‘E]'j_%DJ"E' %iﬁl*&%%‘—;ﬁ £ 165 E5H 202458

Eco-Environmental Chinese Journal of Vol. 16, No.5 May 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

TEE CHEE: LWSHS
P ‘ s
Sham DOL 10.12030/.cjec.202111170  FEMES  X53  CHFRIAG A

MR AR, 224048, X, 45 BRSHBLI R R 308 52 AU Ko i B 22 [J]. P8 TR 24, 2022, 16(5):/1610-1619. [CHEN Junhua, LI
Shaohua, LIU Jinkai, et al. Soil remediation effect and influencing factors of gas thermal desorption technology[J]. Chinese Journal of

Environmental Engineering, 2022, 16(5): 1610-1619.]

JASH L B B AR 318 SRR B s P ==

AR A A E R WA, & S

LR EBE (L) ARAR, L 200235; 2.9 ERMFE A S RS 03T 5 Xk E K & N s
%, JLaT 100085

7 OE MREBESEA LR ZEH TPH A BERTS Y, T RAE A H AR TR T TREMAMBE ., 4
WHFB N 25 m, MK S6d, AT E HFREE 150 C, P IE | Z5H TPH 2= B8 R 4 51~ 100% .
929% F1 95%, YJiRBIHARBE M., B kB, WhaUBAT, 15409 2B R IG(E HE BUB R, Wl SOME, V5 Bk
RUEAE ARG . P kIS, R SR S A BT R T A 1 R TR R 0 I A A G
Tk B T U Y B (RN, O R SR T A S I B L RE AR AT, AL P 1.0 m® T g LI FE R IR R
82.6m’, Hiik 40.5kW-h, ASHFFEEE ST Al TR AN B R il AT H 3B i TR RIS %

KHEIR RIS B AHLE Y R

UCAESR, BEAE BT AL HERE AN, IR FRA S ARSI | R AR K i N ¥ i 3R
KL T AR 438 Hi AT B OG5 AT 35 BR 7 R s s Jesth U R 2 40st i B mis e o U
AR AR, KT BT R BE AN AT AL A R AR R KUK, PRI ¥ et A 52 L 2 AN AR 20,

TEA BTG e IR ST BAR D S BB R B T S ROCR R 4r, e oA AR N v b 3] 4
R, EX T S AR BT El SR R T e, S A AN B R R Y 1 Az AR R BRI
T B BB AR BRI T BB T /N AT AT A M i S SR HOR T LAEZ BT T2
FeyE BRI B AR (Gas thermal desorption, GTD) 7E Ji5 Ay, BRI B 42 A ih LA 7 ,GTD AR AR
S B A A S RE TR S IS T UGS Y b B 45 A il B ST BRI s S G vk B Y B
. GTD RAAbBL Qe ympe L | RHEAR M /N . B T2 A kA H FF GTD B
22 AR Z R BLAR R LR A ) H s G ER AR

PR TR T A A B AR AR5 g B R R R R, 45 R K], M M E AR
TR EEBLE 2} 100 °C I, 90.0% L 3ERE G P R K BRARIE 99.0% LA b, HEkife . L3S KR 5
SRR 25 BRABCR WA B o SHIE S5 BIFSE 1 I A7 R B AR TE A BIL T G i e v (948 52 5K
R BB XA LTS g R RO R BRACR , BEE P E L RIF () IR BT R <
08 mg-kg™, SATIMEAS BT /- 8 <96.0 mgkg !, /NTISRMBEE HisE, BEMCREL . %
BT PEGERE], FE B 25 B S rh i B R 0 i R v, n A 30 min J5 BB RCR N 86.9%, 1EH
Prifit 245 B8 20 min J5 . JBERTRCR N 91.0%, X BB ANAA 2 H AR IR B2 I 0945 B IR TRDERIG , BB B RCR
Wi EE: 2021-11-28; A HHA: 2022-04-23
E—1EE: BKE 1987—), H, Wi+, chenjunhuall @sinochem.com; MUBEIEE: £ F (1977—), F, WL, WHR TN,

yueyong@sinochem.com


mailto:chenjunhua01@sinochem.com
mailto:yueyong@sinochem.com

%5 MR AR5 IR TIABRTR AR T AR S R R 1611

FAF . EET, AT X EE BN AS [R5 B - A R WA (), VR I K v S G ik B ) LA K
] B3 BB I /b ANBIE ST R R A AL . RS e AR A L W B K TS e S AR R A
RERESEUEAT /0T, WHF9E GTD 7E A HLTS Ye b i B B AUR RN 2, DA R 2228 ) T R2 4R 43t
WA
1 #Rl5RE%
1.1 SRR

