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AbstractAbstract -- CompletedCompleted landfillslandfills cancan provideprovide thethe basebase forfor parksparks andand otherother beneficialbeneficial landland uses,uses, thusthus servingserving 
toto recyclerecycle wastewaste productsproducts intointo newnew forms.forms. However,However, thethe conversionconversion isis notnot trouble-free.trouble-free. ThisThis paperpaper 
examinesexamines somesome ofof thethe usesuses toto whichwhich completedcompleted landfillslandfills havehave beenbeen putput asas wellwell asas thethe problemsproblems whichwhich havehave 
beenbeen encounteredencountered toto date,date, andand suggestssuggests actionsactions whichwhich plannersplanners andand solidsolid wastewaste managersmanagers cancan taketake toto 
mitigatemitigate somesome ofof thesethese problemsproblems inin thethe future.future. InformationInformation isis basedbased largelylargely onon experiencesexperiences inin LosLos 
AngelesAngeles County,County, California,California, wherewhere landfillinglandfilling hashas beenbeen bothboth practisedpractised andand studiedstudied overover anan extendedextended 
period.period. 

INTRODUCTIONINTRODUCTION 

“theToTo thethe sanitationsanitation industry,industry, "the manman whowho worksworks aa landfilllandfill sitesite isis engagedengaged inin anan occupationoccupation almostalmost 
master’s flock”[l].asas oldold asas thatthat ofof thethe ancientancient shepherdshepherd whowho guardedguarded andand guidedguided hishis master's flock"[I]. JournalsJournals 

discalrdsservingserving thethe industryindustry pointpoint outout thatthat thethe presentpresent citiescities ofof RomeRome andand ParisParis areare builtbuilt onon thethe discards 
ofof longlong forgottenforgotten ancestors,ancestors, whilewhile inin moremore recentrecent timestimes NewNew YorkYork hashas filledfilled marshlandsmarshlands toto createcreate 

Guardia’Airportsuchsuch wellwell knownknown landmarkslandmarks asas LaLa Guardia'Airport andand FlushingFlushing MeadowsMeadows Park,Park, sitesite ofof thethe 19391939 
World’sWorld's Fair[2].Fair[2]. 

TheThe introductionintroduction ofof heavyheavy equipmentequipment toto compactcompact thethe waste,waste, allowingallowing aa greatergreater massmass toto bebe 
deposited inin aa givengiven volume,volume, andand thethe regularregular applicationapplication ofof anan inertinert materialmaterial asas aa cover,cover, appearedappeared 
toto representrepresent anan improvementimprovement overover thethe traditionaltraditional "open“open dump".dump”. NotNot onlyonly waswas thethe newnew 

a.lsoprocessprocess initiallyinitially promotedpromoted asas odour-free,odour-free, producingproducing neitherneither airair nornor waterwater pollution,pollution, butbut itit also 
““sanitaryenabledenabled landland toto bebe reclaimedreclaimed forfor eventualeventual recreationalrecreational oror otherother uses[3].uses[3]. ProponentsProponents ofof "sanitary 

landfilling” stressedstressed thethe advantagesadvantages toto citiescities ofof acquiringacquiring landland atat nono cost,cost, onon whichwhichlandfilling"
 
traditionallytraditionally underbudgetedunderbudgeted recreationrecreation andand parkpark departmentsdepartments couldcould thenthen establishestablish golfgolf
 
courses,courses, bridlebridle trails,trails, baseballbaseball diamonds,diamonds, andand otherother desirabledesirable publicpublic facilities.facilities. Nevertheless,Nevertheless,
 
neighboursneigh bours ofof prospectiveprospective sitessites generallygenerally continuedcontinued toto opposeoppose sanitarysanitary landfillslandfills justjust asas theythey hadhad 

rioise, environmerntalistsdumps,dumps, protestingprotesting potentialpotential odours,odours, noise, visualvisual blight,blight, etc.[4]etc.[4] MoreMore recentlyrecently environmentalists 
joinedjoined thethe fray,fray, talkingtalking ofof leachateleachate problems,problems, gasgas migration,migration, andand subsidence.subsidence. SanitarySanitary engineersengineers 
beliexve public’sbelieve thatthat thethe public's oppositionopposition isis mostmost oftenoften basedbased onon itsits failurefailure toto understandunderstand thethe differencedifference 
berweenbetween aa sanitarysanitary landfilllandfill andand aa dump,dump, althoughalthough manymany concedeconcede thatthat eveneven thethe bestbest runrun sanitarysanitary 
landfilllandfill isis likelylikely toto havehave somesome adverseadverse environmentalenvironmental andand aestheticaesthetic impacts.impacts. 

I8 500 States[S],InIn 19751975 approximatelyapproximately 18500 landland disposaldisposal sitessites werewere knownknown toto existexist inin thethe UnitedUnited States[5], 
85%receivingreceiving moremore thanthan 85070 ofof thethe municipalmunicipal solidsolid wasteswastes generated[6].generated[6]. InIn thatthat year,year, onlyonly ca.ca. 56005600 

landfills[S],sitessites werewere recognizedrecognized asas beingbeing inin compliancecompliance withwith statestate regulationsregulations forfor sanitarysanitary landfills[5], butbut 
therethere hashas beenbeen aa steadysteady increaseincrease inin thethe numbernumber ofof openopen dumpsdumps convertedconverted oror closedclosed down,down, andand thethe 
recentlyrecently enactedenacted ResourceResource ConservationConservation andand RecoveryRecovery ActAct ofof 1976[7]1976[7] callscalls forfor aa prohibitionprohibition onon 
allall suchsuch dumpsdumps withinwithin thethe nextnext fewfew years.years. AlthoughAlthough considerableconsiderable attentionattention isis currentlycurrently beingbeing 

solidfocusedfocused onon methodsmethods ofof wastewaste reductionreduction and/orand/or resourceresource recoveryrecovery toto reducereduce thethe quantitiesquantities ofof saUd 
wastewaste goinggoing eithereither toto dumpsdumps oror toto landfills,landfills, andand despitedespite increasingincreasing publicpublic oppositionopposition toto thethe 
establishmentestablishment ofof newnew landfilllandfill sites,sites, itit isis likelylikely thatthat mostmost municipalmunicipal wastewaste willwill continuecontinue toto bebe 
depositeddeposited onon thethe land,land, withwith littlelittle oror nono treatment,treatment, forfor manymany yearsyears toto come.come. ItIt isis aa factfact thatthat underunder 

-I-Currently"'Currently aa PlannerPlanner forfor thethe SouthernSouthern CaliforniaCalifornia AssociationAssociation ofof Governments.Governments. 



methoexistingexisting economiceconomic conditions,conditions, whenwhen reasonablyreasonably accessibleaccessible locationslocations areare available,available, thisthis method of 
costs[g]. reductiodisposaldisposal frequentlyfrequently entailsentails thethe leastleast financialfinancial costs[8]. Furthermore,Furthermore, eveneven whenwhen wastewaste reduction 

lanoror resourceresource recoveryrecovery systemssystems areare employed,employed, therethere areare almostalmost invariablyinvariably residuesresidues thatthat requirerequire land 
disposal.disposal. 

landfilli~gItIt isis notnot thethe intentionintention ofof thisthis paperpaper toto comparecompare landfilling withwith otherother approachesapproaches toto solidsolid wastewaste 
disposal;disposal; thus,thus, thethe paperpaper doesdoes notnot presentpresent thethe relativerelative costscosts ofof differentdifferent disposaldisposal methods,methods, nornor 

landfillingdoesdoes itit exploreexplore suchsuch issuesissues asas thethe conflictconflict betweenbetween landfilling andand thethe preservationpreservation ofof wildernesswilderness 
values.values. Rather,Rather, onon thethe assumptionassumption thatthat manymany communitiescommunities willwill continuecontinue toto landfilllandfill theirtheir wasteswastes 
intointo thethe foreseeableforeseeable future,future, thethe paperpaper focusesfocuses onon thethe potentiallypotentially positivepositive aspectaspect ofof this situation. 
AsAs mentionedmentioned earlier,earlier, completedcompleted landfillslandfills whenwhen properlyproperly plannedplanned cancan bebe usedused for beneficial 
purposes,purposes, thusthus givinggiving riserise toto thethe claimclaim thatthat landfillinglandfilling itselfitself providesprovides aa methodmethod ofof recyclingrecycling wastewaste 
materials.materials. WhileWhile thethe materials,materials, onceonce buried,buried, areare obviouslyobviously lostlost forfor reusereuse inin theirtheir originaloriginal 
applications,applications, theythey cancan inin effecteffect bebe convertedconverted intointo thethe basebase forfor parksparks andand otherother landland uses.uses. 

