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TESTIMONY REGARDiNGAMENDMENTS To THE LIVESTOCK
WASTE REGULATIONS

My nameis PamHansenandI amemployedby theIllinois StewardshipAlliance whereI

amtheIndustrialAgricultureCoordinator.As such,I workwith ruralresidentsand

farmersin theirconcernsabouttheseeminginvasionof industrialsizedlivestock

operations.While mostagreethatfarmsareincreasingin size,theirconcernsstemfrom

thedegradationin theirquality oflife andthepotentialhealthimpactsandcontamination

oftheir air andgroundwater.Ourmembersarefarmers,rural residentsandurbancitizens

who all shareaconcernfor theproductionofsafe,healthyfood in amannerthatis

sustainablefor theenvironment.

Whenthefirst setof rulesfor theLivestockManagementFacilitiesAct wasbeing

promulgated,theAlliancebroughtbeforeyou someofthesefarmersandrural residents

to sharetheirconcerns.Beingin themidstofplantingseason,weregretweareunableto

bringthesepeoplebackto you. Restassuredtheirconcernshavenot changed.It is their

viewsI representtoday.



Theproposed506rule coveringenhancedconstructionstandardsfor large-scaleanimal

feedingoperationsappearsto be astepforwardin theprotectionof environmentalquality

in theStateof Illinois. Membersofthe LivestockAdvisory Committeeandstakeholder

groups,includingtheIllinois StewardshipAlliance,workedtirelesslyto ensurethe rules

werebothprotectiveandfair.

TheBoard,in questionssubmittedatit’s first hearingin ChicagoApril 2, 2001, inquired

of theDepartmentwhethertheywereawareof anyenvironmentalproblemsassociated

with livestockwastehandlingfacilities locatedin karstareas.TheDepartmenthas

answeredtheywereunawareofanysuchproblemsandspecificallyreferredto known

facilities in Illinois. It shouldbenotedthatotherstatesin theMidwesthavebeen

- experiencingproblemswith lagoonsin karstareas. Minnesota,for example,published

draft guidancedocumentsconcerningthesiting of lagoonsin karstareasafterthe

collapsesofseveralmunicipalwastelagoonslocatedin karst. While thesizeofthose

lagoonsweremuchlargerthantheiraveragemanurelagoon,theydo notethatthe

contaminantconcentrationsof manurelagoonsis often100times that ofamunicipal

wastelagoonandwould posegreaterenvironmentalconsequencesin theeventof a

collapse.

In Kentucky,anestimated1. 5 million gallonsofmanuredrainedinto a karstaquifer.

Thelagoonhadasyntheticliner acrossthebottomand4 feetup thesides,howeverthe

collapseoccurredalongthe sideandabovetheliner whichquickly expandedto drainthe

entire lagoon. Illinois’ constructionstandardsaremorestringentrequiringthatlagoon



structuresconstructedin karstbeofconcreteorrigidmaterials. We feelthatto provide

protection,aportionofthis concreteorrigid materialshouldextendabovegradeto allow

for inspectionofcracksor otherpotentialsubsurfaceproblems.TheKentuckyreportalso

recommendsthat duringakarstinvestigationadye traceshouldbeperformedto identify

thereceivingspringor springsin theeventofa leak. Thespring(s)shouldthenbetested

periodicallyfor groundwatercontaminationassociatedwith the livestockwaste. The

draft guidancefor MinnesotaandthereportofthemanurelagooncollapseinKentucky

areattached.

In additionfacilities, constructedprior to theJuly 1999amendmentto theLivestock

ManagementFacilitiesAct requiringasiteinvestigationfor thepresenceofkarst

material,shouldbe identifiedandmonitoredfor potentialproblems. Utilizing theIDNR-

ISGSmap 8 asreferencedin Section506.202,large-scalefacilities locatedin known

areasofkarstshouldbe identifiedalongwith thepotentialreceivingspring(s)orwaters

andthosewaterstestedroutinely for thepresenceor increasein presenceof contaminants

associatedwith livestockmanure.Thepurposehereis not to identify andindict but to

preventpossiblecatastrophiccontaminationof groundwater.In thepreviousinformation

submittedfrom Kentucky andMinnesota,somelagoonshadexistedfor 18 yearsbeforea

breechoccurred.

An experienceat adairy facility recentlypointedout theneedfor rulemakingin anarea

thathasnotbeenaddressed.In attemptsto makesurethat administrativerulesand

constructionstandardsareprotectiveof theenvironmentandfair to theproducer



regardingnewfacilities andnewconstruction,existing large-scalefacilitiesthatmaybe

in needofupgradeshavebeenignored. Theremaybe largefacilitiesthat arenot subject

to inspectionsbecausetheypredatethe 1996LivestockManagementFacilitiesAct or the

mostcurrentamendments,andarepotentiallywaybehindthecurrentstandardsfor

livestockoperations.Rulesshouldcontainsomeminimumstandardsfor identifying

existingfacilities in orderto preventpollution. For example,requirementsmakingsure

lagoonshavevisualmarkersfor liquid levels,makingsurethereis adequatefreeboardof

2 feet6 inchesandadequatediversionof stormwateralongwith secondarycontainment

in theeventof abreech.All facilities shouldalsohaveandmaintainawaste

managementplanregardlessof age. Againourintentis not to identify andindict, but to

preventpollution.

