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ifoci 1 	-1@ctifiiiiimviatid (10 or,Laru) 

1-1 mr,cu-runn chemical oxidation liemloUlti-illunvi-Jod-11 3 tuts 

nmi'1nrn.I.iitrAtioltniiu)SuPatJmni-Yun-15 chemical oxidation Cmilia-n/oLLatA@lvint,Cuni-wyanb..in5vAtu 

1B`8.1.ritilouA1,1orti (2 fll'IMA1) 

1-2 lacunu-ii supercritical fluid g@@:-/A5 Llaz-ii@uluir5i.ii supercritical fluid `)11.flniA(Lun'i5f1'Aini'1bilY15a.i 

1,LaLi?mailuvlii 6 (2 fit atm) 

Boiling 
	

Critical 
point 
	

temperature 
'I' 77 212 	400 	600 	SOO 	1000 

300 400 500 600 
Near Super Dense gas 

1.0 	 critical (S pt: I- heated 
Density 	'liquid • liquid 	SCW) 0 5 - 

go 
40  Dielectric 

constant 

Hydrocarbon 	lr  
solubility (wt- f=) 

inorganic Mi..  
solubility twt-% 	• 	. 

Temperature 
-C 25 -100 	2(X) 

(gicm' 
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50 

20 

10 



5 	10 	15 	 25 

Time (ruin) 
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1-3in,-1.11.1,0o1n151,i1 H202  Lot 03  iuricu NaCl Liti@filool5n*J butylated hydroxyanisole (BHA) illivIL§L,In1n6m1L1Ei 

'11.015-1E.1 1V101Jilf1"-11P101)liaril frznicil) 

rinitioW 

pH = 7 

Ozone dose = 1 mg/L-min 

- (1)1411@lvuvrAiulotilliltn (2) 	H202  olul@d-110iEn (3) 14A@I€?31-15')1.1f)'`U H 202  611@ct71-11700'-15 BHA 500 tg/L 

1,1,1"aoNLviSa 50 1.1s/L11..alTunvnaiiii6o5-amaiyinfit 1000 Limn '11o11.-ifilily-al@lvu@Eilliv.1@tiiilolcuLyi-11,w9iati 

n (kg/day) 

- (1) UM', (3) LLI'Als)16hAoLl1u-AnytPuvilalliil -ti@lliilalvt.liufiu H202  

- ft151:AL NaCl iiNav1@nn5f1lo BHA @d1115 

- 7Elor1-4Kr15nL BHA WiTiqo 
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/Mil 2 @,907tgiinqWial.1.1d (25 nr,imiti) 

2-1 1i petroleum refinery tp.1-11J15-rilolotinucu-Jun15.13-117olotik Iluyi-in-i5Lyi?m 50 Diu 9TILI,i2Au 30 Led@ikgial 

Ilifluifilrooni-N 50 LLV15 trn 50 LIN15 Sn 0.1 1,11M5 vi6ulvincilli 365 	vU-a
i 
	0.5 Lii@ikoi 5J. 

ctri (1) degradation rate constants (k) (2) 5tulina-mtAliicunn5d@uaanu petroleum Refinery (8 nauct.i) 

filvivol41  i'wirilivIct.iiiv..itrooacuilinori'iiicu 1,540 kg/m3, 1 *uLYint5u 1,000 'Alan '52,.] 
Loading of oil 

Incremental increase 
(area of plot)(depth of sampling)(density of ZOI) 

nni5nn511i 15tst62aiRtlirm S = Soe k  

2-2 finvtioll,f Plume 61211:111.11VlatieLlIA DU Trichloroethylene (TCE) 20 mg/L lvia?Act2iicustA@Oiiilv-inLicolfinvilo 

Lviifiju 500 m Ai-mfrailiLl-  0.1 m/day luilictMirl'AiiiitP' -artAiTui,Yi'liii`u 0.4 lonn-rUcrultvikiiTailnl'Aill- uivia 

Lcti4@n1uiliwl n-i'il"1110-nis5wiriii16m1 (k) 0.005/day LiataJw5innl-runmffi-rotalciiiil TCE )1@l12.1@un--1 5 
, 

!Ag/L l'ill'ilii5tiiikinvriL5551.rtn 
 ci 	'AquilnfivA2st:illiii7J -ITCE ?tiln--anmyruvil@lii Liatlun56117'wil TCE ilt invn-i-i 

-11.1 -imptiAj@lctilnmiia.i@nn-ifilci-goyin-lAviA,I(k) illvvi-11 	i-i TCE 61vtiii--41-In2-wiiv1myru (7 nritani) 

firrinioli  imEi@ualtivtlucL15:1, ),nv First order approximation tyllal.irm In C = lnCo-kt 
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2-3 5teln Bioventing lAjilify156S@fiLCAleiduvAligan.Atljuunin6H16SFJ6`015'1F_Arvii6  Tlnn15w1iaal Air pressure, 

oxygen influence u 	in situ respirometry test loili6FIL6P5'inn5Sili@`Inlcsi6vi'invu 100 L/min lkann5cooa@l 

