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RJE T AL T, ol B0 38 o 70 3 . (SR FE STt b2 g s , i #oc kel 1E
ik 800 C MY 451 TP Ristr, 4 REBAA NG RY) . ERaSURE AR R, HomdzEk .
ZENE L WIS L AR IR A A O R R R A BB T BRI R B R S AR AN 3775 e FEAR P
JT . S22 Ml T KoK SCHB BT S5 A R B BRI, B A N IS T R AR | R R A
b PR B PR AE L, BB )Tz N T A FMRE B . MEA B ALY TS Y 3 MR B TR R U,
U ISTD B4 R RLASE B ) I FH 1 55 DB 8 8 28 R I P AL i e S8 2 5, BHar, EHNAET
P o JR L R RICAEIE T A R AME S I H il 22 R E A R R S5 K

ARBESE B AE A B R BE TR B i BB B R AR AR B S S Ge 37 M v R R B ] B R % T R
Ty R AL e Y B RS Y W L BRR, M T RIS IGR | RS AR | K U TR SR A R )
PRI 22 68 J A7 A8 BRS80S AR5 e AR IE - AT 3R A ML e b b s 5 R S %
1 SCIEEy
1.1 SERXE

P S A F 3R B G FaR A AR, A Ts Y R e R OK A X, A 278.9 m?,
HYGE 2~10m, BE L E22312m’', FHAASER YR, FESRERY A . -1,2-—5
i R BRI EEAIIS YY) Eh RO . SRR S BN 5.4 mgkg ™! FI 30 mgkg s
MNP R . -1,2-Z 8 M . 2R R o W E 4 B R 3.79x10°, 3.35%10°, 1.06%10°,
2.34x10% pg-kg o MU SRR W], XA o S A TR Z, 41508 8 > TR HL T 2,
HJZ AP A W2 1, SCI XL IR 0~10.00 m KB K425 0~2.00m HEL+ 2, £ RhEiE+
e A Lo WA PRGBS A S B s 2.00~3.20 m A ANIEKZE, LIBY R o0 35 3.20~4.70 m MK &
K2, DBk o 5 4.70~10.00 m RZ WM EE 1. By BEE - Jcky L2 B Wi, X 5se
X P45 )2 B T iR AT T I, S5 AR N ER 2 R

x1 ZTRXBEREMSH

Table 1 Stratigraphic lithologic distribution of the experimental area

A T2 b2 = JZ)E/m JE IR /m P
ANTHFD ZHE 1 @, 0.40~0.60 2.50~2.30 Wysibk
NTHEFRD Bk H 42 @, 0.40~1.60 2.00~0.90 bl
UKD e | @, 0.60~1.00 0.90~—0.30 BAEK)Z
HURIRA® TR +2 Q, 1.50~3.30 ~1.80~-3.60 IR 55 K)Z

W, G K1 3, 1.30~3.10 ~4.90~5.10 BB

T R BTk -0 A 12 ), 5.00~5.20 ~10.10~-10.60 i;giﬁfgf;;é

T PR~ 1B AR U@ e @ 4.00~4.50 ~14.40~15.10 JB B K)Z
WHAAHTTR Wk 1 ® 3.00~6.50 -18.10~-21.60 JE 553K Z

e Y b RARE 42,90 m,
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Table 2 Physical and chemical properties of every soil in experimental area

FoOKE g LB WIIRIREE  SRER RS SIRER

FRER 5 TEAR

% (grem™) % C (W-m'K)") (kI-(kg'K)")  (m*h™)
@, el 25.9 1.92 44.4 18.1 1.87 1.79 1.86x1073
@, FEhLFEELE 259 1.92 44.4 18.1 1.87 1.79 1.86x107
@, MBRL 245 1.96 42.0 13.3 1.76 1.71 1.90x107
@, BTk 25.4 1.98 42.0 11.6 1.87 1.83 1.88x107
®, R 39.4 1.80 524 14.1 1.59 1.58 2.03x107°
®, HEHE-Tkt 280 1.94 435 14.5 1.75 1.70 1.95x107
@ MBR 21.7 2.03 38.6 14.4 1.88 1.86 1.80x107
® W+ 22.6 2.01 39.1 — — — —