Unfortunately,Unfortunately, therethere areare problemsproblems associatedassociated withwith thisthis conversion.conversion. TheThe presentpresent paperpaper examinesexamines 
somesome completedcompleted landfillslandfills andand thethe difficultiesdifficulties thatthat havehave resultedresulted fromfrom thethe decompositiondecomposition ofof thethe 
underlyingunderlying materials.materials. InIn soso doing,doing, itit demonstratesdemonstrates thethe needneed forfor plannersplanners andand decision-makersdecision-makers toto 
considerconsider futurefuture impactsimpacts andand ultimateultimate costscosts inin selectingselecting thethe finalfinal surfacesurface useuse ofof aa landfill,landfill, andand toto 
provideprovide appropriateappropriate mitigatingmitigating measuresmeasures fromfrom thethe onsetonset ofof wastewaste disposal.disposal. TheThe examplesexamples usedused inin 

Eos whithisthis paperpaper areare drawndrawn fromfrom thethe UnitedUnited States,States, particularlyparticularly fromfrom Los AngelesAngeles CountyCounty which 
onon aa regionalregional systemsystem comprisingcomprising moremore thanthan 2121 for tcurrentlycurrently dependsdepends sanitarysanitary landfillslandfills for. the 

disposaldisposal ofof allall ofof itsits municipalmunicipal solidsolid waste.waste. AlthoughAlthough thethe climaticclimatic andand otherother conditionsconditions inin 
lacesSouthernSouthern CaliforniaCalifornia obviouslyobviously differdiffer fromfrom thosethose foundfound inin manymany places elsewhere,elsewhere, thethe extensiveextensive 

experienceexperience thatthat LosLos AngelesAngeles CountyCounty hashas accruedaccrued inin operatingoperating sanitarysanitary landfillslandfills resultedresulted inin itsits useuse 
asas aa modelmodel byby thethe U.S.U.S. EnvironmentalEnvironmental ProtectionProtection AgencyAgency whenwhen thethe latterlatter waswas studyingstudying 
proceduresprocedures forfor incorporationincorporation intointo nationalnational guidelines[9].guidelines[9]. 

COMPLETEUSESUSES OFOF COMPLETED LANDFILLS 

ParksParks andand recreationrecreation 
GolfGolf courses,courses, parks,parks, playgroundsplaygrounds andand ballball fieldsfields areare thethe mostmost popularpopular usesuses forfor completedcompleted 

mentione twiler cipallandfills[lO].landfills[lO]. TwoTwo golfgolf coursescourses areare frequentlyfrequently mentioned: Detwiler Municipal CourseCourse inin Toledo,Toledo, 
York’s iler entOhio,Ohio, andand MerrickMerrick ParkPark onon NewNew York's LongLong Island.Island. Detwiler isis adjacent toto aa gamegame preserve,preserve, 

alsoalso onon aa completedcompleted fillfill [11, 12J. InInBradenton, Florida,Florida, the citycity turnedturned overover thethe firstfirstcompletedcompleted 2020 
acresacres ofof aa 100100 acreacre sitesite toto thethe PittsburghPittsburgh PiratesPirates baseballbaseball teamteam forfor useuse asas aa trainingtraining field.field. During 

[11,121. Bradenton, t 

thethe remainderremainder ofof thethe yearyear thethe ballball diamondsdiamonds areare usedused asas aa citycity park[13]. 
WhereWhere landland isis flat,flat, solidsolid wastewaste isis sometimessometimes beingbeing compactedcompacted intointo hillshills forfor recreationalrecreational use.use. 

OneOne hillhill thatthat hashas receivedreceived nationwidenationwide attentionattention isis inin VirginiaVirginia Beach,Beach, Virginia.Virginia. UnableUnable toto place 
wasteswastes belowbelow thethe surfacesurface becausebecause ofof highhigh groundwatergroundwater tables,tables, citycity officialsofficials decideddecided toto buildbuild aa 275275 
xx 90m90m mountainmountain ofof compactedcompacted trash.trash. NowNow thethe highesthighest pointpoint inin thethe citycity andand highlyhighly visiblevisible toto locallocal 

Trashmore, asas aa 

park[l3]. 

residents,residents, thethe project,project, whichwhich waswas dubbeddubbed Mt.Mt. Trashrnore, hashas retainedretained thethe nicknamenickname 
permanentpermanent designation.designation. WhenWhen fullfull developed,developed, thethe sitesite willwill havehave aa 1010 000 seatseat amphitheatre, soapsoapOOQ amphitheatre~ 
boxbox derbyderby ramps,ramps, aa hilltophilltop garden,garden, picnicpicnic areasareas andand artificialartificial lakes inin sitessites fromfrom whichwhich covercoveriakes 
materialmaterial waswas removed.removed. AA secondsecond mountainmountain isis alsoalso planned[l4].plannedIl4j. 

AA similarsimilar projectproject hashas beenbeen underwayunderway forfor severalseveral yearsyears inin DuPa&e County,County, Illinois,where thethe 
ForestForest PreservePreserve DistrictDistrict hashas completedcompleted aa 45m45m recreationalrecreational hillhill overlookingoverlooking aa boatingboating andand fishingfishing 

DuPage Illinois, where 

lakelake excavatedexcavated fromfrom threethree abandonedabandoned gravelgravel pits.pits. AlsoAlso plannedplanned areare twotwo 75m75m skiski hills,hills, aa 550m55011-n 
toboggantoboggan run,run, sleddingsledding runs,runs, equestrianequestrian trails,trails, hikinghiking trails, picnicpicnic andand campingcamping areas,areas, andantraiIs, and an 
adjacentadjacent 2222 hectarehectare (55(55 acre)acre) lakelake forfor boatingboating andand fishing.fishing. AA thirdthird areaarea inin thethe CQunty, MallardMallardcounty, 
Lake ForestForest Preserve,Preserve, willwill featurefeature aa 70m70m skiski hillhill andand campingcamping andand picnicpicnic areas[15].lake areas[45]. 



 

OneOne ofof thethe largestlargest recreationalrecreational complexescomplexes onon aa fillfill inin thethe UnitedUnited StatesStates isis inin MountainMountain View,View, 
California,California, wherewhere eventuallyeventually aa 220220 hectarehectare (544(544 acre)acre) regionalregional parkpark willwill bebe completed.completed. FiveFive 
boatingboating lakes,lakes, 2222 holesholes ofof golf,golf, aa pitchpitch andand puttputt course,course, horsebackhorseback andand bicyclebicycle trails,trails, andand picnicpicnic 
areasareas areare amongamong thethe activitiesactivities eithereither underunder constructionconstruction pr planned.planned. DevelopmentDevelopment ofof topographictopographic 
differentiationdifferentiation withinwithin thethe marshlandmarshland sitesite isis toto bebe accomplishedaccomplished throughthrough thethe additionaddition ofof 200200 000m3 

or 

ofof sanitarysanitary fill[16, 17].fi11[16, 171. 

