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Groundwater contamination by chlorinated solvents poses a significant
environmental challenge worldwide, as these solvents are recognized carcinogens and
toxicants, even at low concentrations. The remediation of such contamination is
particularly difficult due to the presence of dense non-aqueous phase liquids (DNAPLs),
which release chlorinated solvents into groundwater systems. Monitored Natural
Attenuation (MNA) refers to the natural attenuation processes—encompassing physical,
chemical, and biological mechanisms—that, under favorable conditions, act to reduce
the mass, toxicity, mobility, volume, or concentration of contaminants without direct
human intervention. For chlorinated solvent-contaminated sites, MNA is most effective
when the natural processes facilitate the degradation and destruction of contaminants.
The decision to implement MNA as a remediation strategy is supported by site-specific
data and detailed analysis of contaminant behavior, necessitating long-term monitoring
to evaluate the approach’s efficacy. Moreover, for MNA to be a viable strategy, it must

ensure the protection of environmental safety and public health.

Mathematical models play a crucial role in assessing the fate and transport of
chlorinated solvents at contaminated sites. The formation and degradation of
transformation products are key factors in contaminant transport processes. Multispecies
transport analytical models, which solve simultaneous advection-dispersion equations
coupled with first-order degradation reactions, have been developed to predict the
transport of both the parent compounds and their daughter products. Among these,
BIOCHLOR and REMChlor, developed by the USEPA, are commonly used for such
assessments. In recent years, health risk-based remediation has emerged as an alternative
approach to site management, integrating transport models with health risk assessment

tools to evaluate the potential human health impacts of groundwater contamination.

Building on this foundation, we have developed advanced multispecies transport
analytical models, which have been published in leading scientific journals. This project
aims to develop a comprehensive software package for the assessment of MNA and
health risk at chlorinated solvent-contaminated groundwater sites. The project involves
three key tasks: (1) the development of a site management module for managing and
spatially mapping site-specific data related to geology, hydrology, contamination, and
the conceptual site model (CSM); (2) the creation of an MNA assessment module that

integrates our advanced multispecies transport analytical models into a user-friendly



Graphical User Interface (GUI), utilizing FORTRAN executable files; and (3) the
construction of a health risk assessment module that combines our multispecies transport
models with health risk models to calculate both carcinogenic and non-carcinogenic
health risks. The resulting software package offers an effective and comprehensive tool

for the assessment of MNA and associated health risks at contaminated sites.
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PR o MNA 7 (753 ToRF A5 FMA R ah™ i+ & % > 33 & 0 %
FHE o MNA BALFE> T2 B MNA (F54#7 ]\/‘34#,‘7#’%»
PEH4 o 3 TORE A SRR L A RS i E % 28R
s & i E P ST PR MNA ¥ 28 8 @ B L Hope (7 e
B o MFERLMNA LF ¥ L Ry ol g £ % 0 T MNA KL > 5 &
KAqenps TRBAF R FREFTEAB AL AT KRB pARRRL 22 -

ﬁ?kmAw#*Q%T«ﬁi%ﬂ%&fﬁﬁwwaﬁ;ﬁ%ﬁw§ﬂ¢

Ko ABM A AT F R IR 0 MNA GG e € BRanSr b B B B 4T er g B
P& F-4k 03" (conceptual site model » CSM) » 7 fi#-k < = F et T oKi5 L4 ihy
w5 s AT eni 5% 0 3 ToRE AR TR A8 A e
FICSM AMNAF FRFLE R FER L " CSMAREFZEF45d 54K
MERPRED RN %‘rﬁ:%giﬁgf_a B i4 ﬁ];iﬁ: @@ﬁ_mf}‘m o d ANH-H b K B
B {2 (heterogeneity) » F|pt -k < # FiE A2 FeoEFE R RBAL R
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B2 TR AR s R dm 2 R B R AR T T T o K AR e
BLEE A TP i R B2 A T fRE AT ﬁ%#mﬁ%@ﬁ’ﬁﬁCﬁdi
BRAEF F R EMERBARFT ARG TA AL A mEy TRV R E
i oo kY PR AT R R P B TR o B P A d e T
ke RS S APEF R TORDBEORRAR) R F R Ao RS A &
POE FRAE R B o2 T ER o

; ’7 *3" \ﬁf\%ﬁﬂ }?Ei AT MNA :’J’J’I—]p ’ é—_;4: ,‘;L.'.T ﬁq:‘*‘-’rﬁq;fg_'\_l ¥ orlR
7\3? TAATHBPTERTN X GRAMBEASLIBEAKRGOT L BHF

B
WEERAD ARRLE §LEERAS DAL TR RES L L F PR
B s AR AR R S A 5 3 kA (< LS 9;54

P 5} f247 fEH55%) © # BTk i% ¥ (United States Environmental Protection Agency ’
USEPA)=» BIOCHLOR (Aziz et al. 2000)22 REMChlor (Falta et al. 2007) ¥
WHEZ & AR R4 74P sf2s 4 3{7’ L g kK e A o 9% McGuire et
al. (2004)4 47 191 B3 2 3n- 22 45 B 7 & % &5 f3240 5 4 B MNA > ’?Iﬁhf s
2 b 60%:h ﬁiﬁﬁ*%ﬁw}ﬁﬁﬂﬁ # ¢ & % g8 BIOCHLOR
(Aziz et al., 2000) -3¢

