or more, shall comply with the effluent limitation
requirements of Code of Federal Regulations, title 40, part 412.

•Subp. 3. Other facilities. An owner of an animal feedlot
or a manure storage area shall comply with the effluent
limitations in part 7050.0215 unless the animal feedlot or the
manure storage area is subject to the effluent limitation
requirements in subpart 2 or if the owner of the animal feedlot
is subject to and meets all of the requirements in subpart 4.
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Subp. 4. Eligible open lot feedJ.ots capable of holding
fewer than 300 animal units. Owners of animal feedlots capable
of holding fewer than 300 animal units and having open lots
meeting the eligibility requirements in items A to D. shall
comply with subparts 5 and 6. If the facility expands to a
capacity of 300 or more animal units, the facility is not
eligible under this subpart. This subpart applies only to open
lots that existed on October 23, 2000; discharges from other
parts of the animal feedlot, including manure storage areas,
must comply with the effluent limitations in part 7050.0215 and
other applicable federal and state requirements.

A. The animal feedlot is not a new animal feedlot.

B. The animal feedlot has manure-contaminated runoff
from one or more open lots that discharge to waters of the. state
and:

(1) the manure—contaminated runoff does not
create or maintain an immediate threat to human health or the
environment; and

(2) the facility has not been designated a CAFO.

C. The owner has registered the animal feedlot in
accordance with part 70.20.0350

.

0. The owner has submitted a certification, on a form
provided by the commissioner, agreeing to comply with subparts 5
and 6. The certification form shall contain a provision for a
conditional waiver of civil penalties for past violations of
part 7050.0215 caused solely by passive manure—contaminated
runoff from’ open lots and for failure to apply for a permit
provided the owner maintains compliance with subparts 5 and 6.

Subp. 5. Interim corrective measuresfor eligible open
lots. An owner meeting the eligibility requirements of subpart
4 shall:

A. operate and manage the animal feedlot to minimize
discharges from eligible open lots at all times; and

B. comply with the following by October 1, 2005:

(1) install and have operational:

Ca) diversions that prevent precipitation
and snowmelt from building roofs and upslope land from flowing
onto or through the animal feedlot or manure storage area; and

(b) vegetated buffer areas or filter strips
that have 100 feet or more of nonchannelized flow through
perennial grasses or forages for all runoff from the open lots;
or

(2) install and have operational interim
corrective and protective measures that have been demonstrated,
through completion of “An Evaluation System To Rate Feedlot
Pollution Potential” (the model) by a person who has completed
training in use of the model, to achieve a 50 percent or greater
reduction in discharges of phosphorus and biochemical oxygen
demand loading. The percent reduction in discharges must be
based on a comparison of the corrective and protective measures
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in •operation at the facility on October 23, 2000, and the
proposed interim corrective and protective measures and
practices. The owner shall maintain records of the model
results until completing the requirements of subpart 6, and make
the model results available to the commissioner or county
feedlot pollution control officer upon request.

Subp. 6. Final corrective measuresfor eligible open
lots. An owner meeting the requirements of subpart 4 shall:

A. except as required in item B, comply with part
7050.0215 for all eligible open J~ots by October 1, 2010; and

B. if the owner is proposing an expansion, comply
with subpart 2 or 3, as applicable, prior to an increase in the
number of animal units at the animal feedlot.

STAT AtJTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 334
Current as off LI/OI/OO

7020.2005 LOCATION RESTRICTIONS AND EXPANSION Lfl’~ITATIONS.

Subpart 1. Location restrictions. Except as provided in
items A and B, a new animal feedlot or a manure storage area
must not be constructed within shoreland, a floodplain, 300 feet
of a sinkhole, 100 feet of a private well, or 1,000 feet of a
community water supply well or other wells serving a public
school as defined under MinnesotaStatutes, section 120A.05, a
private school excluding home school sites, or a licensed child
care center where the well is vulnerable according to part
4720.5550, subpart 2.

A. An animal feedlot or a manure storage area located
in shoreland meeting the requirements of part 7020.0300, subpart
15, item B:

(1) that has been unused for less than ten years
is a pollution hazard and may resume operation after applying
for and obtaining an interim permit under part 7020.040~.

,

subpart 1, item C; or

(2) that has been unused for ten years or more
must not resume operation.

B. A new animal feedlot or manure storage area may be
constructed within 1,000 feet of a community water supply well
or other well serving a public school as defined under Minnesota
Statutes, section 120A.05, •a private school excluding home
school sites, or a licensed child care center if the following
three conditions are met:

(1) the Minnesota Department of Health has
approved a drinking water supply management area for the well
under part 4720.5360

;

(2) the animal feedlot or manure storage area is
not within the drinking water supply management area;. and

(3) the animal feedlot or manure storage area is
not within 200 feet of the well.

Subp. 2. Shoreland expansion limitations. An existing
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animal feedlot or manure storage area located in shoreland may
not expand to a capacity, of 1,000 animal units or more or the
manure produced by 1,000 animal units or more. An existing
animal feedlot or a manure storage area expanding in shoreland
shall not locate any portion of the expanded animal feedlot or
the manure storage area closer to the ordinary high water mark
than any existing portion of the animal feedlot or the manure
storage area.

Subp. 3. Floodplain expansion limitations. An existing
animal feedlot or a manure storage area located in a floodplain
may not expand.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off .22/02/00

7020.2010 TRANSPORTATION OF MANURE.

Animal, manure hauled on federal, state, or local highways,
roads, or streets must be hauled in such a way as to prevent
manure from leaking, spilling, or otherwise being deposited in
the right-of-way. Manure deposited on a public roadway must be
removed and properly disposed of by the hauler of the manure.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 21/02/00

7020.2015 LIVESTOCK ACCESS TO WATERS RESTRICTION.

Subpartl. CAFOs and facilities capable of holding 1,000
or more animal units. Animals of a CAFO or of a facility
capable of holding 1,000 or more animal units must not be
allowed to enter waters of the state.

Subp. 2. Non-CAFO animal feedlots. Except as required in
subpart 1, by October 1, 2001, animals of a non-CAFO animal
feedlot must be fenced to prohibit entry, to, and must not be
allowed to enter, a lake classified by the Minnesota Department
of Natural Resources as a natural environment lake, recreational
development lake, or a general development lake, as defined’ in
part 6120.3000

.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 22/02/00

7020.2025 ANIMAL FEEDLOT OR MM~URE STORAGE AREA CLOSURE.

The owner of an animal feedlot or a manure storage area is
responsible for closure and shall:

A. within one year of ceasing operation, remove and
land apply manure and manure-contaminated soils from manure
storage areas and animal holding areas in accordance with part
7020.2225

;

B. as soon as practicable after completing the
requirements of item A, reduce soil nitrogen by growing alfalfa,
grasses, or other perennial forage for at least five years; and
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C. within 60 days after final closure, submit a
certified letter to the commissioner or county feedlot pollution
control officer stating that the animal feedlot or the manure
storage area has been closed according to the requirements in
thi•s part. The letter must identify the location of the animal
feedlot or the manure storage area by county, township, section,
and quarter section.

STAT AUTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 12/02/00

7020.2100 LIQUID M~URE STORAGE AREAS.

Subpart 1. General. This part describes site restrictions
and requirements for design, construction, maintenance, and
operation of liquid manure storage areas. An owner shall submit
a permit application, as applicable, under part 7020.. 0405

,

subparts 1 and 2. Except as required in subpart 2., all liquid
manure storage areas must be designed, constructed, and operated
in accordance with subparts 3 to 7. An owner of a liquid manure
storage area that has been unused for a period of three years or
more shall, prior to using the structure for storing manure or
process wastewaters, have a design engineer evaluate and prepare
a report on the condition of the liner and include this report
with a permit application submitted according to part 7020.0405

.

Subp. 2. Site restrictions. Except as provided in item C,
the construction or expansion of a liquid manure storage area n..s
prohibited in the areas identified under part 7020.2005 and
items A and B.

A. A manure storage area with a capacity of more than
250,000 gallons in an area where geologic’ conditions are
suitable for sinkhole development and where four or more
sinkholes exist within 1,000 feet of the proposed site.

B. In areas which are susceptible to soil collapse or
sinkhole formation, the minimum separation distance to bedrock
and the manure storage area liner design standards under subpart
3, item B, and prohibitions must be in accordance with subitems
(1) to (3)

(1), Animal feedlots capable of holding fewer than
300 animal units or manure storage areas capable of holding
manure produced by fewer than 300 animal units that contribute
to liquid manure storage areas at the facility must comply with
the following:

(a) where the separation distance to bedrock
is less than five feet, construction of a liquid manure storage
area is prohibited; and

(b) where the separation distance to bedrock
is five feet or more and less than 20 feet, the manure storage
area liner must be concrete—lined, aboveground, or
composite-lined according to subpart 3, item B, subitem (2) or
(3)

(2) Animal feedlots capable of holding 300 or
more and fewer than 1,000 animal units and manure storage areas
capable of holding the manure produced by 300 or more and fewer
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than 1,000 animal units that contribute to liquid manure storage
areas at the facility shall comply with the following:

(a) except as provided in unit Cc), where
the separation distance to bedrock is less than ten feet,
construction of a liquid manure storage area is prohibited;

(b) where the separation distance to bedrock
is ten feet or more and less than 30 feet, the manure storage
area liner must be concrete—lined, aboveground, or
composite-lined according to subpart 3, item B, subitem’ (2) or
(3); and

(ci where the separation distance to bedrock
is five feet or more and less than ten feet, the manure storage
area must be:

n. an aboveground manure storage area;

ii. concrete-lined with a secondary
liner consisting of a synthetic liner, HDPE liner, or one foot
or greater cohesive soil liner; or

iii. composite—lined with at least.a
three—foot compacted cohesive soil liner under the synthetic
liner.

(3) Animal feedlots’ capable of holding 1,000 or
more animal units or manur.e storage areas capable of holding the
manure produced by 1,000 or more animal units that contribute to
liquid manure storage areas at the facility shall comply with
the following:

(a) except as provided in unit (c), where
the separation distance to bedrock is less than 15 feet,
construction of a liquid manure storage.area is prohibited;

(bi where the separation distance to bedrock
is 15 feet or more and less than 40 feet, the manure storage
area liner must be concrete—lined, aboveground, or
composite—lined according to’’ subpart 3, item B, subitem (2) or’
(3); and

(ci where the separation distance to bedrock
is ten feet or more and less than 15 feet, the manure storage
area must be:

i. an aboveground manure storage area;

ii. concrete—lined with a secondary
liner consisting of a synthetic liner, HOPE liner, or one foot
or greater cohesive soil liner; or

iii. composite—lined with at least a
three—foot compacted cohesive soil liner under the synthetic
liner.

C. Where construction or modification is required to
corz~ect a pollution hazard at an existing animal feedlot capable
of holding fewer than 300 animal units, construction or
modification is not prohibited. Construction or modification
under this item must not result in an expansion of the animal
feedlot capacity to hold more than 300 animal units or the
manure storage area capacity to hold the manure produced by 300
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animal units or greater.

Subp. 3. Design standards.

A. A new or modified liquid manure storage area at an
animal feedlot capable of holding 1,000 animal units or more or
the manure storage area capable of holding the manure produced
by 1,000 animal units or more must be designed to provide a.
minimum of nine months of storage capacity.

B. ‘Liquid manure storage area liners must comply with
the following:

(1) non—concrete—lined manure storage areas raust
be designed and constructed to achieve a maximum theoretical
seepagerate of not more than 1/56 inch per day throughout the
design life of the manure storage ‘area;

(2) concrete—lined manure storage areas must be
designed and constructed with: water stops or joint sealant
materials at all construction joints; sealing of all cracks
which may extend through the concrete liner with appropriate
sealing materials; and a floor having a concrete thickness of
not less than five inches. The floors must have:

(a) steel reinforcing based on subgrade drag
theory in American Concrete Institute, Slabs on Grade, ACI—360;
or

(b) fiber reinforcing, for which the design
engineer must specify the type of fibers and the ‘dosage rate in
subpart 4, item F;

(3) composite—lined or aboveground manure storage
areas must be designed and constructed to achieve a maximum
theoretical seepage rate of not more than 1/560 inch per day
throughout the design life of the manure storage area; and

(4) aboveground manure storage areas located in
areas not subject to the site restrictions under subpart 2, may
be designed and constructed according to seepage standards under
subitem (I) or (2), as applicable.

C. Water supply systems, fuellines, electrical
conduit, or other equipment not solely functioning as part of
the manure handling or transfer system must not be designed or
constructed to penetrate theliner of a liquid manure storage
area. Piping and equipment functioning as part of the manure
handling or transfer system which penetrates the liner of a
liquid manure storage area must be identified in the design
plans and specifications. The design plans and specifications
must include details on the location and purpose of the
penetrations, dimensions’ of the penetrations, and the methods
and materials used to provide a seal between each penetration
and the liner.

Subp. 4. Design plans and’ specifications. The owner shall
prepare and submit to the commissioner or county feedlot
pollution control officer design plans and specifications
meeting the requirements of items A to N with a permit
application or at least 90 days prior to the commencement of
construction. Design plans and specifications, except plans and
specifications for concrete—lined manure storage areas having a
capacity of 20,000 gallons or less, must be prepared and signed
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by a design engineer.

A. Results and interpretation of a site and soils
investigation that includes the information and requirements in
subitems (1) to (10)

(1) An analysis of foundation soils for
suitability for the proposed manure storage area including
conditions that may lead to failure of constructed dikes or
walls.

(2). Soil profile information in subitem (5) that.
must be obtained and recorded at a minimum of two locations
within the boundaries of the proposed manure storage area for
the first one—half acre of surface area. A minimum of one
additional location is required for each additional one acre of
surface area for the manure storage area.

Sufficient soil records must be obtained to represent the range
of soil conditions throughout the proposed manure storage area
site.

(3) Except as required in subitem (4), the
information in subitem (5) must be recorded to a depth of at
least five feet below the bottom of the proposed liquid manure
storage area and to a depth that allows verification of
separation to bedrock requirements in accordance with. subpart. 2,
item B. Each borehole completed under this item must be sealed
throughout the entire depth by a method that will ensure that
the borehole does not become a preferential flow path for
vertical groundwater transport.

(4) In areas that are susceptible to soil
collapse or sinkhole formation, the information in subitem (5)
must be recorded to a depth of at least ten feet below the
bottom of the proposed liquid manure storage area, or until
bedrock is encountered.

(5) Each soils record must identify the soil
texture, depth to the regional water table, and depth to the
seasonal high water table.

(6) The soil profile information must be obtained
by a method that can identify abrupt changes in soil texture and
sand lenses throughout the soil profile.

(7) In areas susceptible to soil collapse or
sinkhole formation, a map of the proposed site showing the
location of all open and filled sinkholes, ‘depression areas in
the landscape, known caves, resurgent springs, disappearing
streams, karst windows, and blind valleys within one—half mile
of the proposed site location:

(8) An evaluation of potential for groundwater
intrusion and damage to the storage area liner.

(9) Where a perimeter drainage tile system is
required to control the elevation of the water table or
saturated soils in accordance with item J, the design plans and
specifications for the drain tile system must include provisions
to:

(a) lower the elevation of the water table
or saturated’ soils to below the bottom of the manure storage
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area liner;

(b) locate the drainage tile a horizontal
distance of at least one foo~t outside the footing of a
concrete-lined manure storage area;

(c) install a dedicated drain tile system
for each manure storage area; and

(d) install a dedicated tile riser, manhole,
or other access which allows collection of tile-water samples
for each dedicated drain tile system.

(10) Additional information relating to the
proposedmanure storage area as requestedby the commissionerto
evaluate compliance with federal and state rules.

B., The following information if the proposed manure
storage area is located in a Minnesota Department of Health
approved drinking water supply managementarea as delineated
according to chapter 4720:

(1) the location of the animal feedlot, manure
storage area, and land application sites on a map of the
Minnesota Department of Health approved drinking water supply
management area;

(2) a copy of the vulnerability assessment of the
drinking water supply management area from an approved wellhead
protection plan according to part 4720.5210, subparts 2 and 3;

(3) a description of the vulnerability of the
specific sites for manure storage areas and land application as
described in the vulnerability assessment; and

(4) a copy of all parts of the drinking water
supply management area plan which pertain to animal feedlots,
manure storage areas, and land application of manure.

C. The estimated storage capacity by volume and time
period based on the volume of manure, manure-contaminated
runoff, and process wastewaters generated.

D. In addition to the designed storage volume in item
C, allowance for the greater capacity of the following f’or
manure storage areas open to precipitation or subject to
discharge of runoff into the manure storage area:

(1) a volume capacity for precipitation and
runoff without overflow for a 25—year, 24—hou’r or greater
precipitation or rainfall event; or

(2) a freeboard depth of not less than one foot.

E. A plan for a preconstruction conference that
includes the, design engineer, contractors, the owner, and the
inspector required under subpart 6.

F. Specifications for the liquid manure storage area
liner according to the applicable liner design standard
identified under subparts 2 and 3.

G. When soil is used as a liner material, location
and volume of liner soil available, testing protocol, and
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predesign test results for soil plasticity index, sieve
analysis, and optimal moisture content.

H. A site plan that identifies the locations of
predesign soil investigations conducted under item A relative to
the proposed manure storage area.

I. Plan details and specifications for all liner
penetrations according to subpart 3, item C.

J. Measures for control of water table or saturated
soils.

K. A quality assurance and quality control plan that
includes specifications for inspections and ASTM testing methods
and frequencies.

L. Specifications for liner material protection from
damage during construction or subsequent facility operation
resulting from the following:

(1) drying and cracking during and after liner
construction;

(2) manure agitation and pumping;

• (3) freezing and thawing;

(4) hot and cold weather construction;

(5) erosion; and

(6) other physical damage.

M. Special site considerations.

N. A plan for operation, periodic inspection, and
• maintenance of the manure storage area including schedules and

descriptions of:

(1) routine inspections, maintenance, and
recordkeeping to be completed to identify and document damage to
the liner from the factors listed in item L;

(2) methods to be used to repair areas of damaged
liner;

(3) methods used to monitor the liquid level in
the basin to evaluate proper operation and adequate available
storage capacity; and

(4) routine inspections of perimeter tile line
outlets and inspection manholes to ensure proper operations of
the system.

Subp. 5. Construction and notification requirements.

A. The owner shall construct the manure storage area
according to the design plans and specifications submitted to
the commissioner or the county feedlot pollution control officer.
Proposed engineering •changes or modifications to the design
plans and specifications, related to the liner specifications,
location, depth, or separation distance to bedrock, must be
submitted to the commissioner or county feedlot pollution
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control officer prior to commencement of construction related to
the proposed change.

B. An owner shall notify the commissioner or county
feedlot pollution control officer and the design engineer of
intent to con~truct a minimum of three business days prior to
commencement of construction. Notification must be completed by
letter, telephone, or facsimile and include:

(1) the permit number, if applicable;

(2) the owner’s name, and the name of the
facility if different than the owner;

(3) the site location by county, township,
section, and quarter section;

(4) the design engineer’s name; and

(5) the name of the contractor responsible for
installing the liner.

C. An owner shall notify the commissioner or county
feedlot pollution control officer within three business days
following completion of construction of the manure storage area
liner. Notification for vertical concrete—lined walls under
this item must be completed before backfilling the walls.
Notification information must meet the requirements in item B.

D. The owner shall submit a construction report to
the commissioner or county feedlot pollution control officer
•within 60 days of the completion of any new.or modified manure
storage area. The report must be prepared and signed by the
design ~ngi’neer and must contain an assessmentof whether the
completed manure storage area conforms to the design plans and
specifications submitted to the commissioner or county feedlot
pollution control officer. The commissioner may require manure
removal from the manure storage area and corrective actions if
the construction report indicates that the completed manure
storage area does not conform to the design plans and
specifications.

Subp. 6. Inspections of liquid manure, storage areas. An
owner constructing a liquid manure storage area, except for a
concrete—lined manure storage area with a capacity of 20,000
gallons or less, shall have inspections completed during the
construction process which comply with items A to D.

A. The inspector must be one or more of the following:

(1) a professional engineer licensed in the state
of Minnesota or a person working under the professional
engineer’s direct supervision;

(2) a qualified Natural Resources Conservation
Services staff person; or

• (3) if the manure storage area has a concrete
liner, an American Concrete Institute or Minnesota Department of
Transportation concrete field testing technician grade/level I
certified and concrete field inspector level II certified.

B. During construction of each manure storage area
under-this subpart, the inspector shall record on a form
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provided by the commissioner, observations related to
conformance to the design plans and specifications and
construction standards of the following:

(1) subgrade conditions prior to liner placement
including-soil texture, strength and moisture content, and
presence of any frozen soils;

(2) location and proper functioning of the
perimeter drainage tile system, if required, and
inspection/monitoring access;

(3) for all concrete—lined manure-storage areas:

(a) reinforcing steel size, grade, spacing,
cover, and that steel is free of loose rust, oil, or other
debris;

(b) concrete quality including air -
entrainment, temperature, and strength;

(c) handling, placement, consolidation, and
finishing o~ concrete;

(d) curing and protection of concrete after
placement, including hot- and cold weather protective measures;

(e) location, forming, and surface
preparation of construction, contraction, and expansion joints;

(f) placement of flexible waterstop
materials in joints; and

(g) application of surface applied or

injected crack and joint sealant materials;

(4) repair of construction defects; and

(5) conformance to the liner penetration
prohibitions under subpart 3, item C.

C. The contractor responsible for installation of the
liner shall certify on a form provided by the commissioner that
the manure storage area- was constructed in conformance with the
design plans and specifications and construction standards for
all applicable stages of construction in item B.

D. The owner shall ensure that the following
information is submitted to the design engineer for
incorporation into the construction report required in subpart
5, item D:

- (1) the name and qualifications of the inspector;

(2) the inspection form required in item B; and

(3) the liner contractor’s certification form

required in item C.

Subp. 7. Operation and maintenance. The owner of a manure
storage area shall operate and maintain the manure storage area
according to the operation and maintenance plan submitted in
accordance with subpart 4, item N.
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STAT AtJTH: MS 5 115.03; 116.07; 122.23

HIST: 25 SR 834 -
Current as off 11/01/00

7020.2110 UNPERMITTED OR NONCERTIFIED LIQUID MANURE STORAGE
AREAS.

Subpart 1. Schedule for facilities capable of holding
1,000 animal units or more or construction after June 3, 1992..
An owner who has a facility capable of holding 1,000 or more
animal units and who uses an unpermitted or noncertified liquid
manure storage area, or who uses an unpermitted 6r noncertified
liquid manure storage area for which construction commenced
after June 3, 1991, shall, by October 1, 2001:

A. reconstruct the. manure storage area according to
part 7020.2100

;

B. complete closure of the manure storage area
according to part 7020.2025 and notify the commissioner or
county feedlot pollution control officer at least three days
prior to the date when the manure storage area will be closed.
Notification must be -completed byletter, telephone, or
facsimile and include:

(1) the permit number, if applicable;

(2) the owner’s name, and the name of the
facility if different than the owner;

(3) the site location by county, township,

section, and quarter section; and

(4) the dates when closure will take place;

C. except as provided in item 0, submit a copy of the
original design plans and specifications for the manure storage
area that were prepared by a design engineer prior to the actual
time of construction and a construction certification report
signed by a design engineer that certifies that the liquid
manure storage area was designed and constructed according to
applicable rules and regulations and standard engineering
principles and practices at the time of construction;

0. if the original plans and specifications for a
Natural Resources Conservation Service (NRCS) or Soil
Conservation Service (SCS) designed liquid manure storage area
are no longer available, the owner must submit a certification
by the manager of the NRCS office which was responsible for the
design and oversight of the project, that the project was
constructed according to the NRCS or SCS design plans and
specifications and construction oversight; or

E. conduct and submit the results of a water balance
test that demonstrate the manure storage area is properly sealed
to achieve a seepage rate of 1/56 inch per day or less.

