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,yen 1 ;)~PletJfhtll'llPie',j," (30 fl~U'U'U)

" " .
1-1 'l311.J1~lCltJ'WtilvtJffl'J m-Xylene (CgHIO) 5 mgIL lI~VVf)U'U'UAir Striping Column l-nVCl~ffl'J m-Xylene 1tJ

" ."
'l311.J1~lCl1,rm~v.JVtJf)'h 200 /J.gIL lijVV~'Jlf)l'~''I1Cl''V~':h (Qw) ihhl'thti'U 10 Lis UCl~1I~'I11Liquid

loading rate (L) [moll(s-m2
)], Stripping Factor (R), Height of Transfer Unit (HTU), Number of Transfer

Units (NTU) UCl~fl111J\l~"V~ Packing Column (10 fl~U'U'U)

-I
KLa = 0.0155 s

Density of water = 1.0 kgIL

Molar density of water (Mw) = 55600 mollm3

oTemperature = 20 C

Column diameter = 0.61 m (2 ft)

Air to water ratio (QA/QW) = 30

H' = 0.18

R= H' (QA/QW)

Z=HTUxNTU

HTU= L
MwKw

NTU = (R~l}n( (Cn/Cout~R-1)+ 1)
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o .c:lCLI "l I QI 3 9J 0 Q,I 4 I 9J fj} d

1-2 'WltJHl1~1JfJ~'jlf11'j t'I1~t'V11fltJ 0.2 m /min ~fJ'If11'j'j~tJtJtJltJ~H .•••fJ~~f11f1111Jt'IJ1J'IJ'W'lJfJ'If11fl'IJfJ'ItfftJ

~ <!I 'I " 'I"'" •. ","fJ'W~'jltJ1l1fl 90 mg/L m~fJ 10 mg/L 1l1flfl1'j'V1~~fJ'I ~'W'VIfJ'I'V1~~fJ'I~GJfflfJ~1J'WtJl12.3 m tff'WH1'Wfj'WtJfl~1'1

0.051 m fifJfJ'4fl'j1J~1'W1'W 3 f1fJ't11JlrU~~t,*fl~'jlfl1'j''VI~t'thtitJ 5.0 x 10-4 m3/min H~fl1'j'V1~~fJ'IUff~'1t'W

~llll'lmfh (10 f1~U'U'U)

1) Height of the adsorption zone (AZ), m

2) Number of columns (n)

3) Loading rate (m3/m2-min)

4) Diameter of columns (m)

5) The carbon usage rate (kg/day)
o GIS' QI a'
fl1't'i'U~Il't'i n = (AZ/d) + 1, d = f1111JtJl1'IJfJ'IflfJ~1J'W,

Unit weight of carbon = 481 kg/m3
, l/slope (at 10% feed concentration) = 0.158 m/day

Loading rate = Q/A (m3/m2-min)

The carbon usage rate = area x (l/slope) x unit weight of carbon

60
Column 3

50

40
--- Column I'"~ 30"0'-.-'
Q)

.5-Q) 20u'E
Q)en

10

2.0 4.0 6.0 8.0

Depth (m)

1'1.J~1Bed-depth service time
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o '" '1 '1 <1'6'1 : d 'JJ oQ 61 'JJ GJ iI 0 oQ .d I

1-3 fl1'ml\l~ffl~ elWl 'U~t'U'Ul!fftl~dtlm~'Ud'Ufl1~chemical oxidation 'Utlll t6)fffl~t~ m'~~V~~l!'U'UflWYlfl1

fldlll!r1'Um~!r1'U~h~ff~l1jv~l! .•.h '1~!.•••~1~m9l'~ \l~vi'Ulti l~tlff~!'\J'lJ(5 f1~U'U'U)~ .

..•.loQ GI'JJ GI OQl .Q dd' oQ do'

1-4 \llfl1lJ\l~V1i'Ultlfl1~t6)f Supercritical Fluid t'Ufl1~fl1\l~ffl~V'U'YI~tlU~~ffl~V'U'U'YI~tI(5 f1~U'U'U)

Boiling
point

c F 77 2 12 400

Critical
temperature
600 800

200 300 400 500 600
Near Super Dellse gas

1.0 -. critical •..'ritil."ll (SlJ!J"r-hcalt:u

0.5 DenSi~Y--liqUjd',' .....I..lq.,~_._ sew)
(glcm-') .~

XO"" ••
40 Dielectric

constant """----- _
J"',"'!itmI$JiL

100

50 Hydrocarbon
solubility (wt-<:()



2. i1.:igJOmhfJlt1fto1t1d (20 f1~U'U'U)

