1.0

2.0

3.0

Contents

INTRODUCTION .... P O L

1.1 Why This Book? 29
LANDFILL BASICS s |
2.1 Why Do We Have Sanitary Landfills? 32
2.1.1  Environmental ProteClON ...c.cciiiiiiiiiiiiciic s 32

2.1.1.1 GrOUNAdWater PrOECHON  cossoverserssomssmesseismssssassssonssamsssusssnasssivssssoisiva 33

2:E12 Surface Water ProteCtion: «:.cuuimanisnasnssimuiersisssiissssumiisias 33

2:1.153 AT QUALIY iR e e 34

2.1.14 LT CONMOL ... c.ovmrensnomaecssorssssssrasnsssarensarsmnossnssnsassavessassaosmassaisiosonnss 34

2:1:1:5 VeCtor CONITOL ...t ene 3D

2:1.2:  LeastiCost ANEINAGVE s uasissrimsmseronisssminmisimsmessmismsisme iy 3

2.2 Landfill Operator's Responsibility 35
2.3 Landfill Statistics 36
24  Toeing the Regulatory Mark 37
2:4.1 Federal Régulations - Subfitle’ D .....cvsamnnnamasmaasssimniiiv 38

2:4:2"  State RegUIAt ONS i o i s i s e s iy 38

243 Local REGUIALONS ..c.ooviiiiiiciiieiti et 38
LANDFILL SITING sisiisis DD
3.1 Phasing the Search 40
3.1.1  Phase | — Preliminary SCreCning .......ccooeveieiieeiiueieeieeeieerececeseieseeecee e 40

3:1.2: Phasé2 —Short Lastungthe SIEE ..o cummisssmmsiansvmunsaisiissnssntosn sdsssms sisss 41

3.1:2:1 Ownership/AcquUiSIloN v riniaismmsaaivamsivs s niasmimg: 41

3.1.22 ) 11 1 T T T T 41

3.1.23 ROAA ACCESS ittt 42

3.1.24 T OPOBTADNY - ccunseancensuinsesssssrnsansssnsnsssnnsssissssssussssnenassisensssisdeasysnsonsens 42

3:.1.2.5 T L B s e ) T T T 42

3.1.2.6 S OT b s s o R e v i 42

3.1.2.7 Depth 10 GroundWaler ..ot 43

3.1.2.8 PEOXIIEY 10 WIS . vovcsmessomsossuosiniomisnsssmionsvsssssesvosiuessamsasmisnsonsasssanss 43

3.1.2.9 SUITACE WAEE . ousssssmsinsnssusimsons s oaadsss s s s oo RN SR 4

3.1:2.10  Flood Hazard .:connnaannannniasunnmunsnnsaramas 44

FL2. 01 AGTPOTt SAFELY ettt 44

312012 HOIOCEHE FAUIE «..icciosinsossnsssnsessssissamssmanins sisasassarssossssvinsssmmssnssssonivasas 44

J:12013 [Seismic IMPACt ZONS i aemmeanis 45

31204 St STADIICY e e s sy o s as 45

3.1.2.15  Run-on/Runoff CONrolS ..oceiiiiciiiicieiiccecceeceeece e 46

315216  Landfill GaS CORIO . wusncessessimwsseuesinssussassussupssssnsnsssssassssnisnsassivipisss 46

BA2MT.  LaldIUSE oty b s oo B 46

3:1.2:18  Agricultural Land .oaanininainiinmaiagaasainainisg 47

3.1.2.19  Habital ValUe ...t 47

3220 VASUAL IDAGES .o vvessosnsommsssamsocanssresmvenseerninsoisisssuineissomsios dorsssainainpons 47

3:1:221  DownWInd IMPACES :.uasninnmssissasmsssismsmisasismis g 47

3.1,:2.22

Eandhill Si0e RanKimE .o s i g 47



4.0

3.2  Economic Comparison 49
3201 LANA COSES 1ttt ettt ettt et e et et st n b et e b e se et e ene e e e nneennen 49

3i2:2  Permitting: anid PSS COBEE v..oscmmsmmersmsmamsavmsmoesisisosrensssnstonnsasssesosesysssmsgansosess 49

3:2:241 Communication with Regulators........c.ccccooviiriininnciiiinincinsieeienenens 49

3.2.22 Public Involvement and Support ...........ccccecmiiiiniinniniincisisiiniennn. 49

3223 Phasing the Site Investigation ............ccccceviiviiieiinciciccecsccces 50

3224 Maintain Design Team Interaction ..........c.cccecuivieeieieinecniieneninenn, 50

3.2.25 Use an Accepted, Proven DeSign .....umisisissisisaasiass s 50

3:2:3 Construction Costs s e RS 50

D24 ODraliDE COBLS ioiiiiorsinismsosarsnssrmsnisssssisssiiisisssssssiisnssamonmeseresnsas b s s aRisadtaia 51

8218 HCIOSUTEICORES vosvnosnssssasmvrissmonssiovnsssrssomssnessss s e oA AR AR S PR  S RO ARFswoT 51

3.2.5.1 CAP DESIBI susvvciussnissonsssimustiissvisis s s rvsavss s s SR e 51

3252 Closure Schedule:onsnsnmminnainmusnnmnamaaumeinassns 51

A0  POSEClOSUre C oSS i i et AT s s AT e s s e s 52

3.2.7  Tariffs or SPECial FEEs ...c.uviiviiiiiiiiiiicieiite e ens D2

328  BAAMAGTCORS omiscunaamonisoosstinsss svsmssssassnssnsssnsssassossshn ios oo asmssssessssossssmsmansad 52

3.3 Public Participation 54
CHARACTERIZING YOUR LANDFILL ...ccccceeeeuesnnecnncsanssncesnes 55
4.1 Understanding the Constraints of Your Site 55
4.1.1  Political CONSITAINES ..ocviiiiiiiiieiiiniecienit et evas s eiaesaes DD

4.1:2  Environmental CONSIAINLS scumsosscissssisssissoiuiseausssssrseonsssiissnsnssutssesssaissamsssssss 55

4:1:3  Regulatory CONSIPAINES coocivsiiiims i s mss s s S maisesake s ssaiv 55

4:1:4 Financial Consbranmts v i e s s i ity 56

4.2  Climate 56
4.2.1 Precipitation: (Raln Or-SNOW) i nsniaimasmniiminininiasiniiimmmssivismis 57

42.2 Evaporation and EvapotranSpiration ...........ccceeeseseransesssesessssassssenssaessssessssssrassase 57

4.2.3  Temperature/Seasonal Variations/EXITEMEs .....c..oovvvririiveiiiiiniiiiseeie e 57

424 WInd' COnditions ..cc.iveiamismsmsmniissmissmsiissssssssisissiovsessnivissssssnsisiassnss 58

4.3  Topography 58
44 Soil Conditions 59
Ad:] SOOIl TP s ouinss s o o e s s S B s 59

4.4.1.1 CIAY ettt sttt eb e ene 59

44.1.2 SHIE . s it saome s AR S BB S b s 59

44.13 SAN sz S S SR S S s s 60

44.14 O AN s R G R o R S S S R 60

442 Unified Soil Classification SYSIEM ......ccooiiiiiiiiiiiiiiie it 60

A48  GIAAENION ocsuconesovssasmnsssassssnssnissmisnissnsbnins ibasiossniviss saiy susvaisrsnisds vissaisssesasiomssonss 60

444  Moisture Content:(M.Co) «ciniimmimnmmissmmisis v s 62

4:4:0  Permeabi iy i S B R R 63

4.0 DIENSILY ittt ettt ettt bbbt et e ea e 64

447 Predicting Soil Type by Drainage PAtern. .. ..o csosiassissssssosiossssssosssasiionssonsonss 65

4.5  Groundwater Conditions 66
4.5.1  Groundwater MOUNGING ....ccviiiiiiiiii et 66

452 GrouhdWater DIVIAE . imsminiiminiassmosionsosisanssmsissssesssaesissesssisesios 66

4:5:3  Confning Layers: e s e s A v R et 67

4.6  Waste Stream Description 68
4.6:1  Class of WaSKE wussiwisvssumsainivinaiamisiosaiisiainiasiismmmiaos 68

4.6.1.1 Unacceptable WaStes: . cannnnmmnsimanniaigininaasusg 68

4.6.1.2 SPECial WaSIES ...veuiiiiiiiiiicicie et 68



4.6.1.3 Acceplable Wastes ......ociviiiiiiiiiiiiicecice e 68

4.6.14 MuniCipal:SOLIA:WASES c.oworirsnmmesssmnsssrrssessamvassassasessyisssavinssssgssooiss 68
4.6.14.1 Demoltion: Waste: . annsnmnsssmsiveimsvasi 68

4.6.1.4.2 Green Waste i s 69

4.6.2  Method Of DEIIVETY ..coueeieiiiiieeteeeeeee et s aesne e saeenas 69
4.6.2.1 IROUMETIACKS v ssiunssnressisiossovntssascissssssAisnsneriins (oA s SN O AoV A A AT 69

4.6.2.2 RO THHCKS siivscisvmissmmiimissiimom i 70

4623 Transfer TruCkS o mmaiimsismsimamrasmmesisaimiisime 70
4.6.2.3.1 Loading Methods .......c..cocveveneeninnnncneiecreeeeneeenes 71

4.6.2.3.2 Unloading: MEthOts . ouuesssosssssinssusessissnsesnumsrussasvissias 71

4.6.24 I ODITACTORS cisswieians siraestnsos et o svs dos s maemsasss s ovmvis sFadsn o uainsnens 71

4.6.2.5 Publie (Self-haul) . conamusmunmianainaisiaimimmaisiies 71

4.7  Quantifying the Waste Stream 72
AT TROMDAZE buvsinusinsisesussassinssss s s v b et s o s es oo RS eosadoavaniuns 72
4.7.1.1 Annyal Tonnage snsnnnasnmeniniisimisinaininims 72