Pressure test (mbars above 1 atm) and oxygen influence test 

Distances, 

m 

Pressure test (mbars above 1 atm) Oxygen influence test 

Initial pressure, 

mbar 

100 L/min at 5 

mbars 

Initial 	02 

reading 

100 L/min at 5 

mbars 

2 0 2 2 19.2 

4 0 0.3 5 18.1 

6 0 0.7 3 17.0 

8 0 0.4 3 16.2 

12 0 0.14 5 6 

14 0 0 3 5 

In situ resoirometry test 

Lapse time, h % 02 %CO2 %He 

0 17.6 0 1.50 

2 17.0 0.4 1.45 

4 15.5 0.6 1.45 

6 14.2 1.0 1.45 

12 13.0 1.2 1.40 

14 12.1 1.4 1.35 

16 11.0 1.6 1.35 

24 9.0 1.8 1.25 

26 7.8 1.9 1.25 

28 7.0 2.0 1.2 

34 5.2 2.2 1.15 

36 4.6 2.4 1.15 

42 3.1 2.8 1.1 

52 2.6 3.0 1.1 

411414011,f 

Kbio = KOX VDOXMH:0/100  

Ifilyin,2@n.lvtitctiScuticuLtialA@lildili191@un-il 5 vd@igild uwaii@@f*Ailltikui,thhAouNiai5n4- 11 19 rdil 21 

Lcd@iAtdi 

i-wl'iq.icvNiiii'whoriViu 0.3 

Soil bulk density Lvhficu 1600 kg/m3  

Density of oxygen in air (Dox) Lvinricu 1330 mg/L 

Mass ratio of hydrocarbon (hexane) to oxygen ofi-ificu 1 	3.5 

Well 

BW1 

BW2 

BW3 

BW4 

BW5 

BW6 
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'101J4'1fl-13..19-181,1kel (10 Fit111.11.1) 

1. 'lliniLicifing5n5:,/wluif-ruoll@@nCviSiChallcd 

2. '114-iFin69-151m5Viii@@ni3Lv.,ivi@iu 

3. 11,1-w1 Biodegradation rate 

4. 114-11-15@cu./Jalni5CiaJoin-wi 
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gi@ii 3 '10@u4'it113..ivi@1.1.1d (25 fiZivut) 

3-1. nnw,ninn.d@dl u&ivi5-161.1.Aeio-rur,  (1) r-1,6 (2) 6d@lvvia-  ilat (3) TO166qA1 tilaroaun(l'ugia6lwilLN-Ahr,Lnevbivat 

qtinwrimiihiChinviunl5aArru@lLholarlytIolotuno (3 ordui.n.1) 

3-2 5a51J18M-IIIJI/11,11EJ 6H1 Higher explosive limit (HEL) LLat' Lower explosive limit (LEL) via@ovt..lacunITHicunnw'llnu 

.'ll@\w-ryJF)ill,IticAciffeifl-rilivilli411,1oy:Iti6fillo (3 fiziititi) 

3-3 -inni5i.wilviQ'gu or,81G1cu um; 1J 1 1, -1 CO2, H2O, 02  IAN,' N2 11,1f7'166171; @@n -inritU111\11M15'11 fi'1111.101,1'11 1') 

1,1i@igftig@IEJILaillLViliT'ULTAiVIJUV110811i1Y-105 	 LLatalofilvrtallVlvd6Vicidi 02  lcu 

rl''n,orila@nv-in5z,-utvia137iFinannni 5 LIAirigru Lont,rond-iwinlano5yrumlolli (5 Anti tit 

CO2 	 H2O 

(lb-moVh) 	(lb-mol/h) 

02 	 N2  

(lb-MOVh) 	CO2  (lb-mol/h) 

19.56 13.04 5.87 132.46 

@:,481911,i 33.63 33.63 8.99 202.50 

2.78 
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3-4 innt@illiti6tim-mvT\ILLoollum-15-11krudllcjiTI:113,J1LN'11111,01047171  2200 °F LLC 50% excess air LLatalnanlcuoylun 

Lviiriu 2.3 Itnifi Principal Organic Hazardous Constituents (POHCs)lcunnt-rualLSEAL'uolnulhoi Benzene at Toluene 

6m-in-151,matolfilticuortssiliUnaint5iu 37,500 dscfm (dry standard cubic feet per meter) flT11.1L411.14J'Ird@lilv-1‘12@filLVL1 

