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OOFEERT L, WHAT | SATERA OB HE R I E SR LT+ 5, &
BRPHEEEY Yy I T v 7T | BEKEZRrYy hU—27 L LT WHFERICH LT, ANP %
%, 1TH. BEMFE., EREO | EFATE5ANP 28AT | @ATIZ LIk EEL
EEROFMBEEDOETT IV | 5 (FEHE ANP FFfi) . £ LT, | EBROERZRALD, FFiZ,
{t.%Z ISM (Interpretive & ERE TOFEMFEE OEW FREBEY I 2 L—va
Structural Modeling)iE & | . b0/ RSCEAM T O | 12 K HIEETRIR R % 2t
U DEMATEL(Decision HEWAR XD LX) ZFHMIC 8 L. Z ORItk OF A7 R
Making Trial and ERIEFETONESHTT DL EEETDH, UbEXv, %t
Evaluation Laboratory)i: | ©, M#EHRRAOEEREFIER | EERAOERREFELE
ZHWTH LT 5, D= HODEEEROEBIRE T 5,

1 DR AT T 2B &M T

%,
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3. MEERGIE

3.1 =HERFARERELNS

3.1.1 =

AR TR ETH =EHEFATRIEREDR
B0 R A K (1)-200 57T, REREREED N $N B}
tEtET B IR, 192,800m2 Ty, BESEMIE f]‘—\,}‘;;\;
BIE30,000 m3 |\ HAESFH14TmTHDHLI, = 8
FERMEA LAY (Volatile Organic Compound, - /”U\
VOC) 2B LHERFEMD, 1996F T RIEICEK g )

Flow directian ol
the third aquifer * P
ad =

TSN, 199T4RICHH L, 2002600520074 //| [ =

AT, VOCE SR E LIz FAB stsns [ L rowammonnt o 0% N

L AL, 20026130 £ 9 SR ARE TSt e AN A
LRy BV STk B LRD  BERDBN KO R gD e e
Hi T KB AL ER , ALER K DIEBRIC X % BESEMJE ) ” T - a
DVOCOBE ] LT bz, ZOfER, VOC M(1)-2 HFTTRBLE O

12 & B M TR E, T KB B S DL T I & RN r-oeeewarme
‘/Gﬂ%?ﬁ é ﬂf:4)o L/ 73) L/ % 20094;‘50: ﬂﬂ?7k£%ﬁ% Elewvation {m) Trﬁatgdmter | Plant

WBEMESNTZ1,4- DA XY i LB ERRRE P R v
Lo

WSS YR, B R ICALE L, R
WELHLBOEBEETH Y | EHIC TS
JE MM REIET B, B(D-310RT X 91T, #Hk
BIEEEOLH— 8B ROBE=WABHEEL, »
BREYBIIHE _HABICETELTWS, LT
B(1)-21RT & 5T, FHAKBOH F AN S
B3 F72 > TUN D DAY BRSO T b
b, B—HKEEE _HAKBEIX, FEREEOHE
AR S Au, 7115 )~ HE F /K s AS et L C
WADIZKR LT, HEHAKEIE L 0 ERBRH R - MBS R S, A0TSR BUE A~ T
TEY, F-ROE #HABEIFOHENEA LTS, VOCIZ L BHI FABYIT, H— RO H#k
BRETH-7M, 1,4 PFFH L HERIT, FLE_ROEZHABIZHLNEDY,

45

Wertieal walls

L Base
South North

[(1)-3 RIEFFEBIG ORKW 22 WriE O REY

25

3.1.2 EBEEMRORELSEBEOMNKTE

YRR SR OB ORAR & 5B OAIIT DN TRD-2UTF T, FICH AT £ 912, 19965
BEEENMTDOIL, 1997TFICHTE Lz, BIMRESEL B E 2. 200240 (275 Yy 8iBh (kxR & L CEnE Bk
BEROF vy vy B IS, VOCRELZ BMICEEWEANOIGKEZ THK— LB —UEHKOEAN] %
BOIRT 7T v SRMBERTE, 2007TFEICVOCKHEL BRI E LIEEERIIHKRT Lz, 200942
L4 UonREEEICGBMEh, YGRS TH O LIt A, ERYBENKOEIH# T K
NH1,4-UAFHUBRRH SRz, FOBEMBAESTOIL. 2012FF X0, 1,4 U4 X% > OI5YEHE
IEZ AL LEEEDBANOM T AEK, BB KLENBMB S, 201THE11H X, 1,42
XV UPERETRHEINTZFEEY (2REORBB X 22/3) ZMELE L, BE, EABENSOHT
KEGARKLBIZ LY, 14-TVFF Y AL DT RKBEREZEE L TNDHEZATHD, AFXEIT. FiFE
DRBLISTNDEZ LD, 2023FE3HKETCLBEEEEZ2KIDITFTETH D,
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#(1)-2 ZERFLAFNEREBRLOBEXRORME L 5% OXEKTE