TE: B THEORELEREC IS YR, ARSI, “—FoR AR,

1.2 LW ES

SCE ARG NAATT . R OT R W BT RN H ARSI BROT 4 S . TR E A 1
iR BSE, 7L B P IR TR, H B S A PR O A SO B R AL i B S
B mEH S EES L, B AE AR EG EEERHTHEE B EE . Bisis %kt
R MR RN I, & A T5 R Y 28 R MKGE o Z AR R i it B R, B AL AL A
iz & B/ A IF AT R EALE, FakbrHEm . A IIGE R, FIHRE .

Pt HL R Z — RKRER
+0m — - 5&@%% HEMERGE W
BELRE 2 T

KT AP
-2.0m —
-32m
R
-4.7m
B9 A THt

R+
Wkt

-10.0 m —

BT HL R BB R B
Fig. 1 Design principle profile of electric thermal desorption technology
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B1:0.9, RIGFEWEZIG BRI, NIa St . Sy b8 1075 e xd 5256 DX 2, 751X
S b J] i3 — P OUHE = oK e BEFEAE 1L K MERE , TRZ 155 m, JRHE 1.45m, KJE 94.0m. [FEF, #
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IR SCHE R UL B T B BB ST A A PR Sl TR e |
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131 Je#l3F R 3k A &3k 3t mpO Wy ¥y O g e

RS R E = ST 507 A By, w ¥ e
T, IR S S e AR L e 3 S n g ek W
B . IAJE S I B RROR B2 201, SN T A )
V5 el PR 0 BRI B A . T}g% o Tar
B 1 TR, 554 AR5 2 4 5 O I -
B . S TF IR R AT B O S ¢l g B
A5 B, 4 53T 4 1 B S 3.0 m(TCH- T
A) Fil 4.0 m(TCH-B)2 43 IX . A BEE g 10.0 P2 S bAoA
m, IR R 10.5 m., Fig. 2 Design of wells location in the experimental area
132 MR A &%t @it QML

R BIFSE R R T B £ 5256053 X P B AT < e ]
BOMGE 785> X TCH-A, TCH-B N 4 i /N e eAeN SN
LA B IR T B B 1 K P 1 e
LR R PUIRIE () 2), LUK R \ @B NN
B AT 53 B AR A 041 P Y L - e e
f 6k B A R SR LR . X \ SN/
TCH-A B 85 % JF #4043 51 05, 1.0, 15, L
1.73 m(i & &3), XN 4 5 A T1~T4; 45 X B3 Bt SR I A st
TCH-B i & s #0843 0.5, 1.0, 1.5, 2.0, Fig. 3 Design of heating wells and extraction wells
2.3 m(IR I8 ), XI5 O T8~T12, I iR 2
7 9.0m, MEIVRE N 10.5m, I 4 fiw. @ mHIE © Wi

S BTSN X 50 5L SR 1 A i o d0m
VLR, AIE A TR A R 23 32 ) BB T 5 &2 VANV
e T C TSI IE SN T AR AN
ﬁﬁTﬁﬁfj@y@ﬁ@/f;?g~@Uvﬂﬂﬂ#o OGBS0 G569
Wit JF BEL 2 S OE MR 0.5 10L L5 g R g g A RO

2.0, 2.5 m, XFNg*5 o T15~T19, Wi ¥ B Fig. 4 Design of temperature measuring wells from single well
H9.0m, MIEIFERE N 105m, HAKNE U heat source in different divisions
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2. S o st S 0 3 7 3 R o A 4 X @ittt S © HekIt
S5 Y L 2 A AR L L A 4 X R S I O ol N
kR o AL S01~04 A

