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Fig. 2 Basic procedure of LandSim model
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Fig.3 Landfill zoning and surrounding environment
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Fig. 4 Conceptual model for groundwater risk assessment of shallow groundwater under normal and closed landfill scenarios
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Fig. 5 Conceptual model for groundwater risk assessment of deep groundwater under normal and closed landfill scenarios
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Table 1 The relevant calculation parameters under diffusion process

SRR e} B 2-H4-5ENR 2, 4N R 5 AR B A RHE
P HREL D m?s™ 6.35x107"°  6.35x107°  1.00x107°  6.93x10° 1.00x107° 1.00x107° |
X A TH AR A m’ 5400 5400 5400 5400 5400 5400 1
BURRAIIA R G, mg-L™ 0.177 0.073 0.105 3640 208 7760 1
B Ao H 14 JEE B2 dx M 2 2 2 2 2 2 1
R O K, Lkg' 0.002 0.1 0.9 521 11 0 1
B A S A e B 22 dc mg-L! 0.177 0.073 0.105 3640 208 7760 2

e ORE—RL, (U 1S 0k BT HMESGE S BIAINE , V52 S800 YOS R MM, BORRIER A0 N IRE KRBT
PR N, BB PN B 22 5 B DR R IR VR BE AR 45

2 WREETHEETESH 23 AROFMTRQFERER TR TKAR
Table 2 The relevant calculation parameters ErEEtEXEH
under convection process Table 3 The runoff of rivers D and @ and the relevant
SRR B MR R B parameters required for calculating groundwater flow
BB HEPIMGBEORAE af m 03 13 1 2 HiS S PTRQD SRR AR
BB R HEER K, mes” 1.00x10° 1.00x10° 1 T LAY 95 %01 i ik Quss m™s™ 047 024 1
Btk e 2 o kel 19 1.9 1 R E K E B R K ms’' 0.0005 00005 1
B AT LB R 0 03 03 | SRR AR R 0 — 0027 0027 1
Vo EHERE U E BT B R R TR PAOREIRAI L
WRBI, BB RGBS IR TR A IR . IR R 1
— 42, AUS HNSBOR A B0 THE G I . e HBRE, OB SRR 13 G i A

% 4 LandSim #ERFFEHEXSEH

Table 4 Relevant parameters required by LandSim model

2R 28 Lzt 2 EH N RS HORE" YR SHORE" P
ANBSH N3 mm-a’! N(50, 5) N(231, 20) 1
Ky m 130 130 1
TiBEX m 210 210 1
' R AR ha 1.36 1.36 1
iﬁﬂiztgg? H TR T AR ha 2.39 2.39 1
Libiw ey — 1 1 1
U R B m 15.8 15.8 1
BUIEWK Sk m N(4, 0.4) N(15.8,1.5) 1
Ky m 200 200 1
FLREX m 470 470 1
o FEJE TR ha 1.11 1.11 1
iﬁi%igg)ﬁﬁ( TR T AR ha 1.82 1.82 1
LT 4 — 4 4 1
bkl InN) m 16.5 16.5 1

BUEHOK K m N(4, 0.4) N(16.5,1.7) 1
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Eviesil 28 BLAY IEH R SEORE" YR SEUE Hei
Ky m 340 340 1

FEREX m 270 270 1

. FEJR IR ha 1.01 1.01 1
Lﬁ‘%ﬁigfﬁ . ToF TE AR ha 1.67 1.67 1
ATTHR — 4 4 1

7 R T m 13.5 13.5 1

BRIk m N(3.5,0.35) N(13.5, 1.4) 1

Kfgy m 210 210 1

TEEX m 190 190 1

. FEJRCTH AR ha 0.375 0.375 1
iﬁ%ﬁ;g?ﬁ TR I AR ha 0.99 0.99 1
LiSTRein — 4 4 1

A R AT m 16 16 1

BUEHIK K m N(5.5,0.55) N(16, 1.6) 1

KRy m 390 390 1

i m 210 210 1

§ . FEC TR ha 0.68 0.68 1
iﬂ%ﬁgﬁf) H TR A AR ha 1.1 1.1 1
TR — 4 4 1

S R m 12.6 12.6 1

BRIk m N(5, 0.5) N(12.6, 1.3) 1

KRy m 130 130 1

FiEX m 170 170 1

FECTE AR ha 0.63 0.63 1

ﬁﬁ(ﬁz;? H TR AR ha 1.28 1.28 1
HoTHRE — 1 1 1

T R B m 12.6 12.6 1

BUIEHK Sk m N(5, 0.5) N(12.6, 1.3) 1

KRy m 160 160 1

i EEX m 210 210 1

o FEJE TR ha 0.41 0.41 1
tﬁi%zgg)ﬁ H TR T AR ha 0.84 0.84 1
LT — 4 4 1

) R m 16 16 1

BUEHK K m N(5, 0.5) N(16, 1.6) 1

Ky m 300 300 1

TGRSR .