T ok

1996 NEREE

1997 T&&ﬁﬁ%%

2002 FRIELEKBES R E , VOCKREZ HMICBEEYEICXI L7 7 v 7 Bth
2007 VOCsiZ iéﬂ?*@%%@mT Bk v 7 EDE IR

2009 1,4-V A F I VEREEEBINCHENSIT. 14-UF XV M

2011.1 KB T—HE I —T g TR

2012.1 EE IR (55— Beh)

1,4-Y A X5 > O5 R EBh 1% B B FEIEY BN O H T KK B 4k
HEAKEBESN D1,4-3 7 F MU R KIGGAEE D 7o O (2 T 7K KB 46

MBI T —% (~20169) I =2l — g ICF A

2017.11 BHE IR (58 BeRE)

R OEIET T . WARBEPN SO T K 55K LB B 4

2023.3 BHEKTTE CEMRBS4FEER)

3.1.3 MUIEYHBL OBRE
WMELIGYBG OMEE UL TICE LD D,
1) 1,423 %4 O T KIG Y s <8
B(1)-41F. 20114 K5 s T K8 & 88 = K8 DB A
EHEAEBZT1LA VA U PAREESNEZEEEZ R LTS,
BI(D-3IZR L K 9T, BEEMEILE —HKEE TLMFE
L2z, %3%‘7]0:@{75%75‘%%31\ DO T KBRS
HIEIEHMLTND, Fiz, 20024 TR EMEKEE (R T
)~%hﬁ%ﬁ#%—%*E®T%®%@KEiT XESh
TWBHIZb bbb T, « KOV =HK g oEKEES O
%%ﬁﬁ%ﬂé {Th b, ﬁﬁ DX RIBYRGHIT IR 5T
EBEVI 2= a VTRV LN T ORER D D,
m%%%@w PER OEE R O R T
2017911 A K()-51Z 733 & A D BEFEY) O E 0 R 358
TL., BEDHEZOEDR L%, FEH/KRBOM T KK
BB ESND TETH D, o, REINTFEEYEIC
DNTS, BEEMENTGYIKEZHK— LB — LB KDEANIC
X575 9 7ICE 014X DBEENMTDNLD Z
Lo TS, MEZVTEEEY 7TOMTKOEREB
L, PEKEMMETHH0.5 mg/Le SNTWDEN, BEBIR
AHETHH2023E3H KL TICEMRTE DN E I 0, FHRA

T T AL [

\ BEWONE
; (2017._117)

West

X(1)-4 1,4-2A 5 sriELuEEEm
fElE (201145, b B
HoKE. T B =HoKkE)

BETUT HEIUT

TEbHKE
LVEICIEE N |
NTE

East

XK(1)-5 BREMEOWET) 7 LIREMRE=) T
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DRETHD, BES I 21— a VIR EEDRTRNICE Y, ERFIRETH D008 5 il 28 2402
Th b,
3)BINKT R AEE HIRIE K 7 & O fdt

20233 H R E TIT, EAKREBES O FAKITEREEE(E (0.05 mg/L) LA T, HEAKBEN O T KIS L OBE
HEYBANOKITHKREEBEUTICETEEZKZIDZLEZEEL LTVED, BEOEBHRILICEL->T
X, BARHFOBMOBHKEDEELE L W ZBMXMREITY, HOWVITEEMBRZIEET 570 E0HE
DHBEERAPb LAY, BEYI a2l —Ya il T, MEOEBRRAEREL, LEREEL
TORFTHZENTED,

<R > —

3.2 W% O FIE e — <BRERIG~OER>

EiE. D~ OBBORBMEMRT 5720 | [0 e e
- Iy Q)7 = s o fl S — 1454 5B OER % Two-stage method&
N (1) 6ILR T FIRCHIES X 2 b —2 BIEETVSEHB/5 A5 RE Coupled estimation method @
g VFEORBEEITo T, Y HeE H27

s Sk A - oy % . ey | @Coupled estimation method @

ETOXHGT LY LR Tk | SRR )
BN TD1,4- A x4 > O 8 K O fil € (BHETIV) Hm\\\@%ﬁﬁﬁﬂmm9
FMCBT BBKEEED T A —FHE | / saomyy
BT DM A BB L7z, IRICOYFZILIGIT | ®Coupled estimation method @ i
LT, 20oDHEFEE AV TEAEYs | BEEREOEED o ERATEAAOMBRS

DIRT A—ZHEEITV, HER S NT1,4-

X UNBRAEE EORERBETE 50

el Uiz, WRICARHIZETRRE LT/ T A =X HETEDOT VI AL EZRGET D720, BT L2 A
T®@Coupled estimation method D AR DR 21T 572, ZOERFEEZEEE 2. OY %G REY;
DINT A —HWEEFET, SREBEMNRPIEMINTZHED, HTFKFD1L4-TF X RE DR
EKOFHZIToTc, BIKREFOREMRTZITV., SREENREEMT 5 L TOZEALHEEICONT
EEkLE, INLOBEHRIZ, Y =20V TTFT—~Thd [M1-2 BERETFIEORE] TOMERE ~
DIEMBAICFIHEN D, HH%IZBCoupled estimation methodZ . th o> 75 YL HL35 ~# F -9~ 5 B2 o> 1
PEIZO>WTE L H B,

K(1)-6 #E>Ialb—a 050 FIE

3.3 XXHERAE
3.3.1 1 - MiTAKBELREATDLA A XY DEH)

L4 UAF VAL DR T ARBELRASR EORBEEZRK VAL, BERICBIT2XEH2LET DI
e, ROERESTHEA SN TWA LAV > OBEEEICET 2 TMAEZI1T - 72,

3.3.2 HEETNIZBITENRT A —FHEE

MBI 2 A RICBEE TV EAHBETDICHI-Y . BRI, BPEREK, SBED T A—F
., BIHBET — 2 2BEX TRETILERD D, BHEEO L SEHRE CTXHETAMTIERHTE S
RT A —ZHEFEFFEICONT B ERE LT,