Subp. 2. Schedule for facilities with capacity to hold
fewer than 1,000 animal units. Except as required ~in subpart 1
or as provided in subpart 3, an owner who uses an unpermitted or
noncertified liquid manure storage area with the capacity to
hold fewer than 1,000 animal units or the manure produced by
fewer than 1,000 animal units shall, by October 1, 2005:
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A. complete one of the provisions under subpart 1,
items A to C; or

B. have a design engineer or professional soil
scientist licensed in the state of Minnesota conduct a soils
investigation and submit a soils investigation report to the
commissioner or county feedlot pollution control officer that
complies with the following:

(1) the soils report must demonstrate that the
liquid manure storage area meets Minnesota Natural Resources
Conservation Service Practice Standard, Code No. 425, November
1991, or Code No. 313,. January 1998, design and construction
criteria for:

(a) sealing and lining waste storage ponds;.

(b) vertical separation to groundwater; and

(0) vertical separation to bedrock;

(2) the soil profile information in subitem (5)
must be obtained and recorded for at least- two equally spaced
locations around the perimeter of the liquid manure storage area
for each quarter acre of manure storage surface area or portion
thereof, and be within a horizontal distance of not more than 50
feet outside the top of the manure storage area sidewall;

(3) except as required in subitem (4), th-e
information in subitem (5) must be recorded to a depth of at
least five feet below the bottom of the liquid manure storage
area;

(4) in areas that are susceptible to soil -
collapse or sinkhole formation, the information in subitem (5) -
must be recorded to -a depth of at least ten feet below the
bottom of the liquid manure storage area, or until bedrock is.
encountered;

(5) each soils record must identify the soil
texture, depth to the regional water- table, and depth to the
seasonal high water table; and

(6) the soil profile information must be obtained
by a method that can identify abrupt changes in soil texture and
sand lenses of one—half inch or greater throughout the soil
profile.

Subp. 3. Schedule for open lot feedlots with fewer than
300 animal units. Owners meeting the eligibility requirements
under part 7020.2003, subpart 4, that must complete closure or
reconstruction of the manure storage area according to subpart
1, item A or B, shall comply with items A and B.

A. By October 1, 2005, the owner shall notify the
commissioner or county feedlot pollution control officer that
the manure storage area will be closed or reconstructed by
October 1, 2010. Notification must be completed by letter,
telephone, or facsimile and also include:

(1) the owner’s name, and the name of the
facility if different than the owner; and -.
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(2) the site location by county, township,
section, and quarter section.

B. By October 1, 2010, the owner shall complete
closure or reconstruction.

STAT AtJTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 12/01/00

7020.2120 POULTRY BARN FLOORS.

Subpart 1. General. This part describes the-requirements
for construction and recordkeeping for poultry barn floors.
Owners of poultry barns at which abandonmentof the facility
exposesthe barn floor shall remove and land apply all manure
and manure-contaminated soil according to part 7020.2225

.

Subp. 2. Construction requirements for concrete—lined or
asphalt-lined floors. All new concrete-lined or asphalt-lined
poultry barn floors must be constructed and maintained according
to the following:

A. the floor thickness must be a m±nimumof 3.5
inches for concrete and a minimum of two inches for asphalt;

B. the floors must be inspected by the owner or
operator after each cleaning of the poultry barn floors; and

C. cracks and joints, which may extend through the
concrete—lined or asphalt—lined floor, must be sealed.

Subp. 3. Construction requirements for soil—lined floors.
All new soil-lined poultry barn floors must be constructed and
maintained according to items A to E.

A. The completed thickness of the constructed soil
liner must be:

(1) 12 inches or more of compacted soil; or

(2) eight inches or more of compacted soil placed
over an underlayment that consists of:

(a) three inches of sand consisting of at
least 80 percent particles passing a number 4 sieve, less than
ten percent particles passing a number 200 sieve, and no
particles greater than one inch. Particle size analyses must be
performed according to ASTM D—422; or

(b) a geo—textile fabric that weighs at
least 12 ounces per square yard and has a minimum hydraulic
conductivity of 0.30 cm/sec.

B. Soils used for construction of the floor must meet
the following requirements:

(1) have at least 30 percent particles passing a
number 200 sieve, less than 20 percent retained on a number -4

- sieve, and no rocks greater than three inches in diameter.
- Particle size analyses must be performed according to ASTM

D—422;
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(2) have a plasticity index greater than seven
percent according to ASTM 0—4318; -~ -

(3) be placed in a-minimum of two lifts, each
lift being a minimum of four inches of in—place thickness;

(4) be maintained- at a moisture content of zero
to five percent above optimum as determined by ASTM 0—698 or
ASTM D-1557 during construction; and

(5) be compacted:

(a) with at least three passes of a
sheepsfoot or padfoot—type -compaction equipment with -feet that
extend through the loose lift of soil into the previous lift; or

(b) until achievement of 90 percent of
standard proctor density. The density must be verified
according to ASTM 2922, at a frequency of one sample per 3,000
square feet.

C. The poultry barn floor must be placed at least
three feet above bedrock or the water table.

0. The soil liner must be refurbished with at least a
-two—inch lift of soils meeting the requirements of item B, prior
to the floor thickness being diminished by two inches from the
thickness required in item A.

E. Cracks that may extend through the floor must be
repaired.

F. The floor must not, be saturated at any time during
the service life of the floor.

Subp. 4. Construction requirements for polyvinyl chloride
(PVC) lined floors.

A. A seamless or factory seamed PVC liner having a
thickness of not less than 30 mils must be placed at a depth of
at least six inches below the final elevation of the poultry
barn floor.

B. The upper six inches of the floor must be
constructed of protective material that meets manufacturer’s
recommendations and provides adequate protection of the PVC
liner. This protective layer must not consist of any particles
that will inflict damage to the liner.

Subp. 5. Recordkeeping. The owner shall record and retain
on permanent file the results of all testing required in subpart
3 and make these records available to the commissioner or county
feedlot pollution control officer upon request.

Subp. 6. Notifications of construction. An owner shall
notify the commissioner or co-unty feedlot pollution control
officer of intent to-construct a minimum of three business days
prior to commencement of construction and within three business
days following completion of construction. Notification must be.
completed by letter, telephone, or facsimile and include:

A. -the permit number, if applicable;

B. the owner’s name, and the name of the facility if
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different than the owner;

C. the site location by county, township, section,
and quarter section; and

D. the name of the contractor responsible for
installing the floor.

STAT AUTI-I: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 22/02/00

7020.2125 MANURESTOCKPILING SITES. -

Subpart 1. General. This part describes requirements for
permitting, design, construction, location, operation, and
maintenance of short-term- and permanent stockpiling sites.
Stockpiling sites must comply with part 7020.2005 and items A to
D.

- A. Manure stockpiling sites must be located and
constructed such that manure—contaminated runoff from the site
does not discharge to waters of the state.

B. Manure must not be placed on a stockpiling site -

unless a three—to—one horizontal—to—vertical ratio can be
maintained or- the manure has, at least, a 15 percent solids
content.

C. The use of rock quarries, gravel or sand pits,
bedrock, and any mining excavation sites for stockpiling manure
is prohibited.

D. The size of a short—term stockpile must not exceed
a volume based on agronomic needs of the crops on 320 acres of
fields and must not exceed the agronomic needs of the crops on
the tract of land on which the stockpile is to be applied. The
agronomic needs of the crops ~must comply with the application
rates in part 7020.2225

.

Subp. 2. Additional requirements for short-term
stockpiling. By October 1, 2001, all short—term stockpile sites
must:

A. have the manure removed from the site and land
applied in accordance with part 7020.2225, within one year of
the date when the stockpile was initially established;

B. have a vegetative cover established on the site
for at least one full growing season prior to reuse as a
short—term stockpiling site except for the following:

(1) sites located within the confines of a
hoofed—animal open lot at a facility having the capacity to hold
fewer than 100 animal units; and

(2) sites where manure is stockpiled for fewer
than ten consecutive days and no more than six times per
calendar year;

C. not be located within:

(1) 300 feet of flow distance and at least 50
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feet horizontal distance, to waters of the state, sinkholes,
-rock outcroppings, open tile intakes, and any uncultivated
wetlands which are not seeded to annual farm crops or crop
rotations involving perennial grasses or forages;

(2) 300 feet of flow distance to any road ditch -

that flows to the features identified in subitem (1) or 50 feet
of any road ditch where subitem (1) does not apply;

(3) 100 feet of any private water supply or
unused and unsealed well and 200 feet from any private well with
less -than 50 feet of watertight casing and that is not cased
through a confining layer at least ten feet thick; and

(4) 100 feet from field drain tile that is three-
feet or less from the soil surface;

- D. maintain a minimum distance of two feet between
the base of the stockpile and the seasonal high water table or
saturated soils, as identified in the most recent USDA/NRCS soil
survey manual or based on a site—specific soils investigation;
and

E. be prohibited:

(1) on land with greater than six percent slope;

(2) on land with slopes between two and six
percent, except where clean water diversions and erosion control
practices are installed; and

(3) on soils where the soil texture to a depth of
five feet is coarser than a sandy loam as identified in the most
recent USDAYNRCSsoil survey manual or based on a site—specific
soils investigation.

Subp. 3. Recordkeeping for short-term stockpile sites.. -
The owner of the short—term stockpile site shall maintain
records for each stockpile site containing the information in
items A to E. Records must be kept on file for at least three
years for all short—term. stockpiling by the owner of the animal
feedlot at which the manure was produced and be made available
to the commissioner or county. feedlot pollution control officer
upon request. The records must include:

A. the location of the stockpile;

B. the date on which each stockpile was established;

C. the volume of manure stockpiled;

D. the nutrient analysis of the manure; and

E. when the stockpiled manure was land applied.

- - Subp. 4. Additional requirements for permanent stockpile
sites. By October 1, 2001, all permanent stockpile sites must
comply with this part. The owner shall also install a liquid
manure storage area according to part 7020.2100 to collect and
contain manure—contaminated runoff, if necessary to comply with
the requirements of part 7020.2003. An owner shall submit a
permit application,- as applicable, under part 7020.0405, subpart
1.
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A. The owner shall comply with part 7020.2005

.

B. The stockpile site liner must:

(1) have a completed thickness of at least two -
feet and be constructed of soils having a hydraulic conductivity
of 1 x l0-~ cm/sec or less upon completion of construction; or

(2) have other liner materials which achieve a
hydraulic conductivity less than 1 x l0-~ cm/sec.

C. The site must be constructed using diversion
structures, elevated platform construction, or other devices to
prevent surface waters from entering and passing through the
stockpile site. Where upgradient slopes are greater than two
percent, clean water diversions must be constructed that
surround at least the three upgradient sides of the stockpile

- site. Diversions must be of sufficient height to prevent
outside water from passing over them during snowmelt or rainfall
events less than the 25—year, 24-hour storm event.

0. A permanent stockpile site must be operated and
maintained in a manner so as to protect the integrity and
structural reliability of the manure storage area.

E. An owner shall notify the commissioner or county
feedlot pollution control officer of intent to construct -a
minimum of three days prior to commencement of construction and
within three days following completion of construction.
Notification must be completed by letter, telephone, or
facsimile and include:

(1) the permit number, if applicable;

(2) the owner’s name, and the name of the

facility if different than the owner;

(3) the site location by county, township,

section, and quarter section; and

(4) the name of the contractor responsible for

installing the permanent stockpile liner.

F. The owner shall comply with subpart 2, item 0.

STAT AtJTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as of 11/01/00

7020.2150 MANURECOMPOSTSITES.

Subpart 1. General. An owner composting only manure at a
manure compost site shall comply with subparts 2 and 3. An
owner composting manure and solid wastes shall comply with part
7035.2836, subparts 4 to 7. An owner composting dead animals
shall comply with part 1719.4000

.

Subp. 2. Operational requirements. An owner-of a manure
compost site meeting the requirements of subpart 1 shall comply
with items A to C.

A. The owner shall comply with part 7020.2125

.
http://www.revisor.leg.state.mn.us/cgi-bin/getrulechap.pl 4/16/2001
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B. If operating a compost site under part 7020.2125

,

subparts 1 to 3, the owner shall comply with-part 7020.2125

,

subpart 4, item C.

C. The owner shall produce finished compost by a
process to further reduce pathogens (PFRP). The temperature and
retention time for the material being composted must be
monitored and recorded each day. The owner shall comply with
one of the PFRP methods in subitems (1) to (3)

(1) The windrow method for reducing pathogens
consists of an unconfined composting process involving periodic
aeration and mixing. Aerobic conditions must be maintained
during the compost process. A temperature of 55 degrees Celsius
must be maintained in the windrow for at least three weeks. The
windrow must be turned at least once every three to five days. -

(2) The static aerated pile method for reducing
pathogens consists of an unconfined composting process involving
mechanical aeration of insulated compost piles. - Aerobic
conditions must be maintainedduring the compost process. The
temperature of the compost pile must be maintained at 55 degrees
Celsius for at least seven days’. -

(3) The enclosed vessel method for reducing
pathogens consists of a confined compost process involving
mechanical mixing of compost under controlled environmental
conditions. The retention time in the vessel must be at least
24 hours with the temperature maintained at 55 degrees Celsius.
A stabilization period of at least seven days must follow the
enclosed vessel retention period. Temperature in the compost
pile must be maintained at least at 55 degrees Celsius for three
days during the stabilization period.

Subp. 3. Reoordkeeping and reporting requirements. An
owner of a manure compost site that is required to apply for and
obtain a permit under part 7020.0405, subpart 1, item A or B,
must:

A. analyze mature manure compost and maintain records

of the results for:

(1) pH;

(2) moisture content;

- (3) particle size; -

- (4) NPK ratio; and

(5) soluble salt content; and

B. if the owner’s NPDES or SDS permit requires
submittal of an annual report, include the following information
in the annual report:

(1) the quantities and sources of manure and -

bulking agents delivered to the facility;

(2) temperature and retention time data for all
compost producedv and

(3) the information recorded under item A.
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STAT A(JTH: MS s 115.03; 116.07; 122.23

HIST: 25 SR 834
Current as off 11/01/00

7020.2225 LAND APPLICATION OF MANURE.

Subpart 1. In general.

A. Manure and process wastewater must not be applied

to land in a manner that will~

(1) result in a dischargeto waters of the state
during the application process, except that manure and process
wastewater application is allowed onto seasonally saturated
soils that are seeded to annual farm crops or crop rotations of
perennial grasses or legumes; or

(2) cause pollution of waters of the state due to
manure—contaminated runoff. -

B. Manure and process wastewater application into
road ditches is prohibited.

C. All manure and process wastewater applications to
land must meet the requirements of this part except where
specifically exempted. -

D. When ownership of manure or process wastewater is
transferred from an animal feedlot with capacity of 300 or more
animal units or a manure storage area capable -of holding the
manure produced by 300 or-more animal units for application to
land not owned or leased by the owner of the animal feedlot or
the manure ~torage area, any person receiving the manure or the
process wastewater shall:

(1) comply with the manure management-plan
completed by the owner of the animal feedlot where the manure or
process wastewater was produced; and

(2) complete the manure managementplan
requirements in subpart 4, item D, except for provisions that
were completedby the owner of the animal feedlot where the
manure or process wastewater was produced.

Subp. 2. Manure nutrient-testing requirements.- Manure
from all manure storage areas storing manur.e produced from more
than 100 animal units must be tested by the owner of the animal
feedlot for nitrogen and phosphorus content in accordancewith
items A to E, except that item A is not required for manure
storage areas storing manure produced by fewer than 300 animal
units.

A. For manure storage areas storing manure from 300
or more animal units, the manure must initially be tested once
per year for at least three years.

B. Manure must be retested following changes in
conditions affecting manure nutrient content including unusual
climatic conditions, or changes in manure storage and handling,
livestock types, or livestock feed.

C. Ongoing testing must continue at least once every
four years unless more frequent testing is required under item B
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or in a permit.

D. The nutrient analysis must be conducted using a
laboratory certified by the Minnesota Department of Agriculture
or commissioner-approved on—farm sampling and analysis. -

E. Sampling must be conducted so that a
representative sample is obtained in accordance with tJni~iersity -

of Minnesota Extension Service recommendations.

Subp. 3. Nutrient application rate standards. Items A and
B apply to all manure and process wastewater application sites.
Item C applies only to animal feedlots with a capacity of 300 or
more animal units and manure storage areas capable of holding
the manure produced by 300 or more animal units. -

A. Manure and process wastewater application rates
must be limited as described in subitems (1) to (3) 50 that the
estimated plant available nitrogen from all nitrogen sources
does not exceed expected crop nitrogen needs for nonlegume crops
and expected nitrogen removal for legumes.

(1) Expected crop nitrogen needs, crop nitrogen
removal rates, and estimated plant available nitrogen from
manure and legumes must be based on the most recent published
recommendations of the University of Minne-sota Extension Service
or of another land grant college in a contiguous state.

(2) Estimated plant available nitrogen from
organic nitrogen sources, including manure, may deviate up to 20
percent from University of Minnesota Extension Service, or of
another land grant college in a contiguous state, estimates -
where site nutrient management history, -soil conditions, or cool
weather warrant additional nitrogen application. When- crop
nitrogen deficiencies are visible or measured, remedial nitrogen
applications above the 20 percent deviation can -be made.

(3) Nitrogen sources include commercial
fertilizer nitrogen, soil -organic matter, irrigation water,
legumes grown during previous years, bioso-lids, process
wastewater, and manure applied for the current year and previot~s
years. -

~. Nutrient application rate standards for land in
special protection areas must meet the requirements in subpart
6, item B, subitem (2), if applicable.

C. For- land receiving manure or process wastewater
from animal feedlots capable of holding 300 or more animal units
or manure storage areas capable of holding the manure produced
by 300 or more animal units, soil- samples from the upper six
inches must be collected at a minimum frequency of once every -

f our years and analyzed for phosphorus using the Bray 21 or
Olsen test. If soil phosphorus levels exceed the levels in
subitems Cl) and C2), then the owner must complete a manure
management plan in accordance with subpart 4, item D, and submit
it with a permit application to the agency or delegated county
for review in accordance with subpart 4, item B, subitem (1)

(1) Fields in special protection areas or within
300 feet of open tile intakes that have an average soil
phosphorus test level exceeding 75 ppm using the Bray 21 test or
60 ppm using the Olsen test.
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C2) Fields outside the special protection areas
and more than 300 feet from open tile intakes that have an
average soil phosphorus test level exceeding 150 ppm using the
Bray P1 test or 120 ppm using the Olsen test.

Subp. 4. Manure management plan requirements. Item A
indicates who must prepare a manure management plan and when the
plan must be prepared. Item B lists when manure management
plans must be submitted to the agency or delegated county for
review. Item C describes when the manure managementplan must
be reviewed and revised. Item 0 lists the required elements of
a manure management plan. Item E describes exceptions to manure
management plans when manure ownership is transferred.

A. An owner or operator of an animal feedlot shall
prepare and retain on file a manure manag~ment plan that
complies with item D according to the following schedule:

(1) upon application for an NPDES, SOS, interim,
or construction short—form permit for a facility capable of
holding 100 or more animal units;

(2) an owner of an animal feedlot capable of
holding 300 or more animal units that is no.t required to obtain
an NPDES, SOS, interim, or construction short—form permit shall
prepare or update a manure management plan prior to January 1,
2005, when a manure managementplan does not meet the
requirements of this part or reflect current operations and the
manure is applied by someone other than a commercial animal
waste technician or a certified private manure applicator; and

- (3) once a manure management plan is required for
a facility, a plan that meets the requirements under this
subpart must be retained on file at th-e animal feedlot or manure
storage area.

B. A manure management plan that complies with the
requirements of item D must be submitted to the commissioner or
delegated county when any one of the following conditions
applies:

(1) when an owner submits ~ permit application to
the commissioner for an NPOES, SOS, or an interim permit under
part 7020.0405, subpart 1, item C, subitem (2); or

(2) the manure management plan is requested by
the commissioner or county. feedlot pollution control otficer.

C. The manure management plan must be reviewed by the
owner each year and adjusted for any changes in the amount of
manure production, manure nutrient test results, fields -
available for receiving manure, crop rotations, or other
practices which affect the available nutrient amounts or crop
nutrient needs •on fields receiving manure.

0. Except as provided in item E, the manure
management plan must contain:

(1) a description of the manure storage/handling
system and the expected annual amount of manure and nutrients
which will need to be land applied;

(2) application methods, equipment, and
calibration procedures;
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(3) acreage available for manure and process
wastewater application including maps or aerial photos showing
field locations and areas within the fields that are suitable
for manure or process wastewater application; -

(4) a description of nutrient testing methods and
frequency and the expected nutrient content of the manure to be
applied;

(5) planned manure application rates and -

assumptions used to determine these rates, including assumptions
of crop nitrogen and phosphorus needs and nitrogen and
phosphorus supplied from all manure and nonmanure sources;

- (6) total nitrogen and phosphorus amounts from
manure and nonmanure sources to be applied per -acre on each
field and for each crop in the rotation when applied in
accordance with the planned manure or process wastewater
application rates established under subitem (5);

(7) expected first and secondyear plant -
available nutrients-from the manure and process wastewater;

(8) expected months of application;

- (9) a description of protective measures to
minimize the risk of surface water and groundwater contamination
when applying manure or process wastewater in a floodplain,
special protection area, soils with less than three feet above
limestone bedrock, drinking water supply management areas where
the aquifer is designated vulnerable under chapter 4720, and
land within 300 feet of all surface tile intakes, sinkholes
without constructed diversions, and uncultivated wetlands.
Protective measures include, but are not limited- to, soil and
water conservation measures, timing of application, methods of
application, manure application rates, and frequency of-
application; -

(10) for application onto frozen or snow—covered
soil, the following information about the fields that may
receive the manure or process wastewater: -

(a) field location;

(b) land slopes;

(c) proximity of fields to surface waters;

(d) expected months of application for each
field; and

(e) tillage and other conservation measures
used to minimize risk of manure-contaminated runoff;

(11) a description of how phosphorus from manure
is to be managed to minimize phosphorus transport to surface
waters resulting from soil phosphorus build-up to levels
described in subpart 3, item C;

(12) plans for soil nitrate testing in accordance
with University of Minnesota Extension Service recommendations;
and

http://www.revisor.leg.state.mn.us/cgi-bin/getrulechap.pl 4/16/2001
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(13) type of cover crop to be planted when manure
is to~ be applied in June, July, or August to fields that have
been harvested and would otherwise not have active growing crops
for the remainder of the growing season.

E. Whenownership of manure from an animal feedlot
capable of holding 300 or more animal units or a manure storage
area capable or holding the manure produced by 300 or more -

animal units is to be transferred for application to fields not
owned or leased by the owner of the animal feedlot or manure
storage area, the owner of the animal feedlot where the manure
was produced need not include the requirements in item D,
subitems (3), (5) to (7),’and (10) in the owner’s-manure-
management plan. Any person receiving the manure shall comply
with subpart 1, item C.

Subp. 5. Recordkeeping. Item A establishes the length of -
time that records- must be kept. Items B and C indicate the
information needed in records depending on the size and location
of the facility.