Botanical gardensgardensotanical 
AlthoughAlthough botanicalbotanical gardensgardens areare frequentlyfrequently listedlisted asas potentialpotential usesuses forfor completedcompleted sanitarysanitary 

landfills[18], thethe earliest,earliest, thethe SouthSouth CoastCoast BotanicBotanic GardenGarden (SCBG)(SCBG) inin PalosPalos Verdes,Verdes, California,California, 
appearsappears toto bebe thethe onlyonly suchsuch gardengarden nownow inin operation.operation. AA formerformer diatomaceousdiatomaceous earthearth mine,mine, thethe sitesite 
waswas purchasedpurchased byby thethe LosLos AngelesAngeles CountyCounty BoardBoard ofof SupervisorsSupervisors inin 19561956 asas aa landfilllandfill site,site, butbut 
locallocal interestsinterests receivedreceived earlyearly assuranceassurance thatthat thethe completedcompleted fillfill wouldwould bebe turnedturned inm 

landfills[l8], 

into aa 
botanicalbotanical garden.garden. PlantingPlanting beganbegan onon aa completedcompleted portionportion ofof thethe sitesite inin 1961;1961; finalfinal covercover 
was placedplaced onon thethe lastlast ofof thethe 3.23.2 xx 106106 tonnestonnes ofof trashtrash inin 1967.1967. Today,Today, thethe SCBGSCBG isis aa rolling,rolling, 
tree-studdedtree-studded landscape,landscape, highlyhighly compatiblecompatible inin appearanceappearance withwith neighboringneighboring residentialresidential areas.areas. 
AmongAmong successfulsuccessful plantplant speciesspecies areare somesome 1515 varietiesvarieties ofof ficus,ficus, 2929 speciesspecies ofof palms,palms, numerousnumerous 
deciduousdeciduous floweringflowering trees,trees, andand 1717 speciesspecies ofof pines.pines. 

was 

Developmentvelopment 
CitiesCities throughoutthroughout thethe countrycountry reportreport residentialresidential andand industrialindustrial developmentsdevelopments atopatop sanitarysanrtary 

landfills[1O]. MobileMobile homehome parksparks areare common[l9].common[l9]. SomeSome moremore ambitiousambitious plansplans havehave alsoalso beenbeen 
formulated:formulated: inin 1973,1973, forfor example,example, aa proposalproposal waswas mademade toto createcreate anan islandisland inin NewNew YorkYork Bay out 
ofof trashtrash toto bebe collectedcollected overover aa 30-yr30-yr spanspan fromfrom NewNew York,York, NewNew Jersey,Jersey, andand Connecticut.Connecticut. TheThe 
islandisland wouldwould containcontain parks,parks, aa powerpower generatinggenerating station,station, andand anan industrialindustrial complex[20].complex[20]. 

landfills[lO]. 

OtherOther 
LandLand reclamationreclamation asas aa mhes,meansmeans ofof eliminatingeliminating eyesoreseyesores duedue toto abandonedabandoned quarries,quarries, min1es, 

stripminesstripmines andand erodederoded gulliesgullies isis aa commoncommon andand politicallypolitically popularpopular use[21].use[21]. OtherOther completedcompleted 
sanitarysanitary landfillslandfills havehave beenbeen developeddeveloped asas parkingparking areas,areas, airportairport runways,runways, andand goods-transfergoods-transfer 
yards[lO].yards[lO]. 

PROBLEMSPROBLEMS WITHWITH COMPLETEDCOMPLETED LANDFILLSLANDFILLS 

The reasonsreasons7% 
SignificantSignificant problemsproblems havehave beenbeen encounteredencountered withwith completedcompleted sanitarysanitary landfills,landfills, includingincluding 

subsidence,subsidence, waterwater pollution,pollution, andand gasgas migration.migration. AlthoughAlthough allall werewere knownknown toto existexist beforebefore 1960,1960, 
theythey arcare seldomseldom mentionedmentioned inin professionalprofessional journaljournal articlesarticles advocatingadvocating beneficialbeneficial usesuses ofof 

sites*[2].completedcompleted sites* [2]. IfIf therethere hashas beenbeen anan overselloversell ofof sanitarysanitary landfilling,landfilling, muchmuch maymay simplysimply havehave 
resultedresulted fromfrom inadequateinadequate knowledgeknowledge ofof thethe decompositiondecomposition processesprocesses withinwithin aa landfiIl. TheThelandfill. 
substitutionsubstitution ofthe wordword "landfill" forfor "dump" hashas ledled toto confusionconfusion inin somesome casescases overover whether 
aa reportedreported useuse waswas actuallyactually onon aa sanitarysanitary landfill.landfill. TwoTwo majormajor differencesdifferences betweenbetween thethe oldold andand newnew 

of the “landfill” “dump” whemer 

"To some extentextent therethere hashas beenbeen aa consciousconscious efforteffort onon thethe partpart ofof locallocal solidsolid wastewaste managersmanagers toto accentuateaccentuate thethe positivepositive andand*ToSOITX 
ignoreignore thethe negative.negative. AnAn articlearticle inin SolidSolid WasteWaste ManagementManagement Journal setset forthforth thethe strategy:strategy: "one importantimportant wayway toto 
enhanceenhance thethe locallocal publicpublic acceptanceacceptance ofof aa landfilllandfill inin somesome specificspecific locationlocation wouldwould bebe toto havehave aa beneficialbeneficial purposepurpose plannedplanned 

Journa/ “one 

forfor thethe completedcompleted sitesite andand emphasizeemphasize thisthis goalgoal beforebefore thethe undertakingundertaking isis eveneven begun"[4].begun”[4]. 
AnAn exampleexample ofof thisthis approachapproach appearedappeared inin thethe LosLos AngelesAngeles TimesTimes inin AugustAugust 19641964 ("Ugly CanyonsCanyons BlossomingBlossoming intointo 

Parks”Parks" ““Can 
(“Ugly 

byby RonRon Kenner).Kenner). F.F. BowermanBowerman ofof thethe LosLos AngelesAngeles CountyCounty SanitationSanitation DistrictsDistricts waswas quotedquoted asas saying,saying, •'Can youyou 
imagineimagine gelling intointo Bel-AirBel-Air BrentwoodBrentwood (an(an affluentaffluent LosLos AngelesAngeles suburb)suburb) withwith aa dump?dump? WeWe diddid it.it. WeWe diddid itit overover strongstronggetting 
objections,objections, butbut nownow thosethose peoplepeople likelike usus becausebecause we're buildingbuilding aa golfgolf course.course. They're goinggoing toto bebe rightright onon thethe edgeedge ofof it,it,we’re They’re 
withwith aa viewview ofof thethe greens.greens. WhatWhat moremore cancan youyou ask?" InIn 1977,1977, MissionMission CanyonCanyon neighborsneighbors areare stillstill waitingwaiting forfor thethe golfgolf 
coursecourse andand meanwhilemeanwhile theythey areare fightingfighting toto preventprevent thethe DistrictsDistricts fromfrom usingusing thethe CanyonCanyon forfor manymany moremore yearsyears ofof wastewaste 
disposal.disposal. 

ask?” 



marslandfillslandfills areare thethe depthdepth andand typetype ofof decomposition.decomposition. WhereWhere earlierearlier landfillslandfills onon marshlands may 
today’shavehave averagedaveraged 9m9m inin depth,depth, today's sanitarysanitary landfillslandfills areare oftenoften 90m.90m. DecompositionDecomposition ratesrates differdiffer 

markedlymarkedly betweenbetween aerobicaerobic andand anaerobicanaerobic decay,decay, thusthus requiringrequiring experienceexperience toto predictpredict longlong termterm 
impactsimpacts accurately.accurately. 

MostMost ofof thethe materialsmaterials inin aa sanitarysanitary landfilllandfill willwill eventuallyeventually decompose,decompose, butbut atat varyingvarying rates.rates. 
FoodFood wasteswastes decomposedecompose rapidlyrapidly andand areare moderatelymoderately compactible,compactible, butbut theythey representrepresent onlyonly aa smallsmall 
portionportion ofof domesticdomesticwastewaste inin areasareas suchsuch asas LosLos AngelesAngeles wherewhere homehome garbagegarbage disposaldisposal unitsunits areare inin 

decompos utwidespreadwidespread use[22].use[22]. GardenGarden wasteswastes alsoalso decompose rapidly, but areare oftenoften resilientresilient andand difficultdifficult toto 
pr u&scompact.compact. TheThe decaydecay ratesrates ofof paperpaper andand woodwood products areare slowerslower thanthan thosethose ofof foodfood wastes.wastes. 
ruAlthoughAlthough carcar bodiesbodies andand householdhousehold appliancesappliances rust slowly, thethe processprocess isis aidedaided byby organicorganic acidsacids 

anfromfrom decayingdecaying wastes.wastes. RubberRubber decomposesdecomposes veryvery slowly,slowly, mostmost plasticsplastics notnot atat all.all. LeatherLeather and 
rt,textilestextiles alsoalso decomposedecompose veryvery slowlyslowly whilewhile inertinert rocks,rocks, dirt, ashes,ashes, andand constructionconstruction rubble,rubble, 

althoughalthough usuallyusually easilyeasily workedworked andand compacted,compacted, willwill not dccay[23]. 
TheThe densitydensity ofof solidsolid wastewaste inin aa landfilllandfill isis quitequite variable.variable. AlthoughAlthough anan inplaceinplace densitydensity ofof 