(QbEI) FEREX m 220 220 1
FER IR ha 0.9 0.9 1
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4
oSl S8 CEA RS HIUE BN S EIRE e
TR AR ha 1.71 1.71 1
HUBGFE S HoTHE — 3 3 1
(2bIxsk) B I m 16 16 1
BIEHK Sk m N(5, 0.5) N(16, 1.6) 1
B Il R fraction 0.3 0.3 2
BRI S B ALBREE — 0.4 0.4 1
B kgL 0.65 0.65 1
JEERE m U(0.8,1.2) U(0.8,1.2) 1
o — T B R BB R m-s” Lu(1x10™", 1x107) Lu(1x107", 1x107%) 1
(LR LA 28 Bkt fraction U(0.25,0.3) U(0.25, 0.3) 2
EABEISi S m 0.1 0.1 2
JELRE m 0.5 0.5 1
BBERY m-s’' Lu(1x107", 1x107%) Lu(1x107", 1x107®) 1
e ki fraction U(0.35, 0.4) U(0.35, 0.4) 2
%72§§§Z§f% e m 0.1 0.1 >
0.1~5 mm*/ MLEL “~/ha T(0, 25) T(0, 25) 2
5~100 mm®FfLEL A/ha T(0, 5) T(0, 5) 2
100~10 000 mm* KL {~/ha T(0, 2) T(0, 2) 2
S IR m 20 20 1
W BIEREL m-s”! Lt(1x107", 1x107°, 1x107°) Lt(1x107", 1x10™°, 1x107°) 1
SR
FoKHE fraction 0.37 0.37 1
AL B kgL U(1.9,2.4) U(1.9,2.4) 1
FIKE BT R ms' Lt(3.24x10°°%, 1.48x107°, 1.9x107%) Lt(3.24x10°°, 1.48x107°,1.9x10%) 1
FIKZERE m U(25, 35) U(25, 35) 1
MK SHL FALFLBRE — T(0.08, 0.26, 0.36) T(0.08, 0.26, 0.36) 1
Gy kgL U(1.6, 2.68) U(1.6, 2.68) 1
KT — U(0.02, 0.07) U(0.02, 0.07) 1

TE: *: N Lt. U, Lu, TORWGRIEDS . XPEC=AMA . 89200 808250 =M R, RS 12808 S eE S0k 3

BtHE, 5202 857% LandSim ARPF47E R EL.

{3559 0.01, 0.50., 250.00., 1.00 mg-L", M4
T R K T AR E T A 2-H 4 SN ER A 2,4-
TN TR AV BERRAEL, R 2 & A bR BRAA A 40
| A% o A R A (B, 43514 0.02. 0.03
mg- Lo M AR EH F K . RO
@ 2-H 4-50NBR . 2, 4-THINIER . B, ALK
AALII T T T2k R K b, ik
JZEH R KA S AR AE B R s T Bt T
M 25 /K B fAn . b vl Al 2-F 44N
B, 2, A-THIAIR . 5. AL A AR E
IKEIRESAG, TR AR Z T K iR A ,
T N N KIG Y

=5 BRERSRIKE

Table 5 Contaminant concentrations in the leachate
(27 BUEHIRIE /(mg L ™) SFeI

HA Lt(4.37, 723, 3 640) 1

et L1(36.6, 2 270, 7 760) 1

23 Lt(0.002 25, 0.165, 208) 1

% Lt(0.001 9, 0.010 1, 0.105) 1

2-H-4-ZNm Lt(0.000 04, 0.131, 0.177) 2

2, 4-THN R Lt(0.000 1, 0.028, 0.073) 2

e+ LIRFEE 0 RIE—1, (U5 1S im0

MESsk ABHE, RS209285% LandSim 845 A (E.
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Table 6 The K, and half-life values of each pollutant in the vadose zone and the saturated zone

ey ALK, /(Lkg )™ HIKAHEK, (Lkg")™! Rfiee o i /d!
HA U(5.21, 8.53) U(0.29, 2.06) 1x10°
ey 0 0 1x10°
BE Lt(11, 1 300, 1 160 000) Lt(1.1, 200, 36 000) 1x10°
ki U(0.9, 4 500) Lt(3.7, 74, 1 500) —
2--4-ENR Lu(0.002, 5.4) Lu(0.14, 4.8) Min=7, Max=60
2, 4-TH T R Lu(0.1, 3 240) Lu(7, 2 880) Min=800, Max=1 200

fE: *: U, Lt Lugdb il fUR A ME = mAa Bgsyafi . (USR-S 8EkA

Contamination Impact on Groundwater: Simulation by Monte Carlo Method ¥ R /%

R 7 AR RESI T Rt R E R R TR MRS RIUNRE

Table 7 Predicted contaminant concentrations of shallow groundwater and surface water near

the site boundary under the diffusion and convection processes mg-L™!
G BRER 2-W-48NR 2, 4N 5 AR A B
2.35x10°° 8.54x10°° 2.17x10°° 3.61 0.44 3.10x10°°
HWZH T K
2 2.65x10°° 7.04x107° 2.39x107° 3.76 11.18 7.18x107°
WD 1 9.10x107’ 3.30x1077 8.40x10°* 0.14 0.02 1.20x107*
i
2 1.03x10°° 2.72x10° 9.23x107 0.15 0.43 2.77x107*
) 1 1.72x107° 6.23x1077 1.59x107" 0.26 0.03 2.26x107
REIRAN
2 1.94x10°° 5.14x10°° 1.74x107 0.27 0.82 5.24x107