A i FE R R (B D Rg & 3R MNA S5 L g @ R4 R
FEREERBAASELAE SR AR S R FEE L RET Y
(Chen et al., 2012a; 2012b; 2016; 2019a; 2019b; Liao et al., 2021, 2022; Suk et al.,
2022; Chen et al., 2023; Nguyen et al., 2023) > 2 7 = i F 5221 A2 4 B 3 7 f347 /3
FEantE o ¥ A BRI F R R R AR R o0 Fortran RFAG S A#H D BB
I3 %N Bl A x% * # /i % (Graphical User Interface > GUI) & 4c ¥ MUSt
(MUIti-Species transport analytical model)
(https://www.youtube.com/watch?v=38] wtlvzX8) » ¥ # & A2 F £ L R 5 ~ x4
Tt o MUSt @ 428 5%~ 4 6 (0] 2)8 7 7~ S0ics & iy 01 () 3) - MUSt Zéw
PRI L R ERBEMESRERF L P wApMAR ¢ Jf"(l)—*f’@m
Bk Y s £ (TR (T2 3 i T PRIA(SaaS) s ()i 5 REER P 5 (3)% #Pl
oI F 2 &1 4 8 (https:/camrdaprod.ncu.edu.tw/products-landing/must/) ; (4)
# i MUSt 4 % B % o 3 2023/11/13 p + @&  YouTube
(https://www.youtube.com/watch?v=381 wtlvzX8); > ‘@ - B 5 ¥ % #iT 3,200 B
Gl B SN H G B Y B Sk (5)F RE T
(American Geophysical Union > AGU) 2023 AGU Annual Meeting & 7+ ¥ 3k = #i
(S5 1440):8 (7 23R4 R > B A PRI ER(R 4) > » EFF I EFR X F R
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Jui-Sheng Chen Ching-Ping Liang Zhong-Yi Liao Chen-Wuing Liu Heejun Suk Cheng-Wen Chen
BR %4 I EHF ) Sk BT Az BR3F £
B 1 BRERAZEEE>R -
Setting for the contaminants and their products
iF
Geomatry Constituents of concern
PCE
fx C1 TCE
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: c3  DCE é)
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Properbes
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interface
Breakthrough curve of the observation point
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Bl SMUSt i /5 %3055 W3 L T K5 € i 3 (Newsletter of Korean Society of
Soil and Groundwater Environment) °

§ 20 MNA BioH s b & hl e fa ko Wi B o BB R %357 11(A)

j& & # % (Hazard Identification) ; (B)#| & * J& 3= (Dose Response Assessment) ; (C)
# 7% 7% (Exposure Assessment)£? (D) & 4% #icdw it (Risk Characterization) = =
AAEH-H? BT 5 H3T M 5 4+ (contaminant of concern - COC)5d £
ik R T A 0 R R A Y Sk BT
B gph kv b AR E R B e TR @ﬁ%ﬁﬁd“ kw3t COC *r 3 A B i
# a2 COChRis 2 MEFmaER E WP COCERERBFFE L
Bk BERELHSICCOC R EFG 2 BB E)o b &k R AL %@T%T’J%il.:_
BAREEFFEMTR > MNEFFAFEFEAMEE DR GRRF LERT
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4ol 6“7 0 PCE B R i F R/ RAFHESDOF YT 488 5
B~ 3§35 TCE - £ #% ™ 25~ 1,1-DCE -~ cis -1,2- DCE ¥ trans -1,2- DCE %
Zfak s R fﬁiﬁ (isomer) > #72) = ch= fafr & £ ﬂfﬁ;ﬁv 9 DCE £ #§:27%mz &

Jb o %A% VC o ETH » 194540 B F AL BT 7 % B 54%:F35-1 5 PCE ~ 54% 3%
w4 TCE ~ 36% 44 1,1-DCE ~ 10%:h#4k 4 cis -1,2- DCE ~ 39%5-4t

trans -1,2- DCE ~ 37%3%-4 3 VC (Griffin et al., 2004) -

VA BFRiES Be e B 0 MUSE ST g infE 4t 2R £ 4 g DCE > £ A
% J& DCE 1= e » & #4~(1,1-DCE - cis -1,2- DCE £ trans -1,2- DCE) « ¥ 3+
BIfF &3 LT R FRNF 4 g DCE = B~ R s RN 25
fE47 fR 050 (F 0 2023)

LA PR PLBE - EVURENEFIRN AR RS ER LG

Aﬁ%ﬁﬁﬁ@%°&i%mi_?5ﬁﬁmﬁgﬁ:

(1) %4 B+ MNA Ap B 38 p] > 3 B MNA #7F o 7~ kv 210§ F 3
pE gy PR ME AR e AR e

Q) % BRI AR AN R Rthz R K S AP R RAS S D
ﬁ#@ﬁﬁﬁﬁ%iwsﬁwmé@%@“ﬂ'wNmAﬁGﬁi

G)eezaz ﬁiﬁﬁﬁﬁﬁ#.ﬁﬁﬁﬁﬂﬁﬁﬂﬁﬁ’ﬁéé%&%ﬂ
m% ’%é%»ﬁ%g BB TORALEER G R E(RT)