4.7.1.2 Seasonal TONNAZE .....cc.evveeriiiiiiieeeee e 73

4.7.13 B 7:H LT o) 1117+ Ep RO 73

4.7.14 HOUrly: TORRAZE. cvuviusiasmssmasiis i sissimmsississswssisivsoinivs 73

AT Y AT i B R RS 75
4.7.2.1 ANNUAL Yardage ...ooovieiiieieeeiieiecceeceesee e 75

4.7.2.2 SEHASONAl X ATHALE: osonsmmmsvonsmmsmissossonmsnssnsssssnsmbsromsviessomsensniniopsesivrons 75

4723 Daily YArAAPE i vivmvisasnmiaimsasiminisisistnmsisimmiiisiom 75

4.7.2.4 HOULLY Y ATGAZe: iz e s s s B s s 75

473 VEhiCle COUN...ciiiiiiiicieieiee ettt sttt eta e saesaenans 76
4.7.3.1 AnDREL VERICIE COUNE svsvovsmsmmeresmssossoimmrssromssnavmssissanisasvasssmussssessisnns 76

4.7.32 Daily Vehicle Comtit .v.nvimmmnunsnummmimisa i st 76

4.7.33 Hourly: Vehicle Count »ux e imnissiimimimnaig 76
4.7.3.3.1 Vehicle Stacking DisStance .........ccocoveeviveniiiiniecnne. 74/

4.7.3.3.2 INUMBET 0L COUSEIOLS: o s unmsssonssisssosinssmssasassussnsspsmssisss 78

47333 NOmber Of SPOtErs it 78

4734 I5:Minute ' Vehicle Count i aunninamiiiimismitm i i 79

5.0 LANDFILL DESIGN 81
5.1 How Sanitary Landfills Work 81
5.2 Check Your Footprint - The First Step 82
52.1 Establishing the Limit Of REUSEFIINNG .cosvuamivinssnmamsimnisimmviassiais 82
5:2.2: BalanCing e STUe v s s s S O S S Rawe 83
3.2.:2.1 Size:of Waste SUeam . &R s snmm 83

9.2.2:2 Type Of GArbAZE ..cvviereiiiieeece e e 83

5223 B30 1 0o | R T T 83

5224 Refiise Density, oo s s s S iR ein iR i 83

5:2.3. ‘Bstablishing the Base Grades: .. imaimiaannniiminmsmimia 84
52.3:1 EISVALION ...ttt 84

2232 Base Grade SIOPE o ssimmsssivusssicssssssoisessssnssssssosossasesmississsawsssaessny 84

5233 Slope DIrecton swsnnsmnmmmimmmmsn R RN R 84

5234 Depth 10 GroundWaler:: i i 85

3:2:3:5 SOU TYPE ittt 85

5.2.3.6 COSUOTBXCRAVATIE . s oususcnissscsswimesndiussnnsvinssmsasssomb vt arsansasvipesvrsins 85

5239 Consolidation Due to Surcharging ..........cccoccoeviviniininnicnvennieniennn, 86

5.2.3.8 Yolume of Soil Required  .cuimiismiassnmanmnusisvaaisimia 87



5.3
54

55

5.6

8.7

5239 SUEFACE DIRINATE .. vcoonesssmesnosnssisismnssmsssnsasssos insssossvssmsinoqvarssmasssssins 87
52310  Selection 6f LINer & LCS ..vciaiinninimisismssssimasssivsssiims 88
5:2:3.10:1. "Typeof SyStem :ciincunniianuinimiiiiiiasiin 88

5.23.10.2  Materials c.ooeeoviveieieieieicieceeie e 88

5231053 [ SUTIPIICIIY Lo sursrssssssssssnssnssspimsnsassavonssssspesnsszanssninsssapsnsoss 88

5.2.3.10.4: Regulatory ACCEPIANCE \:.iuusimsssssssssisissnssvssasassvssssiosss 89

S230L Stability wonmemrn e S SR 89
92312  SiteDesign L6 i 91
52313 Time Value of MONEY ...oviuiviiriiiiiiieiceieiecicecit i 91

5:24. Establishing the Final Grades i wmmmmsisiiasassseitsvswisaiiasisiinsie 92
524.1 T T S 92

5242 Regulatory: IS i i e s s 93

5243 SEADTHLY oot 93

5244 DIEAINAZE (oo consesassnsssssussovisuneseisvssssssossosssssasssssastoimiasssgisassssssseinsss 93

5.245 I 1 ] B T A 93
5.2.45.1 Ultimate Settlement .........ccooeeveeeeneeneenerrericneeienrene 94

5:2:4.5.2 Drainage Problems ...........occoiviiiiiiiiiiicceicece 95

5246 B LIS csiinisinevsvanssasasnsavssnsssssannssasessinssmsss ikeassi s sasssamvassssssisvavissosss 96
5.24.6.1 RUAL ATCAS vzt i s s o s s is s savsasvaniaiss 96

5.2.46.2 Urban Areas ::camsmsaiiimanmisuianmmis 96

5.24.7 Cap DESIZN L s 96
Accessibility 96
Liner Systems 97
54  EinerREgUIAtIONS sy sao s s oo s e s s s sivs 97
54.1.1 Design Standard aosanssmunniinaisiniianssnues 97

54.1.2 Performance Standard ... 98

A28 TARCT LIS s sssusssonuosonusnssns sngssasiise i smes sasiess s doomie soassHnF o v e T CAS ST AR ER S SHB a3 98
54.2.1 Native IClay BINer v s s sisisasssasssis s assissens 98

5422 Composite EINers s e 99

54.23 Double-Composite LINErs ........ccoocviiviiiiiiiiiiiiiiceiieiccicecncie e 99
Leachate Collection Systems 929
o S o | 21 11 2l (00 ] e o et R A S P R e e 99
5.5.2  Drainage Layer ...t 100
5521 DENAFItC) S VST uvcvenssuissssssuovmnssssonassisnssssnssnasssnass Soisesamsshesmsnsononn 100

5:52:2 BIaNKet-tYPE SYSTEIE: sisiatussssians o s s i st sesssiss st oavsieionvianiss 100

5:3:2:3 Leachate TransmiSSION .t isnissisinsssissesvsimemioimiisine 101
Landfill Gas 101
5:6:1 Landfill GasProduction ::uiuassmsinamensimsiisminsigs 101
5.6.2  Landfill Gas CONMOL...c..iiiiiiiiiiii ettt ese s e 102
Cover Soil Systems 104
3:7:1 DIy OV s e S R g 104
5.7.2  Alternative Daily COVET ..ooviiieieieciicieceree et sa e 104
5737 InterNCdIate i COVEN, csosssussissantnsssssnsssassnisssesssssssnssessssssnssonssisssnsesissssnisssesaiasess 104
S55T4:  FANAL COVCT wuiisiissivm sty e sssdis s s sl s assm s van 105
5.74.1 Base Layer: onimnsmnnissminnaiininnsses 105

5.74.2 Gas Transmission Layer ..o 105

5743 COMPOSIIE TEAYEE o vuimusssvsmasmmmisssivnssvssnivsisssiosimsasias st ssissnsse 106

5.7.4.4 Drainage: LaYEr o s s s s st S s v a s 106

5.7.4.5 R OPSOIL LS AYCT wiiivsnassuia s s e s b T 106



6.0

5.8

3.9

Precipitation and Drainage Controls 106
58.1 Run-onControls: i msnimisnsnimminmimssmbsiaas 106
:8:2¢  RUNOIT C OMIEONS s T R 107
5.8.3  Minimizing Infiltration By Use of Snow Drift Control ........coooevviviiivircnene. 108
584 Sufface DIainage = ThE BaSICS .c:cusmisesssmesnensumsnssssrsmionssnsssinsnssnsnssosassassssssssss 110
5:8.5. Designing Drainage StrOCTIIES qq.cuouinaisiimiisiisims maisresamimsmmisime 110
Site Closure/Post-Closure 111
D9l ClOSUTR PHASING: . .coccoissmmvimnamsnisinsmionnsssaissnssamstisos saasonsssmessvssm sy sinaaviaiss 111
5:9:2: Post-Closure Maintenance Plan ....usisnuanmnmimanimniaisaiaia 111

LANDFILL EQUIPMENT.................. 115

6.1

6.2

6.3

Equipment Types 115
L B B G S e 115
0.1:2; Landhll Compactor i mamnn i 116
6.1.3  Track LOAAETS ..c..oviuiiieiiiiieeiiicise sttt 116
0:1.4"  BACKINOR «:siisuusus consovastussassivsmssssssosses svssssssinssstssssss ey ssiavasss sssbes sssnssssvisssnsesia 116
6:1:5" IWALCE TIUCK v rosvosscss s s o R e e B P s 117
(ST LTI e o1 A P T Y P T AR TN TP yoen 117
6.1.7  MOLOT Grader ..ottt 117
6:1.8°  Wheel-Loaders ......uuvssmanssssssssissessssssisnasssssnsnssissssissasissssssissssssssissssisasissrisn 118
Choosing the Correct Equipment 118
6:2:1  BasicTaskeBased MEON . crsmssvessscssmvessmssmssnmsssmmsvesseinss s yumsmiims o 119
6.2.1.1 Define the Tasks ' cunmnniiiminmnmsimieisimesimaimtggs 120

6.2.1.2 Match Equipment to Bach Task ... 120

6.2.1.3 Assign EQUIPMENT COSLS ...uoiuieiiiiiiiciiiiicecnee e 120

6.2.14 Consider Alternative Machines .........ccccooovviivivonieniieniiienieieiienns 120

6.22 Comprehensive Task-Based Method ........c.ciciiviiisioseineissmsionsssnsosssessssissssinss 121
6.2.2.1 Getting Started v i R SR s 121

6.2.2.2 DOZET SEIECTON ..viiiiviciiieiee ettt 122
6.2.2.2.1 Determining Push Distance .......c.coceovvvveviinivcnieviinnens 122

6.2.2.2.2 Annual Pushing Cost ........cciiimisiiiissisiiise 123

62223 Support: Work iCost waiunmnmimmaansisinmimiigs 123

6.2.2.2.4 Total Annual Cost.........ccceoveeeeecreeercnenereeeecreeeenens 124

62225 Summary of Dozer Selection Analysis.......c..cceu.... 124

6.2.2.3 SEraper SEleCHOM «.uxsimmmvsmissmmss s s aaseisiasise 124
6.2.2.3.1 Define: 8 Course st R i 125

6.2.2.3.2 Select SCrapers ......vcceviiiciiiiiiicecect e 125

62233 RN SISO ;1 vsemmisnssvapsssamnssavmssasormvmpnissmyiooarsas 125

6.2.2.4 COMPABIOT SEIEEHON c:.csucisuussisimnasmiviismsssssmssminimissssviismasiviiosins 125
6.2.2.4.1 ProduCtiVIy o i s s 126

