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Notice
• I _ II I II

The material in this Report is intended for general
information only. Any use of this material in relation
to any specific applicationshould be based on inde-
pendent examination and vedflcationof itsun-
mslz_ed applicabilityforsuchuse and/ora
detemnina_nof Itssuilabllltyforthe al_311ca_rkNo
licenseunderany Aberta Reseach Councilpatents
orotherproprietaryinterestis _ bythe publica-
tionofthis Report.Those makinguse of or relying
uponthe materialassumealirisksand liabilityads-
ingfromsuchuseor reliance.
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These reports fon'nthe finaloutputof the PhaseI in 1991.Theconlinuingsuptx)rtof the PhaseII par-
CoalProcessingi:)eve0opmen¢Consortiumthatjoint- _ is alsoac_owtedged, andthey areI

b' _ thefundingam;developmento4aU.. I_ forUleiron-ooinointerestanu_ntributions.
vanced(x)al/oilagglomerationtechnologiesfrom TheAJbeftaResearchCouncilthanksthe Electric
June 1987to Decen'd_lr1989. Formanyof thepar- PowerResearchInstitute,theirprogramstaffand
tCipam, I was a challengingnewexpedenceand rewesenmlJvesonthe_nt andtechnic.al
onethai ledto someimportantlessonsandtechni- committees,for theirsupportand guidanceinour
(:al_. TechnologyruuHlngfromthetreat- mutualwork.Ourspecialthanksgoto Howard
rnentof tany wastes isbeingseriouslypursuedaoa Lebowilz,LkclaAlhecton,ConradKuHk,BHIRovestl,
co_ ventureinCanadaandtheUSA._ BillWeber andNormStowa¢
pyriterejectiontech_logy lmbeingscaJedupinthe Finagy.we wishio thankIhe t_ aral _ppon
USA,andthe lowrankcoal/heavyoat_te6 teamsof Ihe AI)ectaResearct__ whohave
arebok_ investigatedInCanaga. The_ and made1heprojecmas s_cessful astheyare and
tedvW:a auiX)orto( the oomo_m _ in who havewoduKIunderever increasingdemanding

, PhaseI _ ad,.mwteCgedar_ recognized.Wm_ scopesof .ock ast_ pcooramdovet)pedand ira-
their_ the _ wouldnotI_0e beenam proved.
su(:cu_l as iiwas. Dr.ArvidH. Hardin,Deganme_ Head

PhaseII of the Coal _ _nl Pro- Coaland HydrocarbonProcessing
' gramd be co_ untilDecember1990to pm- Al=ertaResearchCouncil

videmorein-depmen_inee_ dataandseam_) Devon,Aberta
lot the keyprogramelenlerlt¢RNub of July1990

PhaseII andtheoverallconcJusJonswillbe reported
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Abstract
I Iii] - Iii ] II

This report documentswork _ed bythe _ are described.Thetestresultsshowedthe
SdbertaResearchCouncilforthe ARC/EPRIConsor- benefidaledcoalto haveheatingvalueof 13,000 "
Uurn,underthe _ enl#Sed"CoalPmcess_ BTL.Vlbor better,ashconte.tof lessthan10 percent
Deve_ Program:Oevelowne_ of C_eanCoal andWiJc suChx removaJofup to 90 percent.The
and CleanSollTechnologies_ Advanced cornp_ed techno-econo¢_feasibiitystudyofthe
A_L__n Te_klues'.Therm_ _ dlvk_ J_3_t ;rotes8suOOemthat_ed coa*
inlo three mlumm: couldbe pm(_u(:edat SU.S.52.85 per shortton, at

ROM coal _ _ $U.S. 27/t.Forcoalwashplatr
1. Upgrldlng of Low Rank Coill: The wastes,lhe pn:ck_ pricewouldbeSU.S. 25.26 per

Agnmhlrm_
"restdm_p_:ed.rm, emlpmm,et=.,m
_ _x(:o.upwa_ o(__ cx_ you., _ s_ _ 8hdHydrocmonWut,
8rd hoaw _. Thetestremjit88bowedupTadod "lYlalmmlt P_
coal8to havehoalJnOvakm above 11,000 BTU/b, BatchandpJotplanttestsare_ forsol con-
and_ (upTadodhew1o_ _ohay,21"API _ bytar_usemm rnm_acturedOaSp_t
gravity or I_er. The coalpmcb_ wereacc_ta_ sites.The tesi resultsmow the Imatedsoilto be
for_ andhad_ _0pertmsupe_or suUUe_ d_oW _ _,ndk andtheby_
totmu ofsuU_nmom¢oa_.Thesynm_ wu agg_c_.ammmmlngtaram _,_oon con-

, sultal_ lm,l_l_llnlngand mflnlno.TI_ tacrmo- tarnlnm_ Io I_ sulal_ for_ Inkckmr_
econon_ femJblllysludyoftheAgflothermWo(:ess boiiem.The_ fe_ saJ_ of a
suggemt_ upgra_ _a_oouk_be_ at mo_ep_r_tormeC_anSolprocessst_'s t_e
$Cdn 37.9(11_r mmdclonne at 15 percentDCF costof _ to rangebom$Cdn 31.39to $C,dn
ROR (fobplant,aftertax). 46.97 pertonneof oilywastes,andto beabout

$Cdn45 perlonneoftarrefuse_W_aled sou
Vokmm 2. Upgrading of BituminousCools:The
AglOflOMPmCU_
Sxper_w_ Wooed,resanddata.benchandpUot
sc_eeq,_=mem,etr,.._r be_e_Un0_u_
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, severalfieldsofcoaldeve_ technologies.As tionGroup,foreconomicanalysisandcostingofthe
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ExecutiveSummary
I

II I

I. Introduction bi.me, tosy,_= cnxJeo,.S;_c process
In 1987, the Alberta ResearchCouncdlandEPRI searchacttlevementsrelatedto theAgfk)therm
formeda researchconsortiumto developnew clean pmcas8are summarizedbelow.
coalanddean soiltectmologiesbasedonARC's ad-

vanc_ sphericalagglomerationresearch.The Con- Batch Test Studies
sortkanincij¢led19 compardas,government
agerx:mandmn-profitresean:P,ofganm_r=(see BaChteapmc,dumsweredevek:¢_forcherac-
AppencUx1). The Conso_ ldenUfk_Ittreetech. tedzalk)nof varbusco_ andoi feedstockcorrtina-
nologydevelopmentareasas beingof Immeclmein. tionsfor_ inthe Agflomerrnprocess.The
terestto ts members: tem definedagglomerationandde-oiling
1. Co-upgracingo( low-rankcoalsandheavyoils. pamn_ers irrpottarl inprocessoptimizationand
2. Bieneflc_ik_of highsulphurbituminous(:oais. operation.Selectedresultsandpm(Ix:ts obtainedin
3. Cleanlngof tar refuseandhyd_ the pmcassare strum in TableI. The _ ag.

cO_ed soils, giomeraes fromsubl_urninouscoals hal properties
The Conso_ authorizedARC to undertakere- similarto thoseof westernCanadianbituminous

searchanddevelopmentprogramseddmssin0tech- coals,andIXOductupgradedoilswere _ to syn-
nologyneeds in eachof the k:lentJfledareas.The thetJccnxlasWoducedfromMumen inom_ heavy

oilIhemnal_gracing pmcesses.programswere to include_ researchand

tes¢_,k,ndame_englnae,_nxl_ develop. T,,_.I.Um=_ c,Lo,R.r,C_ __
rnerlandopa_ionofinCegraedaggiomeral_pilot Pro_: He,,cbu_Coal.Bacl_Tem.pJantf_,,es, and_ desertandecororrdc , , ,
studies for the processesdeveloped.The following YoiUlj Fbx_ l.kmtlng
isa su_ of the projectsundertakenand work Ilolmum,A_h, matter,cmtx_ v,,ue

% % % % BtWlb
completedto December1969. it shouldbeeta. FeedCoal 16.3 'J)4.S 30.3 28.8 7,840
PhasL-sdthat since Dscember,1989,maw Green
pmgrmmhas been made infurtherdevololx'nentof Ag01onunul 8.2 9.7 46.0 36.1 11,370
me three t_Jes and partJculadyin con- _/_OJomermee
tanW_ed soil clean-up. (do.oW_ teml_mure)

380"C 4.1 10.8 35.8 49.3 11,580
390"C 3.5 12.5 31.5 52.5 11,530
420"C 3.5 13.9 24.6 58.0 11,320

II.Co-Upgradingof Low RankCoalsand

Heavy011_ _ P..cov,_Studies
The _ of ttm J_ojoctwas to al:q:_edvanced Tho berth scaJo tests showed that lt is tochnicatly
aggJomermJ_ tecmo_y for¢o-upgred_ of low- feasble to recover upTaded oa fromcoaJ ag-
rankcoals and heavy oil _ gJommatee, and that oil yield and properties are
• to increase the heating rwe of Iow-ra_ coaJs attrmtJ_ emugh to consider IxXentJaJcommer-

atx)ve25.5 GJ/t (11,000BIu/I)) bydewatodrlgand dalzstlon of tile plo(:os¢TheL_ Oi hedAPI
_ (uWaclno)bw-,w,kmm tocWaciy 7av_ _ 2_,ands_nCkar_r,Kk¢_ suCCour
molslum and ashcontentof le88than10 percent andnltmgencon_enLDlfferentcutsfromthe
each;and upgraded(diblendswerefoundto haveacceptable

• to upgradeheavyoiland/orbitumenusedin _ for refining,namely:
agg_neraUonofco=tosy_ cn_ which • Nal2_a cut (cs/175"C)was dchiri aromatk:sa.d
would be su_abk_foepipelinln0 and ac_e_ to hada NgberoctanenumberthanpeOoieum-
reflnedes, derivednaphthacuts.ltwouldhaveto be '
TheoutcomeofthestudywasthedeveJopmentof _ed beforeref_ (ikeam

the Aglbmem_process(aggbmer-abn, floatat_ cutsfromheavyoi syncrudas)a,_ aftertream_nt
andthermal treatment)whichupgredeslow-rank theblendcould beusedas a reformerfoedstock
coaJtor_hheatin0vaJuesoadfue_andheavyo¢or _r0aso,nepnxk_on.

i
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• Jet fuMcut (145/260"C)hada lowsrno_j point Thekey costfactorsinthe Agflothennwerethe .
andwouldalsorequiresome_mnert comofheavyoilandcoal,theyieldand_ ofco-

• Oleselfuelblend(177/343"C)wouIdrequire productoil,andthe priceof de-oiledagglomerates.
to reducethecontenlsof Th4projectedOCF ROR of 11.1_ was conUn-

aromaUcs,sulplu andntmoen, gentonthet_ feaslbUlyofanovalde-oiUng
• Vacuumgasoilcut(+343"C)had lowcontentof Ni processbas_l on hightemperatureextrusionof

andV, but highsulphurand_. ooal_ paste(descrt:_ inVolume1).

tmgrmtAggtommt eIny (LA
EnQlneedngandoperationaldata were olXmimdfor IlL BeneflclaUonof HighSulphur
the.,kanoa_mproomus_0theLxn:_ BituminousCoals_red fortheprooeea(nowsrmt#ARCm).
"r_eI:_r,z_ we_ _rgeag- The(_ectiv,e the_ coalprelectwasthe
glomerates;however,inpmcesaingsomefeeds,_. deve_ oftechnok_ywhichwould:
ficuZk.,wereexperiencedwithobtainingsa_fac_o,y • removepyr_ _Ophurfromhighso_,ur
pe_o,m,m:eoftheparap4am."rhe,,edm:umes _,.wz_m coau.
were Winwlly due to imufl_enl experlenceand • Reduce mineralrnagerconlerl in I_mtnous
pmcem _ Inareu suchas: coals to 10percentorleu, and
• kimticsofagglomeraJonforcoalscharacterized • immasehem_gvalueofS_epmcessedcoals

by long inversionUmu, above13,000 Btudb.
• optmlza_k3noithefloatatloncondltbmfor The resullof theWocessmseamhwas the

n_cmagg_wtes o_ainedfromk)w-rammm dwe_ otaWoceu,the,_o_ ;xocess(ag-
wr,__ ar_hclaymmmm_on, _ _d _m, on),capa_ ofmee,r_a,

• musuremer_ofsUry_w, slunysoUd oftheabove_ed prelect_. _
conoenlm_on,density,etc.,and pmceu Iminesrelatedto the perfommnceand

• IxocessconWolWstem. econom_ofthe_ arediso.ms__k)w.
TheP_ Pm__ werede-oi_ andm _

labor'ao_ _ tests.The _ were _ T_ Sludlm

kxmd to here goodImrdlng, l_orageandcon,4x_ l.a_ tNls werecarfledoutto evaluale k_y fac-
tionmar_er_m mb:k_ _m sj:e_y to tom_.m:_ me_ mx_ perf--.
spontar_ou8 _ lhan the "pamnl-coa_ Nm coaJB(ROM andcoal _n by.pm(3x:ts)

fromthe easlem U.S. andwesternCanadawere
Feulb_tyMUw.t_oUmm Rmceu _ _ resu_ol_k_ w#hU.S.coalsare
Acon_f_ c_on _ _ _gdtoth__ w_ _ inFi_jmt.Tt_ r_ worno_ usinO
de_.,k_edto .mWe U ngo. _ _.neeof u_-eu,oe and_ (w_ _ and
ROM _ (:o81and448 thouur[I tonnee mWocuslng of the product)balch _. The
ofheavyo|_am_.__ l_emr_mxU_m __owgoo_c_u_ee_amw_e
waseslknmdM2.0enJon tonneeperyearofee. _ _ I_lg_ c] _ aslowas0.5
oik)dagglomemeewgma_ valueof26.7Gja pemenLForweaemCanadiancom,however,the
(11,300Blu/Ib)and370 8_nd tonn_ of Aglotk_lWoceduru had to be modil_l and the -
syncnx_ withAPIgravilyoi 21. The pla_ co_ wM amoumof brk:lglngoghadto be incrNsed to 3 per.
esl_r_ed al $Cdn 113.etalon, _ co_ i cer__r morn.
$Cdn91 mllllonper yur and_ capitalat
Sc_ 17.2rrlon. Oaudon1_'3Stoedm_ am C_tbwouoPyrb PammalUnlt(CPRU)
product pdces($Cdn 12/tO_coal, $Cdn 93.44 The feasibilityM usinghydraulicandflume
bmurnon,$Cc_33/tWeck_aggkmm_esand$Cdn sepanumukxrumov_ofWritemrnl_uminous
124.2/t _), the _ analyus of rho Coa_ag_rstes was evaluatedusinga 5 k_
planlshowedDCF ROR altertax eClUalto 11.1per. ben_ soaleCPRU. Boihunls show_ mducUonof
cent. py,#eincoalproduct;however,becauseofI:_er

viii



operability,a systemwitha hydraulicseparatoronly tionrangedfrom72 to 77 percent,whiletheash
• waschosenfortheAgiofioatprocess.Testsusing reductionrangedfrom82 to 86 percent.The informa-

theCPRU withU.S. coalsindicatedthatatthebest tionobtainedintheCPRU was successfullyusedin
conditionstested,thetotalsulphurreductionranged thescale-upofthe hydraulicpyriteseparatorinthe
from50 to 55 percent,andthepyriticsulphurreduc- pilotplant(IATF).

N
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RgureLCleaningof UpperFreeportCoalbyAglotloatProcess.
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LargeI:_ PlantTests(IATF) IV. Cleaning of Tar Refuse and
T_ _ pyre separator_ wash=or. Hydrocarbon Con_ninated SoilsI_rU_l into#mImo_r_KI_nor'_on Test
Faci_ P'_ PUrl IntheAg,oaoatWocessconnw,.a. TheoblecUveoftheC,eanSo,studywastodevek)p
tton_ #ARCS6).TheIATI=_ mn. techno6o_ whk_ w,x_t:
flm_ that_ _es reducodin • cleanuP_ed sogsatrnanufacturedgas
sulplltx'andrnkle_ mattercanbo_ Intho plantMu, cokingplantstes,benzolplantsit.,
pmcea. I.a_, O_ to3.0 mmaOOlomemescould etc.:
beoblamd atbridgingoU_ m lowu • cleanuP_ed soUsfromoUspils,oly
12_ (d.a.f.feodcoal).Theagglomerateshad wasm p_ andotherhy_'ocad=oncontaminmed
a heaZingvabeabove13,000Barb, ashcorral of sp_; and
leu llhan10pen:entandpyrilk:sulpt_ content • treatheavyo@wastesandemulsionsfromheaw
_ upto90 pen:eft oamawe_yand_ pUnm.

ComkWz_ eaortwent_o m:m_g the TheWoleak_dtothedevok_xnemofthe_
" P,_;om. Em_mnt _ andpe,o,mance was -%ap,_zss _ marts contam_od sous to a
;' evalualedforunltopenltlonsm,_hu floatatlonof levelo#1000ppm(0.1pen:ehi)orleu, andyields

coaJnoes,r,/dmuac_ mmra_onand_ enJar, bY-Wodu_ag_ommus whi_ containtm
gementof mk:magG_onwates.Onoo_thekeyle. hYm_a_onoo_tanWwntsandaresu#ableforcom.

' suostudledwu t,o _oct o_pmcossoperating bus/fortInIndusb_ bonom.S_c_ ach_oments
_ora onp,tx_u _ andpedo_, rolatodIo_ pmcou IX,/ormancoandovaluatlon
"rhokoy_ IXOCOmpararnetomworoidon. aro_ below.
tiffed:howevor,moro_ wi _ noce_

thearmur_of_ o_reqund. A ,'_ mabor_ _=oe,_ ,notrmd_ chammc-
_ o(varlou_con_ed so_fornatrnent

F_ oftheAglofk_tProce_ inmeCleansonpmcus wasdevelo_ Thetem
TheP_o__m wo_ _or_e _ preaesswas Pee_nnedsu_ mm aw_e tahoeo__or_nm_mr_
usedu a barnformeczxu:q_zjdesignofan tYPNand_ InthesoucanbeVetoed

• aggono_pam_(_p,_:ee_,_no2.smnn_, bymo_ The_o_c,_,a_or,-
sh_qltons_ oastemU.S.I_llwnlnouscmni1o2.74 tan_mulsinU_ocloansolwu _ io 0.1 per-

ork,ea(Tabgoin)._ keypao_ertlesoftea
muontonso_aOngon_nuee.'rhoeconmdcanagym oor_m_,md ao__nuonc_,gthep,x:osapo,or-otrhoPm(:o_osttrn_odrhopOanlcapllal(=et al
$U.S.61_ _ _ _ al SU.S.121.0ml- rnancowornidentliodu:
_x, paryoarand_ Cal_talat SU.S.22.2mN- • U_o_ andcompos_tio,o_U_o_
Hon.Tl_e_(:oatwucalo.daledatSU.S.S2_ • oonlaminanm;
por_onatl:X:FFlOg_oquallSpo,cont(alto_tax)and• thopartic:losizoandlDarticlosizodis_,tl_._ionorthe
coaJpr_ ofSU.S.27/ttobpmL Thek_ oo_tele- soil;and
meritsdetemmingthepmd_ pdcowerethecoal • II_ pmsonco_ o4t_ormalmtals_ntl_o

' prlce,theamountandWk_o_ol, andk)a kmer ex. o0ntmlr,md eolcapal_ o__ bhe
tenttheopemtJngandcapitaloosSa, oordamlnar_,e.g.,coke.

OelpendtnOonthesolcl_wactertstk_,theClean
VarLznce_ Ix,_med onthecoalpdcesug- Sonpmoe_ pnx:odurescanbereadUymodlnedtogestedU_atuslngthe_ m Wocen ce_d

refuse(coaJpdco- SU.S.On)couk:lpmdu_ a c_ean ad',leveU_ebestwoceespedonnance.
coalproductatSU.S.2S26perlon.Sucha _ "
wouldbecompetllvewil_U_ _ co_ o(low.
andrnedlum-sulphurcoa Intheatom U.S.
(Wk:edat SU.S.2O_oSU.S.28porton).
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Table L Clean-upof ContaminatedSoilUsingCleanSol market for agglomerates exists near the plant, and
Pmcms: OverallMamdaJBaJanceforSke #1-1, BaCh at $Cdn 46.97`1 for a case where agglomerates

'. Tests. would have tobe shipped for saJe.The costs indi-
Contaminant cated are withinthe range of current costs of wast8

¢m_mntlon, % disposal($Cdn25to$Cdn35 perton,forhauling
ofc:omamlrmnt Feed Proc:mmedanl sweadng).However,sincespreadingislikelytoeolP

be unacceptableasa disposalmethodinthefuture,
Tar#1(1) 8.6 0.07
Tar #1(2) 1.2 0.00 theCleanSol process04ferna viablenewtechnol-

.... Tar#2(2) 66.9 0.10 ow fix oilywastedisposal
Tar#2(8) 0.7 0.10
Tar#1-I 5.6 0.07
Tar #2-2 I0.6 0.17
HeavyOil 8.7 O.O4 V.Conclusions
Oi (light) Spib 2.0 0.17
GIotine Spilb 3.1 0.06 Three new pc=cess_ were developed in the first
Oi (heavy)S_h t 43.0 O.O8 twoandone-hatyews04theConsortiumCoaJ
Oi (heaw) Spiib il 0.2 0.00 Processing Devetot_llent _ based on ARC's

dlrtvedk_///_m_ doranottrod I(XX)plpm(0.1pmnt) prsUN_'lm_ovEkjs_()ft (_ _ _ sl.Jgges2
' mmeomanmL thatthemostIxomtCngoplx)Nunttlesandtheircon-

smim fixfurtherdev_, are:
large PilotPlant(IATF) • _ oflowrankcoalandheavyoil,

The. Integrated Agglomeration Test Facility was • beneflctation of bituminous coal refuse and ROM
reconflguredfortheCleanSoilIXOCeSSoperation coaLand
(flowsheet#ARC20).Thepilotplantmnsprovidedin- " c_m-upofcontaminatedsoil.
formationonprocessconm_andperfomanceof
eachunitoperationat meady-statecondilJom.For Themior tedvlcaJandecononVcconsmmts
somefeeds,however,lesslhandeslmdpedor- _ mu_besolvedfix eachpmcossare:
manceof theIATFwasobtainedbecauselimled • thetechrlcalf_ ofcoal-oilpasteextrusion
processinformationwasavailab_ontheklrwtk:sof inoo-upgra(k_Oof coalandheavyoil,
agglo_ andtheseperEion04conlarninam •lhe reducllonof lhe wnount04Ixk_gingoilrequired
fromthecleanedsoil. fix pmducl_ of _ sizeagglorner_esin

A_ _ of p_du_ a_domem_ _ ___r_ of _unmous com, and
in theIATI:wu tom_ |ori_ _ q_ndingand • Uwolxfmimtlenofrho_s_ing _e_x|in
com_mlon_ by_ _- c_an_ of m conmmln_adsoil.
ing, Inc. The tes_ Id_m)d that _ pedor- The resul_ described in Volumes I, II, and III of
manceande_ toragglomer_esfromtar misReportsummadzadac_evementscorq:_et_
refusewereSInVWto _ pedommnce04 pdorto December31, 1989.Sincethattime,how-
HVB coal used in I_glOnlmldion. ever, fuNNlr Improvements in process pedo_

... were_ andIXesenledto theConsortium
membem,'T11esenlsullsw|llbedescrt)adindetailU'I

FeasibilityoftheCleanSoBProcess theupdmd mix,ts_oreachIXOcoS¢
The¢orrmm_ feasidllyofusingtheC4eanSoil Eachoftheseted_nologyoc¢ortunitleshasad-
processfortreamm_04oiywastefrombitumen var¢_ inthisyear(1990)04thecormortlumpm-
upgradino was evaJuated. The plant was assumed gram, to a stage where i can be pursued by smaller
to be a _ piar/loc_ed in AlbertaandcopoDle R&Dconsor_comprlsed04men_emwithan inter-
04processing30,500tonnesofoi,/wastesperyear. estinoneortwo04thetechnologyareasonly.ltis

onwhetherpulverizedcoalwasI:ur- recommendadth_ futurewcd_inthisprogrambe
chasedor preparedatthel_4ant_e, theplan|caplal pumuedbysuchconsor_ adclressingeachtechn_

II

. lions,re_ly. Thecost04dearmgoilywaste
was estin_ed at $Cdn 31.39,I, for a case where the
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1.Introduction

1.1.TheCleanSoil Process 12. ObjectivesandScopeof the Program
TheCleanSoilprocessisa spherical awb_ The overall_ oftheCoalDevelofxnentPm-

• wocesscapal:4eofc4eaningconlanVnateclsoilsfrom gramhasbeende_ indetailInSection1.2.
manufacturedgasplantsites,oilspillsancloly VolumeI ofthisreport.Thegeneralobjectiveswith
wastepits.Intheprocesscoalisagglomerated respe_toco_ecl soilclean._jphave_hee_.n_e
ugngtheoily/tam/wasteinthesandrefuseasIxtdg- deve_ d technoiogkmwhichwould:
ingoil.Thepmdm:lsofthe_m:esstrealmenlare • cleanupcorVanlnatedsoilsatmanufacturedgas
cteansoilsuilabletor.disposalinlandills andsolids plantsites,coking_ sites,andbenzolplant
fuelmadeupofthecoalandhydmcad:_oncon- sites;
_, mitabietorc_lixlstioninindusUlal • deanupcontanlnatedsoilsfromoilspUls,oily
boilers, wastespits,andotherhydrocaJtx_spills:and

Aslmplifl_mnlatic _ rhoprocessandpmdt_ • treathuvy ollandemulsionsp_lsfromI_eavyoi
stearin_ Oh,en_nROUm1.1.'meclapped_ recoveryandupgrad_p_ts.
mnngu,s_ _gota_ sotVeatmmi_,nt Theqx,cmc_ ottheClewr,Solp,_ram
capableol processingollyand_ry wame. weretoexploreandevaJuamthe_ ottim

The_ IXeCe_Saris_ conmn_ed aOoIomem_tecmo_y
soube_ ledirmthe_ wheret ismixedwt_ • c_m upo_cmXm_maedsoilfnxnrna_actured
hotcoal/WaterskJm/.Thea_nWntss.e then gasI_ _es byremovingthesok_ tar:,

. screenedandthe-1mmrnalerialistran_ermdioa • recovofyofcon'dxni_ matedaJfromtarrefuse;
highshearmixerwheresoilcleaningandthegro_ and
offuelpaniclesamUnues.Then',k:magggomemes • tesSngthe_ andmmbugionpropertieso_
(fuel_) aresepar_edlmmthecte_nsoUina therecoveredcoaYtaragglomerates.
flotationcell._ agoIomera_es(>1.0mm)canbe Thepmjec_addresseda hUnteroiresearchis-
producedbyfurtherprocessingofthen-_ suesrelatedmemabUshmentofthetoct_rdcaland
gbmeramsma lowshearmlxer.Thegreenag- _ _ ofmeC_eanSoUpincer, e.g.,
gbmer_esarescreenedandair_ inmx:kites, sokdtonofeng_eemgpmi_m_,andImpmvernent
Thefineanclooan_cl_n soilare_. flllerecl of ixocess_ _mcleoonomic_Inaddition,the
and_o_. cleanedsolI'_ to_ sl_ownto_ ac_elX_:_tor

The_ Soilixocemonemuvoml adv_ disl_s_ andthe¢omnzoUagglome_eshadmbe
fortreaummotc_wnln_ soilsandoilywastes, shown_ _ comlm,_nionin indumrlal
namely: bollem.
• lt Isal_ _oa widerangeotcomamnanls Thekeyt_ andprocesseconomicareas

andco_' _es. addressedtnll_epmjeclwere:
•Itmeetsst,_p.xUx__kx' •Rrocee_Reoeemh_mdete_t.e
c_eanedsoil expecmdprocesspedonnanceus_gbatch

•.#hasak_Neroxdandbe_erem,gye(_ _ c_aracte,_ rneUx_dstorselectedreeds,and
ro4atNotomc_era_o_breedprocosms, toobta_pnx:eu_do_ usef_tome desert

• ._s_tmnU_ _ woceeaeand m:loCemUonoit_eIntegmedA0olomermion
doesno(requireexpens_ _ TemFadlily(IATF).