RIS i%ﬂ%TLﬁ4mﬁ&%¢r‘&%iﬁ*&%?@°

B 6 %47 #73# PCE cha s 3|3 5% 2 F ik /2 -
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Health risk assessment module

Combine with the solute transport and
health risk assessment modules. FATE & TRANSPORT

RISK ASSESSMENT

L

= e .
CHEMICAL / TOXICITY
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PR Y EEEAR

AR PR BE - BV U REREE TR G £ AS L3 MNA 2 iR
i et e o Bafe  (DFRZFFTALAPFFTHELE L T
AR QMNA =R ke s BQ) R B SRR e > T 3RE B e
SRR fAmm

o

T T J\ﬁ_{l,;[%-ja_m%%‘rxy}\v LR J\%ﬁf@ﬁ =
WA LT A PE S v ERY e FARE R e (3 RS TR e ) TR S
v SCEREETRRF(ARSAFRR)T
P TEARSE Y B R T OIS A Ha ALK
A ¥ °s§—i J,F!FP\ #iﬂé%fr-%i’f« Iizﬁféj 0
P

ARG FRE BRR O RE RS
ke ¥ MNAW ¥ 2 &8 REhprl > Pzﬁug inE 2 TR
TRAXARRAE S PETHOREE AP F AR TRARY F RATEE g
SR FRAE TR AR RE THEAFIRAT B Z A
R B FHRE ke T R RATRE R R HT ]\fiﬁﬁ:i,d;&i:
Bl g BB % EE > T Aise

p)

B
BTORKEEERPAHT ABALR TR e A RTER G R FT
RETBEAT R Y T RGFAFERETHE O N ARSI EFALYFERR M T
N FRET-MAEAFRREER R TRERAFRRTERS T 2K
?ﬁ%nwaLNQ’xi HIREFLAY EA LR OT BB Fu g F
FAFTHEEE AL ey T TRER - T{P B FLRELMES =
FERFTALIE > N flieiFe F k@it g o % ajp 447 -

£
SERE e ER AT ET D ek TR EE
m

I

(2)MNA #*=7% #-e

MNA @ # F &3 b Tk A BRI e B it Y GBI A £33
F MNA 555 44 @i 08 B3~ § RAEF T 3% AR%L Ak
AR v RNt B 2N B2 Fortran #2583 2 8 o H- g1 a4 R

w3 FERE MNA =R 0 52 R FREAMTR o A E R F(2023)53
17f#45 Fortran 25V % B N3 &N B % F [ 6 cnfedl > = L 05 BRI
R BARE L EONEL Y A REFAMS Y m%%’“*MHéﬁ%%ﬁi
5 ANARE RS o RS RS LR Bl S T AR - %
e R A
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(advection) ~ % $g(dispersion) ~ ¥ i (sorption) =2 4~ *% f#(biodegradation) ¥ » i i
A2 o F o @ ﬁ%] 57 AP AL F T 2 T K% T (seepage velocity) e 45 o T35 T oK
in et B 2495 Darey R 0 4 40 0 Bk 8 0 Fick Rk o NG 5 T At
% 8 = 't (equilibrium linear isotherm sorption) » I & * ¥& /& F]+ (retardation factor)
K 2 PRI AR REC S Y- A RPE S HREAT D
PR - kB A PR R - R R s o F(2023)% & DCE 5z Bk A B s
(1,1-DCE -~ cis-1,2-DCE # trans -1,2- DCE) » F]#* % §BIOCHLOR ¥ % g 5 B =

148 & in-2E 47> 425845 i PCE~ TCE ~ DEC ~ VC & ETH % 5 B35 4 4 0@
ﬁ?} 5@ 7 B3 A48 E A -4 258K i PCE ~ TCE ~ 1,1-DCE -~

cis-1,2-DCE ~trans -1,2- DCE~VC & ETH % 7 /3 4 % év’ﬂ@ﬁi%] 7 % - BIOCHLOR
15 75 J 40 A3 IR -1t RTeNIR A 2 42.5% (partial differential equation > # £ PDE)
%%éfwﬁé’@ﬂﬂﬁiﬁW%ﬁéﬁﬁ’#${%E—4ﬁ%%?§ﬂﬁ
- RNE - FAFRE e RA RFQ023)fET RN KRS AR E T BAS -k
PRl P RN EMEDS NRPERIAFR > UFAP VC RE P R ET G 6
% p 1,1-DCE ~ cis-1,2-DCE ~ trans -1,2- DCE % 3 # /5 4 % m?}? o ¥ b M
Ko A RACBTT AR AN P R R § AR T RS L5

B FBE T Rptxh> v BRI R TR LS EFxT - R
@ﬁ&l »om ERTR G s Ex s yEzD e = .f‘:é:@ﬁ%l BT B E AP R - TR A
GRS AT 5

aC,(x,y,21) - 9%C,(x,v,2,1) D 9°C4(x,y,2,1)