A. Any person applying or receiving manure or process
wastewater from a facility, capable of holding 100 or more animal
units shall maintain records of the amount of manure or process
wastewater application on file:

- (1) for the most recent six years for manure or
process wastewater application within special protection areas;
and

(2) for the most recent three years on land not
covered under subitem (1).

B. For an animal feedlot capable of holding 300 or
more animal units or a manure, storage area capable of holding
the manure produced by 300 or more animal units, or where manure
or process wastewater is applied from an animal feedlot capable
of holding 100 or more animal units or a manure storage area
capable of holding the manure produced by 100 or more animal
units in a drinking water supply management ar-ea where the
aquifer is designated vulnerable under chapter 4720, records
kept in accordance with item A must contain the following
information:

(1) field locations and cropland acreage where
manure is applied;

(2) volume or tonnage of manure applied on each
field;

(3) manure test nitrogen and phosphorus content,

as required by subpart 2;

(4) dates of application;

(5) dates of manure incorporation when
incorporating within ten days;

(6) expected plant—available amounts of nitrogen
and phosphorus released from manure and commercial fertilizers
on each field where manure is applied;

(7) a description of changes to the manure
management plan, including documentation of the justification

httn://www.revisor.1e~.state.mn.us/c~i-hin/getrulech~rniii 4/16/2001
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for any remedial nitrogen applications that exceed the nitrogen

rate standard in subpart 3; and

(8) soil nutrient test results.

C. For an animal feedlot or a manure storage area
with a capacity of 100 or more animal units and fewer than 300
animal units, where manure or process wastewater will not be
applied in a drinking water supply management area in which the
aquifer is designated- vulnerable under chapter 4720, records
kept in accordance with item A must contain-the following:

(1) information necessary to credit -the nitrogen
available for crop growth that is supplied by manure-and process
wastewater applications; and- - -

(2) manure and process wastewater test results
for nitrogen and phosphorus content, if required in subpart 2.

0. Where manure or process wastewater from animal
feedlots or manure storage areas with a. capacity of 300 or more
animal units is transferred for application to fields not owned
or leased by the, owner o-f the animal feedlot which produced the
manure, the owner of the animal feedlot or the manure storage -

- area from which the manure is produced must meet the following
requirements: -

(1) the manure and procesa wastewater records for
the most recent three years must be kept on -file and must
contain the following information:

(a) the volume or tonnage of manure or
process wastewater delivered;

(b) the nutrient content of the manure-or
process wastewater delivered;

(0) the name and address of any commercial-
hauler or applicator who received the manure or process
wastewater; and

(d) the location where the manure or process
wastewater was applied and rate of application; and

(2) commercial applicators-spreading manure- or
process wastewater onto-land not owned or leased by the owner of
the animal feedlot or the manure storage area from which the
manure or process wastewater is produced shall keep records, in
accordance with subitem (1) . A copy of these records must be
submitted to the owner of the animal feedlot or the manure
storage area from which the manure or process wastewater is
produced no later than 60 days following land application.

Subp. 6. Manure and process wastewater application
requirements in special protection areas.

A. Manure or process wastewater must not be applied
to frozen or snow—covered soils in special protection areas.

B. Manure or process wastewater applied to unfrozen
soils in special protection areas must comply with subitem (1),
(2), or (3).

(1) A vegetative buffer must be maintained that: -
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(a) consists of perennial grasses- or
forages;

(b) is a minimum of 100 feet- wide along
lakes and perennial streams and 50 feet wide in other special
protection areas; and -

(c) does not receive manure applications
from any animal feedlot or manure storage area.

(2) The following practices must be complied with:

(a) no application within 25 feet of the - -
protected water, protectedwetland, intermittent stream, or
drainage ditch in the special protection area;

(b) inject or incorporate within 24 hours -

and prior to rainfall; and

(c) apply at a rate and/or frequency which
will not allow soil phosphorus levels to increase over any
six-year period with the following exception: soil phosphorus
may be increased to 21 ppm (Bray 21) or 16 ppm (Olsen) when soil
testing indicates soil phosphorus test concentrations are less
than these values.

(3.) Otheragency-approved practices must be
implemented that have been demonstrated through research by a
land grant college to provide an -equal degree of water quality
protection as the measures in subitems (1) and (2)

C. Manureand process wastewater -application by a -
traveling gun, center pivot, or other irrigation equipment that
allows liquid application of manure to travel more than 50 feet
in the air is prohibited in special protection areas.

Subp. 7. Manure and process wastewater application for
land within 300 feet of open tile intakes. Manure and process
wastewater applied within 300 feet- of open -tile intakes, and
where manure—contaminated runoff may flow into the open tile
intake, must be injected or incorporated within 24 hours of
application according t.o the schedule in items A and B unless-
other agency-approved water quality protection management
practices are implemented in accordance with item C.

A. All liquid manure and process wastewater applied
within 300 feet of open tile intakes must be injected or
incorporated within 24 hours of application beginning October
23, 2000.

- B. All manure and process wastewater applied within
300 feet of open tile intakes must be injected or incorporated
within 24 hours of application when applied after October 1,
2005.

C. Other agency-approved practices must -be
implemented that have been demonstrated through research by a
land grant college to provide an equal degree of water quality
protection as injection or incorporation within 24 hours.

Subp. 8. Manure and process wastewater application near
sinkholes, mines, quarries, and wells.
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A. Manure and process wastewater must not be applied
to land within 50 feet of an active or inactive water supply
well, sinkhole, mine, or quarry.

B. Manure and process wastewater must be incorporated.
within 24 hours of surface application when applied to land that
slopes toward a sinkhole and is less than 300 feet from the -
sinkhole except that no setback incorporation is necessary where
diversions prevent manure-contaminated runoff from entering the
sinkhole.

STAT AUTH: MS s 115.03; 116.07; 122.23

1-lIST: -25 SR 834
Current as of 22/02/00
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Department of Geology, Winona State University
Winona, ~T 55987—5838

Department of Geology and Geophysics, University of Minnesota
Minneapolis, ~ 55455—0219

Minnesota Pollution-Control Agency, Regional Director
Rochester, lilT 55904

ABSTRACT

On February 20, 1991, city workers discovered a sinkhole collapse in the
Lewiston, MN waste water treatment facility (~WTF) lagoons. The collapse
apparently occurred during the preceding few days and drained an estimated
7.7 million gallons of partially treated effluent into the local ground
water system. A temporary dike was constructed to isolate the sinkhole
from the rest of the lagoon. Subsequent, ad hoc testing for coliform
bacteria and nitrates- did not detect evidence of effluent from the lagoon
in nearby residential wells. Following a shallow (20 foot penetration)
geophysicalinvestigation using groundpenetratingradar and an
electromagnetic survey, the city decided to fill the sinkhole and to erect
a dike around the collapse. The collapse was repaired in May, 1991 and the
lagoon returnedto full operation.

The 1991 Lewiston collapse follows the nearby, 1974 and 1976 collapses of
the Altura, Minnesota WWTF lagoon (Liesch, - 1977; Alexander and Book,
1984) . Two of the 7 to 10 WWTF lagoons constructed on the Ordovician
Prairie du Chien Group carbonates in the southeastern Minnesota karst
terrain have catastrophically failed in less than 20 years. That
correspondsto a failure rate of over 20% for thesemillion dollar WWTFs
so far. The federal programs -that cost—sharedthe bulk of the construction
expenses for these WWTFs no longer exist. The cost of potential damages,
remediation, and/or replacementof theseWWTFs falls directly on- the state
and local units of government.
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INTRODUCTION

Southeastern Minnesota is an active karst area. Geomorphic features
associatedwith the karst include sinkholes, enlarged joints, numerous
springs~, disappearing streams, cave systems, and dry valleys. There are
problems with ground-waterquality ranging from occasionalhigh levels of,
selected parameters to chronic sub—standard drinking water conditions in
the hydrogeologi~aIIysensitTivearea-.- -

The region is characterized by farms, small towns, and a few moderate-
sized cities. Many of the community center3 have waste treatment
facilities that consist of a series of settling ponds, or lagoons.
Lewiston, Minnesota is one of the small towns located within this karst
region. This paper documentsthe failure of one of Lewiston’s ponds due
to the instantaneous collapse of a sinkhole.

PHYSICAL SETTING

Topography

Lewiston is located in southeast Minnesota, in Winona County (-Figure 1).
The region surrounding Lewiston is characterized by gently- rolling hills
and swales with local relief of about 20 m (Figure 1). Sinkholes - and dry
valleys are evident at the surface. A very thin soil, ranging - in
thickness from 0 to about 15 ~ covers the bedrock. The source material
f~EE oil, is both residuum and/or glacial tills and.bess.
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Climate

At present, the area has a temperate climate, with a mean annual
temperature of 7.60, and an annual precipitation of 75 cm (NOAA, 1978)
This region has experienced climatic changes, most recently, the changes
that resulted in Pleistoceneglaciation.

Geology

The region is underlain by a series of lower Ordovician and Cambrian
sandstone and carbonate units (Figure 2) The units were deposited in
nearshore to shallow—sea environments, and exhibit typical vertical and
lateral facies changes associated with sedimentationduring Transgression
and regression of the shallow sea. The strata dip gently to the southwest
towards the center of the Hollandale Embayment (Mossler and Book, 1984).
The units of most concern are the Jordan Sandstone and the Oneota
Dolomite. -
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Generalized stratigraphic section in the Lewiston, Minnesota
area. Adopted from Mossler and Book (1984)

Figure 2.
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The Jordan Sandstone is Cambrian in age and averages 30 m in thickness.
The Jordan is a massive, upward-grading, fine— to coarse—grained friable
sandstone. Upward in the unit, it becomes progressively more indurated
with carbonate and siliceous cements, first forming lenses and concretions
and then well-bedded, highly lithified strata.

The Ordovician Prairie du Chien Group conformably overlies the Jordan
(Figure 2). The Prairie -dIP ChTien -is composed-of. the Oneota Dolomite and
upper ShakopeeFormation. - The OneotaDolomite is about 60 m hick an&is
fine— to medium—grained, thick— to thin—bedded to massive, with calcite—
filled vugs in the upper portion, and minor chert nodules throughout the
unit (Mossler and Book, 19-84). Both drill cores and outcrops reveal that
the dolomite is highly jointed and has undergone extensive- solution. The
dolomite is vuggy to cavernous particularly in the upper portion. -

The Shakopee Formation is subdivided into the lower New Richmond
Sandstone member and the upper Willow River Dolomite member. The latter
is not present in the area and is not discussed further. The New Richmond
Sandstone of the Shakopee Formation is a fine— to medium—grained quartzose
sandstonewith infrequent interbedded medium—grained arenaceous carbonate.
beds. This sandstone unit averages about 6 in in thickness, is friable,
extensively jointed, easily eroded, and does not form many outcrops.

Hydrology

Surface flow is in small headwater channels of the Whitewater and Root
Rivers. The channels are characterized by meander development and easily
erodible banks. Some surface run off flows into sinkholes. Regional
ground—water flow is east—northeast toward the Mississippi River. Local
ground—water flow is toward discharge points such as small tributaries or
spr~.ngs.

Joints are common throughout the Jordan Sandstone and springs in the
well—lithified portions tend to discharge directly from joints. In the
more friable lower part, springs are often a combination of discrete flow
from joints and diffuse flow from numerous seeps. The Jordan is a major
sourceof water for wells in the area.

Only a few springs, confined to discharge from well—developed joints,
have been mapped in the Oneota. Few wells in the area rely solely on the
Oneota as a water supply. However, many older wells are open holes
through the Oneota. The New Richmond Sandstone member of the Shakopee
Formation has a few springs which emerge form the New Richmond/Oneota
contact. The New Richmond is not a significant aquifer in the area.
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Karst Features

Numerous karst features such as sinkholes, enlarged joints, springs, dry
valleys, and small caves have formed in the Oneota Formation of the
Prairie du Chien Group (Figure 3) . Sediment-filled solution cavities are
common features in outcrops and quarry walls that expose the Oneora
Dolomite. The karstification of the Oneota probably began during the

-- - Ordovicianand has..continued..~in~ermittently until_the present. The region
would be classified as fluviokarst according to the scheme used by
Sweeting (1973) because both karst and fluvial processes have contributed
to the development of the features that are evident, or that are being
exhumed.

Sinkholes are by far the most dominant karst feature. Historically, if
the holes are left in the natural state, they are either fenced—in and
left to be naturally vegetated, or several have been used as backyard
landfills. In the past, several have been filled with debris and soil and
then used as farm land. Many of the sinkholes in the area have developed
catastrophically, often in the spring of the year in response to unusually
wet conditions. It appears that the sinkhole~~evelop through the New
Richmond Sandstone into the underlying Ofe6f~~olomite.

Figure 3. Block diagram of karst landforms in southeast Minnesota
(Dalgleish and Alexander, 1984)

Typical relationships in Winona County ~betweenkarst and topography
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Lewiston, and the immediate vicinity, were classified as high
probability of sinkhole developmentby Dalgleish and Alexander (1984)
The classification was based on the observed density of sinkholes,
together with information on the bedrock geology, surf icial geology, and
hydrogeology. Dalgleish and Alexander (1984) conclude that the carbonate
bedrock i~j.h~.-p-r±inary control on sinkhole formation. Secondary controls
incI~~~he type and thickness of the overburden, and the depth of the
water tabte7~eas ~ i overlain by the sandstone
member of the Shakopee Forziiation, such as in the vicinity of Lewiston,
are the most susceptible to sinkhole development. Fractures in the
noncalcareous sandstone act as conduits to preferentially direct surface
water into the Oneota.

THE SINKHOLE COLLAPSE OF THE LEWISTON WASTE WATER TREATMENT
FP~CILIT7r LAGOON

Background

The Waste Water Treatment Facility at Lewiston, (population -1300) is
constructed in an area that overlies the New Richmond Sandstone member of
the Shakopee Formation and the Oneota Dolomite, and has less than 30 m of
regolith. The Waste Water Treatment Facility consists of a series, of
settling ponds or lagoons which is commonly known as a “natural” treatment
system (Figure 4) . These types of systems are common in southeast
Minnesota. The one at Lewiston is about 20 years old. Exposure of the
waste water allows oxygen and sunlight, together with microorganism to
“treat” the effluent after initial screening for large—sized solids.
Machines or chemicals are not used. The treated water is then discharged

•to a surface—water channel. This natural purification takes about 6
months . ~ , ~ w.,
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According to the superintendent of the Lewiston’s sewer and water system
Lewiston had wanted a mechanical system 20 years ago, but was denied the
request by the Minnesota Pollution Control Agency.. Supposedly, the
decision was based on the consensus that small towns could not afford the
upkeep and the operating expenses of a mechanical plant (Rochester Post
and Bulletin; February 27, 1991). Today, that opinion is not held by any
state government agency. The change of opinion is based not on a town’s
x~ew-found ability to afford~a plant-;-- but- because of-the- ground-wate-r-
quality problems associated with a karst terrain, and the documented
failure of a similar lagoon system in Altura, Minnesota (Alexander and
Book, 1984), which is about 10 km northwest of Lewiston.

Sinkhole collapse

On February 20, 1991, it was discovered that a sinkhole had opened on
the edge of sewage lagoon Number 2 (Figure 4) at the Waste Water Treatment
Facility at Lewiston, Minnesota. The sinkhole collapse caused a break in
the dike enclosing the lagoon. The collapse left a hole that was
approximately 12 m in diameter and 2-4 m in depth (Figure 5).

Figure 5. Photo of dike—side of sinkhole, on February 20, 1991. View is
northwest. Photo courtesy of R. Dunsmoor, Winona County.
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It is estimated that the collapse occurred on or about February 14,
1991. According to the records of city workers, approximately 7.7 million
gallons of semi-treated sewage effluent were lost from Lagoon Number 2.
The loss occurred over several hours to perhaps a day. The effluent
entered the ground through a conduit at the bottom of the sinkhole. The
waste water had been in the lagoon only about two months, and probably
still contained bacteria and/or viruses because it was covered with ice
i~~hidh would prevent-sunlight and.heat.from.. destroyl.ng. them. -- -

The sinkhole collapse at Lewiston has striking similarity to the
collapse at the Altura Waste Water Treatment Facility as documented by I
AJ.exander’ and Book (1984). Both collapses formed in the Oneota Dolomite -~

where it was overlain with the basal sandstone member of the Shakopee
Formation. At both locations, sinkhole collapse was catastrophic. One of
major differences i~ that the failure of the Altura lagoon was due to
several sinkholes in the bottom of the lagoon, whereas, the failure of the ILewiston lagoon was due to a single sinkhole collapse near the edge of the

lagoon which led to breaching of the dike. I
Response to the problem

The water level in Lagoon Number was 2 was lowered and continued to be Imonitored so that further semi-treated water did not spill over into the
sinkhole. A dam was built around the sinkhole in order to prevent surface
run off from entering the hole.

Water—quality tests were performed on the city wells and on 11 private
wells in the area. The results did not detect contamination from the
effluent. Residents were advised to drink water from hot water heaters
that had been cooled, until they could have their well tested. They were
further advised to chlorinate their wells, and drink bottled water if they
had any concerns.

Remediation of the problem

The city hired a consulting firm in early March to determine the size of
the sinkhole and propose short term remediation. A shallow (6 rn
penetration) geophysical investigation used ground-penetrating radar and
an electromagnetic survey to determine the limits of the observed sinkhole
and possible fractures in the vicinity. An independent proposal to run a
dye. trace form the sinkhole in order to determine ground—water flow
patterns was not adoptedby the city. This was due in part to the concern
of liability.

By mid May 1991, it was decided by city employees that the best response
to the sinkhole collapse was to repair the dike and seal the sinkhole.
Beginning May 21, 1991, the site was cleaned—up, and new dike was created
about 15 m from tAie surface expression of the sinkhole. According tO city
employees, the sinkhole was excavated to within 1 m of bedrock. The hole
was then filled and sealed by May 24, 1991.

I
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POTENTIAL FAILURE O~ OTHER WASTE WATER TREATMENT FACILITIES

The Minnesota Pollution Control ~.gency has compiled a list of towns in
southeast Minnesota with waste-water pond facilities similar to that at
Lewiston. The screening for the list included those sites ‘which are
situated over karstic bedrock and had less than 30 m of. soil or till
above the bedrock. The initial list, which is being refined at this time,
includes 14 sites. Of >~fio~e 147 I0 a~e ~onsidered to have”- h±qh---
potential for failure, and 4, low potential. Of the 10 that have high
potential for failure, 2 have had failures within the past 20 years.
This corresponds to a failure rate of about 20%.

Costs for potential damages, repair and/or remediation for these Waste
Water Treatment Facilities is now the responsibility of the local units of
government. The Federal programs that. cost—shared the bulk of the
original construction costs have been severely reduced or phased out. It
is recognized that the use of a lagoon system in a karst region can lead
to catastrophic failures and potential health concerns. However,, the
sealing of the sinkholes not only in, or next to, sewage ponds, but in
other sensitive areas, is often the remedial method of choice due to
economics. A new sewage treatment plant would cost about 1.5 million
dollars which is an exorbitant financial burden for a small town. These
small towns are forced either to spend millions of dollars on new
construction or risk potential liability suits. Neither choice is good.
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CONSTRUCTING NEW MANURE STORAGE SYSTEMS IN THE KARST REGION

Interim GuidanceDocument

lastrevised3-20-00

MinnesotaPollution ControlAgency

PURPOSEOF THESE GUIDELINES

These guidelines are established by the Minnesota Pollution. Control Agency (MPCA) to define
themeasuresandconsiderationsgenerallyneededto ensurethat, to the maximumextentpracticable,
ground water is protected when new liquid manure storage systems are constructed in the karst
region. Minnesota rules 7060.0500state that it is the “policy of the Minnesota.Pollution Control
Agencyto control wastesasmay be necessaryto ensure that to the maximum practicable extent the
underground waters of the state are maintainedat their naturalquality.” Maintaining high quality
groundwatersuppliesis challengingin thekarst regionof southeasternMinnesotadueto the rapid
transportof contaminantsfrom the land surfaceto groundwater in this uniquegeologic setting.
Theseguidelinesarealsointendedto provide greaterconsistencyduring MPCA staffand County
FeedlotOfficers permittingdecisionsin thekarstregi6n.

This documentincorporatesminimum standardsproposedin the revisedfeedlot rules (chapter
7020)andadditionalsite-specificevaluationsandmeasuresneededto safeguardgroundwater.in the
karstregion. Theproposedfeedlotrules for chapter7020will establishtheminimumstandardsfor
depthto bedrockand define areasadjacentto sinkholes that are not suitablefor constructionof
liquid manurestoragesystems. However,theproposedfeedlotrules are not intendedto define all
considerationsand measuresneededto protect ground water from constructionof new liquid
manure storagesystemsin this region. A site-specificreviewprocessin this documentdefineswhat
informationmustbe consideredin the case-by-caseanalysesto evaluatethewaterquality protection
measuresneededfor specificsite locationsin thekarstregion.

It is important for livestock producersand their technical advisorsto understandkarst riskconsiderationsearly in theplanningandsiteselectionprocess. Somequestionsaddressedin these

guidelinesinclude: 1) why are additional precautionarymeasuresneededin the karst region? 2)
what are theminimumdepthto bedrockandsinkholesetbackrestrictions?3) what site conditions
posethehighestrisk offailure?4) whattypeofmanurestoragesystemdesignsareneededto protect
ground water quality? and 5) what investigationsand evaluationsmust be conductedprior to
obtaininga feedlotpermit applicationfor constructionofa liquid manurestoragesystemin thekarst
region?

This documentwill be usedas“interim” guidanceuntil theproposedfeedlotrulesare finalized.
pendinglegislationis resolved,andany resultingmodifications areincorporated. The StateSenate
is currently proposing legislation directing the MPCA to convene a workgroup consisting of
representativesfrom the NaturalResourcesConservationServiceandprivate sectorengineersto
reviewandproposedesignstandardsfor liquid manurestoragefacilities in areassusceptibleto soil
collapseandsinkholeformation.
BACKGROUND



KARST REGION OFMINNESOTA

Much of SoutheasternMinnesotais considereda “karst” landscape(Figure 1). Karst is a
geologic term for a landscapearea created over soluble rock with efficient drainage. The
underlying carbonatebedrockin a karst region dissolvesover time to producesolution enlarged
joints andcracks. Thesefeaturescan result in rapid transmissionof contaminantsfrom the land
surfaceto the groundwater below. Karst areasare characterizedby sinkholes,caves,springs,
losing streams,and blind valleys. Sinkholes are surface depressionson the earth formed by a
collapseofsoil orbedrock;losing streamslosesomeof their flow into theground; andblind valleys
arevalleys that haveno surfaceoutlet andthe runoff watersenterthe ground.The extentof karst
featuredevelopmentvariestremendouslyacrosssoutheasternMinnesota,andoftenchangesabruptly
within a fewhundredfeet.

Figure 1. Minnesota Karst Lands. These guidelines pertain to much of the land in the dark shaded
areas(from Alexander,E.C.Jr.,UniversityofMinnesota).
BENEFITSOF LIVESTOCK AND MANURE STORAGE STRUCTURES
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Livestock agriculture can benefit water quality in the karst region, helping to offset someof the
risks to water quality. For example,manure applied to land in row crop production can reduce soil
erosion. 1-lay land andpasturesassociatedwith cattleoperationsresultin very little soil erosionand
pesticidetransporton thesteeplyslopingsoils commonin thekarstregion.