!390kg/m3 (1500(1500 lblb perper yd)yd) cancan bebe achieved,achieved, moderatemoderate compactivecompactive effortsefforts achieveachieve onlyonly 

nst cay [23] _ 

890kg/m3 cucu 
47§-590kg/m3 (800-1000 lb475-590kg/m3 (800.... 1000 Ib perper cu.cu. yd)*.yd)*. SubsidenceSubsidence inin landfillslandfills isis aa functionfunction notnot onlyonly ofof initialinitial 
compactioncompaction ofof refuserefuse materials,materials, butbut alsoalso ofof refuserefuse compactioncompaction duedue toto surchargesurcharge loads,loads, volumevolume 

c~~st~t~entsreductionreduction causedcaused byby biologicalbiological decompositiondecomposition ofof thethe organicorganic constituents ofof thethe refuse,refuse, volumevolume 
reductionreduction causedcaused byby saturationsaturation andand thethe naturenature ofof refuserefuse materialsmaterials themselves,themselves, occludingincluding 

materials~24~.compressibility,compressibility, andand volumevolume reductionreduction resultingresulting fromfrom removalremoval ofof leachableleachable materials[24]. 

PROTHETHE NATURENATURE OFOF PROBLEMS 

SubsidenceSubsidence 
Subsidence,Subsidence, thethe mostmost commoncommon problem,problem, hashas provedproved toto bebe farfar moremore protractedprotracted thanthan earlierearlier 

“as ca..90%believed.believed. AA 19601960 articlearticle inin PublicPublic WorksWorks declared:declared: "as aa rule,rule, ca.90OJo ofof thethe totaltotal settlementsettlement 
10%occursoccurs inin thethe firstfirst twotwo toto fivefive years.years. TheThe remainingremaining IOOJo maymay bebe ofof suchsuch aa longlong rangerange charactercharacter asas 

site”‘h2]. owever,toto havehave littlelittle bearingbearing onon thethe plannedplanned gradesgrades forfor thethe site"[2]. However, thethe SouthSouth CoastCoast BotanicBotanic 
evideGardenGarden inin CaliforniaCalifornia reportsreports thatthat subsidencesubsidence showsshows nono evidence ofof slowingslowing down,down, withwith thethe oldestoldest 

affe(14(14 yr)yr) sectionsection ofof thethe gardengarden beingbeing thethe areaarea mostmost affected[25]. 
TheThe CityCity ofof BurbankBurbank hadhad thethe firstfirst municipalmunicipal sanitarysanitary landfill inin LosLos AngelesAngeles County.County. BegunBegun inin 

I949 unpav1949 andand completedcompleted inin 1968,1968, thethe citycity findsfinds thatthat thethe bestbest useuse ofof thethe completedcompleted fillfill isis asas anan unpaved 
city’s 10parkingparking lot.lot. TheThe city's experienceexperience indicatesindicates fewfew problemsproblems withwith aa newlynewly constructedconstructed landfilllandfill -­

mayryr maymay elapseelapse beforebefore seriousserious troublestroubles appear.appear. BecauseBecause ofof subsidence,subsidence, nono attemptattempt hashas beenbeen made 
toto pavepave thethe lot.lot. TruckloadsTruckloads ofof dirtdirt areare broughtbrought inin everyevery twotwo yearsyears andand thethe surfacesurface regraded[26].regraded[26]. 

SCBG, quiteAtAt thethe SeBG, differentialdifferential settlementsettlement producesproduces gentlygently rollingrolling surfacessurfaces thatthat areare ql)ite pleasingpleasing toto 
ethe eyeeye ofof thethe casualcasual observer.observer. GardenGarden officialsofficials believebelieve thatthat thethe effecteffect couldcould havehave beenbeen obtainedobtained 

moremore easilyeasily withwith aa bulldozer,bulldozer, andand withwith muchmuch lessless grief.grief. SubsidenceSubsidence hashas resultedresulted inin almostalmost constantconstant 
waterwater pipepipe breakagebreakage (2(2 oror 33 timestimes aa week),week), regularregular jackingjacking upup ofof appurtenantappurtenant structures,structures, crackingcracking 

artificial.andand drainingdraining ofof thethe artificial lake,lake, slumpingslumping ofof slopes,slopes, andand lossloss ofof plantplant material.material. EspeciallyEspecially 
natutraiseriousserious isis thethe impactimpact onon drainagedrainage patterns;patterns; thethe sitesite isis thethe natural drainagedrainage systemsystem forfor surroundingsurrounding 

hills.hills. WithWith subsidencesubsidence newnew depressionsdepressions continuallycontinually appear,appear, creatingcreating spotsspots wherewhere waterwater cancan 
pond[25].pond[25]. 

GasesGases 
BiologicalBiological decompositiondecomposition inin sanitarysanitary landfillslandfills andand refuserefuse dumpsdumps resultsresults inin thethe productionproduction ofof 

amonggases,gases, amvng whichwhich areare methane,methane, carboncarbon dioxidedioxide andand hydrogenhydrogen sulfide.sulfide. ControlControl ofof thesethese gasesgases 
hashas beenbeen ofof increasingincreasing concernconcern toto thosethose developingdeveloping subsequentsubsequent usesuses ofof landfilllandfill sites[27].sites[27]. 

*Los*Los AngelesAngeles CountyCounty SanitationSanitation DistrictsDistricts operateoperate inin thethe middlemiddle range.range. BobBob VanVan Heuit,Heuit, ChiefChief OperatingOperating Engineer,Engineer, 
considersconsiders thethe energyenergy neededneeded toto reachreach thethe maximummaximum densitydensity excessiveexcessive andand notnot practical.practical. 



tbe theDependingDepending uponupon thethe permeabilitypermeability ofof thethe covercover materialmaterial oror thethe soilssoils atat the boundariesboundaries ofof thl~ fill,fill, 
metbanemethane producedproduced withinwithin aa landfilllandfill maymay migratemigrate andand collectcollect inin nearbynearby closedclosed spaces.spaces. WhenWhen thisthis 
occurs,occurs, conflagrationconflagration isis possiblepossible givengiven thethe rightright mixturemixture ofof oxygenoxygen andand methanemethane andand anan ignitionignition 
source.source. SeveralSeveral fatalitiesfatalities andand casescases ofof seriousserious injuryinjury havehave beenbeen attributedattributed toto thethe escapeescape ofof landfilllandfill 
gas[27].gas[27]. ProblemsProblems withwith gasgas emissionsemissions werewere anticipatedanticipated byby landfilllandfill designersdesigners andand measuresmeasures takentaken 
toto preventprevent problems.problems. Traditionally,Traditionally, engineersengineers havehave soughtsought toto controlcontrol thethe escapeescape ofof methanemethane 

“tiki” pipespipes installedinstalled inin andand nearnear thethe peripheryperiphery ofof thethe landfill,landfill, withwiththroughthrough thethe useuse ofof "tiki" burnersburners -­
thethe surfacesurface aroundaround thethe pipespipes sealedsealed toto preventprevent leakage.leakage. GasGas isis collectedcollected throughthrough thethe pipespipes andand 
burnedburned atat thethe top.top. TheThe heightheight ofof thethe burnersburners varies,varies, butbut shouldshould bebe atat leastleast 1010 ftft aboveabove gradegrade forfor 
safety.safety. (The(The flameflame isis whitewhite andand thusthus invisible.)invisible.) AA moremore sophisticatedsophisticated methodmethod ofof controlcontrol isis thethe 
installationinstallation ofof aa networknetwork ofof perforatedperforated pipespipes buriedburied inin shallow,shallow, gravel-filledgravel-filled trenchestrenches onon oror 
aroundaround thethe landfill.landfill. BothBoth ofof thesethese methodsmethods areare reasonablyreasonably effectiveeffective inin reducingreducing thethe dangerdanger ofof gasgas 
explosionexplosion oror firefire inin thethe immediateimmediate vicinityvicinity ofof thethe landfill;landfill; theythey dodo not,not, however,however, significantlysignificantly 

areas[l9].restrictrestrict thethe flowflow ofof gasgas throughthrough thethe soilsoil intointo surroundingsurrounding areas[19]. 
WhereWhere gasesgases migratemigrate toto thethe surfacesurface ofof aa landfilllandfill theythey createcreate fissures.fissures. AtAt thethe SCBG,SCBG, severalseveral ofof 

thesethese fissuresfissures criss-crosscriss-cross thethe gardengarden andand havehave resultedresulted inin structuralstructural damage.damage. However,However, thethe mostmost 
seriousserious problemproblem therethere resultingresulting fromfrom thethe upwardupward migrationmigration ofof gasesgases isis abnormallyabnormally highhigh soilsoil 
temperatures.temperatures. ThroughoutThroughout thethe garden,garden, fillfill decompositiondecomposition resultsresults inin soilsoil temperaturestemperatures betweenbetween 2121 

