55614 46 M + I E W Vol. 61, No. 6
2024 4 11 A ACTA PEDOLOGICA SINICA Nov., 2024

DOI: 10.11766/trxb202306150233

WL, Wk, o, Zeshiy, RESUME, BR., FHE, RER. WSROk RGE AN Y 2 S BN S AT AL
RA[T]. LHEER, 2024, 61 (6): 1577-1590.

YANG Yun, YANG Hao, XU Bin, ZUO Jinsong, XIONG Guiyao, ZHAO Liang, WANG Jinguo, WU Jichun. Browser/Server Architecture
Simulation and Visualization System for Soil and Groundwater Organic Pollution Based on Multi-field Coupling[J]. Acta Pedologica Sinica,

2024, 61 (6): 1577-1590.

X 5T 28/ AR SS 2R R tInt + Ik RGBSR Z 1558 S
EHS AL RS

oL WL % R, AR, RER, B RS, THE,

=2 3

o~ H %

(1. TR ER AL 5 TR, BEat 2111005 2. WA IERHEABRAR, M 3100305 3. FiatKFiiBkRlF S TRFBE, At
210023)

i OE: G T KRS (KRG TR RIKSILRIE IR, 15 Gt 2 oA i S 5 AT AR L L RS
Jr KIS R RS S B AETE . BET WebGIS MHUE B RGN, MAGHISE “ZHRG—RESG— =5
Z YA LS Cestum FITIALE AR, A FHZWEL/RS4% ( Browser/Server, B/S) B3 +— /K R G A L5 JLns
AT S T R G A RGN T K RGN A HILTS G Ay 5 RO ) S R B A LTS e I s g3 A R
AR Z i G5 Pl PR Rl AR GR , S T5 eSS EHEAR L, REBHIR /N T30%, Al it — L IF
JRAHLIS RS PPAL . RHER 4 M & 8 B A E BT 5.

KGR LMK AHLSY; ZUREEHL Rl T RS

HESHES . X84 NEARER: A

Browser/Server Architecture Simulation and Visualization System for Soil and
Groundwater Organic Pollution Based on Multi-field Coupling

YANG Yun', YANG Hao', XU Bin?, ZUO Jinsong', XIONG Guiyao®, ZHAO Liang’, WANG Jinguo', WU Jichun®

(1. School of Earth Science and Engineering, Hohai University, Nanjing 211100, China; 2. Zhejiang Environment Technology co., Ltd.,
Hangzhou 310030, China; 3. School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China)

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
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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 This 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 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;
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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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F1 REBEXSH

Table 1 Parameters of site model

# ¥l Material Z %) Parameter 5 Symbol HUE Value AL} Unit
Z 4+ Plain fill FLE R 0 0.4 1
R Ps 1950 kgm™
K7 B A Ky 1x107" m?
7 0] B3R K, 2x107* m’
¥ BiEE+ Silty clay LB 0, 0.35 1
Gy Ps 1970 kgm™
IR )% i R K 410 m’
7 053 R K, 1x107" m’
b’ Sandstone LR 0s 0.3 1
HE Ps 2430 kg'm?
KT )35 35 2 K 4x107 m?
B A i R K, 1x107" m?
AL Silt LB 0, 0.3 1
i Ps 2000 kg'm>
K5 )35 i K 1x107'2 m’
I H 7 B iE R K, 1x107" m’
"F#) Medium sand fLER AR [GN 0.4 1
)i Ps 2560 kg'm>
KAV 1w 5 35 58 K 2.6x107"2 m’
I B SR K, 2x107" m’
+ 1A Soil - HEE R R ¢ 1 000 J (kgK) !
TSR K. 2.0 W- (mK) ™
A LR 5T 153 4L Soe 0.01 1
7K Water TR B Pu 1 000 kgm™
TKAHRN A R AL Ly 0.001 Pa's
(R ) @ Vi) Sur 0.3 1
SR Ky 0.55 W (mK) ™
JKAE R LA Cu 4200 J (kgK) !
K, Gas SAHEE PG 1.45 kg'm™
SAHFAT R A UG 1.5x10°° Pas
DEHP NAPL #H% ¥ Ps 996 kgm?
VR FZBAERSEA VP, 5.380x10°° 1
VR ZBAKRSH B VPg 2.569x10°° 1
VEEZBARBH C VP¢ 3.110x10°° 1
VR FZBARSH D VPp 4.731x10°° 1
BIRRBARSEA SOL, 2.080x10°° 1
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Fig. 7 Multi-field coupled simulation results of hydrodynamic field (a ), chemical field (b ), temperature field ( July, ¢), and DEHP

concentration distribution ( d)
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Fig. 8 Comparison of the multi-scenario and multi-field coupled simulation results with the measured data

b2ty RALGA S R B0k £ R K
REPAIE YW R BEAAERY,
b2zt SO . R . R R S B80S e
W R IR BTG WER T, 2
UK + K+ DEHP 78 W FHEH T NAPL A
50.3% AR B AH, HiAy NAPL H i A0 5208 R ik
£ 18.7%, HhEMER N 11.3%, BMEMN
7.4%,

BRI TS L R S RUK ) ) S R
DEHP iER AL, X b7 b S B W i 45 %
Z iR A R 00 0 2 s Ak 2t Y | R AK
B iy = RN R, BRSOy R T T
13.05%. 7.48%. 4.66% (& 8 ), Ji [KJ& b %7K 5l
DA X, HoU iR 25 AR A X A, T
Hb T2 B AR R A AEIRE R SRR LK RS
TP 2R A A E NG BR . B, 8%

3 HS2 bR 45, %F DEHP 15 YW1 i B 54 40 11
SRR B ER i BRIt Y . IREY . K3
1.
2.4 BHEYITEYIEH AL

ETHARAKIENZHR-EES ey
DRGSR FHBUROK SCAE 7K 3l 7 L IR Rk
AR RSAE BN 7 48, BNETK 20 4, ATk
RG] LA RBAS S N AV RN S 6 S
b AT AL, B 9 R T KRG AL
YIS A TN 25 5, R IE LT S 4K,
3 K/ 1 AR L 10 AR 20 4ER 3
DEHP %5 [8] 5345 o

Yy i 2R V8 0] AFAE P AR 9 DEHP 75 L5 X,
Hb R 7K 3 B AR H Y b A 1) 2 R PG R S
15 YL W I RS AL R TN 25 SR WoR , FE/K B 137 8K
3 ' DEHP % [7] 75 g AP R 5 (R R 9 A R 3

http://pedologica.issas.ac.cn



1588 5

e 61 %

3

mmEuEiNsSREaShmSEHEMRSIS
oI RiR

N\

\ /
\/ 0 B g #* 8 Q dh

o 1

a) 14 !? b

&9

38 FPS £

) 104

B v X
DEHP/(mg'kg ) _
500

400
300

200

(=2}

B[ <p | O[]

100

113.54161° £6E5E- 23.08060° FEE 619.564 i 0.05= Silliin: -0.69° Miias: 6.20° EHEHEMHAE 1617.2 knvh (1617.2 x 1.0 0

DEHP/(mg-kg™)

500
400
300
200
100
0

15 YW 23 8] 73415 22 i A AU 4 S T AL

Fig. 9 Visualization of the multi-field coupled simulation of spatial distribution of pollutants
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