E: RS ERERBHES; (US25HR SRR WL OB IR R G RSB R 5 o

8 REM TR LS IR ATNARE 5

Table 8 Example of maximum predicted contaminant concentrations in

the receptor locations of deep groundwater mg-L™!
ZAk BEAER 2-H-A-ENRR 2, 4-THINR ] HA A B

. 1 0 1.60x107"2 5.99x10°¢ 159.84 444.71 1.18x1072
RO

2 0 8.90x10°® 3.56x107° 562.82 1514.03 6.43x1072

1 0 1.26x107%° 3.65x1077 55.92 137.71 1.64x1073

AR
2 1.84x107"7 1.69x107° 5.26x107°° 225.32 560.18 1.07x1072

E: S URERWEHAAS; (USR5 REEREA . WL BRI R G RSB =

3.2 REMTKZE TSI E

[F b, g9 8, MWEHRTLIA M IEF MBI T, RO 2-FH4-2NR . 2,
A-HTRR . 5. FEROMBEIART 28 PR B ARE . e 2 RIS R, RO AR R A A
Wk B M ELZC AR T 28 T K B . AR E NG, TEIEH 25515 5 N IRH/K I ik BE T A 55.92
mg L™, SR F/KBTEARHER 110 75, HITUCA7EM T KRR T, 2-H4-5NIR . 2, 4N
R, 4. BRI AGIZH T KRR, T RS AR IZ R K A XU A

3.3 SRANTRRER LA E

Kl 6 HTEIEF TS FRRDKIAL 2, 4-THNER . 8. #F . 2RISR B B R At s, A
BIFF R AR 2, 4- R . 2 RS A B 5 Dy i A 35 AR, SIS SRSl . LA
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Fig. 6 Time-concentration curves of different contaminants in the drinking water well of
deep groundwater under normal scenario

10% . 50% LhJ 95% % 3 Ao B AN ES R R SARTE R . IEH L AFIEOL T 5 3K
SEEORFIREAR A (FRAE) AR3R T H R /K5 YA Tk B2 ERRIEAIIESS, 10 95% BEF/K AT K
15 e FE AR T e B RRME AR 2 959%™, DIEA MBI, fERAFERT, DEFEESETE
35 a AF M2 F /KB EFRIE (0.50 mg L) , 78455 210 a k3R KM (55.92 mg'L™") ; FEIEWHN T, EA
TEEIIZEATES 31 a A3 25 R /KB EARAE (0.50 mg-L™") , 76565 190 a AFRAME (12.27 mg LY 5 184k
WIEBL T, AAMREAIEIET T4 64 a iAFI M 28H F/K BT brifE (0.50 mg-L™") , 7E5 172 a IKFIH KA
(3.09 mg-L™")

RV TIOI e B A A, TERARING DL T, FERIH (2 000 a) PN, RAIKIFAb A 2R
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WP, 7E 2000 a5, G000V BE WG 0, 55 20 000 a Bk 8 9000 AT BR P v B Y SR K fH (3.65%
107 mg- LYy, {EAGHE T 254 T /K BRiARmE (0.01 mg- L") 5 7E0I (700 a) 1N, ARFH/K b A I Z B L
B, 700 a ZJEEFRGMEEHIE K, EHS 18 000 a 2247 Ak 2 Fil A KR Pk FE At KA (1.69%107° mg-L™)
W M2l T 7K B ARt (1.00 mg-L™) o

4 i
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Methodology of quantitative groundwater environmental risk assessment and
a case analysis of a landfill site
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Abstract By comparing qualitative and quantitative risk assessment methods for groundwater in landfill sites.
The use of quantitative assessment methods allowed for a better quantification of pollutant migration processes.
The article introduced the basic theories of the simplified dilution model of Fick's law and Darcy's law and the
quantitative assessment method of the LandSim model, and conducted a quantitative groundwater environmental
risk assessment for a certain landfill. The study established a hydrogeological conceptual model, quantitatively
assessed shallow groundwater using a simplified dilution model based on Fick's Law and Darcy's Law, and
quantitatively assessed deep groundwater using the LandSim probabilistic risk assessment model. The calculated
and predicted results were compared with Level Il Standards for groundwater quality, resulting in the potential
groundwater contamination risks for each receptor. Analyzing the trend of pollutant components led to the
conclusion that after 170~200 years of landfill operation, the predicted concentrations of ammonia nitrogen and
chloride reached their maximum at the drinking water wells, greatly exceeding the Level Il Standards for
groundwater quality, making the probability of contaminating the groundwater under the landfill site greatest.
Keywords  landfill; groundwater environmental risks; LandSim model; probabilistic risk assessment;
groundwater pollution
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