• Itpmmtsmiobethomo_co_etl_:liveproceu • EnglnmftngStudlm:_odeterminet_ekey
overallforthearroyoreasom, designcontainslotb'_eIATFandcommen_al
The_ _senectiveletdean-_ otsoUs plar_ toclevek)ppmce_cormelsu_egy,to

" I_av_gtarancl/oroi _ _omasUl_ au ol_lalner_ andopemlngd_a requndfor
1 percenltoover50pefcenLltcarlbeq_raied m processevak_u_n,and_odeve_ des_nc,_eria
co--coal _ froma fewI:_rcemto40 per- forco_ designam oos_anaMmo_the
cenl,and_ed solswhichcontaincoanm CleanSoilpex_s_
andporousmamdalscanbeclean_ withrnlmr • RroductChamctarlz_on:toassessthe
processrno_lk:atJo_ c,_busl_nbehavioroitheproductaog_omeme_

andtoc_e_ theirhandlingandstorage
;xeperlkm.



* 1I

L____

OtY WAS 11JMSLJ_ :- MiCROAGGLOMI[RATION

I
COAL FLOATATION ,U_LOM[ItAI_J

. SLURRY (an¢l Wtkmal) 01[WATIl]RING -
PR[PARAnON (macro_i_om_rates)

i _c'_¢q: w,_R Irlt.11ER p._i
PRE:SS

Rgure1.1.Schemalicreprmntaliono_theCleanSoil

• Sconomk=S_d_: to_erm_ the_ 1.4.ReportOrganization
feasibility of the process_ vadance
analysiswith mspecl to majoreconomicand The results04the ARC/EPRICoalProcessing

• processparameters. DevelopmentProgramare presentedinthree
Tho scope 04theprojeslcovereda numberof volumes,each addressingspecificapplicationsof

diverseactivitiesincludingbatch andcontinuous advancedagglomerationtechnology:
scale agglomeralionandseparationtests,oonstruc- Volume I - I.Jl)gradb_of LowRankCoals:The
tionandoperationof a 6 tonneper day pilotp/am, AgliothefmProcess
andcherac/edzatlonof pm(kx:lagglomeratesin Volume 2- Removalof AshandpydtlcSulphur
benchandpilotscalecombustionrigs. fromBituminousCoals:TheAgiofloatProcess

Volume 3- Sol Clean-upand I-tyd_n Waste
TreatmentPmcees:The CleanSoilProcess

Eachvolume04the reportis supplementedby an
1.3.ProjectOrganization Appendixcom_ing_ backorounddataand
The project o_gantzalionchartis presentedin F_um addilionalirdonnationanddescriptionsof process
1.2. designs.

The projectwas overseenbytwo_ees: 1) Thisvolumepresentsthe msutsof ARC's
a ManagementCommitteewithresponsibilitiesfor laboratoryand pilotplantworkonthe development
programplanningandfunding,and2) a Technical • of Improvedtechnologyforsol clean-upand
Committeewithresponsibilityfor programoperation hydrocarbonwastetreatment.Chapter2 beginswith
and comkcL The detailsof the speclicmspon- a descriptionof contaminatedsoilsselectedfor test-
sibilitiesof bothcommitteesareprovidedinSection ingwiththe CleanSoilprocess.The chapterin-
1.3,Volume 1 04thisreport, dudes descriptionsofthe benchexperimental

proceduresused and the resultsof processre-
searchanddevelopmentwork.
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Figure1.2.Projectorganizationchart.

• In Chapter3, Volume3, designstudiesofthe ag- mental regu_ions andcompliancerequireddepend-
glomerationmechanismsarediscussed.These in- ingontheapplicationof the process.
clude evaluationoi criticaldesignissuesinthe Theconceptualdesignandcostanalysisfora
process, mobileCleanSoilplantarepresentedinChapters7

Chapter4 describestheexpe_ resultsfrom and 8. The _ormation presentedincludesprocess
the IntegratedAgglomerationTest Facility(PDU). andeconomicdataand financialanalysisofthe
The chapterstartswitha reviewof majorequipment . plantoperatedto clean oilywastes fromthebitumen
andinstrumentation.Thisis followedbya descrip- recoveryplantinChapter7 andprocessand
tion ofthe plantauTanissioninganddetailsof the sconomicdatafortheplantoperatedto cleantar
operatingexperlelv_, refusefrommanufacluredgasplantsitesinChapter

Chapter5 inct,:iss a descriptionof thepilot-plant 8.
condxJstiontests,andhandlingandstoragetests Chapter9 presentsthe majorconclusionsand
conductedon agglomeratesproducedfromtar recommendationsrelatingtothe CleanSoilprocess.

• refuse.The descriptionincludesdiscussionof The key issuesaddressedare furtherimprovements
generalgrindingcharacteristics,firesidepedor- of the processefficiency,anddevelopmentof a
mance,etc.,of the agglomerates, broaderdatabaseforcleaningdifferentsoils.The

Chapter6 reviewsenvironmentalregulations referencesquotedinVolume1 ofthe reportare
whichare Ikely to applyto the operationof a mobBe presentedin Chapter10.
CleanSoilpi'Jntforcleaningoilywastesfroma
bitumenextractionplant inAlberta.ltlistsenviron-

4
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2. BenchScaleCharacterizationofContaminatedSoils
III

2.1.ExperimentalProcedures temperatures inthe 70"to 80"C range.The "
bituminouscoalusedwas pulverizedto a nominal

2.1.1.Approach topsizeof 600 Mm (-0.6mm).Next, ali coarse

The batchtestsleadingtodevelopmentof theClean materialwitha paniclesize largerthan3.3 or 1.0
mmwas removedbyscreening.Inthe thirdstep,

Soilprocesshadthe folk)wingobjectives: microagglomerateswereformedby highshear
1. Todeterminethe compositionof tarrefuse mixingandthen separatedfromthe slum/byfroth

samplessubmittedinthe program, floatatlonina standardDENVER floatatlonmachine.
2. Toassessthesuilabllityof tarsand other Inthe fourthstep,thefrothandtailingsweredried

hydrocarbonsinthetar refusesamplesforuse as (filteredandwashedfirstfortailings)at 60"Cfor 4
a bridgingoilin agglomeration, hoursand weigl'-'_d.Rnally,the woductswere ex-

3. Toobtainprocessresearchinformationusefulfor tracledwithdichloromethaneto determinetheirtar
thedesignanddevelopmentof theAglofloat content.
processforclean-upof tar refuse.

4. To developdata andinformationrequiredin order
to use the IntegratedAgglomerationTest Facility 2.1.2.Equipment
for cleaning tar refuse samples. The batchte_.._iuipment includeda tumbler,a
Each testusedup to 550 gramsof contaminated laboratoryfloatatJonmachineand auxiliaryequip-

tar refusa,250 gramsof coaland an appropriate ment and instrumentationusedforsampleanalyses,
amountof water.The sizeof a totalchargeusedin productanalyses,handling,etc.
the batchexperimentswas determinedbythe Theturr_lerwas a 2 liter,doublewagstainless
capacityof the equipment, steelvesselwithfourbaffles.The spacebetween

Figure2.1 providesa schematicrepresentationof the wailswasfilledwithsandto maintainthe
theexpedmentalproceduresusedfor batchevalua- contents'temperature.
lionof tar refusesamples.The experimentswere The laboratoryfloatationmachinewas a modelD-
pedormedinfive steps.First,tar refusewas mixed 12 DENVERfloataticncellwithinterchangeableira-
witha slum/of coal and water in a 2 litertumbler pellerand diffuserparts. The machineproducesits
rotatingat 60 qotn,for 5 to 15 minutes,at selected own airbut anexternal,pressurizedfloatationair

T__TV_
1

COAL _ , i --- i •

-o.6mm - I EXTRACTION

TUMBLER DRYING --i (dlchl_'omethcmt)

I g SCCuIU[T,Ul

FROI_I

iii

DENVERSCREEN - FLOATATION

-I.3...3or 1.0mm MACHINE

_ i

ITAICN¢_I

__ _ ....

FILTRATION Ii [:XTRACIION

¢OA/IS[lll[JtCT ANO -- (dichiocomithorlll)DRYING

s SOLulcJ[TAR

Flgum2,1.Schematicrepresentationcdbatchtestingprocedures.
i.

li .



sourcecouldbe used.The machinecouldbeused materials.Smallsubsamplesweretakenfrom
as a roughseparationcellor as a laboratoryfloata- drumsforanalyses.
tionapparatusforstudyingthe floatationcharac-
teristicsoi variousmaterials.Themachinecould 2,1.4.Test Methodsand Procedures
alsobe usedtorstudyingthe effectsot variouslloc-
culentsandadditiveson therecoveryof hydrocar- Table2.1 and Figure2.2 depictthetestmethodsandseparationproceduresusedto characterizethe
borisfromthetar refusesamples, tarrefuse,coal andprocessproducts.Where re-

quired,other specializedtestswere alsoemployed
2.1.3. Sample Preparation to determinethe structuralcharacteristicsoftars.
Several smallgrabsamplesandtwo largebulk Ingeneral,evaluationof tarrefusesamplesin-
samplesof contaminatedsoilweresubcrdttedfor volveda cleaningstepwheretarrefusewas
testingintheAglolloatprocess.Alisampleswere vigorouslymixedwithcoalslurryanda floatation
preparedforthe batchtestsasfollows: stepwhere the combustibleproductinthe formof

• • Smallgrabsampleswerevisuallyassessedfor rnicroagglornerateswas separatedfromtheclean
homogeneityandwatercontentand, where soil(tailings).The productsoi aglofloatationwere
required,samplesweremixedbyrocking, tested for:.
tumblingor stining. • ashandtar inclean soil (tailings)

• Representativesubsampleswere takenfromthe • ashandtarcontent incombustibleproduct.
homogenizedtar refuseto determinethe tarand

water content of eachgrabsamplesubmitted. Table2.1.Testmethodsandprocedures.
• Largerockswere removed.
• Samplessubmittedindrumswere blendedin a Sample Testmethod Procedure

cement truckand redistributedto drumsagain TarRefuse Compo=ition DeanStark
after removalof largerocksandother attrital % water Extractionwith% tar toluene

% solids
Non-extractable Proximate(Fisher
combustibles, CoalAnalyzer;
% ASTMdraft)

Particlesize Screenanalysis

! "-- J Tar Elementalcomp.Ultimat,Volatility GCsimulated
distillationTGA

'='='=" Mole(ulm'weight GelpermoatbnImnlmte.

"_. distribution chromatography
""-- (gl:c)

Hydrocad:on Column¢hmmato-

J J c_ssanaly,is graphy,infraredspectroscopy

(,.M,,i..,,..,) (.4,,,,_=.=,.) "_ identification massIpectromeW
(gc- ms)(EPA
methodSW8240
and8270)

• Pmduc="
J Combu=idesComposition Solventextraction

""'="" i (microaggiom)% Tar (CH=CI=)nN,- -o." =.,,4,.,,=,,. %Combustib_=Proximate
J %Ash Proximate

r CleanSoil Composition Seeabove
(seeabove)

Rgure2.2.Proceduresto_determinationotcompositionof ParticleSize Sateenanalysis
tarrefusesaml:_es.-



2.2.ProductResearchandOptimization Tar,%w_w 0.2to896
l_n-extractable 1.9to 30.9

2.2.1.TsrRefuseSamplesDat8 Mineralmatter,% w/w 2.9to92.2
Watercontent,%w/w 4.5to54.0

SmploAmyws
The_ oftheanalyseswastoevaluatethe Thekeyfeaturesdepictedare:
pmpe_esofthetarre_.sesam_eswhichwereto • _ #1(1),#1(4),#2(1),#2(5),#2(7),#2(8),
be l:X_=euedinbench-scaleunits.Intotal,twelve and#2-2havelowandmediumtar contentyet
smallgrabsamplesandfivebulk_ fromtwo veryhighcorr_stUes.
comminated sitesweresubornedfor testing. • ,Samples#2(5),#2(6),#2(8),and#2-Aamhave

Theaverage¢ompo_n ofthegrabsamplesis vmysmallamountsof solubletar.
giveninTable2.2. • ,Samples#2(2),#2(3),and#2(4)haveverylow

Co_ histogramsforthegrabsamplesan) mirmralmattercontent.

givenklAlXXlndix2, I=IgurosA2..1andA2.2. SolubleTIIrArwlymsForIxJksamples, a listof_e hUnter of dmrm
receivedhorneachMe ispresentedinTable2.3. Aseriesofdaaled analysesof solubletarwerecon-

ductedinsup;x)rtof refusecharactedzalbn.TheThacorrcosltionoftheblendedtar_ sampiss
forselecteddnansisWesentedinAppencix2.An analysesperformedarelistedinTable2.1.

Inthlswod_theterm'tar"wasdefinedu anyor-averagec_ lm'eachMe ispmmntedin
Table2.4. gang:maledalexlng:tab_withtokJeneand/or

Therangeof con_ fordlferenltarrefuse _. Intwoinstances,afterremovalof
componentswas: thetarwithI_uene,theSoNdewereextractedwith

totrahydmfurano(THF).Thediagramof _ros
2.2.Compmllonoftarrdusogrinwnple¢ is showninFigure2.3.Thepuq:oseof It',istestwas

TarrofuN,m% toeeiWzmetheamountofhighIX)Jarhetemamnut_
S_m=e/ "ntr SoJld8 Waw ._ In compoundethatrrdghtadverselyaffectthe
mmplo solid8 leachai_lytests.Suchtestscouldeventuallybere-
Slle #1(1) 6.9 73.6 19.5 69.8 ql.dredto cl:qlply with the Cisan Air Acl reoulations.

(2) 1.1 94.1 4.8 98.0 Theelemental_itJon, molecularweightdis-
(3) 5.2 90.3 4.5 92.3 tdbutJon,s_'zulateddistillation,hyclmcadoontype
(4) 1.2 4,4.8 64.0 u.5 _, Imn'nogravimetrk:ana_/s_andinfrared

Site#2(1) 2.0 87.0 11.0 69.0 spe(lmarepresentedinTables2.5to2.10and
(2) 38.3 18.9 42.8 25.4 Figures2.4to2.9.
(3) 5L6 28.6 11.8 10.1 Inoeneral,tarincontamlnatedsan'q:)kmwasvery
(4) 41.7 43.9 14.4 29.6 _ ThenitrogencontentwasreM_velyiow.
(s) o.s 79.0 20.s 64.8 Tarcomistedofcomponentscharacte,tzedbya(6) 0.8 92.3 7.1 94._ .
(7) s.2 _ 11.5 72.6 broadmolecularweightdistribution.De_ on
(8) 0.8 87.4 12.0 81.8 the sample,the portionof tarwitha molecular

¢4. Av_r_ compoMionoi'l:_ndodbulktar
Tab_Z,.,_.ek,nd_w_d_ ofbulkw r.,fu_ mine,km.
'WnP_. "nu,n,fuso,wt,% '

Nmnbar of bamm Souroe Tar Solids Wsmr Ash in
Satm:o asree:elved blended" solids
Site #1-t 40 40 SI_ #1-1 4.6 79.6 15.8 84.2
Site#1-2 30 26 Sb #1-2 1.0 83.3 15.7 -
Silo#I-3 9 5 Slll#1-3 2.3 77.I 20.6 -
Sir4#2-2 125 81 Site#2-2 8.9 753 15.8 66.2
st,#2.A 38 81 SU.#2-A 0.2 81.8 18.0 -
•M.r,*_ ,_,m.,_ ,, ,,,,m. w_.,=k,, -

g
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TJi" i :I__yleUohy4rokaron estroctJ_ i

[ "-:
I I Flgura 2.4 Slmulahlddistillalionof sil. #1 1taz

n4r soLue_ so_ 1 ml. weight>400 lav 10001
2-tool weight>400 (av.330).

Figure2.3.Diagramforemmctionoisolubletmr(tarand
THF solubk_). • Table 2.7. Molecularweight(MW)distributionof tarby

GI:C.

Cumulellvt wt, %
Table 2.5. Elemenlaioom_ oftat. MW eluUGrtvoL SLmple #

Grabmrnplo# Bulkmm_leiP range mi 1 2 3 4 S 8 7 8
S#a Slm Site _ Site#I (grabp

Wt% 11(1) 11(3) I1-1 12-2 >300 120 28 30 26 48 ....
<300 240 72 70 74 52 - - -

Carbon 91.1 90.8 83.8 84.3 Sill 12 (grab)li
Hydrogen 6.6 6.4 6.4 6.2 >400 150 56 44 24 47 64 48 81 82
Nitrogen <0.1 0.2 0.2 0.3 <400 250 44 56 76 53 36 52 19 18
Sul;+mJr 1.3 1.2 5.2 6.9 Silo #I (bulk),:
Oxygen 0.9 1.6 4.4 2.3 >4_ 100 34 .......
AlomicH/C 0.87 0.85 0.gQ 0.88 <400 300 56 .......

•alw_k _ S_e12('uik),:
>400 100 - 40 ..... +
<400 300 - 60 ......

Table 2.6. Elemenlal_ of THF m31ublmL a:SX-4colunm;mwa:kmon >1400;v_l rot., rnt-10e;
II_kmml_ # cmmmimmb:SX-3column;mw_ :,2000;v<)idvoL,m1-113;

wt, % Slm 11-1 SIll 12-2
C_on 78.9 86.2 c:SX-Ocolumn;mw_ >:3JO;voidvoL,mi-160;benzene
Hydn)pn 5.4 5.1
Nitrogen I 0 08
Sull=Itur 4.9 3.3 Table 2.8. MolectJlarweightdisUi3utionof THF solublu.

o.8 s.8
Alomic_ 0.82 0,72 wt, %
Y_c_ 028 0.36 P,._ _.,nple #

• .wt., mrreku _ mm. mw,range, Slm 11-1 Site 12-2
>40o 57 64
<400 43 36
8:cm_,_r,s askx SX-8o_umninTable2.7.



Table 2.9. Simulateddistillationof tar ((lC). ' "
nii

WL%
Grab sample Bulk sample "

Tempersture Slto Site Site Site 51",4
range ('C) 1t1(1) #1(3) #1(4) #1-1 42-2
so.o 29 2 3 " -
250-300 20 18 10 14 9
300 -350 15 15 10 14 12 .-.;'
350-400 8 11 12 , 11 _
400-450 4 5 9 6 8 _W"_

_m_ 3 3 9 3 8 i

msidu_z 21 27 43 30 . 39 _ X_

: : 9 ! : ! ! : I ! : ;
Ill 1111 IN NII _

Table 2.10.Hydrocadx)ntypeanalysism, r( _m,._c (-¢)i.i

gp4:fraction wt. % Figure 2.5. Themtogravimetricanalysiso( sle #2-2 tat
cum. Hydrocarbon (_:_)_
elutlo¢l Yield type 1- cure.elut.w)L,ml50
vol, mP % Aromatl¢_ PolarP Poladld Loss 2-cum. eluLvoL,mlTS . mw>400 (av1100)
Site #1-1 3 - cure.eiut.vi., ml 100
50 22 1 30 "48 21 4 - cure.elut. voL,ml300 mw<400(av350)

250 78 61 21 9 9

Sizer2-2 Toes_natetheconcentrationsoftargetcom-
50 27 4 28 32 36 pounds inthe contaminated samples as well as to

250 73 cs 34 10 11 evaluatetheefficiencyoftheclean-upprocessin

_!chromazogra_icsqwmm on_mina4dl_ gelcolumn their removal, Site #1-1 and Site #2-2 feeds and•_ w_hIs_._ _ penwm processIxo(k_s wereanalyzedbyRaclianCorp.c: eluaedwdhbenzene
d: ekmdwire4_X,meew_ indk:Nmzmmlwne Selected results are shown in Tables 2.11 and 2.12.
e:molecuwwJghZdKmas_,Ch immm_ ZheV,z_n voka_. Appendix 2 presents the data as received.

2.2.2.AglofloatProcess
weightbelow300- 400vadedfromasmuchas 76

The Aglofloat process was developed for beneficia-percenttcasIiUleas 18pmcmloftotaltar.
The tar molecular weight dJsMbutJonis reflected'in tk)n of coals. The procedure is a corm_ation of ag-

the volalil_y of tar. The higher molecular weight (mw glomeration and floatation methods. Mixing a
>400) portionof liarcorresponds muglW to +500"C coaYwater/bddgi_ Ik:pJldslurry in a stirredtank of
rv:m-dstillable residue. The aronmc hydrocarbons solidsconcentration of 25-40% at about 2000 rpm
are mostly concemraled in the lower molecular produces microagglornerates, which are then
weight (mw <400) portion of tar. separated from the dispersion by floatation. The alp

The major hydrocarbons Identified in the soluble pUcationof this procedureto the clearPup of solids
tar were naphthalenes, anthracenes, phemmthrenes comanVnated withtam/and/or oily residue is based

on the presumption that these contaminants will play
and pyrenes. Appendix 2, Figure #.2.3 presents an the role of I=ndgingliquidswhich are required for
example of the spectra of the soluble tar and a coal to agglomerate (Figure 2.10).
detailed listof _ identified in tar by capil- The nature cdthe tar refuse samples to be

gall ctvomalographtc-mass_ ..,..,,.,,.,,.,.,,.., A_,_ ,.......-..,.,.-.,,._,,.., ......_
,;, methOdS.AS expected, the tar refuse contains a mix-" .... '"''_ _".... ...............

lure of complex hyclroaromaticcompounds modircalion of the standard procedure. Firstly,to ac-II
i _ generatedduringcoalcarbonization, commodatesoilsaml_esthatcontaina highpropor-

IIr 8 lionofcoarsesolids,a stirredtankwasreplacedbYatumbler.
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Figure 2.6.Thermogravimetricanalysisof sll #1-1

0.3hydrocadxms(row<aO0).
ii

Table 2.11. Site#1-I radiananalysis. _ am mo ,_ _, ," ,_
W*,_:NUMS(RS

Sample Voilles Semlvolatllu Total
Feed 74.06 2,567.0_;1 2,641.06" Figure 2.7. Infraredspecuaof di #1.1 tar (gpcfractions)

1 -_. _¢ _i., ml_ iFroth 18.45 7,139.U0 7,157.45 la - cure.elut.viii., ml 100 mw>400
CleanSoja 2.20 197.26 199.46 2 - cum.luL voL,mL300 mw<400
Ware# 826.36 3,320.00 4,146.36

,i

I: 0.17% tw;,b: pQ/L
T_b_ 2.12. __ of _n_u" u_m_

Secondly,tofacilitateanoptimaltransferofvie- hydrocarbons(ppm).Site 41-1 Site #2-2
cous tar from mineral matter onto coal, the process Hydrocarbon Feed Clean solP Feed Clean soilb
was operated al elevated ternl:eratures. Figure 2.11
shows the effect of the tumblingtemperature on the Naphthalene 110 2 310 7
amount of tar retained in clean soils. The amount 2-Methyl.,

,-mphthaJene 270 5 72O -
retained decreased rapidly as the temperature al>" _ 11o 6 360 6
proached 70"C, and then levelled off. Basr¢l on Fluorene 57 3 28o e
these results ali subsequent experiments ,Nem per- Fluoranthene 76 18 410 12
formed al temperatures between 74 and 80"C. The Phenantrene 210 42 1200 68
experiments and productanalyseswereconducted Chrysene 36 9 250 10
asdescrbedinSection2.1.1. Pyrene 110 26 50 14

l: 0.17%tar;,b: 0.25%tar.
R_ults w#h SIW irl (Grab sample}

Table 2.13 presents the clean-up data for samples 1 • The tar retention in the tailings of sample #1 was
to 4. The key features depicted are: high (0.8°1o).lt is likelythat them is a relation
• The clean-up objectivewas to retain no more than between thai retention oi tar ar_ tl_ I:Xm,-,,u- of

1000 parts per milan (0.1%) of solubletar Inthe coke-like inckJs_ns in the soil,since sample #1
tailings. Only sample tr2 achieved this target level.