R
1 it x ax? 0y ay?
2 X VZ X,
+D, a Cligz,zy, 1 vacﬂa;y,z,t) _ k1C1 (x;% z, t) (1)

ac,(x,y,z,t 0%C,(x,y,z,t 2%C,(x,y,z,t
R 2(x,y ):D 2 (X, y ) D 2 (X, y )

27 ot T gxz T gy
32c, (x,v,z,t ac, (x,v.zt
+Dz 2522}' ) - v Z(aj ) — kZCZ(xJ Y, Z,t) + gP—»Tlel(nyle t) (2)

R 603(x,y,z,t):D 6203(x,y,z,t)+D 62C3(x,y,z,t)
3 at x dx2 Y dy?

a2 C3(x,y.21t) ) dC;(x,y,z,t)

D, — 2 1 5 k3G (Y, 2,t) + gropfaska Ca (X, Y, 2, 1) 3)
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aC.(x, v, z,t 0%C,(x,y,z,t 2%Cy(x,y,z,t
R A(xy ):D 2(,y )+D (Y )

4 at x 92 Y dy?
2
+Dza Cij;z’t) - 'Uac‘ﬂzjyz’t) — kyCy(,y,2,t) + gropfaaka Co(x, y, 2, ) 4)

aC:(x,y,z,t 0%C:-(x,y,2,t 9%C:(x,y,2,t
R s(x,y )=D s(x,y )-I-D s(x,y )

° at X a2 SN
A2C(x, v, 2t aC:(x,v.z,t
+D, s,gzzy Ly S(aj . ksCs(x,y,2,t) + gropfask,Co(x,y,2, ) ®))

dCe(x,y,2,t) _p K Ce(x,y,2,t) N azCﬁ(x,y, z,t)
6 at x dx2 Y dy?

0%Cs(x,y,2z,t)  0Cs(x,v,2,t)
+D, 972 —v dx —keCe(x,¥,2,t) + gp_vksC3(x,y,2,t)

+gD—>Vk4C4(nyJ Z, t) + gD—»VkSCS(nyJZ! t) (6)

R QC?(x,y,z,t):D asz(x,y,z,t)_l_D 3%C,(x,y,z,t)
7 at x dx2 Y dy?

d2¢c;(x,y.z5t ac; (x,y,z.t
+D, ?aﬁzz ) _ ﬂax )_k?C?(x,y,Z,t)+gy_,gk?C?(x,y,th) (7)

Pl (x,y,z,t) » PCE ;% f24p )k B [mg/L]; C,(x,y,zt) 5 TCE % f%4p )k & [mg/L] ;
C3(x,y,z,t) 5 1,1-DCE % f#4p )k B [mg/L] ; Cy(x,y,2t) 5 cis-1,2-DCE %% f24p &
B [mg/L] ; Cu(x,y,2t) 5 trans -1,2- DCE /3 f#4p )k & [mg/L] ; Cs(x,y,z,t) » VC %
f34p ik A& [mg/L]: C;(x, y,2,t) 5 ETH % f34p 0k & [mg/L]; gp_r » ¢ PCE "% j&2 5 TCE
4 A TR AL EHETFF 5 grpsd TCE*f2 35 DCE iz e A & f 40 ehd &
FREAZ2HEETFF S gpyid DCE iz B ABHFHfELE VC 2 SR A
AEHETFF S gpsd VC'j25 ETH 4 2 F €4 4 55 5 f,;5d TCE
'# f2 5 1,1-DCE v 4 ¢ (fraction) ; f,, » ¢ TCE *# j# 5 cis-1,2-DCE =77 &+ |
fos & d TCE*# % % trans-1,2-DCE F 4“5 D, 3 Ji-Kin 3 % e% % (longitudinal)
WA Gl [m?/yr] 5 DB D, Gy e &z 2w 2 if] e (transverse) 4 AT B S v A
TEZTER G P IR A2 - R REFVEvETERIER S x
Yy zar B rEFER
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B)EE R ‘&= e

TR A ABAR S FARIEEN A E > Y CSM ik R ik
Eodgpark s FRPERFTOI T4 @@lﬁ_}\ 372 PR RE
A ?{‘rm,,, FHAUE BSE X MERPEFEOER A NP EREEE TS Y {E.;fg_
FBRIENIWSNR T ERBOEBRE - AT T RERB T 977 i AR B

b % TG e HEH i 545 @lﬁiﬁt“ HEEL%G TR EREELENS TS
P IEHIES OF 0 2023) g B TS o B AL TRE 8 SOR/EF R 3 E -

EREL % T FELECFIEDAEBEF TR EAHA ERORFL G EZL
REE'S  AHMERXFAH TRPIREFZFRESPH F B TR &
Ko W TORE AP0 0D A TR E I ek AR S R4
PIF ROk Y AT ARz ¢ m s r AP > S RIBE G E TS KRR
AR T k- R AL % FRRATFERAEN DL GHEEENLIR I AR
AAERBRYGEARBLGA BN o