Also missingarestandardsgoverningsuchitemsas emergency/temporarylagoonsas

recentlyapprovedfor alargescaledairyin ElmwoodIllinois. Thesetwo emergency,

temporarylagoonswereallowedfor aperiodof 6 monthsto allowtheowner!operatorto

temporarilydivertexcessmanureto avoidarepeatof illegal dumping.While thataction

is commendable,wequestionby what authoritydid theDepartmentapprovesuch

facilities,andto whatconstructionstandards?As witnessedin televisionreports,these

emergencystoragefacilities appearto be depressionsin the landwith plasticthrown on

top.



While wearesuretheDepartmentofAgriculture did whatit thoughtwasbestat thetime

in orderto preventfurtherpollution, it pointsup theneedfor rulesto governsuch

situations.It is shortsightedto think thatthesituationin Elmwoodwill neverbe repeated

InsteadtheDepartmentandtheLEPA aswell asDNR andIDPHshouldwork togetherto

developasetofstandards/rulesconcerningthesetypeofemergencysituations

In conclusiontheAlliance believestheserulesareastepforwardtowardsprotecting

Illinois’ environment.Working aroundflawsin the statutorylanguage,theyappearto

covermanyoftherequirementsnecessaryto adequatelysiteaproposednewfacility.

Thankyou for theopportunityto commentandwelook forwardto implementationof

final rules.



LEAKAGE AND SiNKHOLE COLLAPSESUNDERHOG
WASTE LAGOONS IN KENTUCKY

NicholasC. Crawford,Ph.D.
WesternKentuckyUniversity

Surfacepondingandconcentrationof wateron the groundsurfaceis the leading
causeof sinkholecollapsesin Kentucky(Figures 1 and 2, andAppendix 1). Farmponds
frequently collapseand drain into karst aquifers in a matter of a few hours. When
hazardouswaste is pumpedinto surface lagoons, the leakagecan be very serious.
Crawford performed a dye trace on the surface lagoon at the Rockwell Site in
Russellville,Kentucky. Leakagefrom thelagooninto the groundwaterwaspumpedinto
astormsewerby a nearbysumppump. Groundwatercontaminatedwith PCBstraveled
throughthe stormsewerinto a ditch that leadsto Town Branch. PCBswere carriedby
TownBranchinto theMudd River. The fish testedin Mudd River andTown Branchhad
levels of PCBsashigh as 300 ppm, thehighestlevels ever found in the United States.
This problem has cost Rockwell approximately40 million dollars to clean up the
contaminatedsoils and groundwaterunder the site. They are now in the processof
cleaningup soils alongTown Branchfor an estimatedcostof 200million dollarsanda
successfullawsuitagainstRockwellresultedin an additional200million dollarexpense.

Hog waste lagoons upon karst terrain appear to be at a very high risk of
contaminatingkarstaquifersandsurfacestreamsdownstreamfrom springs. Figure3 is a
photographtakenin. 1984 ofa sinkholecollapsethatoccurredundera hogwastelagoon
in southwestBarrenCounty. Figure4 is a sinkhole collapseof the, secondarylagoon
locateddownstreamfor the primary lagoonthat collapsedin April 1990. A dye trace
performedafterthis collapseindicatedthatduringboth the 1984 and 1990 collapses,hog
wasteflowed into MammothCaveNationalPark to resurgeat Turnholespring on the
GreenRiver. In less than five hours2.4 million gallonsof hog waste flowed into the
karstaquifer.

Figures5, 6 and7 arephotographsofsinkholecollapseunderahogwastelagoon
that occurredin WarrenCountyon January6, 1.998. The estimatedloss of settledhog
wastewasapproximately15,000gallons.TheKentuckyDivision of Waterrecommended
thata syntheticliner be placedunderthe lagoon. Figures8, 9 and 10 arephotographsof
a sinkholecollapseunderahogwastelagoonthatoccurredin LoganCountyon April 29,
1991. The pondwas 125 feetby 100 feet and 12.8 feet deepwith hog wastewhen the
collapse occurred. The entire pond drained quickly into the karst Aquifer for an
estimatedloss of 1,050,000gallonsof hog waste. This pond hada syntheticliner that
extendedacrossthe bottomand 4 feet up the sides. The collapseoccurredwhere the
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FIGURE3. Sinkholecollapseunderhogwastelagoonin March 1984 on BarrenCounty, Kentucky.
Approximately2.4million gallonsof hog wastesankinto the kArst aquifer in lessthan 5 hours.
Impoundmentof waterandconcentrationof surfacerunoff are the leadingcausesof sinkholecollapsesin
the karstareasofKentucky. Photographby KentuckyDivision of Water
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FIGURE 4. Sinkholecollapsein April 1990 of the secondaryhog wastelagoon,
locateddownslopefrom the primary lagoon that collapsedin March 1984
(Figure3). A dyetraceof this collapseindicatedthat hog waste flowed into
mammothCaveNational Park to dischargeat Turnhole Spring on the Green
River duringbothcollapses.Photographby KentuckyDivision of Water.