9
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o,. li _j _ Figure 2.9. Infraredq:)ectraof site01-1 thfsolubles(gpc

ez__.__ fractions).1_mw>400; 2 - mw <400.
"_, : _ : _ : : contained I high concentration of Insoluble

a, _, i 2,_ m ,,- m combustlbies(30.3%).
w,_,u_Rs • Sample 4 exhibited difficultieswith formation of

Figure 2.8, Infraredspectraof site#2-2tar (gl:¢fractbns), froth due to a large content of clay in the sample.
1 - corn.eluLvoL.ml50 • Blending sample 4 with sample 2 resulted in better
la - cure.elut.voL.ml 100 mw >400 troth recovery.
2 - com. eluLvcd.,mL300 mw<400 Table 2.14 depicts the results oi additional batch

expedments conducted to improve the fioatation
characteristicsof the blended samples. The key fea-

Table 2.13. Site #1 ckNm-upof tar rehamgrab samplesby tures presented are:
Ag_lo_ procedure. • By additionof a combinalion 04 fmthers and
Sample _ 1 2 3 •4 colkK_OrS,letter froth and cornbuslibles recovery
Procmm Pammmwl was achieved and almost ali added coal and
Solidl _ %_ 37 42 42 22 soluble tar was recovered in froth.
Tar/coJ (cbd)rib 0.44 0.07 0.33 0.12 • The content of soluble tar in the tailings mrnaJned,
Tar Refuse.bed in general, at 0.2 percent.% Tar (toluene 8.57 1.20 5.44 2.50

soluble,mf) • The ash content of the froth varied from 14.3 to
% Combustibles 30.3 2.0 7.7 14.5 33.9 percent, indicatir_ mineral matter indusion in

(toluenesolubie,mf) ali instances.
Products • Fioatationcardedoutatroomtemperaturesupto
Froth 25"C was faster and yielded drier froth with lower
Yield,% of coal 140 104 137 50b

ash content than hotfloatation (70-80"C).%Ash 10.1 - - -
Tailings_
% Tar (ml) 0.8 0.0 0.3 _ Results with Site #2 (Grab sample)

•Fload,ion:,k3w.wetananoz_: Site #2 can le divided into 2 groups(Table 2.15).
c: Solids wilh panicle size below 3.3 mm. Samples 2-4 in Group I have a very high tar con-

centration and very little mineral matter. The

10
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, Figure 2.10. Pdncipie of agglomerij_ processasapplied Figure 2.11. Effectof temperatureontar indean soils.

to _1 de_.up.

Table 2.14.Co-procassingofmixedtar refusesamples#2 and#4 fromsite#1.

Hot fk_tatlon {7o-eo') coki fJoBtatk_.._2o._'c)
Ezporfmont #

1 2 3 4 5 6 7 8

Froth,gm 45.2 45.2 43.6 37.6 28.2 31.0 30.2 34.3
Tailings,gm 148.0 166.2 163.6 172.5 178.2 179.1 168.0 177.3
% Materialbss, (m.f.) 7.2 0.8 2.2 1.3 2.6 1.3 5.5 0.7
% Tarin tidings 0.2 0.2 0.2 0.2 0.4 0.4 0.4 0.2
% Ashinfroth 26.3 30.6 - 33.9 16.8 17.2 14.3 15.3
Additives

Frother,A65, 1 ml + + .... + .
Silicme,0.7 gm - + - + ....
Kerosene,0.4 gm - - + + _ + _ +

Charge:umpM2, 150g;Sample4,100g;emil,35g;Soidsomcan_wUm_-_, 3MG;Iloalibon,10%;%Satinked, 1.5.

samples in Group II are characterized by lowto in ali cases but one (sample 8) was very slow and
medium tar content and clay-like solids, wet. Samples 5 and 6 had a poor froth recovery. In

Table 2.16 shows the results of the Aglofloattests samples 7 and 8, a part of the mineral matter
for samples I to 8. The followingare the main con- floated together with coal yielding froth with a very
clusions: high ash content.
• The samples in Group I agglomerated readily In order to improvethe floatation characteristics of

resultingin large and well developed sancles I and.5, a series of batch experiments was
.... agglomerates and lowconcentration of tar in conducted, inwhich prior to processing, these

tailings, sarnl_es were blended with Group I samples. The
• The samples in Group II responded poorlyto the resuls are shown in Tables 2.17 and 2.18. The key

" Aglofloatprocesses, especiab/tO floatation, which resultswere:
• Better froth recoverywas achieved for blended

Table 2.15.Site #2 averagecompoMton, samples.
Group I Group H • Ash content in the frothwas much lower (8.2 to

Samples 2.4 Samples 1, S-8 9.9 percent) than in previous tests.
(%) (%) • The percentage of tar retained in the soil was still

SolubleTar 38 - 60 <1.5 h'lgh.
OtherCombustibles 14 - 31 5 - 28

, MineralMaSer 3 - 13 51 -87

11



¢_(LSi, #2ck,m-upof_ rdu_ _ by__ procedure.
(_,p n Gruel

SlmpkD# 2 S 4 1 S S 7 S
Charge,ge.

Coli 140 140 140 30 40 20 20 20
Tar I:ldlam 51 48 26 200 200 100 100 100

So_ls C.,occwlUadbn, 34 37 34 39 37 27 26 26
% inwll4r

T_ (dl_) ratio 0.16 023 0.09 0.1S 0.03 0.03 0.30 0.03
Tar RerUN - feed

% Tar(ml) 66.9 67.6 48.7 22. 0.6 0.6 5.9 0.7
% Mineralmalta (mr) 8.4 3.3 15.2 66.5 64.4 94.1 68.4 81.0

Pmducll
Fmth
Yield, % d ¢o41 116" 124a 98e 101© 39ra 84r-_ 350* 149"

Tmtngo
% Tar (ml) 0.1 0.1 26.P - - 0.5 1.1 0.1

""¢Wa_iomormm;b:not_ lumpooftta,mined inminos;_ mw, vmIota/on; d:lloamlonnotoomplm:,: h_oh_h

T_ ¢17.__ oitarr_umm_ 1and3byAglono_p,x_d,r_,.

1 2 3 4 S 6 7 8

c_er_ om
Coal SO SO 75 75 75 75 75 75
Sample#1 80 80 80 80 100 200 200 200
Saml_ 43 20 21 21 19 20 20 21 20

Tar/co_ % 27 29 19 17 18 21 22 21
SolidsConocO, % 28 28 31 31 28 36 36 36

Frothb 65.0 77.8 87.8 83.5 101.5 118.7 104.6 124.2
Tdingl 61.6 55.4 64.6 62.0 75.7 148.3 163.5 141.4

% Milllrkd bl (m.f.) 8.4 42. 7.0 4.0 0.3 1.0 0.7 1.3
% Tarinfeed (mJ.) 15.2 15.7 15.7 15.0 133 8.1 8.1 8.1
% Tar _ inTllUkI_ 1.3 0.4 1.8 0.6 0.6 0.7 12 0.4
Froffi- % mh - 8.9 - 8.6 82. 9,?. - -|

a:vatiablmkwutlgamd:1._(exp. 1& 3)vn,n'dJng_nsolmcl/nklR 1900rpm(exp.2 t 4_2. lar/¢(_rio (exp.2&4).
& m_lmc_mnntm (a._.S,6). ¢ pH-4(m. 7)_. _._ (,xp.8)

b: lut aralay Imim.

Table :LI& SII_12 m-i_l¢m_g d 9mup I and II
s,m_.

F.q.,r_mt,,. P.,m_ withS,, _ andSase2 (8uakSampkm)
1 2*, P 4 S DuringtheevakJalJonofthebulk_ fromSite

Group I #1-1 and SIo #2-2, I _ thai coal coaled with
Samp_43 X X tardidnotfloatwoperty,lt_ hirv:leredmeSam_ #4 X
Obr¢l#3&#4 x x pm(tct seplalJon(Table2.19).Poorfrothrecovery

(imp I in_e tem was¢x)inc_ntalwithlargequanttiesof
Sam_ #I x x o_ ar_ h_htar_er_on Intamr_. Theexperk
Sample43 X X X- menls,inwhichcoalusedina clean-up_re

• , Tar (ml) and tar extracted horn Site #2-2 for tar refuse was
Feed 15.7 7.0 7.5 9.4 &7
TaJinOO 0.4 0.5 6.5_ 1.5 1.1 _ed to Agk)flo_ procedures, ir¢llc_ed that this

%Ash-F_h 8.7 - - 9.8 9.9 pank:ularta_suppressesfroth_o_m_on(Tal_e2.20).
=,--T_.-j/,_md.,,,__._:0.!__-0._: _ am,-_mm_,,.._aO%._;h.

|F



'rabmL_L a.k mm_ tam,upWA¢_oammckxe "rab_=._.s_ #_. (euk)c_m-upW_
-__. ...... m,:.d.,.-.n.a_ pHon_ .m_...

i iii ii

#1-1 78 48 42 .2.9 _ 8U MA 52.7 18.1 $2.2
Slm Jl2-2 138 M 87 4.0 nmlved (g), ii i iiii

_tm,dm aum_:mdamnmt__ andmml:mai:m zmz,_ 1NW;Mn.__ m_
immln wmm uid_ b:barn m m room otcmL

_ z_ sb t2-2(b_) cmn_ W_k_m
mo.dm-,_d_m c_.

,_,,(_dmd_,. " ..........I. = S 4
oa0,mr _ _ _ _ V.lm

_cnum _ _ r-,_-F_d.0 1_8 11U 1=.o 118.o ,
Fmlh 78.9 ' 91.3 45.0 % Tarin Tdngs 2.0 1.6 1.0 1.9

18.8 8,4 %A_h In FroSt 8.2 11.8 12.8 -Ull i iiiii

m:r_ loos;Im:o.sm;_: S.0g;d: 1mlAmmU,

'niam&m.B,kmm,,_mdw,q_W_ _
amm_o_SomeProoNmvmrmmbm ._o_wah wkm.,,.
ToInm:_ mu_ c_bukW mkm satmes siln.1 Sldl_ •

mxkd: TarRduu 200 2O0
• mpt.g u_ H_.qO_orN_H so m
- azlcl_ al Imm Immm_._. clml. w_w _oo =mo

Flalh mmbed, g ?5 118
¢:olle_or ac. % Tarin Tdln_ 1.28 1.12

. oancltlar_g¢X xylme,txmzm_ °m,_ _.a,m(_
W I_mb_llml I nB

• "meli:mg_i_ blm/mui or_b-

• _ modomdmm mmm-,.,_c__
Thomul_ o__e mm weclmmed I_aw. F.z_rm_ #,

1 _ $

amy_ offemonflomation(Tal:Im2.21). 1._% Tar InTJng_ 1A ...... 1.g

FromCoiklctor:_ _ aIn_ c_leclorlm- _m_12_ _wm,m_; (_m, m*m d,_r.

and2.23).Ka,awm. clew mdoW cl_nm v.13s
haveabautmesan__'_ cx_c_ PmPe_m. pmwnl_ntomw.=e _t_rmasoc__ar_ sol

• Wllhl_eI_ addlUon_ a (x)le(:lor,lheIn_i_ Tal_ 2.24 _ _ no s_llk:ant change in m
m:ov_ _mas_. andmemaumo_w mamcl mn_mo_w nmm_ Inmo_l wu ot__
i, t_in_ c_mm_ In_ mow omre c_ mstmo_tio, c_m can_morm_
dem ml I_mu_hlowerman_ ommd mtheab-
imnce of a froth _ (Tabio 2.1g) but lt d mx- Elllct oi _od _ Appi:i_ oi ¢lllerenl• _omi__ho_,_mo. mpd_n__nl_

__.,,,__m,dm(m,_/m-Amd m,mUlyo__o0vm oi#mU_lotmrmain_iI_tM #moa(Tal_e2.28)."n_- _ _-- -_'--._-.4"_-..,-4 ,_,.3_Utm ,m.,m_am._tm _I

(omSlW_Owasa_i_idum_tarmguse_IslunYrumn_--._,,,-._.,n,,-,,v,-.------=
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T=_ US. Sit,:#2-2(tx_)c_=rmbyA_no_;xecedurourn0v:u0o_co,,_. -
_#

lP 17t 10 10 29 21 22

Coal PSE&G _Upper PSEI_ PSE&G Kemmere_ Ohio Upper

Fralh _ 0 102.4 95.0 120.0 115.2 117.0 114,5 130.1
% TarinTa&ngs 3.0 3.6 1.6 2.S 2.1 1.8 15
a' miamOal 2400q)m;Imlhooll_l_, duel. 1ml/76g oold;b:noiro_ mEre:lotaddmkc:md_unlinm_

numl_otclllem_coalsmaybeuuclwtflIrt Thetolowingm_ioncll_u_ developmentof
pmcem. IheClemSolpmcemIxLs_ontheax)voprocess

corv:q_Thmprocessusessolds_ _ the
EffectofAgitation:OneofIlleS#o#2.2balclles tuntW ofbetween60to85pen::em,Incontrastto
_amd v_ oUy_ mmwerenot_penmd the_ _ _ ,sesso,dsk)ad_0of
dL._ t._. mUVScase,two_ mUraL 30to3SpenmnL
mmo andt._, weretemd_the _
pnx:em(Ta_e2.2S).ThereUs s,O0_ ,_ in- 22.3.Modlflalionof AglofloaProcess
=easN a0_Uon_ ,_emind _nkmmud rho - 0welopna_ ofClumSoilPmcusamounlofImS1mcehadanddecreasadUwamm_
oftwrmalm_ _nmet_ngs. Themalordmerenceboa.senmeAg0ofloatan_the

Ina IKgescale_ andwhenthereare Cle_ SolpmcusmislhalsoUdsloadingw#hthe
ovemzedsoidsinconlamirmed_ aOilalion CleanSoilpmcessisabouttwiceashlghaswtmthe
inthesUrrNtankmaynotbefeasi_. ,q_:noatpmmu.Thehi0hraidsooncem'atJon

During_ animmmetnagtmJoncanbe nm_ inIm:maNdmmmo acuonbetweensold
accomloashsdby lr,erasinglm soNdsom_snlm- pmlk:lesofcoslsndfarroham,moreatlr_nofthe
tion."rbehlghermemim _rvermmn u_ebs_ oe/Uq0s_d, heme,t_er n.mval ofsoU:_etar
the_eracllonbetweencmdmdtta.mluw,andIM Imml_ rolL
nl_n l_wu_ _Id p_-_k__ _, a T_l_le227 (:mlll=enmte_ resultskx_ and
bettertrar_erandam_qXi_(_taron_(:oalshould olXlmlz__ pmce_res,_r_l__
be _ Cl_m Soll _ _ from Sties #1-1

and42-2wemselecledbecauseofpoorresultsIn
,_e_ Wocem(SecUon22=.). They_
a wrydenmlclnOtes_fortheCleanSoUi:mce_

Table 2.26. Sila #2-2 (buk) ciem-up by Aglollo_ The ruuIIs 8how sionfficanl k11pfovernentsfor
pnx:edum- elhO ot aoilalion, safq:ie #1-1 In tile Cleafl Soll pfo(:ess, and none for

E.xp_mm_ mml_ #2-2.Table2.28showslhaltheashvaknes
T.m..g SUntnp kxm 2-2m srnca k,ertrni

T_rm "C 77 94 84 _ 104'pure _ mal_M. This irv:_:_(m that
Froth_ g 90.1 72.1 10_.6 1_18111pie cofllakled coke 8rid char.
% TarinTaiings 4.6 S 1.4 Thus a 18ckof _111 in _ case of the Site
=:_,_ m_o__m:r _ b:,,;_aooq:m. #2-2samplecanbeclmc_reded1otheWeser_ •

oftarsaluraledcokeanddlmL Thue maledaJs
Table 2.27. Clesn-up of lar reham sampIN.

Tarmalmd I, uU TableZ_. Pmk_medm_._mmdm om:mn_ o_
(nnmI:_Jr.__) w rV_m_ol.ammoU_ _,dsi__ mnmmm_dwi_

So.roe k;_ k;k:no_ Cre, SoU P.rUm U,1,-1 Sa.n4

H "" "* ,.o-u ,, 91.o ,s "ro.a
_: Idixingin a _mlderfliOq_); b:I_Ax/ngina Un_clrank,24_0 +33 13 782 43 82.7

I _ o_m_Mon m a _ _ _ _.7_j_



Table2.29.Clean_ process- effectoffrothcollectoron Table2.30.C,kmnSoilprocess- char/cokoremovala,
tarremoval %Tar.free¢ornbustlbkminro)ii
FrothCollector• % TarretainedIn roll (-3mmparUclesb_)
% of ooel(daf) (-3 mmparticle_zm) Feed Feed CleanSoil

Slm111-1 Site#2-2 Site#1-1 12.0 1.6
2 0.64 1.60 Site#2-2 30.2 8.7
5 - 0.55 a:at8'x,fn_hoobcmraddnion.
8 0.16 0.17

a:_ (1:1)
Chmm:SiR#1-1:mmm/aJwm_ (O)"S3p/14011e0
Sm#2-2:_m_aw (g)- 3r_t2sot2oo Table2.31.Site#1-1:Tarcontentinvarioussizefractions.

Fraction Fraction Tarcontent
havea highaffinityfortar, andthereforeare not like- size ytekl of fraction
lyto releaseitduringprocess_, mm, % %

In order to effectivelyreducetar retentionindean o- 0.6 6o.5 0.34
soils,the _ mustbe removedas weil. 0.6- 1.0 20.6 0.61
One feasil=k)wayof achievingthisis by floalalion. 1.0- 3.3 18.6 1.59
The experimentalresultsin whichcokefloatation ,: w =mnr _ o- 3 mm,ol. o.r_.x,.
was increasedby the additionof frothcoleclor
duringthe separationstep k_the Clean Soilprocess,
am presentedinTables2.29 and2.30. Whentheoll Table2.32.AdditionalCleanSoilprocessschorn_tested
additionwas increased,the tar contentdecreasedin andth_ r_u_
theWocessedsoil.Thiswas alsoacoon_ bya Pracsmld Fraction %Tar
reductionof cofTibt,lib_s, lt shouldbe mentioned reruN recovery

particle al ©in Before Altar
thaiai 8 percentoiladditiorltherewas no_ for Procodum _ aoll 1,rest. lnat.
frother(Aero65 or MIBC)which was usedotherwise, mm % merit mm

Itwas notedtha the residualtar was not evenly
distributedIntheclean soilobt_rledfromSanlp_ #I- Selective 0-3.3 - 4.3-8.9 0.17Oi addlk:,_
1 usingthisprocess.The _ fractionretained _ 0-1.0 59 0.51 0.27
moretar (Table2.31). Since tar is assoc_ed with l:_oaumn 0-1.0 94 0.51 0.17
coke, thepresenceOftar-coatedcoarsecoke par- wlmreal
tickmimpliesthatgrindingmay be a necessarystep Ro,_r_ 0.3._ _S o.ss 0.40

C,dnding& 0-33 93 o.8.5 0.26to ensureade<TJstetarremovalby floatabon.
Variousaltemale processschemeswhichwere un- RepmcusJno
deftaken inorderto reducethetar contort inthe ""_ _ inn_.mwt
proceesedsoil,are listed inTable2.32.

Forcontaminmedsoilssuch as thosefromSite #1- requireddependingon the natureof a sarrcie.
1 and Site #2-2 whk:_are characterizedby: Selective grindingcan alsobe usedduring the
• the presenceof tar lt_ suRxessescoalfioalalbn, mixingstageintroducingballsandrodswhlchHen-

and sJflesthefrictionina tuml_r. The amountof reject
• the presenceof coke,chars andslagof various dependson the severityof grinding.Duringsepara-

size. tionby_, variousamountsOf middlings
Grindingof solidsto a particlesize suitablefor (solidssuspendedin water)maybe _ as an

• fioatalion and selectiveoil additionto assist end product.Dependingon the ashand tar/oilcon-
fioatabilityof carbonaceousmaterialsam both tents,the middlingscan be co_ eitherwith
recommended.Basedon thisrecommertdalion,a dean soilor both.
procedurefor processingtar/oilcontarninaledsoil Figures2.13 to 2.15 andTables2.33 to 2.36
has been developed.The procedureisoutlinedin describeindetailtheprocessingof samplesfrom
Fk_ums2.12. Site#1-1 (sae alsoTablesA2.1to A,?..5inAR:)erxlb

The use of bothfrothcollectoral the floalalion 2). The resultsobtair_ fromthe firststageofthe
_,,,,, ,.b,,inn_.v,_._.in0 a..r__.mp_ng may_.be .cre=tesswere:
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CONTAMINA TED SOIL/COAL/WATER Table 2.33. Site#1-1" Clean-upof contarninatedsoil

I processconditions.

! rUMeL,NG ! Tumbling
1. solidsconcentration 65-75%

(CLEANING) Z tarto coal (daf) ratio 0.18
I 3. temperature 782"C
• 4. mta'donepe_d 60 rpm

SCREENING 5. residence'dme 12 min
6. metal balLs 2650 g

i>_" ' ! <__"'1 Grinding

/ ! l ''FL°ATAn°NI 7. crushing_dtha hammerfolfowedbyGRINDING (SEPARAnON)J 8. wetgrindingin a ball mill,20 rain
I

I ' ' IReject Tailings 9. frothcollector:.Bitumen/dieselblend(1:1)
10. frothcollectorto coal(daf) ratio,0.10-\ /REJECT Uiddlings Froth 11.conditioning:1 rainat2400 q_m

/ I i 12. frothing:temp 35-45"C, 1100rpm;solids--_'. / concantmion,20-2.5%

i "¢REPROCESNNG

Fl,proc,=aa_l

I J ___._. 13.tumbling:coal andwater added;othe_ise as in3 to 6u_=_,_, = F,ou_2 14.floatatJon:frothcoleotor (9) added;collectorto co=•, ,, " I (daf) ratio,0.04; otherwiseas in 11.12
CLEAN SOiL/" "_ COMBUSTIBLE PROOUCT

Rgure 2.12. Processschematicsfor cleaningtar/oilcon-
taminated soiLs.

i

rRo_(1)==mo _
TAR OIL 21.1

, o.q oNSOL._ 0*I.I"
_ _ 10,1.0

=m (,__.I --
O TAll OL 1.0

INSOI.C(_il I.S "=
T441_ 4_1.0., _ A_ 20.1

TAIl Cn. 3,b.l _r %_._lmm _ v-.li
II_¢DMO 40,I _ O

n,,. _ TAN.{O) IrOa _MmCZSS=,_(,,3 , --
tn

TAIl OI. 0 •

_r_ 12.7 "'_ Irlt_,CllOII <t.0mm ._ .
m

O
0-- >,1,,1mm _-- ZFItO_ ¢OU.£CTO_ Ill.0

oi. _.o z •INS(X.CCM80
AS_ 0 x[J[cr_s.2(>l.o,m_

TAN OIL 0.2

INS_I..C_M_ I.I "*

ASe ._¢
,=.,.mm..==

II '
Figure 2.13. Materialbalance for clean soilpmcass. (Site #1ol; unitsingrams)
"fromforcedbalanceon reprocessingstep;*" by difference.
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r_ |T_[ ! moll< O) * _ (!) .IO3,1_ .
• TAROi. 2111

roSa.CO*4 lS_ *
ase+ 123.tl

.--..m..

