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% T HERA (health and environmental risk assessment) #0748 J& 353 )2 KU PPAL o 25 R 3R W] . 4 H 32 09 /5 35 KU
W a2 K, B AARMESS 514 161,20, 182,58, 316.75, 450.24 mg-kg o M KUK PEAG 45 5K, 2 H b
3 S AR (soil vapor extraction, SVE) 1645 %, #IRHEE 20 O, #IZHE N 036 m* min™', ZRMEBRE
9 56.71 kg-d', B 147 d Kb L b IS Ge W vk BE AR BB S HARMEL AT o AR 0 2 XU PPl 45 SR A
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7 e MR LA 05 e g b o 8 T 3 5 N K XU PPAL il T 3 M AR A 5 G A 1 1 %
58 B8E, 3T &R R T KB X, IR TR IEE NIRRT Kl
R AR DL AR A2 R A TS Qe S M R 05 g - e ), BRI . 2R . B AR R T 3 A
FREEIE R, VARG 56T S 4 e b RS Y i 2 BRI AR OF ME AT Ml B XU PR AL o R AR DI
B - 4 8 524 B IS Y S M R A0 42, AR FE % s K SCHL BT ARRAE , K )2 X050 A IE 4 | Ry T
it W AE % 4 2, 2 ] HERA (health and environmental risk assessment) XU Pl #1418 T
A RN R K KRS KB S B AR E, JF AR B S . B e B R OR[N b o 2 A
JRE IRUIS: P-4k v ZE BT 58 B BE, A B 2735 R 96 [E RBCA A | E [F] CLEA A5 7 S5 A5 70 U100 31 47 fakt B
RS PEAl, X SEEAME R IR A SE 2l H TR E S, WSS RAREHIE. X T A s Je g b
A 53 J2 VAT 48 SR B 3 o A& 52 07 S8 i A Ak

A ST LA i B A AT Y G MR X 4, BT HERA JXURS PFAG B4R, JFR T 458455
2 KU Al s KPR IEAR 25 S, it T R A SVE (soil vapor extraction) 1642 %8 ; AR g 1 1%
SRR SR, LR )R S R Pl EEAE A SVE SR, 3 Bk AT TR
RAGF IR BB, XS TR SVEB K, BBIWABERA . &8RN mAARCR, [H
Rt AT 3R 24 R TS G SVE B S s B rp i WL BEAR A ) JE L T — & LT HERA 3%
532 WS PEAR 9 SVE B & 7 R it AR Auik =, SAIREZERIA G L i A58 3 . 5 QL bR
MR RS %
1 #MR5R%
1.1 iR

AL FIRE TG A X, 37 M S AR XA, B S M S 2 TR Sk b i Rk e B M S, R
MR TIERWZE N, REFEEHEE4RZTERRORAG IS, T AN FZ bR
i, Wik . S b A2 135 000 m?, R T 20 122 60 4R40, F) 20 it 42 90 4FAC— E#E4T
AL . BRI Y X TR A =06 3, B A& it O LA YRER o AR 4 37 M R ) A b 2 A4
s, BmRla R 4)Z: o~lm AATHRZE, 1-83m MW HREZE, 3~5m b +Z, 5~8m Wb
Bk )2, 2 EMOCSEINE 1 FR. MR KOKAEEFETE 10m 247, S/KZN BE R

x1 HHRTREAMESH

Table 1 Hydrogeological parameters of each soil layer in site

THER R /m i THEEE(gem™)  FAKR% LBE  BBEREU(cmsT)
1 0~1 ANTHAZ 2.0 272 0.39 4.8x107*
2 1~3 Wbtz 1.5 20.7 0.43 6.2x107
3 3~5 W4z 1.7 17.3 0.46 1.7x107
4 5~8 WEH )2 1.6 19.1 0.40 5.9x107