FIGURE 5. Sinkhole collapseunder a hog waste lagoon in Warren County,
Kentuckyon January6, 1998. Photoby KentuckyDivisionof Water.



FIGURE 6. Sandbagswere placedaroundthe collapseto preventadditional lossof
hog waste. Photoby KentuckyDivision of Water.
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FIGLRE 7 1998WarrenCounty Sinkholecollapse.Closeup photoofJanuary6,
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FIGURE 8. Sinkholecollapseundera hog wastelagoonin LoganCounty on April
29, 1991. Theplasticliner underthelagoonextendedacrossthebottom and4
feet up thesides. Thecollapseoccurredabovethelinerwhenthelagoonwas
12.8 feetdeep.

A

FIGURE 9. An estimated1,050,000gallonsofhog wastesink quickly into thekarst
aquifer.
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FIGURE 10. A RhodamineWT dye traceperformedby the KentuckyDivision of
Waterwasvisually positiveat theabovespringon Sinking Creek.



pondwas 12.8 feetdeepalongthesidebut abovethe liner. The collapsethenexpanded
to drainthe entire pond. A dyetraceusingRhodamineWT dye was performedby the
KentuckyDivision ofWaterandvisually observedat a nearbyspringon Sinking Creek.
The Kentucky Division ofWaterrecommendedthat the hole be repairedandthata .20
mu or thickerlinerbeinstalledto abovethehigh waterlineofthepond.

Hog wastelagoonsdo nothaveto experiencecatastrophicsinkholecollapsesto
contaminatekarst aquifers. Leakagecan result in contaminationof karst aquifers and
surfacestreams. Figures 11 through 18 show dye tracesof two leaking hog waste
lagoonsin Logan County, Kentucky. The leakagefrom surfacelagoonsappearsto be
through macropores(macrotubes). These tubes through the soil can be made by
desiccationcracks,wormsor treerootswhich rot andleavesmall tubesthroughthe soil.
If thesetubesreachtheepikarst,a very high permeabilityzonein thevicinity ofthesoil -

bedrockcontact,this permitswater to drain rapidly through the low permeabilityclay
subsoilinto thekarstaquiferbelow. This leakagethroughmacrotubesmayproducesoil
piping thatresultsin a sinkholecollapse. Also, thepracticeof excavatingthesoil for the
lagoon tends to reducethe thickness of soil above existing regolith (unconsolidated
materialabovebedrock)arches.This greatlyincreasesthe chancesofasinkholecollapse
abovean existingregolitharch. Thereare thousandsofregolitharchespersquaremile in
mostkarstareas. Plates I and2 aremapsof the karst areasof Kentucky. It showsthat
overonehalfof the Commonwealthis underlainby carbonaterockwith varyingdegrees
ofkarstification.



FIGURE 11. Black Springas it flows into a
springfed clearstream. This streamsinks into a
caveabout300 feetdownstreamof Black Spring.

FIGURE 12, Watersamplescollectedfrom Black
Spring(right) and from the clear streamupstreamfrom
Black Spring (left).

I

FIGURE 13. Euthrophicationdownstreamfrom Black
Spnngbeforethe streamsinksinto a cave.

FIGURE 14. RhodamineWT dye traceof one of the
four hog wastelagoons.
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FIGURE 16. Two of the fourwastelagoonswere
testedfor leakageby injectingR.hodamineWT
andFluoresceindyes. The mapshowsthe
approximateroutetakenby the two dyesfrom the
hogwastelagoonsto BlackSpringon theclear
surfacesteam. This sfleamsinksinto acaveand
thenresurgesat aspringon thenearbyriver.

FIGURE 17. Quantitativedye breakthroughcurves
for RhodanaineWT and Fluoresceindyesat Black
Spring. First arrival forFluoresceinwas 16 hours
andforRhoda.mineWT it was 20 hours.
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FIGURE 18. S~theticliner installedin modified
lagoonto preventleakageinto karstaquifer.