AaRBh ‘i H

ZEAMALPEEE@Y A5 P PCE~TCE 2 VC AR : £ R v
fe RO RAh 'R P HER & (target risk > TR & & £ 71 » & z\'igén ,F'{a;,& T e
B 1005 RER Y BE b b FH A T A A ] LR RE T
REYRETAFETL G Y URF OB MEE P %S £ (chronic daily intake >
CDI)# 3% % b " #L 5 )3 (cancer risk slope factor> SF)& i > 4= p %”a‘ £ (CDI)
A fLs ¥ P T ak pow g (lifetime average daily dose » LADD) » % & 4 g f #% 47
FAMESTOREF -  REh ‘&4 FFF 2 5 RFrcd F+ (cancer potency
factor » CPF) > RBAFF|F 2 d 5d Il kB30 B A FH 4op
R et PLETI S%NGIHEERF) - HE X R B F ()l ¥ 3415 30
£ PR G(TR)M T N8

TR = 1 — exp(— LADD X SF) (8)

#thullgt'\;’ 1] % &gtz\ T '—,,.
ex:1+x+;—2+....+ﬂ+..... 9)

R AR T 0 LN (9)E Fei( )" "7 ZrEQ) P F -
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ety Ho S B LT 0 G

exp(— LADD x SF) =1 — LADD x SF (10)
= F2 N (10) R~ 3 425N (8) > B

R = LADD x SF (11)

LADDoraI—wateT

C

water X

(fRoral—water— adult *EDgduit 1T

BWaquie (12)
moml—water—childXEDchﬁd) v
BW child
E
AT
ML BB RBP4 4k B [mg/L] LA A gk
Cwater IRaml—water—aduEt
[L/day] 5 = 3% 3 4K F[L/day] A RBIF O KB
1(Rm’au'! water—child EDaduIt

REH[year]; o FEILERUE 0 kR OREEKyear]; o, B A AL

child adult

[kg] 3 BWmm; ZIME[kg]s e R BWSF 0 - £ kG = d[day/year] T 5

ER# A nTiopFday]e F N ToRELEREF RIZEETR 0 T
B (2023) BB R4 HES Rt X M5 R4 0 5 R R TR B 6 D 2 R
BHER o
Sp ToRp AL
EAE TR R R (o

)¥ ﬂ'ﬂ TSy
oral—water

TRoraI—water = LADDoraI—water X SForaI (13)
2 % 8 R AL & F]3 (oral cancer slop factor) °
SForaI

12



S P 2EER

%7%%&%”’?f%1$@?4?ﬁ

A4z R 27‘? ¢ E‘.'W}’(}ﬁ',?*;”/%& ’
' 5]{“)-)‘i’<}$';}7’m%§%’ﬁ)‘l—g’}af l’/ﬁ’% b

¥ TR P ARR RET 0L 0 AT

P
%Eﬁ??k”%1$ﬁ##mﬂ%5% &5
R = Roral—water + Rinh (14)

4325544538 ¢ 5 PCE~TCE® VC 5 BRBFS AP £ 5 d L
ﬁ‘ AR ST B RS B BRI 5 A
PRI ESFE R T a0 AP 4o M (additive) ~ 4P 3k 2 (synergic) ~ FEFLlE
(antagomstlc)ﬁ’ Hi 52 15 * (potentiation)ed ** P w 3% 5 5 A H A HF BT AL
PR FRPERGEHEDBYE LA DD RR G e E AT
TRy = XL, TR; (15)

B /f@TRT:% DIVF AP DR G S oy S F B RES DHRTR G S

1
RGEFTAPEBD - 23F U EREFF DK LR " T % si(Integration Risk

Information System » IRIS) & #L 5 F|+ %+ iy o

BAERGR R AR RR & 5 T 7 #ic(hazard quotient):® kB F T 4
TOrdRAMARBREERL G > 23 FEEAFE 2 BE LR ROT L &
B BT 0k p B “ﬁ: v %% F|E (reference oral dose)’ & T 7 #it & 250 5

HQoraI — LADDyral-water (17)
RfDoral

12PN B —}ll"f’”m/i ﬁ’tHQ ;m)‘L %éﬁf”q F;\:(17)°
inh

PRILE AR B TR R AR R RO S dp e AT S
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HI = HQura1-water + HQini (18)
P R Tl N GEDBYE AP p TR e H T

Hly = Y™ HI, (19)

R

gp, = DS AF SRR S URUSER S R L SRR RER R

#cp oo

gt UE RS G AR AL o T P G RERESG T -
T

14
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\

:.‘\3 ,\p \zéa

AEF I F CHIRNF TR E SR 2ATORA @ H jﬁ i w ficd8 MUSt 2 >
st R8BS & Liao et al. (2021)'}’/?% lﬁ]]‘}@i #r5 E e FORTRAN 247 /325 5 42
o0 iEE A B ATE O e ik MUSE £ & B3 Jﬁﬁ\imﬁiﬁiﬁf %]?* » ¥
SOy mi&{rp{ LSBT E 0 e P ?fﬁff f* 1 B 3 #& 2 (Visualization
Rmmtvmﬁ4? SRR ER 0 R FARE O R R R RN
AT MUSt it B 5 ARE P E 7> W AA SBT3 445 5 RH
FEFVERERRFSLIOY A FIFFTLEF IR > e - BT FEAI G &
Ar FRUFRD- QS5 FEBE > » 53 THET - 45 3 BEH k- F#
do 0 AR RS R T ALY R B R P A WS o Ak MUSEEZER © &5 # Ay o =