32”~, o neighb~~ringandand 32°C, comparedcompared withwith averageaverage temperaturestemperatures rangingranging betweenbetween 1313 andand 2121 ° onon neighbouring 
property.property. AlthoughAlthough vegetationvegetation hashas beenbeen selectedselected toto toleratetolerate thisthis higherhigher temperaturetemperature range,range, nono 
plantsplants areare ableable toto withstandwithstand temperaturestemperatures nearnear existingexisting activeactive fissuresfissures oror inin hothot spotsspots whichwhich appearappear 

’ [ZS].priorprior toto thethe developmentdevelopment ofof aa fissure.fissure. InIn thesethese locationslocations soilsoil temperaturestemperatures rangerange fromfrom 4949 toto 7171 ° [28J. 
‘ofPlantsPlants suddenlysuddenly wiltwilt andand diedie withinwithin aa mattermatter 'of threethree oror fourfour days.days. VentsVents areare installedinstalled asas plantplant 
spot.*indicatorsindicators showshow thethe emergenceemergence ofof aa newnew hothot spot. * 

hutGasGas maymay alsoalso bebe presentpresent inin concentrationsconcentrations belowbelow thethe levellevel ofof eithereither flammabilityflammability oror toxicitytoxicity but 
sufficientsufficient toto causecause headachesheadaches inin occupantsoccupants ofof buildingsbuildings onon oror nearnear aa landfilllandfill site.site. 

pohtionWaterWater pollution 
CompletedCompleted sanitarysanitary landfillslandfills havehave thethe potentialpotential toto pollutepollute surfacesurface andand undergroundunderground waterwater 

supplies.supplies. ContaminationContamination cancan occuroccur fromfrom thethe percolationpercolation ofof leachatesleachates toto undergroundunderground aquifers,aquifers, 
fromfrom surfacesurface runoff,runoff, fromfrom contactcontact byby groundwatergroundwater onon exposedexposed wastes,wastes, andand throughthrough thethe emissionemission 

carbonofof c.arbon dioxidedioxide gas.gas. PreventionPrevention ofof groundwatergroundwater contaminationcontamination hashas provedproved toto bebe moremore complexcomplex 
thanthan waswas originallyoriginally anticipated.anticipated. AtAt first,first, itit waswas believedbelieved thatthat aa lininglining ofof clayclay oror somesome otherother 

tat baseimpermeableimpermeable materialmaterial t at thethe landfilllandfill ba~e wouldwould provideprovide aa barrierbarrier toto leachates,leachates, butbut itit hashas sincesince 
beenbeen demonstrateddemonstrated thatthat sidessides mustmust alsoalso bebe linedlined toto preventprevent seepageseepage ifif thethe fillfill isis nearnear aa groundwatergroundwater 
supply.supply. MoundingMounding underunder fillsfills hashas causedcaused groundwatergroundwater tablestables toto riserise untiluntil waterwater isis inin contactcontact withwith thethe 
Iandfilllandfill sides.sides. CarbonCarbon dioxidedioxide escapingescaping throughthrough landfillslandfills resultsresults inin increasedincreased calciumcalcium hardnesshardness inin 

soil[30].adjacentadjacent groundwatergroundwater ifif solidsolid calciumcalcium carbonatecarbonate isis presentpresent withinwithin thethe soi1[30]. CarbonCarbon dioxidedioxide willwill 
alsoalso corrodecorrode metalmetal casingscasings ofof nearbynearby wellwell linings.linings. 

aterWater pollutionpollution hashas littlelittle oror nono impactimpact onon thethe useuse ofof completedcompleted landfills,landfills, butbut thethe typetype ofof useuse 
affectsaffects thethe potentialpotential forfor contamination.contamination. LeachateLeachate isis notnot producedproduced untiluntil thethe refuserefuse isis saturatedsaturated byby 

in aridinfiltration.infiltration. StudiesStudies havehave shownshown thatthat in arid andand semi-aridsemi-arid climatesclimates precipitationprecipitation isis generallygenerally lostlost toto 
evaporationevaporation andand unlikelyunlikely toto reachreach groundwater[31].groundwater[31]. However,However, irrigationirrigation cancan simulatesimulate aa wetterwetter 
climate.climate. ConstructingConstructing thethe finalfinal fillfill surfacesurface andand slopeslope forfor maximummaximum runoffrunoff isis anan inexpensiveinexpensive wayway toto 
reducereduce infiltration,infiltration, butbut suchsuch aa slopeslope maymay notnot bebe consistentconsistent withwith thethe finalfinal use.use. Subsidence,Subsidence, asas notednoted 

*Although probiems'Although technicallytechnically thethe LosLos AngelesAngeles CountyCounty ArboretaArboreta DepartmentDepartment isis responsibleresponsible forfor correctingcorrecting allall problems atat thethe 
SouthSouth CoastCoast BotanicBotanic Garden,Garden, thethe SanitationSanitation DistrictsDistricts havehave continuedcontinued toto installinstall ventsvents andand wellswells asas needed.needed. 

JfLinings various ehewhere.t Linings mademade ofof .various materials,materials, includingincluding asphalt,asphalt, rubber,rubber, andand plasticplastic havehave beenbeen triedtried inin thethe U.S.U.S. andand elsewhere. 
iheHowever,However, the processprocess ofof lininglining aa landfilllandfill effectivelyeffectively isis bothboth difficultdifficult andand costly[29].costly[29]. 



earlier,earlier, leadsleads toto pondingponding andand excessexcess percolation.percolation. CompactionCompaction ofof thethe toptop covercover waswas formerlyformerly 
consideredconsidered sufficientsufficient toto provideprovide anan impermeableimpermeable layer;layer; however,however, treetree rootsroots andand fissuresfissures causedcaused byby 
gasesgases workingworking toto thethe surfacesurface provideprovide openingsopenings wherebywhereby irrigationirrigation waterwater cancan reachreach refuserefuse layers.layers. 
LeaksLeaks fromfrom breakingbreaking waterwater pipespipes alsoalso resultresult inin addedadded moisturemoisture reachingreaching thethe fi1l[32].fill[32]. 

OdoursBdours 
Mercaptans,Mercaptans, whichwhich areare malodorousmalodorous gases,gases, areare foundfound inin lower concentrationsconcentrations thanthan areare methanemethane 

andand carboncarbon dioxide,dioxide, butbut cancan bebe annoying,annoying, ifif notnot particularlyparticularly dangerous.dangerous. VentingVenting isis requiredrequired toto 
dissipatedissipate thesethese gasesgases intointo thethe air;air; ifif theythey areare allowedallowed toto concentrate,concentrate, thethe problemproblem intensifies.intensifies. EvenEven 

Iower 

withwith precautionaryprecautionary measuresmeasures thatthat confineconfine thethe problemproblem toto sman areas,areas, odoursodours areare presentpresent 
sectionssections ofof thethe SouthSouth CoastCoast BotanicBotanic Garden,Garden, mostmost noticeablynoticeably nearnear hothot spots.spots. 

small in 

InIn BurbankBurbank thethe unpavedunpaved parkingparking lotlot isis adjacentadjacent toto thethe city's outdooroutdoor theatre.theatre. AsAs longlong asas the.city’s the 
parkingparking lot's surfacesurface waswas regularlyregularly scarifiedscarified toto permitpermit gasgas release,release, therethere werewere nono problems.problems. WhenWhenlot’s 
thethe lotlot waswas oiledoiled toto keepkeep d6wn dust,dust, gasesgases conected belowbelow thethe surfacesurface andand anan odourodour problemproblemdown collected 
developed[26].developed[26]. 