6.2.2.4.1.1 Varying Machine Cost Per Hour ................ 126

6:2.2.4:1.2 SHELife.......ccooommomminsrsmonsssassnssssasmspmemansasss 126

6.2.2.4.1.3 Net Present Value ..........cccccviviiirinnineinivivsnnie 126

6:2:3  Look-up Tables . mmmboio s s s s s sesas 127
0:2:4: Equipment Versallily s R e e e e s e as 127
Rent, Lease, or Buy? 129
6.3.1 R I i B S S o S i B S s 129
6.3.1.1 PIOS oo 129

6.3.1.2 OO s cvsvicnssnonmiosusennassssonsmions s ses s aaNsussessoRus s ss s RN NS S S ST SR HE A 129

0:312:. BUY s e e e A R R T e T e 130



7.0

6.4

6.5

6.6

6.7

6.8

7.1

7.2

6.3.2.1 DTy s o3 3 G RS A B A B B B e SRR NG oM RS RSH R EGT 130

6.3.2.2 CONS iimsssingiss s s o s B e S S SN G e St asaions 130

038 DA v R R S R 130
6.3.3.1 PTOS 1ottt 130

6.3.3.2 CEOMS 5. ssmsicusssnssnssonasssspssesniminsaiinm Sas RS SRS s VRSB S TSR PSS AR S 131

Ways to Cut Equipment Costs 131
6.4.1 Reducing Out-0f-PoCKEt COSES ..vviiiiiiiiiiiiiecie et 131
642 REACING HidACN CORS svumsusmsvsissonisiassusmissevorssedrsmmasvwasssss o sei s eavevasessss 133
6.4.2.1 Unproductive Machine'....nmaniinmmnnsinaisimssania 133

6.4.2.2 D O v R s, 133
6.4.2.2.1 Major Rebuild (Engine, Transmission, etc.)............. 134

6.4.2.2.2 Ungxpected BréakdoWin'. . cussssmsaiammesssmsannss 134

6.4.2.2.3 No:OperatorAvailable.....ummmnimunsmnams 134

6.4224 Machine Down Due to Lack of Support Equipment 134

6.4.2.2.5 Machine Down for Service ........cooccvvviiiiiciiiinnnene 135

6.4.23 Wrong Maching for the Job'. ... coucamsasssnsinesvoms s sssmpinsss 135
Basics of Equipment Operation 136
6:5:1 Mounting:and DiSTHOUNNIIE .ccoserexssesssossessimsesnssuisionnssmssssnssnssonsssnnonsoosnspnisonsssss 136
6.5.2 Parking the:Maching ..cuaininansmminiiniisisisissiinimeiiaissig 136
B:0.3 A Oy i o o o O S B S S Vs SR S A 136
Maintenance 137
L 5 R D 7 Y PO NERTE 138
6:6:2  High Temperatures . .cimiaiiiii i hasisianiiniainmbsis 139
0:0:3 BloWINELMUEE ......c000e0eaiiassssasssnsiisimssssssimmennesassasiassansuyvasssassonssmyspsnssatsmessitionares 140
0:60:4:  GATDATE ..vcosusnsmimuusammmumiansimmnsisesssninnssssssssmvissimse s oo or oSBT SOR S8 140
6:6:5 Walk-Around InSpection :....snnunansisiainamiiiaiariiviiisis 141
Repair vs. Replacement 141
671  OWDINE COSES s sssnvsssismmusisisaosunssssesnssssosssssisssesniosssusausssssssssnossyessvesssssisnssissinss 142
6.7.1.1 SAIVABE VAU i am s s R e R 142

G:7:2:  Operaling oS i s R s RS 142
6.7.2.1 PrOQUCHIVILY cooviiniiiiiccteci ettt 143

6722 DD OWIREITTIS, < vvvemsssnsnamsssvasnsassvsessionsnsssaRsns o oR oR e fES RS SRR R P B EE 143

6.7.2.3 T OAIICOSE vvusanuvvannsarsss s s b oA o TS R Sasa  E aa 144
Owning & Operating (O&O) Costs 145
6:8.1 Calculating Undercarriage Costs :....ccuiiiissumiismmsianvisisnassmsssssnisoinmis 147
LANDFILL OPERATIONS..... ceennnns 151
The Basics 151
Til:l  Daily Landfill Operations o asintsoseimmiaiaissssivive st i 151
Toli2y T eamwWork 18 KoY s i o R S A R S s S N R R 151
7.1.2.1 SO O G R R R s R R 151

7:1:22 B 7.7 <) RO ORI AP 152

7.1:2:3 COMIPACKOT coiinsvossasusnssossansassnss b inen SR (R AT SR s B TR AR oo 152

7.1.2.4 g o T N v TR 152

Fill Sequencing Plans - How to Read & Understand Them .......... 152
T2l INOTH AT OW cicssasas s e v s ah s em s s A v L G s A 153
T2 ALl v e T T R R s 153
723 LEEENM ittt et a et a e sb e nbe s 154
2B INOUBE < csusvsnsnsiioonessvussomsonnsass sausysssisinss s s emssassadSe s SEa AR S RSP a SRRSO T A SN0 154

7.2.5

Volume Calclations  q.uinaaimmminmeaimissrs v iR srsscaranss 154



1.3
7.4

75

T.200  SIOPE ettt ettt e a b 154
2T ACCEES IROUBE s cssmavsusamissndeninsasss s s aios oA R 3RS SRR AT SO o SRS RS 156
S D 11 7 TP 156
757 I 1111 e O R e e e R e P 156
7210 COOTAINALES ...ttt ettt et b e b et es et et esesesasaeneseaeen 156
T2l IDBRATLS . ivmsuusmmssvavmimssivavimssivesnssosmssasssis sos 6o asEesaoEs s uav s s o b ST SR SRR T 157
TN Ly PO B AN o nasmins i s o o S S SR BB aRo sTS ARV Ao 158
1212 LandfillDevelopment Plan::osisaassaaininuiaiansnsamns 158
7.2.12.2  Site Drainage Plan .........ccocoiviviiiiiiiiiiecceceeee e 159
7:2:12:3 ’Landfill Basé GradePIan .....couumsmummauanams i 159
7:2.324 ‘Eandfill Final Grade Plan annninnamiasinsisasminimmiins 159
7:2:12;5 Hill:'Sequence Plans «:iiiiiamnsdaaniuninismsannnansis 159

Fill Sequencing Costs 160
Fill Sequencing 161
741 Sizingthe Individual PRASES «..couessisnssissuinsseessasssorssssssissssipesonissossssssensimioss 161
7.4.1.1 Economy, 6 Seale: «cuaamnnimanmmmnsnsmiesimitasig: 161

7.4.1.2 Time Value: of MODeY: i s i 162

7.42  Sequencing the PRaSES .....cccoieieiioieieceisccereeee e 162
74.2.1 PACSHNBIICE: +oin i ovinssons simosenonssminssssmssom NS w40 KHS5 S oRaHa e HAEFS 4SS RSO R R 162

7.4.2.2 A CORES ovawiuuaanismsaa s s s ans  OO e o s R R AR Sh SRS ST s 162

7423 D I A i o S S S R A s 163

7424 Leachate Control .......c.coivuiiiieiciieicccee e 163

7.4.2.5 SOil HANAINE ...ttt esesese e saenseeens 163

743 BXCAVAHON PIANS oo imsmnsi e rmiisissst s s sess e ws s s s oo vt 163
7.4.3.1 Sequencing The Excavation :.:.: s 164
7.43.1.1 Equipment CoSUHOUT ....coovviiiiiiiiiiciciicce 165

7.4.3.1.2 HAULROAD SIODE conevosvsessessimmsonsmssmnisesmsassusspissomsesvies 165

74.3.1.3 Annual Soil Requirements .........c..occocviveinviinincnncnn 165

743.14 Depth of Individual Excavation Cells ...................... 165

7.43.1.5 Incremental Distance for Calculating Cost............... 166

B ClOSIIE S CQUETCIIN oxsnsvssisonesarsseamsmss eonssrusiossistatiessos s A v PSR RS RY 3 166
7.44.1 B CONOIMNES: cousssusvnsnsvusosssssis o invisssmmbes S umesmessies s s sV oovesvs 166

7442 Leachate MinImization :.swismninsninnnianmanimisg 167

7443 B/ 1111 1L R R S LSS 167
Getting Garbage to the Face 167
7:5.1 Traffic Management::..ccsammaimmsmmmimmnanhmmninaimisans 167
7.5.1.1 Access Road Placement ......coooovieviviiiiiniiiicccececececcene 167

7.5.1.2 ACCESS RON-DESIGN vovisvissvmsosimsisnmissnsosissssssstrmmsssnissiarssiorossssnss 168

7513 L BINS s o i S e S B S SR e eSS 168

7.5.1.4 SPOOLS s s e G s s 168

71.5.1.5 Speed LIMILS .ot 168

7.5.1.6 VehiCle SCBIESAMON sxvvsussosusssseasussusssssssssssnssasisssonssossssnsssnssasspionisenss 168

7:5:2¢ Pre-Measturement'of Loads . usmimammamaimimsisavsmimisimwvms 169
7.5.3° Transfer Truck:Schedule onsnnsaanaimnaaaniinnpinsmainnmsenss 169
7.5.4  Working Safely Around Public Vehicles .........ccooviiiiiiiiiiiiiiecceceene 173
7.5.5  Spotter’s Responsibility - Keeping the Operation in Order ..........cocccvienenne. 173
7.5.5.1 Load Identification and Placement ........c.cccccoviviiiiiiiiiiinciincne. 174
1:5:5:1:1 Type:of Delivery Vehicle: .icimanis s 174