B P e
A F AT AR L*ﬁ H72{ ﬂ’le}_o

B RIEAP B AX BE > B MUSE 2 38 (73R8 % o a0 Pl 5 o FTEF IR D
L I )t MUSt 2 fu-‘v’—é{’%”hfiMUSt ek AF e b o ¥ b RTHE IR
Bt e o MUSt 2 e » T e kb e 70 BiEsE @ T A#HHE (Basic mode)
2 T3-pl e (Sitemode) | (4rB 8 *7m)° F o = 8E 5 TA#FKe 0
WA TRAENE GARERET  fAEY  F ki A GRS
-ﬁﬁﬁ%#@ﬁﬁ%;ﬁ>ﬁﬁyréamkﬁé’am[ﬂyugﬂ1ﬂm%w%
1iERFEs gt o T A#RE %"‘fw\",f FF R hF o PR
@;@wﬁ@%@aﬁ@ﬁﬁﬁg,@ﬁég@wﬁﬁﬁi%wwﬁﬁmﬁ&’

PR LR A THpEE | PRFAEEINTHALE S
FOAME TORA AR BT G L E > Ft
RITARR&EFRESAS R FILAET
ﬂ‘iiﬁﬂﬁ\—u’#ﬁ*‘u{— ERAFER DI T T ag @i & § 0 s i)
(site conceptual model > & # SCM) > SCM & it 75 4 #8074 R ASHRE 1 FTE R
%@wﬂéiwﬁﬁﬁﬂ%M@%éﬁ%?~$éﬁﬂ§3%£$’%?iﬂi
ST SRR TR U I i DS 2 g¥ L ’f#(?vgé’](ﬁjﬁ’l’i’}(}%>’# 31“}‘3{@:';”
PERLEA o kY AR Ayt A PR E RO ES  Flpt £ B TR
&g*%éﬁﬁﬁiééﬁﬁﬁ'/\°ﬁgﬁEW*Pﬁ%T}WWﬂW§ﬁ4¢Mgﬁﬁ
AHEERBITRAL S pmEL pET e

B 9 P MUSE2 ehsht e 2 B 42 uzaﬁwmq‘& "FaEre o T
Sz F R RAPM E I (AeR) 10 #7om) 0 7 AT ER TSitey £~ Frakip b T 5

16



e b

hb#ﬁ?&é"f\%é%??»%ﬂéﬁlﬁmhp FoEGe® 1) S~ F R shp %
o B 12 A8 RRA Emr§mz§%tha&~%ﬁnt Lon (4] 12 ¢ ehEd &
iE) e @& K Awuﬂxﬁﬁ—ﬁ%% TR ‘V%ﬂ]3mf§%§%—ﬁ
B 3o 1@ 2 F'*x« T TR v AR BT ERY 2

-

Frgpampas o @ 7 LERT 6 25 Geology | & T M
?ﬂ’f”ﬁwﬁﬁﬁﬁﬁ?ﬁgﬁﬁﬁ—@#Mmﬁ+%ﬁ»£??’ag*
B REM T B 14 5 F oz e By °

BEFEir F' ¥ iE # = ¥ & " Hydrology | ° $\ g T oROR AR M (Ao B 15
ron) o Bl 16 B EE Pl s ToRoR i BARFCET 0 HY 2 RS AT
o e ToRR TR E°ﬁﬁ£@ﬁ%1$*Eﬁe EETERAEAL SR
(contour) » ] 17 &1 % i€ * 4 8- T Generate flow field ; ¥ 12 & R % -k =40 |
PFe ¥ 0% ok iMend-8 2w 0 A4 2 TR e 0 B Hrhk ek TR o
L ﬁﬁ;f]?‘%i;“f%?ﬁ? g TR TSN iE o B 18 B E_y i@ H Jﬁé’a‘%‘.
" Generate flow field | pFv 1132 5 ch-T $93 F K Rig o

B 19 Pl A @& * jﬁsf#& = i ¢h T Chemistry | ¥ /4% » £ 3|2 3 7 k5 4 4k
RERPIFHE FEFLG +37 VBT TRF A5 ER G AT - B 20 A
X g * JF," iF 4 2 ¥ eh T Site conceptual model integration ;> i ZhiE F & + 3 en
"Domain ; EF AT R THRARIFF o B 21 £F & + > 1 " Source | E A
? T'Source history | % 7 /3 2 ReER'EFEF O > AT UL RIFLRER
% T Constant |~ " Exponential decay ; £ " Build manually ; = 3% 5 X %7 4 /R
EREFRRC PELEDRER T HENS L REREFF DR (K&
APER O KAE LS L RER)EH "Constant | xR 5 L RER 5 % 87 “EpF
F:c% > BIOCHLOR #r st L4 jg i A Hik A& & % 83 \g i % o
" Exponential decay | P25 % Rk & S ¥ P 7 45 8L e - REMChlor %8 -
Pl L5 ARk R SEF P 4p il f (- REMChlor 2 I'=1) - 4% T Build
manually ; |25 @ * B P EFABFRACFE DR TH > 7 A FRTURR