CoverCover materialmaterial 
DepthDepth andand availabilityavailability ofof finalfinal covercover cancan bebe aa problem,problem, dependingdepending onon thethe plannedplanned ultimateultimate use.use. 

TheThe EnvironmentalEnvironmental ProtectionProtection AgencyAgency recommendsrecommends 0.6m0.6m asas aa minimumminimum cover[33].cover[33]. InIn ruralrural areasareas 
oror mountainmountain canyonscanyons wherewhere thethe topstops ofof adjacentadjacent mountainsmountains cancan bebe leveled,leveled, pro<;:urement ofof thisthis soilsoilprocurement 
isis relativelyrelatively simple,simple, but,but, iudeveloped areas,areas, availabilityavailabilityofof covercover materialmaterial maymay bebe expensive:expensive: inin 19501950in developed 
thethe CityCity ofof NewNew YorkYork estimatedestimated itit wouldwould costcost $8,500,000 toto importimport sufficientsufficient toptop soilsoil forfor thethe 770770 
hectareshectares (1900(1900 acres)acres) ofof landfilllandfill thenthen nearingnearing completion[2].completion[2]. SandSand waswas dredgeddredged fromfrom offshoreoffshore andand 
mixedmixed withwith sewagesewage sludgesludge toto provideprovide aa growinggrowing medium.medium. 

AbandonedAbandoned minesmines andand quarriesquarries areare desirabledesirable sitessites fromfrom aa landland reclamationreclamation pointpoint ofof view,view, butbut 
maymay presentpresent otherother problems.problems. (Quarries(Quarries areare usuallyusually locatedlocated nearnear oldold riverriver bedsbeds andand areare frequentlyfrequently 
aboveabove aquifers,aquifers, thusthus presentingpresenting greatergreater risksrisks ofof waterwater pollution.)pollution.) SoilSoil inin andand aroundaround abandonedabandoned 
minesmines maymay containcontain toxictoxic materialmaterial whichwhich couldcould inhibitinhibit plantplant growth;growth; inin thethe casecase ofof thethe SouthSouth CoastCoast 
BotanicBotanic Garden,Garden, thethe diatomaceousdiatomaceous earthearth waswas voi 

$8,500, 

void ofof nutrientsnutrients andand hashas necessitatednecessitated heavyheavy 
maintenancemaintenance toto ensureensure productivity.productivity. 

DepthDepth ofof covercover isis thethe criticalcritical factor.factor. TheThe 0.6m0.6m minimumminimum isis adequateadequate onlyonly forfor pasturepasture andand hay 
grassesgrasses [23].[23]. WhenWhen thethe completedcompleted fillfill isis usedused forfor agriculture,agriculture, thethe finalfinal covercover mustmust bebe deepdeep enoughenough forfor 

bay 

thethe fillfill toto bebe undisturbedundisturbed byby plowsplows andand bebe sufficientsufficient toto allowallow forfor thethe rootroot growthgrowth ofof thethe anticipatedanticipate 
crop.crop. TheThe SCBGSCBG sitesite receivedreceived 0.9m ofof finalfinal cover.cover. ShallowShallow rootedrooted plantplant materialmaterial waswas selectedQ.9m selecte 
accordingly.accordingly. Inabilityto putput downdown deepdeep rootsroots resultsresults inin plantsplants thatthat areare somewhatsomewhat stuntedstunted inin growthInability to growt 
comparedcompared toto thethe samesame plantsplants outsideoutside thethe fill.fill. MoreMore seriousserious isis thethe lossloss ofof treestrees duringduring spring’ 
windstormswindstorms whichwhich followfollow thethe rainyrainy season.season. TheThe garden's directordirector believesbelieves thatthat 1.5m1.5m ofof soilsoil shouldgarden’s 
bebe usedused throughoutthroughout aa botanicalbotanical garden,garden, withwith 3m3m availableavailable forfor specimentspeciment ttees[25].trees[25]. 

NotNot onlyonly isis itit necessarynecessary toto provideprovide anan adequate initialinitial finalfinal cover,cover, butbut itit isis importantimportant toto recognizerecognize 
aa continuingcontinuing needneed forfor aa soilsoil supply.supply. FillingFilling inin recurringrecurring depressionsdepressions isis necessarynecessary toto maintainmaintain 
drainagedrainage andand toto insureinsure integrityintegrity ofof finalfinal designdesign contours.contours. Further,Further, finalfinal andand intermediateintermediate coverscovers areare 

adequate 

graduallygradually depleteddepleted asas soilsoil particlesparticles seepseep intointo smallsmall voidsvoids createdcreated byby decompositiondecomposition ofthe organicorganicof the 
fraction[31] .fraction]3 11. 

PLANNINGPLANNING ANDAND ENFORCEMENTENFORCEMENT 

NearlyNearly allall thethe listedlisted problemsproblems cancan bebe correctedthroughproper planning.planning. However, inin manymany casescasescorrected through proper Wowever, 
thethe expenseexpense ofof implementingimplementing controlscontrols willwill precludepreclude certaincertain uses .• LocalLocal governmentsgovernments whichwhich willwill 
havehave thethe responsibilityresponsibility forfor maintainingmaintaining aa completecomplete sanitarysanitary landfilllandfill shouldshould bebe awareaware ofof potentialpotential 
troubletrouble areasareas fromfrom thethe beginningbeginning andand taketake stepssteps toto designdesign outout asas manymany adverseadverse impactsimpacts asas possible.possible. 

uses. 



LandfillLandfill operatingoperating feesfees shouldshould bebe setset toto includeinclude notnot onlyonly thethe costcost ofof landland acquisitionacquisition butbut alsoalso thethe 
landfill-relatedlandfill-related costscosts ofof developmentdevelopment andand maintenance.maintenance. 

InIn 19741974 thethe UnitedUnited StatesStates EnvironmentalEnvironmental ProtectionProtection AgencyAgency issuedissued guidelinesguidelines forfor landfilllandfill 
design[33].design[33]. IncludedIncluded inin thethe guidelines,guidelines, whichwhich areare bindingbinding onon FederalFederal agenciesagencies butbut areare onlyonly 
recommendedrecommended toto State,State, regional,regional, andand locallocal agencies,agencies, areare thethe following:following: 

“Plans"Plans shouldshould describedescribe projectedprojected useuse ofof completedcompleted disposaldisposal site.site. InIn additionaddition toto maintenancemaintenance 
programsprograms andand provisions,provisions, wherewhere necessary,necessary, forfor monitoringmonitoring andand controllingcontrolling gasesgases andand 
leachates,leachates, plansplans shouldshould addressaddress thethe followingfollowing ultimateultimate useuse criteria:criteria: 

1.I. CultivatedCultivatedarea.area. TheThe majormajor concernconcern ifif thethe completedcompleted sitesite isis toto bebe cultivatedcultivated isis thatthat thethe 
integrityintegrity ofof thethe finalfinal covercover notnot bebe disturbeddisturbed byby agriculturalagricultural cultivationcultivation activities.activities. InIn thisthis 
regardregard aa sufficientsufficient depthdepth ofof covercover materialmaterial toto allowallow cultivationcultivation andand toto supportsupport vegetationvegetation 
shouldshould bebe appliedapplied inin additionaddition toto thatthat recommendedrecommended forfor finalfinal cover.cover. 