TAll01L Z.Z* I'/ll OIL 2.0 TAll (_. .10.7 --
IN$_,C_II 1O.S_ ei'_l.COlil ZT.2H I_SQ.C,01el1741
ASH _444 • _ I.S _ iiii I

(_ _,oo (z) iT,
z ---_

r,_l al. oi
r_ llSOI.COMIl.S **

COal.141 laJ a_M ,I_S

01L 0 • _TAll
wSI_.COiil I,ILSw n-

I.,1* Q.
L,J

rll01_ ¢01.U£¢1'0liO.S
T_I (]L &l" -_l CIJ.4__ 2O_.]IL_
_NICI..C_ 0_' I TAR01. 0.1
ASa4 0" 1 wSOL.¢_II t.3

TAROiL 0._

ASM ._L6

Figure2.14.MaterialbalanceforCleanSoilpmciss.(Site#1-1.unitsingrams)
"fromforcedbalanceonreprocessingstep;"*bydifference.

CCNTAIdNAlr_ S01L 71.88 _-_ _ IY-I_(_I, CT 10.18" _
TAR Oil. 3.iii TAR QIL 4.94
INSOLCOI_ 6.58 _C,O_O 30.00
ASH 11.32 ASH 2S.23

CLEAN
co,.,,,.,,, - SOIL _,_,o,,,.,o =TAR OA, 0 _ TAR OIL 0.02
INS0i_CXM4823.410 IN$0LGCW8 0.23

*_ _" PROCESS "_ _-_'

FR011.1CCt,L£CTOR2.17 __ REJ(CT S'lrAC( Z 5.47

TAR OIL ZI7 TAR OIL 0.04,
IN$O(..COMB 0 INSOL.COM8 0.29

• A_d_ 0 A_H _34

I!
t Figure2.15.OverallmaterialbalanceforCleanSoilFoce.. (Site#1-1,Feed-100)
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Table 2.34. Contributions04differents_earnsto fuelproduct.

Tar oil ImmLcomb. Ash
% wt.

Strum Contrlbum g. g % g % g %

FROTH 1 (75%) 280.0 27.08 9.67 149.88 103.04 36.8
MIDO 1 (6.2%) 23.1 1.01 4.37 1.53 20.56 89.0
FROTH 2 (6.8%) 32.7 2.03 6.20 21.19 9.48 29.0
MIDD 2 (10.1%) 37.6 0.61 1.61 1.53 35.46 94.3
COMBINED (100%) 373.4 30.73 8.2 174.13 46.7 168.54 45.1

Table 2.35. Pn:x)ertk_of dean so_landrelict combined.

Reject Clean soUand
Clean Soil Stage I ReJac_combined

Component g %" g %" g %,

TarOil 0.14 0.07 0.24 0.68 0.38 0.16
InsoLComb. 1.28 0.63 1,59 4.51 2.87 1.21 [
Ash 200.88 99,30 33.40 94.81 234.28 98.63

"pen:mit¢4pnx:k_=4nmm

• 74.9 percent of tar oil including froth collector and tar retention in clean soil. Presumably, this is due to
86.8 percent of insolul:decorrg:ustibles (coal and the fact thai less surface area of coal is available for
coke) were recovered in the Froth (1) and MIDD tar adsorptioR
(1) streams (F_gum 2.13). The tests with different types of contaminated

• The T_ (I) and <1.0 mm ground refuse fraction, soils (Table 2.38) ,showedthat a variety of tar refuse
which contained most of the soil required further sarnl:km can be treated with the Clean Sot Wocess
reprocessing to meet the target of 0.1 percent or provided that, for some sampk_, a suitable froth col-
less of tar oU in clean soil lector to aid floatation and selective grir_ng, and to
In the second processing stage (Figure 2.14.) release the tar _ in _ores of coke, ct_ar and

TAIL (1) and < 1.0 mm ground refuse fraction were slag is alx)iled. Table 2.38 also stz0ws that oil sl_ils
reprocessed with the addition of coal and fnXh col- can be cleaned wimcut ac_ior_ grmdng or
lector. The ¢modu_ fuel (FROTH (2) and MIDD(2))
were then comblned with the fuel obtained In stage
one of the ¢xoce_. The _ stage Wzx:em
results were:
• Ana,XJo U percenttaroiwm 2.3,SummaryandConclusions

in the Froth (2) and MIDD (2) _rean_ A I:XOCe_ for clean.up of soil contandnatecl with
• The amount ot Itte retained tany ¢=xCaminan in oly/tany materials has been developed, t,,e process

the clean soil, whk:h mpre_ml=l dose to 50 is based on application of coaJfor contaminants ack
pecen( of the _ed solcls, is 0.07 percent so_
(Tat)ks 2.35). Twelve small grat) se_ and five bulk

• The tc)ta/rez)very ol tar oil and froth cole(tor trom two tar refuse ¢ontarrdnateclsites were teste_ .
sta0es 1 and 2 was 81.7 percent. T_ lossof 18.3 in the project.Thesa_ had tar content raring

of onDanicsis a_ibut_cl to volatity of tar from 1.1 to 5.9 percent, insolut_ combustib_s con-
and froth collector and could be prevented by tent ranging from 1.9 to 30.9 percent, and rruneral
reco_n, mailer content of 2.9 to 92.2 percent.
Different contaminated soil to coal ratlo8 were The batch tests using tl_ Aglofbm process

tested (Tab4es2.37). The tests showed that incmas- ,showed that only a few smnples IXOduce clean soil
ing the contaminant soil to coal ratio resultsin higher with soluble tar content of less than 0.1 percent.
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• Table2.36.OisUibutionandrecovew04feedcornponentsinproductsandbY-t=_ucUL

Flel_:t Component
FuelWoduot CamnSoU Swgo t P.eoovery

C_ponem g (%)" g % g % g % %"

Taroi 38.1 (100) 30.73 (00.7) 0.14 (0.4) 0.24 (0.6) 81.7
tnsoLComb. 187.9 (100) 174.13 (92.7) 1.28 (0.7) 1.59 (0.8) 94"2
Ash 394.5 (100) 168.54 (42.7) 200.68 (50.9) 33.40 (8.5) 102.1
• Pecmmof¢mqxxwntI_d.

Table2._"7.Site#1-1:Ckmn-up04oontamb.ndaoi- Table2,38.Ckmn-up04contambuUdcol- vadous
Effect04tarto¢o_ radioonckNm*up. _.

"rlr/C(ml((hd) % "rra C(mtamlnentconcentration,wt%
mtlo In¢kmn_41 Pmummd mdl

ca,n Omd
0.18" 0.04-0.14 "qtpeof Feed Agl_lut sou a_lrepm-
O27 0.15 contaminant _ ceasing
039 O23

-- eg.21) oma.niwlooo_ unto. Tar#1(1) 8.6 0.83 - 0.07
Tar#I(2) 12 0.00 - -
Tar#1(3) 5.4 0.29 - -
Tar#I(4) 1.6 0.20 - -

Treatmentof some samplesalso resultedinpoor Tar#2(2) 68.9 0.10 - -
coal recove_ inthefloataJonstep;however,lm- Tar#2(8) 0.7 o.10 - -
proved insolublecon/:ostibSesrecove_ was Tar#1-1" 5.8 1:26 o.16 0.07Tar#2-2" 10.6 1.62 0.17 -
achievedforthese _n¢)les throughadditionof froth HeavyOil S.7 0.25 - -
collectors. Oi (Ight)_ _.0 - 0.17 -

Experinlentsusingmixedtar refusesamptes _ Spl 3.1 - 0.06 -
showedthat betterfrothrecoveryand lowerash con- D_u¢ S¢_ 30.7 -_ o_S -
tent in the frothcan be achieved.Blendingof Oi (MAW)

Spill I 43.O - 0.O8 -
,samplesdid not,however,reducethe solubletar Oi (heavy)
content in dean s¢_L _ II 0.2 - 0.00 -

Studiesof the effectof pmceasvedab|eson con_- • W0hm_:_r mmmL
bustU_ recovery andsolldean,up _ thal
rry pH,Currycondmonand pmpenmdU
not have any effecton the Woce_ resub. In con- The CleanSoll pmcese irclUdestwo stages:
trast, addiUonof frothcolectorl, bcrmised sluny Stage I whlch isbaseclon theAgkdlo_ procossex-
temperalure,lumbing andaglalk_ inthe ag- ceptthat it _ highersolidsloadingin theturn-
glorneral]_ step, al resultedinbcreased insoluble bing step;andStage 2 inwhich<1.0 mmrejectand
combustibles_ anddecmaNd tar oilcontent taiMngsfromStage I are groundand_sed.
in clean sol. Testsusingthe Clean Soilprocessshowedthat tar

Two major llmllaUonlwere ancounllm_ in the use olicontenl of lessItmn 0.1 pecent inclean soil can
oftheAgJofloaIxocoss,name: beotXalned.
• inabil#yto _ solidswith pank_ slzeover The Woceashas a goodpotentlalfor remedation

the _il_ lm#, and of soilsOOlllamk_aledwithtars, oilsand vark_ of oi
• • inanity _oc_eanexlmctableorganicrnatertals mils. Work on furtherrefinementof theprocessis

v'4)pedinporoussolm(mos,coka,char), beingcontinued.
These _ were addressedand ovemome

bydevelopmentof the CleanSoil process.

!1 " 19



3. DesignStudiesofSeparationMechanisms

Comparisonof BatchandContinuousUnitTests 1. Studiesof the tumblingmechanismsIncludingthe
Figure3.! depictsthe resultsof site#1-1 testing in effectof time,solidsconcentration,temperature
batchandcontinuousmodesof operationusing andtar/coalratio.
mixingvesselsfromthe IATF.The batch tests in- 2. Studiesof the requiredseparationcuts(screens)
clucleresultsfromtwo fumblers,6.5 literoperating afterfumblingas a functionof tar distributionin
volume(small)and 120 literoperatingvolume differentsizefractionsof contaminatedsoils.
(large),from the IATFoperated inbatchconfigura- 3. Studiesof highshear mixingmechanismsand
tion.The graphshowsa rapidreductionof thetar the effectof bridgingoilconcentrationsand solid
content inthe treatedsoil duringthefirst5 to 10 concentrations.
minutesof agitation,which isfollowedby a gradual 4. Studiesof the reprocessingstep including
levelingof the tar concentrationat longerfumbling developmentof the approachandoptimization
times. The averagetarconcentrationforthe treated techniquesfor reprocessingof differentsoil
soil ranged between2 to 2.7 percent, samples.

The IATFcontinuousrunsare depictedin Figure
3.1 for foursize fractionsof the cleanedsoil.The tar
concentrationranged between 1 to 3.5 percent but it
varied significantlybetween differentsize fractions,
partlybecauseof the presenceof largeparticlesof

coke andothercarbonaceousmaterialsintlm con- , _. -,-- =N
laminated soil.There is alsoan apparentdifference -
inperforrnancebetween fine(d <1 mm) andcoarse ; _ o,
materials. Comparisonof thebatchand continuous

tests suggeststhat the test resultsare similarforthe __,,,,'-I=tumblingtimesof 20 and 16 minutes. _ z

t r,MUNG= O

Critical ParanwtenlInMajorProcessStepl _. o-,.0-,

The followingsectionlistscriticalparametersand -.... ,,
processissueswhichrequirefurtherstudyfor op-
tirnizationof the Clean Soilprocess.These issues o = _o ,s zo =s _o
were not addressed in the currentprogrambecause _ =r. ,,,,,,.

of the scope andschedule limitationof the project. Figure3.1.Resultsofcontaminatedsoilcleanupforbatch
The issuesare, however,recommendedforfuture andcontinuoustests.
process developmentwork. 0 IATFRunNo.4, EztA'rFRunNo.9.



4. IntegratedAgglomerationTestFacility(IATF)

4.1.IATFDesignfor theCleanSoilProcess Equqxnm:wmo, e_:tr_:aJ_res meet-
Theovera, _ ofthe IATFwasto conduct ingNEMA 12 slatclan:lor equivalenL
processresean_ andenoineedn0Sudes on: The fo41ow_sectionsdescrbe theequ_
• bener_ of lowrankcoal byde-ashingand us4_l,thewod(_rforn_ and the designmethods

ncis_e m(Wction(theAglbthermph:tess), developedIn_'_ IATF.
• CWH;Ulphurtza_ofblun'mousooaJmmu_ pyrite

remova__u_e_at process),and 4.1.2.IATFFiowslwmt

• the ck_r_ng of hydmcamocsfromcon_nln_ed Referenceflowsheet#ARC20 presenlsthe IATFso_ (the CkJanSol process).
corC_umtkonfor theClean Sol process.The!

| For eachof thesepfgcesses,the IATFwas used fadlitleskckj_ thefollowingunitope_ions:

to: • contan'maed soilturr_ing,• verWythedevek_=edaggb_processesln • uparalJonotcoamesoa,

• coaJgr_lngandsJurrypreparation,
trw_ __ unJ, • oa_• k:k,l_ the f_ wt¢_ wouU be usedjn

• _ralbn,
_ the pmcessf_ comrne_n, . _,

• otXa_er_eedngando_datarequndfor • macroagglonwaU_,
P.x_sseva_a_onand_w_ar_devek_xnm,•screW.
and • wame VsaUnu_.and

i • dev_proceu_on_o__. • p.x=u_x_._.

' 4.'_.1.IATFDesign_dgOllUOnl 4.1.1.MajorEquipm_ and_'01al14mtat_
Th_ facil_ _ aUmajore(:pji_r_ needed _ Soil Tumbling: The tar refuseturn-for.ow-stmet(:on_ra_r_ studiedtnsupporta_
theCleanSolpcocem.Equcmer_neededforthe bangsystemcoma_ ahopperandanauger,atumbler dram, a trocrvnel-screenaSachedtothe
p_rna_and_oondaycrestingofcoaJandforthe dram,andamrmI:ump.
dewaterm0of a00Jome_es was no(_ The hopper-screwfeeder is a 35 cubicfoot

The nonV_ IATFdesign_ wereas _, Thenm Designsystemv'_ a maxtnx._
ft)lows: feed r_e of300 kWl'¢The screwfeeder hasa 150
Nomlnal l_mt Capac_,: 0.25 tl_ or 6 udayof c¢_I

J or sol treate¢L mmdiameterand a varia_ speedconUol.The
Procmm Cm_gurmlon: Variousflowsheetcon- auoer'sscrewis extendedir_ the tumbleranl is

poweredbya 1.0 hp mmo£The _r Nsmadeo_
fig.'m_ns as reqund Inprocessdeve_ re- camonsum.
search. The designo_theturnl_ was basedon thai of
Contamlnatml Soil System: 250 kwh; feed refuse _ lumbilngsystemsusedfor ho(wa_erextraction
s_ze50 mm;ooamerejed >1 rnmtop sLze. of t:_umenfrowntarsand¢ # _s_ w_ a 7.5
Coe_GatndlnOSymm: 250 kg/h;feed coalsize hp motoranda gear-UaJnassembly.The tunV=_er's
<10 mm; pulverizedllzl vadab_, dn_n_1813mm incUameter,1220 mm inkmgthwith
AgglontMIiUon Stl_: Highshearnllxe¢,58 l#em aboul120 Item ofoperatingcapacly and dualof).
_, wire4 nVnuwsmean_ Bne;k:_w poe_ dscha_escoo_.The_s mta_ can

' . shur mixer,500 l_emcapacly, w_h26 minut_ be reded from0 to 32 q_m.Forhea_ngof the
._ meanresk:lencetime;totalsk,myflow- 750 to950 _rnbW's slum/chaJge,a 25 kW elect_c heateris

Cells: 410 k0/hof fmb_. The U_a_er d_=ha_0eis equippedw_ a Vommel-
! _ Space: Three levem,63 m:l.meterseach.] screen, (12.5, 3.,?.,and 1.0 mmapertures)to

, _,'r_, 575 V. sep_,,_ coarsematerialsanddtsctm_ U'w)se
' mat_daislo a drum.The sumppumpforthescreen
' Plal_ ,"_eratlon: 8 to 10 hourte_ perb(_ extended unck,llowB equ_:ed w_,_a 5.0 hp MINPRO pump.

up 1o72 ,_ours.
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• A detailedde_ of the remainingequipment _Uon
of the IAn= is inckJdedin Section4, Volume1 ofthis The IATFhasthe followinginstrumentationinsup-
ml:off.The followingsummarizesjustthekey equip- port04the Clean Soilprocessstudies:
meritused indifferentIATFsections. • fifteensamplingpoints,as indicatedon reference
Coal Grinding and Slum/Preparation: This sec- flowsheet#ARC20;
tioncontainsa coalhopperand feedersystem,a • temperaturemeasurementsensors:two
rod-mill,a vii=ratingOerdckcoal screen,a coal slurry K-themtocouplesper each mixer,one
preparationtank, a drumtipper,a sumppumpand thermocotq:_intheoil tank, andone
twowater storagetanks, them_ou_ in the tumbler;,and

CoaJslurryispreheatedina steamheated, • flowmeasurementinstruments,to mon_._the flow
countercurrentheatexchanger, of rod-millwater,the flowinputto the highsheaJ
011Preparation and Handling: The systemin- mixer,andwaterdilutionto thehighshearand
ctudesandelectricallyheatedand agitatedoi- floatationcells.
mixingvessel,a hoistandcranefor receiptof heavy
oiland solventdrums,andan oilpump. Descriptionso(the sampangpoints,theirIoca-
Mlcroagglomeratlon: Equipmentinthe n'k:mag- tlons,the sizesof the samplestakenandthe types
glomermbnsectionconsistsof a highshearmixer, of analysespedormedare giveninTable4.1. The ra-
and a sumppump. tionalefor andobjectivesof the samplingand meas-
Floalation: A DENVER Sub-Afloatationcelland un- urementinstrumentationarediscussedindetailin
dedlow sumppumpare usedinthe floatationsec- Volume1, Section4 of thisreport.
tion. The key stepsto opt_ theperformanceof
MacroagglomeraUon:This sectionhas one low the processwere:
shearmixingvesseL • Ensuringadequatemeasurementandcontrolof
Separation: A _r rinseand_ the _ tar to coal ratioandofthe solidand oil
screen,a tailingstank anda microaggtomef_es ¢oncentralJoninthe highshearmixer.
receivingdrum,are usedinthe separaUon_. • Emudngade_ale measurementand controlof
Waste Trealment Section: E_Jipmeminthewaste the slurryflow,slum/solidco--ion andthe
treatmentsectionconsistsof a settlingtank, a sldm- bridgingoilplus_ tar inthe lowshearmixer.
rnerfor removalof solids,anda bagfilterinthe • Measurementof the flo_ undedlowrefuse

• recyclewater line. saum to detemtne theamountof solids.
• AdiuBtmoo'dOfrhobddoinOoilled kltotile k:_v

sl'marmlxerSocorrectforthe solidsintl'm
floata_lJoncell tailings.
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i _sr_uubenotedthattr. comro_seategy 4.2.PlantOperatingExperienceand
describedaboveLsdm_u_b_.ausethemeok>Wof Optimization

t the agglomerateslurryin themixersisquitedifferent

_: fromthe rheologyof coal-waterslurries.The ag. 4.2.1. Pllnt Con_Isslonlngand Results
:I glomermeslurriesare strong_non-Newtonian,and
;I it is difficultto predictthe slurrybehaviorwhich Plantco_ing forthe Clean Soilprocess

li dependsn°t °nlY °n the s°lld concentra_n inthe started°n September I' 1989' after IATF equiprnentmixersbut alsoon oH¢oncenUa_n and the stageof was testedforthe Agflothen'nprocessconfiguration.
developmentof the agglomerationprocess.An ac- A nurmer of equipmenttestswere performedinsup-[ portof the L_TF.These are summarizedinTable4.2.

I! c.t. o,to
the highand lowshearvesselsis difficultto estab- Tem condu(_edspecificallyfor thetar refuse

li fish. sampleswere:

• Tumbler Circuit Improvement Tests: An
Cont_l automedlumcyclonewas installedto reducethe

The IATF'sprocesscontrolanddata ac_isition amountof coarsesand in the feedto the high
hardwareincludes: shearmixer.The cyctonewas laterdisconnected.

di 1. SAFE 800 PC 8253 Processorfor flow and level • Initial Process VerfficatlonTestl: A

! control, supplementan/bridgingoilwas deliveredto t,_e

2. VAX 750 fordata base managementand highshearmixer inorderto improvethe eff'clency
reporting, of thefloataUoncel. Floatationwithrefuseonly

resultedin smallaggl0meraZesand lowfloatation

Appendix4, VolumeI of thisreport. Thecormnissioningof the IATFfor refusetar

4.1A. Plant SMMy and Envk'mwmnlai IsmJ_ clean-upwascompletedinOctOoer,1988 whenseveralo_lJnuousmns were conducted.
A hazan:lrisk..._ssment was conck_ed forthe Folk:zwi_the commissioning,the testswere con-
IATFto identifypotentialsafetyriskfactors inthe ductedwithbituminouscoal to prepare5 to 6 tonnes
operationof the plant,in general,the plantoperation of agglomeratesfor combustiontests.Thetar refuse
was classifiedas relalJvelylowriskSkK:e| involves samplewas a SEe#2 blendwithabout7 percenttar.
lowtefq:eralures andpressuresand _ns Intotal,50 drums of agglomerateswith5.7 percem
with lowvolatility.Exceptlortsto thisgeneralciM- ashwere producedover 120 hoursof plantopera-
s_icationwere: tion.The bngest un_errupted periodof operation
• generationof coal dust inthe coalgrindingarea, extendedfor28 hours.The opermion-remtedobser-

and valkxm dudno the urmptlmized mns were:
• potentlalequil:n'mnlhazan:lssuchasspaddngin. • Bacausethepiantwasrmvandnotfuily

the fan _ dust,highnoiselevels,staffbeing ¢lelxlgg_ ltwas difficultto maintainsteedy-stme
caught up indrivesor burroby hotequipmem,etc. plainc_dtlom.
Risk fromthese potentialhazan:Iswas reducedby • Failureof equ_ resultedin the overflowof

installationof a non-slxuking tan for handling dust, agoiom_o_n vesselsand in llne I_UgS.
installation of guan:lsfor ali rotatingequipmentcom- • Pilot-planlwaste treatmentand(:_ was a
portents,and insulationof hot pipesand equipment. _
Specml enclosures were mxall_ around the .xl- * Ptam capacly was lessthan 50 percentoi frm
millto reducethe noiselevels.The protective installedplantcapacityof 6 tonnesper day dueto

ii vironmerltaJreviewconductedare desP.Atbedin detaU
in Section 4 of Volume 1.

]
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4.2.2. Equlpnlent Studies and ModiflcM_ns 4.2.3. hltnnnlnMIon and Con_l System

Majorequipmentrnodif'calionsreded to plant Mostofthe insUu_ performedas expected
oi:_,"_k)ninsupportof theClean SoilI:¢ocessand fromthe designspecifications.However,difficulties
otherprocessesare presentedin Volume1, _er were encounteredinthedevelopmentof a workable
4 of thisreport.The equ_ modilk:atk)n$ox)n- processa:xltrolstralegybecauseo( thesystem'sin-
ducted specif'caUy for processingtar reluseam stability.The mainI:XOcesscontrol problems were:
describedinthe sectionswhichfollow: • lackoffeedbackinlormal_non variationin

moislureand ashcontentof thefeed coal;
Syllmm * tu'wollMMerneuuren'mflt and fluctuations in of the

The following were the modiflca_ns irdm(:kJcedto coalslurryflowrale andslurrysolid¢oncentralign,
the lurnb_ system: whichoftenledto formationof softagglomerates
• A new 24 kW electricheaterwas installedunder andpluggingoi themixersand mixeroutlets.Also

the tumblerto _e the heatingcapacii_of the lackof accuratemeasurementof slurryflowand
sy_ern, sotidco_n ottenresu#edinoi

• Twothemomuples were installed,one intheinlet over-dosage;and
andthe secondinthe outletoi the lurmlerto • fluctuationof _ dischargeforthe floamtion
monitorthe ten3)eralureof thefeed and¢ischmge ceils.
slurry.