7.55.1.2 Type of Garbage .......ccocoevviiiiiiciiicceee 174



7.6

7.55.1.4 Potential to Create Litter ... 175
71.5:5.1.5 Vehicle Unloading Time .......c.cccocoouieveiecciecinccnnne 175
7:9:3.1.6 Is the Load Obnoxious or Potentially Dangerous?... 176 |
1.55.1.7 How Busy isithe Landfill?:.......vesscosssemsosesssrssaonens 176
7551750 Time of DAY «.unwnsniamsvassisess 177
7.5.5.1.7.2 The Amount of Waste Already Stacked..... 177
7.5.5.1.7.3  Type of Cell Being Constructed................. 178
7:5.5:1.7.4 Weather CONAIEONS ..oisvrsosssossasssssssesnsnssaioss 178
7.55.1.8 Type of Garbage «..cuimmsimmaimissiigsmiais 178
156 Pushing 10 Hhe FaCe o s e s o e s o s S snis 178
7.5.6.1 Pushing Behind Tippers ......ooooiviiiiiiiiiiiicceccccec 178
7.5.6.2 PACKer TIUCK LOAAS . covvsvssserspssnonssvsmmsasnuonprrassssovssessssaisnsssassnionpeassas 180
7.5.6.2.1 IIETISIEY ovsonmssseusan st svs s wado e R e RSO i 180
7.5.6.2.2 CoheSIVENEess uvwana s 180
7.5.6.2.3 Type of Garbage .......ccoeevevviiiieiiiiiicicice e 181
7.5.6.2.4 UnIGAding TAME .coveoserssssosmnsamsssssinsossossonsosiosssosssanisio 181
7.5.6.3 POBIE EOAS - :coussaicsovinisanimiisstinmss e iss sasdsssssssnssimstioss 182
1:5:F When andiHow to 'Push 10 the Face:....uunnnainniismaniamimiaiig 182
7.5.7.1 The Dozer’s Role in Cell BUilding ..., 183
7:5:72 What is the Optimum Push Distance? .........ccooveiiiiiiiiicinicncnnen. 183
7.5.7.2.1 RAdiCOBLS cimmmnuminwsmsiamsminmismismins 183
7.5.7.2.2 Pushing: Costs:«amammamianrnnmmanignnmims 183
7.5.7.3 Recognizing Different Waste Types ......ococvvcvcniiinccccncicnenenene 184
7.5.7.4 Dry Weather Operations (Pushing Short) ... 184
7.5.74.1 Reduced:Litter «...camusnnimssinmsianasssssisss 184
7.5.74.2 Safer'Vehicle Access wusmnmnannnannmas 184
7.5.7.43 Reduced Equipment COSES c..oviiiiiiciiiiciciccceiee 185
7.5.7.4.4 MinIGUZE SOU USE «vos o mnsmressmsnsnismssnessmisssersssnsmessing 185
7.5:1:5 Wet-Weather Operations (Pushing From a Tipping Pad) .............. 185
T:515:1 Tipping Pad Capacity. :.cssanannuinsiii 185
7.5.75.2 Tipping Pad Drainage :asinmasmmmsinnaiegs 186
75753 Types of Wet-Weather Pads .....c..cooveviiiiiiiiicnnn. 187
7.5.7.5.3.1 Conventional Tipping Pad................cc..... 187
7.5.7.5.3.2 Rubble-edged Tipping Pad ..............c.c..... 187
7.5.7.5.3.3 Radial Tipping Pad .......cccoooiiniiniins 188
7.5.7.5.3.4 Elevated Radial Tipping Pad ..................... 188
7.5.7.5.4 Temporary Soil Stockpiles .........ccocvevinviviiininnnnns 189
Cell Construction 190
7:6.1. ‘TheCompactor’s Role in CEll BUIlOINE ... cocoonersvsnenssnonesnessssanspsssesssssrmmnsasessss 190
7.6.1.1 CEIL PIACEIMEIIN v sconussmvusissmississisis it s s isiysie 190
Ti6:2 OOl G OMICEEY: 1w sy avns sy Lo s o ol e S b s 190
7.6.2.1 Cell WIALH et 191
7.6.2.2 CEILIDIEII <v.vopenssnsemsnvsesssosimosorsssinsomisyas sy s ey AR ¥R eSS FAH S 192
7.6.2.3 Cell AAVANCE iisisisivsssmivassiomiisvinm amaasevessssi s idsssiasaisfusirasansssns 192
7.6.2.4 SUTTACE ATCH it i i s e G s s 192
7.6.3  Types of Cell CONSIMUCHON ...ouviieuieieiieietene ettt seas 193
7.6.3.1 Build Froim the BOWOIN vvesscsusesssimssssovssaseriuesmoionsssomisrasssessmsavoss 193

7.5:5.13 SR AN LA su0icosusnsinsiasiiveomioppossiessssmsisnessisiansans 174

7.63.2 Build From the TOP wsvassnmmaissisivismivimsissnseveissiisiiois s 193



7.7

7.6.3.3 Build in Horizontal Lifts ....oovcviiiiiiiiiiiiciiccccieiceecccecee 194

7.6.34 BuildAn SIOPINE Lat8::. covwvescssvvissssssassvsmsemssssssossseissonsossssessmenesins 194

Ti64. Spreading REMUSE Lo i ass s v o s s 194
T6:5 ComPaCNE IR IS /o iy o B T o s s 195
7.6.5.1 Factors Affecting Compaction ...........ceeeeeeeereneiieereeeeeseeeeeseennns 195
7.6.5.1.1 Weight of COmPpactor .........ccceeeeerenenecisieieeeeeenes 195

7.6.5.1.2 Speed of COMPACIOL: cvsvvisimsiasisanmasmassmmves i 196

7.6.5.13 Lift ThiCkness:cqunasamainsmmindsmammin 197

7.6.5.1.4 Design of Compactor (Wheels and Teeth) ............... 197

7.6.9:1.4:1 Wheel DIameter. .. coousssmusssassssssspsnosonssnsyins 197

T:6:5:1.4:2: 'Wheel' WHath' oo 197

7:6:5:1:4:3° Tooth DeSign v simsmyaiiisnuiusns 198

7.6.5.1.4.4 Tooth Pattern .........cocooeeeivennencnccncenes 198

7.6.5.1.4.5 Overall Cost of Wheels & Teeth ................ 198

7.6.5.2 Getting Good COMPACHON ....couiiieiiiiiiiiiiicieiisiseiec s 199
7:6.5:2:1 Compacting with Track-Type Tractors ..........ccc....... 199

7.6.5.2.2 Compacting With Steel Wheeled Compactors ......... 199

7.6.6  Optimizing the Compactor’s EffOrt .......cooeeevieviiiiiieiiecceeece e 200
7.6.6.1 COBS cscusvsvusssvsmmismssnissmmsimss s s s s e ssve e s oawas 200

7.6.6.2 B TS v s B B o S S e 201

7.6.6.3 Opumum:Density: . iiiiiimmvininninmivisssviimsvievnasssissisissensas 201

7.6.6.4 Measuring COMPACHON .....vivuieiiiecie e 202
7.6.6.4.1 Compaction Test Procedure...........ccooiiviicinicnnens 202

767 ‘Trimming/ Refuse -~ PrepIor COVEr s sty 204
Cover Soil 205
TAd  COVering A Cellccunummsinsimaisismsse s s s ia e s e esss e s 205
7710 Gl Y ORI s s o S O S S s 205

7.7.12 Cell Surface ATea .......couveeviiiiiiiiiiciecciei e 205

TiTi2: DAY COVEE «sisisunonssonamnmsnnssnssinssssssessvssssnsssssssesas asssns somsstas s aeasesssions sausssnsssosesuss 206
7.7.3 Altermative Daily COVEr{ADE) smunisnsnimensnaisismsnasi bianismis 206
7:7:3:% Geosynthetic' Blankets: (Tarps):ccsaisatiniissiiiiasiaiEg 206

7.7.3.2 Green WASIE ..ottt 206

13.3.3 OIS T, v rnsions i SV 08 e e R R RS RS B o R SNBSS 208

7.7.34 Other MAtErials . ... uumsmmimmimimsivssissisisiisamaiinisss 208

T4 INCTICRIAE COVET sy i s e s B A B a8 209
775 FINAL COVET ettt 209
7:7:5:1 BASEIEAVER cvrosnvsvosvmmssnsamrrsssessssnsssymie s mesmsonssssstsnssssssossinasne sk asss sy 209

1052 Low-Permeability LaYEr w.xiuimanmsmmsinmnavissiiinsimie 209

7.17.5.3 O oY O s o T R v R O SR 209

7.7.6  Determining the Optimum Cover Ratio .........ccooeeveeeeiieiieeiciecee e 209
TAT PlaCINEICOVER SOM i isnssennsunssmmssnvsrsussssisssssssssssonssnossssssnsnsrimssnsseaiosasssipavsoses 210
7131 The Dozer's Role in Cover Placement ... wsssisiiis 210

1032 Strip and Reuse Previously Placed Soil ........ccccceeveniniiicniniecnnn 210

7.7.8  Different Techniques for Various SOils .......c.cccoooiiiiiiiiiiiiiicieceeces 211
7.7.8.1 Silts/ Loams/Weathered Shales ..o 211

7.7.8.2 COhESiVE SOMSICIAYS wuinsinssanusmsmmsmioimsnssnnasviismisess 211

7.7.8.3 DTy SANA 0SS v s sns o I A e s SR Seaa 211

7.7.9  Excavating Cover SOMl ...t ee e eae e s e esseaenas 211
7.7.9.1 Maximizing Scraper Productivity .........cccooovveiieeionieneiieeieeienns 212

7.7.9:1.1 Production ARalysis .......i.iisamsissiosismisaisianiss 212



7.8

TTOLLY  FASUODEIALOT wssiovivsaivivsnsovsivassusssmivsissavsvassss 212

T:1:9:1:3:2  'Smart OPerator ...cuusmmnasin 212

7.79.2 Optimum Payload (Load Growth Curve) ........ccceeveeevieeereeicenennnne. 213

7.7.9.3 Cycle Times: Key to ProduCtivity ........ccoceieeieiieeiiiiecicieinecens 213
7.7.9.3.1 Laying Out the Scraper's Route ..........ccocevivveennnenns 214

719311 EXCavVation ATea i.uianiieiiidinie 214

1:1.9.3.1:2. ‘Scraper’s Haul Road ::...ansnnnsmnsi 215

7.7.9.3.1.3  Stockpile or Dump Area.......cccccovevieerenenne. 215

7.7.9.3.1.4  Guidelines for Self-loading Scrapers ......... 215

7.7.9.3.1.5 Guidelines for Push-loading Scrapers ........ 215

1.7:10" “Trucks and Excavators:nansasunaiiinimmaissaninsins 216
77001 INOAUCTION ettt 216
71011 BOONOMIICE cosvsescoesvemmsressmmmmsmmsimssseommosnsinyrissssinsnsss 216