2-1 ffl'J Petroleum Refinery \Imh1t1,jl'ufl ifltlm~tJl'Wm'J Land Treatment ifltl'thm'J!'tlffl'J 25 fi''WfllllJ

"" tI"d",..rd" C1 ••• .£lIJ" ••• It'UlJ'U'W15 t ~'JtC)f'W~H'l..:j'W••••'W'Vl'U'Wlf1flll..:j100 tlJfI'J till 200 tlJ91'J~fl 0.1 tlJ9l'J 'I1~..:j~lfl'Vl..:jn 365 l'W••••tJll

" " .•. tI" d " .ci """" , If1lllJt'UlJ'U'W~f1~..:jm~~ 2 t ~'JtC)f'W91~..:j'l1l(1) Degradation rate constants (2) 'J~tI~nmflH'Jj'l91 'Wm'JtI~tI

ff~lt1 Petroleum Refinery (10 f1~U'U'U)

tht'l'U~l,"f1lf1lllJ'I1'Wlull'W'U~..:j~'Wiif1miltitJ 1,540 kg/m3
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lI)"... "'I.,j '1"~ ~ 'I""'" "'" .0_1 ~ d... "'" d "
2-2 ~:::uuBioventing t~'nJf1l'H"flm'VHl t')f1"lU~')fUt~J:o.I1~U'YIlJUtlJflUmf1'\lfl~tfftJflU~~ltJflU'YI·HJ'illf1m~

,. GlsJcv ~ , QI

'YI~"fl~ Air pressure, oxygen influence U"::: in situ respirometry test !~tJ !'lffl~~lm~t~1Jmmfl't'YIlf11J 100

"
Llmin 1~J:o.I"m~'YI~"fl~~~~fl1tJi1

BW1
BW2
BW3
BW4
BW5
BW6

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

Pressure test (mbars above 1 atm)
Distances,

Initial pressure, 100 Llmin at 5m
mbar mbars

o 2o 0.3o 0.7
o 0.4
o 0.14
o 0

Oxygen influence test
Initial O2 100 Llmin at 5
reading mbars

2 19.2
5 18.1
3 17.0
3 16.2
5 6
3 5

Lapse time, h %02 %COry %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

~iO = Kox VDoxMH:o/100
" " JI "

tJi1JlOWflf1tlft'ilUiu<iutJUtilflU~fl~ij~h 1~1!fltJf1114 ttJfl1t~U~ ttCI:::l'hflflf1tlft'ilUiu<iu 1~tJUtilfluij~hfld

, .-lI _I" d "
~:::'H11~19 tN 21 tlJfl~tC)fU~

I lid I I QI I QI 3
flll'l111J~~U1Jfllt'Yllf11J0.3, Soil bulk density t'YIlf11J1600 kg/m

Density of oxygen in air (Dox) t'Yhti1J1330 mg/L

Mass ratio of hydrocarbon (hexane) to oxygen t'vhti1J 1 ~fl 3.5

"'il~~fl1Jfhm1J~fl 1tJi1 (10 l'I:::HUU)

1. 'il~'Hlffl'ijf1nm:::'illtJ~1'\lfl~~llflflf1tlft'ilU~t~1J"~ 1tJ

2. 'il~'Hl~h5~~lm~ i~flflf1tlft'ilU~fliu

3. 'il~'Hl~h Biodegradation rate



3. i1.:igJOUtlUlltlgjo',Hi (15 f1ZUUU)

3-1 "'.:i~i1.J1trh.h 111Cement Based Stabilization ~~1~i''Ufl111l'l1tJll (4 f1ZUUU)

.e::t..c9 I I G) "c:i '.e::t.
3-2 "'~~ti1.J1tJtl~f1111lU~fWI1~'JZ'H11~Organophobic clay U'l~ Organophilic clay ~'l~~"''UUff~~ mt'H'U11~'U

do .d., "" ..q QI GJ9Io d QI ••. 1 G)

t'H'UtJ1'Y1fl'l111l1'IJl~~'UU~'l~"ll''U ~t'H1l1~ffllfl'Ufll'J &"ll''YI1Stabilization 'IJ~~fllfl'IJ~~!fftJ~'U~'J ltJIJ'J~Ul'YI&~
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o ,:::l ~ .c::s QI l.c:i ~ .c:i

3-3 ~lflfll'H,.,':i1~ffm'U'YIt1'UtIJfl'Ufllfl"fl,mWfl'U\PI':ilt1U'H.:I'H'I.Nfl11.:1 200 t1J\PI':it111400 t1J\PI':iU{l~{lfl 2.5 t1J\PI':i