• The tumbling frequency was changed to 15 qxn to The first six monl_ o( operationofthe IATFal
improve the mixing and handling of the materials, non-o_ed oonditions,resuled in pm(XK:ttonof

• The tumbler'smotorpowerwas increasedfrom5 largesamplesof productsand ina betterunder-
hpto 7.5 hp. standingoithe pedormalce o( the Wocess,inckKI-
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ing process controlrequired.Evaluationof existing The testwas completedas scheduledwithouta
problemsandk:lentificationof new solutionsand shutdown.Detaileddata forthe run are enclosedin
designconceptswere significantbenefitsof operat- Appendix3, The key conclusionsfromthe test
ing the plant round-the-clock.Processcontrolirn- resultswere:
provementsidentifiedduringthe sixmonthsof • About41 percentof the contaminatedsoil
operationwillbe implementedin the nextphase of appearedas a coarse reject(d >1.0 mm), 45.3
the processdevelopmentwork. percentappeared as finerejectfromthe floatation

cell, and 13.7 percentas combinedtailings(F'_jure

4.2.4.PilotPlantOptimization 4.1).
• The solubletarconcentrationvadedconsiderably

Followingcommissioningandequipmentmodifica- among processstreams.The coarse rejecthad
tion,the IATFwas operated to test the equipment abouthalfof the solubletarconcentration(2.8 to
contigurationforthe clean-up of tar refusesamples. 5.0 percentvs 5.8 percentinfeed), the fine reject
Selected IATF mns forcleaningtar refusefromsite had solubletar concentrationinthe range of0.99
#1-1 are describedbelow, to 1.41 percent (Rgum4.2).
RunNo.li • The averagesolubletar concentrationin

The testwas conductedat 50 percent plantcapacity tailingsfromthe floatationcellwas 1.5 percent
to determinethe followingprocessandoperational (Appendix3).
parameters:
• mass balancearound the majorequipment, In summary,the runwas consideredsuccessful
• tarconcentrationinvariousprocessstreams, and preparationswere madefor the IATF operation
• pedo_ of the tumblerheating and at 100 percent capacity.

tempera_re controlsystem, arid RunNo.7

• operationof the floatationcell soilremovalsystem. The primaryobjectiveof the runwas to determine
the tar content in each streamof the IATF at 100 per-

li

FINE REJECT L (In-=D.45mm

_ AND FINE REJECT 2 ¢1=,0.31mmREFUSE TUMBLER 'Ioo -I F'LOATATION 7.3

CELL (F'-500) TAIUNG$ 1_
,,

,,

>tmm 1IFRO'II.I " ---13.7

TAIUNGS 2
MIXER - -
AND

SCREEN
M- 260 AGGI-OMERATL_3_

COARSE REJECT
41.0

'i!
i Figure4.1.OverallmatadaJbalancetorthecleanedsow(Run6).
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cent plantcapacity.The plannedtestsproceeded Table4.3.Concentrationofsolubletarinthefeedand
satisfactorilydespiteseveralminorequipmentrnal- products (percent, dry basis).

functions, higher than planned coal feeding rate, Coaree Finereject
overheatingof the lowshearvesseldrivemotor,etc. Run reject
The runwas completedwithoutany interruptionand No. Feed 61.0mm dee_-0.45dso_--.O.31Tailings
thetest resultssuggestedthattherewere significant 7 5.6 3.4-4.1 0.76 0.60 1.8
differencesin theconcentrationof solubletar inthe

8 6.3 4,3 0.68 0.38 -
processstreams(Figure4.3 andTable 4.3). This
wouldsuggestthat more detailedinformationabout 9 5.8 3.5 - 4.7" 0.52 0.34 1.6
tar levels indifferentstreamswas needed andthat • _ formar,=bean=.
the amountof coalshouldbe reduced.

of taroil forRun No. 7) (Figure4.4 and Table4.3).
RunNo.8 The resultsalso suggestedthat furtherimprove-
Twochangeswere introducedin Run8, Le., the sys- mentsmaybe possibleinthe efficiencyof cleaning
temwas operatedat a highertar/coalratio(12 to 14 ofthe tar refuse.
vs 7 to 8 in Run 7) anda samplingsystem was incor-
porated inthe floatationcell to provideinformation RunNo.9
on variations infinerefusecomposition. The objectivesof Run9 were to operatethe IATF

Also,because startupsandshutdownsresult in withimprovedfeedingof coal slurry(runs6 to 8 ex-
the removalof a significantamountof coal with soil periencedsomedifficultieswithcoalslurryfeeding),
finesinfloatationtailings,improvedIATFoperating and to establishperformancelimitationsforthe
proceduresminimizingthese effectswere intro- process.The resultsobtainedare depictedin
duced.As a resultof the operationalchanges intro- Figures4.5 to 4.8 and Table4.4. The keyfeatures
duced,the finesoil removedfromthe lloatatloncell depictedbythe liguresandtablesare:
was cleanerthanthe soilremoved inRun 7 (0.68 * The solubletarconcentrationinthe finerejectand
and 0.38 percent oftar oilvs 0.76 and0.66 percent tailingswas relativelyconstantand unaffectedby

RNE REJECT 1

COAL _ MIXER(M-220) o.ge _REFUSE TUMBLER -_ AND RNE REJECT 2
5.85 - i FLOA TATION 1.4.1

I CELL
( F-- _{J(J) TAIUNGe.,;/

>1mm FROTH

'r
TAIUNGS 2

MIXER
AND

, SCREEN
M- 260 AGGLOMERATES

COARSE REJECT
2.8-5.0

Rgure 4.2.Concentrationofsolubletarinfeedandproducts(Run6).
41
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variationsin solubletar concentrationinthe feed • The majorityof the refuse(soil andsolubletar)
(Figure4.5). was distributedbetween thecoarse rejact(36.00

• The concentrationof soluble tar in the fine reject percent),finereject (dso-0,45 mm, 21.0 percent)
fromfloatationcell#1 was highatthe runstartup, and agglomerates(29.7 percent)(Figure4.6,
butthen it quicklystabilizedat about 0.5 percent Table4.4).
(w/wck7basis, Figure4.5). • The solubletarwas distributedm3inlybetween

• Thechange inthe feed solubletar concentration, the agglomerates(64.6 percent) andthe coarse
oritssize consistency,altectedthe solubletar reject(30.6 percent).Fine refuseand tailings
contentinthe coarse reject (Rgure 4.5). containedonlyabout4.7 percent(combined)of

solubletar (Figure4.7, Table4.4).
Table4.4.Distrbutioncdsolubletarintheproducts(TarOil • The concentrationof solubletar (w/wdry basis)
inFeed=100). was 13.5 percentin the agglomerates,5.2 percent

Coarm Fine reject inthe coarse refuse,1.6 percent inthe combined
Run reject d50= dS0= Tailing Coal tailings,andlessthan 1 percent inthe finerefuse.
No. d>12mm 0.45mm 0.31mm 1 & 2 agglom. This comparesto 6.2 percentof solubletar inthe

8 36.3 2.4 0.4 2.0 59.0 leed refuse(Figure4.8).
9 30.6 2.5 0.4 1.9 64.6

- 1:
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• SummaryofRuns7 to9 • The concentrationof solubletar in thecoarseand
Tables4.3 to 4.5 providea summaryof mass fine rejects,and tailingsremainedunaffected
balance,of solubletarconcentrationandtar distribu- (Table4.4).

_' lionfor runs7,8 and9. Thesetables showthai as • The amountof solubletarcaptureincreasedinthe
the runswere progressivelyimprovedforfeeding coal agglomeratesand decreasedin thecoarse
refusefromsite#1-1: rejectfraction.Tar contentinthefine reject

remainedunchanged,however(Table4.5).
• Dest:xtethe decreaseof tarcontent inthe coarse

reject,tl_:_amountof the coarse rejectremained
'1- unchang_c¢l(Table4.6). The increaseof the soil
I contentinthetailingsandagglomerateswas at

,, It = m_lm. RII•; the expenseof the fine reject(dso=0.4mm)
" ' _ fraction.

i_ .... -41 " ¢_I IU[Ct
N 61
• i

-_ I Table4.6.Overallmassbal_,ncefortarrefuse(Feed-lO0).

; i CoarN FineReject Tailings
, \ Run reject dso= d = and

6)

\ ,,, ,,J

....... ,_ No. d>l.0mm 0.4mm 0.2,_m agglomerates
_- , \/_ "-" " 7 34.0 30.0 7.1 28.9

_,,, 8 37.0 22.3 6.4 34.3•,, ,,,= ,_. g 36.0 21.0 5.9 37.1
llIII IIII u'II 14III QII mII l_II _II

_.h

Rgure4.5.IA_ Run_. 9 (soil_reams).
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i nNE REJECT y

COAL _ MIXER (M- 220) z,
REFUSE TUMBLER AND FINEREJECT=
ioo -" F'LOATATION o.4

CELL (F-500) T,,UNOS-_

>tram FROTH -- 1.9

TAIUNGS 2
MIXER _.9 -
AND

SCREEN
M- 260 AGGLOMERATE5

64.6

COARSEREJECT
30.6

Figure 4.7. Distributionof solubletar indifferentproducts(Run9).
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Rgum 4.8. Concemration,ofsolubletar in feed andproducts(Run9).



• 4.3.Conclusions =ius inthe fioatationunderflow.Deviationof these
parametersfromtheirpreferredvaluesoften

The specificobjectiveof the IntegraledAggiomera- resultedin a rapiddeclinein I:XO_SSperformance.
, tionTestFacilitywasto obtainengineeringand Inonderto improveprocesscontrollabilityand perfor-

operationdata requiredfor theClean Soilprocess mance,a numbero_equipmentmodificationswere
evaJuationanddevelopment,to identifythe factors introducedinthe courseofthe program.The most
whichare iml:ortantin the scaling-upof the pm(:ess, iml:x)rtantwere installationof an elecMc heater and
and todevelopprocesscontrolandoptimization temperalumcontrolonthe tumbler,and improve-
methodology.The facilitiesincludedall equipmentin rnento(the controlInsuumentation.As a resultof
tlm conti_nlion mpmsenUngthe Clean_ these chants and_ optirnizationthe tarcon-
process,withthe exceptionof the primaryand tem infinesoilrejectrangedfrom0.95 - 1.41 per-
secondary_ cnJshem, cent to 0.34 to 0.52 peceflt in floatalioncells#1 and

Themaior_m(_ssste_andec_jCmert_ _M.ro__/.
¢o_ed solltumblingandcoarse ssHsepara- The processimprovementin RunsNo.6 to No. 9
,on._ _ ots_rryW_. _x_Cnoou _ thepertormar_o_theprocess..S_-
prepa_ion, microaggkxneratbnandf_, mac- cab/, the_ tar contentincreasedinthe coalag-
roaggiomerattonandscreen_ o4largeag- glorneratesanddecreasedin the coarsereject
glornermes,andwaste tmaUnent.In add_ionto the fraction.However,the concentrationot solubletar in
temper'mumandflowmeasurementinstmmer_ion, rejectwas stil mlalJvelyhigh(0.35 to 0.5 percent)
the IATF hadfHteensamplingpoir_ fm sJunyand despitethefact thaifive refuseand tailingscon-
productstrearm, rainedonlyabout5 percento( total soU04etar.

The keys to improvingthe processperfomnarce Therefore,furtherrevisions'havebeen recom-
werethe measurementandcontrolo4the solubletar mendedwhichshouldImxluce resultsas favorable
to coalratio, the solidconcentrationinthe high as thosepmv_sly demonstratedin benchscale
shearmixer,the amounto(the bridgingoilplus ecpJ_.
solubletar inthe lowshear rnix_r,andthe amounto(



5.ProductTestingandCharacterization
I IIII

b

5.1. AgglomeratesTestingand 5.1.1.HarKIIingandStorage
Characterization An anaJyslscdthe HVB¢oaJand MGP-2 sampleis
Approximately3.5 tonnesof agglomerateswere showninTable5.1. Bothfuels havesimilar
producedinthe IATF usingtar refusefromSite#2 proximateandultimateanalysesand theirash
and highvolaUleEasternU.S. bituminouscoal fusioncharacteristictemperaturesare veryclose.
(HVB). The agglomerates(MGP2) weretestedat Table5.2 presentsresultsof HardgroveGrin-
CombustionEngineering,Inc.,Hartford,Connec- dablitytestsfor HVB Coal, the MGP2 sm and
ticut,fortheir handlingandcombustionperformance theirblends.Resultsshowcompactionfor blends
in25 to 100 percentblendswiththe HVB Coal. with50 percentor highercontent of MGP2, anda

A summaryof the contractor'smajorfindingsand higherHan:lgroveGdndabilityindexfor the 25 per-
exceqxsfromthereportsappearinthesections centblend,as comparedto the HVB coal sample.
whichfollow. Ingeneral,analysesof the agglomeratesandthe

san_ coals indicatethatthe fuels havethe follow-
Tabk_S.1.Anah_isof MGP2andHVBcoaL ingchara_edstk:s:ill

HVBCOAL MGP2 • Bothfuelshaveasheswithhighfusion
AJ MoiMum _ Momum temperatureandare likelyto displaysimilarash

received free receivedFree slaggingandfoulingbehavior.
I_roxlnm, (wt,%) • BlendscdMGP2 and HVB coaJsamplesexhibit

Moisture(Tot_) 4.6 - 22.8 - slightto rr_e compactionat 50 percentand
Votml,Mau_ 32.7 34.3 29.5 382 higher¢aclnlralJon of MGP2.
F=,d Cain (di'f) ,54.2 S_8 432 56.0
A_ 8.5 8.9 4.5 s.8 • Moistureinthe MGP2 sampleappearsto enhance
Total I0(:)..0 I00.0 I00.0 I00.0 thecompacUonof theagglomeratesamples.

U_hnm (wt,%)
Moisture(TotaJ) 4.6 - 18.4 - ¢IZ AgglomeratesCombustion
Hydrogen 5.0 5.1 4.5 5.5
Cadx_ 74.5 7S.1 65.9 8O.8 Rgure 5.1 depictsa schematicrepresentationof the
Sulphur o.8 0.9 1.0 1.2 C,omlxn;_onEngineeringpi_-scale _stion
Nitrogen 1.5 1.8 1.2 1.5 in Hartford,Connectic_. The specificproductchar-
Oxygen(dill) 5.1 5.4 3.4 4.2
Ash 8.5 8.9 5.6 6.9 actedstics evaluatedinthe I_t-plart combustion

• TotaJ 100.0 100.0 100.0 100.0 testswere:
HHV(Btu/b) 13,256 13,895 11,791 14,750 • generaJgrbclingcharacteristics
HHVinVolalilo • fuelfeeding

MaWr(Btu_) 5,78o ¢o27 5,6o7 U'r2 • IVesldepedonTanCeIbash/MBtu 6.4 - 4.7 -
Ramm=_ay_ • furnacemg0_gcharact_

CP') a - a - • ccmec_ve passfoulingcharacteristics
_nbn_ _Um_TU), • nyash erosion

JDT - 2,010 - 2,000 • gaseousandparticu_e emissions.
ST - 2,700+ - 2.870 Tal_es 5.3 to 5.8 presentthe resultsofthe pilot
HT - 2.7OO+ - 2,7OO+
FT - 2,7o0, - 2,700+ scaJepedormanceevaluationfor a 25 pecent
(FT.n') - 690 - 700+

A_ CompeCUoe(wt,%)
SiO2 - 57.9 - 53.2 Table4L2._ Harclgrowgdndabilltyt_ meults.
Al20s - 29.9 - 30.4 Molslum " Grinding
Fo._:_ - S.2 - 7.7 Saa_0o =ont_(%) ¢_nracm'mk= HCa
CaO - 2.1 - 2.3
MgO - 0.8 - 1.0 - 100%Cod 4.8 C-.-.-.-.-.-.-.-.-._ 42.5
Na20 - 0.3 - 0.4 25%_ 7.1 Good 48.5
K20 - 1.2 - 1.5 50%MGP2 7.I Sli0M_ -
T'_2 - 2.0 - 1.8 75% MGP2 7.1 SlightCompaction -
Soa - 0.8 - 1.4 100%_ 7.1 ModerateCompaction-
Total - 100.0 - 99.8 100%_ 22.8 HighCom¢tction -
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Table 5.3. Preliminarypilotscalebowlmill pulverization
To=L(Cr,OS,,,C results.
PR(CsqTATOROR

CTCLO_( 0% 25% 50%• Test parameters MGP2' MGP2" MGP2"

-¢,o=o, ,,o= MillOutletTemperature,"F 150 150 150
MillPowerConsumption, 0.67 0.63 0.64

kWh/MBtu

r__ n.v,_ _ogo, oucr MillC_assifierSettings 1 1/3 1 1/3 1 1/3

Fuel Fineness,wt% 71.2 69.2 67.3
._ l:.'l I _'1:: I :: I - Compaction/Pasting None None None

,J,,_n,<,rLn "balanceHVBcoal.
lqIoer |,_m(S

Table 5.4. Pilotscalecombustiontestconditions.
_

i_ " " " "i ___ -/n--_, 25% MGP2 Blend" 100% Coal,, • , , -" ,,t_,,u. Firing conditions Test I Test 2 Test 3 Test 4

..; r.i 0.c e., C.___ _t--1suRFAcE FiringRate (MBtu/hr) 4.0 4.1 4.2 4.2
, ,/=" ¢oou,=,,,, ,,,,_u_-.__ ExcessAir(%) 20 20 20 20

r ,._ M.',,CTO*T __ FurnaceTemp('F) 2960 2990 3050 3040SuperheaterTemp 2410- 2410- 2430- 2450-

-, ,_---,__,'-. ('F) 1910 1910 1980 1970
" oi _ I=*',_s "balanceHVBcoaL
• o.1_

(" [_] _ Table 5.5. MGP2 convectionfoulingcharacteristicsat 4.2- [_ mbtu/hrfiringrate.
,_,-,.,_,_m1-:,| Parameters 25% MGP2" 100% Coal

l _¢°"°'av ,= Depositto tube 3 3=o,o, ,,_./" bonOingstrength
=so,=¢zr-- m, av _ Sootblowing 8 to I0 8 to I 0• NO R,IKL

frequency,hr
Depositphysical LightlySintered LightlySintered

Figure 5.1. Firesidepedormancetestfaciity at Combus- state
tion Engineering,Inc. • balanceHVBcoal.

Table 5.6. Chemicalcompositionof ashdepositsgeneratedat 4.2 rnbtu/hrfidngrate.
100% Coal 25% MGP2 Blend

As-Fired W.W. S.I.L Fly As-Fired W.W. S.H Fly
Fuel Ash Ash Ash Ash Fuel Ash Ash Ash ASh

AshFusb_y, "F
lT 2150 2260 2240 •2180 2160 2160 2240 2230
ST 2700" 2440 2570 2360 2700" 2700" 2650 2570
HT 2700" 2670 2620 2640 2700" 2550 2700" 2700"
FT 2700" 2700" 2700" 2700" 2700" 2700" 2700" 2700"
FT. lT 550 440 460 520 540 540 460 470

AshComposition,wt %
SiO-z 58.4 59.8 58.6 58.6 61.4 56.3 60.9 59.0
AId_ 26.7 28.5 29.3 26.7 25.2 28.4 29.0 28.2

• . Fed_ 7.6 7.3 6.1 8.0 7.1 9.0 5.9 6.9
CaO 1.8 1.3 1.6 2.1 1.4 2`6 1.6 1.9
MgO 0.7 0.5 0.6 0.7 0.6 1.0 0.6 0.7
Nad:) 0.1 0.1 0.1 0'.1 0.1 0.1 <0.1 0.1
K_ 1.0 0.8 1.0 0.8 0.8 1.0 0.1 1.0
TK_ 1.7 1.6 1.6 1.6 1.4 1.6 1.8 1.7
So= 2`0 0.1 0.1 1.3 2`0 0.1 0.1 0.5

Total - 100.0 100.0 99.0 100.0 100.0 100.0 100.0 100.0
Carbon,wt% _ - - 3.4 _ - - 4.0
Mass Mean D_meter - - - I0.5 _ - - 13.4
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TableS.7.EPtoxk:Wtestresultsfo¢S_te2 coaland25% cad:oncontentin the flyash was lowand
MGP2blend, con'4x_lon efficJencieswere 99.7 percent.

100%Coal 25%MOP2blend • Boththe25 percent blendand the HVB coalhad "
EPA low slaggingpropensityand similardeposit

Bottom fly Bottom Fly nvudmum accumulationandwaterwallheat absorptionratesuh ash uh Nh levem
(ppm) (ppm) (ppm) (ppm) (ppm) ('l';_:)le5.5). Removablewmerwalldepositswere

Arsenic 0.7 0.7 0.7 2.2 5.0 obtainedwithbothfuelsat fullthermalload (4.2
Barium <0.1 <0.1 <0.1 <0.1 100.0 mmBtu/hr)and at maximumflaretempomaJmof
Cadmium <0.01 <0.01 <0.01 <0.01 1.0 3050"Formore.
Chromium 0.3 0.05 0.4 0.07 5.0 • Chemicalcompositionof the coalandblendwere
Lud <0.1 <0.1 <0.01 <0.1 5.0 essentiallyvery similar(Table5.6) andEP toxk:_ty
Mecuw <0.00O20.00O2 <0.0OO2<0.0OO2 1.0 testsconductedon bottomand flyashesfor bothSelenium <0.08 0.5 <0.08 0.7 1.0
Silver 0.03 <0.01 0.03 <0.01 5.0 fuels indicatedthatkey trace elementswere below

the levelsallowedbythe EPA(Table5.7).
• Analysesof gaseousemissionsfromcorrl:ustion

of bothfuels (Table5.8) snowedsull_ur levels
closeto the theoreticalS@2emlss_ns calculated

Table5.8.GaseousemissionsfromooaJm,,d25%MGP2 fromfuel analyses.The NOx emissionswere also
blendcombustiontests, similarfor thetwo fuels.

25%MoP2 Becausethe agg_merate MGP2 samplewas ob-
GmmotmEmlulone Blend 100%Coal tainadusingsolubletar fromtarrefuse,detailed

IX)m3% O_ dry 757 761 analyseswereconductedfor the emissionsof
(theoretic;d) (763) (765) polyntx_ar aromatichydrocarbons(PAH)and
NO,._ 1380 1385 volatUeorganiocompounds(VOC). The resultsSO_ PW, -3 -4
VoletlleOrgank:Mattw showedPAH levelsbelowanalyticaldetectionlimits

IMm? 0.009 0.011 and VOC levelsbelowthe EPApublishedemissions
b4dStufu_;I 3.2x 104 4.1x 104 of VOC fromcoal combustionsources(Table5.8). A

Polynucleararomatic dataJedlistof the PAH andVOC analyzedandtheir
hYd4_,mc_,ns ND ND corcantraflon levelsare presentedinTablesA4.110 Ib/MBtufu_

• EPA_ ommUan"nm lm'realmmlxmimamun:u WldA4.2 in Appendix4.
.0.07 IbVOC'lm.(Com_ _ i i=_m_,crmm
- EPAAP.42.

5,2,Conclusions
MGP2 blend. In total, three fldng rates were tested Al_ely 3.5 tonnesof productagglomerales
for the blendandonefiringratewas testedfor the • pmduc_ fromtar refuseand HVB coalwere test
HVB coal sa_ to pcovidea referencebaseline, burnedm CombustionEngineering,Inc. Hartford.
The keyfeaturesand conclusk:,rtswhichcan be The testswere conductedusing25 to 100 percent
drawn fromthesetestswere: blendsof agglomeratesandHVB coal
• Fuel blendswithupto 50 pecent of MGP2 had The resultsof handlingtestsshowedgoodgrkcl-

good flowingcharacteristicsinthe pilotplant ingctmracterlsticsfur blendsup to 25 percentof ag-
equipment (fromthe chuteto bucketelevator,to glomeratesandonly slightCompactionon grinding
the raw fuels storagesilo, to a gravimetricfeeder blendsupto 75 percent.The millpower consuml>
and to a pilotscale bowlmill), tionwas slightlylowerforthe blendsas Comparedto

• Grinding of the fuel blendsrequiresslightlyless the parent HVB coal
mill energythan is needed for thecoal sample The pilotscaleCombustiontestsshowedcombus-
(Table 5.3). tioneffUenclesover 99.7 percentfor 25 percent

• Good,stableflameswere obtaineddudnga 0lendsof MGP2 agglomeratesand 75 percentof
combustionrunwiththe 25 percert blend.The HVBcoal, and good,stableflames.Bothblendsand

HVB parentcoal hadlowslaggingI:t0¢_IsAy,similar



, _ accu_n andwaterwd heata_ NC:)xemissionsweresimilarforl_endsandHVB
rates.Toxicitytestsconduc_lonbottomandfly coal Ingeneral,l:dendsofag_orneratesandHVB
ashesindJc_eclthatconcentrationsot traceelement coalweresat_aclorgyhandledandcorn_sted

. waswithina rangedowaJ_ forashdisposal, us_nQconventionaloornl_stlonequipmentandpro-GaseousSC)_en',imomwereclosetothetheomU- cedures.
(:alemimonspredictedfromfuelanaJysesandthe

6.EnvironmentalAnalysis

6,1, RegulatoryIssues • _ dischargefromthemobileun:t.There
7, "ConcoptuaJDesignandCostAnalysisof isnonetdlsduugeofwastewaterfromtheunit.