DRI HARGE A . 40X TCH-A 31 3 4>, XF CARA @KL AWOL-WO3
45 T5~T7; 43X TCH-B ¥4/ 24>, X i 4 .
5 T13~T14, BERME AR & AE i ? A5, Bom
P SOE = AAIE B BO E
14 RHESHH
FEA G P SR T, B R S XA
AN, BB RN R B A2 OR Y, nlRE
AR BRRCR A — RGO, I, 76525 X
WAL R T 4 BHERMA S . Hd, E 244
XA AT 2 SRR, AR AE 3 A AT #i
VEELR = MIE R OB R ), s 5lic
SO01~S04; AR AF i T 15 5 1) b 42 IR B 4 B °
1.5 m(Bf )2 F 2.0~3.5, 3.5~5.0, 5.0~6.5. 6.5~ h—E
8.0, 8.0~9.5 m4b) KA~/ M ; [FH, K5 8 R R KSR A A
SRRV ERIE 3D I K RS, % Fig. 5 Distribution of soil and groundwater sample point
5 WOI~WO03, BACRFE SO A & WA 5 s
ARSI, R MR KCRAE AR R AR A R U A S 58 X T I L S IE B S B .
FEREA SRt FE e, HMORAE 2 AR 4 b R OKEE S, B EINIRET NS 1 HEUCRAE s R
AN S X IR H4 3R B R REAE 100~110 °C, Fp&E 1 R E Rk, R R G IEF a7, HatdfT
55 2 HEUKCORAE o AR ARG S BIVECA 0~4 °C WA MORAE . JF T 48 h INSATE LI = #1715 L)
Mg . SCR A WAE AR AR Ts b i AR TS e . BRI S s SR, VOCs 2k il 75 i
WG HI 6052011275 M R /KRES RN 20 . 0-1,2- " M . RFNEIE, VOCs ZEA6 I 7 241K 3
GB/T 5750.8-20062",

2 FR50H

21 KBATEAREMHRS XiEEELSTEE

A F, A5G B 2 A X S 56 3 AT T
18 JE A R A B, DXl I R ST ) 6 AR
BLUL L 6.0 i A ] B0 A i B RE T DX T i I

TCH-A

120 —=TCH-A —~ TCH-B

80

DXCIRIRLEE/C
3

40
] A1 5] FHE AR . TCH-A 2 X SE R T2 20

= ~ H| § B4 = H
80%%%45?], WTCHB]}‘B:IJ_UJW%7FJO OO 2 4 6 8 10 12 14 16 18
SCU 43 X TCH-B 52 5 43 X TCH-A B9 TR 5% Sl
WG K2y 15d. ik 7 J8 )5 TCH-A S5 43 X K6 Al X B A A 1k

SR B 4E R AE 100~110 °C, TCH-B S5 4y X Fig. 6 Variation of temperature in different heating divisions
V-S43 B2 3R B 80~90 °C., A Sy DXl Py S e AR 3k B - g Kt R K B AR TS e ny 2 IR . Gl
W, N TR, S/ O VOCs I5 it IREE ETEZE 100 °C BUREHE M T5 G 58 4 R,
AERpizR B 1R e, Ak, CRIFHRIIR RS IR W AT, Ak S0 S0 5 DR AT W I . i B
8 R A i #A, T 32 B TCH-A 73 X i A% 3 19520, TCH-B Z3 X 2 B H 7 A9 il &2 B T
oo FERGS ISR 12 F)5, BASRXECF AL R R 80~90 C; MRS ERIS: 18 Fa, 1
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T B2 % 22 70~80 °C,  FaR it 78 J32 DR 452 O IF ) 4 45