3.4 B/ KEHMEEEIZE T S Two-stage method & Coupled estimation method ? LL#

FRESCHRFAA L Y . Tworstage method & Coupled estimation method23 7L, ZOFA LS &, §t
FLEEE DN E R T T 7e I & U Tworstage methodD F R KK FIHENTWD Z R photz, LT,
Coupled estimation method® 5728, BEFHROFEFO ML —H—L L TORNDOERN/IEHATELHZ &
Boanotz, T2 T, YEBAE 20T A — 2 EHFiEE#EA Lk E21T - 7-,

3.5 Coupled estimation method ® FE A& D12
BAFITOMRR, BEY I 21— a VICXVEFBRE TOLA VAV RESMITH HBRERIT
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EbOD, RENK-T-, TROLAMIETHE LI ARTA—LZHEEDOT VT XLERIET D720
. 2EEOBEE T NV (RIRBRET VEREMEETT V) ZER L. BARE. ARRREROS

e 5 2, BEEHT — 2 2B Lz, RIS, BEBRT —Z 2 VT, #IC@EKRE, ARRERR
BOGBEZHEL., TAOREMELEETL0LE D DHENDT, o, BARBRE. AHRBRELTS
BBED 3O DT A= ZHEITR T 2B O BRI HER T 21T A =2 KR EOBLELMAI,

36 FEVIalL—Ta iZIBEEDRTFHLEEYR~DT7 1 — Ky o

SAHICHIH SN/ L LT, HUKBERRE ORI FKEK 2 EOBERIEAZBE LI-ET Ven
METHDLZ ERDhoTl=D T, EEERE%%E LHEECoupled estimation methodiZ & 5 /87 2 —#
WEZRARTe, £lo, 35H LV BKBE L ADHBRBIZ, P —FET70BRKRIZHY . AHTBRED &
M bIREDZ END, T—F—TEIT D2FKBEOHEELEL L. 21T OFHKBREE O KB RAT
EATolz, REMITEYD ., FIEEORZI WS ODOEEME L, 5 >0FKGEE L5 >DHEsr EEEDHEE
{1 o7,

WIZ, 1,4V R OFE B E L TEBINT, BEDRENOM TKAMKT & JEEH KD
LK EEZE L-ET VL EITV, TOHHED1,4- P4 XU BEBEL T EEFT—F2HNT
HENRT A —FHEEIT- T,

REICVE B L L TEMBINDBEED O MER DM T IKEGKLEIC X 2 EEDR TR ZITV,
PEKEEEEZWIRANICER TEINEIPEEY I 2 —2a Vi Lz, SBIICHTABKE
ICOWTREEMTZIT O 8, B I 21— a VIl EoN-MmAHRE, ZEFEESZHERML
=

3.7 Coupled estimation method DI HFEHMEDE &
BRI, RFETEDOEIENHEND BNT=/NT A — X HEE 1L TH 5 Coupled estimation method
ZHMA~FEHT OBEOBEFEHFEIZOWTE LD,

4. BRREOEE
4.1 UTHHAE
4.1.1 T3 - BTFAKBEREATDLA- A TP DEE)

D1,4-vAxH e

LA4AVHAXRY L, L1,-hVZuoaxf o POBBRREBBRAORER & LTES VWL TET
B0O, EEREINDIUMIEH., RERERGOCRELASBICE N THIRE TR ShFNHE S
NTETY, FHEEOXEEZ T -ERBE T, RRAEBBAITHERIN TV, £ OB
TLA VARV AL BBERBER L, BELRE, BEMESMTDOL TN S,

2) REHRTOEH
O H AWy
LA VAXH L OBRBEROXEHEZLET L7201, 1,44 F 5 v OEANYIEEZ E£Q)-3ITRT,
WIZ, FRICEHEZRWIECTH DM, KEME, TEEREE, EWOHRIEIC O W THOBEEME TH
LA KILEY (Volatile Organic Compounds, VOCs) & B L7208 bRl T %5, £& LT, #F
FEOrBEIZ LT,

@M

HERMEICHEET ML LT, TR, RRE, BROLE, G R, ~v U —EHKico»TH()-4
T, BRKEF RNV Z7re=F Ly (TCE) 77 7unxF Ly (PCE) ¢RBETHY., 1,4-
CAFHURIERNGERIIH DN, AU —TEHIZOWTIE, OVOCIZHERT3Hrb/hEWNWZ &b
HREIIBO T/hEaWVWEB 2L LN5,
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#(1)-3 1,4-FFH% oYy BEbFaMHEELw

Property Value
Chemical Abstracts Service (CAS) Number 123-91-1
Physical Description (physical state at room Clear, flammable liquid with a faint,
temperature) pleasant odor
Molecular weight (g/mol) 88.11

Water solubility Miscible
Melting point (°C) 11.8

Boiling point(°C) at 760 mm Hg 101.1

Vapor pressure at 25°C (mm Hg) 38.1

Specific gravity 1.033
Octanol-water partition coefficient (log Kow) =021

Organic carbon partition coefficient (log Koc) 1.23

Henry’s law constant at 25°C (atm m3/mol) 4.80x106

#(1)-4  FHRENEICEE T D WML O

Compound Molecular Vapor Pressure | Vapor Density | Diffusivity Henrry Constant
Weight (mm Hg, 25°C) Relative to (cm2/s) (atm m?3/mol)
(g/mol) Air (g/em?)
1,4-Dioxane 88.1 38.09 W 3.03 12 0.229 13 4.80x106 17
Methyl Chloroform 133.42 100 14 4.63 12 0.078 1¥ 8.00x103 20
Dichloromethane 84.93 355 19 2.93 19 0.101 1¥ 3.25x103 19
Trichloroethylene 131.39 60 19 4.53 16) 0.079 13 9.85x103 19
Tetrachloroethylene | 165.83 14 14 5.7 16) 0.072 13 1.77x102 18
@Sy idid
IKEEFRME DR EF 2 R (D-5IZR T, DOVOCE LT, M TK~DODEMEDRRE N LR35, %