The trendsto constructnewandexpandedfeedlot facilities with liquid manurestoragesystems
can potentially further enhanceprotectionof surfacewater quality. Manure storagestructures
increasemanagementflexibility, making it easierto apply at properratesandto avoid winter-time
manureapplication. Many of theolder feedlot facilities arelocatedadjacentto streamsanddo not
have containmentof manureor manure-contaminatedrunoff. Most facilities with new liquid
manurestoragestructureshavetotal containmentof manureso that thereis no manurein rainfall
and snowmeltrunoff waters leaving the feedlot area. Also, the liquid manurein containment
structuresis usuallyinjectedbelowthesoil surfaceand is lesssubjectto surfacerunoffcomparedto
thesoil surfacespreadingpracticesofmanyfeedlotfacilities without liquid manurestorage.

RISKS OF MANURE STORAGESYSTEMSIN KARST REGIONS

While liquid manurestoragesystemscan benefit water quality, they can also pose several
heightenedrisks. Threepotentialwaterquality risks associatedwith liquid manurestoragesystems
in the karstregion are describedbelow. Two of the risk factorscould leadto long-term(chronic)
problems,whereasthe third risk factor is associated-with catastrophicfailure. The water quality
risks include:

1) seepageof contaminantsthrough the liner and underlying soil to fractured bedrock and
subsequentlyto groundwater;

2) gradualsoil subsidenceor formation of a shallow sinkholebelow the storagestructurethat
breachesthe integrity of the liner, causingslow and perhapsundetectableleaking of manure
from thestoragesystemto groundwater;and

3) a largersinkholeformingbelow amanurestoragesystemleadingto arapid flow ofmanureinto
groundwateror causinga collapsein a basin‘sidewall anda releaseof manureonto the ground
surface.

Conditions statedin 2 and 3 above are referredto in this documentas “soil collapses.” In
general,thepotential for soil collapseincreasesastheseepagerate throughthestoragesystemliner
increases.With high seepagerates,the seepageliquids canwashor erode underlying soils into
fracturesin the bedrock. As more soil movesdown the fractures,the soil may either gradually
subsideor suddenlycollapse. In somecases,theunderlyingbedrockcandissolveto the degreethat
it ‘suddenly collapses,causingthesoil aboveto also collapse. Soil collapsescanalso form in some
areas with very low seepagerates due to natural processesoccurring over the past centuriesor from
changes in water infiltration rates near the manure storage system.

Manureenteringgroundwaterwill dischargeinto streamswithini a periodof time ranging from
hours to decadesdependingon the site-specifichydrogeology. The karst region of Minnesota
maintainsa large numberof high quality trout streams. A rapid dischargeof a large quantity of
manureinto a streamwill destroy the aquatic life for a stretchof the streamand also result in
increasednutrientloading into the receivingwatersoftheMississippiRiver system. Manure that
travelsin thegroundwaterfor a longerperiodbeforedischarginginto streamswill be morediluted
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and may not destroy aquatic life, but will threatendrinking watersuppliesas it travelstoward the
stream, andthenstill contributeto streampollutionupondischarge.

Using liners with very low seepage.ratescanreducethe probabilityof a soil collapsebelow a
manure storage system. Risks of failure canalsobe reducedby suchmeasuresaspropersiting of
the storagefacility on the landscape;minimizing the manurestoragecapacity;preventingexcess
infiltration of runoffwatersaroundthestoragefacility; andmaintaininga certainseparationdistance
betweenthemanureandfracturedbedrock.

Basinoverflowsandintentionaldischargesfrom manurestoragestructureshavebeenproblems
at somefacilities in Minnesota. Enforcementofintentionalmanureoverflowsanddirect discharges
to waters has increasedduring recentyears in an effort to curb blatant violations. Another potential
water quality risk from liquid manure storage systemsis failure of manure storage systemsidewalls
to hold liquid manure. Sidewall failures are not known to have occurred in Minnesota, ‘possibly due
to engineeringreviewandregulationofconstructionactivities.

SOIL SUBSIDENCE AND SINKHOLE DEVELOPMENT

Learning experiencesfrom sinkholesforming undermunicipal wastewatertreatmentponds

Between 1974 and 1992, sinkholes opened below three of the twenty-two municipal wastewater
treatment ponds in Minnesota’skarst region. Sinkholesdevelopedin Altura’s pondsin 1974during
constructionand in 1976 when it first filled to capacity(AlexanderandBook, 1984). A sinkhole
developediii a Lewistonpond in 1991 after eighteenyearsof use (Jannik et al., 1992). Several
sinkholesdevelopedin a Bellchesterpond in 1992 after twenty-two yearsof use(Alexanderet al.,
1993). The amountof partiallytreatedwastewaterdraininginto sinkholesat thethreerespective
siteswas3.7, 2.3, and7.7 million gallons. The pondswere constructedof earthenmaterialswith a
designedseepageratenot to exceed3500 gallonsper acreper day. Severalsinkholesare located
within abouta mile from all threesites,yet no sinkholeshavebeenidentifiedwithin a quarterof a
mile from thesites.

These failures clearly demonstratethe potential for sinkholes to develop in southeastern
Minnesotawhen largequantitiesofliquids arestoredin sinkholeproneareaswith minimal barriers
betweenthe liquid and underlying materials. Similar problemscan developwhenstoring liquid
manureabovepermeableliner materials. It should be noted that the currentmaximumallowable
designseepagerate for manurestoragesystemsis more protectivethanthe standardsusedfor the
failedmunicipalwastewaterpondconstruction. It is also importantto considerthat thecontaminant
concentrations in manureare oftenover 100 times greaterthanmunicipal wastewaterpond liquids,
and thus the environmentalconsequencesof a catastrophicmanurereleasecouldbe muchworse
thanmunicipalpondfailures.

In Minnesota,therehavebeenno documentedfailuresofmanurestoragesystemsdueto sinkhole
formation, but there have been several farm-field runoff retention ponds that• have failed into
sinkholes. Manure seepageinto fractured bedrock occurred at one southeasternMinnesota’ farm at
sucha rapid ratethat the storagesystemdid not everneed-tobe pumped and the farmer’swell was
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severelycontaminated.In otherstateswith karstgeology,sinkholeshavebeendocumentedto form
below soil-linedmanurestoragesystems.

SinkholeProbabilityMapping andResearch

Sinkholemappingand research‘completedduring the past two- decadeshasmadeit easierto
determinethe relative soil subsidencerisks when siting new liquid manurestoragesystemsin
SoutheasternMinnesota. Sinkhole probability maps have beencompletedfor Winona County,
Filimore County, andOlmstedCounty(DalgleishandAlexander,1984; AlexanderandMaki, 1988;
Witthuhn and Alexander, 1995). A Karst Hydrology map has also been publishedfor Leroy
Township ofMowerCounty(Green,Mossler,AlexanderandAlexander,1997).A GoodhueCounty
sinkhole probability will be published soon. Additional hydrogeologic investigation has been
conductedover much of the karst region and more karsthydrogeologymapsare expected.in the
future for othercounties.

The probability of sinkholeformation hasbeen found to vary tremendouslyacrossthe karst
region. Some areashave in excessof 50 sinkholesper squaremile and other areashave no -

sinkholes. Often high-densityclustersof sinkholesare adjacentto areaswith widely scattered
individual sinkholes. Bedrock composition,position in the landscape,and thicknessof glacial
materialsoverbedrockhaveall beenfoundto affectthe likelihood of sinkholeformation.

Most sinkholesin southeasternMinnesotaappearwhere.thereis less thanabout50 feet of soil
cover over carbonate and sandstonebedrock. The proximity of nearby sinkholesremain the single’
best predictbrof new sinkholedevelopment(Witthuhn and Alexander,1995). Magdaleneand
Alexander(1995) concludedthat on the scaleof severalkilometers, new sinkholes in Winona
County tend to develop in the areasof existing sinkholes, especiallynear newly developed
sinkholes. The risk of soil collapsehasgenerallybeenfound to increasein areas-of ponded.or
intermittently flowing water, and in areas with indications of more extensivekarstification,
includingareaswith disappearingstreams,caves,springsandsolutioncavities.’

REQUIRED MEASURES PRIOR TO CONSTRUCTING A STORAGE SYSTEM

To meetthe agency’swaterquality protectiongoals,theMPCA requireslivestockproducersto
take several precautionary measuresprior to obtaininga permit to constructa liquid manurestorage
systemin thekarstregion. The measuresareintendedto preventsiting ofanew systemin areasthat
posea high probability of failure, and to - ensurethat thesystemdesignand constructionare best
suitedfor the conditionsat the proposedsite. The investigations,evaluationsandplanningneeded
to managerisksrelatedto manureseepageandsoil collapseincludethe following:

• Investigateareafor sinkholesandother.karstfeattfres;
• Selectpotentialconstructionsitesin lower risk locations;
• Investigatesite for soil characteristics;
• Evaluatesoil collapserisk;
• Designstorage systemfor thesite-specificconditions;and
• Developan inspectionplanfor constructionactivities.
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A descriptionof eachof thesemeasuresis describedbelow.

INVESTIGATING AREA FOR SINKHOLESAND OTHERKARST FEATURES

Site investigationsfor karst featuresare requiredwhenconsideringconstructionof liquid or
semi-solidmanurestoragesystemsin areaswith a sinkholeprobability of “low to moderate”or
greaterin geologicatlasespublishedby theMinnesotaGeologicalSurvey,Universityof Minnesota
andlor MinnesotaDepartmentof NaturalResources. Where no sinkhole probability maps are
available,site investigationsfor karstfeaturesarerequired’on all land expectedto have less than
about 75 feetofsoil abovefracturedbedrock.

Investigationsof nearbysinkholesandotherkarst featuresareneededfor threeprimaryreasons:
a) to determinewhetheran EnvironmentalAssessmentWorksheet(EAW) is neededfor thesite; b)
to ensurethat minimumsetbacksfrom sinkholeswill be met; andc) to enableselectionof thebest
possiblesite locationandevaluationofthesoil collapserisk atpotential sitelocations.

EAWs— TheMinnesotaEnvironmentalQualityBoardrules4410.4300specifythat anEAW must
be completedfor constructionof an animal feedlot facility of more than 500 animal units, or
expansion of an existing animal feedlot facility by more than 500 animal units, if the facility is
located within 1000 feet of a known sinkhole,caveresurgentspring, disappearingspring, karst
window, blind valley or dryvalley.

Sinkhol~ Setbacks— The second reason for the karst feature investigation is to ensure that
minimum setbacksfrom sinkholesare met. Thesesetbacksare designedto preventconstruction
where thereis a very high risk of soil collapse. Two specific provisions in the’ ‘proposedMPCA
feedlotruleschapter7020 identify minimum setbackdistancesbetweensinkholesandnewmanure
storagesystems. Proposedrules7020.2005,subpart 1, prohibit a new feedlot or manurestorage
areawithin 300 feetofa sinkhole. ProposedMinn. R. 7020.2100, subpart2, prohibitsconstruction
of liquid manurestoragesystemswith a capacityexceeding250,000gallons where four or more
sinkholesarelocatedwithin 1000 feetoftheproposed-site,exceptwheregeologicconditionsarenot
suitablefor sinkholedevelopment,or wherethe‘ihanurestoragesystemis constructedto addressan~
existingpollution hazardata feedlotwith lessthan300 animalunits.

Use in selectingsite and-evaluatingrisks - The third reasonfor obtaininginformationaboutthe
locationsof nearbysinkholesandkarstfeaturesis for usein selectingthe lowest risk site location
and evaluatingthe risk of soil collapse. The proximity and characteristicsof sinkholes,blind
valleys, springs,caves,and otherkarst featuresfrom theproposedstoragesystemcan be usedto
helpevaluatetherisk ofsoil collapse.

The following investigations and information are neededprior to selecting a potential
constructionsite. This informationmustaccompanya permitapplicationfor constructinga liquid
manurestoragesystemin thekarstregion.

• SinkholeMaps - Includeacopyofpublishedsinkholelocationandlorprobabilitymapsshowing
the areawithin two miles of the proposedfacility. If a sinkhole map shows the proposed
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manurestoragesite location to be in an areadesignatedas “low” or “no~~ probability, then the
other stepsfor the site investigationneednot be completed. Sinkhole Probabilitymaps are
currently availablefrom the MinnesotaGeological Survey(612-627-4782)for Olmsted Co.,
WinonaCo., FilimoreCo., andLeRoyTownshipofMowerCo..

• Field Inspection- Include a mapof theproposedsiteshowingthe locationofall small andlarge
depressionsin the landscape.At a minimum, all landwithin a 1000 feetradiusof thepotential
manurestoragestructurelocationmustbe closelyinspected. Thebestperiodof time to conduct
this investigationis whencrop-cover,leafcover,andsnow-coverareminimal.

• Sinkhole/depressionCharacteristics - Include a descriptionof the follow~g”for all sinkholes,
filled sinkholesandpotentialsinkholes: a) whetherthesinkhole is currentlyopenor hasbeen
filled; b) decadewhen formed, if known; c) positionon landscape(show on topographicmap);
d) diameterand depth, and e) explanationsabout how the hole or depression’formed if not
believed to be a sinkhole.

• Other karstfeatures- Include a description of other known karst features ‘located within 1 mile
of the proposed facility, including disappearingstreams,caves, dry valleys, blind valleys,
springs, solution cavities or dry valleys.

The following additional information is needed for liquid manurestorage structures proposed in
countieswhereasinkholelocationlprobabilitymaphasnotbeenprepared:

• SoilsMapsand Aerial Photos- topographicmaps,soil surveymapsandaerialphotosof all land
within aone-mileradiusofthesite. All knownopenandfilled sinkholes must be highlighted on
these maps. Closed depressionsidentified on topographic maps are to be identified and
inspected.

• Land owner interviews - a list of all long-term residents(living in areaat least15 years)and
landownersin theareawho wereinterviewedand askedaboutthe locationof existingandfilled
sinkholes locatedwithin a 1 mile radiusof the proposedfacility. All sinkholesor potential
sinkholes(openor filled) areto be identifiedon amaporphotoofthesite.

• Well Lcgs - Geologicinformationfrom well logs within a 2 mile radiusof the proposedsite
location

SELECTING POTENTIAL CONSTRUCTIONSITES IN LOWERRISK LOCATIONS

After obtaining the information about nearbysinkholesand karst features,select potential
constructionsite locationsaccordingto the following criteria:

• Locatethe storagesystemas far as practically possiblefrom topographiclows, depressionsor
rayines on the farm site, especiallywhere suchlocations have historically received flowing
wateror wateraccumulation.
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• Locate the storage system as far as practically possiblefrom existing or historically filled
sinkholesand other karst featuresin the area. ProposedMPCA rules 7020.2005,subpart1,
prohibit anewfeedlotormanurestorageareawithin 300 feet’ofasinkhole.

• Avoid siting in sinkholeplains or otherareaswith high densitiesof sinkholes. Proposedrules
7020.2100subpart2 prohibit constructionwhere therearefour or moresinkholeswithin 1000
feetof theproposedsite and thedesigncapacityexceeds250,000gallons. Exceptionscanbe
madewhere geologicconditionschangedrasticallybetweenthesinkholesandtheproposedsite
suchthat theproposedsite location is not suitable for sinkhole development.Exceptionsare
also’allowedin theproposedruleswherethemanurestoragesystemis constructedto addressan
existing pollutionhazardat afeedlotwith lessthan300animalunits.

• To theextentpossible,selectpotentialconstructionsitelocations,whicharesituatedin different
partsofthe landscapethanwherenearbysinkholesandotherkarstfeaturesarefound.

• Selectpotentialsite locationsexpectedto havethegreatestthicknessoffine-texturedsoils. The
minimumallowableseparationdistancesbetweenmanureandfracturedbedrockaredescribedin
the following section.

INVESTIGATING SITEFOR SOIL CHARACTERISTICS

A soils investigationis neededat potentialconstructionsitesto: a) selectareaswhich havesoil
conditions most protective of groundwater, b) ensurethat minimum separationdistancesfrom
manureto fracturedbedrockcanbe met, c) ensurethat theappropriatesoil materialsare available
for construction,andd) aidin evaluationofsoil collapserisks andselectingappropriatedesigns.

A certain minimum soil thicknessbetweenliquid manureand bedrockis neededto allow
treatmentofmanureseepageprior to theseepagereachingbedrock. Theseparationdistanceis also
neededto minimize the risk of conduitsformingin thesoil betweenthe liquid manureandfractures
in the bedrock. In some cases,the soil separationmay provide increasedprotectionfrom soil
collapsebelow thestoragesystem.

The minimum vertical separationdistancebetweenliquid manureand fracturedbedrock is
identified in Table 1 for different types of liners and livestock numbers contributing to liquid
manurestorageon the farm. The separationdistancesin Table I are consistentwith the proposed
feedlot rule revision(Chapter7020.2100,Subpart2). Exceptionscan be madefor constructing
manurestoragesystemsto correctexisting pollution hazardsat feedlotswith less than 300 animal
units.

To determinewhethertheminimumseparationdistancewill be met, the ownermustconductsoil
thicknessinvestigationsat a minimumoffour locationsfor the first one-halfacreofmanurestorage
areasurfaceareaanda minimum oftwo additional locationsfor eachadditionalacre. Soil thickness
investigationscan be conductedusing soil borings, trenches,or geophysicalsurveyssupportedby
informationfrom borings. If thesoil thicknessinvestigationsindicatean unevenbedrocksurfaceor
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highly variable soil conditions,additional investigationcan be required. Thebedrockelevationis
consideredto be thehighestelevationofencounteredbedrock.

Table 1. Minimum separationdistancerequirementsbetweenliquid manureand fracturedbedrock
for differentsizefeedlots(basedon animalunits) and typeoflinerconstruction.

Number of Animal
Units contributing
to liquid storageon
the entire farm

Minimum separation
distancewhenusing
earthenliners or
unsealedconcrete
liners

Minimum separation
distancewhenusing
composite*liners or
sealedconcrete***
liners

Minimum separation
distancewhenusing
composite*liners with
3 feetcompactedclay,
aboveground** or
sealedconcrete***
with a secondaryLiner
undertheconcrete.

<300AU 20feet Sfeet ‘ Sfeet
300 to 999 AU 30 feet 10 feet 5 feet
>1000AU 40feet iSfeet ‘ lOfeet

The following are descriptions of liner types listed in Table 1.

* A composite-linedstorage system consists of at least‘two feetof compactedcohesivesoil below

a geomembrane(~40 mil) liner.

** An aboveground storagesystemsuchasa slurrystore.

*** Concrete-lined systems mustinclude waterstopsor joint sealantmaterialsat all construction
joints, sealingof all crackswhichmayextendtbroughtheconcrete,anda floor having a concrete
thicknessof not less than5 inches,wherethe requiredareaofsteelreinforcing.in the floor is based
on subgradedragtheoryin AmericanConcreteInstitute,Slabson Grade,ACI-360.

EVALUATING SOIL COLLAPSE RISK
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In many areas, the minimum sinkhole setback and soil. thickness restrictions can be met, yet the
proposed site can still have a high risk of soil collapse; Therefore,a site-specificevaluationis
needed at proposedsites for storage systemsto exceeda capacity of‘250,000 gallons. Locations and
characteristics of all nearby sinkholes.and karst features are assessedin conjunction with
information aboutsoils and manurestorage capacity. The evaluationof soil collapse risk is
conductedto determinewhetheramoreprotectivedesignis neededor whetherthesite posessuch
high risk that the locationshouldnot beusedwithouta muchmoreextensivegeologicinvestigation

The soil collapserisk factoris determinedfrom availablesinkholeprobability map information,
alongwith site specific soils,landscapefunction, geology, and sinkhole information. The following
site-specific information is consideredwhen determining the risk ofsoil collapse:

• density of sinkhole distribution;

• thetopographicandgeologicsettingwhichsinkholesarefound;

• patternsandcharacteristicsof nearbysinkholeformation;

• typeandconditionof first encounteredbedrock;

• depthto bedrock;

• soil andsubsoil types;

• presenceof othernearbykarst features(e.g. disappearingstreams,blind valleys,dry valleys,

caves,springs,andkarstfeaturesobservedin exposedbedrockalongroadways);and

• proximity ofstoragesystem’tothenearestsinkholeorkarstfeature.

Characteristicsindicative of variouscollapserisk categoriesare listed below, rangingin scale
from 0 (lowest risk) to 7 (highestrisk sites). While thesegeneraldescriptionslargely refer to
proximity to sinkholesandsinkholedensities,theothersite specificvariablesnotedaboveare also
evaluatedfor proposedsites.in orderto determinethe most fitting risk category. The following
descriptionsareonly intendedto serveasgeneralguidelines. Thenumbers’0 to 7 below‘correspond
with thenumbersin Figure2 on page12.

o - Areaswherethe first encounteredbedrockis notsubjectto sinkholeformation.

1 - Areas underlainby carbonatebedrock,but in which ‘very few sinkholesare found. No
knownsinkholesexistwithin aone-mileradiusof theproposedsite, andthesoils andgeologic
information indicate that there is minimal risk of sinkhole formation at the site under
consid&ration.

2 - No sinkholesor buried sinkholesare knownwithin a 1/2-mile radius‘of. the proposedsite.
However,widely scatteredsinkholeshavebeenidentified in the areaandthedepthto bedrockis
lessthanabout50 feet.

10
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3 - No sinkholesor buriedsinkholesareknownwithin a 1/4-mile radiusof the site. However,
therearescatteredsinkholes(e.g.2 - 5 sinkholesin a 1 mile radiusofproposedsite) and/orother
geologicfactorsthat maketheareasusceptibleto sinkholeformation.

4 - Similar sinkhole densitiesas #5 risk zones,but the soils andother informationaboutkarst
featuresindicatethat the specific constructionsite hasa lower sinkhole risk than the #5 risk
category.

5 - There is typically either I sinkhole or buried sinkholewithin a 1/4 mile radius or 2-4
sinkholesor buried sinkholeswithin a 1/2 mile radiusand thesoils andkarstfeatureinformation
indicates minimal protection.

6 - Sinkholes are common in the area (e.g. 2 to 4 sinkholesin a 1/4-mile radius or 5 or more•

sinkholeswithin a 1/2-mileradius).

7 - Sinkholesare the dominantlandform, with typical sinkholedensitiesexceedingabout4
sinkholesin a 1/4-mile radiusfrom anypoint.

DESIGNING STORAGE SYSTEMS FOR SITE SPECIFIC CONDITIONS

The type of storage systemliner will be largely determinedby the depth to bedrock requirements
in Table 1. However,in areaswith an elevatedrisk ofsoil collapse,the storagesystemdesignmay
needto be eiihancedbeyondthe requirementsin Table 1, andin somecasesthesiteposessuchhigh
risk that the locationshouldnot be usedwithouta muchmoreextensivegeologicinvestigation.

The MPCA recommendsthe, useof designoptions that correspondwith Figure 2. Thestorage
capacityof all storagesystemson the farm and the site specific soil collapserisk factor areboth
consideredin the Figure 2. design options. The measuresin table 2 are intendedto be flexible
enoughto encourageapplicationof soundjudgment,innovation andexperience. Other liner types
and alternative designs can be consideredby the agencyduring the permit application review
process. Flexibility can alsobe given whena newmanurestoragestructureis designedto correct
existing surfaceor groundwater pollution problemswithout a significant expansionin operation
size. For example,at someexisting operations,it canbebetterfor the environmentto havea new
liquid containmentstructurebuilt in a sinkholeproneareathanto have direct feedlot runoff into
streamsor thecontinueduseof an old structurethatwasconstructedusing less stringentstandards.
Other considerationsfor determining acceptableoptions include: maximummanurevolume to be
stored in any single manurestoragestructure,site history andmanagement,plannedcontingency
efforts,andspecificpropertiesofthesoils.