GTD i JH T F& B A6 7 FE iR 5 fr st BV e Mo b, Mo BT ALl 1.400.0 m*y 35 G IR E R
—4.0~~7.0m, FHELMIH T RKICIEY ., i ESER TR, FLEERY N TPH(C<16), &, FK5
HERMEAIIG Y, o TPH, 8 285 m ik E 250 4 720.0. 194, 529.0 mgkg ' 3 Fiis e
&5 Bnsrilh 826.0. 6.4, 63.7mgkg ', HuFTHhELAE RN, 5 Y BB IX AT 430 6 4> TR
WRZ, HZ A nEE 1 s, [, RIS HE AR, 0~—2.0m F8 L4+
F, 2.0m LUFRBECIR A, 2 Bk B AR B AT TR, AR S LK 2,

x1 MRMEEUTHE
Table 1 Stratigraphic lithologic distribution of site
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Table 2 Physical and chemical properties of every soil in site
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Fig. 1 Process flow diagram of in situ gas thermal desorption technology
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Fig. 2 Design of wells location in the contaminated site
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Fig. 3 Design of heating wells and extraction wells
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Fig. 6 Distribution of soil sample point
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250
200
150 |

100 +

R C

50+

ol o

g fkl/d
8 SMAFAEEELLIREERHIEERER

Fig. 8 Variation of soil temperature with time at different
distances from heating well
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Fig. 9 Variation of soil temperature with time at

the boundary of heating well
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TG YR B R B T 13 A R HERAE L SRS Y b N 3 4 B AR R P Y BURE A
TEAE AT, k3 A, 2HHEERT, 5 0~4.0 m 2HERZHNT5 Y, —4.0~~7.0m LYY
ZRREFERE TG Yy, TPH i V5 Y vk i K 4 762.0 mg-kg ', A T F—5.0~6.0 m; A 1508 ik
&k 184 mg'kg !, A FHL R —4.0~-5.0 m; Z5 9 45 = 5 YL vk BE Ok 388.5 mgekg ™, Ab FHE R 4.0~
-50m., +IEMBEE, TPHREIGIWE N 1928 mgkg!', KRG, ZrRkETsHkE N
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R BBRBLH 100%, HI5 Y5k B F 2L THie R, Mt nl A, 4 GTD B K 5 -5 K
15 W B S A SO BOR AR BB ok, BEBCRR LT
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Table 3 Concentration variation of target pollutants in soil

HbRis ik (mgkg™)

BB B S 0~—2.0m —2.0~4.0 m —4.0~5.0m -5.0~—6.0m —6.0~—7.0 m
B BRE  BEW BXEE  BEN BEE BN BEE BEN BEE
Ql 78.6 Akt 249  AAKuh 4021 19.8 4286 23.8 3469 15.6
TPH Q5 50.8  AKuih 934  ARK 4439 187.3 4762 96.3 3943 192.8
Q9 60.7 Akt 1407 AKi 2143~ ARKuth 2537 12.2 1814 26.6
Ql 45 KR AREEH R 184  AREuih 162 AR 129 KM
PS Q5 2 SAT I S s S < VA SR N 113 Rfih 144  ARKH 101 KR

Q9 RGN 58 B N 4y s R N oan] 95 PN 158  KEith 5.8 PN oA

Ql 246  AKKih 198 /KK 2488 KM 2773 KiaH 183.5 14.4
% Qs ARG AR REL AR 589 Akl 874 KK 86.5 At
Q9 345 O KK SRkl RKH 388.5  AKuih 2084 KK 1043  KE

23 RBEKSEYMRELZW

TSy PG R KA Wi g &, HHET TS Y 2 LIS TE SRRl K 25 7R — i
AR RGEA LI, B R G AL S H o SR AL, ANBERGE S R R BE R S s b S HE
i, B R, A 14.d XA BE R K BURE 1Yk, BRI 3 A KRR 050 S A I, G I 25 SR
FAPR BT dPBKEERORK IS, SORFCHNITF AR, HHERERAL, 15 sa
AR S ARl o VA 20 d R KRR S ARSI TPH AL, E 5 35 d K iR AR I 2%, X A
o, B AT R REAC b R R, ST G ) R W I SR A, TR 78K
B A A Il o A BEIE K AN RS e W v B 0GR B B TSR], DR MREAESS 35 d THEIE(E,
TPH 125 (1 e 5 WA 43 91 R BRAE S 35 d IS 63 d, X S5 Je b il ¢, Whs g, A his gy
Wy P WA BRIk SRR, PR T Y v A R . R A 80.1 °C, ZRWh A 217.9 C,
A% Hiy B A TPH 3 B8 9530 AR 4 (C4~C12) A Il 18 43 (C10~C16),  Ho X 17 4 ks 5 72 Bl 43 1) 4 50~
200 °C/ A1 130~250 CPV, ¥ 8E P 7K Hhis G i B2 Th) 22 e s e 3B 2 R0CR .
2.4 BEREDHRT

ATH A 2021 459 A 20 H A WREFT, 52021 4F 11 A 23 HINM ARG & k217, WIFIRn#E
RN AEIZ 4T 63 d, it TR ) P LT AR K AR K 924 868.6 m®, T FEHL T M 453 600 kW-h, AT H 3t
B 5 4 T4 11200 m*, REAEAPATSS RANT . HAH 1.0 m’ V5 s HIELIHFE R AR 82.6 m’, Hi%
40.5 kW-h,
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Table 4 Concentration variation of target pollutants in condensate wastewater