1fl'1m '~~~ff'U i~~~~i4fm~'lJ1'Ufll':i In situ vitification i 'Ufll':i~~fll':ifllfl"fl.:ltfftl ~lflfll':ifffl'tn'W'lJ11~fl.:l

i4f,~.yh 1000 kWh/tone ~.:I'Hl11~fl.:li4f'W~.:I.:Il'U'~~1t'yhh(kWh) i'Ufll':i~1t'U'Ufll':i\PI{lfl~~'U':i~t1~fll':i'YI~~
3J • JJ ,

~1"fl.:l~'U'H~.:I~lflfll':i ~ It-U'U fll':i t ff~~ff'UU~1U{l~t1~1Jl\P1':i~'Uli~fl.:lfll':i i 'U fllHl1J i ..r.w'Ulifl~'lJ~fffl1'Wt~1J

(7 fl~UUU)

fht'lU~l,"
" .

~'Ui'U.w'Ulifffl'tnijfil Total density t'yhti'lJ 1.9 g/cm3
; fl111J'W~'Ut't;,ti'lJ0.3
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4. 1l.:lVl8mhtll1Jvi8''lJii (20 tl~U'U'U)
~ ~ ~

4-1 fllfl'Ufl'ltiYtJV'WVI~lf.Jihh\.J~fff1J 1~tJill'l'nrfl~'1~fl ,1lij toluene ~fltJ-cl~ 80 U-cl~ill ~fltJ-cl~ 20 fllfl'Ufl'ltiYtJ

V'WVI~ltJ~'1flrll1\lflill1J1Un ''WtVllt~n ''WVVI~l 1,000 lblhour ~1tJ 20 percent of excess air (10 tl~U'U'U)

18,252

o

"" I '" 0 'JI .,. I 20
f,lWlUJ1Jfl1fllfYt'Yl1fllJ60 F U-cl~tVlltHlmlJ~1tJ 9 in of refractory 1J'fll thermal conductivity of 13 (Btu -ft -. ~
F)/in Vi 1,8000 F ~'1V1fl1Jfhm1J~fl'llij

1. Total heat release iifilt'l'h'~

C6HsCH3 + 902 -----> 7 CO2 +4Hp

1J1-cl11JmfJ-cl'Ufl'lToluene n11f1lJ 92
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4-2 ~·HH)f1U1J1J'IJ'\.Jl~1~11J:-11f)lf1'IJfl~lihJv'\.J~lltJU1J1J Rotary Klin l~fl i'*lJ:-11f)lf1'IJfl~lfftJV'\.J~lltJ~~~fl 11.lu

Compound Formula MW Inlet,lb Heating value

Btu/lb

Benzene C6H6 78.11 100 18900

Toluene C7Hg 92.10 70 18440

Xylene CgHIO 106.16 25 18650

• • .cI I I Q,I 3
Nommal heat release 'lJfl~ Rotary KIm JJfI11'Vl1f11J20,000 Btu/(h-ft )

'I 11)" I '" '"11m &'\.Jf)llml n1JJ1'Vl1f11J 5 '\.Jl'YI

,. c:, 11) ",,,. "
Rotary Klin &~tJ'YI1&1.lJJlty'\.JJ:-Il'\.Jt!'\.JtJmn~ 6 - 10 ft m't::tJ111h::JJ1W 25-35 ft
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'Utl'YI5. '\l~(lJtl'UtlltlUJfltl uU (15 tlZUUU)

~ ~
5-1 11~dl'J~1.Jm"'J~7Z1J1Jfll7~~fH;'1Jfllfl'UV~!fftJ~'\.J\9l71t1 l'JtJi '\.J~1.J~v~u ff'J~fi~i'\.Jl9h~"1 'UvnZ1J1J Liner U'lzi'\.J

• ~ ~ 4 ~Glil Y
\9l1~"1 'UfH7Z1J1J Cover \9l'lV'J11'\.JVti1J1t1fll7\9l'JI9l11JUJV!'lfl A'Jj'~l'\.J"H:l1JU'ld (10 tlZUUU)

~
5-2 i'\.J fll'J ~~ fl'l1J fllfl'U V~! fftJ ~'\.J\9l71tJ'11'\.Jiifl1 'J~ 1!ij'\.J fll7! 'HjjV'\.JU'l zl9i1~111fl fl 17 ~1! ij '\.Jfl 17 ~~ fl'l1Jfllfl'UV~! fftJ

'Il1J'Jj''\.JVd1~''J (5 tlZUUU)


