ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




- et N Jeps
«l‘ &E ﬁ § ENVIRONMENTAL SCIENCE HBL ST

( HUANJING KEXUE) 201245 H 15 H
H K
[:iuﬁ 1%%*%?1*%%%%5’ fﬁﬁﬂ?ﬁ{, ............................................. ﬁf% E@Tﬁ%,/l%,ﬁﬁté?gfﬂ,ﬁm%( 1409 )
K VT = 48 T X 5 AT R R 3% Fﬁwﬁﬂ%mﬂﬁﬁﬁﬂf*”ﬁimﬁ¢%fm ..........................................
............................................................................................. Ak R R FE, BB, TRE(1418)
b5t B A3 T — TN IR S R ) T T e FL S TB M HTIIFIE weeeerereeremmemmemmmnteettitiiiiit
........................................................................... %}/J\ﬁ%, ?@%’ EE}"‘E&’ j}]%;f:;’ /g?ﬂﬂﬁ—'%, E;{%%( 1425)
SRR ANISURE 4 Tl 28 K TR ) 2 1E 2 AL EEVE [ FLAETIFIY. vvveeerrvrerereessnnreneensnneneessnninseesannnesaessnenns
........................................................................ g)ﬁrb' 7}7;'%7% leﬂ 5,7‘& ﬁ—’l—]%a%,ﬁp%/%,§%, %21(143])
FEH A PMZSE?ZEEJZ&EE{J?E%L ............................................................ EHFE BT F R, B XE(1438)
KT TR FE R N2 R AR T F IRIE TS ULTIFIT +oovvvrrrerrermrrem et
...................................................... FRE KW, ER,KEHR,JETF, AEM, KA, K EH(1446)
TR EE LR PM, ﬁfééﬂ‘ﬁﬂlﬂﬂ’] ................................................... Bl gmhg EXT,H é‘lf/\( 1452)
Eﬂﬁr‘@kﬁz@:xﬁf%ﬁ@m%ﬁ%ﬁ%ﬁ&*’%ﬂﬁ@ﬁm --------------------------------- Bk KE R, B i, Rk R (1457)
SWOKJERRBEAPIRA F S R K-SR TR % OB R ERIR e W8, B34, F U, 7 % a8, x5 (1463)
R DI B E NI STH9/E AUIISE VN [ T, e E X, A, R, RE R (1471)
SURIRIE T 5 ORI X - ML DI VR I OB E OB - MR, K HEE, Stk A (1476)
FOAIRUETT UKE 72 5 UK AR TR ARG -oeeeeeemeeeeeeineeeeeens REF KAE FEE T, EXH(1484)
ﬂj(L{@7k{ﬁ@ﬁm@€@L1hq:Tﬁﬁgﬂﬁ ............................................. Bowt B RH L BEER, AT, FEAMA(1491)
IR ORI R TR P AL o oeveeeeeeeene PO B RE e, B, RIS A, B T, R E (1497 )
(,yﬁ—ﬂi{—wﬁ UM RIS B IR v eeeerremmmmme e Eip Elk FEE FEL AFE(I503)
I R I BRI 10 SEAIK T B GEIE FAPHT o eereemseeseesemsenssnsnssns EY W IPSIE VS 3 ¥ 3 JOTITY)
Rt R Ik R O AR LI N v T T L L PP PPN INE, EWE, EEE(1519)
LB K M R K5 Yo VB I 5 F5 B ARG wvveeeveeerneeeneesne e B I, FRAL TR, KAE(1526)
i T KR A S AR SRR RELL «eeveeeeereemremeenr e FEE, AR, T, Rk, 3] (1532)
T 617K B 1 P AL B AR S GE - vovveeveeeenee e SH, B3R, T, A, B, XA (1540 )
SR AR ) K W rp S %%I}%H’Jf“ﬁtt%m% TIFGE weevrmmeeeeerrmmnnnnanneee e SREII R B HEE, T XL(1550)
B b KT A R B AT HLI P2 BT BN < eeevvevvemmmerereemmnmnieeeeeenns Fr ok, K B E R ukok, T E H AT, KL (1556)
K R A R DICE T K TR FIESE oevveeeneoeennne Wi, R B X K, R (1564)
mm@g@ﬁm»‘@ﬁjﬁﬁm T BRI T VBRI A R e veeveeveemmemnmmeen R, (1570)
EE;%%gjﬁgﬁjmgﬁﬁﬁgﬁiﬂ]ﬁmgqmjﬁ;wgmgﬁjb ....................................... X B, B, E R (1575)
