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Research on the Characteristic of Toluene Migration and Distribution in Fluvo-

Aquic Soil and Its Simulation Using STOMP Model

HAN Chun-mei'*, RAN Juan', ZHANG Hui’, LI Fa-sheng’, LI Yan’, GU Qing-bao’

(1. Engineering Research Center of Groundwater Pollution Control and Remediation, Ministry of Education, Beijing Normal University,
Beijing 100875, China; 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China; 3. School of Marine Sciences, Sun Yat-sen University, Guangzhou 510275, China;
4. South China Sea Marine Engineering and Environment Institute, State Oceanic Administration, Guangzhou 510300, China)

Abstract: Frequently accidental spill of hazard materials into soil environment posed significant threats to human health and natural
environment in China. In this paper, simulated nonaqueous phase liquid ( NAPLs) toluene sudden spill in fluvo-aquic soil was
performed in a two-dimensional tank to investigate the migration and distribution characteristics of toluene as well as its simulation
through STOMP model. Visual observation showed that the horizontal expansion of toluene with concentration > 1 g-kg™" and > 20
g+-kg ™' were approximate 2. 3 and 3 times the length of the corresponding vertical transportation, respectively. The result revealed that
toluene exerted a preferential tendency to lateral spread compared to the vertical migration trends, which may contribute to the impeding
effect as a result of the low permeable capacity of soil ( permeability coefficient was 0. 12 cm+h~™"). The behavior and fate of toluene in
heterogeneous soil layers (combined fluvo-aquic-sand and sand-fluvo-aquic soil layers, respectively) after spill were simulated using
STOMP model and the results indicated that the significant difference in relative permeability of interface layer, due to the much higher
value of permeability coefficient of sand (29.70 em+h~") than that of fluvo-aquic soil, played an important role on the redistribution of
toluene after its spill into the heterogeneous soil layers. For practical purposes, the results of this study may be beneficial to identify the
distribution property of NAPLs in time after its release into the soil environment.

Key words : fluvo-aquic soil; nonaqueous phase liquid (NAPLs) ; migration; STOMP; simulation
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1.1 {3 R

v BRI EA Ty IR I sTiE i+
PERHEA 8. 8 FoRE T E 5 + R
IR NE RE 2L g5 W W0 3 M (dE 5T TT. 40° 107 N,
116°13'E) Y32 13 (0 ~20 cm). HATSCERT, B
FEHEAT I FARIT, L BRAR I BRAR AR5 ik A1 55
ZR e DRES I 2 mm G 5 AR . U Rt 1 5L
ARPALPERR IR 1 . T LLE A A HL
F s B, B TR R+ A R bR
4%, B T AL T X s e ek
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Table 1~ Physiochemical properties of fluvo-aquic soil
o "4\ /2‘,‘ D i\L":ﬂ N N N
e i dokdse  AbRse COARY EREE a0 ke mkve g
/ em+h /g+cm
dbattE i+ 8.5 1.2 1.4 0.12 2.61 57.8 25.9 16.3 W gt

1) M4E“ S1.237-014-1999 B35 S5 Rl Jr ik , SR FIZE KK BB SLUR TN A8 5 2) AR 5 [ - HEor 2 R G hnife

Pt B A NAPLs AR Y I, 2 AL 1
R 2 fros. wLLE Y B RUE TR, 5%
K, o R B B SRR A BLBO . K2 R

AP 50 2 AN SR 52 i Y DR A 1 v as B 0
B 2 [ B R STOMP #5452 481 iF 75 1) w0 B2

®2 BEFEBEUMRY

Table 2 Primary physiochemical properties of toluene

AR ZHUE SRR ZHUE
AHXT 43 o i 92.10 KPP HEREL/m? s ! 5.88 x10 710
/g cm 3 0.87 NAPL-/K Bt iE 5K J1/N-em ™! 4.5x10°*
FhIE/Pa-s 0.59 x10 73 F-NAPL #1#5K J3/N-cm ™! 2.8x10°*
FAHSRHEET - (kg-K) 7! 90. 28 SRR R LR ) /T - (mol -K) 7! 155. 65
VK AR /K 178. 16 MAZE SR /Pa 2.16 x10*
FrifiEih 5/ K 383.75 Pitzner i 0> K1 0.12

I AR /K 591.75 WA HE/Cm 0.36

It # % 1/Pa 4.07 x10° IR R % 4 mol - (kg-Pa) 7! 1.60 x 10 ~°
I FLEE SR AL em® + mol = 267. 12 AT R B em® g ! 204.0