CONCLUSIONS

All hog wastelagoonsbuilt upon karst should havea synthetic liner (at least60
mis thick) installed‘to preventleakageand possiblysinkholecollapses. Also, a karst
hydrogeologicinvestigationthat includesa dyetraceshouldbe performedto identify the
receivingspring, or springs,in the eventof a leak. Thespring(s)should then be tested
periodicallyfor groundwatercontaminationassociatedwith hogwaste.
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CQNSTRUCTThJG NEW MANURE STORAGE SYSTEMS IN THE KARST REGION

draft guidancedocument2/8/99

MinnesotaPollutionControlAgency

SUMMARY

Constructionof large liquid manurestoragesystemshasgreatly increasedduring the
pastdecade in the karstregion of southeasternMinnesota. Soil subsidenceundera liquid
manurestoragesystemcould breachthe integrity ofthe liner, causingeithera catastrophic
releaseof manureto, groundwateror a slow undetectedmanureseepageproblem. The
probabilityofsoil subsidencevariesgreatlyacrossthis regionofthestate. Constructionof
new liquid manurestoragesystemsin higher risk areas for sinkhole formation creates
heightenedconcernsaboutwaterquality protection. To minimize the risks of siting new
manurestoragesystemsin the karst region, the MinnesotaPollution Control Agency has
developedand implementeda policy to evaluaterelative risks of soil subsidenceprior to
approvingfeedlotconstructionpermits. Permittingdecisionsdependon the resultsof a
site-specifickarst investigation,theproposedvolume of manureto be storedandthetypeof
liner proposedfor the storagesystem. Precautionarymeasuresrequiredof somelivestock
producershave included one or more of the following: locating the feedlot in a less
vulnerablearea,usinglesspermeableliner materials,andreroutingroofrunoffwaters.

BENEFITSAND RISKS TO WATERQUALITY

BenefitsofLivestockandManureStorageStructures

Livestockagriculturehassomewaterquality benefitsin the karstregion that helpto offset someof the
risks to waterquality. Manureappliedto land plantedto row cropscan reducesoil erosion. Hay-landand
pastureassociatedwith cattle operationsresultsin very little soil erosionand pesticide transportin this
regionof steeplyslopingsoils.

The trendsto constructnew and expandedfeedlotfacilities andthe associatedliquid manurestorage
systemstypically result in furtherprotectionof surfacewater quality. Liquid manurestoragestructures
increasemanagementflexibility, making it easierto applyat properratesandto avoid winter-time manure
application.Also, may of the older feedlot facilities are locatedadjacentto streamsand do not have
containmentof manureor manure-contaminatedrunoff. Most facilities with new liquid manurestorage
structureshavetotalcontainmentof manuresuchthat thereis no manuredischargeinto surfacewatersfrom
rainfall andsnowmelt. Also, the liquid manurein containmentstructuresis usually injectedbelowthe soil
surfaceandis lesssubjectto surfacerunoff comparedto the typical soil surfacespreadingpracticesof many
feedlotfacilitieswithout liquid manurestorage.

RisksofManureStorageSystemsin KarstRegions

While therearea numberofwaterquality benefitsassociatedwith liquid manurestoragesystems,there
arealsoseveralheightenedrisks. Onepossiblerisk is the failure of thewalls of the manurestoragesystem
to hold the manurewith aresultingriver of manureflowing down a valley andinto astream. Thishasnot
beenknown to occur in Minnesota,likely duein part to engineeringreview andregulationof construction



activities. Whathasoccurredin Minnesotaare basinoverflows and intentional dischargesfrom manure
storagestructures. Enforcementof such violations has increasedsubstantiallyduring recentyears in an
effort to curb blatantviolationsandmismanagement. -

Threepotentialwater quality risks associatedwith liquid manurestoragesystemsin the karst region
include: 1) seepageof contaminantsthrough the liner and underlying soil to fractured bedrock and
subsequentlyto ground water; 2) soil subsidencebelow the structurewhich breaches-thein4egrity of the
concrete,geosyntheticor soil liner, causingaslow and perhapsundetectableleakingof manurefrom the
storagesystemto groundwater;and3) alarge sinkholeformingbelowamanurestoragesystemleadingto a
rapid flow of manureinto ground water or causinga collapse in a basin sidewall andapouring out of
manureontothe groundsurface.

Manureenteringgroundwaterwill dischargeinto streamswithin aperiodof timerangingfrom hoursto
decadesdependingon the site-specifichydrogeology. The karst region of Minnesotamaintainsa large
numberof high quality trout streams. A rapid dischargeof a large quantityof manureinto astreamwill
destroy the aquatic life for astretchof the streamand also result in increasednutrient loading into the
receivingwatersof the Mississippi River system. Manure which flows in the groundwater for a longer
period before discharginginto streamswill be more diluted and may not destroyaquatic life, but will
threatendrinking water suppliesas it travelstoward.the stream,and contribute to streampollution upon
discharge.

Risksassociatedwith slow seepagethroughthe linerarereducedsomewhatby Minnesotarequirements
for a minimum ten-footseparationdistancebetweenthebottom ofstandardreinforcedconcreteandearthen
manurestoragestructuresandunderlyingbedrock. If a compositeliner or othernearly impermeableliner
systemis used,thenthe requiredminiipum separationdistancefrom bedrockis five feet. Requirementsto
minimize the risksassociatedwith so~isubsidenceas newliquid manurestoragesystemsareconstructedin
the karstregion is theprimarysubjectof theseguidelines.