2.2. Structures.Structures. ItIt isis notnot recommendedrecommended practicepractice toto constructconstruct majormajor structuresstructures onon aa 
to,becompletedcompleted landland disposaldisposal site.site. IfIf majormajor structuresstructures areare to'be builtbuilt nearnear aa completedcompleted landland 

includ-disposaldisposal site,site, aa professionalprofessional engineerengineer shouldshould approveapprove theirtheir designdesign andand constructionconstruction includ­
inging provisionprovision forfor protectionprotection againstagainst potentialpotential hazardshazards ofof solidsolid wastewaste decompositiondecomposition 
gases”[33].gases"[33]. 

farmInIn California,California, thethe StateState SolidSolid WasteWaste ManagementManagement BoardBoard hashas issuedissued similarsimilar guidelinesguidelines inin thethe form 
ofof MinimumMinimum StandardsStandards forfor SolidSolid WasteWaste HandlingHandling andand Disposal[34].Disposal[34]. LegislationLegislation givinggiving thethe Board 
authorityauthority toto enforceenforce thesethese standardsstandards throughoutthroughout thethe StateState waswas enactedenacted inin 1976[35].1976[35]. 

community’sInIn additionaddition toto planningplanning aa completedcompleted useuse whichwhich willwill bebe inin conformityconformity withwith thethe community's 
generalgeneral plan,plan, thethe finalfinal planningplanning forfor thethe sitesite shouldshould considerconsider thethe following:following: 
1. ,Subsidence. DifferentialDifferential settlementsettlement ofof completedcompleted fillsfills bebe minimizedminimized throughthrough landfilllandfillI. Subsidence. cancan 
constructionconstruction practices.practices. OneOne methodmethod isis thethe developmentdevelopment ofof greatergreater heterogenityheterogenity ofof refuserefuse layerslayers byby 

subsimixingmixing refuserefuse withwith inertinert materials.materials. AlthoughAlthough thisthis practicepractice willwill diminishdiminish thethe effectseffects ofof subsidence, it 
isis usuallyusually notnot consideredconsidered toto bebe politicallypolitically feasiblefeasible becausebecause ofof thethe shortenedshortened lifelife ofof thethe landfill. 
ThickerThicker dailydaily covercover isis alsoalso recommendedrecommended toto minimizeminimize settlement.settlement. AA studystudy conductedconducted byby 
EngineeringEngineering Science,Science, Inc.Inc. forfor thethe LosLos AngelesAngeles CountyCounty EngineerEngineer recommendsrecommends aa rni~i~lurnminimum 

0.3m soil.*[9].compactedcompacted dailydaily covercover ofof a.3m ofof soil. *[9]. 
soil. SurvItt isis advantageousadvantageous toto planplan forfor utilityutility corridors,corridors, roads,roads, andand buildingbuilding padspads onon naturalnatural soiL Surveys 

subsidence[ofof previousprevious landfillslandfills indicateindicate thatthat planningplanning hashas usuallyusually beenbeen cognizantcognizant onlyonly ofof initialinitial subsidence[9]. 
BecauseBecause ofof thethe variablesvariables affectingaffecting decomposition,decomposition, thethe totaltotal amountamount ofof subsidencesubsidence cannotcannot yetyet be 

7.5olo.predictedpredicted withwith reliability;reliability; estimatesestimates inin thethe literatureliterature rangerange fromfrom 2525 toto moremore thanthan 75 %. 
settlemeSubsurfaceSubsurface improvementsimprovements areare susceptiblesusceptible toto thethe effectseffects ofof differentialdifferential settlement. Placing 

utilitiesutilities inin anan openableopenable trenchtrench maymay minimizeminimize thethe difficultydifficulty ofof correctingcorrecting problems.problems. Monitoring 
grosubsidencesubsidence ofof undergroundunderground utilityutility lineslines cancan bebe facilitatedfacilitated byby providingproviding risersrisers toto thethe ground surface. 

tkatTheThe useuse ofof flexibleflexible pipingpiping reducesreduces breakagebreakage problems.problems. AnyAny subsurfacesubsurface improvementimprovement that might 
comecome intointo contactcontact withwith activeactive materialsmaterials shouldshould bebe protectivelyprotectively coated[9].coated[9]. EngineersEngineers atat thethe Palos 
Verdes,Verdes, California,California, landfilllandfill havehave designeddesigned telescopingtelescoping tubingtubing forfor methanemethane recoveryrecovery wells.wells. 

hereWhere structuresstructures mustmust bebe builtbuilt onon fill,fill, itit isis necessarynecessary toto predictpredict thethe potentialpotential loading.loading. According 
toto thethe EngineeringEngineering ScienceScience reportreport forfor LosLos AngelesAngeles County:County: "Piling shouldshould bebe designed for all 
verticalvertical andand horizontalhorizontal loading,loading, thethe downdown dragdrag effectseffects ofof frictionalfrictional resistanceresistance toto subsidencesubsidence andand 
settlement,settlement, andand anyany floorfloor loadsloads transmittedtransmitted directlydirectly toto thethe fillfill adjacentadjacent toto piling.piling. RaftRaft foundationsfoundations 

“Piling desig 

*Operators*Operators differdiffer inin thethe amountamount ofof covercover appliedapplied toto landfillslandfills inin LosLos AngelesAngeles County,County, accordingaccording toto aa reportreport preparedprepared forfor 
1968[19]. Citythethe CountyCounty EngineerEngineer inin 1968[19J. TheThe LosLos AngelesAngeles CountyCounty SanitationSanitation DistrictsDistricts applyapply 1515 cmcm ofof dailydaily cover;cover; thethe Cit'! ofof 

0.6mBurbankBurbank appliesapplies thethe samesame amount,amount, butbut alsoalso placesplaces O.6m ofof earthearth covercover onon eacheach 1.2m1.2m ofof compactedcompacted refuse.refuse. TheThe CityCity ofof 
closeLosLos AngelesAngeles appliesapplies 23cm23cm ofof earthearth covercover toto eacheach 2.7m2.7m ofof compactedcompacted rubbish,rubbish, plusplus dailydaily covercover ifif underunder 2.7m2.7m atat c!osle ofof 

0.6m whileworkingworking day.day. BurbankBurbank andand LosLos AngelesAngeles (City)(City) applyapply O.6m ofof finalfinal covercover While thethe LosLos AngelesAngeles CountyCounty SanitationSanitation 
0.9mDistrictsDistricts useuse anan O.9m finalfinal cover.cover. 



uponupon whichwhich thethe totaltotal stabilitystability ofof thethe structurestructure isis dependentdependent areare lessless desirabledesirable thanthan pilingpiling 
rotate.”foundations,foundations, butbut maymay bebe permissible.permissible. SpreadSpread footingfooting andand padspads shouldshould notnot bebe permittedpermitted toto rotate." 

BuildingsBuildings foundedfounded onon pilespiles toto bedrockbedrock willwill settlesettle lessless thanthan surfacesurface improvementsimprovements overover landfilllandfill cells.cells. 
whilewhile buildingsbuildings notnot foundedfounded onon pilespiles willwill settlesettle moremore thanthan surfacesurface improvements.improvements. Therefore,Therefore, inin 
bothboth cases,cases, itit isis necessarynecessary thatthat flexibleflexible connectionsconnections bebe providedprovided betweenbetween thethe buildingbuilding andand thethe 
improvement [9].improvement[9]. 
2.2. GasGas control.control. NewNew landfillslandfills shouldshould provideprovide bothboth aa gasgas barrierbarrier andand aa ventingventing system.system. AA successfulsuccessful 

include’gasgas controlcontrol programmeprogramme forfor landfillslandfills shouldshould include, asas aa minimum,minimum, carefulcareful investigationsinvestigations ofof 
landfill-producedlandfill-produced gasesgases andand gasgas migration;migration; aa determinationdetermination ofof thethe feasibilityfeasibility ofof gasgas controlcontrol 

anservices;services; preparationpreparation ofof aa designdesign criterioncriterion forfor gasgas control;control; preparationpreparation ofof engineeringengineering detailsdetails and 
drawings;drawings; constructionconstruction supervisionsupervision ofof facilities;facilities; andand post-constructionpost-construction monitoring[36].monitoring[36]. 

ToTo sanitationsanitation engineers,engineers, thethe recentrecent energyenergy crisiscrisis hashas provenproven beneficialbeneficial inin oneone respect:respect: thethe scarcityscarcity 
purifying’ selling’ cQmmercia~Iy’ofof naturalnatural gasgas hashas mademade itit practicalpractical toto considerconsider recovering,recovering, purifying, andand selling, commercially, 

landfills[37].methanemethane producedproduced inin landfills[37]. 
3.3. Waterpollution.Water pollution. InIn California,California, possiblepossible landfilllandfill contaminationcontamination ofof groundwatergroundwater isis monitored.monitored. 