S e E A b fe A BRI R, BE— 2D SE T ORTR] 23 DX B SRR A RO PG L, R AR
B AU ) 0 0 A IR BRI AT T 0. MR 7(a) TR, FESEER 43 X TCH-A FE B 53 4 J5
0.5m4ib, Jm# 2, WETTTHE 106.8 C; EMEAHIE 1.0, 1L.5mAib, s &, 5T
£ 110.1 °C A1 100.6 °C 5 FE NI & = M O AL E (R ), BB IR 1.73 m b, gk
8 JE, MREERIFFZ 99.5 °C . HULAIHI, TCH-A 40 X AR 8 il 5, B4 X 3 S 34 3 i ¥ n ik %)
100 °C 2245, I A B = I8 B0 e de s 7 B R B B T 35 3 99.5 «C. W&l 7(b) raw, 550K
X TCH-A Xt Lt , 7 TCH-B BE & I3 0.5 m &b, Jn#t 7 &, IRJETFE 106.4 °C; 761 5 s IR
LOmAb, Jm#k 8 A, HEETFE 1022 °C; 7EMH B HRIFIE 1.5, 2.0 m &b L KM #SHA6 & = MY Fo
OOE (B2 i E), EEMEIE M S, B 9 R A LB, /25ITH2 89.4, 82.6. 81.7 C.
H AT, TCH-B 4 IXAESN#A 8 i J5, HAHEEPEIHMIE 05, 1L.omAi, HEFA = 100 CLLLE,
1.5, 2.0 m Ab LA R B = M OB (R SV E) BARAR] 100 Co 1k 1 A, iR
BT B o7 B AR S iR, 33X T 52 B R B0 AT 500 7 B e 2 v T A 3 s e, AR 7 B
FI R IR . S 3 X TCH-A 5 TCH-B 55 8 $R5 A [ 00 38 A7 B 1 3L 8 349 7 45
IR L S, BIES 9 AT UG AH BT, IR BE G BRI B HEA T, A SO0 DO B S T . AE
SRS HEAT A 18 R, SEE 43X TCH-A B B BRI PR AS [R) DU A7 & i 7 3R Oy 81.8 °C 5 LI 43
IX. TCH-B i 5 B SR AS [] 00 303 7 B 1 73 B 73.8 C..

£ 1 —-05m -=1.0m —15m —-1.73 m(FEA5) & 120+0,5m =1.0m +«15m —2.0m =23 m(FEL L)

= =

= Z 100

e 100 z

E 30 E g0
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) =
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2 20 20

< Q

0 T 0
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Fig. 7 Changes of temperature at different measuring points from single well heat source in different area

EA M TRZED R, Pl T 50 BRI ] B3 8 2R — B 1.5~4.0 mo AWF5EH
INEE] R 3.0 m, MELT 4.0 m, AORHEA B PE M, (HA] 48R HR R R WA T, R, e

(7] in A B P AT ORAIE 8 52 DX IR AT B 24 ) 1 T 80( =05m +10m—=—15m +—20m --25m
AR 5,
22 ST M R A58 Ta g

BB RIS R, [ S5 @
FUTI TR, BEATARRK, EMAKE 2
5 3.0 mik . K TRHEHEBE IE KRS . T 1
%ﬁui&gﬁﬁﬁ?ﬁﬁ%{k%ﬂ{gﬁﬁ@’ EI]—‘,%“ O0 1234567 89101112131415161718

Tkt a]/ &
“J]%ll v = AN l N N ALY A 73 AP ?4 HH /ﬂ\: )
T A% 3 S 5 23 Bk K PR FEAR A A T 52 1) B8 I 3 A LB L

o EL O pte 22 B A AN
ol S ALIERAOR e 2 W 7 3 AR T MR 67 24 Fig. 8 Changes of temperature at different measuring points
i R T 20 ) S it P e A Lk K MRS S G R on the boundary of the heating area
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Y TE]HE o A S 55 JE 3 P A U B AR A 5 L s [ An 5] 8 BTN o AEBE B UM 0.5 m
b, EEiR AR T R Z R, BER 677 °C; BB S MmMIE 1.0, 1.5, 20, 25m
Ab, fem R BAE S HEAT 1S A Z 05, IREESY N 49.10 39.7. 33.4. 29.1 °C; FESLERHEAT 18 4
&, A mAIE 0.5, 1.00 1.5, 2.0, 25m4Ab, WEESNIFEZR 553, 47.0. 38.9. 32.8. 28.0 C.

TERT 8 BB N, FEES S A 0.5, 1.0 1.5, 2.0, 2.5 m LAY 5 NI T IR A OR T
ETb, HEEEGEGT, FREGECP . B A B 2.0 m L E W AR R S 30 ¢, BRI AE K —
SE W AAL B IR, SCEHEAT 1S B, BRI BT 2.0 m Kb (9 B S IR E N 33.4 °C . HLAR VA 9
T C AT AR, (E A DX PN IR EE AT AR T A v, o O ] B AT 3B O R A 0k, R R e R v X P A
IR 2L /N o A5 TE 8 JA SR ARSI BT T4 X R B, PTREFE 4 UM #IT 2.0 m AbRLE S A 1E 30 °C.