Motx'leCleanSoi ProcessUnit"requiresthatthe Al wastewaterIsrecyck_andreusedinthe
_ plantoperatlonmeetd 1989ernissjnnstand. PmCeUwhichrequiresa makeupwat_ at the
an_ in_ Exampkmoftheregevantgo_m_, r_eof 15lo2SVcL
meritstatutoryactsandeffluentHnlttattorm • DIm:lzargeof _ contarnlna_ w#h
appicabletothemobileunit'soperationarelistedin _ _ the'agOlomengNstorage
Table6.1.Thekeye_ntal conlmlconcerns _ _es _ bestoredinbinsfrom
withre_q_:tloplantemissionsandoperationare: whichthWwouldbeloadedontnx_. No
• Airemlmk3nsof h,/dmcU=_ vapomfromthe leachaewouldentert_eso@.

mol_ unlLTheunitdemonoak tora -vapor • _JrImbmml of Ilydmclllxm vapomduring
Wstem_ _ an_ zower _ of aOOlOmoratoLTestsby

w_ activatedcarbon.AnUe._te system Comlx.mlon_rtno, inc.showedthat
cons_ ot a valx,"h:In_amr canalso_ used 1_seousen'dukesfromt_ co_ o_
wherethe_ of_latJle_ 18 aOO_m_erateearesmam._oen-,issk:csfromthe
smaL combustiono( HVBcoalusedinao;KenerdUO_

ThetestsshowedPAHlevelsbelowmulytJcal
doto(:IkxlImil:8andVOClevel8belowEPA

T_ 1.1._ o_gow,nment_ pubJohodermConIm_ k)r VOCfromcoal
re_mm_mtlkxU_dmnd ixu:oee, c_1"bjbn.
I. Albe_ONn A_rk:t " Dlapooalof mdlfromcom_ of
z _r a_dl=m_mmV_Am __ Tem byCormust_ Engineering
3. Coal Comeh"_u_ Act lm_ _ aSUS8 lib EPtoxic#y of boUom and fly
4.Ekctr_ tmpe,:tmand_ k:t ash_ showedt_atk_ traceegementswerewitl-_ns._._Nmmmt k:t
6.R,o_._u:_ theumm a_ bytheF._Ak_rcoa_a_hc_,,pos_.
7.Gm m,_ m.d_ _<_ " _ _ C_ #romeThemevagofo_rernainin_
a.Ground'WVm.._ A= in#hed lapn:_amadm be_ 0.Ipen:am.
9.IJn_Conuol,Jet "l'hd8moan8thalthetreatedsoawouldbeIO.Mechon_sLien$¢_

11.(_ Hodh and SId_ Act acCOfltid:_ fix 1811diii8.
12. _ HealthAct

_3.*VW__ Mm_g_,w_A= _wm oonc_x_lthaZwhen__ __y.,
_4.wmx Rigm._ waste,the_ ofthemot_ unitwouldhave
15. Alberta Ckmn WaterAct lo _ 10the regu_atkXll8and statutes al;)plica_e
_6.CanadianEnvmnnw_ _ Am 10solidwaste_ and_ suchasthose
_7.At:err8_ Was_o_ aR_mg to ninewaste,er.,.The_ wouldbe,
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however,c_Jiteditferenlforclecorrm'dssioningot a 6.2.Clean.upofOilyWastesfromHeavy
contaminated inclustnalsite or for spill cleaning.In OilOperations
tlm lattercase, a much10readerandstrictersetof re-
quimmentsbefore,cludngandatteroperationoi tlm TheI=Yoi=iem

mobileunitwould likelyhaveto be knl:4ementeO, The IXOdUCtJonof heavyoiland bitumenin Western "
namely: Cana:la generalelarge_antities of oily _es
• A detailedreviewof relevantactsand re_'__,:_ry eachyear.Thethree mainareas inwhichheavyoil

statuteswouk:lbe requiredsincemostprowmes andbitumenare producedare the ColdLake Oil
have no clear iegis_ive guidelinesfor clean-upot SandsArea,theI.ind:_rgh Heavy Oil & Oil Sands
contaminatedsites. Area and LloydminsterHeavy Oil Area. Combined,

• A detailedassessmentot the comaminatedsae, they pm(:b(_ about300,000 barrelsperday of
the past activitieson the site anditsfutureuse, heavy oilandbitumenin 1985.
type and levelo_contaminants,their riskand Table6.2 showsan estimateof the quantitiesof
potentialpathways,the site hydrology,cfimate, oilywastesproducedinthesethree areas in 1985.
water (surfaceand underground)sou:ees,etc. -The Lioymrmster Area is by far the largestwas_.o
wouldbe required, pnxkJcer,withan annualprockJct_nof ad0out87,000

• Detailedchtedaforclear_p requirements,post m3._ a spe_¢ gravityof 1.3 forthe waste,
cleaningver_¢ation,etc., inciudingregulation tt_ i_ equivalentto about113,000tonnesper year.
approvaJwouldhaveto be developedforthe site. The generalrule of thumbistt_ O3 to 1.0 pemer=

by_urne otwastes isgenerated_er unitvolumeof
Exarnl_s 04deco_ning activitiesrequired he_,_/oil _ As Cana_ willbe relying more

would inckj_: and moreon itsheavyoiland bitumenresourcesin
• extensivemonitoringincludingtheanalysesoisoil the longrun,thequantitiesof oilywastesproQced

and groundwater, are expectedto ino'easerapidly.
• excavationand reco_n of the site, .aJUojghmostwastesfromoil_n opera-
. on--_o inspectionanclverificationoi cleanupby tionshaverncxJermeor lowtoxicity,the_volumeis

clifterentre_jiatory bodies,and suchthatwisernarklgernentis requiredto ensure
• an extensivepub_ inforrT_ionprogramI:_ore, safe_fandprotectiono#theenvironment,lt is recoO-

c_nng and afterthe cJea_q), r_zecltr_ current_ement practices, such
mad _ sl;xea_rgland wat_ fkJst',ir_arean m-

It is dTCx_rtantto noto _ inal _ a com- aOequateandaltemalivemethoOc_treatmentanO
billion o_processes- theClean Soilprocess,in- othermettcx:ls04disposalmustbe sough. The
Onur'dtion,etc.- wouk:lbe _ for_ mosl Ciea_n_ te<;PeloiOgywtlk_ has been su<x::e,sshJIly
effectiveantiefficient_ tocleaningcliflerent used totreattt_ moredifficultU.S. tan7 rnaxeria_,
conlarrMnatedsites.Insuchcases,the amounlo4 s,houk:Jbe consk:_reclforth_sal_icatK)n.
coa_tl_ has to bebroughtto the¢ortantnated site
wouk:lbe muchless thanii onlythe CleanSol _ o_tr=W_=_
WocesswereuseO.Forexample,the parto_con- The waste_ of heavyodar¢l in-situbitumen
taminatedsoawhich_omam__ tarconc_nut- pmOuc_oncan bectass_mclas fo_ows:
tions(above50 percent)couk:lbe moreefficiently 1. F'midTankSand accumulatesas dropout soliOs
c_eanedby an incinerabonplocess,vvtu]ethe mrnain- inthesmalltanks locatedat or near ir¢livk:Juat
inopartofthe soilcouk:lOecleaneclusingtrmClean 10_ductlonweas.Thesesan_ are i_
SoilWocass. collectedbytnx_s andcameo to a central

In summary,there_jiremer_ fortheenvironmen- co_ pitfor hok:lir_,or"forotherdisposal.O_I
anaJysi_wou_ va..yquitesigr_¢amy depending contentisusuaUyk_ u_an5 pemenL

on whetherthe mobileC_eanSoilunitwasoperated 2. Desax_ PtrSkxlgecoi_:_ tramthe battery
for c_armg oi), waste fromrecoveryandupgrading treateroperation.The sandysludgecollectsover
oi bitumenor wnetl_r tlmrnoO_ unitisused_ (:on- aponoao_timo in the tank or _, which is

peodcaJycJeanedout permaongo0
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operalk)n.Theoilcontentofthesludgevarles buttheirpn:cortlonscanvarygreatly.Thesandcom-
widelybetween7percerland40 percentby ponentisveryfine,beinginthe20to200 meshsize

• weight, range.Theoilcomponentistypicalof heavyoils,
3. SlopOilandSlopOilSolidsamsandbeadng andhasa gravitycd12- 14degAPi.Theoilcontent

liquidsorskclgeswhichusuallycontainan variesdepend_ uponthewastecollectiontech-
oil-waterenvision.Theemulsionpreventstheoil nique¢Thewastesusuallyhavea highlevelofcon-
withitshigherdensity,from_. rainedsalts.

4. SpalDebdsisusuallysoilwhichhasbeen
oontaminatedwithoilfromanacck:lentalspill. Table6.2,Estknmofquantifiesofo_lywuWsfrom

5. EcologyPltMixtureisa compositeoftheabove heavyoMo#umenopemiomin1985.
Individualwastes.Theecologypitsarecereal Om_
holdingfaciblJeswhichmustbeperiodically _ (m=/W) (tonne=/yr)
emptiedtopem_ongoingoperationsIoconUnue. Co_LaMArm 13,S00 17,7S0
Themakeupof_e mlxtumvarieswidely UndbmghA_a 2JO0 3_SO
dependingupontheprolx)nionofdifferenttypes Uoy_ Area 87,000 113,000
ofwaste.
Thetypeofmaterialsinthewastefromheavyoil Total 103,000 134,000

.andIn-s#ubitumenpc<luctlonarea,_waysthesame,
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7.ConceptualDesignandCostAnalysisofa MobileUnitforOily
Wastes Clean-up

This chapter ircJudesresultsof a study onthe (:Jean- The equipmentselectedis commerc_ilyavailable.
up of oilywastes frombitumenupgradingplants
usingthe Clean Soilprocess.A conceptualdesign F.mtmnmm_Guido
and a costanalysisfor a mobileplantfor dean-up o4 The plantis designedto meet 1989 emissionstand-
tar refuseare includedinChapter8. arm inAlberta.

R.m: Arrm
Ali finarclal analyses in Section 7 were performed in

7.1.DesignBasisandAssumptions constant19es olrs.
Pmnt
The proposedfacultywouldbe a mobileprocessing
unt, mounted,whichcouldbeeas,ytra- 7.2.PlantDescription
ported from site to site. A plantdesignhasbeen The conceptualprocessis showninFlowsheet
develeped based onthe folk)wingassumption: #ARC74.
• Plantcapacitywouldbe 6 tonnes/hr,totaldryfeed Pulverizedcoal fromthe coal hopperis delivered

to the agglomeratoror 4.25 tonnes/hrof oily via a screwfeeder to a slurrytank whereitis slurried
wastes, wilhwater.The coal slurryis heatedwithsteamfrom
A pk_rtmassbaiance, basedon the_ assump- a steamboilertualed bynaturalgas.

tions, isgiveninTableA5.1, AR_ 5. Foreach Ina casewhere pulverizedcoalis no(available
stream, water contentandpec,entage of solidsam on site,a coal pulverizingunt wigbe addedto the
also presented.The plantrnatertaibalanceisbased processflowsheet.The pulverizingunitis
on an oilcortem of 26 percembyweightin the oily of a Ixtma_ crusher,a secondawausher anda
wastes. The oil remainingin the "dean" sandi_ as- grindingmill.Run of _ coaldeliveredtothe site is
surnedto be 0.4 percent(w/w).Becauseof the crushedandpulverizedandthenstoredinthe coal
limitedexpedmentai data availableon the deanlng hopperfor su_ent use.
of materiaicontaminatedby oilywastes, the Oilywastes fromthe oilywastes hopperis fed
residencetime assu_n and equilxnentsize througha screwfeeder intothe tumblerdrumto be
selectedam appmximmeonly,andthe designand mixedwiththe hotcoal slurry.The hotcoalskJrry
costing shouldbe updatedas moredata becomes providesthe heal to maintainthe mixturein the
available, tumbleral about 185"RThe highsoids loadingand

highshearmixingresuls in albion oi oily
PlantLoadRctm matedaifromsudacesof coarse _,nertsoicls.The
lt was assumedthatthe moCaepmcemdngunitwill coarsesoUclsare separatedby thetmn',rn_screens
operateon 3 shiftsper day,6 houm per sltffk300 attachedto the end 04the drum.The topsizeo4the
days a year.The plantwil ;xoce_ about30,500 ton- materialthat entersthe highshear mixerswas
nes of oilywastes per year and havea loadfactorof limitedto 3 mm. The undersizeis passedto floata-
62 percent, tion(:ek; after agitationin the highshearmixers.

PlantI._ Thefrothfromthe floatationstep is furtherwashed
on vixaUon screens.

lt is assumedthatthe moble I_antccerates in the The tailingsof thefloatationstep am passed
Lloydminsterarea, processingoilywastes from throughdassayingcyclonesto separatematerials ,
heavyoi recoveryoperations, largerthan500 mm as coarserefuse.The coarse

Plain_ refuseis combinedwiththe rejectsfrom tmmr_l
The mobile unitis con_ of an oilywa_e hop- screensanddeliveredto an open pit nearthe site
.... , ,... ..... , ,.,.,--. ,..,.,.. o,,,..,._., for disOosal.The underfk:)wfromthe cycloneis com-

t II,,,p'lullmtQ _ m m_,.rl,al,wulol m _ ¢Nq,,BU I t4aem_.0 a _v_w

J washer with trommel screens, a high shear mixer,a binedwiththewash water fromagglomerate
three-cell floatationunitas wellas agglomerate screensand is sent to the filer pressfor sec_armion
washing screens,a hydrocyck)neand a filterpress of the fine re(use.The filtercake is collectedand
(Fio_t #ARC74). sent to the pitarea for disposal.Thewaler fromthe

pressis recycledto the ixocess.
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7.3.CostEstimatesandFinancialAnalysis TheHomeOnk:eandErnee.n0Costswerees-timated'at20 percent of the Total Direct Cost. The

, 7.3.1. Sources Brld Methods of Pvlx::ossCost _ncy Costestimateswere basedon 20 per-
EstlmatN centof the DirectCostsplus EngineeringandCon-

structionExpenses.
Majorequipmentwasdesignedandsekcted =:com- A su_ ot the annualoperatingcostsis
ingto the mass balancefnTableA4.1. Majorequip- presentedinTable7.2. Directoperating_sts were
rnemwasthen pricedusingin-housedata or cost estimatedas follows:
data inthe literature.The two referencesusedfor • coalfeed cost
thecost data are: - mn of minecoal 12.00 Cdn$/tonne
1. CanadianInstituteof Min_g andMetallurgy, - freight 16.50 _onne

SpecialVolume25, "Miningand Mineral - totaldeivered 28.50 _onne
PmcucngEquipment andPremry - puMzedco=
CapilalCost Estima_m," 1982. delivered 33.50 Cdn$_nne

2. G.D. Ulrkch:"A Guideto ChemicalEngineering • Ixidgingoil noneadded
ProcessDesign andEconomics,"New York:John • elecUidly 0.04 Cdn$/kWh
Wiley & Sons, 1984. • naturalgas 3.00 Cdrd__
Purchasewices are updatedto firstquarter1989 • water no cost,can be recycted

doUamusingeitherthe M&S Equ_em Index for • wastesanddlslx)saJ no cos
Mining and Milling InOUstryor _ Plant Cost
Index reportedin ChetrCal Engineering.

TabW7.2.Ann_ omm_g com ot mob_Woceu_gfor

7.3.2. Capital and Operating Cost EstbBtel tremr,o Uoydr_S=r_y wmt,m (scram 1_ 'ooo
A summaryo_TotalCapitalCost forthe mobileunit L-,bor "
ispresentedinTable7.1. The tabledepicts_ Wa_eRse No_
andIndirectCosts, Owner'sCostsandWorking ('ooo$_) Sh_

Capital. Foroman 42.00 1
Tsble7.1.Tou¢caCitalmst - mobile_ _ for Proms=
troat_,,,,,Lloydminator_ wmSN (Scamaido1). _ 37.00 2

'000Cdnl Total 3
Major_:quiprnentCoaut 460 Numb_oiShih perDay 3

v_x,no _,_h¢ SaJam==hdWqm 348
PayrollBlxden&(_uld 139

Equipment_ 225 (@40%cd_ & Wagoo) 487
Pmclm Control 147
P_'_g&_ 2O2 _ &Sup_m (@5% otTCC) 78
S_ & OutlddeI.irw 5O

-......- Immram_(@1%OFTC,C) 16
TolaJOnct Coli 1,084

NalwmlGu (0.16MMGJ,_/r@ $2._) 32
Engi_ & ConrmxCionExpenmm 217

(20%ofTDC) Eiodnt:W(2.21MMKWh@ $0._ 88
Go_ingon_ (20%oiTDC& S_) 260

..----- Total 701
TotalPlantCosts 1,561

Ownm"xCosta Feedxmck
Spainparts(5%oi TDC) 54 Putvedz_lColi @ $33_ 804
WoddngCapital(1.5monlhsofPn:_ 188

Go_and1.5monlMo_CoalFoodCo=) Pmdu_Cr_ii
-"'--" C.,oaiAgglom_ @ 28.50/tonno -812

.m,,,,,,m..

TOTALCAPITALCOSTS(TCC) 1.803 NETCOST 693
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' 7.3,3. F'IINCISI AI181ysb The economicsof the processare influencedby
whetherthe coalagglomerateproductcanbe util-

The criteriafor the financialanalysisof the mobile izednearthe processingsite.The differenceincoal
t unit_: agglomerateoreditfor thetwo scenarioscan be as

• equityfinancing:1O0percent muchas $Cdn 15.42per tonneof wasteprocessed
• opefalJnglifeof mobileunit:15 years (26.63 - 11.21).Therefore,the netbackvalueof the
• requiredreal rste of retum:12 pemeflt coalagglomeratepmckctis a yen/importantfactor
• unit load factor:.82 peceflt indeterminingthe economicviabilityof the process.• taxes: notconsidered

The marketingof the ag01omerateprocU:tisa VmameMalym
_'oa_,emfor the mobh plantoperator.The_lowing The semitivitlesof capitalinvesmwnt,operating
t_fo scenarioswere designedto assessthe impact cost, laborcost,anddeliveredcoaipriceson the unit
oi _hetwo differentoperaJngenvironments, processingcostwere examinedfor Scenario1. The
Scmw_ 1:BeltCIle Sclnli_ resub are shownbelow.

This is thecase where pulverizedcoal andag- BaseValues(_ dollars)
glomerate mad(etsare availableat close proximity CapitalInvesUnsnts,$MM 1.80
to the plantsite. lt reWose_ the case wherecoal DeliveredCoal Prices,Snonna 28.50
has replacedr_uraJ gas in steamrair,Jngin heavy PulverizedCoal Price,S/tome 33.50
oilOl:mrations.lt is assumedthatthe aggk)merate Unit_ Cost,$/tonne 31.39
p_ can be utilizedon _e bythe heavyoi
operator to supp_rnentthe coalsupplyandthere-
fore wouldfetcha priceat leastequal to thepriceof Changein Per¢om
deliveredcoal.However,no pmmmJmis da/,medtor ,S_m_lvmm Wee._ change
the highercalorir¢value of theagglomerste. $Cdnnmme

1.Capilal_ +25% +2.17 7.0
2:WOIlt_ _ 2. Op_raCnOCost+ 25% +5.75 18.3

3.Cmd_ Pdoe+ 25% -1.32 -4.2
This is the case wherepulverizedcoal and ag- 4. LalxwCo_ + 25% +3.99 12.7
glomeratemarketsare not availableatclose 5. _ + 25% ._0.64 2,0
proxindytothepl_Jts_e.AcoaJmtvertzingunit
mustbe addedto the mobileplanLIn a:k:illen,the OperiJ_ Co_ isthe mostsensitiveparameteraf-
coal agglomerate_ hasto be st_ outand fectingthe unl pmceasingcost.The remainingfour
soldseparately.Therefore.freightchargeshaveto parametemtested,rankfromhightolow,asfo,ows:
be deductedfromthe sellingpine. Hence,a lower • LaborCost
netback,same u mnof reinacoal, tsassumed. • CapitalI_

A summaryof the fimncial analysisfor thetwo • Mainlor'_ies
scenariosis presemad inTable7,3. • CoalDeliveredPrice.

Capital I_ fix the rnotle trealmentunit UnitI_ cost is notsensitiveto delivered
inScenariosI and2 are e_ITmteclat $Cdn 1.8 mU- coal pricein Scenario1.Actually,unit_n0
lion and $Cdn 2.06 muon respec_ely. The total costis _ by about$Cdn 1.32/tonnein the
com of pmces_ng a tonneof the oilywaste material caseof a 25 pementincreasein deliveredcoal price.
rangesfrom$Cdn 31.39/tonne in Scenario I to This is becausethe agglomer_e _ iscredited
$Cdn 46.97/tonne in Scenado2. Coal feed cost rep- at cleh,oredcoal price,andthereare more ag-
resentsa significantcompol_i of the I_X:eSsinO glorneratesproducedlhan feed coaL
cost ($Cdn 26.36 and$Cdn 22.43 per time respec-
tiveV).EquaayImponmisoperat_costwhich
rangesfrom$Cdn 22,98/tonne in ScenarioI to
scdn2s.e44onnescona2.The 7.4.Conclusions
cost is due to pulverizingthecoal in ,Scenario2. The The capitalinvestmerdfor this_ treatmentunit
fourthlargestcost elernenlis the caplal charge,al was estlmaledat $Cdn 1.80 MM or$C4n 2.06 MM
$Cdn 8.68 and$Cdn 9.92 per tonnerespectively. _ the coaJpulverizationunit.Thecostof
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processinga tonneof"typlcarLIo_er oily _ 7..1._ ofWocemnglloydminsteroilywaste,.
wastewasestimatedto rangefrom$Cdn Smm._ Scenario
31.39/tonneforthebestcasescenario(,ScenarioI 1 2
wherethecoalagolomermescanbeutlizednear Cq_tN_ (1989Cdn4;)
thesite)to $Cdn46.97/tonneforScenario2 where 100tld Mobile Pmcmsing Unit 1,803,0002,062,000
c=aJagotomormsworetow _in_:i torm.

Co_ Feed (trainee/year) 24,000 24,000
Importard factors Influencing the economics oi the C_I FoodPrices($/tonne) 33.60 28.5O

processwere: CoalAOOk:,'nermmProduced 28,50O 28,5O0
• theneU:e_prt_ofthecoalaOGiOmer_es, Oonn.,Ww)
• the deliveredpriceofthecoal, Cod.aO0_ Prk:m 2a.SO 12.00
• thek_or toa, and,_oa _." extent, _)
• thecap_ cost. OmyWum P,x_8 _) 30,soo 30,5oo

OpmeUrmCooto 701,000 788,ooo
Theseareve_ muchdependentonthespec_

and_ available. _ Ctwg_ 264,70o 3o2.7oo
ThecurmrdoomoihauUngtheoUywastesand Tom_ S Cap_ _ 96S,700_,090,700spreadingthewastesonroadsisestirrmedai be-

tween$Cdn25 - $Cdn35/lonne.However,thisprac- CoalFeedmx_Com 0O4,OOO684,OOO
tlcelommlylobeconsk_redunaccopUd_infuUe _ Credb -a_2_o -342.ooo
operalkxm,andemrek)m,the_ed _
comof$Cdn30-$CdnSOnormolscortainlyw_Ina N__Coa , 967,,m0 _,a_..700
range which makes the mobile b'oalmoflt d a vi- Per UnitCost ($/tonno) 31.39 46.97
ablealt_ to current_. _, when UnCCo__ (Sa_ne)
the des_ and (:o8l_ of Ule C4ean Soll proce88 for Capi_ 8.68 9.92
the dean-up of oilywastesisupdatedinthe future _ 22.98 2s.e4
using more extemi_ expedmert_dm. theoomo( Cod 26.36 22.43
hBuiirlg and _ tj'ISw_e8 oft foBd8 should _ C.jedit -26.63 -11.21
also be updmed. ToW 31.39 46.97
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8.ConceptualDesignandCostAnalysisof
TarContaminatedSoilPlants

8.1.Introduction Thetaskofdeangupade isquite
This section reviewsthe conceptualdesignandcost termsof malerlalhandling.The inorganiccon-
estimatesfor theClean Soil processwhen usedfor taminantsinthesoilhaveto be segregatedmanual-
cleaningtarcontaminatedsoils,ittis basedon the ly and cleanedseparately.However,the organic
NonNestResourcesConsultantsInc. report materialswhichare primarb/tar,could becleaned
preparedfor EPRI in 1989. usingcoalaggJomerationtechnology.

The envtronmefCaJdean-up aspect is a very im- The feed materialfromthe MGP sitescontainsa
portart fealum ofthe coal aggiomeraUonteCJ'CK_ high concentrationof non-extractablecarbonaceous
developedby ARC and EPRI. Toexl:k_tthisfeature, mattercharacterizedby wideparticlesizedistribu-
a laboratoryI:¢ogramwas initiated.Processdevelop- tionanda highaffinityfor tar. Inaddition,the chemi-
mentbeganon a bench-scaleand is nowwell into cal propertiesofthe tar adverselyaffectthe
theI:_Otplantstage. Inviewof the successofthe fk)aIationof the micmaggiomeratas.Ali thesefactors
laboratoryprogram,EPRI commissionedNonvest make thetarrymatedala ratherdiff'cuitmaterialto
ResourcesConsultantsInc.to developa conceptual treaL However,al thesedifficultiescan be handled
plantdesign andprepareprelin',inaweconomicsfor by modifyingthe pcocessingsteps, for example,by
a mobie unt c_ of I_ 100 tons per regdndingand repmcassJngat theend of a par-
day of contamirmledsoil.The technok)gydeveloped ticularstep or at theendof the entireprocess.How-
couldbe deployedto dean up ok:lgas ,,-nanufactur- ever,suchmodirCak)nwouldaddto the complexity
ing piarl _es in the U.S. The flndnge of the Nor- of the process.
west Reportare summarizedinthisCtmlXer.