REPE R g e

Bl 22 Pl EFEER Y FX ”’1‘3—%&“7& AR R Y e F i Sl EH
" Transport ;| ¥ 3 »Us,-a%a?}ﬁl MEE % " Hydrogeology | ¥ 11 i% P}%J ok 4 BE
¥ " Hydraulic conductivity |~ -k # #-& [ Hydraulic gradient ; £ 3 »c3‘ K &
" Effective porosity | - ¥ # 2f 47 ' Dispersion | B 7 ™ 3K 5w 4 47 % ¥

" Longitudinal dispersion ; ¥? |+ £ $7 % # " Transverse dispersion ;- B 23 7|

17



PTAZEBMNAFFIRERNRREPAEELGRETRHRRH

F g JF," 3% % " Reaction | 3% & — B3 4 4~ ' f2 ¥ # " Decay reaction | ~
Wi R E A ¥ B " Yield coefficient | 27 B |5 4 4 chik F RS

" Retardation factor | -

-&r%f%’*"ﬁ;"'.%l;i‘ ' PLITRBIEEFIHELTS > B 24 58
¥ R Tk & 58 " Exposure parameter | £ % 3 44 chF R AL

" Toxicological data | i& {7 & & b 'k = S Bk 2o

" Exposure |

MUSE2 & T3 Hole | 32 RO S 0 e 5 88 % > B 257 6T o 238
T OQutput | ¥ 3% THHE S * SRR TOptions | ¥ 2 E# 7 o L EIEN
% £ # " Breakthrough curves at observation points | . vk B TP =% 5 4 4k
mtB*F’“m S0 (T e ehd 0 ) T S enl Settings | o R R T R
+ @t 2 E 38 B F & Concentration | B € ARLF i B 77 HHR %% i 21 e 1 26
A BE + 1 > [Show data value ; & ikt % B iddy 0 o B 27 I Gt 0 =
#H 3 TRisk | ¥ BT b 'GARE L ant 8 2% o

0 F BT F s o B 28 RIAE R T Concentration profile along x
direction | g LT 5 AR RSTEERE R o B 29 At FH TRisk | 7 12
BT h'GRE L antE g% o

ik § =1 4%1@1%13ﬁ4gim?k RS EE FENE T
/};e )?. RO ETERELFEETYEE > B 30:E :}& " Concentration contour on
map | %wKA%ﬁﬁhﬂﬁm% PR L E T o

18



bR 20242127 2p T = 04:00

R

& Must = ] x
File Help About Run Reset

Basic W Site
mode mode

MUltiSpecies Transport
analytical model

B SMUSt2 i » F okt o fid 77 BE38 T AAE 2Ty st o

AT HERE B 35
TARALHE ES i
EERE FATT R MR B
1 \ ! 3 \
== 1 ! AT ! ° ! A
’; \\ : : ’1 \\ : o@ : :
: ‘\ 1 i r’ \\ ! ! !
|' 1 ! ! 1 \ ! ! 1
1 ! 4 1 1 : ! !
| | ! ' 1 ! ! !
! 1 ' ! 1 : ! ' !
L 1 ! ' i 1 ! ! !
! i 1 ' i . ; | |
: “\ @@ I: ' : \ / E E
1 . ‘ 1 d % P4 1 1
. L : ! P i :
\ ! \
. \ " Il
WAL HEF A Yo, & JEKTH
T FER RS
AT AR AR AL A MRS RE

£ 51 E

B 9 MUSt2 33 - i A2 ] o

19



LdpE R 2024127 2p T = 04:00

PTORZEBMFRFRERN ) REFERBRLGEETCHERRF

b
) Create boundary for computing flow direction 9 |
© imgon Import file -
- i y 0.;
i Q AsramEEC p
R @
&
Weil location e ’L.Q
thsdtn /@ o
e - TEEE

Geology © 1mpon Import file e

NEICUO

AR

Hydrology

KEBE
Chemistry ‘o

South Garden @q:amxeama
Hotels and Resorls L kz,],'ﬁﬁ’ ¢ s
S PR i National
Central
3 PR AR J_ii.h!ﬁq University
BaPRAE

2,
R mF

Motos v

Site Conceptual Model
Integration

Risk Assessment

Select to show/hide the item s 13
E e BT EE %
Output O Baundary ) wen e

[ Bakery & Cafe
fHes

Flore,

m_,,,.,uﬂ
e
v

Eimotel
& s
Bhoogle - Map 2 82024 Tele Atias. Imagery £2024 TemaMetrcs £

Bl 10 e » RN ST 6 2 g MER > § 27 E/ Tsite, 4~ Fupp b 7

v
Create boundary for computing flow direction ABE
gA 9 UK 5
© import
RS 1
B e AdLBREBHES O o
UL Truck repair shop o
&
9 TR
04
x ) rd
Well location = P
€ > v 4 |BB« v C o s e
© import Import e =
HaEE v FAERR =-
=8 pmEs )
Heniony ‘ v 1T ' [) PolygonShape4.shx 2024/3/16 T4 1208 SHXEE 0
[ e » [) PolygonShapes.dbf 2024/3/16 T512:08  DBFEE |
gxe » [) PolygonShapes.prj 2024/3/16 FF 1208 PRIEE
Chemistry
[) PolygonShapes.shp 2024/3/16 T4 12:08 SHPE=
[7) PolygonShapes5.shx 2024/3/16 T5 1208  SHXBE National
site (::;l.::;l.. Model [ PolygonShape6.dbf 2024/3/16 T4 1208  DBF B Central
University
[7) PolygonShape6.prj 2024/3/16 T&12:08  PRIEE R PRAS
[) PolygonShape6.shp 2024/3/16 T512:08  SHP &=
Risk Assessment
[) PolygonShape6.shx 2024/3/16 T5£ 12:08  SHXBE %
%
— (O Boundary WEEHEN): | PolygonShapes shp | [FEER Y v 3
IEL ~ [ #A® | 2 B
2