DN —EHEDDOETEZD L, KB LIE1LA-CFFT o0 bOERIIMOD T/INEL b LE
ABHiD,

#(-5 VOC&1,4-VF XY ORME O g

Compound Solubility (mg/L) Temperature (°C)
1,4-Dioxane 213,900 2V 25

Methyl Chlroroform 1,334 22 25
Dichloromethane 20,000 29 25
Trichloroethylene 1,280 24 25
Tetrachloroethylene 200 25 25

@I

#(1)-612, VOCL1,4-UAFH v OEMKRBRERB R O EHRBEOHERNZ R, —BICHHKRE
WAERBMBRENIZE, LB TFHTOEBDICNE LT WNEEZEZLN TS, 1, 4-VAFH 3o
VOCL Y &/hEW, Ko T, HEABWEI Gl l OFETH 2 0 BMRE B MOVOC L L L T/hS e,
RELIbWEEZDBND, LrL, HEOFITIE, BROL I ICAEHE Y REWEELFET D,
ZFOEAIE., HEBRBIIRERMEL D10, HEONATIERTERAVWEALH S,

#(1)-6 VOCL14-TA XY DEMRBRAREEL L OB D G5 H

Compound Log Koe Estimated Ka (Koexfoc)
foc 1s assumed to be 0.1.

1,4-Dioxane 1.23 20) 0.10

Methyl Chlroroform | 2.18 23 15.2

Dichloromethane 0.944 0.88

Trichloroethylene 2.1 12.6

Tetorachloroethylene | 2.56 36.4
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&AM 5y f e

AR L IR BB R EREIEIIRETbLTE LT, XMREE» LAY SMRED T X
> 7 %47 - 7=Syracuse Research Corporation®GIODEG & FREND T —F RX—ANRH D, TDOT —H
R—R 2L D&, 1 4-VAFV 0L, K - BERSEM3EIZ, biodegrades sometimes(BST), biodegrades
slowly (Slow), biodegrades fast (Fast) D3E:fED N, SlowlZ /3 & T 5 (Syracuse Research
Corporation, BIODEG, Syracuse Research Corporation, 2007)

7z, EROBRBGTOL4- DA XY 2 OMAER I RITHRE S TRV, TRERTIR, 14
TAXY L OMEM SRS, KQ)-TO LS ITHES N TV D,

W T, Pseudonocardia dioxanivorans D1T7% T2 AWMEL Y 7 7 X — O80T i T 5 26),

#Z()-7T 1,4V XV OMEW SRR ED (T REER)

Summary Reference
Substrate; 1,4-Dioxane (DX) alone
Pure culture | Six Rhodococcus strains tests; none grew on DX 27)

alone.

Mycobacterium vaccae Strain JOB5 catabolized 100 | 28)
ppm DX < 50%, that is, growth not supported.
Isolated Strain CB1190 from THF 29)
(Tetrahydrofuran) enrichments; DX degraded at 30
°C in 18 h from 4 mM to 10 uM without THF.
Rhodococcus Strain DEE5151 from diethyl ether 30)
enrichment cultures did not degrade DX.
Isolated Pseudonocardia dioxanivorans, the only 31)
known pure culture that grows on DX alone. Cell
grew at 30°C for up to 28 days.

DX served as a growth substrate for Pseudocardia 32)
dioxanivorans Strain CB1190 and Pseudocardia
benzenivorans Strain B5.

Mixed No oxygen demand on DX at 30°C for 72-96 h. 33)
culture No oxygen demand in a 20-day BOD test on DX. No | 34)
biodegradation of DX by sewage cultures at 1 year,
aerobic shaker bath at 30°C achieved 44.5% DX
removal in 32 days including a 10-day lag.

DX completely degraded at 150 mg/L; sludge 35)
microbes utilize DX as sole source of carbon and
energy. Incomplete biodegradation at concentration
of > 150 mg/L.;by-product toxicity indicated.

Soil microbes did not degrade DX aerobically or 36)
anaerobically on representative groundwater
samples.
Fungi and Aureobasidium pullulans grew on DX after lag of 36 | 37, 38)
other h, 90% of 50 ppm DX was degraded in the next 36 h.

Fungi from dioxane-contmainated site soils did not | 36)
degrade DX.
Cordyceps sinensis (a fungal insect pathogen) 39)
cultivated with DX as sole source of carbon; DX
degradation nearly complete (90%) after 3 days.
Degradation product was ethylene glycol.

Substrate: 1,4-dioxane with THF as cometabolite

Pure culture | Six Rhodococcus strains tested; DX completely 27)
degraded with 7.5 mM THF.
Biodegradation of DX with THF by Pseudonocardia | 40)
sp. Strain ENV478,

Mixed Complete biodegradation of DX and THF by sludge | 41)
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culture microbes at 35°C, biodegradation of DX dependent
upon THF presence.