EVALUATING RISKS OF SOIL SUBSIDENCE

Learningexperiencesfromsinkholesformingundermunicipalwastewatertreatmentponds

Between 1974 and 1992, sinkholes openedbelow three of the twenty-two municipal wastewater
treatmcntponds in Minnesota’.3karst region. Sinkholes developedin Altura’s ponds in 1974 during
constructionandin 1976 whenit first filled to capacity(AlexanderandBook, 1984). A sinkhole developed
in a Lewistonpond in 1991 after eighteenyearsof use(Janniket al., 1992). Severalsinkholesdevelopedin
aBelichesterpond in 1992 aftertwenty-twoyearsof use(Alexanderetal., 1993). The amountsof partially
treatedwastewaterdraininginto sinkholesatthe threerespectivesiteswas3.7, 2.3, and7.7 million gallons.
The ponds were constructedof earthenmaterialswith a designedseepagerate not to exceed3500 gallons
per acre per day. Severalsinkholesare locatedwithin about a mile from all threesites,yet no sinkholes
havebeenidentifiedwithin aquarterof amile from the sites.

These failuresclearly demonstratethe potential for sinkholesto develop in southeasternMinnesota
when largequantitiesof liquids arestoredin sinkholeprone areaswith minimalbarriersbetweenthe liquid
andunderlyingmaterials. Similar problemscould developwhenstoringliquid manureon top of permeable
liner materials. However, thereareseveralnotabledifferencesbetweenthesefailed municipal wastewater
treatmentsystemsandmanurestoragesystemscurrentlybeingconstructed.Themaximumallowabledesign
seepagerate for manurestoragesystemsis 500 gallons/acre/day,seventimes less thanthe old municipal
wastewaterponds. Thesedesignseepageratesassumethat the pondsremain full and theydo not account
for seepagereductionscausedby the physical,chemicaland biological sealingwhich takesplace at the
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manure/soilinterface. In addition,the sizeof eventhe largestmanurestoragesystemsis smallerthanthe
municipalponds. Thesedifferencesbetweenthe failed municipalsystemsandmanurestoragestructuresare
worth recognizing,but theyarenot greatenoughto warrantcompletedisregardof the risks associatedwith
siting liquid manure storagesystemsin sinkhole prone areas. It is also important to note that the
contaminantconcentrationsin manureare often over 100 times greaterthanmunicipal wastewaterpond
liquids, and thus the environmentalconsequencesof acatastrophicmanurereleasecould be much worse
thanmunicipal pond failures.

SinkholeProbability MappingandResearch

Sinkholemappingandresearchcompletedduring thepasttwo decadeshasmadeit easierto determine
the relativesoil subsidenceriskswhensitingnew liquid manurestoragesystemsin SoutheasternMinnesota.
Sinkhole probability maps have been completedfor three counties (Dalgleish and Alexander, 1984;
AlexanderandMaki, 1988; Witthuhn andAlexander,1995)andadditional hydrogeologicinvestigationhas
been conductedin the other karst areas. The probability of sinkhole formation hasbeen found to vary
tremendouslyacrosstheregion. Someareashavein excessof 50 sinkholespersquaremile andotherareas
haveno sinkholes. Often high densityclustersof sinkholesareadjacentto areaswith scatteredindividual
sinkholes. Bedrock composition,topographicposition in the landscapeandthicknessof glacial materials
overbedrockhaveall beenfoundto affectthe likelihocsdofsinkholeformation.

Most sinkholesin southeasternMinnesotaappearwherethereis lessthan50 feetof surficial coverover
carbonateandsandstonebedrock. The proximity of nearbysinkholesremain the single bestpredictorof
new sinkholedevelopment(Witthuhn andAlexander,1995). Magdaleneand Alexander(1995) concluded
that on the scaleof severalkilometers,new sinkholesin WinonaCountytend to developin the areasof
existing sinkholes,especiallynearnewl~’ developedsinkholes. The risk of soil subsidencehasgenerally
beenfound to increasein areasof po’~ided or intermittently flowing water, and in areaswith indicationsof
moreextensivekarstification, including areaswith disappearingstreams,caves,dry valleys, springsand
solutioncavities.

REGULATORY POLICY TO MINIMIZE RISKS

Gverview

The rapid increase in the construction of large liquid manure storagestructures in southeastern
Minnesota, coupledwith experiencesof sinkhole developmentin three municipal wastewatertreatment
ponds,promptedthe MinnesotaPollution Control Agency(MPCA) to considermeasuresto minimize risks
associatedwith constructionof liquid or semi-solidmanurestoragestructuresin sinkholeproneareas.