TR Uk X TR HE AR VR K TG AT I JTEATT «+eeveeereeemeemeemeemnese ittt e H T4, ERECIST)
IEI/QXX%AE’J%”EWﬁBbL ............................................................... EARBRE, R, B ZH(1587)
VR T P B L R AL WA P R AT SE B IIFSE - oveeeeeveoe e LTI, K, A, R (1591)
57K J1 SRR T Hl b R AR - oo oceneveee BIRE,BER, BT, o6 (1597)
YT VE KA R RS KL EEETE I NDMA RN R ZEFGT coveeererrrremeeeneinenns W e Ak HE (1604 )
T SR SR AL B RTBIRAIBETE - vevoeeeeeseveeessnieens WAE,ZHE HEF REA, TR A(1609)
PRI TR PRI Zeta HUOLS EPS JZETLARIE <+oovveeeessessessisinns FHF,HARL, B, B, A HE(1614)
TS P NI T B T BRI« e evvemme oo et e e BRI KM, F i, Rl (1621)
Kﬁ%?’_ﬂ%W%%ﬂﬂﬁ%%fﬁﬂ%L%%Wﬂ@ ............................................. A AE T AF, Eﬁj\g}ﬁ,}‘(ég@( 1625)
TG VA AT T T FO W B AT SR +oeeeeeeeeeeeeemeeee ettt 48, F AR, KOk (1632)
FE ISR T [ a] CETE BB IR ZE TH R SRR R B MA] «eeeemermemmrmmenrnieeen B A, KA, EAM(1639)
T‘ﬁf‘?‘iﬁi“—A/’E7J<5LIEFE’J(£@(5/JEEPQEHE]E/ Sy B W e T A Z T EG TR ORI LN LR LRI SRR
............ e SR SR PR KA, X T, HOFE (1646)
FEAW PR K P B R A T T 108 S LR AT IR <o vvvvvvmmeeeeemmmmii et Mk, B XK B, E4(1652)
Xanthobacter flavus DT8 F%ﬁ?—lﬁﬂmﬂ%ﬂiﬁn ....................................... ANE Fif;lfz % 3 H‘h,]@fﬁ’—? Fff}%ﬁj&( 1657)
ARTF AT M F IR FA TR A5 [ A LI oo S, TF IR I B, 7 L IE I 7R ( 1663 )
R T e ey T BRI, TR, KAA, 2%F, B4 (1670)
KAITHE TR 22 &3 782K TP 2 GBS BT A L LI KU «+vveeeerererermnemmmnmemetiteite e
............................................................ ?ﬁ,ﬁ%%,%‘w}'ﬁ, &,E*ﬁ%,%ﬁ%’, ?ﬁﬁh\’%,ﬁﬁél(l676)
IR | 1 UG E X S SR K T B A B ) B 15 G AT VBB JRUE  +eeeeeeeeeeemeenenmmnmnenettet ittt
L R IRLEN %E?’;,ﬁ%d}%, t /ij: ?ﬂ,%’ ﬁk,%%,?ﬁﬁéﬂ%,iﬁﬁﬁ(m&)
B VA B SRR SRS 28 T AT SRR worvveeeeeeeee e WD, R HE B E G (1687)
PR X 2K P SRR T4 8 75 e VA 2 IXUBRE AT oo eveee oo
........................................................................ TR, B ANAE I EWA, BONE, M4, %k (1693)
ﬁﬂﬂﬁa%giﬂklz?ﬂﬁm%ﬂ%EPE@EH‘JW‘EW%F&E?&W@ --------------- MR A, IE N K EE K, FEE(1700)
WK LR R X LI T R RIS A SR - eveoeeoeeoe HEE,LAE EH, KES, X XK, EEE(1707)
VG A 300 X B T v e &Eét%ﬁx&f -------------------------------------- WE EEE, FEM, AL EXA(ITIS)
BT GIS BRI 07 LI B R TG YT oo ovveeveeeemmeeeeneees A EE, TR T W, TR, B F(1725)
ST N XS SVE HORE A TSR LI oeoeereneeeenos AHW ER KER FHE N FE AEEH(1731)
St FU b FUEF B X DNA IS RIEAEIE wveeooeeeeeeeo T, G, IRK, KT, 20, EAR A (1736)
LNAPL 7E i K J2 305 T2 AR B G TS - eevovee oo BEL AN HE, FHE Bil(1744)
G AR UL RS B FE R R R AT o ereo oo FF BUR FHN, I A BE(1753)
WA A K R R j;}fvﬂ;wﬂﬂﬁ ................................................ "z, gﬁq,ﬂyﬁ;ﬁ’ B LA (1760 )
] AL My R A PAHS 7528 L IR B RIFGEIEE e veereemrrmrenremmetmeieei BMK, TOE, BER(1767)
(RBEREYVIETT IS 3 (1483) (AREERL Y AEFa fai W ( 1620) {5 5.(1490,1496,1586,1743)