Biodegradation of DX with THF as cometabolite; DX | 42)
without THF failed to stimulate bioderadataion by
soil microbes.

Fungi and Phytoremediation of DX with hybrid poplars, 43)
other CB1190+THF; 100 mg/L DX removed within 45 days
with cosubstrates THF and 1-butanol.

Substrate: 1,4-Dioxane with other cometabolites

Pure culture | Mycrobacterium vaccae Strain JOB-5 44)
cometabolically degrades cyclic ethers after growth
on straight-chain/branched alkanes; catalyzed by
alkane monooxygenases.

Cometabolic transformation of DX observed for 45)
monooxygenase-expressing strains induced with
methane, propane, tetrahydrofuran and toluene;
Methylosinus trichosporrum Strain OB3b,
Mycobacterium vaccae Strain JOBbS, Psudonocardia
Strain KR1, Ralstonia pickettii PKO1,
Burkholderia cepacia Strain G4, and Rohodococcus
Strain RR1.

Biodegradation of DX with sucrose, lactate, yeast 41)
extract, 2-propanol, and propane, by
Pseudonocardia sp. Strains ENV478 and env425.

Fungi and Graphium sp., a filamentous fungus, degrades DX 46)
other by cometabolism after growth on THF or gaseous
alkanes, catalyzed by cytochrome P450
monooxygenase.
Phytoremediation with 1-butanol. 43)

@14 TAXV L ORETOEEBOE L O
PLEX D, 1B KBRS TCDL4- T OEENTOWVWTIILL TORKIZE Z b5,

(1) 14XV U EENLOEBITERTEX RV, BO TKEBENE WD, K¥ED14-V4*
P od, BEASCHTAFIZEFELTHEET S, Lirb, ~2 U —EHEB/MLOVOCK Y D T/
ENWZ G, BRLELAVAXIY L OERITIFEAEERL S 5,

(2) BRI F~DOWEMEICONTIE, LOVOCK Y L ARBEWREREN INTRE NSV 6, £
KENTIZERL 55, L, BAEDEENSZVEEOEAIT, NEEZEZEEB LR TEWTRWE
AbBEIBNS,

(3) HOMELEITFENTVWE14VAXV U THEN, FHENESTZITIRERICEV1I4 VAT oD
A DRBHERINTND, LL, EEOBELRBG CORMOBEITIENONREFETHS,
(4) DLk, HTFKBEROMITIZENT, BREMOFMITES7 X, 3, &, MEDSHROWTH

DHBLEHETEXLIR/NPINVE LTRITZITO 2N HFELNEE XS,

3) (BN

LA VA XY AT K D TFARIBROBEEHEN & L TiX, SKAEZIT V), (RERLIEIC X 2 KA GE
B KFHUVELIZAY V) DEATFETH D10, £/, FEEMOEME LT, RABELE L LT
FRAGALER (A D XD RiRER LB E H FICEAN) R 7 7 A PV AT 4 x=—3 3 (hybrid poplars
ERIE) . NAF VT 7 Z B AR (AuTiOz) "D 4D, T, e AIREREIZ L 5
MNAL RSN TEY, MED DR L FENEZITHFFCTCE 5, #lxiX, Chinget al. 492 XX, ¥
BWHTHER 0.0y DOEHEBREL Golct ORENRD 5,

FEHRECTERIZK LT D01, #i FAREK+AEDLEor(EER LR (UVHERILKE, 4V v
+HEEELAKFE) . 72, Mohretal 1%, 1,4- A FH 1T K 5 FRKIGYAEB BN 2 £ (1)-8D X 5 108

22



5-1505

HLTW5S,

#(1)-8 1,4- VA K 1T X D HFKIGYHEE Hif

Remediation Content Applicability to 1,4-dioxane
Technologies

BRI L 0 K D53
HEeXM~BESE, &
PEIRFEIZ X 0 WL B
%

Air stripping

1,4- 24 F % VRO R MEILE NS O D KIE
RN RKEWVWEZOZT AN v 712 L 56K
EIXEE LW,

Activated carbon | JEPERIC K B KFDIELE | BREENSOBLL T TH Y | IEMHERED KEIZHL

WMEERELRETS, |BETHDHIENDH, EHRBETORMIZTHENT
70,

Natural R, WE, MAED DR, | E-5EE LB - B cEs, +

Attenuation Bt - ok, AIRICED | EWMEMIC L D20 LHFETE BN, TOHER)
BEWREZ T 5, EEMRTA-OIITBEHMAERNLETH S,

Phytoremediation | fE#IZIEYHE DER S | EOR T T 2 HWEEIERBRA T, £0O
B IEREWEEREINT 5, | REPHREIN TS, FERBREEE T, Y

~OERLEEBTHY . KAFD1L,4- VA FH
ORI/ NS0T, BEHMICHAIIEEN R
FIETHDRIBEENH D,

Bioremediation WA IR L DT | EBRE, B/ oy FREBRIZBWT, 1,4-U4
HY., VT 7 F—E, XY ETRALF—RELTHATS, o0
JENLE LR 7 EOFEN | IXHERENC L o TRIAT 2MEM DR I T
H5, W3, EEWMECIHERINEZEHE TOH I L

EZEBTDHE, "M FRT 4 bV —V a3 rDEH
DRz e mOWSERIIHFETE Ry, V7T
72 —BIZONWTIE, BHA S — LV CHIES
NWTWBEN, FRBEY DA FF—F 2 A
T—=a R, BEOWMEMDNSA F AT 4 A
L—3 g VB L TEETEEI N TR,

