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Abstract: [Objective] There are many factors governing the migration of non-aqueous phase liquids (NAPLS) in
the subsurface because of the simultaneous flow of immiscible phases in a multiphase system including NAPLs,
water and air after the leakage of NAPLs. The driving mechanism of NAPLs in the site soil-water system is
complex, and predicting and visualizing the spatial-temporal distribution and changes of pollutants are
prerequisites for scientific and standardized green and low-carbon remediation and control of soil and groundwater
pollution. [ Method IThis article is based on the WebGIS geographic information system platform and incorporates
self-developed organic contamination multiphase flow-temperature-chemical multi-field coupled simulation and
Cesium visualization technology. It integrates a Browser/Server (B/S) architecture-based spatial distribution
simulation and visualization system for organic pollutants in the soil-water system of contaminated sites. [Result]
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The visualization system can be applied to the integrated management of organic pollution site investigation and
monitoring data, graphical modeling of organic pollution spatiotemporal distribution, and visual expression of the
entire multi-field coupling pollution process. The system is applied to characterize the spatiotemporal distribution
and variation of the di-(2-Ethylhexyl) Phthalate (DEHP) contaminant in the soil and groundwater of a certain
organic pollution site in the South. The overall fit of the system reaches an R-value of 0.91, with simulation errors
less than 30%. Based on the coupling model, the system further predicts the attenuation process of DEHP. It
calculates the proportions of NAPL that remain adsorbed as a residual phase (50.3%) and those that undergo
degradation due to volatilization (11.3%) and dissolution (7.4%) within the simulation period. [Conclusion] Due
to difficulties in acquiring on-site parameters, the model used physical and chemical properties of soil, water, gas,
and NAPLs referenced from relevant literature, resulting in some uncertainty in the simulation results at the site
scale. Nevertheless, the overall trend of predicting the spatiotemporal distribution of DEHP is reasonable and
aligns with the coupled mechanisms of multi-phase flow, temperature field, and chemical field in organic pollution
sites. Through visualizing different scenarios of organic pollutant spatiotemporal distribution and prediction, the
visualization system can provide an information platform for organic pollution risk assessment, precise prevention
and control, and comprehensive management of contaminated sites.

Key words: Soil-groundwater; Organic pollution; Multi-field coupled modeling; Modeling of spatiotemporal
distribution; Visualization system
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Fig. 1 Simulation of spatial and temporal distribution and visualization system of organic pollutants in site soil-water system
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based on B/S architecture
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Fig. 2 Conceptual model of organic contaminant-driven processes in the site soil-water system

1.2.5 BARAR  FEZHIUBIIERE P AL B, R SIRE G 2 L5 B FE 3 B A Ak 237 46
BORA NG RER Z R —RE — 22 MG H R, By st e i 4 frs.

SRR G 2 Z 45K BN R S AR B o X SR RUR PRI . BRI R
BF A BE. BRSHRTHSHRE . SIS R 5T A SE. T RGER M MVC %
R R AL B RL 1 B P F i, DASEEL DA b i B R (1 R T AL 3 A

1 i R B0 5 IR X Viscosity coefficient and temperature
p=K, - 77 ao
pRHRE, MO D K EHAE: TEE K.
[T

2 % £ LK B Density and concentration

Tt RS % Viscosity coefficient and density
s
p=S— ™ +1 an

Z AR
Multi-phase
flow field

nw=vp 12>
PTEIE: p WIHRTRE, ML, S IERAIKEE, MLY%
v s E, LT

3 FIRA K SIETE Attenuation coefficient and temperature
X=AT) (13)
2 3(6)~(9)

B3 LM R A KRR

Fig. 3 Multi-field coupling transfer variables and coupling relation equation
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Fig. 4 Design flow of multi-phase flow-temperature-chemistry field coupled simulation program
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Fig. 5 Stratigraphic structure of the soil-water system and spatial distribution of DEHP at the site ( a. DEHP content in soil; b.

Dissolved phase DEHP concentration in groundwater)
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Fig. 6 Visualization system interface and visualization effects (" | " represents boreholes; @ represents detailed surveyed
non-exceeded points; " 9 represents detailed surveyed exceeded points; S35, S45, S65 and S66 are model-corrected monitoring

points)