Beginningin 1995,the MPCA hasworked to developand implementa policy to reduceenvironmental
risksassociatedwith constructionof liquid manurestoragesystemsin sinkhole proneareas,yetmaintainthe
feasibility of constructingmanurestoragesystemsthroughoutmuch of the karst region.. Theseguidelines
weredevelopedso that a generalindication of environmentalrisk can be readily evaluatedin karstregions
and precautionarymeasurescan be taken. The information usedto evaluatethe potential for sinkhole
formation, and, in general,howthis informationis usedin makingpermittingdecisions,is describedon the
following pages. Specific permitting decisionsare made on an individual case-by-casebasis after
consideringnumerousfactors. The intent of the guidelines is to allow the producersand their technical
advisorsto understandsinkholerisk considerationsearlyin the planningand site selectionprocess,prior to
substantialinvestmentof timeandmoney.
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Listedbelow are threestepswhich producersarerequiredto takewhenconsideringconstructionofa liquid
orsemi-solidmanurestoragesystemin areaswheresinkholescould potentiallyform (e.g.areasmapped
with a sinkholeprobabilityof “low to moderate”or greater~or unmappedareaswith lessthan50 feetto
bedrock).

Step I - Conductsite investigationfor sinkholesandotherkarstfeatures.
Step2 - Submitsite investigationto stateand/orcountyofficials sothatthe karst risk factormaybe

determined.
Step3 - Determinemanurestoragesystemoptions andrequirements.

Step1- SiteInvestigationfor SinkholesandKarstFeatures

A site specific investigationis usedto gatherinformationneededto evaluatethe risksof soil subsidence
ata proposedmanurestoragesite. The following is requiredfor the site investigation. A checklistof these
requirementsis includedasattachmentA.

• Sinkhole Maps - A copyof anypublishedsinkholelocationand/orprobability mapsshowingthe area
within about2 milesof the proposedfacility. If a sinkholemapshowsthe proposedmanurestoragesite
location to be in an areadesignatedas “low’~ or “no~~ probability, then the other stepsfor the site
investigationneednot becompleted.

• Field Inspection- a mapof the proposedsite showingthelocationof all smallandlargedepressionsin
the landscape.At a minimum,all landwithin a700 foot radiusof the potentialmanurestoragestructure
locationmustbe closely inspected. Thebestperiod of time to conductthis investigationis whencrop-
cover, leafcover,andsnow-cover~eminimal.

• Sinkhole/depressionCharacteristics- a descriptionof the following for all sinkholesandpotential
sinkholesidentified in stepsI and2: a) whetherthe sinkhole is currentlyopenor hasbeenfilled; b)
decadewhenformed,if known; c) positionon landscape;d) depressiondiameteranddepth,and e) other
possibleexplanationswhich mayexplainthe holeor depression.

• Otherknrst features- adescriptionof othernotable potentialkarst featureslocatedwithin 1 mile of
the proposedfacility, includingdisappearingstreams,caves,dry valleys,springsor solutioncavities.

• Soil borings or soil trenchinformation - The minimum soil boringdepthmustbe to a point 10 feet
below the bottom of the proposedmanurestoragesystem. The karstrisk factor (step2) will be
determinedby assumingthatthe bedrockelevationis atthe bottomof the shallowestboring. Deepsoil
boringswhich extendbeyondthe minimumrequireddepthareoptionalandcan be usedto demonstrate
a lower sinkholerisk potential. A minimum of four boringsare requiredfor the first one-halfacreof
storagesystemsurfacearea. A minimum of two additionalborings shall be takenfor eachadditional
one-halfacreof storagestructuresurfacearea. If the borings indicate an unevenbedrocksurfaceor
highly variablesoil conditions,additional boringswill be required. PLEASENOTE: The minimum
soil thicknessbetweenmanureandbedrockfor all standardconcreteand clay-linedstructuresis 10 feet.
If a composite(compacted cohesive soil plus a geomembraneor geosyntheticliner) or upgraded
concreteliner systemis used,the requiredseparationdistancebetweenmanureandbedrockis 5 feet.
An upgradedconcrete liner includessteel reinforced floors and a waterstopor water sealantin all
constructionjoints andcontrol joints, including thejoint betweenthe sidewallandfloor of thestructure.

• Other PotentialDiagnosticWork - The MPCA may require other work as deemednecessaryby
agencystaff, possiblyincluding:deeperboringsto determinethe characteristicsof underlyingbedrock,
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ground penetratingradaror other geophysicalinvestigationsto betterdiagnosesubsurfaceconditions,
trenching,or otherkarst investigativetechniques.

The following additional information is neededfor liquid manure storagestructuresproposedin
countieswhereasinkholelocationlprobabilitymaphasnot beenprepared:

• Soils Maps andAerial Photos- topographicmaps,soil survey mapsand aerial.phot~ of all land
within aone mile radiusof the site. All knownopenandfilled sinkholesmustbe highlightedon these
maps. Closeddepressionsidentifiedon topographicmapsareto be identified andinspected.