Chemical AV, mBBbKERE | (BFBICL V14O U ERETE D, Z

oxidation DIREBILFNC LV 5 fFT | O REEESCKSEEIZOW THEMENREA TX

%

TWS, B ENTFE R KT D1, 4-F XY
oW TiE, B TICETCUETES, L
DU N G, JFRALELEIZOWTIEERTE /N B
v hRBREETHY, T INERAFr—LTL
MEIES LTV,

4.1.2 BEETNMIBITERTA—FHELE
1) EAHFERKX

AX(D-11c, —RARH TR FRKNEZ =T,

d
a—x,-("

ZZT, Ly (=1,2,3) IRFHARNC L BRR, bk BAREE [m/s], A
e 1/m]l, @ B2 L [1/s], x: 224 [m]. ¢: B&R3 [sl,
EEEREL L TH- T,

B e ogk HRERT, K20 561 Rm T Bitaw Rz v,

o
Y Oxj

oh
):ssa—t+ Q, (-1

c M TFKER [ml. S b
BB, AWFETIE, HTF KRN
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dc dc ¢
nR—=—v ia—l"‘a—m( Dlja_x)_"TC—Qs, (1)-2

R=1+P4/ K, (1)-3

Dij = aT”V||61] + (aL - ) ||V||] +a T(Sl], (1) 4

ap = ;—OaL, (1)-5

ZZC. n: APRMEEREL R BEFREEL ¢ BEImg/Ll v: Fv—@#Elm/s]l D R
[m2/s], r: J=EEE[1/s]. @s : source and sinkIE[mg/L/G] pq : TEERITEE [kg/Ll. K, : oEARE
[L/kgl, V@ BEREE[m/s], a @ fE5 BREIm] | DR HREE . am 0 TIREER S [m2/s], T JE k=R,
8ij : 7 RARYA—DTNVETHD,

2) NTA—HREEICET DEAEOHE

EBROBYBL TIE, T ARMCE R EREICET 2 EAMEICESE, BARBRKR, ARRBRE, o
BEE (e sae 2 o iuid, R(D)-5 XLV B BREIXHEWI FIHE) 2RO HZMLERH D, ZD L 21T, Bl
FEREEILIICINGEDNTA—FEHETHZ LITHHEE FIXNL TN, J@Fa‘ﬂ%@ﬁirﬁ%ﬁnk
L T, Carrera and Neuman®D#ff 7849503 F 4 T V. Yeh52 & Carrerad®d, il Lk /NT7 A —&% D
HHEEICAFEN R L Ea—%21ToTW5, F—oMBEIL, WMEAFEXZMANEEmD 7 7 v 7 ZAE#
DUBERZETHD, TDED, POTUTRNIGEBREATH S & L TEAFENIMEINTEY . 48
REOWHEE DT TV,

Strecker and Chus9{X, AL LHEED /T A —F ORIFFHEEZ VIO TITo T2, B HIX2BBEIZ 1T T
T 21T o 1o, HIBPBECRIE /T A — X 2E L CHEKBREEZRD, FEMETHRENRRT A —FE2KD
%, LML, ZDTwo-stage method TIIETOBANFGHM A EVWEIN TRV, 28R bITRESITEK
FEOBETLH IO THD, WIIEI L. BREOBET — XL —%—& L TORNLDERBH
EINTWAEN, ZOBEMPEKBEOHEEIZTENSNTWVARNE WD Z L THD, Van Rooy et al. 55
ILtwo-stage method & 1R 72 5 FiEEZ AW, BIEMTIZZ VP 72 AW TEKRERGZ RO, H2
BYPECIHYLIR & S Eka &2 sk 7=, Keidser and Rosbjerg®® (%, % ® Fi% % L3 L Two-stage feed-back
procedureZ H\NT, 1B CTHiE /ST A —Z ZE L CTEARGREE S LD, F2EPETH]E T A —
BhRRD, SHIZEDIENT A—FEHNWT, FHIEEEZHVIEL, RTA—FERDTND,

Wagner and Gorelicks?{XJidL & kN T A — X & /N R IEIC L 2 IEMEEIFMEE L TERL
L., ity 7 vy 7 230 Cicilife 2 RO T %, Medina et al. 38X LIEIC X B /3T A — X H#fE7E
FEZRELTWVWS, Wagner®? L RO FEEZHAWT, ML EBENRT A —F21F Thal, BLRFED
NE %2 HRTERE L TRD TV 5, Sun and Yeh60 (%, coupledproblem’&fﬁi’ﬂ”ib H B % & it
NHEERES, TRLENICERL, TNOLEZEAMITICLoTHELE, ELTAL 7 —{LLK/INEE
L L7z, Datta, B. et al.6D{Z, i&?7k4¢&0/%f®%ﬁ(ﬁﬂﬁ HEMEOZNENO iR 7% BLIHE Tk
L“C*Hiﬂlﬁbf:%g)@%ﬁfﬂ%%d MEL., i Lk 8T A — & K OVE YRR O [F REHEE 21T > T\ 5,

ZC, EF@®Sun and YehsO o H B #IEX(D-60EY TH 5,

(hcal_hobs)z Ccal_cobs)z

Feyist 1 = WHZT+WC Z(a_—z (-6

Cc

T bc‘a] &U Ceal | iﬂETﬂ({LE/}%r@ﬁ‘ﬁf —/Cg?)@ bobs ))—Ilo\ Cobs i‘mF7k{ik/)%r®%E{El1 Tg?)
E)o wh KX we AT THY ., 001DfEEZ L D, FHRFAFLEIE. HT KA K QR E O & BLHIE D
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Bz rT,
—J7. Datta et al.sV® BagEEIE. X(D-7L ()-8 TH 5,

2 2
Fexist_z = Z Wh (hcal - hobs) + Z We (Ccal - Cobs) s (1)-7

1
w,
(hops+0)2" € (Cobs+5)2 ’

(1)-8

wp =

IT.0 KW e lT—EETHY ., 100 [m] & 100 [mg/LlITH 580, Z O HHREEKICB W TiE, Bl
CETRED ZRME BT S0, BEAFTRHVLENA TS

-
—

IH

.