Vol.33,No. 5

et I$ :[% $4 % May,2012

1245 H ENVIRONMENTAL SCIENCE

S

LNAPL 770 51 & 7K /= F 3 45 E 7% B9 B PR 2R 3% b it

0 FfF 33

0 S R | R P T =5 /e A [

(1. "PENGFERFAEE RIS TG, H S 2661005 2. P EEFERFFE IR SESHERE S LRE,HH  266100)
FEE . TR A R A ANAD , 38 5 3 9 SE 0 TR AR S0 R R ) F BEL 3R M D R G X AR K AR R AR TE D - T K RS de
)35 3% AR AT i BE R AR A Sh A W 5 38 5 T S AS () 5 Y SR> 00 5 e 285 vl B S A A R, 3T Fl BEL R A b s i R 2R
o Ja WURE A3 AT 2 75 e B 7K A TR Ja & K 3 B Bih o 6 W I 5 SR A R EAT T30 UE 5 IFRH B ARG 8 x15 Ye b + 9547
THOTBA ST, G5 R3R T S5 b T OB S EIRES AN ; S0l @ g B f B A /N Rl Sk AR AL L
REL A0 & I A0 RN BE 22 [AIAE7E R AT AR DG , YT Archie A3CHLE, n (B 439020 2. 36 F10. 155 38 528 A BHR DU e T AAT 354 5
SIB BERIEEE 5 Fo BH R AR A A8 10 AT DA W T R AN K SR A ) 43 . ASHIFSR 8 T A sV I S S e R
T 2 B VA A T ¥ e B R AR W B AL AT T B A T — AT R Tk, T A Lt TR i 3tk U S G A ) PR
FATLHR S W RS2

SRR FUPHRIRAT 5 ARAAHTRAR ; 10 MEiERD +; S5

FESES. X83 XBFRIRAD: A XEHS . 0250-3301(2012)05-1744-09

LNAPL Migration Monitoring in Simulated Sand Aquifer Using Resistivity

Method

PAN Yu-ying', JIA Yong-gang'*, GUO Lei', LI Jin-jun', SHAN Hong-xian'~

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of
Marine Environment & Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: Laboratory model tests of diesel spillage were performed on the beach sand samples collected from intertidal zone in
Qingdao. The dynamic resistivity changes during the diesel infiltration in sand-water system were monitored by the self-made Resistivity
Monitoring System. The impact factors on resistivity were discussed by preparing sand samples with different oil contents. The water
content and oil content were measured by sampling after the simulation experiment to verify the monitoring data. The micro-structure of
contaminated sand was tested by image technique using microscope. It shows that cementation is evident from the micro-structure of
contaminated sand. The resistivity closely relates with the water saturation, and the specific resistivity with oil saturation, both fitted
with Archie equation, the n values are 2. 36 and 0. 15 separately. Through electrical resistivity measurements, the thickness of diesel
lens was effectively estimated. The vertical distribution of oil content and water content could be reflected by resistivity changes with
depths. Tt provides an effective way for in-situ monitoring of light non-aqueous phase liquid ( LNAPL) contaminating processes and
mechanism research in beach sand after underground tank leakage or oil spillage during transport by seas. It can also supply reference
to contamination detection or monitoring of typical petroleum contaminated sites using resistivity method.

Key words : resistivity rod; light non-aqueous phase liquid (LNAPL) ; vertical migration; beach sand; diesel
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Fig. 1 Sketch of the monitoring system
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Fig. 11 Resistivity changes of saturated sand with depth
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