I 55 s 45 22 8K 0.27 SR L R 537.0
EEPY AR/ m? 57! 7.78 x10 ~°

1) 2&1F:1. 01 x 10° Pa,20°C ; SR U . 35 [ [ F AR fE £ R AF 5T BE ( NIST) http://webbook. nist. gov/cgi/cbook. cgi? ID = C108883&Units =
SI&Mask =8#Thermo-React; 2) R 3 BEE/R LM BE ¢, =a + bT + cT* +dT° (X ,a =187.44; b= -0.73; ¢=2.96 x107%; d = -2.87 x
10~¢) B ; 3) R Antoine % Inpy =A -B/(T+C) (FXh,4=4.24; B=1.43x107%; C= -45.96) i E&H
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SR 4 - R A A AL R 2 28 e M - SRR B
TREEHRSCIe e s K 1 fias. AR T A HL
B3 | 5 SF S 7 RR (K50 em, 55 50 em, JE 5
em). TAETGINEE 2 B, BOOLEAR AT DAYRE. A
BT 2 EWUF 23 51582 mm A 9002 | 40
em X IR 2 om AEEP)ZE. RS Z R TTIE
W+ (I p, =1.40 geem ™, fLBRE n =
46.4% ). TRETRA AP EP.OBKE 4 em x5 em
MR 0, [ S T AR R 20 em®. DL IR R m
Hz2=0 cm, A AN v =0 em, FEBFFE XK
[KEEH M (x)0 ~50 em; B ()0 ~ —40 cm;
AR 2 x 10 em® 11 E 30 A RAE T (BEHE 35 %
), B0 R O et Mg sk, P 1 52k
A (x =5 em,z= =5 em) EME, 05T « A 2 7
6] 1 A3B% 10 em BEERFED MIHFFE X 80 A 20 4
KFES QFEMR T Ry (x) 15 ~35 em Fl(z) -5
~ =15 emXIFEE P, LLRIBE A 5 em B HE45 M
AT, BT R DA SERE B 7 A REE A OFF 2
= =20 emib, ML 18 5 (x =15 em) | 19 T («
=25 cm) F120 5 (x =35 cm)3 PRAEA.

T Tos

50 cm

f—

B1 —#I#EKETE

Fig. 1 Sketch map of two-dimensional soil tank

TP A AU S 56 il B A T R (20 £2) °CL SR IBE
skt P 7 X ottt R (R4 70 Ry 2 s ) o R TS i
1 A7l A B 2K (M4l ) 40 mL (34.64 g). 24
W %4 9 h e B BURE AR B E T 4k T, L R 4
30 AN HIERES (292 ¢) T 20 mL WA P
(BEIA S mL ¥4 0. 01 mol-L.~" CaCl, iFH) ,
FEAr BV B T2 . R P A T2 - SO 0 1 - KA
BRI (HS-GC-FID ) ARy i1 3+ RE v iy
B 2K & & JE 47 0 %€ (HS MY 5. GERSTEL MPS
Headspace; GC %5, Agilent 7890A). Tizs f#4 5%
P AR L 85°C 5 IMFARF ] 15 min; %37 4% 400

remin 'y FEREEMEE 00°C ; HEREARFRL 1 mL; PEAE
Bl 2.5 s, 20 B RH 30 m x0.25 mm x 0.25 pm
HP-5MS 5% Phenyl Methyl Silox B404:; FHRFLF
$9:38%C (2 min) —2%C +min "' —44°C (2 min) —
20°C *min ' —170°C (5 min); #X N He (4L =
99.999% ) ; PEFEITIRFE 260°C ; 439 L 40: 1; A
2.5 mLemin ™' ; fGHIZEIETE 280°C. bRl
(14 HH R S A JIT AT S B 1 B R ek I
S rp FR O A g T AR O R 2R AR ME R AR,
THE g i R & i AR S 3 AT
SESME. B, FERRGEIX 300 30 4> 45k i Hh 1)
RS BT IE Kriging $6{H  JHEEE N x =2 =
0.5 cm, JF R Surfer BC/F47 {H 25 H 22 il Wi 2R
TR AHE T EDE.
1.3 STOMP AARH ik