T3:10:1:2  ProduCVILY ossnmasnumimniimmives s 217

T1:10:13 VErSatiity o s R s il s 217

7.7.10.2  Balancing the Truck/Excavator SyStem .........cccccoovivnieiiiininenns 217
7.7.10.3  Increasing the Productivity of Trucks ........ccccceevivuevunnrenenucncencne 219
7:7:10:3:1  ‘Truck Bed Shape w.caununinnamisasmmms 219

T:1:1032 Truck:Bed:SiZe :nunnaniinmaisiaisnnuimsimsg 219

T.7.10.3.3 T SIZE ceveiieieiiceiccieee e 219

7:7:103:4 LOAdIMEPOSION  vvsvermsssvisvnsrsssonsansspsssossssmssorsnissasss 219

7:7:10.3.5 Dumping Pattemn'..cuuimivissmunnssinsavaiiiis 219

7.7.10.4  Increasing the Productivity of EXxcavators ..........cccccovvvcniciiinnne, 219
7.7.10.4.1  BUCKEUSIZE .oooviiiiiiiiiciiieccrccete e 220

Tl 1042  BUCKEUSHADE ..,ooioressssssismimmssisrissssmsmmssssesssnssssiayios 220

TTN043  SWANETING ccviaississimcvamsmmiusismisssianimsi i 221

1:7:10:4.4  Cut Depthis s ssimiiiibanvisssnnas 221

7.7.10.4.5  Loading SeqUENCE ......ccoveviiviiiiiiiiiiciieiccireeeae e 222

17105 When Are TIUCKS BESE? .vovswisevsuvsuississnsmmesssosossssnsspnionsypssssssiniosnss 222

7711  MinimiZing Cover Soil USe!: ..umnnuininsminmimiatsesisiamismaissios 222
7.7.11.1  Select Optimum Cell GEOMELry .........ccceeieiiineriinrieiircesiesceeeens 222
7:7.11.2:  Build Cells Properly::..ciiiiuiniiionimiasssmsmsaiimoisoissiissionse 223
7.7.11.3  Finish Cells Properly .......ccccoviiiiiiiiiiiiiiiiiicccicccceces 223
7:7:11:4;  Place Cover SOt WIth:DOZEr s 223
7.7:11.§  Use-an-Alternative Daily Cover ...uannaannsnainiinim 223
7.7.11.6  Strip Available Soil Prior to Placing the Next Cell ..o 223
AT PrepareaCover- SOl BUdSEE .. .covesissesnsersesnmssoveassusmmasnosservavsngssess 223

7.7.12  Preparing and Monitoring a Cover Soil Budget...........cccccccininiiiiiniininiennne. 223
7:7:13.  Soil Conversion FaCtOrs i s s s vvosaawnveiss 224
7.7.13.1  Units of MEASUTEMENL ......ovvueieieiiiieiciitcciiseceeseiiesiecsnsiasssseenees 224
7:7:13:1.1  LooSECUbic Yard ........eesemmpcassnsnnsesessmassussssrssusnissnses 224

72312 ‘Bank Cubic Y ard «..oonissmasssnssssssssvassssessiis 224

7:7:13:1.3 . ‘Compacted Cubic Yard «ansnnansnamsman 225

k132 SotliSwell o a e 225
7.7.03.3  S0il SHIINK (oo 226
Environmental Controls 226
781 AN QUATILY ettt n e 227
T 82  OHOT COMMIOL s iusiuscsmsausssnsssuorsruneonssssnssssasnisonsansnassassaniasses mssasssssinssonsessnassarisis 227
7.8.2.1 Odor’From Incoming REfUSE c.miumnssisismsnmasmmisns 227

7.8.2.2 Odors From In-place Refuse ....oaanmanininiminisianimiigs 227



7.8.2.3 Odors From a Leachate Evaporation Pond ............cccooooiiniinnn. 227

TiB3: IDIASE COMION. cis50055s5i5me eaisnessinissaieusvussassss3sssaaaas K3 o oA AT S AN SR 227
7.8.3.1 Dust Palliatives):namamansanisnnsssimnisnsissmatiniois 227

7.8.3.2 Speed Limits s e s s e s 228

7.8.3.3 Aggregate Gradaltion .......cccceeeeeriiieieeseeieese e 228

784  Landfill'GASICOMMEOL..occccsuvsisnivivumssmisasnesussisismssisnsasasssmsnissnssivissionsspssonsssessssons 228
7:8:5  JLitter Control inummmnannaiasmimiasi e e s s et 228
7.8.5.1 B O O Y s s BB A s 229
7.85.1.1 Fence Placement .........ccooiiiiiiiiiiciciiiiciicicns 229

7.8.5.1.2 Fence ANSOIICHT  oseisiis svassrisinssssisassisopssssiesescsses 230

7.85.1.3 51 (ol Bl o (1 | e R e M ST R 231

7.85.1.4 Fencing Material :..vcunaasiinniaamnaisgany 23]

7.85.1.5 Fence Maintenance ........c..ccveevicinnnieeieisienencenceens 231

T:8:9.2 LA PIHCETIEIR o vvonsseisusvsnnsssnssonessusssasssnises sssss ssusissasssass iarssssissmivds 231

7.8.5.3 Sheltered Filling ATCaS sunisuisusaimsssiivissmsammsisiaiiimmia 231

7.85.4 Sticks; Bags, and Vacuum Trucks e 232

7.8.5.5 Litter Travel DISIanCe .....covvevvevieiiiieiicecieceecceeeee e 232

186  “VEOCIOT CONIO)cxsuviovsmessonsssissuosssnaisusinssssssssns sxsiionnsisssasssasssssesaisssstaysisionsassnsmiss 233
7.8.6.2 RS AN M OO s N S B e S s e 233

7.8.6.3 Burrowing Pests ........c.cooiiiiiiiiiiiiiiiiincscceccc s 234

7.8.6.4 Feral Cats aiid DIOES . ccvoromsssssosssossomspesnsssssmasssssmosssssonassosnomsosusnsins 234

7.8.6.5 BATAS cicsamconssvsinvsii e s e s v s 235
7.8.6.5.1 Bird:Control Plan . .ouimmmimasisnasisiaaii 235

7.8.6.5.1.1 Cover Soil Placement ........cccccoeecvrercnnnne. 235

7.8.6.5.1.2  Monofilament Line Shield .............ccceeeee 235

7.8:6:5:1.3 Anti-Perch SHps i 235

7:.8:6:5:1.4 Predator Decoys iinnuminainsina 236

7.8.6.5.1.5  Acoustic Controls ........ccceecveevriveineiccnennnns 236

7.8.6.6 CNNCE VECIOES  wscomssnsssnvarpmsasssavesesnssnsissssisnssvsssanssvssinesnsp aipyesisonnannssies 236

T8  BroSionCODIOL i cuussscusiisisissonsismmssssusssinssnnssiss it sasssssvimsssssissssmeasisasmissies 237
7.8.7.1 SIOPe PAMBEE: = ucuuicisssiiin i s s o s N S RIS 237

7.8.7.2 BXPOSEd GATDAGE ....o..icneciiiiimnmsmransinsrsnssessansasssnesnssssesmqsponneassnpiss 237

7.8.7.3 Downstream Sedimentation .......cccscessssssensssossssassssassassassasasssssssasss 238

7.8.7.4 ROAA PG ccivsimmmmmsasisniiiimms e smiimimuminism 238

7.8.7.5 Drainage’System Failure: i s s s i i 238

7.8.7.6 Destruction of Aquatic Habitat .........cccocovviiiiiiiiiiiiiiiiiiiieee, 238

7.9  How Climate Can Effect the Operation 238
7.9.2  Temperature VariaUonS/EXITEMES ......c.couiiuiiuiiiiiieiieiicieeeeiesenccesesceecneaes 240
8.0 CONSTRUCTION PROJECTS 243
8.1 Road Building 243
8.1.1  Types of Road CONSITUCTION ...viviiiiiiiieieeetces e saeie st sie s ese e saeneas 243
8.1.1.1 TEMPOTArY ROAAS. vcvosswsvssnsssvssosmsoisaasvissnatomssssissssommsnisnsavsissuamsobisns 243

8.1.1.2 Permanent Roads :wmasaisnnsmaimnanmimassammamimag 243

8:0:2 Clearingand Grub b Ing i s T 244
813 PIOMCETINME .ttt ettt e et senae 244
Bol4 (SIOPINE soiouncvnssussnonsmeossssmiadesonseninsinsasstost s dss s¥odsssassssisnssssssesasrabiissssasasiassssasss 244
8105 BIAINE v o s o S e S S SR SRR 0 245



8.2

8.3

8.4

8.5

81:6: Road SUFFACINE :uwimsmmui s s e G R RS s 245
8.1.6.1 L& 1 B o T B R R I YL 245
8.1.6.1.1 Choker Drains .......ccoooeiviiiiiiiicceseeccceeieeees 246

8.1.6.1.2 GraVEl: DESIBN v suverirsssosimassonsvrisasnensssvinsivrsesismsissss 246

8.1.6.2 OMEd ROA: ciuccsvansanmvmssumissvissonins vaifisveasssomvsssovs vsevesiasiessssssssesioniss 247

8.1.6.3 Chip:Seal i rsimasiiimmamiamy 247

8.1.6.4 Paving with Asphaltic Concrete (A.C.) .coooiiiiiniiiiiciciicieccns 247

8l Road MATGEHANCE ..voxrimrervammessomsnmssmmmsonstonvvss s et sses i s sasn e S RS 248
Clay Liners 249
B2, 1 SUD-EIAAEC e e enes 249
822,  ClaY ERCAVATION suissoursusssussmsnissonsismssssosssosasassarssmess s s svaaneissamsnaes AR Saaa oD oS 250
8.2:3. Spreading the:ClaY oo i s R RS R s 250
824  Moisture Conditioning the Clay :.......iiiciiviviiiniiiiimmaisaiesiasismsssssssisivssaosinss 251
82,5 COMPACHNG ottt e b ettt es et eaeeeaae e eaeas 252
8.2.5.1 Self-propelled Sheepsfoot Compactors ........ooevvvviiiiecriciieeiecnns 254

8.25.2 Towed Sheepsfoot COMPACLOTS i......cuuisiiiasisssissssissisiasionssinsianss 254
Drainage Systems 255
8:3:1  Surface Draliiage oo sossvassinasssssansississsssssssssistass s sasssstavionsecsiissaisnnss 255
8.3.1.1 Shieet FIOW s smsssa s o T B S S aows v s TSR 255