Bassdon ARC's eXl_lciercewoddngwithU.S. 8,2,2, D_ll0n _ratlons

tam/material, a logicalextensionwouldbeto _ The tonnage to becleanedvariesfrom siteto site.
the processto the dean-up of oilywastesbom However,ittendsto be small,onthe on:lerof 10,000
heavyoiloperationsin Western Canada.This is to 40,000 tons.Therefore,the plantshouldbe built
anotherarea wherecoal agglomerationtectmoiogy in moduleswhichcan be dismantledand
could havea majorimpact.A corcqXual fiowsheet transportedfromonediteto anotheroncethe dean-
was developedandis presentedin thischapter.
Somepreliminaryeconomicsare also imbded in up hasbeen compisted.The plantmustbe designed
Section8.2. Notethat ali costsin Section8.2 are in sothat it can processa varietyof feedswith tar con-
constant 1989 U.S. dollarsandin U.S. dollarspsr tentsrangingflora4 _ to 20 percent.standan:ltor'dean" sol shouldmeeta targetof no
shorttons($_). morethan 0.1 percentbyweightof tar (drybasis) in

the soiLMoreover.theoverallprobe of the l_nt
shouldbe kept as lowas possibleinorder to mini-

8.2. Clean-upOfManufacturedGasPlant m_ visualknpactinurbanareas. Finally.the water

(MGP)Sites shouldbesed toensurethaiaUpotentwater-bornep_knams are treated on the de. AI

8.2.1. The Problem vaporsshouldalsobe co,ecmd andtreated.

Gas rnaru_aOuredImm coal or oi was once an lm- 8.2.3, Plant DeSCdl_
portanturbanand induatdalfuel. lt hass,c,e been The mobileI:¢amis dasignedto pccess 100tonsof
re_ bynaluralgas. Few manufacturedgas conwminatedsoilpsr day.The pmcese fk)wsheet
ptanCs(MGP) are operatingtoday,butform_ pm(Xc- andthe malerlalflowstreamsare stK)wnin Figure
ing sitesare reportedto nun-¢_ in the thousandsin 8.1.
the U.S. alone. Most are cot_tatninaiedto some de- • The soilfeed is rec_imedfromthe stockpileby a
gree by the ocganicand inoegan¢wastesof plant fromend loaderandplacedin a hopperequipped
opera_m. They are _on valua_ landand witha grizzlyto separme_" sizematerial.Theover-
mayprese_ envkonmentalhazards.These sites size materialis rel_dled separately.Undersize

i '_ " "" .................. (-4") materialisfed,at a conmoileOrate of around5

i!! ment can begin.

4
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Iph,byconveyorir_othetumblerwhereit joinsthe mixers,whereoilisadded.Theooal/tarag-
coalslurrystreamfortl_ initialtreatmentphase, glome_es arescreened,withscreenoversize ,

CoaJsizedat3/8"x0,isloadedfromhoppersonto beingconveyedtothecoal/tarbinforsubsequent
conveyorswhichtakeitto a pulverizingmilLThemill loadingintotrucks.Shouldtheagglomerationphase
reducesthecoalto -60meshsize.A screwfeeder no(berequired,thebothbomfloatatloncanbe
thentakesthecoalfromthesurge_ belowthe dowatemdinthevlbe_mnt_e, thenconveyedto
miU,eithertotheslunypmpam_ontank,o¢tothe ltmooalP,ar bln.
high-shearmixertankupstreamof theseoondstage Thetailingsbomseoondstagefloatation,now

ceus(seebek_). CoalWhy isprepared _ clsposabiedean soil,aretransportedto
in2 tanksbotho#whichareequippedwithheaters thelNckormrviaanoversizeprotectbnscreen.
to raisetheskJ_ftemperaLureQoaround200"F(a Ovemizefromthescreen(+,30M size)goesto the
temperaturecd185"Fis requiredforthematerialin ¢onc_ tablefeed.Underflowfromthethick-
lt_etu_. Theratioof(:oal/tarissetat7:1ona enerispumpedto a solldbowlcertcffugefor
wt/wtbasis.Theslurryispreparedin1-hour dewaledng.The_ cake(ck)ansoil)iscon-
bathes, wlthlhewoightofcoaldetemtinodfrom veyedto anopen_ fromwhereiiIsmoved
sampk_cdthesoiltobefedto the_ Slurryis byhonl-41ndlore:loreto theclesign_oddisposals_e.
pumpedimothelun/derwhereitjoinsthesoilfeed. Cladfledwalm'fromthethickenerisre_Jmedto

Thernatedalleavesthe_ in3 slnmrm: thedlrtywatertankstorreuseintheplant.Make-up
• 4" x 3/8",whichisthencrashedto.3/r, walerisaddedtothedidywatertarksas required.
• 3/8-x 10 M_ joinsthecrushed4- x 3/8= Vapor_ninmolll extractnoxiousfumosas re-

material,and qulmdbomthelun/:_,'floata_n cellsandthick-
. -10 M. enerfeedsluny.

The3/r x 10 M rnatodaliscotwoyodIoa ¢on-
oe_ tauewr,_ sq_ratesmeug_ergravity 8.2.4._ Bub
o_Utar matedalfrom¢ean soil.The_ overflow a. Sizoof Ur_: 100tpd
(coal/tar)goeslo a _ Iordewatering MobileDemonstralk)nPlant
andisthenconveyedtotheooal/tarbin.Thetable b. BaseYear:. 1989U.S.$
underflow(soil)isscreenedandisthenelher

to-30 M forfurtherI_ byfloalatlor_ c. UtilityRates:- Eledlk:W $ 0.085/KWh
orI I isclean_, I istramponedlo thedean .Otl_ $ 20.O0/t_
soilconveyor. - Coal Netzerocom;as revenuefrom

The -I0 M _ from_ Umler is_ Io agglomerate(ooaJplustar)
a screenf_ accur_eimpataflono#INI +30M and salestoasmmledequaltothe
-30 M materialTho+30M maledaJjolrBU1efudto costoffudcoal. Nocredit
theconcmWaB_tablewhilethe-a0 M rnmerlaiIs Isclaimedfortl'_ higher
pumped_othel_gh.mHr n'dxem.Fromthemlxem, cabr¢¢valueof the
at a _o_ _um/denCty o( 10 pement,the aggJomorate.
mmerJaJpasml S°tw° moe8 °( fl°mmJ°n"Rmt -St_ NotaR:_at_.
stage toJlinosml _ Ina _ set of Ngh d. Operating Lal:o¢I:_es:
shear rnixem,whomoddlUoralox)alcan be addedif wagesRam (U.S.S/br)
required.Thofro_ thonpasses_othesecondmago Foreman 20.00
fk)atatk)ncells.Asanoptlon,thecoarserfractlonof Comro4Room_ 12.00
thefirststage_n tailingscanberegroundto PlanlC_:)eralor 12.00
liberalomineralmalletand11oe_ _. Maintenartce 12.00 "
The_ _ gototheseoondsetofhigh LabTedlnid_ 20.00
shearmlxom._ reagenlsareaddedasre- Loader_ 12.00
quimdbek)meachstage, e. C_ll=Wtm_. !5 yearnon 12% rateof

' The_ frothfrombothstagesoffloalatlon return;taxesarenot
iseitheragglomeratedorr._. Forag- considered.
gloW, thefromispumpedtothelowsha_
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Table 8.1. Major equipmentlist.

Equip. We_M FOe
Description # Ibe HP U.SA P,enwtm Supplier

' ScalpingScreen SG-01-1 3,000 5 le, ooo vi:n'u 4x8 Conv.& Equip.
SoilFeed Hopper BH-01-1 9,333 - 23,333 - WetCor
SoilVibro-Feeder I=V-01-1 6450 1 8,500 12"W, 60'1. Cantor

_!, SoilConv.to Tumbler CV-01-I 2,800 I 9,755 - Conv.& Equip.

I MetalDetector MD-01-1 600 1 6,000 - -Tumbler TB-01-2 41,900 125 140,360 7'x14' Md.J_ahan
SoilConv.to Crusher CV-02-2 650 0.5 4,000 Type9(; HytmiConveyor

Crasher CR-01-2 1,500 5 7,775 Jaw Xer, 5"x6" Sapor
Soil Conv.#1 to Table CV-03-2 250 1 2,000 TypeD.3-16 Clurfioid Conv
Tumbi_ From Tank TK-O1-2 600 - 1,500 - -

Soil/CoaVTerScreen SG4:3.3 950 2 9,131 MC-481 Synmo-.Ma_
OversizeSieve Bend SC-O4.3 900 - 9,500 2'6"rod,3'wide De_er HP
Th_ Feed Tank TK-02.3 1200 - 2,500 -
ScreenU/F Tank 1"K-03-3 600 - 1,500 - -
SoilConveym CV-12-3 250 1 2,000 Type 0-3-16 Clew_Id Conv
Soil Conv.#2 to Table CV-04-4 3,500 1 12,250 Type 0-2-52 Clurfield Conv
TableO/F Tank TK-O4-4 200 - 500 - -
Cono_Ul_ng Table CT-01..4 2,115 1.5 9,900 #14 table Deisler
TableU/F Screen SC._-4 225 2 4,387 MC-241 Syncm-Matlc
TableU/F Crusher CR-02-4 3,660 40 27,800 Cage-Pakl=x30" Gundlach

Coal SlurryTanks(2) TK-06,06-6 7,708 15 19,264 -
Cyclone CY-01-6 800 - 4,200 0158-15"dia Krebs
Cyc,mU/FCr.,,_er CR-0_ Om_ Opt _ -
Stage 2 High Shear Mixer TK-07.6 906 1.5 2,264 -
HighSheer Mixers (3) TK-08/10-6 2,716 4.5 ¢7II2 -
S_. 1 Cond. Tank TK-11.6 1,_ - 3,206 - -
Coal Idopper BH-02-7 12,000 4 24,000 - WetCor
Co_ Conv.#I to Mill CV-06-7 400 7.5 3,200 Type SD-3-26 Cleaff=KlConv.
CoalConv.#2 to MB CV-06-7 3,920 10 14,292 Type HSDU-52 _ Conv.
CoaJI_1 _ 3,68o 40 27,11oo _al4or 3o" Gundtach
F'meC,o_ _ BH.O3.6 750 - 1,500 - -
FreeCoj Screw Cony.rl CV-07.6 800 1.5 9,400 Feeclsto slurwWnks
Fine Coal ScrmNConv.#2 CV-0e.6 400 0.5 3,200 Feeds to _ 2 -

hi.sheermixer

Stage I FrothCel FC-01.6 5,250 40 42,000 2-180 fP Denver
Stage2 FrothCd FC,.4_,.9 5,250 40 42,000 2-180 _ Denver
FrothTank TK-12-9 600 "- 1,500 - -
S.B. CenUiluge C,F-01-10 6,300 30 153,000 24"x30" Bird
Vb Cent D/W Sawn SC-06-I0 950 2 9,131 MC-481 S_

CF-02-10 10,000 50 45,000 EBW CIA
LowShear Idixen;(2) 1"K-13,14-11 4,172 10 10,430 -
Dew_ Screen SC-06-11 980 2 9,131 MC,-481 Sync:m-M/_
Coal/TerConv. CV-09-12 5,394 3 18,880 - Conv.& Equip.
Coal/TerConv. CV-11-12 3 2,800 Type _ Cleerfi_ Conv.

CoaYl"ar_ BH-04-12 8,381 2 15,080 - Conv.& Equip.
Th_ TH-01-13 12,000 S 84,000 Tankin 12 soc. WelC.,m
Clean Sot Conveyor CV-10-14 1,214 1 9,710 - Conv.& Equip.

Totals 171,327 460 859,441
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8.3.EconomicEvaluation opmun0 SsSmm
lt is sssumed thatthe p_nt willoperatewith3 8-hourThe presentationof theeconomicshere is some-
shiftsper day. Plantutilizationrateis 83 percent.

, whatdifferentfromthe pmsenlatloninthe Norwest
The manrx)werrequimn_entis estimamdas follows:

Report.Capitalizationcostis includedto arriveat a

totalprocessingcost. The dernonsUationplant is No/shift
amortizedfor 15 yearsat a requiredrateof returnof Foreman O.33
12 percent.The sle installationcosts,otherthanthe ConlmlRoomOpemlor 1.00
reuseablebuilding,isexpensedraUlerthancapital- Plmr_Opemlor 1.00
ized. ),b_mman(:ePerson 1.00

Lib Tedlnidln O.33
The processeconomicsestablishedhere are Front-endLoader_ 1.33

basedon a feed witha 20 percent tarcontent.This Total
representsthe worstfeed scenario.The eoononWcs
actuallyirmmve witha lowertar content inthe feed. A5 percentallowanceforovertimeis to be in-

duded. Payrollburdenis estimatedm 35 percent of
_ CostEsllnme saladesandwages.
A majorequipmentlist,includingpurchasepricesis Totalelectricpowerrequirementforthe plant is
tabulatedin Table 8.1. Capitalcost forthe 100 qxl about527 hp. Reagentforthe plantis estlmat_l
demonstrationi:_nt is estimatedat SU.S.2,166,000 71,500 Wyear which is basedon a mquimrr_mtof
(as shownin Table8.2). 1.0 and 0.5 b/ton of feed forthethickenerandfloata-

ttonunitsrespectively.Costof reagent is as_med to
Table8.2.CaplaJcostsummary:100tpddemonslnJon be $U.S. 2.50/Ib. Lab suppliesare estimatedat
plant. SU.S. 1,000mlonm.

•'oo0U.S.J; Total1:klnloperaUngcost,exck_ing oilbinder,is
MainEquipment 859 presented_ Table8.3. Oil feed isapproximately4
Freight 48
Pum_, Wa_erTank_ 112 pefcerltbyweightof coalfeed,or about0.28 ton/hr.
Erec_n,Piping,F.lecUic_,I_ elc. 382
Ofrl:e/ConUolRoom 85

TrJlers .---141 8.4,Comparisonofa 100tpdPlantvs a
D=t 200tpdPlant

Engineering& _ Expenmm 234 MOMof lhe piecesof equiprrmntselectedhave
Contingency 184 c_ S_ higherthan thedutyen-

Building 140 _ despitebeingat thelowend of the range of

TotalCapitalCo_ 2,166 mmllleft:_ designs.Asa rosul, the plantcapacity
SileIns_lat_n Coals 81 . couldbe doubledto 200 _ m anincrementalcapt..

...... talcost of about20 percent.Unit_ino cost is
fromSU.S. 65.4&'ton1oabout$U.S.

Table8.3.Opemlngco_ summiy:.100tlXl 40.97/I_I (Table8.4). l'he cost _ occursbe-
demonsm_on i

'000 U.S.$ $U.S.n_ Table1.4._ _ coIL

Electnc_y 198 5.35 S/ton 100TPO 200TPO
Rugent 179 4.91 _ _ 8.71 S.22
Product_ 16 0.43 Sh CoM 2.22 1.11
Laborinc.Overtime 22.91

&SuPl_iel 148 4.09 _ 47.67 27.78Coll 0,00 0.00
Lo kxPar, 2O6 S.SS Oa a.e

158 4.33 __ __
-- -- Totll 65.441 40.97

Total(exd.oil) 1,735 47.67

!1 +



causeof lowercapitalchargesperunitofwastes 1. Capitalcostforthe100q:=d_ isastin_edat
I:)n:c,e_md,andbetterutilizationoflaborandof $U.S.2,166,000.
rentedloaders.Thefixedoperatingcostssuchas 2. Thecostof_ atonoftarrywastesis
laborandrentalarespreadoutovera largevolume, estimatedat_ SU.S.65.46/ton,forfeedwith

a 20 _ tarcontent.
3. _a=_mttalcost_n canbeachievedwitha

_gera)oqod.nL
8.5.ConclusionsandRecommendations 4.The_ pmce=op=_ are_ forii

fead_iityanddevek:Jpeda rxocemflowsheetfora - regrindingstage1tailings;
100tld demonsUat_nplantforthetr_ otcon- - ¢entmu_ coal/tarfroth;and
=mmatedsoil. -gravity=4q_'alJonof 3/rx 30 meshmaterial.



9.SummaryandRecommendationsforFutureWork
I I

Theot)iec_ o_thisstudywastoaPrWadvanced detaiedbadHestsbecorz:_ed tostudyprocess
a_tomeraUontechno4ogytothedean_ o(con- resean:h_ues suchas:
_ed soilsfrommanufacturedgaspiant_es, • theeffectofselectivegdndingonreleaseoftar
oi spils,oilywastepitsfromheavyoilrecoveryand o(x:kx_ intheporesofcoke.charandslag,and
upgrading_. Theresultof_hestudywasthe • theeffectofcman_ant (tar)rxopenieson
developmentoftheCleanSotprocesswhich,when agglomerationkinetics.
apptedtocoetamWtedsoil,yieldscteansoil
suitablefordisposalin lanclflk, anclcoalag- Inl_rJN ,_ TmrFacBty
giomeraes_ comaningthehy_camon con- _ U_TFmmpmvUedengineer_g_s_n and
tamlnan_,suitabletorco_'d_on in_ operal_ _ tortheCleanSoilprocess.Themajor
_. Specie issuesrelatedtotheprocessper_- _ areaswere_,..__ andproceuco_rol
manceoftheCleanSoilprocessandreco_ requlremertswereidentir_KLDifrcult_ wereex-
tionstorthefutureworkare_ed below, pederced,however,inoblairmgoontmllecLsteady-

statepetfocmarcooftheIATFforsomefeeds.This
Bath.Tmr_ wasduetolimitedprocessinformationon:
BaCtiPtest_ru weredev_ toprovidea • the_ moct',anist__ theeffectof
rapidso'eenlng_ forcmract_zatlonof time,soUdsmmenCal_on,tempm'_umand
varies _ntaminatedsoilsfortreatmentwiththe tar/coalratio;
CleanSol pn)ce_. Thetestspedomudalsoas- • theeffectoftardisututJonindifferentsize
sistedin irnpe..-venwntcdthetxocossanddevelop- fractionsonthetypeofseparation(screening)unit
meritof processresearchInlom',acbnrequiredlm" requiredaftertu_;
o_rmJonofthe ImegraledAgglomma_,_nTest • theIdnettcsofagglorneralJonandtheeffecto(
Faclity(PDU).T_ paranlete__ asknpor- (xzcrt)inedollandsolidconcenr_ onndoo-
rantforthecleaningofoontamina_tarrefuu were: m¢lrnacro-agglomer=lton;
• _o(retusewihasmaSamounto( • the moetaPlxO(7_teal_oact_o repc0cess_

solvent, o(dNlk:ulsoilsan¢_ withvadousIXopertles;and
• intens_ofturmingorag#ationwithanh:mased • l_(:onm)lab_o_thelATFsystemimbclrM

amountofsolidsbeingbeneficial, mealunm1_of slurryflow,oorcentra_nand
• temper'4_'eof_ _ optlmalt_re clemb/.

Of70"C, lt is_ thatalitheseissuesbesludmd
• pmperti_o_=:k::ledooal,wl_ bltulWa_ousc=:=al andku'tt_ _

sm._ bauerpm'lomun_0am
• addt_ o_fro_coaK=_ =uc_a=_, E. Pmd_'r_ md_

The rmxlu_agglomeratesfroml_e IATFwere
Thokey_ of_ soilrofuu testedforhar_ gdr_ andcontbustJo_ctmrac-

were: teristlczandtheresultswereco_ tottmtest
, amountar¢l_ oi tar, bumswiththeparentHVBcoal.Thetestsshowed
• pmsencoofceU o¢o(t_r _ agglomoralutobesuitabgeIoroo_ inexist-

rreteriaJs,and Ing_ bolem,andtheoombustionemisso_
• parti_ r,_ dlau'ix=_ c_mo=_l rr,atr. =obo=Urdar=omeontssiom_ HVBc_ us_ _n

am_onuraU_._, _ ontyormao-
The _ par-dmetemidentJf_ accountedtor obmerme productwasevaluated, reco_Jons

al majorvartatiom inpmck_ pmpertissand weremadetorfutltmrtesting,rmme(y:
txoce_ pedomlanco.Atbe_ ¢omlilto_,thec_an • Testsan_e_ us_ clilfermlcoalandcontarnin_
soupmdu_o:)nta/nedisu than0.1 _ol _ stojld beevalu_edIntermsof
Wdrocad_ co_tandnant¢Th_ _.,-,c_,b_;o,_ex- dmir¢ombuado__ ami_ o(
cee_ cun_nte_ requkementsforlandfll thea_ fordisposal
disposaJof sogs.However,a fewsamplesweredi- • _test _ _ be evaluamdfor
_cut _oCean andthe clean sol pmOUc_oon_r_ hanm_, flowaba#y,co_, _
highCohen (0.1percent)of hrdclmcal'oon_ stability,etc.
tan'mal_, ltis reoomrnondod,Ulerefom.thatfurther
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• Theeffectofwocessparametersandpro(k_ ingandspreadingthewastesonroads($Cdn25to
propertiessuchasmoisture,oilcontent,etc.on $Cdn354onne).In viewofthefactthatsl_read_g
compactionof_r_es shoedberunner oi,/wastesonroadsmaynotbeaccepm_e_ ._ _
studied, ture,theCleanSoilprocessoffersa viaJ_, alterna-

tive_utJonto oliwastedeanupinthebitumenand
r-_m_,ty_.w (:mms_ Prm:m heavyoa_ hdus_.
AoonceptualdesiOnfor the CleanSoilWocen was _ recommendedSudkJsonthefeasUityof
developedtorVeaUm_ ofoilywastesfrombitumen thepmcemare:
uPwad_g.Thepmcus_ uni wasauumedto • _gradlngm medesignandcoSingof the
havea loadfac_ of82 percentand1owocems pmcoesbasedonaddiUonal_rtal work
about30,SO0_onnesotoi_ wastesperyoar. withonywastes;

Thecostoi pnx:ess_ a toeneof oUywasteswas • _ o(lhe processeconomicsbasedon_te
estknMedto rangebom$Cdn31.39/k)mlefora spodr¢appik:alJonofthemobileplantinthe
scenariowheremarketstortheagoIomerates _er area;and
_ existclo_ lo them,_lleplants#e,lo • reviewofthecom ofcurrentandalternate
$Cdn46.97/k)nnefora_ _ ag- pradk:e4foroily,wastes disposal andcomparison
glonwaWshaveto beshq:_ forsa;e.Thesecosts o(thesecom totheupdatedcosto1cSean._
oornpamdfaveralWwiththeesltrnaedcomforhaul- usingtheClea_Sollprocess.
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Appendix2.
II

ROur,,42.1. Compo4iUond tar r_us, sampi,, (_, #1).

TableA2.4.Site#1-1"Clun-tmalcontaminatedsog-overallmaterialbalance(_)a.

Wrl Mineral Tar/ Mineral
Strem Welghtm oil CombuM matter/ oU Combust matter/

uh ssh

Coal 25.95 - 91.31 8.69 - 78.3 3.5
FrothCollector 2.17 100.00 - - 35.3 - -

TotalFeed 100.00 6.14 30.28 63.57 100.0 100.0 100.0
TotalPn:x:luct 98.45 5.01 30.52 62.92 81.5 100.8 99.0

Product 60.18 8.21 49.84:1 41.93 80.5 99.1 39.7
Clean Soil 32.60 0.07 0.70 99.23 0.4 0.7 50.9

I Reject 5.67 0.69 5.16 94.15 0.6 1.0 8.4

I a:onmoimumfreebasm.



Figure _ C.lpiL;W gas chromatogramof tat (Saml)kl 1).