STOMP #5715 F 4 v 5 il 05 2 RN AR 44 7
FREA L. FE T BAudfizk | A0, NAPLs = AHAY T &
SR FIA PO HRE I M v o0 B2, ke 3 . 4%
il 7 R A4S 3 W R B N AR oy 4 AR R KA
(w) . SHH(a) Ml NAPLs 4 (o) Z 4 BIR 25, #H
oy (bR i =) MR, i AT 435 L & 7E y Al
sk (1) . K (g) BT NAPLs (n) 2544y, 3 iz
il (B ~FE ) RS A2 — IR y AH )
g ST N TRt S S I RE Y vt ST B3 AN | R T e
FAERAL PIA% N B4 3 @ i 2 225 T AR IN AL 4 i
() BT, A5 5 A 120 4% 300 43 53] oA 3 0k A TR A ) I TR
[ ESR Bvi R i O R B/ BN 3 s e X S )
YA 5 g 5 R4 4H L, STOMP A5 1 3% F
FRRREAT PR T 22 0 1 5 A B xR s MR p ik i 47 22
53, K A1 Newton-Raphson 1% {4 3K fift 9] 9 2% 1, Tfif
AR TN s, S5 WARHE ) 90 A8 1 1) A5 4 38 5 oK A
EN Ay R

STOMP HERIFE AL 15 D ANE] 32 174 =K, AR i
FEAR U8 280 B A A0, 2 B H b iy oK-m-R
(WOA) B TR 5. HAA R U, AR B 10
WOA #5228 22 g A SC A 19 T BB 42 3 (input
card ) I ] Ir il SEONN R4 /S i A SECC
45 33T Fortran iP5 AT ASCHE 5 ARPEHT A
SCF I SCRA Gt YT | B R R A 2 O
B SCE 1 Coutput STEE) A2 (plot ST, B
STOMP A5 B 28 SR FH T 22 T A8 D s 250 S A5
FIF Fortran 72 744 plot SCF 4 128 5% 4 i Surfer X
PF BT BB A B ST A =X, DT S5 BT e ) & i 1 45
(NS
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Table 3 Governing equations of three phases in STOMP model
AH FEfE(RESTE) T 4y IR
ok k
F:: = _wyi:/ = (VPV +pygzg)
d , . , i
K LS (mpotpys) 1= D (VEy + V1) -V +m° | o
CL PPy 7;+ ! ! I Ty = = Tynppys, M_va)(;
¥
Fi = DyVs,
wip k. k
9 R . i :_v’;z—w(wywvgz%)
A Sl X (pwip,s)]== 3 (VF 4 VR +mt T
" Iy == rnaps, S
wlp k. k
5 Fy =—%(VPV +p,8z,)
NAPL il il (np@lpysy) + (1 —np)alp,]=- (VF + V) +m° )

o
y=lLgn y=lgn 0 _ M
]v = = T pp,S, i DVV)(Y

Y

1) FE 2153 i 78 j MR X0 R, [ kg (m?-s) 71 )5 J0 WAL 0 76 MR B L, [ ke (m?+s) ' 15 ¢ AL, [s]5 ny WARALBRIE; o),
LSy i AE v MR IR ISR p, MRS, [kgom 15 s, RPAMAEL ; m' WAL i IR, [ kgos ™' )5 ny HMAFLBRE; w0 H NAPLs
LA A TR R RN o, E AL TR BRI BE , [ kgom 2 ] 5 ko y AHAAIXS BB RAG b MEABERE, [m? s ], K
y HIBOEH 2B , [ kee (mes) ~' )5 P OWIESR, [ Pals ¢ N AMEEIE, [mes 215 2, HEAMT SR A =, JRIRROES RS MM, 53530 N
U5 i R jRSARE (kg D WAL i 26 j P AOD BOGREC, [m® s~ 15 xd WALy i 75 j AREP IRIBE R AR B0 FAR v X Wb AR A 2085 1

g iy n PHIERIRK AL VKL NAPL AR B4R w. a, o Flls 352K v MUK, 0, NAPLs AP A TOK AR G NAPLs )

FRA 5256 45 R X STOMP B RIBE 0L ) S 8k A7
WEH. FESHG RS K. Ol RS
bR 1 BT S 8000, BORLIE 5 i A+ Van
Genuchten 72 [ 3 (1) JHFR A /KM FIEE s, B m
o Fln S8 ARIOTT ¥ = 8 Je ok R ) BRAN (2
5. 1500F1 15bar, SOILMOISTURE EQUIPMENT
CORP. ) i 4= HE/K 43 ik it 42 ( R SK MO BE s,
HRKEBEEIIK K b, BXR)  BA RN
Tk AR R (1) hSH . QW AR MR
SRR 2 R, @A KA NAPLs #1575
{35 4 Dirichlet 31 7L, HAth #)1% & Neumann i1 5.
DOHEEE (5 em x4 em) WM IF LA, HoA 1 0 A
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