8.3.1.2 DtCh e s R T B e T A B R s 256
8.3.1.2.1 DICh DESIZN 1o 256

8.3:1.3 CRIVETES s vvssmiss ovsamvasesisnsos oivevess easassivs sRER o IR S P AN F ORI GSE SRR 258
8.3.1.3.1 CulvertDesign s samsusmisntasiviamiiatimg 258

8.3.1.4 Downdrains: i asimmimmmisnainmminanim s 259

8.3.1.5 OUUEE SIUCTUTES vttt 259
8:3:1.51 EOBR/BIUSHL csivnscmsismmionsammissisnssssemsomssssinmsmasss 259

8.3.1.5.2 ROCKS/RIPIAD cus:cviauvinsas st satussss i soissdssssavsasassinssss 260

8.3.1.5.3 Cast-in-Place'Conerete ananmnsnisnyamnmegss 260

8.3.1.5.4 POOL Of Waler ....cuiviiiiiiiccece e 260

8.3.1.6 Sedifientation PONAS . uowsmammsaimmsosism sy 260

B:3:2:  Sub-SUrface DIAINS s e ot o e s s aas s vas s o viss 262
8.3.2.1 Extraction-Type Sub-Surface Drains .........c.cocoveeiiieviniciicienenn, 262
8.3.2.1.1 WEll POINES .o 262

8.3.2.1.2 Sizing Drainage Material ... .. c.uususessmmsissossssusssessssss 263

8.3.2.2 Injection-Type Sub-Surface Drains..........ccccoevevviivcicninniincnnenn. 264

Dozer Operations 264
84.1 Clearing and'GrubbINg .uciuvivisiummsnessiimvniismmsisimisisssasainis 264
8.4.1.1 Tree Removal «omnnmsmnmadiinmisiaimssmmmasinie 264

8.4.1.2 Removing Brushi: onies arnn e S s o 2 265

B4 2 PIOMERTIME ittt er ettt e e e e eeaaeena e et e ennaeaeeenaenanens 265
B3 SIOPINE soovvssuomsiasmnsinssiessssssarsssnesssentsossn oo issesonsssnsssisessaiisaaissosassAvevss s asasesssness 267
844 Pushing GarbaBe s s o ST s e s B sawiesis 267
845"  Placing Coyer S0l i i i e 267
B.4.6  RemMOVING ROCKS «oiiiiieiiiiiieieie e enae e 268
84T RAPPING wissvssivcswsssasssasssssvisissosisssssasins siovsaasssssssssnssssnssssssssissssams sdssssmssssisssssssses 268
Motor Grader Operations 269
S50 IDUCIINE coconenusvonsmnssnssiossnsnssssssssss susavsnsasesssins S5 5880ep Nasanss g eSS RHbIS o NSO HRSRA 270
852 RoadMatenance . smmsmsnimaninmimmsametarnmimsiasams i 272
BiS:B: SlOPINE wvirwusinmum s R S S R RS 275



8.6

9.0 SURVEYING

9.1
9.2

854 Binish Grading s s ittt aiimig 276
Hiring a Contractor vs. Doing It In-House 276
8:6:1: ‘Hiring a Contractor v umm i s atsmm i 276
8.6.1.1 PO T R 276
8.6.1.1.1 Quality of WOrK ...ccoccveiiiiniiiiiiiiicccincicscicnnes 276

8.6.1.1.2 Minimal Equipment COStS ......c.cicsmmsivissassssssassssons 276

8.6.1.1.3 Productivity -sozenusanamnnnnnnnnniaammnime 276

8.6.1.1.4  Construction Timeline .........ccccoevvvnivenniiiincicnnnn 276

8.6.1.1.5 Material DiSCOUnts .......cooviiiiiiiiiiinciccccccee 276

8.6.1.1.6 Work:iS GuaraAnteed . ... s mmnsisicasmsmmisassvosiss 276

8.6.1.1.7 Minimum Drain on In-House Resources .................. 271

8.6.1.1.8 Ability to Construct Multiple Projects.........ccoceeee. 271

8.6.1.2 COMS ottt sttt 2717
8.6.1.2.1 HAEHEr €8t ssscommsnuasmossursmsvoisssnissssassisssissssomisns smosss 277

8.6.1.2.2 Bidding ProCess uiasnsnnsmmsmsmsnseisimis 277

8.6.1.2.3 Doesn't Build In-House Experience ..........cccccceeeee. 277

8.6.1.2.4 Construction Management..........ccccvevveneciuinecnnne 271

8.6.1.2.5 Consmuction INSPECLION w:.ciuisumivssasissssussivissssissaviie 2717

8.:62 Doing the Work In=HOUSe it o s e o e A Rt 277
8.6.2.1 P O s B T B R S B e R R T A s S iR oais 277
8.6.2.1.1 CONVENIENCE ..ottt 278

8.6.2.1.2 Develop InsHouse SKill§ ... uosievimmssassssassomesssssininiss 278

8.6.2.1.3 COSt SAVINES vccnnnmmaisnuinsmsmminiaiasanm 278

8.6.2.1.4 Eliminate Bidding Delays:aanmnnsiisss 278

8.6.2.2 COMS 1ttt ettt ettt esa s 278
8.6.2.2.1 QUAL O WK sccusimmsssionsmmmaminnsssismmaisns 278

8.6.2.2.2 Strains In-House Resources ..........ccccecevencnencneenne 278

8.6.2.2.3 Hard to Manage Multiple Projects.......c..cccccevviinenne 278

8.6.2.2.4 Higher Material Costs .....cooovvviiiiiiiiiiiiiiccicccene 278

8.6.2.2.5 Decteased PIOQUCHIVILY. «ou.vicsssonississomnisssisissessssnassins 279

8.6.2.2.6 Minimize Project Management ........ccocoeeciiiiienne 279

8:6.3 Comparing "TOTAL" Costs:.cicanasiminsiunasmivamii 279

283

Introduction to Surveying 283
Surveying Equipment 284
Q2L TERDOAS, cveswesivnmmsavassm oot e o e T TS 284
9.2.1.1 Levelling:the InStument .uuiiwsimmmminiemmimsnsnims 284
9.2.1.1.1 Four-Screw System ......cooveieivnincciiiccriccicisieeees 285

9.2.1.1.2 TRICESCIOW SYSLEIN cussssmivsrsssosssonsooviassonrssvmssmsissrsss SOD

922 (ConStraction TiEVEIS . v umsicmsisunmmimim i s s s s siaivesohssosveeiesis 285
023 AN SIS oo S S S B S R R 286
9.2:4 Dstamce M easure MmNt e S R 287
9.24.1 PABTIND . o vonssmsnrnsscxmpsssksmnpsy s oy e s A eSS 287

9.24.2 Meéasuring WHERIS i..amunmsnusmansmasissmsismas et s 287

9243 L AP IV G U S i s e e S S o e s 287

9.244 Optical Range FINAers .......ccooviiiiiiiiiiiiiiicceee e 288

9.24.5 SEAia LINES ..ot 288

9.2.4.6 Electronic DistanCe MEterS s ussmnamssssssvsssiasossisiosinas 289

9.24.7 Coordinate COMPATISON s svssi s st iR R R RS RS 290



9:2.5 HANATEVEIS ic.asvusisnnmmmvsimmisosyssmensssssaaimpssvivssamsusssssuissos s sai s asss e sssssans 290

9.2.5.1 Zeroing:a HandEevelsunnmannmamamannsaamnevsmmans 292

9:2.52 USINg A BOOL i i e R e 293

9207  ADDBYLEVEL .ocoorsmsnrinsssensssnssssnssssnssescisnssessimnsssnssnssesyussnsssvassnssssstssaamsasonnshisnsisss 294
927" Miscellanconis EQUAPMETIL .cqso.uwsusmissisnssmsisonssossissssassasissdssassmsirssiosiossnss 294
9.2.7.1 COMIPASS ucuucus suicu ety e S S S e R TR 294

9.2.7.2 O Do gree S g o i s T S R R R 296

9.2.7.3 PLANTMEIET ..ot 296

9:2:8. Global POSIIOMING SYSIEIN..ociussnsiasinisassnssnsssistosssonssaionsoessmssmissminssismes 296
9.2.8.1 Traditional Landfill Tasks'::....onvnnnnuannnnasmnimumnnine 297
9.2.8.1.1 Topographic Mapping of Site ......ccocoeveveriiircenrennnne. 297

9.2.8.1.2 Survey Control/Grade Staking.........cccocooveviviiiennnnne 297

9.2.8.1.3 Recording Location (X,Y,Z) of Special Wastes ....... 297

9.28.14 Preparation of As-Built Plans ... 297

9.2.8.2 GPS - A Cost-Effective AIernative ..........ccccceveeeceeveeienenseenrenannes 297
9.2.8.2.1 ACCUTACY 1ottt sttt a e 297

9.2.8.2.2 Range Eimitations ..o 298

9.2.8.2.3 Dependability rwuvaamusmmnsmmsinasiiimne 298

9.2.8.3 The Landfill Surveying and Guidance System (LSGS) ................. 298
9.2.8.3.1 Specific Landfill Application for The LSGS ............ 298

9.2.83.1.1 Proximity NOUACATON:...cimaumssssmnssnssnioosios 298

9.2.8.3.1.2 Generation of Database (Topo Map).......... 299

9.2.8.3.1.3 Tagging Location of Special Features........ 299

9.2.8.3.2 Political and Economical Benefits of The LSGS ..... 299

9.28.3.3 As-Built Plan Preparation ..........ccccoevienieineeninnenncnne 300

9.28.34 Guidance for Equipment Operators .........cccccveeveeeae 300

9.2.8.3:5 Yolume Calculations .« nnnnannissinnas 300

9.2.8.3.6 Use as Traditional Surveying Tool ..........cccouvveienee 301

9.2.8.3.7 Recording Equipment ACUVItIES ......ccooeeeiiceerinnnenne. 301

9.3  Topographic Mapping 301
9.3.1 Aerial PhOLOZIAMMEITY ..oiieiiiie ettt 302
9:3:1:1 BERERATE oo conmvimsmssmsmmmimssisssie om0
9:3:1.1:1 GeneralbACCUraty s simnsnemnsssisn G 303