4.2 BHE/KEHERHEIZER T 5 Two-stage method & Coupled estimation method ? th#;

421 BEII2Vv—va NI x-S HEIERTLIBRT —FDRI ) —=v7
AR TIE, 144X OEEDRE

WETOHEEF A AMET 2 L& B v

Average: 48.99 m

ELTWB, OO EFEE L., 20124 Max.  :52.56m

Min. 143.69m

j:%ﬁ( A U) 1 4' f) j— 3‘\" _]j- :/ﬂﬂ F7k ﬂ; WL ;d_% 7’3? The second aquifer

N =26

BRAA T DRTORB AT T H /3T A —F R Aemeisun _ @ o

Max. :49.78 m

EE75,  ROTRCRO-SI, 140 "o
F XY T RBRGRBAMGORIFICHI. 12 e
520114 1A B S O FRM & 1,4-V A4 % Me  dnean

Y UREDOHIKBERIORMEMEZ R, Zh

0,07208 5069 49
.72 985
105 sz 5100 S

& O % BUEME & LTULF, %ﬁ%ﬁb: ; ST Al

Ll Lz, B, F—HKE, TRk E Unit (elevation): m

ROV =i K8 O BLAMEE %n%n%: (1)-7 MY 2 b— 3 THOEH T A0
T 26fERT, € L C28RPTICR 2, BIE (B F—HKE., 7 8 EAE.

Bk B =HKE)
4.2.2 3RITHIFE - HEET L OEE
WEE D HIFE T, AL E R O /N
RHTBIZE DI T WS, @B mHERED 1L e frst aaaier
Bt B O 830~ 160m D T LA E Lipic  Nveommet
BIELTHBD, WMARBEERZ LT3, e ol
&E%%%®?%’ I, pigERT e osR T
HHENST L, T O FEICIEE i)
LR OHERE SN oA LTV 5, n“~
Vo THRERER L BB ORI
%%$%ﬁ#6ﬁ%ﬁ@%ﬁ%ﬁiﬁﬁﬁ

Vertical wall

—
HThh, YoXBEThHDLEZD sale Uit mg/L
nN32, CoOERBIZEICRBERBRMS - KO8 HEIVIzL— = ‘/T“ﬁﬁu\fclA-:/“zLﬂwf
THEY, HifpEHEELHEORRRABTH D >R O BLANE (ﬁ% —HWAKE. H: B
LRbND, —F., BEAERMY L EBEO WA, Bk 5= *E>

IO T 2HEYIT, BRBLEFEL XD M2 LEBE LA EFEL, %0%153(753%7‘7%5"2)@T3’@5
k%z bivd, NEBERD L IX, RiFEH LHORRBREO LICERIBEHBEY THY . KRAEBL

EMEICER L, EBEOLDEMEL TS, ZALOFEREZIK L, HiEHE O EMED
*%fil%l(l)ﬂki‘%(l)-m:ﬂ?ﬁ“o
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WIZHA—V U 7RHERR L0 B o B E#R
WZEES X, BIRITEOHIE - BT T V%2 B
Lize 220K =V v 7OF—Z &% HWT,
B (1)- 1012 7% 3140 JI R o> H B 4 38 oD W i [X]
EER LZN 6 DEHRZ, GEOModeler (Gf
MIXE) ICAK L, A—72HE %2R0 5
AR TR L, K(D-11ZR T & 5 73
WILHIE « WEET LV EBE LT, BEOK
Wi, BARHRIE OMIC, FEEYE K O
EHEKEE (BB KM E CORIICHLT
18.5m ~ 25m) | SEZEEE KL M D H
THEBEX I EANTIHELTASA L,

F(D-9 YIS O HUBEHEE XTG£

tDe2—]

Period | Formation | Aquifer Materials Symbols | Color¥
Artificial structure Waste w
Backfilled soil B
Pleistocene Higher Il Sticky soil (3) Ac
terrace F
deposit Gravelly soil tDg4
Sticky soil tDC3
Gravelly soil tDg3
Sticky soil tDC2
The first aquifer Gravelly soil tDg2
Sticky soil tDcl
The first aquifer Gravelly soil tDg
Sticky soil Dc2
The second aquifer Gravelly soil Dg2
Pleistocene Chikarao Sticky soil Dcl
Flcnetien The third aquifer Gravelly soil Dgl
Sandy soil Ts
Pliocene QOizumi Sticky soil Tc
Formation (base)
Artificial structure Wall Wall
Tank Ta

1) : Color is used in Figure (1)-11.