Figure2. Generalguidelinesfor manurestoragesystemoptionsin differentsoil collapserisk zones.
The soil collapserisk factor 0 to 7 in the figure is ‘associatedwith the soil collapserisk factor
describedon pages10 and 11. TheDesigncapacityconsidersthe ‘combinedstoragecapacityof all
manurestoragestructuresat thefeedlotandmanurestoragefacility.
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A. Cohesive soil liner designed/constructed in accordance withMPCA standardscanbeusedif theseparation
to bedrockrestrictionsaremet.
B. Compositeliner systemor sealedconcrete liner can be used if the minimum separation to bedrock is met.
A compositeliner systemconsistsof a combinationof compactedclaycoveredby anapprovablegeomembrane
or geosyntheticliner. Sealedconcrete-linedsystemsmust include waterstops.or joint sealantmaterialsat all
construction joints, sealing of all crackswhich may extendthrough the concrete,and a floor having a concrete
thicknessof not lessthan5 inches,wheretherequiredareaofsteelreinforcingin the floor is based on subgrade
dragtheoryin AmericanConcreteInstitute,SlabsonGrade,ACI-360.
C. Above ground storage (e.g. slurrystore)

D. Solid manurehandling recommended. Liquid storage not permitted unless a more extensive geologic
investigationindicatesthat the.site is safefor constructionof aliquid manurestoragesystem.

High 7~

B-

5.

Risk of
Soil

coliepee

2-

Low —

Another design goal to reduce soil collapse risks is to minimize the amountof rainfall androof
runoff water infiltrating soils in theareaof the storage system. This can be accomplished by sloping
soils away from the manure storage system, and routing all barn-roofrunoff and perimetertile
waters to a discharge point as far as possiblefrom the manure storage system. The discharge point
should be onto a sloped runoff channel or to some otherareawherepondingofwaterwill notoccur.
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DEVELOPINGAN iNSPECTIONPLAN FOR CONSTRUCTIONACTIVITIES.

A subsoil inspection is requiredwhenconstructingmanure storagesystems(over 250,000
gallons)in areassuitablefor sinkholeformation. This inspectionis in addition to otherconstruction
inspectionsrequiredfor all regionsof thestate. A subsoil inspectionis neededto provide greater
assurancethat the constructionsite is not in an areawhere soil collapseproblemsare imminent.
The inspectionmust be conducted~following removal of the soil B horizon to determinewhether
there is any indication of potential sinkhole developmentobservedin the soil (piping, voids,
channels,topsoil foundatdeeperdepthsorotherindicationsof soil subsidence).

The subsoil inspectionplanmust include the followingminimumelements:

• Who will conduct the inspection — a professionalregistered soil scientist or professional

registeredgeologistexperiencedwith karstis recommended;
• During what periods of constructionthe inspectionwill be conducted— recommendedat least

following removalofthesoil B horizon;

If any indicationsof potentialsinkholedevelopmentareobserved,thepermitteemustnotify the
MPCA and the design engineerso that an evaluationcan be madeof whetherthe site must be
abandonedorif alternativemeasurescanbeimplementedto preventfuturesoil collapse.

POST CONSTRUCTION MANAGEMENT

Following the construction of the manure storage system, the permittee is responsible for on-
going maintenanceand operationin accordancewith all specfficationsin the permit application.
Thestoragesystemmustbe regularlyinspectedfor liner damage,seepageproblemsorsoil collapse.
All damagemust be immediately repaired. All seepageor soil collapse problems must be
immediately reported to the Minnesota Pollution Control Agency. Report any spills or discharge
incidents immediately to the duty officer at 1-800-422-0798.

Wheremanureis to be pumpedfrom the manurestoragesystemto be appliedonto cropland,the
requirementsin proposed7020.2225mustbe met. Theserequirementsincludelimits on maximum
rateof application,precautionarymeasureswhenapplyingnearwatersor waterways,development
of a comprehensivemanuremanagementplan, recordkeepingandplansfor soil andmanuretesting.
Proposedmanureapplicationrulesspecific to thekarstregioninclude:

• Manure must not be applied within. 50 feet of a sinkhole. Manure must be immediately
incorporatedto land sloping toward a sinkhole and that is within 300 feet of the sinkhole.
Exceptionsare made.wherediversionspreventmanure-contaminatedrunoff from enteringthe
sinkhole.

• All manuremanagementplans for feedlotsor manurestorageareaswith a capacityof 300 or
more animal units must include a descriptionof measuresto protect ground water when
applyingmanureto soilswith lessthanthreefeetabovelimestonebedrock.
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FOR FURTHER INFORMATION

For further information about the useof theseguidelinesor other questionsabout feedlot and
manurestoragesystemconstructionin thekarstregion,pleasecall thefeedlothelplineat 1-877-333-
3508.
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Evaluationof subsidenceor collapsepotentialdue to subsurfacecavities
RICHARD C.BEN5ON& LESTER .LLA FOUNTAIN Technos.Inc.,Miami. Florida. USA

ABSTRACT

Though the methodology to provide accurate location and assessment
of subsurface cavities exists, the knowledge to properly implement the
appropriate methodologies is fragmented.

Three key methodsthat may be used in subsurface investigations are:

o Direct sampling methodssuch as drilling and observation
o Indirect methods such as remote sensing and geophysics.
o Statistical methods

It is critical to recognize that limited direct sampling (e.g.,
borings) will affect the accur~cy of a site investigation. It is also
important to understandhow the indirect and statistical methods may be
employed to improve the accuracy of an investigation by providing
additional •data in a cost effective manner. Methodology selection is
dependent upon the. area of investigation, the size, depth, and stability
of the cavity system being investigated.

The above concepts and methods •need to be incorporated into an
integrated systems approach along with a working knowledge of geology,
hydrology, geomorphology, geostatistics, geochemistry, soil mechanics,
and rock mechanicsas they apply to karstproblems.

Selecting the appropriate methodology to accomplish these goals
depends ‘to a high degree onsite—specific cond~tions. By selecting th.e
most suitable methods and utilizing the synergistic benefits of .. an
integrated systemsapproach, high levels of technical accuracy and cost
effectiveness can be achieved.

subsidence or collapse due to the presence of subsurface cavities is a common problem in
many areas of the continental United States. W.E. Davies of the United States Geological
Survey estimates that 15% of the United States is composed of limestone or other ~oluble
rock. at the surface, and that 50 to 75% of the continental United States may be susceptible
to solution and subsidence problems if deep, soluble rocks and pseudo—karst effects are
included.

Subsurface cavities range in size from the small pore spaces between soil or rock
particles to large, cavernous rooms within solid rock. Small cavities or pore sPaces are
important in that they can contribute to subsidence similar to that found in california ~
San Joaquin Valley. There, up to 8 meters of subsidence has occurred as a result of water
withdrawal for irrigation purposes. Small cavities in rock with a characteristic diameter
of approximately one meter often occur in abundance. Uncovered, this rock resembles swiss
cheese. Large cavities of up to ~l00 meters or more in diameter can also occur. The
ultimate collapse of these large cavities is responsible for many of the sinkhole lakes
found throughout the State of Florida (see Figure 1).

Most large cavity systems can be described in terms of regular shapes such as vertical
or horizontal planes associated with fractures or bedding planes, vertical or horizontal
cylindrical conduits, and large rooms of approximately spherical, shape. These cavities are
the result of long term ‘solution of the cavity, walls at a rate of a few centimeters per 1000
years. Although small cavities can contribute to serious problems, only large cavities will
be considered in this paper to simplify the discussion. The same philosophy of
investigation and methodology can be scaled down to address any size cavity, even the pore
space between soil.

0roceeding~ of the First Multldiscipiinar’/ Conference on Sinkholes/Orlando/P/orida/15.17 October 1984 201



Aerial photo from the west coast of Florida showing numeroussinkhole
lakes. Dashedlines indicate linear trends formed by the sinkhole
lakes. Large cavities of up to 100 meters in diameter are found in
this area where major collapse has occurred.
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~an~e~ o~ Co11~mse Rnd Triccering Hpchpriigm~i
The cause and effect relationships of subsidenceand collapse due to the presenceof

large cavities within rock are numerous. As limestone is dissolved by slightly acidic
ground water and eroded, voids form. When voids enlarge to the point that the overhead
supporting structure fails, surface collapse occurs, collapse of the overheadrock and soil
is accelerated by loading which may result from the static weight of the overburden,
man—caused changes to the environment, rainfall, or a combination of factors, all of which
represent increased static and/or. dynamic loads to the overhead structure. Although it is
safe to say that long term geologic conditions such as the natural -solution and erosion of
bedrock set the stage for the occurrence of subsidence and collapse, variation in rainfall
and man—caused changes to the environment over the short term are by far the most
significant factors that impact man’s construction.

changes in surface water runoff and ground water levels as a result of variations in
rainfall are major factors in developing and triggering collapse. A lack of rainfall, for
instance, results in lowered-ground water leveXs causing a loss of buoyancy that leads to
general soil stress, and ultimately, collapse. An abundance of surface water from increased
rainfall, on the other hand, can accelerate vertical seepage, increase piping activity, and
trigger collapse.

The effects of man—caused changes on the natural environment are the most important
factor in developing and triggering collapse. Two of the most common collapse—precipitating
activities are the withdrawal of ground water for residential and industrial use and the
concentration of surface runoff or change i-n surface runoff patterns resulting from the
construction of major roads, paved parking lots, or airport runways. Though many variables
contribute to the’ultimate cause of collapse, a singular event usually acts as the final
triggering mechanism.

The following data obtained from the Florida Department of Transportation summarizesthe
causes of collapse. The majority of these statistics represent roadway—related collapses.
Included in the data are 96 cases of collapse recorded over a 5 year period.

Blasting 5% construction 11%
Drilling 5% Other or Unknown 11%
Low Water Table . 8% Heavy Rainfall 58%

Zt is not surprising that the figures show the dominant cause of collapse to be
associated wit~ heavy rainfall sinc.e excess surface water is concentrated by roadway
drainage. Although limited, other nonroadway—related data compiled in. 1977 shows many of
Florida’s large collapses to be associated with low ground water levels occurring
predominately during April and May —— the last two months of Florida’s dry season.

The key point made from these data are that within the lifetime of a manmade structure,
100 years or less, the solution of rock and even the mechanLcal erosion of rock-have little
to do with .the final cause of collapse, they merely set the stage for the event at- some time
in the future. Furthermore., the factors contributing to collapse are not necessarily
singular. In most cases, they appear to be cummulative and from many different causes.

Surface subsidence or collapse generally manifests itself within a limited •area over or
near a ruptured cavity and. may take the form of a single, centralized collapse or a large
collapse with numerous satellite sinkholes and fractures around the perimeter. One example
of a single, centralized collapse is the Winter Park Sinkhole in Orange county, Florida.
Examples of a major collapse with numerous satellite sinkholes and fractures around the
perimeter are the December Giant in Shelby County, Alabama and the collapse that occurred in
Hernandocounty, Florida during, a water managementdistrict’s well- drilling attempt.

One common misconception is that a cavity is a- singular occurrence. In general, this’ is
not true, and in particular, it is not generally true for large cavities. - Each “cavity” is
a member of a large system of enlarged fractures, bedding planes,, vertical pipes, horizontal
conduits, - and large rooms similar to tho~e observed in-- caves throughout the world. - In
Florida, most cave systems are water—filled. Treating a cavity as a single entity for
assessment or remedial purposes can only result in- errors that may have signif i-cant impact
in the future. Understanding the numerous cause and effect relationships of subsidence and
collapse as a result of subsurfacecavities is important. It will c~rtai-nly lead to better
forecasts about the behavio-r of cavities and the impact that environmental and man—caused
factors have on them. -

Kethodologies Av~ii1ab1e for the Evaluation of Suhsurface CRyities
Many cavities cannot be analyzed using a single methodology such as aerial photography
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or surface observations. Narrow, vertical fractures, and small cavities, for instance, may
be virtually impossible to detect through -a normal- drilling program. Features such as
piping over large, deep cavities can also go un-detected in a normal field investigation.
Missing such features can result in serious construction problems and subsequent,
catastrophic failures. The technology and methodology to completely define the-existence of
both large and small cavities at any depth does exist. Though drilling is the most commonly

- used investigation tool, other approaches- are necessary. The remote sensing geophysical and
.in~i~ methods are listed below. In addition, there are other tools that may be employed
such as geomorphology and statistics.

POSSIBLE METHODOLOGIESFOR CAVITY DETECTION AND EVALUATION

Airborne or Satellite Spatial Methods Surface Methods

Black and White Photography Thermal Imagery
Color Photography Seismic Techniques (Various)
Infra—Red Photography Resistivity (Various)
Thermal Imagery Electromagnetics (EM) -
Radar Imagery Ground Penetrating Radar (GPR)
Satellite Imagery - Micro Gravity
Multispectral Satellite Imagery Magnetics

Downhole Methods - - In~.it~z Sensors

Camera/Television Piezometers -
Acoustic Scanning (Sonar) Pressure Sensors
Dyes/Tracers Thermal Sensors
conventional Logging Tools - Acoustic Emission Sensors
Seismic Techniques Displacement Sensors -

Electromagnetics - Precision Leveling
- Ground Penetrating Radar

Gravity
Magnetics
Geochemical
Nuclear

In addit.ion to defining -the presence of cavities -at any depth, cavity stability can be
measured, and, to a reasonable degree, cavity behavior can be predicted. Though the tools
to do both detection and evaluation~exist, they are seldom applied because of:

o limited budgets
o - not knowing that the methods exist
o lack of knowledge about the methods and how to apply them
o lack of a single person or firm with the expertise to utilize them

Numerous conferences and papers have -attempted to address the problems associated with
subsurface investigation, subsidence, and cavity detection Csee Bibliography). Most of
these documents focus on one methodology to solve a problem. Since each methodology has
advantages and disadvantages, and since improperly utilized methodology does not produce
positive re,ults, it follows that any single method can fail under a given set of field

- circumstances. Therefore, reliance on a single approach usually results in failure. This
paper, in contrast,, focuses on a broad, systematic approach that incorporates a range of
skills ~nd technology, then selectively applies them to bring about an economical and
technically optimum solution. Every investigation requires a tailored, site—specific
systemsapproach that takes into consideration the available budget and the required level
of accuracy. In keepihg with these concepts, cavity detection and evaluation methodology
can be broadly grouped into the following four categories:

1. Direct measurement methods such as drilling or direct observation
2. Indirect measurement methods such as aerial photography or geophysical methods
3. Statistical methods such as those used to characterize direction, size, and spacing

of cavities
4. Use of an effective systemsapproach.

Direct Measurement Methods
Direct measurement methods reveal the presence of subsurface voids through direct

contact with the cavity. For example, a loss of fluid or a drill stem drop during drilling
constitute direct measurement of the presence of a cavity. Visual observation of a cavity
using a borescope or television camera also constitute direct measurement. Direct cavity
hits by drilling are unusual for most subsurface investigations because the number of
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borings must be limited in order to be cost effective and the probability of hitting a
cavity is low.

The number of borings required to provide an acceptable probability level for cavity
detection can be estimated. By dividing the area of the site by- the estimated area of the
smallest cavity the investigator wishes to detect a site to cavity ratio is established.
Then, statistical tables can be used to determine the number of borings for a given level of
confidence. A simple example is shown in Figure 2. The larger the site to cavity size
ratio, the greater the number of borings necessary-to provide an acceptable level of
confidence for cavity assessment at a given site.

A 10:1 site to cavity ratio involves a rather large cavity. For example, a one—acre
site with a 10:1 ratio implies that -a cavity of about 23 meters in diameter exists. It is
not unusual for ratios of 100:1, 1000:1, or greater to occur. On a one—acre site, a 100:1
ratio implies that a cavity of about 7 meters in diameter exists, and a 1000:1 ratio implies
that a cavity of about 2.3 meters in diameter exists. Even a cavity 2.3 meters in diameter
can be significant on a one—acre site. The following example using a one—acre site and a
90% detection probability level shows the number of borings necessary to provide an
acceptable level of confidence from direct detection drilling programs.

ONE—ACRE SITE WITH A 90% DETECTION PRCEABILITY LEVEL

Cavity -size of 23 meters (As/At~l0-) : Requires approximately10 borings
Cavity size of 7 meters (As/At=l00) : Requires approximately 100 borings
Cavity size of 2.3 meters (As/At=1000) : Requires approximately 1000 borings

This example assumes that uniform grid spacing is used to locate borings. If drilling
locations are randomly selected, the number of borings required increases significantly.
Although the use of this -procedure assures a given level of confidence for cavity detection,
the boundaries of the anomaly must still be defined. Defining them requires additional

- drilling. Furthermore, if -the smallest cavity size estimated is too large, significant
error will be induced into the program.

It is obvious, therefore, that the achievement of an adequate evaluation of complex
subsurface conditions by borings alone is not generally practical. Neither is it cost
effective. To provide such an evaluation would necessitate the installation of an excessive
number of borings. While critical projects such as dams, tunnels,- and nuclear plants may
justify high density drilling and subsequentgrouting,- most investigations do not.

Based on the example given, it should be clear that most subsurface investigations do
not begin to approach100% accuracy. In fact, many investigations are probably less than 10
to 20% accurate. Yet, many professionals and their clients continue to thin-k of subsurface
investigations in terms of high accuracy. It is obvious that alternatives to direct
measurement methods must be used if realistic cavity investigation programs are to be
implemented.

Indirect Methods
A drill stem drop during drilling indicates the presence of a cavity even though it has

not been seen.- A downhole television camera gives visual proof of a cavity’s presence-even
though it may not be touched. Although these methods of direct measurementprovide a high
level of confidence in the subsurfaceinformation obtained, the informat-ion is localized and
must be interpolated between sample points or extrapolated beyond them. At the sample
points, a high level of confidence exists. Beyond each sample point, guessesmust-be made.

In order to fill -in the low levels of confidence between sample points, - various indirect
measurementmethods-canbe employed such as remote sensing or geophysical techniques. Where
a drill stem drop allows a cavity to be detected and a downhole television cameraallows it
to be seen, indirect methods measure the physical, chemical, or electric anomalies
associatedwith the cavity or the disturbed zone surrounding the cavity.

- Using this approach, continuity between direct sample points can be provided to
eliminate or at least minimize errors associated with interpolating and extrapolating
information from direct sampling points. Better yet, boring locations canbe selected based
upon prior knowledge, thereby increasing the validity of data from a given number of
borings. Just as a surgeon uses X—rays and CAT scans to locate a tumor before surgery,
indirect methods can be used to indicate the presence of a cavity before a direct drilling
program begins.

A large number of indirect measurement methods can be used to evaluate the presence of a
cavity. Figure 3 shows the general application of indirect methods. The first two methods
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A. AIRBORNE OR SATELUTE
REMOTE SENSING METHODS

(C ))

C. OOWNHOLE GEOPHYSICAL
METHODS

B SURPACE GEOPHYSiCAL METHODS

Figure 3: Four indirect methodologies
detection and evaluation of

for

subsurface cavities.
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Figure 4: Comparisonof station and
continuous electromagnetic
conductivity measurements along
the same traverse. Continuous
data shows fractures in rock
basedup-on moisture content.

Figure 5: Ground penetrating radar record
showing piping. This example
illustrates the use of near -
surface indicators to locate and
evaluate the activity of deep
cavities. In this case, shallow
piping activity indicates the
presence of a major cavity system
at a depth of 30 to 45 meter-s.

0. INSITU METHODS

Figure 2: Figure A shows a site to cavity
area ratio of approximately 10.
Table B shows various site to
cavity ratios and the
probability of detecting a
cavity with a given number of
bo r~ngs.

A) II STATION MEASUREMENTS
(APPROX. I4O~ APART)

B) CONTINUOUS
MEASUREMENT
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illustrated in Figure 3 are the airborne and surface geophysical methods. They provide the
benefits of in..aiZn, nondestructive measurements.

- - Airborne remote sensing is beneficial in terms of spatial coverage per unit time and
cost; however, subsurface data can only be obtained through interpretation (see Figure 1).
Surface geophysical methods, on the other hand, yield less spatial coverage per unit time
and cost than airborne methods, but they significantly improve depth resolution while they
provide subsurface, information. A three—dimensional subsurface picture can often be
generatedusing special measurementand imagery techniques. Surface geophysical methodsare
quite cost effective for shallow investigations, but resolution and the ability to define
details decreases with increasing depth.

Downhole measurementmethodsalso improve the resolution of local, details. Furthermore, -
resolution does not decrease with depth as it does with surface geophysical methods. Th~
volume of soil or rock sampled by downhole methods is usually much less than that attained
by surface geophysical methods; however, it is much more than that achieved by drilling
alone. The major benefit of downhole measurement methods is that detailed, continuous
information may be acquired at significant depths. The cost per unit area of coverage is
high, but existing boreholes can-often be used to reduce the cost.

~ sensors are another indirect measurement method. They cam be implanted at a
site and sampled periodically to detect changes in subsurface conditions. Sampling with jn
iiti~ sensors can be done manually or electronically depending on the specific method
employed. Generally, airborne, surface, and downhole methods provide a number of
measurementsat one point in time. These measurements are known as spatial measurements.
~ measurements provide a number of measurementsin one place over a period of time.
These rtieasurements are known as temporal. measurements. Though airborne, surface, and
downhole measurements can be- repeated periodically te yield a series of quasi—temporal
measurements, and .i.n iti~ measurements can be made at a number of locations to provide
quasi—spatial measurements,there are limits to the compromisesthat can be made.

Continuous Surface Geophysical Techniques:
Two contemporary geophysical measurement techniques known as ground penetrating radar.

(GPR) and electromagnetic conductivity (Eli) provide unique cavity detection capabilities in
that they provide a -means to obtain continuous subsurface information, at ranid trRversp

~ - For these reasons, they are effective for both reconnaissance and detailed site
investigations. -

The benefits of continuous subsurface sampling can be seen by comparing the two sets of
data in Figure 4 which were taken from a dam site leakage investigation. The upper set of
data in Figure 4 is comprised of discrete measurements taken at 11 points along a traverse
line. These points are joined by a line to produce a data profile. The lower set of data
is the result of continuous measurements taken along -the same traverse line. Comparing the
two data sets, it is obvious that continuous measurements are the most effective for
sampling complex subsurface site conditions because they provide more detail. The peaks in
the electromagnetic conductivity data shown in Figure 4B indicate the presence of fractures
within the underlying rock. The benefits of rapid traverse speeds are lower cost and more
detailed site coverage. In many cases, 100% site coverage can be economically obtained.
Most detailed surveys are run at slow speeds of about 3 kilometers per hour, however, - high
speeds for less detailed, reconnaissance surveys are possible.

GPR is a reflection technique using high frequency electromagnetic radiation. GPR
surveys produce graphic profiles of subsurface conditions that resemble the side walls of
trench cuts. Figure 5 shows the radar record of a thin veneer of soil over limestone.
considerable piping - can be seen in the data indicating the presence of a deep, active
cavity. The reflections shown on the radar record are produced as a result of contrasts in
th.e complex dielectric constant of individual, subsurface materials. This method provides
the highest resolution of all surface -geophysical methods. Depths of one to fifteen meters
or more may be obtained; however, the depth of penetration is quite site—specific and
depends upon soil conditions. - In some cases, penetration depth is limited to 1 meter or
less.