Flue gas iriini,vinfiì u 7.0% 

Compound Formula MW Inlet, lb/h Outlet, lb/h 

Benzene C6H6  78.11 1025 0.087 

Chlorobenzene C5H6G 112.5 278 0.034 

Toluene C7H8  92.10 756 0.091 

Hydrochloric acid HG 36.45 0 4.3 

1. 	Destruction and removal efficiency (DRE) 71@l?inhvi56yin?m 

2Alw1 "1 ii91obidt,inariviwtri41@lii 

(a) POHCs 

(b) HCl 

(C) imiLenesintarimruviiEbi (9 firdLitru) 

Federal performance standard 8- viiilitiLi7,1'@mulaJaciwnnol-ILNin-in%Ell,S061,19n-nu 

• Emission of HCl---4 lb/hour or 99% control. RCRA regulation will be probably changed to risk based 

limits for HCl and chlorine. MW of chlorine = 35.45 

• Destruction and removal efficiency--- The incinerator must demonstrate its capability to achieve a 

99.99% DRE on one more selected Principal Organic Hazardous Constituents a supervised Trial Burn 

DRE is defined as: 

DRE = win 	'It  x100 
rn 

DRE ge destruction and removal efficiency (%) 

Win  ge mass feed rate of a particular POHC 

W0 ge mass emission rate of a particular POHC 
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3-5 la@n66cutrocuno6oi6N-innt-rtiol6SEA11125-1€J66u11 Rotary Min loulIA-Acailli 1 oviiiialihNlnlirmlLSE4connu 

'1'1191.1ii, (5 frzia.r) 

Compound Formula MW Inlet, lb Heating value 

Btu/lb 

Benzene C6H 6 78.11 200 18900 

Toluene C71-18 92.10 200 18440 

Hazardous waste 

(solid phase) 

150 7250 

firwicu Ai 
Nominal heat release /101 Rotary Min ilinvvinficu 17,500 Btu/(h-ft3) 

6W-111-11115LN'llInV1lficU 6.5 trill 

Rotary Klin louii-Al_lil6e9fue.intwitl6nml 6 —10 ft aar,ErrnhtLlw 25 -35 ft 
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4  •9ioctiiiin'1ivialcdf.t (15 fitiaru) 

4-1 •90'61. -1EY'llii`11,11 Cement Based Stabilization '4111ijI.JATIL`CIEJL (3 fitla.11.) 

4-2 Stabilization tot Solidification i.1 -yilii,volautorrlat9Invi-ofiji_ad-oll66culti (3 mutat) 

4-3 n-15 -)Floatall6'-io,116NutvilEy)tht,L.nvIll (Organophobic Clay) Lot (Organophilic Clay) ''1,11.11-11En9111.15. 551.1667F1 

IMAIALVCIEnthr,LI11/110 (3 flZIA61.1U) 

4-4 -Inf-nui-l -min-rucililatiact.inln6v@lilitAitonlui,vtAlvill ni-11 100 L1J915 UT) 200 aim tLatSn 2 1.1,JM clUi71M -11.11/151,i 

L'N 0.4 lo-)mlAi)ioSill4v.://atimttr-runn5 In situ vitification 	 1000 

kWh/ton k ., lvii`i-tviollirall'rub,11% -laii-ih (kWh) i LunwhiAlcunqw-ia@tlz,Ttinnwilovii-rtia4cuvAi\n-inn-15 

-i'lt,(t11.1n-i5talauti.61- tottriDimitfiliklni5l'un-mILISiIluffin6'uanlindL (6 Fictutru) 

fiTottoIcA'  

hatrilii71FInYli'wilfl'illiwunutiuLYInfliU 1.9 ton/m
3
; 

IV 
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5 wiaufiltrunioithii  (10 fin1tiet.) 

wnoVaiol5tictunl5Nnaumndualilm6cuo5-181ultqaaluio1616filloillTd@=euvi'itiono TI.Utail'UllitLIJEJt 411101'111 

6ii@l5t1JURq1J1'11J LoLiTzuu:dfulujric.11,1 via@ovu@ttriun153iovranSi@LSfililltriNIALA-) cu@n-inti'l@tunEAln-i5N1naumn 

TNI.SEJ6i.alEri.11.1iin-i5i-lalcurn5imilm.ao*illv-inni6ilcun- 5ellnaurrinT@laiust,Ftiu@dll'h (8 AtiLiuu) 
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414 6 .191@cufiqpiliVi@laket (15 fitucuti) 

6-11@"8‘triu-Tvifit.15tal4t@ln-liltttlacinticithAm..ruo\uSEAum-m (2 ntwuti) 

6-2 niwinalcuniinluypt-rrucViltuvti ated@lLAI EJ6tio5-mucuu active system 9iier1uilculi passive System aii,1151@triEi 

(3 fraitna) 

6-3 rvirru,11.rjrilgill trlYt.J Vertical Barriers Viri`th:fiLDITI l'-no Plan view Li,aLdah-lulouviill (5 fltut.o..1) 
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6-4 @J71on'1mai015tuu Soil Vapor Extraction (5 fiti,m) 
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