93.1:1.2 Costaansraananiinammaninnmnneagas: 303

9.3.1.1.3 PROLOS oo saeneeeneee 303

9.3.1.1.4 SUFFACE FPEAIEES, «ossonansnsssmmunms st 303

9.3:12 Drawbacks:commmamnamnmaanmnasisnasimnavswamnswvans 303
9.3.1.2.1 CostismmmanmmrvmimsmsmmrsrmmamnId3

9.3.1.2.2 Cannot Provide High Accuracy ........ccoccevvvrienennne. 303

932  GrOUNd SUEVEYS s -snssssssmnmsnsiossissonsimsssssassasismamssssssssisiaisammssisasss 0D
9.3.2.1 GrId SYsteMiaswnnunnmnannammnamavsmmasmRsnwne303

9.3.22 Mine SurnVey iRz 303

9.3.2:3 Contour Method ..o 304

933 Working with TOPGIMADS .owssisssmmsivimisisessissmsnsinasinsnsrasassios 0Y
9.3.3.1 BIRUrINg SlOPe i tomn st oo s e s 305

9332 Interpolating Between Contours:iusiisnnannainnnsmsins 305

9.3.33 Sketching a Road Alignment ... 305

9.4  Construction Surveying & Staking 306

O] S NI s e e T 306



S S O 1 £ B 71 = RS SSUU SR 307

D43 ROBE: . csnsersusisoiensiiovoionss ssmusnsessassssmss i e mse cous oo sas s s bR S a TSRS A 5 307

0.4.4 Tipping Pads . cocucnmniimiaimissisim s s i s 308

9:4:5 AreaFills-and EXcavations ... it s 311

9.4.6  Liners and Final COVET ......oooiiiiiiiiiiiiiiiiiccciiicicicceiic s 312

947 DraifaPE SIUCIINES: .. ourmvsnosiorossvonssusasinsssssissussaisssnssivoninnsss sassissossosusassaronssinss 312

9.4.7.1 Example #1 - Sidehill Ditch ... 314

94.7.2 Example #2 - Roadside: Ditch:s s s imisnmie 314

94.7.3 Example #3 - Backhoe Ditch .....coooiiiiiiiiiiicicicccece, 316

9.5  TBM's and Reference Points 317
9.6  Checking Grade Using '"Swedes" or Travellers 318
9:6:1 - Sweding for BPinal Grade ....auaasinnnimssnssistisws it i 318

0:0:2 'Sweding a IItCh st e S R R 319

9.6.3 Swedinga RO i e R B R 319

9.7  Blue Tops 320
10.0 LANDFILL ECONOMICS .. 321
10.1 Typical Landfill Costs 321
10.2 Preparing a Landfill Operating Budget 322
102 UCADUBEEONES snsssvssenssnsisransmnssnsmsssussssssssssntsussiansessnssssssosavss e ons ey eosrassenraions LD

10:2:2 | [(OPErafng COSLS «ucicismmiimmitmmisiasisssesisinsms s st 29

10.2.3.1  Site Development COSLS .......cccceeeeeeecueneeeesserseesnesncesessesssesessaesessnene 324

10.23.2: Gatehouse/COlIECHOL ... onusemmsnsensusenssnsssanssmmsnsssessessmnsssnossnsssrassanensnss 324

10:2:3:3:  Pre-fill SOPPINE . ouscssscsmesvsasissssssssmisionmsmiasasisnsnsassmivonsnsspessissssss 326

10:23:3:1 ‘Timing Method::..cuaumnnnnannamsumssa 326

10.2.3.3.2  Productivity Method ............ccoevvincenirennnncncrccnranne. 326

10.2.3.4  Refuse Handling ......c.ooooviiiiiiiiiiiiiccecc e 326

10:2:3:5°  Daily COVEL ..cciiuisimminissusssssnimssianiisasivisssisiasssisiissisiie S0

10:2:3.6 Intermedidte’ COVer winnunnnmuuammimimvmiswmmsnwswinmG 329

10:2.3.7°  Final Coveri iiiiniiinniainnmsimionsiiisssimississsinsreine 329

10.2.3.8  SECUTILY cuvviiiiciiiiciciciiccvcis it sssssissssnssess 330

10:2:3:9. Equipmient Maintehance ...cuussnsimmessmmimissssisvssissssie I

10:2:3:10; . Eitter Control: s i sn e e s s anwss e i 3 9%

102.3.12 AdminiSration:/ OffICe; .....occosenusemssnsesssonsssnsssasssssnsssssassssssnssssassass I3F

10:2:3:13: DYAINAGE «vcusisvvssvumasmisivismnnimamismmammimisaaindimsid 390

10:2:3:15 Roads:nnunnnsmsimmamnmenssmarmmannanasamana 337

10.2.3.16  Tipping Pads ...cvecviiiiiiiciciisieeieciiiceseeeceiese e eeseseeseaevesnes 33 1

102317 Leachate Managemient . sosunmanmasimmsinmisimmenissmne 98

10:2:3:18 Methane Control.uuinmimnmanmnnmnnmsninninansawaaiant 338

10.2.3.19 Landfill Expansion and Development.........cccccocovvvviviiniiicnnicinnn 339

10.2.3.20  Hand TOOIS .ottt 340

10:2.3:21. Recycling / COMPOSUNE ...cocusscsvesiessisisisisssasisssossisssssmvisssssesssssssasss 341

10:2:3:22.  Closure FPost-Clostre :cwanmmninsinssnmmiminnmsisasanid SAL

10:2:3:23. Budget SUmMmary s iaisiinmivnansaniiammmmmsninnmanms 342

10.3 Valuing Landfill Airspace 344
10:3:1 'Cost-Based Approach:uuusassmismsmnnissannnsnssasim 344

10.3.2 Market-Based APProach ............coceeeiieiiiriinienneiseerie s eesecseee e seeseesseesseens 344



11.0

12.0

10.3.3  Factors Affecting the Value of Landfill Airspace .......ccccocveeeieniiiiinciniiniencns 344

10:3:3:1: Remaining Life ofsSitennnanmmnniinnassammamaimnnms 344

10.3:3:2 Local BcOnOmMY i cidinimaiinisisammanansaiiiiaiimses 383

10333 IncoOMIng TONMATE . cceesmmmmssssimpossammsssesionsnommpssnsssimersnsiissassngssnsmn i B

10334 OWNEFSHID coumassmvommsmsonsmmmie o i s S i s S

10:3:3.5  Competition:ciasmnauinmismimasmismisamnimsnainiiinme 349

10336  Fulre Costs caimnmmnnaisinsimimmamnisanannms 345

10.4 Determining Cost of Materials, Labor, and Equipment ................... 345
10.5 Calculating the Value of Landfill Airspace 346
LANDEILL: SAFETLY cinuinssanisannasismsmaniisisguene 0T
11.1  Tractor Stability 347
L1.1.T Steepness Of the Ground ..........c.eeiioiiiiiieieeiieee et 347

110125 ROGShNESS Of the GROUML . sssusisssssissmssorumissinosvanisnomissossersssssiiasmsmesssavessssmissns 347

EL:1:3. - MachiIne SPOea: s s osmss e s s o s s i s ioossadis 348

Lkl Machine I et On i i i A R O T s 348

11.2  Scavenging 348
11.3 Landfill Emergencies 349
BEBE]  ACCIABHS - oninuoscnninssononssonessnmssisiosssspsnsssassiindsiamss ks vaskns s S0 b S AT RS 350

) ) - P o . 350

11:3:3° Hazardous Material SPIlls: s sy s i s ainssine, 351

11.3.4  Natural Disaster Response PIan ........cccoviiviiiiiiiiiiiiicicieieciesieceeiesecsennes 392

11.4 Hazardous Material Load Check Plan 352
11.5 Confined Space Entry Plan 353
11.6  Safety Meetings 354
11.7  Personal Protective Equipment 355
LANDFILL ADMINISTRATION ...ccocviiirnncrnnscsnncssnnscssnscsssnscnes 357
12.1 Recordkeeping 357
12:1:1  Subtitle D-RBCOTAS wonisinismmummvmmamismm i mmsiasism g O,

12:12: Administrative’ Records: . iimimnamimmmmmmiinsiamismissssssisnaa]

12:.1.3: OperatiomalRecords:. i iiniuiinabiiiaiiimmsnmdsimmiammsismmaissindo]

12.2  Establishing Standards 358
12:2:1 Employee Performance Standards ..c.cvsnansnninnamsnisiinsnmsss359

12.2.2  Safety Standards ........ocovveeeeiiiiieecie et enaene e e 399

12:2.3: Operating StANAATS,. . cvzansoviassrssssssssimssssmomasivisnasnsaisnssisessssssmssssysiossnsisrsssasss IO

12.3 Data Tracking 359
12.3.1  Scale Database ..........coueeveninieieieeieiecenesecrie st 360

12:3.2; Bquipmient:DAtAbase .uinvissiosmmsissmioinsiisasisisseasasadss s iviyssesiasssssssasie 360

12:3:3° Electronic Equipment Monitoring :....cininnsnnnninisninaiaiieiiigg 360

12:3:4: Machine Oil Sampling:& Analysis:..ciisianmnminmnaninsnivaimgs 361

12.3.5 Refuse Density Database .......cccooviiiieiieiiiiiiiceeceeee s 361

12.4 Managing Employees 362
124.1 Leadership:and RESPECE. .. .cccersnssnsesssassassarssssssasaissnssasstssesssssonssasspsassstsnsssrsansasss 362

1242 Prafse and DISCIDINE e orcosssomsonmmisssmsssimsomsssssovsiormenmmssissssmssinssivissasorninrisosivs O OD

12.5 Overtime — Effect on Cost 363
e A (o] & T D T e 364

F2:5:0:3 N RO OM s s s s B G S o e e S B st 364



12.6

12.7

12.8

12.9
12.10

12.5.2  Variable COSLS ..vveeiiiiiiiieeeeiiirreeeeeeisseeeeeesasseseessssseseessssssesssssseesssssssessssssseessnses 364

125201 WHBEE ovssesonsssorsuzsromssismmvansspessiosnybonmasnssnsiieesseaisbnamiss sormane s usns vtnass 364

12:5.2:2  RetireMeNt COSES .. ciuuuussisumississvsssississssssssnsonississsmisseosinssssss fosssassiss 364