1.2 HAESHRRE

Yy o 45 53 R 00 A0 PR A AR R A 2 BB, 0025 A AR U I b B RME B R SRRl LT T
B 1WA SUCRFE, FEEER A 50 mx50 m Y AR A BCRAE R, SRAEIREE ML 1~10 m, FRAE 214>
RS TR A B B LA 20 mx20 m Y ROAS A A, 7R T D AR AL DO B A R, SR AR TR BE T
FHLF 12m, HORAE 375 AR 25 MR KRR . E O RAEE S AN 1 TR . T X
TR T2 MG, RAGE 05 359 B HECAE S H P A 2 AN KRB et b, vl U b N I
KA B BB . AR S R B, XN R AR (C~C)) FrEtn/ &, V5 F %
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16 97 s SRR T O MR RSB 7, 0 15 2 B GRTEAR. RiE R
WA IR F2E . 528t 45 Hb, 1 96 o 36 v 3 2 Fig. 1 Field layout and sampling point layout
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ke 2 EAE B SVE R, 43 ik A7 IR A TR IR I B, SEBE SVE B R 5 Rtk .

2 FERE59H

21 F1EXRXEER

D) 15 YR G 5 R G RR M o MR 1 1 S M R A LA KRR SRS I 2 SR BEBCA TR (Co~Cy) h
KTETT YW o 24 A T X S T A X G F R R Tl e, P 2R RO AR R R e, A2
PR Tolk Al ) KPR TN RN, B2 R ok 3 Rl il R i 2 R R R it . HHER 1 oS
DAL Bkl WAENEEER Y . WAZI TR Y . WMAFLE LEEIE
B WATREEEIERR. WMATRZHEENZER; HEE 2 NRAZN PR . WMAZE
ShEETURY) . WA SRR BRI WAJE BRI WA TR RSN, HEE
3N AESN L HEEORY . WARZE LR EINER. WA TFZEEREIER . WA TEEHEENE
s HHZ 4 AW ARIR BRI WA TR B EA R WA T2 S NZER.

2) RN AR R AHIE ST S TR XIS T 5 AR K AR 7.46x107~7.63x10* m, {H
Vi 5 AEAE T VI, S £ RS R, IRIZEOKIZ KA R, BAA AT L2 K. Y
oA AR, WK EOKZ SRR M EME, (HAE s R R AR AR, Bk E K2
SHE R L, EXTA AT BRI, KK EOK B L2, B i 0~8 m
R RS, B ORE S K2R K &K Z .

B T 5 B A S EUN S B R A R, F LSS RIS ek L ORRIR B LR AL
PG . V54 R HEIRE | MR KR S K SCHE T S H DL R BRI L BRI R (% BRI IR 2
fi) S5 Z A RE S, HMSHECRM (555 KBS A H AR S0 ) (HI 25.3-2014) A HEFE(E .

3)EE 1 JZUATAG S (IR EE TR H I M b g KU A R bR ) GRAT) TPHLE L 8
2 AT TR (C~C )5 F 10 IRUBS: DA 075 £ 1Bk 4 500 mg-kg "o 3% 2 nl %0, 5 B HERA 115
KA MR (Co~Cy) T BB /N T (R EREE I it (8 ) b = 1875 e KU A P bn ot ) (GRAT) HRLE 1)
4500 mgkg o FEMHL A B A K SCHL R R S A AT . R B HIK T 4 500 mgkg ! (9T
EAE AT (e, i 9 Y 33805 Ye RS TSR Ab T AN T 3232 7K F . Rk, e 16 ] HERA 1138 {E AR
SR AR YRR TFA 1) 7 2 1

FI T A5 04 7 55 (B X 37 b 4% A0 95 Yo vk BE AT 0 ik, R 45 2 3 b A R s e vk
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x2 BEIBRAMBRERITRE1RXRNEITMHER

Table 2 Total petroleum hydrocarbon concentration in each soil layer and first-level risk assessment results

EHUE WM RERECR GREfUmgke)  WEAmgkg!)  PH((mgkg!)  BEREUEA  BERE%

1 0~1 125 1060.15 802.6 ~ 12 326 2031.72 44 35

2 1~3 55 1089.44 460.7~7 538 1030.28 18 33

3 3~5 4 1452.59 463.5~2455 950.06 15 36

4 5~8 30 1 676.06 480.9 ~2 939 1095.29 10 33
FERA B e . 3R 3 Y XU DAl 45 S AT x3 IFMTIEE 2 ERXKNRITEER
H, K2 TSR, EREN 339%~36%, Table 3 Second-level risk assessment results of site soils
22 F2RRNETMSE THUR W AESoEfaER BE A gk )