The EM Conductivity technique - permits rapid measurements of the - bulk electrical
conductivity of the subsurface to be made. EM conductivity values are a function of the
site’s porosity, permeability, saturation, natural subsurface materials, and the specific
~onductance of pore fluids. Th-is measurement is similar to that made by the more familiar
:esistivity method, but is accomplished without ground/electrode contact. The EM method
?ermits high lateral resolution profiling measurements to be made which are particularly
effective for locating lateral anomalous conditions. Figure 6 shows the data resulting from
Ln EM survey over fractured limestone. The high EM conductivity values indicate a fracture

207 -



3C-

I—
~ 2(1
I-... — N—,

~ IC
0-

~ 30 60 90 20 i~0 180 210
HORZONTAL DISTANcE IN METERS

0 —~.

~
US

I-

‘~-~—~ ~

Figure 6: Parallel electromagnetic
conductivity profiles showing
migration of salt water in -
fractured limestone.

-Figure 7: Electromagnetic conductivity. (top)
and ground penetrating radar (middle)
profiles over karst terrain with a
geologic cross section (bottom).
Note the correlation between
electromagnetic conductivity and
ground penetrating radar data where
paleo karst features occur.
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Figure 9: Schematiccross section of sinkhole
cave system mapped by. cave divers.
Note the periodicity associated with
cavity growth. Risk to structures
built at points A and C may be low;

Figure 8: Plan view of cave system (W.E. however, structures built at points B
Davies). Note the repeatable - and D have a distinctly higher risk
pattern that lends itself to of damage.
statistical analysis.
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zone. The linear trends observed in the data are related to fluids moving within the
fracture system. L~ocating these vertical fractures by drilling would be economically
prohibitive.

- While GPR and continuous EM conductivity techniques are typically limited -to depths of
15 meters or less, considerable- insight into problems occurring at deeper levels can be
acquired through the use of near surface indicators.

Using Near Sutface Indicators:
Long before subsidence or collapse occur, indicators at or near the surface generally

appear. In other words, deep—seated cavities and fractures often show signs of their
presence in ~.he near- surface before actual collapse occurs. For example, lineaments -are
commonly identified on aerial- photos as evidence of deep—seated fractures or cavity systems
(see Figure 1). Often, these fractures manifest -themselvesat the surface in subtle ways,
such as by disturbed vegetation patterns. In such cases-, the fracture or- cavity is not
observed directly, but its presence. is implied by observing vegetation patterns —— - a near -

surface indicator -(NSI). Local piping of soil due to downward flow of surface water into
fractures or cavities can often be detected by means of surface geophysical methods and the
use of NSI. Identification of NSI provides a rapid and cost—effective means of locating deep -

cavities. In many cases, the -use of NSI has been found extremely effective when used in
conjunction with cOntinuOus sampling surface geophysical methods. -

synergism:
A synergistic increase in the certainty of interpretation - occurs -when many methods -are

combined - into a systems approach. For example, geophysical- methods such as G-PR and EM
conductivity may be combined to yield synergistic results. - The EM conductivity values in
Figure 7 are high over limestone due to interbedded clays and clay—filled pockets. Over
paleosinks (old sinkhole collapses filled by the natural deposition of sands) filled with
quartz sand, EM conductivity values are substantially lower. GPR data, located in the
middle of Figure 7, shows a continuous cross section of the site to a depth of approximately
6’meters. A distinctive paleosink can be seem to the right side of the radar data. This
sink is greater than 30 meters across. Smaller paleosinks and piping activity can be seen
to the left. The combined results of the EM conductivity and GPR geophysical surveys using
NSI and geologic knowledge about the local area were used to draw the interpretative section
shown on the bottom of Figure 7. These data- were used- to accurately locate drilling
locations. Consequently, ~‘smart holes “ were drilled instead of proceeding - with a blind
drilling program. Three borings along the 200—meter traverse confirmed the major collapse
and active piping zone-s with a certainty well above 80%.

St~atisti~al Me~hodB
The approach for evaluating large areas is different in that they simply cannot be

investigated at the same level- of detail as localized areas. Other approaches, therefore,
must be used. Assessing regional problems to maintain reasonable levels of accuracy in am
investigation or mapping program depends heavily upon the integration of information from
many sources to provide an overview of conditions that can be thought of as a statistical
data base. For example, a lineament map can be developed from regional aerial photography
(see Figure 1) or satellite imagery and used to characterize the extent and direction o-f
fractures or karst activity in the region as well as to- illustrate trends through a specific
area of interest. Using regional data such as geologic and hydrologic information, aerial
photo interpretation, and records of recent collapse, regional probability maps - can be
generated-to show areas susceptible to collapse.

A few kilometers- of continuous geophysical data obtained along easily accessible roads
and fields can also provide a valuabl.e statistical base from which to work. Based upon the
presence, absence, or number of NSI encountered, a reasonable statistical assessment can be
made. In addition, potential problem areas can also be identified for subsequent, detailed
studies.

Cave explorers are an important source of critical information that can be -used to-
evaluate local trends. The cave map in Figure 8 shows the orderly periodic nature of
fractures and subsequent solution of limestone. This information is invaluable for planning
a site investigation or predicting potential problems. The profile of a water—filled cave
in Figure 9, mapped by cave divers, shows the potential of sinkhole collapse as roof
sections spall and grow toward the surface, eventually resulting in failure. Bere, the
periodicity of the potential sinkhole collapse areas are clearly illustrated. Both the map
and profile examples provide significant statistical information that can be used to
evaluate th-e presence of a cavity system and the potential for local subsidence, piping, or
collapse.

The presence of existing cavities is often confused with the activity of subsidence or
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Figure 10: Applicability of direct, indirect, and statistical
approachesto cavity investigations versus the scale of
investigation. “Primary” indicates the cost—effective
approach. “Secondary’ indicates a support approach.

-~Iote: Areas are provided for relative comparison only.

Characterization of cavity system stability. I — Totally stable cavity system and
overburden. II — Stable cavity system with some overburden instability, III —

Moderate cavity system and overburden instability. IV — Considerable cavity system
instability resulting in gross over-burden instability and small surface
displacement. Note the presence of near surface indicators (NSI) in Stages II,
III, and IV.

Figure 11:
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collapse. For example, Central Florida is clearly an area of active subsidence, whereas
South Florida has very little active subsidence. The lack of active subsidence in South
Florida does not imply that cavities do not exist, however. In fact, they do. Even though
surface subsidence would be rare in South Florida due to the high water table, cavities
exist and still present a problem for major structure- construction- or deep well injection.

An Effective Svstpm~ Anproach
A wide scope of techniques are~available for subsurface cavity detection and assessment.

Yet, many practitioners continue to investigate for subsurface cavities with a limited
number of borings. -

Because no single method or approach can solve -every problem, it is imperative that the
practit~.oner understand the problem, the tools- available, and how to produce the desired
results. All methods have advantages and disadvantages: they all produce useful results
when they are properly applied and fail when they are improperly-applied. The selection of
methods and the approach used should only be made by persons thoroughly familiar with the
problems associated with cavity detection as well as the tools at his disposal.- In addition
to the methods available, the practitioner’s professional -training and years of in—field
survey experience are essential to produce meaningful results. Tools are not an end—all
answer, they. are merely an aid to the experienced professional. -

A number of key factors must be considered in order to construct an optimal systems
approach. Four key factors are presented here. They are:

1. The area to be investigated
2. The size of the cavity
3. The stability of the cavity
4. The site perspective

The approach to be implemented is dependent upon the relative scale of the site
investigation. Figure 10 illustrates how direct -and indirect sampling methods, together
with- statistical approaches, can be used most effectively taking- into consideration the -size
of the area being investigated. Drilling, for example, is a primary- method employed for
localized site investigations; however, as the area investigated increases, the sample
density decreases, due to the cost and time involved, and accuracy is sacrificed. At that
point, drilling becomes a secondary tool -and the. use of indirect and statistical methods
must be employed to maintain an acceptable level of accuracy. Indirect sampling methods can
be cost effecti~’ely applied to both small and intermediate—sized areas to fill in the
information gaps between direct sample points. Here, the indirect methods become a primary
tool. Over very large areas, they can only be applied on a statistical sampling basis and
become of secondary importance. Various statistical approaches cam -be used effectively for
regional and intermediate—sized investigations. - While most statistical approaches may not
yield site—specific results, there are a limited number of cases in which statistical data
can be used effectively in site—specific local surveys.-

Cavity size clearly impacts the approach as well. Assuming that all other factors and
conditions are properly met-and that the survey is well—designed,- most measurement-methods
must still pass over or reasonably near the cavity in order to get a response. It is much

-. like locating an object in the dark with a flashlight —— the light must shine on the object
before it can be seen. The -cavity must also be big enough to be seen. For example, a
cavity 1 meter in diameter located at a depth of 100 meters cannot be detected from the
surface. However, a cavity with a 10—meter diameter located at a depth of 10 meters can be
detected from the surface. The size to depth ratio must be large enough and other system
noise sufficiently low to permit detection. If the minimum size of the cavity of interest
can be defined and the maximum depth of interest can be estimated, the optimum approach can
be selected. If it cannot, it will at least be obvious where a given approach is- deficient.

The stability of a cavity plays an important role in choosing-an approach-. Figure 11
shows four stages of cavity stability. They are summarized as follows: -

Stage I: Those in which the cavity and the overburden are totally stable
• Stage II: Those where some instability in the overburden has occurred

Stage III: Those with moderate instability in the cavity and overburden
- Stage IV: Those with significant instability in the cavity and the overburden, -yielding

displacement and small surface subsidence. -

&t.~.g.e....I: Stage I cavities are the most difficult to detect. Detection is primarily
dependent upon the ability-of the method to directly detect the cavity’s presence since no -
NSI exist. The lack of piping in these types of cavities indicates a level of stability;
therefore, they may not present a short term problem.

If~
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Although stage I cavities usually cannot be detected by airborne methods, surface
geophysical methods have and can be used successfully to detect them. Cenerally, surface
geophysical methods are dependent on the depth and relative size of the cavity. Typically,
ratios less than 10, and as small as 1 may be required for reliable cavity detection.

• Statistical methods can also- be applied to Stage I cavities to characterize the area and may
sometimesbe used to support local site investigations. -

- S~-~ge~ TI ~nd III: Stages II and III cavities are more readily detected than Stage I
cavities becauseof subtle changesthat occur in the shallow overburden. By observing these
changes,.indirect detection of deep cavities is often possible. Both airborne and surface
geophysical methods become quite effective for detecting and assessing these types of cavity
conditions due to the presence of NSI.. The ~ISI may include such manifestations- as
vegetation stress, temperature differentials, soil piping, and electrical properties of
soil. Instability associated with these cavity types indicate that they are -a potential
hazard over the short term. Furthermore, construction activity ove-r or nea.r a stage II or
III site can trigger collapse.

Since NSI are shallow, these anomalies are more readily detected by airborne and
surface geophysical methods. When airborne methods can be used, they are highly cost
effective, particularly over large areas. Surface geophysical methods have a clear cost
advantage and provide an improvement in resolution for site—specific investigations.
Statistical methods can also be applied to Stage II and -III cavities to characterize the
area and may sometimes be used- to support local site investigations.

S.ta~..I~L: Although surface subsidence is already- underway in Stage IV cavities, it may
go undetected by the naked eye due to little displacement and slow rates of occurrence. - The
instability associated with these types of cavities indicate that they are clearly a -

potential hazard over the short term. Furthermore, nearby construction or drilling can
easily trigger collapse.

Stage IV cavities are even more readily detected using airborne and surface -geophysical
methods to detect NSI. As more subsidence and cracks occur in the near surface, indirect
-sensing methods are more easily applied because increased activity tends to emphasize the
parameter or parameters being- monitored.

When airborne methods can be used they are highly- co-st effective, particularly over
large areas. , Surface geophysical methods have a clear cost advantage and provide am
improvement in resolution for site—specific investigations. Statistical methods can, also be
applied to Stage IV cavities to characterize the area and may sometimes be used to support
local site investigations.

The Need for a Perspective:
Localized field investigations generally focus on the immediate area of concern and

ignore the regional setting. Omitting the regional perspective as it relates to the local
site can result in critical gaps in understanding the site. While the specific site of
interest may only be one acre in size, knowledge of the regional setting is still important
because the regional setting reveals information about geomorphology. For example, regional
fracture trends may be observed in aerial photos and may extend to the local site, whereas
knowledge of only the local site might not provide adequate insight into these trends.
Information from a localized drilling program provide considerable detail, but they must be
put into perspective by considering the regional setting. On the other hand, interpreting
aerial photos on a regional basis without detailed results of local drilling to support a
cause/effect interpretation cam also be misleading.

Risk Assessment:
A risk assessment can be made for any site. The important question to ask is how

site—specific and h-ow accurate need. the risk assessment be? A fairly accurate regional
collapse probability map can be generated by considering geologic and hydrologic data as
well as past level of activity. Such an assessment, however, is not applicable to
site—specific problems within the region.

A reliable local approach would be to evaluate the presence of NSI at and around the
site. NSI cam be obtained from reconnaissance data using aerial methods or surface
geophysical methods. An even more- reliable approach would be based on a site—specific
drilling program designed as a result of previous regional and geophysical knowledge
obtained from the site. -

It is important to recognize the inherent limitations of any investigation and balance
them against realistic project objectives and -constraints. Smaller sites~ of one acre can be
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assessedto high levels of confidence with total coverage in a reasonable time and economic
framework. Larger sites must utilize geonorphology and statistical data to minimize - the
guessing involved in cavity detection. Total coverage is unrealistic over large areas due
to time and cost restrictions. Something less than 100% coverage, therefore, must be
acceptable, yet the confidence level must be maintained as high as possible. High levels of
confidence with limited coverage can only be accomplished through considerable insight
gained from experience.

Here, statistics, - -geology, geomorphology, and geometric patterns and trends become of
great importance. If patterns cam be established with some level of confidence, the
location of high—probability hazard areas can be predicted. For- example, Figure 9 shows
that construct.on may be reasonably safe at points A and C with only a limited site
investigation, but not at points B and D. Points B and D require a detailed site—specific
stability analysis because they are in. a high—risk area. Having -established the location of
the high and low—risk areas through the qualitative data of Figure 9, the site’s
construction suitability can be evaluated. More detailed investigations can be carried out
until an acceptable level of confidence is achieved. Such an approach allows problem areas
to be defined without 100% surface coverage. In many cases, effective detection of cavities
or delineation of problem zones and site assessment stability can be accomplished with high
levels of confidence at minimal cost before problems occur.

Four Levels of Site Investigation:
A site can be evaluated in various detail to yield different levels of data accuracy and -

assessment confidence. Each level of evaluation improves upon the previous information,
coverage, and level of confidence.- Many times only a preliminary, first order approximation.
is needed to determine whether a project is in a highly sensitive area or an area that is
r~latively -safe. On the- other hand, a project may require detailed information
necessitating a much higher level of confidence-; hence, a second, third, or fourth level- of
assessment. Unfortunately, the problem is all too often glossed over or ignored, and a
first level assessment is sometimes all that is done.

Four levels of site investigation can be applied to cavity detection methods. They are:

- 1. Review o~ Rxi~tino Data: Aerial photos, geologic maps, general geologic/hydrologic
literature, and any specific statistics or data that are readily available should be
reviewed and analyzed to provide-- preliminary information on a site. The results -of such
assessments are only preliminary, however, and mtst be used with caution. -

2. Si~2LiaiZ: Site visits include a geologic and environmental visual inspection.
Interviews with local land owners, drillers, contractors, quarry operators, county agents,
and state and federal personnel can provide numerous unpublished details.

3. On—Site Reconnaissance Measurements: On—site reconnaissannce measurements may
include aerial techniques or surface geophysics. If no drilling data is available from the
local site, selected borings or - “smart holes” whose locations are based upon previous
reconnaissance work should be included. The methods selected should be effective
reconnaissance tools ~md should be used as such.

— - 4. Detained Site Assessment: A detailed site assessment can be -used to pr&ve the
existence of cavities in areas thought to be high risk or to prove the nonexistence of
cavities in areas assigned as low -risk. On small sites, the entire site may be examined by
detailed methods to provide coverage approaching 100%. On larger sites, however, statistics
and geomorphology must be used to locate areas of high and low risk. Sufficient
measurements must be taken to achieve the selected level of program confidence.

The various levels of site investigation must be interactive, for, as local data is
obtained, greater insight and resolution of details about the site is gained. After
information is gained from Level III, it may be advisable to return to Level .1 and review
any new possibilities. It is essential to have a flexible program with in—field analysis
and feedback to optimize field activity throughout- the overall program. Although remedial -
action and monitoring may follow a detailed site investigation, they are not included as
part of this discussion.

The level of site-assessment undertaken should be-a function of:

o The known-susceptibility of the site to subsidence
o The critical nature of construction
o The level of probability or confidence desired by the investigation
o The overall project economics
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A complete systems approach should include all of the following:

1. The statistical spatial sampling requirements for an effective drilling and remote
sensing program

2. The need for regional and local perspective
3. The use of indirect samplingwith contemporarymethods
4. Understanding the benefits of continuous data and making use of both airborne and

surface sensors wherever appropriate -
5. The use of near surface indicators (NSI)
6. - The benefits of a well—planned and executed direct sampling drilling program
7. Application of various statistical approaches that may be applied to regional and

local problems -

8. Application of various measurement methods depending upon the size of the area
9. Having a working knowledge of the principles of geology, hydrology, geomorphology,

geostatistics, geochemistry, so-il mechanics, and rock.mechanics as they apply
to karst problems -

10. Understandingthe cost versus accuracy tradeoffs of site investigations
11. A blending of experience and judgement -

12. On—site presenceof key professional project personnel

Sz=mary
An accurate evaluation of subsidence or collapse potential due to subsurface cavities -

requires an accurate definition of the problem area. While the methodology to solve the
problem already exists, knowledge of its- use and thorough understanding of the problem is
fragmented. Furthermore, most programs are- - restricted by cost and schedule limitations.
One of the major problems of subsurface evaluation continues to be the errors developed
through a lack of - perception and adequate sampling. In many cases, a balance between
high—density spatial sampling requirements and cost—effective drilling programs can be
achieved by combining -the contemporary and traditional approaches discussed in this paper.

It is important to remember that no single method or approach will solve all site
investigation problems. Although the methods referred.to in this paper are founded on solid
scientific principles, they can fail if they are improperly implemented or applied to the
wrong problem. The process of proper implementation requires trained, experienced
personnel. By selecting the most suitable methods and utilizing the synergistic benefits of
an int~grated systems approach, high levels of accuracy and cost—effectiveness can be
achieved and the project can be done right the first time.

The technical methods and systems approach discussed in this paper have been
successfully applied to a number of site investigation problems including reconnaissance and
detailed surveys for the location of cavities, fractures, and differential soil conditions.
Location and evaluation of rock fracture, subsurfacecavities, and collapse potential have
been evaluate.d using a model based upon these general principles~ Both the techniques and
the model have been tested in a number of locations in and out of the continental United
States for nearly two decades. They have been proven effective for providing improved
confidence levels, accuracy, cost—effectiveness, and for predicting hazardous geologic- and
man—induced conditions.
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GUIDELINES FOR ASSESSMENT OF EARTHENLAGOONCOLLAPSE POTEN’rIAL*
Revised 8/15194

* This form needs to be completed only if the site is located
in carbonate rock terrane or where nearby underground mining
is present. (Carbonate Rock Terrane - means “a sedimentary
rock sequence, formation or group of formations which has a
significant (greater than 50%) portion of the uppermost 20
feet of bedrock composed of limestone, dolomite, or
calcareous sediments”.) A site is not considered to-be
carbonate rock terrane. if the lagoon bottom is underlain by
20 feet or more of surficial material (other than relict
bedrock structure residuum or alluvium).

A. BACKGROUND INFORMATION. Fill in data from Wastewater
Treatment Site Report or Addendunt on top of form.

-1. STREAM CLASSIFICATION. From information given on Line
15 of the Waste Water Treatment Site form indicate if the stream
is gaining or losing adjacent to the site. If there is
uncertainty as to the gaining or losing nature of the stream and
the watershed is greater than 100 acres, complete the Streara
Classification System form.

Gaining streams are assigned a risk factor of. “zero” and
losing streams are assigned a risk factor of “four” by choosing
the appropriate integer.

2. DEPTH TO WATER TABLE. This should be the vertical
distance. from the ground surface to the top of the subsurface
water which- is in the zone of saturation.

An estimate of the depth to the water table can be developed
by mxamini’ng sample and/or drillers logs for which the driller
has measured the depth to the standing water level (SWL) in the
area, of interest. The SWL can be measured from existing wells on
or adjacent to the site. Investigators conducting exploration on
the site may have measured the SWL.

Indicate if the water table is -equal to or less than 50 feet
below the surface by choosing “zero”; or if the water table is
greater than 50 feet below the surface by choosing “four”.

3. RESIDUUM THICKNESS. This category is intended to assign
a risk factor to residuum thai exhibits relict bedrock structure.
(Relict Bedroc]~ Structure — is defined as “discontinuous chert or
interbedded sandstone that remain somewhat intact as carbonate
bedrock is dissolved by solution-weathering, thus preserving the
te.xture and depositional fabric of the parent bedrock”.)
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If there is no relict bedrock structure present in the
residuum, the residuum containing relict bedrock structure is
from 0 to 10 feet thick, there is no residuum, or the site is
underlain by glacial drift, choose zero

If the residuum containing relict bedrock structure is 10 to
40 feet thick, greater than 100 feet thick, or from 40 to 100
feet thick; choose “two”, “four”, or “eight” respectively.
Estimates of residuum thickness at the site can be developed from
information in the well log files and exposures of the soil and
residuum profile in the area. More accurate information is
provided by drilling or test pits dug at the site of the proposed
lagoon.

4. PREDOMINANTCHARACTERISTICS OF THE UPPER 20 FEET OF
B-ED~OCK AND/OR SURFICIAL MATERIAL. pick the most appropriate
characteristic for the entire 20 foot sequence below the lagoon
bottom.

Solution-free bedrock, glacial drift, and alluvium with
gaining conditions should be assigned a “zero” risk factor. -
(Types of bedrock with low permeability and little or no solution
activity by water include: 1) most igneous and metamorphic rocks;
2.) cyclothemic deposits of shale, limestone, coal, underclay,
siltstone, and sandstone; 3) blanket deposits of clay and fine—
to medium-grained, well-cemented sandstones; and 4) sequences of
interbedded shale and argillaceous limestone.) Twenty feet of
glacial drift, and alluvial deposits with gaining conditions
should also be assigned a “zero” risk factor.

Limestone and/or dolomite bedrock with a weathered zone that
is confined to the upper 10 feet of strata or that contain minor
solution features should be assigned a risk factor of “two”.
(Minor Solution Features - are defined to be “voids, up to one
foot ‘wide, and are causedby solution of bedrock along bedding
planes, contacts between soluble and insoluble strata, joint
planes, fracture planes, and fault planes”.) Residuum associated.
with this type of bedrock should also be assigned a risk factor
of “two”. Permeable,sandstone should also be assigned a risk
factor of “two”.

Limestone and/or dolomite bedrock that contain significant
solution voids below the uppef 10 feet of strata should be
assigned a risk factor of “eight”. (Significant Solution Voids —

are defined as “those one foot in diameter or larger”.) Residuum
with relict bedrock structure associated. with thIs type of
bedrock, and alluvium with losing conditions should also be
assigned a risk factor of “eight”.