RAOIAN ANALYSIS RAD|AN ANALYSIS
3/16/89 3116189
SITE I-! FE_0 SITE I-I FROTH
UNITS UG/6 UNITS U6/6

EPA MFTHOD 8240 UOLATILES EPA METHOD 8240 VOLATILE5

BENZENE .GE BENZENE Z.3
ETHYLBENZENE 14.00 CHLOROFORM .25
STYRENE 9,4 ETHYLBENZENE !.20
TOLUENE I6.e@ METHYLEI_ CHLORIDE 1.80
TOTAL XYLENES 34.00 STYRENE 4.70

TOLUENE 5.70
SUBTOTAL 74.06 TOTAL XYLENES 4.80

EPA HETHOO 8270 SEMIUOLATILES SUBTOTAL 18.45

ACENAPHTHYLENE 110.00 EPA METH00 8270 SEMIUOLATILES
FLUORANTHENE 76.00
FLUORENE 57.00 ACENAPHTHALENE 380.00
Z-METHYLNAPHTHALENE 270.ee ANTHRACENE 230._¢
NAPHTHALENE 1I0.00 BENZ0( A )ANTHRACENE 200. e@
PHEtlANTHRENE _ ! 0. _0 BENZ0( A )PYRENE 150.00
PYRENE 110. e_ BENZ0( e )FLUORANTHENE 180.00
UNKNOWNS 731 . 00 BENZO(EHI )PERYLENE 77.00
0 | HETHYLCYCLOHEXANE 73 . 00 BENZ0( K )FLUORANTHENE 180.00
EHTYLBENZENE 350.00 CHRYSENE 180:00
CIOHIO 22.ee OIBENZOFURAN SE.00
I,I'-BIPHENYL 34.e0 FLUORENE 220.00
OIMETHYLNAPHTHALENE 60.00 ZNOEN0(I,2,3-CO)PYRENE 60.oe
OIMETHYLNAPHTHALENE 77.00 2-METHYLNAPHTHALENE 3S0.00
O|METHYLNAHTHRLENE 33.¢_ NAPHTHALENE 14@.00
CI2HI0 32._0 PHENANTHRENE 100@.00
ETHYLNAPHTHALENE ]5.oe PYRENE 70@.00
METHYLETHYLNAPHTHALENEZ0.@0 UNKNOUNS 1503.00
IH-PHENALENE 22.e0 ETHYLBENZENE 33e.e0
OIBENZOTHIOPHENE 21.O0 DIMETHYLNAPHTHALENE 140.@O
METHYLANTHRACENE 39.BO 0|HETHYLNAPHTHALENE _00.00
METHYLANTHRACENE ZS.@e 0|HYOROACENAPTHYLENE 83.00
CISHI2 22.00 OIMETHYLNAPHTHALENE 94.80
METHYLPYRENE 25.00 METHYLFLUORENE 57.00

0|BENZOTH[OPHENE 75._0
SUaTOTAL 2S67.00 C15H12 1=0.@0

" _641._(i HETHYLPHENANTHRENE 120.00
METHYLPHENANTH_ENE gO.gO
ETHYLANTHRACENE 54.00
METHYLPYRENE 100.60

_ TOTAl. "|57.4_



RADIAN ANALYSIS
3123189 RADIAN ANALYSIS
SITE I-I TAXLING$ 3123/89

SITE I-I PROCESS WATER
UNITS UGIG UN[TS U6/L

EPA METHOD 8240 VOLATILE5 EPA METHOD B24e VOLATILES

STYRENE 2.20 BENZENE lO.OB
ETHYLBENZENE 3.Z0

SUBTOTAL 2.20 4-METHYL-2-PENThNONE 560.00
STYRENE 7.70

EPA METHOD0270 SEMIUOLATZLES TOLUENE 26.00
TOTAL XYLENES 1_.00

ACENAPHTHALENE 6.50
ACfNAPHTHENE .e2
ANTHRACENE 7.60 SUBTOTAL 826.56
BENZO(A)ANTHRACENE 8.90
BENZO(B)FLUORANTHENE 9,0e EPA METHOD e27e SEMIUOLATILES
BENZ0(6HI)PERYLENE 4.70
BENZO(K)FLUORANTHENE 9.80 ACETOPHENONE 36.0e
BENZYL ALCOHOL 2.50 2,4-D[METHYLPHENOL 96.00
CHRYSENE 9,10 UNKNOWNS IS34.00
O-CRESOL .63 OIMETHYLPHENOL 100,00
DIBENZ ( A ._ _ANTHRACENE I .60 9ENZO( B )TH|OPHENE 13e .Og
DI BE_::3:L : ._N 1.5e CSHBO 16e. Oe
FLUORA;_TH|::IE 18. eO C8H802 36. eO
FLUORENE 2,50 O[HYOROINOENONE 87e.oe
:NOENO. ,Z,3-CD)PYRENE 3.60 ISOBENZOFURhNONE 75.00
2-MET-__NAPHTHALENE 5.00 CIZHlO 97.0e
NAPH,_nLENE 1.90 NAPHTHALENECARBOXYLZCACID 44.¢0
PHENANTHRENE 42.00 NAPHTHOPYRANOIONE 140.00
PYRENE 26.00
ETHYLBENZENE 7._0
DIMETHYLBENZENE 5.10 SUBTOTAL 3320.00
DIMETHYLtIAPHTHALENE 2.10
OIMETHYLNAPP:_,_,.ENE Z.9e TOTAL 4146.3G
TR[DECANE 0.97
METHYLFLUORENE 0.71
UNKOWNS 1,78
CI5HI2 1.60
METHYLPHEN_,I'THRENE 1,40
ClSHIO 2.30
CI5HI2 1.10
Cl6HI2 1.00

.. DIMETHYLPHENANTHRENE !.10
METHYLPYRENE I.Se
CI?HI_ I.I0
Cl7HI2 0.79
METHYLPYRENE 0.8_
METHYLPYRENE 0.S6

SLIBTOT.tL !_?. :6
1UTAL "_.a(;
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RA01AN ANALYSIS
3/29/89
51TE I-!
UNITS U6/HL

METAL5 ANALYSES

FEED FROTH TAILIN6S WATER
AS <0.03 <0.03 <0.03 <0.03

AS 0.003 0.004 <0.002 <0.00_

BA 0.25 0.35 0.10 0.051

CD <0,00S <0.005 <0.00S <0.005

CR <0.03 <0.03 <0.03 <0,03

R8 0.1 <0.05 0.1 <0.05

5E <0,002 <0.002 0.005 <0.002

H6 '_0.000_ <0,000Z <0.000_



, AnaLytiCaL Diii Summary
EPR!

I_dian _lork Order: 99.07-121

i

Method:S_a2t.O-VoLati le Orgamcs (1)
List:

SampLe lD: SiTE 42-2 FEED SITE di2.2 FRO- SITE 1Z-2 TAI- TCLP ELAN[ SYSTEMBLAME
TH LINGS

Fac t or: I0. OOO 5. OOO 1.000 1,000 I. 00

Inset ts in: ug/L uglL sill. uglL uglL
010 020 030 0SA OTA

Motri z: t eKhlt • | emchet e | eschar e t either I | eichlte

mi ,,,,mii

Acryi ohi tri to 4250 ¢130 ¢25 425 425

Eonz one 450 c25 ¢5.0 45.0 cS.O

CarLson disut fido 450 ¢25 45.0 _S.0 ¢5.0

Cartoon tetrachloride 450 c25 45,0 45.0 c5.0

ChLorol=entn 450 c?.5 c5.0 ¢5.0 45.0

Chtorot ore c50 ,_S ¢5.0 45,0 45.0

I, 2-0 ich I oroethane ,50 c25 45.0 45.0 cS.0

I. 1 -O i cht orootherm 450 ¢25 c5.0 ¢', .0 ¢5.0

Methyl ethyl ketone 41000 4500 ,100 ¢lCfO ql00

Methyl eel cht or ide 450 ¢25 ¢5.0 45. O _5.0

I, I, 1,2- TeL rich t oroethane ¢50 qZS ¢5.0 45.0 45.0

I, 1.2,2- Tet rech t oroethane ,50 ¢25 ,5.0 45.0 ¢5.0
Vetrechtoroetherm 450 ,_S 45.0 45.0 cS.0

Totuerm "50 425 "5.0 ¢5.0 ¢5.0

1,1, I -Trich t oroethq_rm ¢50 ¢25 45.0 ,+5.0 ¢5.0

I, 1,2-T r 4,hL oroeth mm ¢50 ¢25 ¢5.0 ¢5.0 ¢5 .O
Trlchtoroethene 450 425 ¢5.0 _5.0 ,5.0

Vinyl chloride ¢100 450 ¢10 ¢IO 410

!Furroae_q r Iq_:overy(X) ._
1, &.gromot tuormOensene 91 91 93 88 91
Control t, im_tSs 55 to 167

I, 2-0 i ciat oroethane-d(, 94 95 9t 98 97'
Control Limitss 39 to 156

ToLuene-dE 99 98 100 97' 103

Control Limitss 58 to I(d5

(1) For • detailed description of'fLogs end technical term in thio report refer to APlPqerclii A in this relxPrt.
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AnaLyticaL Oat| Summary

£PRi

asclian _ork Order: 89-07-121

xetnocl:SUA27Q, sm, -veLar i kel ( I )

List:

S,_riDLe |0: SITE 12-2 FEED SITE 12"2 FRO* SIT( #Z'Z TAI- REAGENT ILANK TAILINGS REAG-

TH LiNGS ENT |LANK

Factor: A.76 _.93 0.1 1.0 O. 1

iesut ts in: uglg _Jlg uglg _l/g _;/g

018 020 03B 09A t 2A

Hlt r i x: FEED FROTH TA I L I NGS BLANK BLANK

ACelr_lll_l (hef_ 120 • 95 e _ _0 • • 10 • I. 0

,c ana_n thyt en, _0 _7O _, ? • 10 , I. 0

Ate| oIDhetlOf_ ¢&8 •_9 • |. 0 • 10 • |. 0

& • Amirmbil:Itenyt •&8 ¢&9 • 1.0 • 10 • 1.0

Asi | ir_ •&| c&9 ¢1.0 •10 •I .0

Artthrlcel_ _]0* 160 e 5.5 • lO • I. q

lanzidine ¢&8 ,&9 •1.0 ' •10 •1.0

Ben|o(•) lm| hrlcef_ _00 t I ?0* e, 0 • 10 c 1, O

lenzo( •)pyrene 160* 1}0 e _ • 10 ¢ I. 0

e enzo(O) f LuoranthSlrte 9_ • 76 • & T7t ¢ I0 ¢I.

limzO(g, h, i )peryLene ?9* •&9 2.1 ° ¢10 ¢I .0

lenZe( k ) f t uor amtherte 71* _7_' & __* ¢ 10 • 1.0

lanzoic acid ¢&8 _&9 ¢1.0 ¢10 ¢1.0

llmZyt aLCOhoL ¢95 ,:H ¢_.0 420 _7

&-iramol_enyt phenyl ether _11 4&9 ¢1.0 ¢10 •1.0

Bury t I:_nZyt ;:h thl t I t • •/di </,9 ¢1.0 q|O ¢1.0

&*tht ore- 3 "lM|by t I_tSttOL 49S 499 ¢Z.O 420 ¢2.0

p-Chtoroani t Jnc; ,9S c99 tZ.O ¢20 •_.0

Ch Lorobenz i Llte 4/_ 4J_9 41.0 4t0 • 1.0

bi 1(2- ¢h Lores thoxy)mathite _dl _&9 ¢1.0 410 •1.0

bi I(Z- C.h|oroathyi )ethel" _ 4&9 41.0 410 41.0

bi 1(2- ¢ht et'o_ ,fit )ethel" c&8 4&lP ¢1.0 ¢ 10 • 1• 0

1 • Cht oronmdtthat erie ¢&4 _LC,9 ¢1.0 •lO •1.0

Z- ¢ht oranepltthet esa _ t&9 ¢1.0 ¢10 ¢1.0

2- Cht orol_enot _11 _&9 41.0 ¢10 •1.0

&-attoropltenyt phenyt ether _ 4&9 ¢1.0 ¢10 ¢1.0

Chrysene 2S0 200* 10 ,110 •1.0

0 i -n- oc oy| ptr |hit lte ¢&8 4&9 • 1.0 • 10 • 1.0

0 i benz( a. h) amthrscene ¢&4 •&9 ¢I .0 ¢10 41.0

O ibanz(a, j )acridine _ _&9 ¢1.0 410 ¢1.0

,i

• Est. re•utr Less than $ times 44tKtion Limit

(1) For • detailed des©riptian of ftlgl irld tectmi©eL term in |hl• report refer to Appandiz A in this report.
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AnaLyticaL 0ata Summary
EPri

' aadlan uork Order: 8Q-07.121

xethad:SUA270-Semi-votatikes (1)
List:

SampLe LD: SiTE #Z.2 FE|O SITE IZ.2 FRO- SITE I2-Z TAI- REAGEHTILAN[ TAIL|HGS _EAG-

TH LINGS EHf ILAN[

Factor: ;.76 ;.93 0.1 1.0 O.t

results in: ug/g ugl| _llg _l/| uglg
018 028 038 09A 17.4

Matrix: FEED FROTH TAILINGS ELAN[ II.ANl

Oibentoturan 4/,8 ,49 ,I.0 ,lO ,1.0

Oibutytphthatate ,&8 ,&9 41.0 ,lO ql.0

1,2-Oichtoro_enzlme c_8 c49 41.0 ,10 (t.O

1,3-OichtaroqDenzene ,&8 ,&9 41.0 410 41.0

1,_-Oichtorot:_nzene 448 ,&9 41.0 old ,i.O

3.3°-0ichtoro4=enzidine ,95 ,99 ¢2.0 '20 ¢2.0

Z.A-OichtoroDhenot ,48 ,49 41.0 410 ,I.0

2.6-Oichtorophenot ,_ _9 41.0 ,10' ,1.0

0iethytphthatate 4_8 _&9 41.0 410 ,1.0

p-OimethytaminoozoiDenZene ,/_ll ,49 41.0 410 41.0

7,1Z-Oialthytbamx(a)amthracerm 495 499 ,Z.0 420 42.0

Oimethytphenethytamine 448 449 41.0 410 41.0

2._.OimethytlDhenot 4_11 449 41.0 410 41.0

OimthytlDd_thatate _ 4&9 41.0 410 41.0

&,6-Otnitro-2.ewthYil:_enot 4Z;O ,250 45.0 450 45.0

1,3.OJni_rotlenzlme 4&JI ,&9 41.0 410 41.0

2.;.Olnitrophenot ,Z_O 4_0 45.0 450 45.0

Z,4-Oinitrototuene _ _,9 41.0 410 ql.O

2.6-Oinitrototuene _ 4&9 41.0 410 41.0

Oiphonytamine _ ,_9 41.0 410 41.0

1,Z-Oil:henythydrazin4 _ c&9 41.0 410 41.0
Ethyl _thailesutf_te (dIJJ qd,9 41.0 410 41.0

biaCZ-Ethythexyt)l:htltstete 4tdl ,49 8.0 ,lO 41.0

FLuoranthene A10 )50 ' 12 410 ,I.0

FLuorene _80 }I0 8.A 410 ,1.0
Nexalch|oratxmzlnl cdJI qJ,9 41.0 410 41.0

NeuKntorot:utadilme _ _&9 ql.0 410 41.0

Nexachiorocln:topentacliene 444 c&9 41.0 _10 41.0
Hexachtoroetham4 ¢L8 _&9 41.0 410 41.0

Indeno(I,Z,3-cd)pyrme 60* _&9 2.2* 410 41.0

i

• ESt. result Less th_ S tim aletKtion Limit

(1) For • detailed description of flags and technical tam in this report refer to Appendil A in thie report.
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AnaLyticaL 0ata SL_nary
EPRI

iaaian York 0rant: 89-07.121

Metnocl:SUA?.70- Se_i -vat•oi tns ( 1 )

List:

S_qste 10: SITE 12-2 FEED SITE #2-2 FRO- SITE If2.2 TAI- REAGENTELAN[ TAILINGS IIEAG.
TIl LINGS |MT ELAN[

Factor: &.76 4.93 0. I 1.0 0. I

tesut tS inx ug/g _HI/| _1/| ug/g u9/11
018 020 031i 09A 12A

H•tr4x- FEED FROTH TAILINGS ELAN[ iLAN[

I sc_nor one _&6 ¢c,9 • I. 0 • 10 ¢1. O

Nethy| methan4nuL fOrNICt ¢k8 ¢&9 _| .0 ¢10 ¢ | .0

3-Methy | thee •nn hr qme ¢/.8 4&9 • I. 0 ¢ 10 ¢ I. O

Z- Methytl_KllttheL trtt 7_O 671) ¢1.0 ¢10 c! .o

2 •Ntthy tptllmOt (O- cresot ) cA8 ¢&9 1.2 e ¢ t0 • 1.0

&•i_lthy| I_leno_ (p-ct•sot) •_8 ¢&9 41.0 410 • 1.0

H-14tt rose-di -n-lxatyt amiM ¢&8 ¢&9 cl .0 ¢10 ¢1.0

m.Ni t roso4imethytamirm ¢&8 ¢&9 cl .0 c10 ¢1.0

;i-#i trosodlpt_enyt mine ¢&4 cA9 ¢1.0 ¢10 ¢1.0

N-U i t resodi pretty t mine ¢&8 4&9 ¢1.0 ¢10 ct .0

N. lie tresopiperidine ¢&8 cA9 ¢1.0 cio 41.0

_,lmtnaiene ];10 360 ?'T_ ,10 q1.0

1* Nlll_thyt amiM ¢&JB ¢&9 ¢1.0 ¢10 41.0

Z- ;tel_ th v,t amine " ¢_ll _&9 ¢1.0 410 • t .0

S-M I t r_- tj- toluidine c/di tag 41.0 410 41.0

Z-etl troa _i | inr ¢2_0 4250 45.0 ¢50 _5.0

• 3- U I t ro_ni t Inr ¢Z&O ¢_JO 45.0 450 45 .O

_.-ul t ro•el t inr ¢2_0 4250 45.0 ,50 •5.0

Mi t rob•ni•nn 4&JI _&9 ¢1.0 • 10 41.0

2- NI t romeno_ _ ¢99 ¢_.0 ¢_0 ,Z.O

&- UI t rES•DeEr ¢2&0 4_0 '_5.0 450 45.0
Pqm_a4:htorolNn_eno e/di _&9 41.0 410 41.0

Periear._ toroni t rcdN_amo ¢_11 _•&9 41.0 410 • 1.0

Ptntacht orophtlsot 42&0 ¢2,50 45.0 ¢50 cS •0

Pherulcet in 4&4 4&9 ¢1.0 ¢ 10 • 1.0

PhenantAr_ 120Q 860 6B ¢10 •1.0
IlhOrlot 4&4 _J_9 41.0 410 ¢1.0

Z-Pl COt Inr c/di ¢&9 ¢1.0 410 41.0

ProNmide _ 4&9 ¢1.0 ¢10 41.0

Pyrene _;50 &Q9 l& ¢10 41.0

n_

• .Est. return tesi than S tlm 4ttectlon |emit

(1) For • ckltllited description of frogs and technlcet tem in thin report refer to Appm_ltx A in ellen r_orc.



Anatyti©aL Data Sumwry
EPll

ma,lien uor_ Order: 89.07-121

Hethocl:SW8270-Sem-votatit_s (1)
List:

SamDte lD: SITE 82-Z FEED SITE 12-Z FRO- SiTE 12-2 TAi- REAGENTBLAb( TAILinGS a(AG.

TH LiNd ENT OLAN[

Factor: 4.76 4.93 0.1 1.0 0.1

ResuLts in: ug/g _;/g ug/g ug/g ug/g
018 02B 030 O9A 1ZA

Netrix: FEED FROTH TAILINGS II.AN[ ILAN[

l,Z,4,S-Tetracntorol=enzlme ¢_11 ¢&9 ¢1.0 ¢10 ¢1.0

Z,3,4,b-retrsr._toro_enot ,95 _P9 ,Z.O ¢20 ,2.0

l_Z.4-rrichiorcd_nzm_e ¢_1 ¢&9 ¢1.0 ¢10 ,I.0

2,4,$.Trichtoro_enat _dl ¢&9 ¢1.0 ¢10 41.0

2,4.6-rrichtorophenot ,&8 ¢49 ¢1.0 ¢10 cl.0

Surroqate leCover_(X)

2-Ftuora;mermt gS 89 HC 103 MC
Controt. Limits; 20 to 158

Phenok-c_ 75 72 _ 0 80 19 Q

Control Limitss 27 to 154

uitrcd=4nzene-clS 82 76 && _I &9
Control Limitss 21 to 159

2-Ftuorobiphenyt 109 10S 91 101 80

Control Limits; _ to 15]

• 2,4,6-Trtbranophenot 82 77 57 &2 35
Controt Limits: 0 to I_P

"Terphenyt-dlA 43 57 110 &Z 45

Control Limits: 0 ts 223

Acridine-d9 NS NS di& NS 72

Control bimitsz to

i li

.s .oi spiked .¢ aet catcuLsted
O Outside controt finite

(1) For • detailed description ef ftaHIS and tecJmieet term In this report refer ts AgqDendi: A in this report.
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Appendix3.
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Appendix4.
Illl II

Table A4.1. Polynucleararomatichydrocarbon,,measuredfromthe 100% Site 2 coal and biGP2 blendcombustiontem.
25% MGPW Blend 100% Sit4 2 coal

Test TeM Test Test
, aMlyW Run I Run 2 Run I Run 2

Napmalene ND ND ND ND
ND NO ND HD

Acenapthene HD _ NO ND ND
Fluorene ND NO NO ND
Phenanlhrlme ND NO ND NO
AnlNomne NO ND ND ND
Flumanther,e ND ND ND ND
Pyrene ND NO NO ND
Pyrene ND ND HD ND
Benz (a) anthracene ND ND ND ND
Chrysene ND ND ND NO

(b) flumanthene ND ND ND NO
ISenzo(k)flun_ntt_me ND NO NO NO
Bem:o(a) pyrene ND ND ND ND
Dbenz (_h) anthracene ND NO ND ND
Benzo(g.h.L)perylene ND ND ND ND
Ideno(1,2,3-cd) pyrene ND ND ND ND

Meted: NI(:_H 5615
ND- n(:m-dml<_lm
LOO- 1.0ing
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Table A4,2. Volmileorganiccom0oundsmeasuredfromthe 100%SM 2 coaland MGP2 blendcombustiontem.
25% MGP2 _ 100%Site2 cold

5.7 BOL. - 9.0 2.1 1,q5E.5 8.1 SOL - 3.0 BDL -
Toluene 52.2 82 2.6E-5 95.2 66.7 428E-4 67.6 31.1 2.00E-4 66.0 33.6 2.46E.4
Xyttnm 1.6 BOL - 28.0 23,3 1.40E-4 hiD ND - ND NO -
Etbytbenzene NO ND - 14JJ 14.5 9,rQE-5 ND NO - 1JR 1.8 1.31E-5
Methy(oj_Wnexane 1.6 1.6 5.06E-6 ND ND - 2.0 2.0 1.29E-5 ND ND -
Tdoyclodocane ND hid - 2.1 2.1 1.35E-5 hid ND - NO ND -

Trich_ NO ND - ND NO - 4.7 BOL - ND ND -
rnettmne

1.1.2.Trk::hlor. 1_3 ND - ND NO - 2.7 BDL - ND NO -
l_,2-_-
tkxoedwm

Te_achk:meihene 15.5 BDL - 21.7 10.6 6.82E-5 19.6 5.4 3.47E.5 17.4 4.8 3.52.E-5
CN_ukxmzone 0.5 0JI 2.53E.5 ND NO - hiD NO - NO NO -

HexaneNilrile NO ND - ND NO - 2.7 2.7 1.74E-5 ND NO -
HeptaneMtrlle NO ND - 0.5 0.5 &21E4 2.0 2.0 1.28E.5 6.0 6.0 4.40E-5
Octme Nlutle NO ND - ND NO - 2.0 2.0 1.2gE-5 hiD ND -
Benzo_ NO hiD - 0.5 0.5 3.21E-6 NO NO - hid ND -

2-Furm<:mtx). NO ND - 1.1 1.1 7.08E-6 NO NO - ND ND -

_ydo 1.6 1.6 5.06E-6 15.3 15.3 9J_E-5 1.3 1.2 8_7E-6 2.4 2.4 1.76E-5

AcelloAdd NO NO - 63.5 63.5 4.08E-4 NO NO - ND ND -
Su_ NO NO - NO NO - 1-3 BOL - ND NO -
Decan_ Add

I-tyclmxytxnalle. NO NO - ND NO - NO NO - 1_: 1.2 8.78E-6
ck_ Add

NO NO - 3.7 3.7 2.38E.5 NO NO - hid ND -
5-mUtlytie<mlzaM ND NO -- NO NO - 0.7 0.7 4.51E-5 NI) NO -
Phlhjic 0A 0JD 2.54E-6 hid NO - NO hid - hiD NO -
mh_h_

HeXanlelhyl 5.7 BDL - NO NO - 101.3 47.3 3.0E-6 294,3 246.2 1.76E-3

Hexamelhyi NO NI) - ND NO - 20.9 18.2 1.17E.4 120.1 117.7 8.61E-4
mMoxsne

• = Mid bilmk_
NO. mxdolocmd
BOL. bW_ cxxmct_ Ix_ dmmabb Im_
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Appendi5.

Table A5.1. Coal Agglomerationprocessforcleaningtypicallloydminstersludge.
i

MmS,b,h,n (kOr)
Till' f_,OIII _ TOm Winter Stream % aollds

coke wilde dry total & ta'
1 1,(XX).O - 2,202.0 3,302.0 932.0 4,234.0 77.99
2 - 2,517.0 380.0 2,897.0 434.0 3,331.0 86.97
3a - - - 0.0 5,975.0 5,975.0 0.00
31) - - - 0.0 6,410.2 6,410.2 0.00
3:;; - - - 0.0 82,141.2 82,141.2 0.00

3:1 - - - 0.0 6,000.0 6,000.0 0.00
4 - 2,517.0 380.0 2,897.0 6,409.0 9,306.0 31.13
5 O.I - 250.0 250.I 17.5 267.6 93.46
6 1,099.9 2,517.0 2,332.0 5,948.9 13,733.5 19,682.4 30.22
7 1,097. I 2,459.9 930.5 4,487.5 5,084.2 9,571.7 46.88

6 2.2 IS7.0 466.9 536.1 9,060.5 9,576.6 5.59
9 2.8 57.1 1,401.5 1,461.4 90,790.5 92,251.9 1.58
10 1,094.9 2,392.9 463.6 3,951.4 2,023.7 5,975.1 66.13
11 2.5 72.7 607.1 682.3 99,184.0 99,866.3 0.68
12 2.5 72.7 607.1 682.3 462.4 1,144.7 59.61

'13 0.0 0.0 0.0 0.0 98,721.6 98,721.6 0.00
14 2.5 51.4 1,261.3 1,315.2 667.0 1,982.2 66.35
15 0.3 5.7 140.2 146.2 90,123.5 90,269.7 0.16

i
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