)RR S S HEATE 2 )2 AR PPAL 1 0~1 104.64 161.20

B, 7RSS 123l b5 e vk B i 2 1~3 71.59 182.58
B, O R A S R AR S8, BIER 3 3~5 33.30 316.75
R, BRI o R g A% = 4 58 21.50 450.24
- AT AR 0 B0 XU 5 Al B0 18 FE R A
FEHE R

2) 5 2 JR WA BG PEAL 25 0 o MRS 2 2 MORE S ST 5 12 IR XU PR 45 5, SR TS e ik i
S SA R R AT B0 XU RN AR BUE S E R IR, KR RAEZE R AN 3 FR . RIE IR R R AR
RS PEAS TN 25 e e o B R R 1 T B NS . 28 3 T, BEE RN, JE8UEEE B
WA, BRI M T 32 KO AR BURE G F R AT 2K 1) b5 1 R AR BUE G H R
KE T 104.64, W TEEZKT 2 M EEH . 0~1. 1~3. 3~5 Fl 5~8 mH-3E 2 i A iR 2 H s
{5371} 161.20, 18258, 316.75, 450.24 mg-kg™, &K H b bl & 1 4 % B2 38 Jin iy 22 i 486 K . B
EVG PP K, BERIEEBEI D, 15 YW X R3S B0 F 0 Rl RE R R T A, X
B AT /0N, A8 52 A i D) 3 3 34 K

)BEEIEE A E . RIEH IS IR LR, IR 3 PR E BAnE S, R HHEA 2
15 Y AR SR, 5 B ArcGIS #4725 [MIAfH . Wb )y b A XS P30, %2 R 5], SRR
b S VR AT AR AR AR, [ A AR AR R M 5 SR K 3 b 3 37 S PR A O A B 25 R AT TEE, &
LR S 2 RS Y T EL. i b AR AR S B R E 2 R, K25
Yy + 35 A2 0 32 906, 18 795, 18 305 19 867 m?, Hih, &5 IX B 3 B4 & 7 IR R AL X
e X, fRE MBI EE R, BAME TR M HER X . BE L2
JE RN, T BB 0 R 32 906 m? FEARZ9 867 m?, 5 KUK PEAG 45 5 vh 48 42 H Fn (i Bl 1R J3E 188
TGS AR X R o A M T EAE Y T AR 79 873 m?, 4% )2 R HES YW A A X A), TR B
B 1 HERF R 136 707 m’,
23 ETREITERSVERERR

K H SVE B ARX T8 5 . it — & i £, ailEE Ry R EERE,
%2 P OR R R B 855 mgkg . FEAIMAR TS ) Y b R R bR, R, DL RBRIE R
&2 BbRT5 G AT R 5F 1) SVE B R T T3, R HERE SR 0 V- 2k 2 855 mgkg '

1) SVE i #& TR M B o K T3k Sls e ik T UL 48 1, A8 R85 e ik B 1 453.5
mg L™ IHE 5 3 2R v BRSSO AR = (1) PR .
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Fig. 2 Remediation range in each soil layer of the site
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Fig. 3 Layout of SVE test well for the site remediation
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LI FR5E, kPa; R MR LA, m.

an=(PW)Qw (5)