23 T—IKRGENISEINESHHELBES 2R

BT RGUT R BIETE F FE i 4L, £23 ot 57 45 AR i 1 A b, 2 AR 2R RS
WL OMES X MRUBYEIR N, WA E . WARMRE . SHEORE . THUT R IR
QI - — K RGA NG G 2041 2 T — IR — 3 2 A S A, BUA LTS 2

http://pedologica.issas.ac.cn



+ 2
Acta Pedologica Sinica

I 25 3 A MBS G 3 . ST ISk AF A 2 i, B AR R SR A AN S O B A T -
23 LIAFFAAYIEFAF R W TR 5 AR AN W6 25 2 B HEAT 0 F e E

SMWFIE: Sq = 0.3 GAEHAIT) Sg = 0(HEA)
[NAPLS FHHIFIE: Sp = 0

IKHEAILE: S, =1 —Sg — So
liﬁiéﬁﬁa\ FER A NAPLs W fE:c; = 0c, = 0

HE: Ty = 25 °C( MuFIay 5 IR A )

T AR 30 25 A B e L
OZ s

L5 vs; =0,VS, =0
[Ez’iiﬂﬁ: VSg = 0,5y = 0.3 (AEMIFIH)
{ Se =0,S, =1 (M)
| Fia#t:Se=0,VS, =0
A Vg = 3 x 10™5kg-s ™!

@1

FEAHAG: So=0
W :Se =0
Tt S, =0,VS, =0
\ 530 5t - Vo =3 x 10 5kg-s~?

[J:L?Q So=0
{
I

€)Y 27

{L@ﬁr:%@%%ﬁﬁa

KR VT =0
232 HRMZHWE  ZYMEHEMP SN K. A DEHP BEALS R E R 1
e RIIKFASY (GBEF. IURED REAGIA RIS £ AL TR 2
AR SRR B DU DEHP MR ORI . R . W) fERITIA
SYRIL M HRBS % TMVOC B3] UVHU K SCBR® 229, Sk DEHP {2 Sk il 2 it
— AR R T

http://pedologica.issas.ac.cn



+ 2
Acta Pedologica Sinica

=1 EEEXSH
Table 1 Parameters of site model

#4 £l Material 23 Parameter 55 Symbol Hi Value BAA7 Unit
ZHi+ Plain fill fLig= s 0.4 1
HE Ps 1950 kg:m-3
IKTT BIE R Ky 1x10™" m?
B 7 B K, 2x10™ m?
M FF - Silty clay FLBER 0s 0.35 1
HE Ps 1970 kg:m-3
IKTT BIE R K 4x10™ m?
B 7 B K, 1x10™ m?
fib#+ Sandstone FLBR ®s 0.3 1
HE Ps 2430 kg:m-3
IKFT7 BIE R K 4x10™ m?
L= pe SR K, 1x10™ m?
B Silt LB 0s 0.3 1
B Ps 2000 kg-m-3
IKFT7 BIE R K 1x10™" m?
R H 7 FIBE R K, 1x10™" m?
#1 b Medium sand LB ®s 0.4 1
B Ps 2560 kg-m-3
IKFTT BIE R K 2.6x10™"? m?
BE T BER K, 2x108 m?
IS Soil - gE1E T LR Cs 1000 J-(kg-K) 1
TS HAL Ke 2.0 W-(m-K) -1
A PR 25 4 foc 0.01 1
/K Water IKAHE FE Pw 1000 kg'm3
AR R AL L 0.001 Pa-s
A KAR BRI Sur 0.3 1
SRR Kw 0.55 W-(m-K)1
AKAE R g Cw 4200 J-(kg-K) 1
K Gas vtk Pe 1.45 kgm3
itk i 15x10° Pa-s
DEHP NAPL % & Ps 996 kg-m-3
HERAZBAR S A VP, 5.380x10° 1
HERAZHARSH B VP 2.569x10° 1
HERFZHARBH C VP, 3.110x10° 1
HRAZABAR S D VP, 4.731x10° 1
BIRABEHSEA SOL, 2.080x10° 1
BRABE K SH B SOLg 0.898x10° 1
BIRAKA K S C SOL, 5.971x10°¢ 1
BIRABARSH D SOLp 0 1
WA WU L R 3L Koc 0.0891 kg'm3
ENEEN & N Agw 2x10° m?st
Three-phase diffusion coefficient K-NAPL Aan 6x10 m*st
S -NAPL Agn 7.7x10° m?s1

233 B ETULERERSAL R MIRF IS, K2 UM a B3]
Wi+ —IK R G KB 18 Y A (SRE TR AR ED 1 DEHP KEE A (& 7).
KIAWAMLE R EAE AT R

R = P (cali—cgl)(obsi—ol_)s)
\/Z?Ll (cali—czll)z\jz?il (obsi—o_bs)2

R, cal, HHHEE, obs, HWIIME, cal'sobsm i85 MMM K9 X . T M % ra

(10)
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Fig. 8 Comparison of the multi-scenario and multi-field coupled simulation results with the measured data
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Fig. 9 Visualization of the multi-field coupled simulation of spatial distribution of pollutants
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