“permit construct” Califo *InIn orderorder toto obtainobtain aa "permit toto construct" aa landfill,landfill, plansplans mustmust bebe submittedsubmitted toto thethe California 
RegionalRegional WaterWater QualityQuality ControlControl BoardBoard (RWQCB)(RWQCB) forfor thethe area,area, showingshowing thethe hydrologyhydrology and 
geologygeology ofof thethe site,site, asas wellwell asas thethe stepssteps thatthat willwill bebe takentaken toto monitor,monitor, collect,collect, treattreat andand effectivelyeffectively 

of leachates ovedisposedispose ofleachates andand runoff.runoff. TheThe fillfill mustmust bebe locatedlocated above thethe highesthighest anticipatedanticipated elevationelevation ofof 
provithethe capillarycapillary fringefringe ofof thethe groundwatergroundwater andand mustmust provide protectionprotection fromfrom 100100 yearyear floods.floods. TheThe 

burdenburden ofof proofproof ofof incorporationincorporation ofof thesethese featuresfeatures intointo landfilllandfill designdesign restsrests withwith thethe landfilllandfill 
owners[31].owners[31]. 
4.4. Enforcement.Enforcement. RegardlessRegardless ofof thethe complexitycomplexity ofof advancedadvanced planning,planning, thethe measuresmeasures willwill bebe 

Q eration ~~o~ndwatereffectiveeffective onlyonly ifif theythey areare adheredadhered toto inin thethe day-to-dayday-to-day operation ofof thethe landfills.landfills. Groundwater 
contaminationcontamination hashas occuredoccured inin atat leastleast oneone incidenceincidence whenwhen aa privateprivate CaliforniaCalifornia landfilllandfill operatoroperator 
violatedviolated thethe termsterms ofof thethe RWQCBRWQCB permitpermit byby placingplacing fillfill belowbelow thethe prescribedprescribed level[30].level[30]. 

PermitsPermits areare alsoalso requiredrequired inin CaliforniaCalifornia fromfrom thethe locallocal governmentgovernment inin whichwhich thethe fillfill isis located.located. InIn 
general,general, publiclypublicly operatedoperated landfillslandfills conformconform toto establishedestablished standards,standards, andand undergoundergo regularregular 
inspection.inspection. PublicPublic agenciesagencies areare continuingcontinuing toto conductconduct researchresearch andand taketake actionaction toto reducereduce attendantattendant 
problems.problems. 

private’CitiesCities whichwhich issueissue permitspermits forfor private, profit-makingprofit-making landfilllandfill operationsoperations areare thethe mostmost variablevariable inin 
enforcement.* overthethe levellevel ofof enforcement. * Recently,Recently, somesome citiescities havehave begunbegun toto tightentighten controlcontrol Over day-to-dayday-to-day 

operationsoperations ofof thesethese privateprivate landfillslandfills andand toto setset feesfees coveringcovering administrationadministration ofof enforcementenforcement 
activities.activities. OfOf majormajor concernconcern isis thethe determinationdetermination ofof whowho willwill bebe responsibleresponsible forfor thethe sitesite afterafter thethe 

completed, and site’slandfillinglandfilling isis completed,and what,what, ifif any,any, plansplans havehave beenbeen mademade forfor thethe site's ultimateultimate useuse tt 

CQNCLUSIONSCONCLUSIONS 

SanitarySanitary landfillslandfills areare likelylikely toto continuecontinue toto playplay anan importantimportant rolerole inin solidsolid wastewaste disposaldisposal forfor manymany 
yearsyears toto come, despitedespite increasedincreased effortsefforts atat wastewaste reductionreduction andand resourceresource recovery.recovery. WithWith care,come’ care’ 

"Both thethe CityCity ofof Montebello,Montebello, California. andand thethe StateState SolidSolid WasteWaste ManagementManagement BoardBoard questionedquestioned thethe 19751975 renewalrenewal ofof*Both California, 
aa conditionalconditional useuse permitpermit toto aa privateprivate landfill operatoroperator byby thethe CityCity ofof MontereyMonterey ParkPark becausebecause ofof thethe operator's violationviolationLandfill operator’s 
ofof earlierearlier permitspermits [38, 39]. NeighboringNeighboring MontebelloMontebello waswas especiallyespecially concernedconcerned aboutabout plansplans forfor thethe ultimateultimate useuse ofof thethe site,site,138, 391. 
askingasking "what dodo youyou dodo withwith aa pyramid?" AlthoughAlthough thethe permitpermit waswas renewed,renewed, stricterstricter controlscontrols were. imposed.imposed. 

$t TheThe CityCity ofof BurbankBurbank isis unusualunusual amongamong smallersmaller citiescities inin LosLos AngelesAngeles CountyCounty inin thatthat itit operatesoperates itsits ownown sanitationsanitation 
and 

“what pyramid ?” were 

system,system, fromfrom collectioncollection toto landfill.landfill. SinceSince allall costs,costs, presentpresent and. future,future, willwill bebe borneborne byby locallocal taxpayers,taxpayers, therethere isis anan 
incentiveincentive toto developdevelop aa mastermaster parkpark planplan whichwhich willwill minimizeminimize total expense.expense. InIn thethe StoweStowe CanyonCanyon landfill justjust gettinggettingtotai iandfill 
underunder way,way, parkpark officialsofficials areare developingdeveloping aa mastermaster planplan whichwhich willwill permitpermit thethe golfgolf clubhouseclubhouse andand otherstwcturesto bebe 
builtbuilt onon solidsolid bedrockbedrock wherewhere topsoiltopsoil hashas beenbeen removedremoved toto provideprovide landfilllandfill cover.cover. ParkPark officialsofficials havehave askedasked thatthat thethe 

other structures to 

city's DepartmentDepartment ofof PublicPublic WorksWorks retainretain responsibilityresponsibility forfor necessarynecessary maintenancemaintenance afterafter completioncompletion ofof thethe fill,ll.a 
departuredeparture fromfrom thethe moremore commoncommon practicepractice throughoutthroughout LosLos AngelesAngeles CountyCounty wherewhere thethe agencyagency whichwhich assumesassumes 
responsibilityresponsibility forfor thethe surfacesurface mustmust alsoalso correctcorrect anyany subsurfacesubsurface problems.problems. 

city’s fill, 



completedcompleted sitessites cancan andand shouldshould bebe converted toto beneficialbeneficial uses.uses. However,However, plannersplanners shouldshould notnot looklook 
toto thesethese sitessites asas aa panaceapanacea forfor solvingsolving otherother landland useuse needs,needs, butbut shouldshould bebe awareaware ofof theirtheir inherentinherent 
limitationslimitations whenwhen determiningdetermining howhow theythey mightmight ultimatelyultimately bebe used.used. 

converted 

CompatibilityCompatibility ofof ultimateultimate useuse withwith aa community's generalgeneral planplan shouldshould bebe oneone criterioncriterion usedused inincommunity’s 
reviewingreviewing aa planningplanning applicationapplication forfor thethe establishmentestablishment ofof aa newnew landfilL InIn particular,particular, plannersplanners 
shouldshould considerconsider thethe opportunitiesopportunities foregoneforegone forfor landland committedcommitted inin thisthis manner.manner. AssumingAssuming thatthat thisthis 

landfill. 

criterioncriterion isis satisfactorilysatisfactorily met,met, measuresmeasures shouldshould bebe takentaken inin advanceadvance toto ensureensure thatthat thethe landfill is 
designeddesigned andand operatedoperated inin waysways thatthat anticipateanticipate andand mitigatemitigate problemsproblems likelylikely toto arisearise followingfollowing 
completion.completion. Admittedly,Admittedly, thisthis maymay addadd toto thethe costcost ofof landfilling,landfilling, sincesince precautionsprecautions suchsuch asas gasgas andand 
leachateleachate barriersbarriers andand thickerthicker soilsoil covercover cancan bebe expensiveexpensive toto introduce;introduce; however,however, communitiescommunities whichwhich 
failfail toto imposeimpose andand enforceenforce strictstrict requirementsrequirements onon landfilllandfill operatorsoperators shouldshould realizerealize thatthat theythey maymay bebe 
facedfaced withwith eveneven moremore expensiveexpensive remedialremedial measuresmeasures inin thethe future.future. AssignmentAssignment ofof thethe responsibilityresponsibility 

lan 

forfor ultimateultimate conversionconversion andand maintenancemaintenance ofof thethe sitesite shouldshould alsoalso bebe mademade atat anan earlyearly date" 
IfIf properproper attentionattention isis givengiven toto thesethese considerations,considerations, completedcompleted sanitarysanitary landfillslandfills (although(although notnot 

trouble-free)trouble-free) cancan becomebecome communitycommunity assetsassets ratherrather thanthan potentialpotential liabilities.liabilities. 
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