Pum
L. o FHEEFHEE RS PR, m min'; P, AR KR, kPa; P, WARUMEERR,
kPa, O, AN IARE, m* min',
R.=(nG)Q (6)
K R ATHRYIMEBRERE, kegd; n WX FHISLBRERWLEASBER T, G A&
W, gm?; O MR E, m min'.
M, = (Xo—Xr) M = (Xo—X71) (Vipy) @
K. M ORBEEBRAS YRR, ke X, A HIEPWIEFERE RHRE, megke's X, M HIE
B BbRE, mgkg's M AER IR R, kg V, TSR HIEIETR, m'; p, W TIEEE, kgm™,
T, = M, /R, )
K T OoRiE R, d; M RERBRTG YRR, ke RIS RPN LBRER, ked '
2553 )X @) Mt HE L R E 3 AP e 45 R v A 7ES A i 20 AR IE, 4w
o036 m min', KBRIEH 56.71 kg d ! WIS, T4 147 d GR35 v i T G A vk B I
FEE HMELT .
24 SVEREHFRMK
R 37 3t 39 0 2 KU PE AL 153 25 5 A1 ArcGIS 25 (Rl (45 H i 45 2 L 375 Jea il , X} SVE 1B
BRI . ARIEIE 3 g 4 2 3 e B & i A 9 SVE AL, e i 4 =+
B FEAE AR I & 4 BoR o AT DA S BB B 7 S 45 R TS Y R A A B vl R AR T
A, BARGERFE 40 FTLVEN, JEEE T ZHAmng 20 1 SVE #1764 215§ - R 1E
AT, 0~1. 1~3. 3~5 Fl 5~8 m 13 )2 09 5L b A Al 4R - 80 o 18 16, 15 A1 13 H . SVE il
P9 WL, W3 i FZAEHVEREE LR 0~1 m)Z, B, REIFERK 1L5m, R ERE N 0.5~1
mo PEBLOEIE 7 X, LAk 20 F1 B O B R O TR IR B R R, Ak IR B A R L 5.l ad X
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Table 4 Number of SVE extraction wells in each layer of the site soil
THERREE /m SVEfii#
0~1 W1, W2, W3, W4, W5, W6, W7, W8, W9, W10, W12, W13, WI4, WI5, Wi6. W18, W19, W20
1~3 W2, W4, W6, W7, W8, W9, W10, W11, W12, W13, WI4, WI5, W16, W17, W18, W19
3~5 W2, W5, W6, W7, W8, W9, WIl, WI12, WI3, W14, WI5, W16, W17, WI8, W19
5~8 W2, W6, W7, W9, WIi2, W13, W14, W15, WI6, W17, W18, W19, W20
R5 SVEHMEHARMAFTREREMUER
Table 5 Optimization results of SVE extraction well and well screen depth

SVEf#EH-= HH/m B E IR /m SVEf#EH-= HH/m IS E R /m

W1 1.5 0.5~1 Wil 5.5 1~5

w2 8.5 0.5~8 W12 8.5 0.5~8

w3 1.5 0.5~1 W13 8.5 0.5~8

w4 35 0.5~3 w14 8.5 0.5~8

W5 5.5 0.5~5 W15 8.5 0.5~8

Wé 8.5 0.5~8 W16 8.5 0.5~8

W7 8.5 0.5~8 w17 8.5 1~8

W8 5.5 0.5~5 W18 8.5 0.5~8

W9 8.5 0.5~8 W19 8.5 0.5~8

W10 35 0.5~3 W20 8.5 0.5~8
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Abstract A petroleum refining contaminated site in Xinjiang and the petroleum hydrocarbons (C;~C,) were
selected as the research object, and the soil of site was divided into four layers to assess their environmental risks
with HERA (health and environmental risk assessment) model. The results showed that the hazard risk of each
soil layer was unacceptable, and the remediation target values were 161.20, 182.58, 316.75 and 450.24 mg-kg ',
respectively. The SVE (soil vapor extraction) remediation scheme was proposed according to the risk
assessment result. The number of extraction well was set as 20 and the extraction flow was 0.36 m’-min”". The
removal rate of benzene was 56.71 kg-d™', and it would take 147 days to reach the remediation target values. The
optimized SVE extraction well depth and well screen depth were designed based on the risk assessment results
of soil layer and the different distribution of soil pollution plume. The optimized SVE remediation scheme can
reduce the repair cost, improve the repair efficiency and prevent excessive repair compared with ordinary SVE
design. A SVE remediation scheme optimization system was formed based on HERA risk assessment.
Keywords  petroleum refining contaminated site; soil layer risk assessment; petroleum hydrocarbons;
HERA; SVE