• Land owner interviews- a list of all long-term residents(living in areaat least 15 years)and land
ownersin the areawho were interviewedandaskedaboutthe locationof existing and filled sinkholes
locatedwithin a 1 inile radiusof the proposedfacility. All sinkholesor potentialsinkholes(open or
filled) areto be identified1on amapor photoofthe site.

• Well Logs - Geologic informationfrom well logs within a2 mile radiusof the proposedsite location

Step2. DeterminationofKarstRiskFactor

Information obtainedunder Step I is submittedto the MPCA or delegatedcounty authorityso that a
karstrisk factor for the siteunderconsiderationmaybe estimated.The karstrisk factoris determinedfrom
availablesinkholeprobability map information,alongwith site specificsoils, landscapefunction, geology,
and sinkhole information. Karstexpertsfrom other organizationsmaybe consultedduring the review of
morecomplexcases.The following site specific informationis consideredwhendeterminingthe karstrisk
factor:

a) densityof sinkholes;
b) thetopographicandgeologicsettingwhich sinkholesarefound;
c) patternsandcharacteristicsof nearbysinkholeformation;
d) typeandconditionof first encounteredbedrock;
~e) depthto bedrock;
f) soil andsubsoiltypes;
g) identificationof otherkarstfeatures(e.g.disappearingstreams,blind valleys,dry valleys,caves,

springs,andkarstfeaturesobservedin exposedbedrockalongroadways);and
h) proxiii’ity to nearestsinkholeor karst feature.

Sinkholecharacteristicsroughly representingvariouskarst risk categoriesarelisted below. While these
generaldescriptionslargely refer to proximity to sinkholesand sinkholedensities,the other site specific
variablesnoted aboveare often evaluatedfor proposedsites in order to determinethe most fitting risk
category.The following descriptionsareonly intendedto serveasgeneral-guidelines.

• No Risk - Areaswherethe first encounteredbedrockis not subjectto sinkholeformation.

• Low Risk - Areasunderlainby carbonatebedrock,but in which very few sinkholesare found. No
knownsinkholesexistwithin a 1 mile radiusof the proposedsite, andthesoils andgeologicinformation
indicatethat thereis minimal risk of sinkholeformationat the siteunderconsideration.

• ModeratelyLow Risk - No sinkholesor buried sinkholesare known within a 1/2 mile radiusof the
proposedsite. However, widely scatteredsinkholeshavebeenidentified in the areaand the depthto
bedrockis less thanabout50 feet.
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• Moderate Risk - No sinkholesor buried sinkholesare known within a 1/4 mile radius of the site.
However, therearescatteredsinkholes(e.g. 2 - 5 sinkholesin a 1 mile radiusof proposedsite)and/or
othergeologicfactorsthatmakethe areasusceptibleto-sinkholeformation.

• Moderately High Risk - Similar sinkhole densities as high risk zones, but the soils and other
information aboutkarstfeaturesindicatethat the specificsite of constructionhasa lower sinkholerisk
thanthehighrisk category. a.

3~o p4-.
• High Risk - There is typically either I sinkhole or buried sinkhole within a 1/4 mile radiusor 2-4

sinkholesor buried sinkholeswithin a 1/2 mile radius and the soils and karst feature information
indicatesminimal protection. ~24. ‘4~ ~V)

• Very High Risk - Sinkholesare common in the area, but sinkhole densitiesare less than in the
extremelyhigh risk areas(e.g. 2 to 4 sinkholesin a 1/4 mile radiusor 5 or more sinkholeswithin a 1/2
mile radius).

• ExtremelyHigh Risk - Sinkholesare the dominantlandform,with typical sinkholedensitiesexceeding
about4 sinkholesin a 1/4 mile radiusfrom anypoint.

Step3. DetermineManurestoragesystemoptionsandrequirenlents

MPCA requirementsarethattheproposedliquid orsemi-solidmanurestoragesystemsbe:

a) locatedas far as possiblefrom topographiclows, depressionsor ravines;
b) locatedas far as possiblefrom existjn~ or historicallyfilled sinkholes;
c) locatedin anareawith the greatestthicknessof fine-textured-soils;
d) constructedsoasto minimizethe amountof rainfall androof runoffwater infiltrating soils in theareaof

the manurestoragesystem;
e) not constructedwhenvery largevolume manurestorage-systems-are-proposedin high risk karstareas;
f) not constructedwhen soil excavation reveals indications of historic or potential future sinkhole

formation.