—— 2

[§)& Bakery & Cafe
Coffee store;

\"0“d
0. [ifiaa]

\are 0

Kimotel

g,

noz%owh-numemn«m imagery 82024 TemaMetncs

B 1L o FH® 4 shp fh% o

20



LdpE R 2024127 2p T = 04:00
—

AREWEIDEE

Create boundary for computing flow direction Golf course

. Municipal
O impont LSkl Yanxingguomin Junior..
EMTUMTRE TS
o
L ]

i Bt

Pingdao 12th Rd

pristun

1 AL APR L

Pingdao 10th St

15 buosuln
Pingdao gy

Pingdao 8th Rd

Pingdao 6th Rd

Hardwa
Pingdao 2nd Rd

319

Weil location

Lane-113; Niso

© impon

Geology Import file
Hydroloy
" it
SUSHIRO Tainan anquet hal
St Yongkang [;r%nch 9 Lesa
A 0=NF ‘
e 3 i anhin

Site Conceptual Model
Integration The culininatic
of the Great Wa
b1 E s

Risk Assessment

Select to show/hide the item

P Ll
Output O wen ; .
ami
MERKRHARLE Drivi
o [
ol ", g
‘3’% St st § Zhongzheng Sth St RER
@ ¢
12034 Googe - Map caea 82004 T At imagery B304 TeraMigies Kangbu:s e

Bl 12 ;“%i;%i,‘ﬁﬂ.shpi}'%;‘;% R R B E TR e B oA

— = -
- - e AREELEDERE D
reate boundary for computing flow direction Gaolf course -3 Pingdoo 12th Rd

’

pu 151 un]

= w0 ~ Municipal
© Import Import file ‘;3;”;%:,‘:,'}‘ Yanxingguomin Junior.

i t
LEaT o L Pingdao 10th S!

15 Buosuin
Pingdas pg &
f=s

Pingdao Bth Rd

—4

Pingdao 6th Rd

EERL
Hardws
Pingdao 2nd Rd

319)

Lane113, Niao

o o o
o Pt
L i SUSHIRO Tainan Ll
172843 | 2549301 St Vung@ng_ﬁmnrn 9 fevid
Chemistry 172903 | 2549082 LR T CE SR

172755 | 2549402

172765 | 2549314

Site Conceptual Model
Integration

Risk Assessment

Select to show/hide the item

Yongkang
hen LT
Output @ wel g”'%p - 5

r

ami

R ERLE Driv

? .

5 = RE3
i St é' Zhongzheng 5th St

2 LongbuiStamem

22024 Googie- Map cata 92024 R Atas. Imapery 22024 Temabies

Bl I3~ ZRFEEr R TR LY TR Y e AR B

21



BT RZEBRTAFRERN P REFEERLAGEETRHRURFE

Sail_ID

Material_Name
B o s a5 s

B OISR * F7 EH 2 "Hydrology ;> §* » ¥ T -k-kizip b T30 -

22



e b

B 16 Zp|2 e TR R e BARF B> BHP 2 REEd AT e TR

KB R o

O imp

[ senerate now few

B 17 2t:% " Generate flow field |, ¥ W T BE R =R s ¥ 1A
N I R A

~ ! ;o5
4 i“" T ’J\ me

23



B

BPTATEBMAAFRERN ) RRPERLELGELTRHERRF

: © import =
W | Generate fiow fieid

Bemistry

sk Assessment

Dutput

B 18 Ry 7 U3t LM Tk RE

Pingdao 2nd Rd

15 Buosui

%. - Pingdao Rd
%

tpt #
5
2
N
Caiyl Window
Maintenance Services
oogle - Map data 82024 Tele Atias. Imigay! Tabecs

=
¥
o
‘a\
\_
e}
.%mm
¥

24

P 2024127 2p T £

i
Rd
% Pingdao

—_

N

Pingdao 2nd Rd

]

4 15| unABUOA

Pingdao Rd

CES BT LT L

04:00




BP0 2024127 2p T = 04:00

Source 1 contaminants concentration

Site
=
H
Geology r
g
|
z
|
Hydrology §

Length Width
, 50
Chemistry
onceptual Model
egration

Risk Assessment

5
t {year)

Output

= Gi(xy, LIS d‘f;(x‘y.x.l)*, *Cilxy,zt) _ 0C(xy,zt)
T ax? - ay? ST T

aC;(x,y,z,t)
= BRI 120 R Gia (6,3, 28) = Ry e D)

1=12,.,5 i=1-g=0
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