P LT T, Sy ke G DR EAA 2o ik B8 T R 2 ) K U 8 R A e B DT R e 1k K AR L BE S A
(] A A, A] E— 25 3 T 1k K e 4% 55 i ARGt ARG AT
23 LRAEEXBSTEMEETK
231 FHRREEFAFTENLSELTL

M2 3 mI 0, SCG AT 3 PR R HARTS Y0 7E 2.0~10.0 m 2 NN AL, ROk EE
SPARTE 3.5 m AT, Hirb SO1 SRAE T 6.5~8.0 m AbIRFEfe s, h 5.4mgkg s EARTE 2.0~10.0 m A
)AL, E3SmULE, JSYyk g, Hid S01 RAE A 6.5~8.0 m AW FEFe i, A 30 mgkg .
SCH AT 18 A, HUCREE AR, HEETR HRG Y E IR TR, S01~S04 SRAE ASUA A IR
JERLIGETMAR L, FH P H LGOI T 5. S01~S04 SRAE AT [F] VR BE LA TR 3 f
W, AlGk 021 mgkg !, X R B P R4 KER A Cog AR ok o B s e KBRS AT A,
3.5~5.0, 5.0~6.5. 6.5~8.0. 8.0~9.5 m Kb & 2K (I LR E WK 95%. 99% . 99%. 99%. #—H
X} H DBI1U/T 811-2011%2 35 Je 37 s + 3¢ (£ ) e & S0 . SR Tk e, HE 5k
0.25 mg-kg' 141 mg-kg o AUV AT, HL AR S 4 b IS Y W o R ER 43 B 1] A AR G A T B
AR, BRI S .

#*3 TEFERSEHMEETIL
Table 3 Concentration variation of target pollutants in soil

HARTS Yk B /(mg-kg ")

B S 2.0~3.5m 3.5~5.0m 5.0~6.5m 6.5~8.0m 8.0~9.5m
S01  <0.10  <0.10 0.81 <0.10 <0.10  <0.10 5.4 <0.10 <0.10  <0.10
S02 <010 <0.10 2.5 <0.10 <0.10  <0.10 <0.10  <0.10 0.68 <0.10

ALK
S03 <010  <0.10 0.33 <0.10 0.18 <0.10 0.19 <0.10 <0.10  <0.10
S04 <010 <0.10 <0.10  <0.10 0.74 <0.10 <0.10  <0.10 <0.10  <0.10
S0 0.89 <0.05 1.9 <0.05 4.2 <0.05 30 <0.05 52 <0.05
S02  0.22 <0.05 0.65 0.18 12 0.21 2.0 0.18 7.9 0.11
A

S03  0.12 <0.05 48 0.13 0.11 <0.05 <0.05  <0.05 <0.05  <0.05
S04 048 <0.05 1.8 0.14 12 0.21 0.12 <0.05 <0.05  <0.05

232 FHRERTAT ARG EHETLWL

2 4 TR, SSURATHL T K G I RIS R A BN R LA 12-C ALK R AR
470, WOLRBEE AW . %, BEWRERE, 298 3.79x10°, 1.06x10°, 2.34x10* pg-kg s
WO3 SRR A -1,2-— 2 Z A VR B e i, 3.35%10° pgkg™s 5280 18 JEUS R R AR BL, Hb Tk
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HARTS et & B RN T . WOl KRR A5 T4 WTFKFERSEMESETK
AFPH IR WA 2K L i A2-TEH L 175 Table 4 Concentration variation of target
G AR e R L AW 417, 198, pollutants in groundwater
372, 101 pgkg ' i HE LB R, W — . H 75 R B (pg L)
KPR W12 M. % BAENT o l
B2 B R 4 B R 90.5%. 93.5%. 96.4%. WOl 379x10° a7
99.3%. it — 5 %f t DBIUT 1278-2015% 1 WK w2 25810 219
K OB ALY HRLE R M . I12-— A 20 wos  228410° 190
KRR, N 20, 70, 10, wor e 198
300 ngkg o HMCETRT, SR Bk A TRl e 2o 17
S50 AR AR (LM A TP S S R4 € 1 w2 330 192
R R ORI, A BRRCR i AE. P wor L0 372
e AR SR TR BT P Bk bR, AT 1 * w3 10
A 452 B 1 w18 +20
3 EMERSHN P x: igi ig
FEL 0B B B AR 1 i T 2 A B i A wWo3 734 54.0