HARTS Qe i

TSR TR B S

F7d 21d 35d  49d 63 d #77d %91d #5105 d

1 A 6.08 84.36 134.65 54.26 14.48 4.96 5.83
TPH mg-L™ 2 A H 7.48 99.42 159.49 69.38 8.89 15.58 8.74
3 A 5.88 87.17 134.08 60.35 12.72 9.62 0.79
1 A H 28.87 66.78 15.78 5.43 A A A
FN pg L 2 RA 25.73 69.31 14.99 4.82 KAt F N A EN A
3 ARAG 31.49 63.49 14.65 5.04 ER Y AR i FN oA
1 KA Ak 14.59 88.83 134.59 34.53 0.83 0.04
B pgL! 2 A RAG 15.03 79.45 12986 29.78 0.76 0.04
3 At At 14.88 83.92 132.24 29.48 0.77 0.03

3 EWRERESH
SR GTD 8 2 ACR A9 1 2 N R PR B (5 I RS kR | RIS E A PO
HEA 77 AR R A TS Qe i A AR ) X GTD i = ACR i [N R BEAT 0 A 5 1E
1) IR BE o ARGl X ¥ e ) 2 B R

M A, ELAR DL 10, 75 9 bk H bR 405 22 157

S5 R K, KL 2R TPH U 5 581 o

7 80.1, 217.9 °C I 50~250 °C . H1H7 1% /R At %ﬁ_

AL, 75 R AUKIR A W IS T A SO

Yo i, X EAS H AR I HGR BE T 20 i 75 e =

P s B0 R ORI 693 €, Y =1

K AL 98.8 T % % 50 75 100 125 150
2+ e YR T 50 CEF, A WL R IR C

1 TPH A A8 a5 B4 V0 18 43 T L 32 9 1] SO 10 =ML RN ETHER

s Y 3 R B G 100 °C 1, ZR A K Fig. 10 Variation of pollutant removal rate with

TPH H 59 V348 3 AU IR 23 35 TF i 322 4 [ /< heating temperature
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Pl B A ff o 0 B LR 2 I H TR A SR I 2
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AFRDE 2 SRR M FZER R EARTH T, LA 2 B Eaksmi 74, BIFE H bRk
AR BT 7d, EHEPAFE BTG Y E LR BRI R A . B RAIR R BRE N 92%,
TPH R FAR LR F N 95%, KA ERFRA K 100% ( BAKWE 11) . BE )5+ S ZEm
TPH ¥k B B AR AR T E HAnE, (AA Rk E, 80X — W40 B R AT 582 (5 B B (] 5
i LT, SEPRit Tad R, NS IR HARIRE S5 Bt SN E, 78 T T3 DUR AR AR
SERTE R B
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IR R . XK, TES KRR EREK Fig. 11 Variation of pollutant removal rate with heating time
SR RENER, A= WRERKE. -
BEE KR BERE P AR ), IR E KRR, N T & HAR TR TR SR 2 . K Y B AR
7K 42x10° kg CT, R HEHCAE R 0.8x10° Tkg T, UK ER VAL R R, HE S K R
L, K TE G R P A RE R B 2, REAE R . Y BARIRE & T 100 G, K 4 it
H B A KA R SR A, K ITRAR IO 2.3x100 kg !, T R TR KR R LA, T #E
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4) 2B EM. BBV R E2ZSRK S EBEhe T, A I e LY
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B HinEZ T

2) AT H ARIR S AL BE N AETR, 0B 1.0 m® 5% HIELA I FER IR 82.6 m®, HLHF 40.5kW-h,

3) V& B 12 K AN )95 Y v R (R B B TR AN ), PRV B AESS 35 d TH R WE(E, I TPH FnZE
A B2 WA 43 3] 1 I AE S5 49 d SR 63 do WhASUBRAIG, 15 Y PR IEE I Wh i, TS
YL 25 B AR VAR T BRI
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Soil remediation effect and influencing factors of gas thermal desorption
technology
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Abstract Taking benzene, naphthalene and TPH in the soil of a de-commissioned gas plant as the target
pollutants, the engineering remediation was carried out based on gas thermal desorption technology in this study.
The temperature of the studied soil reached 150 °C after 56 days of heating with the heating wells placed 2.5 m
from each other. Accordingly, the removal percentages of benzene, naphthalene and TPH reached 100%, 92%
and 95%, respectively, which all met the remediation targets. During the heating process, the time required to
reach peak removal percentages for different pollutants was inversely correlated to the boiling points of the
pollutants. In terms of the temporal-spatial variation of the temperatures, after the heating was stopped, it has
been observed that the time required to reach peak temperature was inversely correlated to the distance from the
heating well, and there was an apparent hysteresis effect on temperature profile. A cost-effectiveness study
revealed that 82.6 m® of natural gas and 40.5 kW-h of electricity was needed to treat each cubic meter of polluted
soil. This study can provide reference for soil remediation by gas thermal desorption technology.

Keywords gas thermal desorption; soil remediation; organics contaminated site; gas heating
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