After the sinkhole risk factor and the combinedstoragecapacityof all structureson site has been
determined,Table 1 is used as ageneralguidelinefor identif~’ing recommendedoptionsfor manurestorage
structuresand associatedliners. The options for manurestorageare intendedto be guidelinesonly. Best
professionaljudgmentis usedwhendeterminingallowablemanurestoragesystemoptions. Consideration
is given when a new manurestoragestructure is designedto correct existing surfaceor ground water
pollution problemswithout asignificantexpansionin operationsize. Forexample,atexistingoperations,it
can be betterfor the environmentto havea new liquid containmentstructurebuilt in asinkholepronearea
than to havedirect feedlotrunoff into streamsor the continueduseof an old structurethat was constructed
using lessstringentstandards. Otherconsiderationsinclude: maximummanurevolume to be storedin any
single manurestoragestructure,site history and management,plannedcontingencyefforts, andspecific
propertiesof cohesivesoils.
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Table I. Generalguidelinesfor manurestoragesystemoptionsin differentkarstrisk zones. ThelettersA-
Gcorrespondwith lettersin thetable. Forexample,afive million gallon storagestructureproposedin a
moderatekarstrisk areacould beconstructedusingoptionsD, E, F, or G. Designcapacityconsidersthe
combinedstoragecapacityof all manurestoragestructureson the property.

A. Cohesivesoil liner designed/constructedto seepno morethan0.018” perdaywhenfull (ofwater) anda
designthicknessof2feetorgreater.

B. Reinforcedconcretestructureconstructedin accordancewith MPCA standardrequirements.
C. Cohesivesoil liner designed/constructedto seepno morethan 0.012” perdaywhenfull (ofwater) and

with a liner thicknessof 3 feetor greater.
D. Cohesivesoil liner designed/constructedto seepno morethan0.0089”perdaywhenfull (ofwater) and

athicknessof 4 ft or greater.
E. Compositeliner systemor upgradedconcreteliner. A compositeliner systemconsistsof acombination

of compactedclaycovere~lby anapprovablegeomembraneor geosyntheticliner. Forconcrete,an
upgradedsystemincludesasteelreinforcedfloor andawaterstopor watersealantin all construction
joints andcontrol joints.

F. Abovegroundstoragesystem.
G. Solid manurehandlingsystemsonly.

Design capacity in millions ofgallons

KarstRisk <0.25 0.25- 0.5-1 1-2 2-4 4-8 >8
0.5

No Risk or Low risk A-G A-G A-G A-G A-G A-G A-G

Moderatelylow risk A-G~ A-G A-G A-G B-G C-G C-G

Moderaterisk A-G A-G A-G B-G C-G D-G E-G

Moderatelyhighrisk A-G A-G B-G C-G D-G E-G G

Highrisk C-G C-G D-G E-G F-G G G

Veryhighrisk E-G E-G F-G G G G G

Extremelyhighrisk E-G G G G G G G

Other requirements

For all sitesconstructedin areasconsideredas “ModerateRisk” or greaterthe following additional

precautionsmustbe met:
SubsoilInspection- TheMPCA mustbe notified at least3 daysprior to constructionoftheproposed
structureandbe given the opportunityto inspectthe soils duringexcavation.Also, atmany sitesa soil
scientistor geologistwill be requiredto be on-sitefollowing removal ofthe soil B horizonto determine
whetherthereis anyindicationof potentialsinkholedevelopmentobservedin thesoil (piping, voids,
channels,topsoil foundatdeeperdepthsor otherindicationsof soil subsidence>.Whenrequired,asubsoil
inspectionreportsignedby the on-sitesoil scientistor geologistmustbesubmittedto the MPCA or
permittingauthority. If anyindicationsof potentialsinkholedevelopmentareobserved,the permitteemust
notify the MPCA andthe designengineersothat anevaluationcan bemadeof whetherthe site must be
abandonedor if alternativemeasurescanbe implementedto preventsinkholeformation.
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Rerouting roof runoff and sitegrading - The amountof waterinfiltrating soils in theareaof themanure
storagesystemmustbeminimized. Thiscanbe accomplishedby slopingsoilsawayfrom themanure
storagesystem,androutingall bamroofrunoff andperimetertile watersto adischargepointas far as
possiblefrom the manurestoragesysteminto a slopedrunoffchannelor to someotherareawhereponding
waterwill not occur. Plansfor reroutingfacility runoffwaterswill be required,for all permitsin sinkhole
proneareas.

CONCLUSIONS

There are currently many environmental protection ~demandssurrounding feedlots, including
enforcementof intentional manuredischarges,open lot runoffproblems,landapplicationof manureissues,
engineeringreview for new sites, hydrogensulfide and other air emission issues,feedlot abandonment
concerns,manurestoragesystemconstructionproblems,livestockaccessto public waters,manurestockpile
runoff, silage liquids runoff, deadanimaldisposal,old andpoorly lined manurestoragesystems,andother
problemsstemmingfrom mismanagementof manure. The intent of the MPCA feedlot program is to
allocate limited staff resourcesin a mannerwhich balancesaddressingthe issueswhich are causing
immediateenvironmentalproblems,with the needfor taking preventativemeasuresto minimizethe chances
of catastrophicproblemsin the future. Regulatingthe siting anddesignsof newmanurestoragesystemsin
areasproneto sinkholesshouldhelp to reducethe chancesof catastrophicand ~hronic problemsresulting
from soil subsidence.
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