5. THE PROXIMITY OF SINKHOLES TO THE LAGOON. (A Sinkhole
is a”depression in the land surface that communicates with a
subterraneanpassagedeveloped by solution and/or collapse into
the underlying bedrock”.) The proximity of a sinkhole is
determined by measuring the distance from the outside toe or the
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nearest cut of the proposed lagoon to the nearest feature ~of the
sinkhole. In order to be counted, a sinkhole must be developed
in the same or similar geohydrologic setting that is- present at
the site.

No sinkholes within one mile of the proposed lagoon rate a
risk factor of “zero”. One to five sinkholes within one mile
rate a risk factor of “one”. Six to ten sinkholes within one
mile of the proposed lagoon rate a -risk factor of “two”. More
than ten sinkholes within one mile, or one sinkhole within 1/4
mile of the proposed lagoon rate a risk factor of “four”. More
than five sinkholes within one half mile, or one sinkhole within
500 feet of the proposed lagoon rate a risk factor of “eight”.

6. PROXIMITY OF UNDERGROUNDOPENINGS TO THE LAGOON.
(Underground Openings - are “natural voids or man-made
excavations under the surface of the earth that are large enough
to permit human acc.ess and include caves, underground mines, and
evidence of catastrophic collapse.”) Count only the underground
openings that are present in the same or lower stratigraphic
units which are present at the site. Use cave and mine maps from
DGLS files or use your own observations or the observations of
other DGLS personnel. If interested parties supply information
concerning underground openings, record the name of the person
and the information given at the bottom of the form under -
Remarks. Detailed analyses may be presented by the applicant -

which may negate this factor. Remarks must discuss these
analyses.

No evidence of underground openings within one half mile of
the proposed lagoon rate a risk factor of “zero”. Underground
opening.s within one half mile of the proposed lagoon rate a risk
factor of “two”. Underground openings within 1/4 mile of the
proposed lagoon rate a risk factor of “four”. Underground
openings within 500 feet of the proposed lagoon rate a risk
factor of “eight”. Underground openings beneath the proposed
lagoon rate a risk factor of “sixteen”.

7. SURFACE AREA OF THE LAGOON. Calculate the surface area
of the wastewater in the proposed lagoon. In most cases, the
surface area of the proposed lagoon will be given on the form
used to request a geological ~‘aluation of the site. Total the
surface area of each cell if more than one cell is existing or
proposed.

If the total surface area of wastewater is less than one
acre, assign a risk factor of “one”. For a total surface area
from one to four acres, assign a risk factor of “two”. For a
total surface area greater than four acres, assign a risk factor
of “four”.

8. MAXIMUM OPERATING DEPTH OF LIQUIDS. In most cases, the
maximum operating depth of liquids for the proposed lagoon will
be given on the form used to request a geological evaluation of
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the site. The maximum operating depth of existing lagoons can be
estimated by measuring the vertical distance from the downstream

- toe to the emergency spillway or overflow pipe. This method may
give an exaggerated estimate of the operating depth of liquids if
the lagoon has been constructed on a steep slope. In cases where
there are more than one cell, use the operating depth of the
deepest lagoon.

For operating depths of less than Zive feet, assign a risk
factor of “one”. For-operating depths from five to -ten feet,
assign a risk factor of “two”. For operating depths from ten to
fifteen feet, assign a risk facto of “three”. For operating
depths greater than fifteen feet, assign a risk factor of “four”.

TOTAL THE RISK FACTORS. The site is classified as having
slight collapse potential if the total is nine or less. T,he site
is classified as having moderatecollapse potential if the total
is from 10 to 22. The site is classified as having severe
collapse potential if the total is 23 or more. Enter the
resulting collapse potential on line 15 of the Waste Water
Treatment Site Form or Addendum. Although the computer database
automatically tabulates the score, you are responsible to make
sure the score is correct.

REMARKS: Include any additional information related to
compilation or data included in this assessment,e.g. thorough
documentation of estimates and assumptions.

Enter investigator’s name and date in appropriate blanks.
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(6) Ozone Generation. Ozone may be pro-
duced from either an air or an oxygen gas
source. Generation units shall be automati-
cally controlled to adjust ozoneproductionto
meet disinfection requirements.

(7) Piping and Connections. Piping systems
should be as simple as possible, specifically
selected and manufactured to be suitable for
chlorine or ozone service, with a minimum
number of joints. Piping should be well sup-
ported and protected against temperature
extremes. The correct weight or thickness of
steel is suitable for use with dry chlorine liq-
uid or gas. Even minute traces of water added
to chlorine results in a corrosive attack that
can only be resisted by pressure piping utiliz-
ing materials such as silver, gold, platinum or
Hasteloy C. Low pressure lines made of hard
rubber, saran-lined, rubber-lined, polyethy-
lene. polyvinylchloride (PVC) or Uscolite
materials are satisfactory for wet chlorine or
aqueous solutions of chlorine. Due to the cor-
rosiveness of wet chlorine, all lines designed
to handle dry chlorine should be protected
from the entrance of water or air containing
water. For ozonation systems, the selection of
material should be made with due considera-
tion far ozone’s corrosive nature. Copper or
aluminum alloy shbuld be avoided. Stainless
steel with a corrosion resistance of at least

- equal to grade 304 L should be specified for
piping containing ozone in nonsubmerged
applications. Unpiasticized PVC, Type I,
may be used in submerged piping, provided
the gas temperature is below one hundred
forty degrees Fahrenheit (1400F) (600C) and
the gas pressure is low.

(8) Housing.
(A) Separation. If gas chlorination equip-

ment, chlorine cylinders or ozone generation
equipment are to be in a building used for
other purposes, a gas-tight room shall - sepa-
rate this equipment from any other portion of
the building. Floor drains from the chlorine
room should not be connected to floor drains
from other rooms. Doors to this room shall
open only to the outside of the building and
shall be equipped with panic hardware. The
rooms shall be at ground level and should
permit easy access to all equipment.- Storage
area should be separate from the feed area.
Chlorination equipment should be situated as
close to the application point as reasonably
possible.

(B) Inspection Window. A clear glass, gas-
tight window shall be installed in an exterior
door or interior wall of the chlorinator or -
ozone generator room to permit the units to
be viewed without entering the room.

(C) Heat. Rooms containing disinfection
equipment shall be provided with a means of
heating so that a temperature of at least sixty
degrees Fahrenheit (600F) (160C) can be
maintained but the room should be protected
from excess heat. - Cylinders shall be kept at
essentially room temperature. The room con-
taining the ozone generation units shall be
maintained above thirty-five degrees Fahren-
heit (35F) (2C) at all times.

CD) Ventilation. With chlorination systems, -
forced, mechanical ventilation shall be
installed which will provide one (1) complete -

air change per minute when the room is occu-
pied. For ozonation systems, continuous ven-
tilation to provide at least six (6) complete air
changes per hour should -be installed. The
entrance to the air exhaust duct from the
room shall be near the floor and the point of
discharge shall be so located as nat to con-
taminate the air inlet to any buildings or
inhabited areas. Air inlets shall be so located
as to provide cross ventilation with air and at
a temperature that will not adversely affect
the chlorination of ozone generation equip-
inent. The vent hose from the chlorinator
shall discharge to the outside atmosphere
above grade.

(E) Electrical Controls. Switches far fans
and lights shall be outside of the room at the
entrance. A labeled signal light indicating fan
operation should be provided at each
entrance, if the fan can be controlled from
more than more one (1) point.

(9) Respiratory Protection. Respiratory air-
pac protection equipment, meeting the
requirements of the National Institute for
Occupational Safety and Health - (NIOSH)
shall be available where chlorine gas is han-
dled and shall be stored at a convenient loca-
tion but not inziae any room where chlorine
is used or stored. Instructions for using, test-
ing and replacing mask parts including canis-
ters, shall be posted adjacent to the equip-
ment. The unlts shall use compressed air.
have at least thirty (30)-minute capacity and
be compatible with the units used by the fire
department responsible for the plant. -

(10) Application of Chlorine or Ozone.
(A) Mixing. The disinfectant shall be pos-

itively mixed as rapidly as possible, with a
complete mix being effected in three (3) sec-
ends. This may be accomplished by either the
use of turbulent flow - regime or a mechanical
flash mixer.

(B) Contact Period. For-a chlorination sys-
tem, a minimum contact period of fifteen
(15) minutes at peak hourly flow or maxi-
mum rate of pumpage shall be provided after
thorough mixing; Consideration should be

given to running a field tracer study to assure
adequate contact time. If dechlorination is
required after complete mixing of the effluent
with the chemical, no further contact time is
necessary. The required contact time for an
ozonation unit varies with the type of disso-
lution equipment used. Certain high rate
devices require contact times less than one
(1)- minute to achieve disinfection while con-
ventional dissolution equipment may require
contact times similar to chlorination systems.

(C) Contact Tank. The chlorine or ozone
contact tank shall be constructed so as to
reduce short-circuiting of flow to a practical
minimum. Baffles shall be parallel to the lon-
gitudinal axis of the chamber with a mini-
mum length to width ratio of forty- to one
(40:1-) (the total length of the channel created
by the baffles should be forty (40) times the
distance between the baffles). The tank
should be designed to facilitate maintenance
and cleaning without reducing effectiveness
of disinfection. Duplicate tanks, mechanical
scrapers or portable deck level vacuum clean-
ing equipment shall be provided. Considera-
tion should be given to providing skimming
devices on all contact tanks. Covered tanks
are discouraged.

(11) Evaluation of Effectiveness.
(A) Sampling.. Facilities shall be included

for sampling the disinfected effluent after
contact. In large installations, or where
stream conditions warrant, provisions should
be made far continuous monitoring of efflu-
ent chlorine residual.

(B) Testing. Equipment shall be provided
for measuring chlorine residuals using
accepted test procedures. Automatic equip-
ment required by subsection (4)(C) of this
rule may be used to meet the requirements of
this subsection. Equipment shall also be
required far measuring fecal colifarm using
accepted test procedures as required by 10
CSR 20-9.010.

AUTHORIThsection 644 026, RSMoSupp.
1988. * Original rule filed Aug. 10, 1978,
effective March 11, 1979.

Originai awhonJy 1972. amended 1973. 1987. 1993.

110 CSR 20-8.200 Wastewater Treatment
Ponds (Lagoons)

PURPOSE:The following criteria have been
prepared as a guide for the design of waste-
water treatment ponds (lagoons). This rule is
to be used with rules 10 CSR 20-8.110—10
CSR 20-8.220for the planning and design of
the complete treatment faciliy. This rule

10 CSR 20-8

Rebecca McDowefl Cook (2128199)
Secretary at State
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10 CSR 20-8—NATURAL RESOURCES Division 20—Clean Water Commission

reflects the minimum requirements of the Mis-
souri Clean Water Commission as regards
adequacy of design, submission of plans, -
approval of plans and approval of completed
sewage works. Deviation from these minimum
requirements will be allowed where sufficient
documentation is presented to justz)~y the devi-
ation. These criteria are taken largely from
Great Lakes-Upper Mississippi River Board
of State Sanitary Engineers Recommended
Standards for Sewage libi*s and are based
on the best information presently available.
These criteria were originally filed as 10 CSR
20-8.030.- It is anticipated that they will be
subject to review and revision periodically as
additional information and methods appear.
Addenda or supplements to this publication -
will be furnished to consulting engineers and
city engineers. - If others desire to receive
addendd or supplements, please advise the
Clean Water Commission so that names can
be added to the mailing, list. -

Editor’s Note: The secretary of state has

determined that the publication of this rule in
its entirety would be unduly cumbersome or
expensive. The entire text of the marerial ref-
erenced has been filed with the secretary of
state. This material may be found at the
Office ofthe Secretary of State or at the head-
quarrers of the agency and is available to- any
interested person at a cost established by
stare law.

(1) Definitions. Definitions as set forth in the
Clean Water Law and 10 CSR20-2.010 shall
apply to those terms when used in this rule,
unless the context clearly requires otherwise.
Where the terms shall and must are used,
they are to mean a mandatory requirement
insofar as approval by the agency is con-
cerned, unless justification is presented for
deviation from the requirements. Other
terms, such as should, recommend, preferred -

and the like, indicate discretionary requlre-
ments on the part of the agency and devia-
tions are subject to individual consideration.

(2) Exceptions. This rule shall not apply to
facilities designed for twenty-two thousand
five hundred (22,500) gallons per day
(85.4m~) or less (see 10 CSR 20-8.020 for

the requirements for those facilities).

(3) General. This rule deals with generally
used variations of treatment ponds to achleve
secondary treatment including controlled dis-
charge pond systems, flow-through pond sys-
tems and aerate pond systems. Ponds utilized
for equalization, percolation, evaporation and
sludge storage will not be discussed in this
rule.

(4) Supplement to Engineer’s Report. The
engineer’s report shall contain pertinent
information on location, geology, soil condi-
tions, area for expansion and any other fac-
tors that will affect the feasibility and accept-
ability of the proposed project. The following
information must be submitted in addition to
that required in 10 CSR 20-8.110.

(A) Supplementary Field -Survey Data.
1. The location and direction of all resi-

dences, commercial developments, parks,
recreational areas and water supplies, includ-
ing~ a log of each well if available witltin one-
half (1/2) mile (0.8 lan) of the proposed pond
shall be included in the engineer’s report.

2. Land use zoning adjacent to the pro-
posed pond site shall be included.

- 3. A description, including maps show-
ing elevations and contours, of the site and -
adjacent area shall be provided. Due consid-
eration shall be given to additional treatment
units and/or increased waste loadings in
determining land requirements. Current Unit-
ed States Geological Survey and Soil Conser-
vation Service maps may be considered ade-
quate for preliminary evaluation of the pro-
posed site.

4. The location, depth and discharge
point(s) of any field tile in the immediate area
-of the proposed site shall be identified.

5. A geological evaluation of the pro-
posed lagoon site prepared by the Division of -
Geology and Land Survey (DGLS) shall be
submitted. To obtain this geological evalua-
tion of the proposed site, the engineer shall
submit the following information to the
Department of Natural Resources, Division

- of Geology and Land Survey, P.O. Box 250,
Rolla, MO 65401:

A. A layout sheet showing the pro-
posed location. The layout shall include the
legal description, pro~ierty boundaries, roads,
streams and other geographical landmarks
which will assist in locating the site; - -

B. Size of the lagoon and/or approxi-
mate volume of waste to be treated;

C. Maximum cuts to be made in the
construction of the lagoon; and

D. Location and depth of cut for bor-
row area, if any.

6. Sulfate content of the primary water
supply shall be determined. -

7. Data from all soil borings conducted
by a professional -soil testing laboratory to
determine subsurface soil characteristics and
groundwater characteristics, including eleva-
tion, at the proposed site and their effect on -
the construction and operation of a pond shall
also be provided. All boring holes shall be
filled and sealed. The permeability character-
istics of the pond bottom and pond seal mate-
rial shall also be studied. At the facility plan

stage particle size analysis, Atterburg limits,
standard Procter density (moisture-density
relations) or permeability coefficient may be
required on a case-by-case basis to reflect soil
characteristics. At the twenty percent (20%)
design stage, soil analysis of each representa-
tive soil material including particle size anal-
ysis, Atterburg- limits, standard Procter densi-
ty (moisture-density relations) and perme-
ability coefficient of the compacted soil as
~measuredin a falling head permeameter or
other text procedure acceptable to the agency
may be required. Soil borings may be
required in each geological area to determine
depth to piezometric surface and to bedrock.
Recommendations of the DGLS will be used
to establish the required tests at the facility
plan and twenty percent (20%) design stages.
- (B) Site Information.

I. Distance from habitation. Lagoon
sites should be as far as- practicable from
habitation or any area which may be built up
within a reasonable future period. The agen-
cy does not attempt to set any minimum dis-
tance from habitation since each case must be
judged upon its own merits.

2. Prevailing winds. If practicable,
ponds should be located so that local prevail-
ing winds will be in the direction of uninhab-
ited areas.

3. Surface runoff. Location of ponds in
watersheds receiving significant amounts of
stormwater nmoff is discouraged. Adequate
provisions must be made to divert stormwater
runoff around the ponds and protect embank-
ments from erosion.
- 4. Hydrology. Construction of ponds in
close proximity to water supplies and other
facilities subject to contamination should be
avoided. A minimum separation of four feet
(4’) (1 .2m) between the bottom of the pond
and the maximum groundwater elevation
should be maintained where feasible.

5. Groundwater pollution. Proximity of
lagoons to water supply located in- areas of
porous soils and fissured rock formation shall
be elevated to avoid creation of health hazards
or other undesirable conditions. If the geo-
logical report from DGLSmakes- suggestions
for remedial treatment of the site, the engi-

• neer shall comply with the suggestions. In
some cases, the engineering geologist
requests to visit the site during or after con-
struction. When a request is made, the con-
suIting engineer shall comply with the
request. -

(5) Basis of Design.
(A) Quality of Effluent. A controlled dis-

charge stabilization -pond (four (4)-cell) will
be considered capable - of meeting effluent
limitations of thirty (30) mg/I biochemical
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oxygen demand (BOD
5) and thirty (30) mg/I

suspended solids. Flow-through stabilization
ponds (three (3)-cell), and aerated lagoon sys-
tems will be considered capable of meeting
effluent limitations of thirty (30) mg/I BOD”
and eighty (80) mg/I suspended solids. Flow-

- through lagoon systems and aerated lagoon
systems followed by submerged sand filters
will be considered capable of meeting efflu-
ent limitations of twenty (20) mg/I ROD5 and
twenty (20) mg/I suspended solids. Lagoons
may be incorporated into irrigation systems
or systems utilizing chemical coagulation and
filtration to meet the requirements of 10 CSR
20-7.015(3)(A)3. Please refer to 10 CSR20-
7.015 Effluent Regulation for discharge
requirements.

(B) Area and Loadings for Controlled Dis-
charge Stabilization Ponds (four (4)-cell).
Pond design for ROD5 loadings shall not
exceed thirty-four (34) lbs./acre/day (38 km
per hectare per day) at the three-foot (3’-
1 .9m) operating depth itt the primary cells.
The primary cell shall be followed by a sec-
ondary cell having 0.3 the area of the prima-
ry cell and by two (2) storage cells. The two -
(2) storage cells shall have a volume above
the two-foot (2’-0.6m) level for one (1) -
month’s storage of average daily flow in each
cell. At least one hundred twenty (120) days’
detention time betWeen the two-foot (2’) lev-
el (0.6m) and the maximum operating depth
shall be provided in the entire pond system.
Flow can be based on one hundred (100) gal-
lons per capita per day (38m3/cap/d) or other
values if data is presented to justify the rate.
Primary and secondary cells shall be
designed for water depths up to a maximum
of five feet (5’) (1.5m). The storage cell
should be made as deep as possible up to a
maximum depth of eight feet (8’) (2.4m).

(C) Area and Loadings for Flow-through
Stabilization Ponds (three (3) cell). Pond
design for BOD5 loadings shall not exceed
thirty-four (34) pounds per acre per day (38
km per hectare per day). The second cell
must be at least 0.3 the area of the first cell
and the third cell 0.1 the area of the first cell.
The first and second cells must have a vari-
able operating level of between two feet (2’)
(0.6m) and five feet (5’) (1.5m). The third
cell must have a variable operating level of
between two feet (2w) (0.6m) and eight feet
(8’) (2.4m). Detention time of at least one
hundred twenty (120) days must be provided.
Flows of less than one hundred (100) gallons
per capita per day (.38m

3/cap/d) may be used
if data is presented to justify the lower rate.

(D) Aerated Lagoons. For the development
of final design parameters it is recommended
that actual experimental data be developed;
however, the aerated lagoon design for mini-
mum detention time may be estimated using
the following formula:

E

where: 2.3 K
1 x (100-E)

= detention time in the aeration cell in
days; -
E = percent of BOD, to be removed in an
aerated pond; and -
K1 = -reaction coefficient aerated lagoon.
base 10.
For normal domestic sewage the K1 - value
may be assumed to be .15 per day for Mis-
souri conditions. The reaction rate coefficient
for domestic sewage which includes some
industrial waste, other waste or partially
treated sewage must be determined experi-
mentally for various conditions which might
be encountered in the aerated ponds. Conver-
sion of the reaction coefficient at other tem-
peratures shall be based on experimental
data. Raw sewage strength should also con-
sider the effect of any return sludges. Also,
additional storage volume should be consid-
ered for sludge and in northern climates, ice
cover. Oxygen requirements generally will
depend on the ROD5 loading, the degree of
treatment and the concentration of suspended
solids to be maintained-~ Aeration equipment
shall be capable of maintaining a minimum
dissolved oxygen level of two (2) mg/I in the
ponds at all times. Suitable protection from
weather shall be provided for electrical con-
trols. The aeration equipment shall be capa-
ble of providing 1.3 pounds of oxygen per
pound of BOD5(l .3 kg/kg -ROD5) removed.
BOD5 removal shall be based on warm
weather rates. Aerated cells shall be followed
by a polishing cell with a volume of 0.3 of the
volume of the aerated cell (see 10 CSR 20-
8.180 for details on aeration equipment). -

(E) Multiple Units. Parallel cells should be
considered for large installations. The maxi-
mum size of an~’ cell should be forty (40)
acres (16 ha). The system should be designed
to permit isolation of any cell without dis-
rupting service of the other cells.

(F) Pond Shape. The shape of all- cells
should be so that there are no narrow or elon-
gated portions. Round, square or rectangular
ponds with a length not exceeding three (3)
times the width are considered most desir-
able. No islands, peninsulas or coves shall be
permitted. Dikes should be rounded at cor-
ners to minimize accumulation of floating
materials. Common dike construction, wher-
ever possible, is strongly encouraged.

(G) Industrial Wastes. Consideration shall
be given to the type and effects of industrial
wastes on the treatment process. In some cas-
es it may be necessary to pretreat industrial
or other discharges. Industrial wastes shall
not be discharged to ponds without assess-
ment of the effects the substances may have

upon the treatment processor discharge
requirements- in accordance with state and
federal laws.

(H) Additional Treatment. Consideration
should be given in the design stage to the uti-
lization of additional treatment units as may
be necessary to meet applicable discharge
standards (see paragraph (4)(A)3. of this
rule).

(6) Pond Construction Details. -
(A) Embankments and Dikes.

1. Material. Dikes shall be constructed
of relatively impervious material and com-
pacted to at least ninety-five percent (95%)
standard Procter density to form a stable
structure. Vegetation and other unsuitable
materials shall be removed from the area
where the embankment is to be placed.

2. Top width. The minimum dike width
shall be eight feet (8’) (2.4m) to pertoit
access of maintenance vehicles.

3. Maximum slopes. -Inner and outer -
dike slopes shall not be steeper than three
horizontal to one vertical (3:1).

4. Minimum slopes. Inner slopes should
not be flatter than four horizontal to one ver-
tical (4:1). Flatter slopes can be specified for
larger installations because of wave action but
have the disadvantage of added shallow areas
being conducive to emergent vegetation. Out-
er slopes shall be sufficient to prevent surface
runoff from entering the ponds.

5. Freeboard. Minimum freeboard shall
be two feet (2’) (0.6m). For very large cells.
three feet (3’) (1.Om) should be considered.

6. Design depth. The minimum operat-
ing depth should be sufficient to prevent
growth of aquatic plants and damage to the
dikes, bottom, control- structures, aeration
-equipment and other appurtenances. - In no
case should pond depths be less than two feet
(2’) (0.6m). The design water depth for aer-
ated lagoons should be ten to fifteen feet
(10—15’) (3—4.Sm). This depth limitation may
be altered depending on the aeration equip-
ment, waste strength, climatic conditions and
geologic conditions. -

7. Erosion control. Ajustification and
detailed discussion of the method of erosion
control which encompasses all relative fac-
tors such as pond location and size, variations
in operating depths, seal material, topogra-
phy, prevailing winds, cost breakdown, appli-
cation procedures, etc., shall be provided.