12:5:2:3 “Employment Taxes::cianinsusnniiunnmanisssismn 364

12:5:3 Optimum Weeklyours oo s i s s e e s 365
12.5.4  Effect 0n ProdUCHVILY ...oviciiiiieiieceeieie e saeesassanaesnens 30
Establishing Tipping Fees 366
12.6.1  Charging by the Household ..........c.coouiiiiiiiiiiice 366
L2960 FPIOB!. ccvsioseasuasssomsisinsvpsnsnsussassissssmsassbasnsessiossantsaisssssioussssssssasssnainiosssn 366

12:6:1:2"  1CONS s s e s s s o S s aavas 366

12.6.2 ‘Charging by the Eoad :naansmnsmnsinmanninnnasimisuannins 367
12.6.3  Charging by the Yard .....cc.oooiiiiiiiieeiieet e 367
12:6:4 (Charging DY e TOM . uu.ssesissivoisnissnssriessnesasyissssvissssesssisesspsesonbsviossssisonsnvis 367
12.6:5 'Recommended Method it 367
12.6.6  Differential Rates for Hard-To-Handle Waste .........cccccceviiiiininincininniniciiennne 368
12.6.6.1  Extra Cost to Handle ..o 368

12:6:6:2: Extia TINE GO HANAIE .....cumuscamsismsssmississmsomosspismnsmsissssisssssasss 368

12:6:6.3: Value of Airspace Used..c.uuumainsinnminisiiaiuivmsiiiis 368

12.6.6.4  Market Based Costing for Hard-to-Handle Materials .................... 369
Employee Training 369
12:7.1 :Sample Traming Aendas:...uumainmiimssimiiisisiiiiisa iy 370
12.7.1.1  Manager/Supervisor Training Agenda ..........cccocevevvivceirecniennene. 370

12.7.1.2  Equipment Operator Training Agenda ..........ccccoeveiienicnecenenen. 370

1277:1.3° ~Eaborer Traiming AFCNAAl ..mavesssusssmmssnsisvimssmmssisssnsssnssusiss 370

12:7:2 “Training by EXample o s simoninssisainammeai 371
Working with the Local Enforcement Agency (LEA)....cccccccvvviranee. 372
12:8:1 :Snapshotsiof the Landfillccuiwsimmnissinasimmisasismiimmss 372
Site Inspections 374
Subcontracting the Landfill Operation 374
12:10:] 'From the Contractor:s PerspeclvVe . ciiiiinimainnimninmmasammiteiams 374
12.10.2 From the OWner’s PEerspective ........cooccvvieriiiiiiinieiieniesineciesieeesssssssesiesens 319
12:10:2:1 . “WhHire A CORTACION «usvmsnsassumnssnimmsaswsissisiossavs gl
12:10:2.1:1 May Save Money ... 319

12.102:1.2 ‘Avoid Liability: s 319

12.10.2.1.3 Minimize Staff Increases .........cccoevevecicecnicncnnennn. 375

12:10:2:1.4 Reduce Capital CoslS . ..usissssssmivissossasissnssissnaoise 375

12:10:2:1.5 Provide:Superior Service . atinmansansnmaiins 376

12.10.2.1.6 Avoid Political CritiCiSm ..........cccsereerversceniscesesnracencas 376

12.10.2.2  Why Not Hire @ CONTACLOT ..cvvveieeeeieeiieereeeeecieeie e cvseesaesae e 376
12.10.2.2.1 May Cost More MOney .........cccoeevreirinsecnenessuesnennens 376

12:10:2:2.2  Administrative Costs: «aunnmmimmnninisinaii 376

12:10.2.2.3 Potential Liability sissisiianinimmmiicims 376

12.10.2.2.4 Build More Independence ........cccocvvviiiivinciiniecnennne 376

12:10:3 " The COnTaCt AGTEEIIBIIE io: cooosssivsvmssorusingsesasrinsssraissstn sssinssiuavas sesis s asamsinsesnens 376
12:10:3:1' 'Define:the:Project ..:::uuuaamsmis i aisiims 377
12:10:3:2° Lengthof Contract  .aiimiiiiinaaiimimississiiimiiiaimiossi 377
12.10.3.3  Terms and ConditionS ........ccveviiiiiiiiiiiiiiiieceer e srees e 377
12.10.3.4 Establishing Minimum Standards ...........c.ccccovvereniiinirnenienniicennnnnes 378

12:10:3:5: (Chetks and BalaNees . ummiuminaimminisinsmavnssnswaisismismsg 378



1200:376] COMTACCPIICIINT . «- 05 suiasssrs issinsosssamesensawsssods spenisiss sudsiss b sssnnspuinennss 379

130 MONITORING SYSTEMS .iasinunomsaiinussismmssiamssnIol

14.0

13.1
13.2
13.3

134
138

Groundwater Monitoring 381
Surface Water Monitoring 382
Methane Gas Monitoring 383
13.3.1 Installing Methane Monitoring SYSIEMS ........ccccceveiniinieniiernecinrseneensesseesesseeses 383
13:3.2 /Collection:of Methane Gas:Samples e sismiinbesmimsiiniismsamiug 384
13.3.3  Measuring Methane Levels ....oooiiiiiiiiiieiiicceccc e 384

13331  PECOATLEL ... .oumsuonssnisarosanasnsnssusonsinsonianssinsissossssnssssspssshsonsansis 384

13332  Percentiby VOIINE st st s ssronsons 384
13.3.4  Climatic Conditions Which Can Affect Methane Concentrations ................... 385
13.3.5  Migration 0f Methane Gas .......cocoeevieererieniiiieieeieecieeie e sieescsseeseasseesees 389
1336 Indicators:of MEthanC Gias  -..coiusmmsesusssnsnsonconssnsrssnsssesiosisntesasssssesssnnongssosntisissssss 386
Air Monitoring 386
Leachate Monitoring 386

COMPETITIVE LANDFILLS - DESIGNING FOR
EFFICIENCY .icccnsssscssossssnnosse . -

14.1 Good Enough Isn’t Good Enough Anymore 387
14.2 Re-Engineering Your Site for Increased Efficiency 387
14.2.1 SHEPIANREVIEN, -ociucomionsiomnionssuisons soissns irsinosens 5585585300844 50055 5o ass 6 8 HaRE o 387

14.2.1:.1 Rerouting Utility Right-0f-Way ......cuanmimnmiismsimsis 387

142:1.2: Raising Final/ Grades i i siiaiinnsaminsg 388

14.2.1.3  Lowering Base Grades .........cccooeviiviirieiiiiiiciiiieeeicceciee e 388

1422 (OPETAtOTSIREVIEW 1o ssvrmessesnsssiassnsntorsessonivsasisessasasssionsensssssesobnsssdsssnnssnsssnnnsios 389

1422:2:1 Water' Truck-Tinmie StdY «nsinumnmmnnnmmamnasammsaimineii 389

142.2.2° Collector Time Study:.amamminssinnuadassisimimny 391

14223 D0oZer Time SWAY ..ooveeeiiieierecieie et enens 391

14.3  Eliminating “Pride of Designership” 392
14.4 Don’t Be a Goose 393
14.5 Simple Changes for Improving Efficiency 394
14.5.1  Adjust Landfill’s Operating HOours .......c.couriiioiiiiiiiiciice e 394

14.5.2 ‘Work Compactor at “Optimum’ PACE: . ....oreinsessssossmsssssssssonissiuessissssrsnpassnsassases 394

R B 1 394

e I & T | T 1 DY P B R A 394

14.5.3  Finish Cell with “Good™ Garbage ........ccecuveiiiieeieeiiiicieceecieeee e 394

14.5:4 - MonitoriCover: Soil PIACSIACHL ...ocumssusnssmnmsesssmassmssmessesssmmimssiossassamsnscm D

14:5:5 “Posta’Budget: ..o s s s nsinrarasasiainni 399

14.5.6 ‘Change-Y.oUr PersSPeCtiVe :uiuiieieiuivasiinisssisisiass i sy sidnssniaisiis 396

14.6  Secrets of the Pros 396
14.6.1 Creating Additional AIrSPace .........cccceceeiueeueisiiiieiniesinnisicicsseeneeeseesesssesesseenens 397

14.6.1.1  Recompacting Garbage to Increase Density ......ccococviiiiiviiincnnn. 397

14.6.1.2  Landfill MINING c.oovviviiiiiiiieeii e 398

146:1:30  SUTCHAFZING woosvowumvivussmsmmsmsssssionsssismsossmssmmivsssesassisssnssivresssssssioss 398

14.6:1:4: Dynamic Densification:iwiassinimmnainnininiiniiiiiis 398

14.6.1.5  Building Steeper Perimeter Garbage Slopes ........c.ccooviviiiiiinnnne. 399

14.6.2  Excavating Old Garbage .........cc.coiiiiiiiiiiiieiecieee et 400

¢ 3200 W D Ty PSR SO S RPN 400



TP RP R v 1 e P P R o A DN S e AU ey P py B D T Sy 401

14.6.2.3 EXCAVALOT wueiiiiiiiiiicieie ettt 402

14.6.3  INCreasiig PrOAUCHION vusumssssswvmnsimssumisessiiasssss s assesss o ss s asuesssssorenisss 402

14:6:3:1  Straight Pushes Ate-Bestammmminiiannnssnsminasisans: 402

14032  Slot D OZIn g s S R S R e R S VR R s, 402

14.6.3.3  Side-by-Side DOZING ......ovvvvveeeeeeeeeereeeeeeseeeseeeeeeeseseseeesseseeesssese 403

14:6:34. DOZIng DOWRIII ccncisimsasmmmssissimisoimsisssmssmsasisasvansisis 403

14.:6:3:5' Tipping Pad-Garbage:Shde .uuicannmnunnmsmanmmminins 404

APPENDIX A — Subtitle D Regulations ........cccceceeeccnnceccsnnecssanccssssessnnes 405

APPENDIX B — Emergency Response Plans ........c.ccceeveeessenccnncsennsnnnes 411

APPENDIX Ci~— RESOUPCES ciusissisaisossississssssiaomssssossonsiassssovssessosssasssnsois 431

APPENDIX D — LaDAIl FOFMS iccuncisssssssissssesisssossisssssssossissssasissosonsosss 473

APPENDIX E — Math TOOIS ......ccceecniccennscsnncscnsascnsassasssssssssssssssssasssasses 495
GLOSSARY

Abbreviated Terms 505

Definitions 507