JE . R R K RO - AL R R A Y
MR 2 . AR T, G55 IMTHRE R . V5 Y L BR R AR LS RS e B R AT T &4
Mr5HE .
3.1 ABMIRE

F S 56 AT S DB TS G B s AR A AT, ARG B R S e AL BRI B AR 1 S R R B
HERON Z5P fiff 53 20, FIF B BB ARG BE = S 2 M5 e 138, 78 23 C &M, MR- R 2
HALBE A HE 2 1 AR Z 5 {HAE 100 °C &F T, UG 37d, KBRZFEI TS 99.8%; i #A DX 3 it 2
M, AT R BB IR XN R R K B ARTS e R O L I-1,2- R L
R, WA -13.9, 60.0, 80.1, 131.7 °C. SNIHEAT 2 JHJS , AN B B T R R R
TCH-A 43X H1 0.5 m 4 FF 2 100 °C LA |, TCH-B 231X H1 0.5 m AMIRFETH 2 60 °C LA | BEiF, XA
AL . M-1,2- 58 S S5 5 A BTG Je P I R 120 8 1) SOM At o nRaiEAT 7 e, A X
REEY T 80 °C LA I, TCH-A 43 X FEXJHEEE T2 100 C LA L, TCH-B 4 X F¥3E B 7+ 2 80 C LA
o BEBF RPN IR | SR SE kS AT AL Y T s R T AR A . D R H BRI g i
AR IR, Ao ERTEanr, FORMA /DRI . DO i TR A A58 b BB T a5 19 IR R
1, FEOR ) SO S AR A B ) SRR N RS o 5% B RTER, nEA AR IR B AT B R TS e 0 L BRASCR .
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Ko, MR B FEARE T T, A T S, dkSmih, HERRZIRERS 1A, AT
Ko B ARSI R BR BRI BONERA . Hob, R0 R O e Rk, SR AL
99%; i T KPR . W-12-Z 8 M. R AR RERFEI 8 90.5% . 93.5%. 96.4%.
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Abstract In this study, vinyl chloride, cis-1, 2-dichloroethylene, benzene in the chlorobenzene-contaminated
soil and the corresponding groundwater from a retired chemical reagent factory were taken as the objects, the
pilot test of in-situ electric thermal desorption technique was conducted to treat them. The results revealed that
the average removal rates of vinyl chloride and chlorobenzene from the treated soil with in-situ electric thermal
desorption reached 100% and 99%, respectively, the corresponding residual contents in the treated soils were
lower than the screening levels for soil environmental risk assessment of sites (residential land) in Beijing. The
average removal rates of vinyl chloride, cis-1, 2-dichloroethylene, benzene and chlorobenzene from groundwater
were 90.5%, 93.5%, 96.4% and 99.3%, respectively. The distance between heating wells had the effect on the
temperature variation. At the distance of 3.0 m, the heating time was shorter and the heating effect was better
than that at the distance of 4.0 m, while both of them could achieve the goal of contaminants removal. The
effective heat transfer range of the heating boundary reached 2.0 m, and the optimal spacing between the water-
resisting curtain and the heating boundary was determined at least 3.0 m. The removal efficiency was positively
correlated with heating temperature and thermal desorption time. Both longer time and higher efficiency for the
thermal desorption occurred when higher target temperature was set. Meanwhile, the effects of soil moisture and
porosity on the removal efficiency were discussed. The results indicate that the in-situ electric thermal
desorption technology can be applied to remediate the site contaminated by chlorinated hydrocarbon organic
pollutants in the large-scale practice.

Keywords heat conduction technique; in-situ remediation; organic-contaminated site; soil and groundwater

remediation
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