A. Seeding. The dikes -shall have a
cover layer of fertile topsoil with a minimum
thickness of four inches (4”) (10 cm) to pro-
mote establishment of an adequate vegetative
cover wherever riprap is not utilized. Prior to
prefilling (in accordance with paragraph
(6)(C)3. of this rule), adequate vegetation

10 CSR20-8
U-
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shall be established on dikes from the outside
toe to one foot (1’) above the water line mea-
sured on the slope. Perennial-type, low grow-
ing, spreading grasses that minimize erosion
and can be mowed are most satisfactory for
seeding of dikes. In general, alfalfa and other
long-rooted crops should not be used for
seeding since the roots of this type are apt to
impair the water holding efficiency of the
dikes. Alternate dike stabilization practices
may be considered if vegetative cover cannot
be established prior to prefilling.

B. Additional erosion protection.
Riprap or some other acceptable method of
erosion control is required as a minimum
around all piping entrances and exits. For
aerated cell(s) design should ensure erosion
protection on the slopes and bottoms in the
areas where turbulence will occur. Addition-
al erosion control may also be necessary on
the exterior dike slope(s) to protect the
embanktnent(s) from erosion due to severe
flooding of a water course.

C. Alternate erosion protection.
Alternate erosion control on the interior dike
slopes may be necessary for ponds which are
subject to severe wave action. In these cases
riprap or an acceptable equal shall be placed
from one foot (1’) (.3m) above the high-water
mark to two feet (2’) (O.6m) below the low
water mark (measured on the vertical). This -
protection should also be provided in the stor-
age cells of a controlled discharge (four (4)-
cell) pond and the third cell of a flow-through
pond (three (3)-cell) where large fluctuations
in operating depths will occur.

(B) Pond Bottom.
I. Soil. Soil used in constructing the

pond bottom (not including the seal) and dike
cores shall be selected to avoid settlement.
Soil shall be compacted with the moisture
content between two percent (2%) below and
four percent (4%) above the optimum water
content and to the specified standard Procter
density but no less than ninety-five percent
(95%) standard Procter density.

(C) Seal.
I. Design. Ponds shall be sealed so that

seepage loss through the seal is as low as
practicably possible~ Seals consisting of soils
or synthetic liners may be used provided the
permeability, durability, integrity and cost
effectiveness of the proposed materials can be
satisfactorily demonstrated for anticipated
conditions. Bentonite, soda ash or other seal-
ing aids may be used to achieve an adequate
seal in systems using soil. Results of a testing
program which substantiates the adequacy of
the proposed seal must be incorporated into
and/or accompany the engineering report.
Standard ASTMprocedures or other accept-
able methods shall be used for all tests. Soils

having a permeability coefficient of 10-.-
cm/sec or less with a compacted thickness of
twelve inches (12”) (30.5 cm) will be accept-
able as a lagoon seal for water depths up to
five feet (5’) (1 .Sm). For permeability coef-
ficients greater than 10-— cm]sec or for heads
over five feet (5’) (1.Sm) such as an aerated
lagoon system, the following formula shall be
used to determine minimum seal thickness:

- HxK
5.4 x 1O~•~”’~ -

where: -

K = the permeability coefficient of the soil in
- question;
H = the head of water in the lagoon; and

= the thickness of the soil seal. - -

Units for H and t may be English or metric;
however, they must be the same. For a seal
consisting of an artificial liner, seepage loss
shall not exceed the equivalent of the rate
expressed in this paragraph.

2. Normal construction methods will
include over-excavation below grade- level of
twelve inches (12”) (30.5 cm), scarification
and compaction of base material to ninety-
five percent (95%) standard Procter density
at moisture content between two percent
(2%) below and four percent (4%) above
optimum, and compaction of lifts generally
not exceeding six inches (6’) (15.2 cm) to
ninety-five percent (95%) standard Procter
density at moisture content between two per-
cent (2%) below and four percent (4%) above
optimum. Maximum rock size -should not
exceed one-half (1/2) of the thickness of the
compacted lift. The cut face of dikes must
also be over-excavated and compacted in lifts-
not to exceed six inches (6”) (15.2 cm) per
lift. Soils containing plastic clay may be
excluded from this construction requirement
on a case-by-case basis based on particle size
analysis and Atterburg limits. In fact, with
some clay soils, satisfactory construction can-
not be obtained by over-excavation and
recompaction. Construction control must
include field density.- A minimum of two (2)
density tests per acre or not less thanthree
(3) tests must be performed for the base and
each lift. Permeability tests of field compact-
ed material may be performed at the option of
the consulting engineer.

3-. Prefilling. The pond shall be prefilled.
in order to protect the liner, to prevent weed
growth, to reduce odor, to allow measure-
ment of percolation losses and to maintain
moisture content of the seal. However, the
dikes must be completely prepared as
described in subparagraphs - (6)(A)7.A.
and/or B. of this rule before the introduction

of water. If the lagoon bottom is allowed to
dry, the seal must be recompacted as required
in paragraph (6)(C)2.

4. Percolation losses. Measurement of
percolation losses shall consider flow into
and out of the lagoon, rainfall and evapora-
tion, and changes - in water level. Measured
percolation losses in excess of one-sixteenth
inch (1/16”) ~(1.6mm) per day will be con-
sidered excessive.

(D) Influent Lines.
Material. Cast- or ductile-iron pipe

- should be used for the influent line to the
pond. Unlined corrugated metal pipe should
be avoided due to corrosion problems. Other
materials selected shall be suited to local con-
ditions. In material selection, consideration
must be given - to the quality of the wastes,
exceptionally heavy external loadings, abra-
sion, soft foundations and similar problems.

- 2. Manhole. A manhole shall be.
-installed prior to entrance of the influent line
into the primary cell(s) and shall be located
as close to the dike as topography permits. Its
invert shall be at least six innhes (6’) (15 cm)
above the maximum operating level of the
pond and provide sufficient hydrdulic head
without surcharging the manhole.

3. Flow distribution. Flow distribution
structures shall be- designed to effectively
split hydraulic and organic loads equally to
the primary cells.

4. Influent line(s). The- influent line(s)
shall be located along the bottom of the pond
so that the top of the pipe is just below the
average elevation of the pond seal; however,
the pipe shall have adequate seal below it.

5. Point of discharge. All primary cells
shall have individual influent line(s) which
terminate at approximately the center of the
cell so as to minimize short-circuiting. Con-
sideration should be given to multi-influent
discharge points for primary cells of twenty
(20) acres (8 hectares) or larger to enhance
distribution of the waste load on the cell. All
aerated cells shall have influent lines which
distribute the load within the mixing zone of -
the aeration equipment. Consideration of
multi-inlets should be closely evaluated for
any diffused aeration systems.

6. Influent discharge apron. The influent
line(s) shall discharge horizontally into the
shallow saucer-shaped depression. The end
of the discharge line(s) shall rest on a suitable
concrete apron large enough so that the ter-
minal influent velocity at the end of the apron
does not cause soil erosion. A minimum size
apron of two feet (2’) (O.6m) square shall be
provided.

(E) Control Structures and Interconnecting
Piping.

CODEOFSTATS REGULATIONS (2128199) Rebecca McDowell Cook
Secretary of State
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Chapter 8—Design Guides 10 CSR 20-8

Structure. Facilities design shall con-
sider the use of multipurpose control struc-
nires, where possible, to facilitate normal
operational functions such as drawdown and
flow distribution, flow and depth measure-
ment, sampling, pumps for recirculation, -

chemical additions and mixing and - to mini-
mize the number of construction sites within
the dikes. As a minimum, control structures
shall be accessible for maintenance and
adjustment of controls; adequately ventilated
for safety and to minimize corrosion; locked -
to discourage vandalism; contain controls to
allow water level and flow rate control, com-
plete shut off and complete draining: con-
structed of noncorrosive materials (metal on
metal contact in controls should be of like -

alloys to discourage electrochemical reac-
tions); and located to minimize short-circuit-
ing within the cell and avoid freezing and ice
damage. Recommended devices to regulate
the water level are valves, slide tubes or dual
slide gates. Regulators should be designed so
that they can be preset to stop flows at any
pond elevation.

2. Piping. All piping shall be of cast-
iron or other acceptable materials. The piping
should not be located within the seal. Seep
collars shall be provided on drain pipes where
they pass through, the pond seal. Backfill
around the drain pipe shall be placed and
compacted in the same manner as the pond
seal. Pipes should be anchored with adequate
erosion control.

A. Drawdown structure piping.
(1) Multilevel outlets. The outlet

structure on each pond cell, except aerated
cells, shall be designed to permit overflow at
one-foot (1’) (30.5 cm) increments between
the two foot (2’-61 cm) level and the maxi-
mum operating level. Suitable baffling shall
be provided to prevent discharge of scum or
other floating materials. Means must be pro-
vided to prevent unauthorized variance of the
lagoon depth. A flap valve shall be provided
at the outlet end of the final cell overflow or -

drain pipe to prevent entrance of animals or
backwater from flooding.

- (II) Pond drain. All ponds shall
have emergency drawdown piping to allow
complete draining for maintenance. These
should be incorporated into the previously
described structures. Sufficient pumps and
appurtenances shall be made available to
facilitate draining of individual ponds if
ponds cannot be drained by gravity.

(III) Emergency overflow. To pre-
vent overtopping of dikes, emergency over-
flow should be provided.

B. Hydraulic Capacity. The hydraulic
capacity for constant discharge structures and
piping shall allow for a minimum of two hun-

dred fifty percent (250%) of the design flow
of the system. The hydraulic capacity for con-
trolled discharge systems shall permit transfer
of water at a minimum rate of six inches (6’)
(15.2 cm) of pond water depth per day at the
available head.

(7) Submerged Sand Fllters.
(A) Applications. Submerged sand filters

may be used for solids and BOD5 removal fol-
lowing waste stabilization ponds and are con-
sidered to be both a third lagoon cell and
solids removal facility when designed accord-
ing to the parameters in subsection (7)(B) of
this rule.

(B) Design Details.
1. Following nonaeraced waste stabiliza-

tion ponds, the loading shall not exceed five
(5) gallons per day - per square foot
(.2m

3/m2/day). of sand. Following aerated
waste stabilization ponds, the loading shall
not exceed fifteen (15) gallons per day per
square foot (.6m3/m2/day) of sand.
- -2. Clean graded gravel, preferably
placed in at least three (3) layers should be
placed-around the undertirains- and to a depth
of at least six inches (6”) (15 cm) over the top
of the underdrains. Suggested gradings for
the three (3) layers are: one and one-half
inches to three-fourths inch (1 1/2”—3/4”)
(3.8 cm—l.9 cm), three-fourths inch to one-
fourth i-nch (3/4’—l/4’) (1.9 cm—.6 cm) and
one-fourth inch to one-eighth inch
(1/4”—l/8”)(.6 cm—.3 cm).

3. At least twenty-four inches (24”)
(0.6m) of clean washed sand should be pro-
vided. The sand should have an effective size
of 0.3—1.0 mm and a uniformity coefficient
of 3.5 or less.

4. Open-joint or perforated pipe under-
drains may be used. They should be spaced
not to exceed ten-foot (10’) (3.Om) center-to-
center.

5. The earth base of the filters should be
sloped to the underdrains or the underdrains
may simply be placed in the gravel base on
the flat bottom of the basin. -

6. The depth of liquid above the sand
must be adjustable from one - to five feet
(1—5’) (.3m—l.Sm).

7. At least two (2) cells must be provid-
ed with the combined capacity equal to that
necessary for the design loading.

8. A vehicle access ramp from the top of
the embankment down to the sand surface
and running alongone (1) side of the filter is
a desirable feature for periodic maintenance
of the filter. -

(8) Miscellaneous.
(A) Fencing. The pond area shall be

enclosed with an adequate fence to discour-

age trespassing and- prevent entering of live-
stock. Minimum fence height shall, be five
feet (5’) (1.Sm). The fence may be of the
chain link or woven type. Fencing shall not
obstruct vehicle traffic or mowing operations
on the dike. A vehicle access gate of suffi-
cient width to accommodate mowing equip-
ment shall be provided. All access gates shall -

be provided with locks. -
(B) Access. An all-weather access road

- shall be provided to the pond site to allow
year-round maintenance of the facility.

(C) Warning Signs. Appropriate permanent
signs shall be provided along the fence
around the pond to designate the nature of the
facility and advise against trespassing. At
least one (1) sign shall be provided on each
side of the site and one (I) for every five hun-
dred feet (500’) (iSOm) of its perimeter.

(D) Flow Measurement. Refer to 10 CSR
20-8. 140(8)(G).

(E) Groundwater Monitoring. An approved
system of groundwater monitoring wells or
lysimeters may be required around the
perimeter of the pond site to facilitate
groundwater monitoring. The use of wells
and/or lysimeters will be -determined on a
case-by-case basis.

(F) Laboratory Equipment. Refer to 10
CSR20-8. 140(8)(D). - -
- (0) Pond Level Gauges. Pond level gauges
shall be provided.

(H) Service Building. Consideration in
design should be given to a service building
for laboratory and maintenance equipment.

AUTHORITY: secrion 644.026,PSMo Supp. -
1988.* Original rule filed Aug. 10, 1978,
effectiveMarch 11, 1979.

‘Original authority 1972.amended1973. 1987. 1993.

10 CSR 20-8.210 Supplemental Treatment
Processes

PURPOSE: The following criteria havebeen
preparedas a guide for the designof supple-
mentaltreatmentprocesses.This rule is to be
usedwith rules 10 CSR 20-8.110—10CSR 20-
8.220for theplanninganddesignofthe com-
pletetreatmentfacility. This rule reflects the
minimum requirementsof the Missouri Clean
Water Commission as regards adequacy of
design, submission of - plans, approval of
plans and approval of completed sev.’age
works. Deviation from these minimum
requirementswill be allowedwheresufficient
documentationis presentedtojmssn)5’ the devi-
ation. These criteria are taken largely from
Great Lakes-UpperMississippi RiverBoard
of State Sanitary Engineers Recommended
Standardsfor SewageWorks and are based

Rebecca McDowell Cook (2128199)
Secretary of Stats
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MRR—15—2~01 1~:00 MO DNR/DGLS 573 38~ •~111 P.02/12

WASTE WATER TREATMK~’T SITE - GEOLOGIC EVALUATION
MISSOURI DEPARTMENT OF NATUP.AL RESOURCES

DIVISION OF GEOLOGYAND LAND SURVEY
P.O. BOX250, ROLLA, MISSOURI 65402 (573)368-2lGl

_______________________________ County:__________________Proj ect:________________________________ ___________________

Location: ,Sec __, T , R ,Quad:_______________________

Latitude: 0 Deg1 0 Miii, 0 Sec Longitude: 0 Deg, 0 Mm, 0 Sec

Owner:

Re~)Iested by:

G. Previous Reports: Not Applicable:
ID* - mu - ID~• - ID# - ID# —

Date / / Date T7 Date T~7 Date / / Date 7T7

7. A) Were plans submitted? ___ B) Was site investigated by S.C~S.?

8. Facility Type.:Mechanical Plant , Land Application ___, Marsh System ___

Earthen Holding Basin ___ Earthen Lagoon with Discharge , Other

9. Waste Type: Animal ___, IiU~man , Process/Industrial ___, Leachate

Other ___. Funding Source: Construction Grant ___, IWT , WWL

GENERALGEOLOGY

2.0. Date of Field Visit: ~fj

11. Overall Geologic Limitations: Slight ___, Moderate ___, Severe

12. Topography: 0-4% ___, 4-8% ___• 8-15% , Greater than 15%
On: Broad Upland ___, Ridgetop —j HiTii~lope ___, Narrow Ravine
Floodplain ___, Allttv-ial Plain , Terrace ., Sinkhole ___

13. Bedrock:

.7

Overburden (Soil):

15. Receiving Stream Classification: Gaining , L

Not Applicable (No Discharge) ___.

Collapse Potential:Not Applicable , Slight ___, Moderate___

Recommended Construction Procedures: Installation of Clay Pad ___

Compaction ___, Artificial Sealing ___, Diversion of Subsurface slow
Rock Excavation Limit Excavation Depth —.

16.

17.

Severe

1.

2.

3.

4.

5.

14.



573 368 2111 P.03/12IIRR—15—2001 16:01 rio DHR/DGLs

REQUIRED GEOLOGIC EXPLORATION*
(Missouri Clean Water Commission - 10 CSR 20-8.200 Wastewater Treatment Ponds)

18. Determine Overburden (Soil) Properties: ParticJ.e Size Analysis ___

.Atterberg Limits ___,Standard Proctor Density ___,Overburden Thickness
Permeability Coefficient - Undisturbed ___, Remolded

19. Determine Hydrologic Conditions: Groundwater Elevation
of Groundwater Mo~retnent ___, 100 Year Flood Level -

___ Direction

20.. Notify Geologist: Before Exploration ___ During Construction

After Construction , blot Necessary ___

21. Remarks:

• mxS flOC~? ~5 A W HThASeX GaOt~Oe~~ REPORT, rr Is NOT A P~NZT. r~oNR.1.
ns~m a~ Er rua nEP~. n.1~rr or -~r~rua~L ~zsoURczs~flXORTo :ssmN~
op ~, pr~?irr. ~s R~I~Ok2’ IS W.L.~D O~fLT AT THR ~OV~ LOcATTON ~g s~cc~s Th’vli.ID
ONE TitAR kFT~R TRE OATE aE~T~OU.

22. Report by:__________________________________

23. CC:
Date / / -



573 368 2111 P.04/12
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ID #: - —

ASSESSMENTOF EARTHEN LAGOON COLLAPSE POTENTIAL
MISSOURI DEPARTMENT OF NATURAL RESOURCES

DIVISION OF GEOLOGY AND LAND SURVEY
P.O. BOX 250, ROLLA, MO 65402 (573)368-2161

A. Project:
Location:

Latitude: — Deg, __ Mm, __

County:

,Sec __, T~ R,Quad:

Sec Longitude: Deg, Mm, __ S~~

2. STREAM cLMaIPzc~Tz0s1

celning

T.Oeing

2. P2PTH TO Wa~m~ 2A~E~

4 50 feet

~ 50 feet

6 • TSoFD4XTT 0? SESPESa ~srmow~Dowmqzue TO ?~ LASCOR:

0 X No c~ideaee 4 1/2 w41e distant

6 3 1/4 but a 1/2 mIle distant

5 500 feet but a 1/4 nib diat*nt

a-BOO fee: but net beneath site

X Deneath the site0

4

3. EESZDU1m THICFt~EsS~

~ 2.0 feet

a 10 mRd 4 40 feet

5 100 feet

a 40 ai~d a ~Og feet

4. FJtkDOMXMA14T cnARAe~1tz5Tzc5 OF ‘XSE UPPRR 20 YZT OF
UEOI~CK PJID/O~ StINZZCThL MkrE~X5~:

aolution-rzee bedzoc~, glacial drift~ or a1loi~ium
with gainIng conditions

hedra~k with peziuseole weatflermd zone 4 10 feat -
thick~ 04 mInor solution resturee and/or
anuv~iate4 residuum

Bedrock with nlgrdZicnnt Solution voids > 10 feet
below bedrock surface. and/or reoiduu.m with
relidt. bedrock et.ruccure. or alluwlam With
losing conditions

8. I4AXZh0M O~~1qNa’IJlC OTETS 0? LIQ)rt9St

£Sfeet -

~ 5 feet and 5 10 feet
ox

~ 10 feet and 5 15 feet

‘ 15 feet end a 20 feet
2 -

3 20 feet

5. PRo~HIi’r OF NRAEEST SIRSHOLE TO TEN LAOOoN:

5 1 mile distant

a 112 aS.. hut a 1 mi. distant

3 1/4 mi. but a 1/2 ml. distant

5 500 ft. but a 1/4 ml. distant

Within 500 feet

ox

2

4

a

ii

7. StTREAcB AEE& 01 TEE LMOoN~

5 1 acre

0 2t )1a0!eandt2eCfeO

~ 2 acre: efld a 3 acres

~ 3 acres and S 4 acres

3 thAn 4 ScreW

1

2

£

5

I.

2

3

S Slight Potential:

TOTAL

Total 2 to 9

0

I

4

6

e

Inveatigator: ortet / /__



)
STATE OF ILLINOIS )

)
COUNTY OF SANGAMON )

55

)

PROOF OF SERVICE

I, the undersigned, on oath state that I have served the attached APPEARANCE,MOTION TO FILE
TESTIMONY AND TESTIMONY OF DANIEL HEACOCK uponthepersonto whomit is

directed,by placingacopyin anenvelopeaddressedto:

Dorothy M. Gunn, Clerk
illinois PollutionControlBoard
JamesR. ThompsonCenter
100 West Randolph Street, Suite 11-500
Chicago,Illinois 60601
(First ClassMail)

AND TUE ATTACHED SERVICE LIST
(First ClassMail)

Carol Sudman
HearingOfficer
Illinois PollutioncontrolBoard
600 SouthSecondStreet
Suite 402
Springfield,Illinois 62704
(First ClassMail)

andmailing it fromSpringfield,Illinois on~1~L23,2001 with sufficientpostageaffixedas indicatedabove.

~I2a4~~
SUBSCRIBEDAND SWORN TO BEFORE ME aa
this23.1J day of fi.~±L~2001

Notary Public

“OFFICIAL SEAL”
STEPHEN C. EWART

My Commission Expires 11/18/02
Public, State of lilinol

:s~~

THIS FILING IS SUBMITTED ON RECYCLED PAPER



RO1-28ServiceList
Livestock Waste Management

Friday, April 20,2001

CindyBushur-Hallam
DepartmentofNaturalResources
524S. Second St.
Springfield, IL 62701-

SheilaH. Deely
GardnerCarton& Douglas
321 N. Clark St.,Ste.3400
Chicago,IL 60610-

TerryFeldmann,P.E.
Feldmann & Associates
1191 Carolyn Ct.
East Peoria, IL 61611-

Warren Goetsch
Illinois Department of Agriculture
Division of NaturalResources
P.O.Box 19281
Springfield, IL 62794-

James T. Harrington
Ross And Hardies
150 N. MichiganAve.,Ste.2500
Chicago,IL 60601-7567

MaraleeM. Johnson
Illinois BeefAssociation
2060 W.Iles Ave., Ste. B
Springfield, IL 62704-

RichardW. Davidson
Illinois PorkProducersAssociation
2200GreensideDr.
Springfield, IL 62704-3218

CynthiaI. Ervin
ChiefLegal Counsel,Dept.ofAgriculture
Illinois StateFairgrounds
P.O.Box 19281
Springfield, IL 62708-

ScottFrank
Illinois Departmentof Agriculture
BureauofEnvironmentalPrograms
P.O. Box 19281
Springfield,IL 62794-

PamHansen
Illinois StewardshipAlliance
P.O. Box 648
Rochester, IL 62563-

RoyM. Harsch
GardnerCarton& Douglas
321 N. Clark St., Ste.3400
Chicago, IL 60610-

Dr. BruceSt. John
Illinois Citizensfor ResponsiblePractices
1620NorthedgeCt.
Dunlap, IL 61525-

Carol Sudman
Illinois PollutionControlBoard
600 5. SecondSt., Ste.402
Springfield, IL 62704-