Vertical walls

*Water Treatment Facility (WTF)

5-1505

Elevation (m)

tDe3—

tDel

45

35

South

Pleistocene
Higher IT
terrace
deposit

Pleistocene
Chikarao
Formation

Vertical walls
(Slurry walls)

Sticky soil (Pliocene Oizumi Formation) Tc

North

B(1)-9 Mi%H5 0 HE A O

Geological cross-
section lines

) e mape

K(1)-10 H#iE - 1EET MAERD 7= DIZH W
5 7 HiUEE W T oD I R

Vertical walls

Underground tank
for agricultural WTF*

BI(D-11  HFBSHOIRTHTE - EET L
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4.2.3 BEREFHROOHIE

TR ARZ LI, HHAKBOM T AT —% (F—H#K
JE 2415 AT THEE44~52 m, 5 HKE26E T T44~45.5 m,
55 =K 8 2818 BT T40.5~40.7 m) % I\ T Hl T /K728 AR
EERL, ENODEICESE EREM L 5T K%
HELL, BREEZ, I T EEREORFR LY., 2 E
TENIEEREBBRIIRONANVEZD, D T/HASVWMETH
%50.05 mm/day & L7z,

Bt « ERATIC OV T, BEEDE RIS RELY
BEZHEHBOIEM—E L LIz, BREEICO VW TIIE#
KEOEFANCEEZ0EL L CHAMMOIER —EE L,
FLEBERIZOVWTHRELZOE LTHEAELL,

424 HEETRENRTA—F

two-stage method & coupled estimation method % [t 9~
LT, ETERMTEKRIENEZTER L TWDHE—HKE
(tDgfg) . H_HAK/E (Dg2fE) KOE =#H/KkE (DgkE)
D32 DHKIEDFBKFREAE, k1, ke, ks, HRIMIE, n, #E5
BEE, aLx B8 e L THBAMEICESE kDL e L, 2
B, AR LM BEEIEAE CHEBOEE Lz, EFEL
SO HE DB KR, DT A —H Th D IEIEARECT
FEBICHOWTIE, RD-10XRVFRMD-11URT CHITE H
HIEMEZRY) /o, Bt BEEYRE. KB #iF¥7

5-1505

£(D-10 BARREE
rarameters
Layer k [m/day]
1. Waste (W) 8.6x1073
2. Backfilled soil (B) 8.6x107!
3. Sticky soil (Ac) 2.3x10*
4. Gravelly soil (tDg4) 8.2x10-!
5. Sticky soil (tDc3) 2.3x10*
6. Gravelly soil (tDg3) 8.2x10!
7. Sticky soil (tDc2) 2.3%10+
8. Gravelly soil (tDg2) 8.2x10!
9. Sticky soil (tDcl) 2.3x10*
10. Gravelly soil (tDg) 8.2x10-1 *
(the first aquifer) Variable k;
11. Sticky soil (Dc2) 2.3x10**
12. Gravelly soil (Dg2) 1.2x100 *
(the second aquifer) Variable k,
13.Sticky soil (Dcl) 6.2x10 *
14. Gravelly soil (Dgl) 2.0x101 *
(the third aquifer) Variable ky
15. Sandy soil (Ts) 2.7x10 L *
16. Sticky soil (base) (Tc) 2.9x104 *
17. Vertical wall (Wall) 1.72x10*
18. Tank (Ta) 1.0x107

#()-11 #EEICBETH T A—41{H

Parameters Value
Effective porosity, n Variable [-]
Longitudinal dispersivity, oy Variable [m]
Retardation factor, R 1.0 [-]
Decay constant, 1 0 [1/day]

IZONWTIE, EH2ICL 2RI EEBICEATL, 2B, BEAEM CRBEERIC OV TIE, SEOICHGH

LY, 1RC0E LTEEZIT- -,

425 NI RA—FHEFEDLE
1) AFETORT A—ZHEFTE

AHFFETI1E(9)~(13) D X 512, Sun and Yeht? & Datta et al.6V & (T8 72 5 HEHKEZH VT, &
KERE, BRIERER O oHEEZ RD D, T78b 5, two-stage method TiX,

H' = th(hl;al - gbs)z’

(D-9

CT =Y w,(cly — chpo)?,. (1D-10

—7J7. coupled method T,

F=H"+Ac™. (D-11
127E oy
r —_ hobs—hmin Cobs
L hmax—hmin ’ ols Cmax
| hcal—hmin el = Ccal
cal hmax—hmin ’ aall Cmax ’

, (1)-12

(1)-13

Thbd, 2ZT, ENXFOrZZDOEPEMETH D Z L 27T, A IZEAMITTH Y HTARAMIGH

L:i‘:j- LT?%E‘I‘%?&% E‘OD*SIE};FJJD%Té Z))%‘%—g—[} bIHZ_Y k bIIZI‘H I‘m—F.7k{ﬁ®%jt1ﬁ & %/J\1ﬁ‘/c\\§) D N CIIZEAY
. BEORKMETH D, wak BVweld, BHIEO EALT TH D, AFZEICEH T 5 BB & BEF O Sun
and Yeh69 & ("Datta et al. 6V & O E WL, FAXM b & BAAMITICH D, KHFZETIE, HUTFKMNDOT —Z 1%

27
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BUAME D e KME & Fe/MEZ VT, IR EIIRESE O f KE A AW THXME 21T > TwWd, I T,
BHAAMIFIZOWTIESun and Yeh €9 & @01 TlidZe <. AFETIIERECTL LTIZER L, HITK
ALBEMICHERTREFREZ EOREMKTLIIRVONEEZELRTEAHLIIT LT,

AHFFETiE. GEOModeler (GMLabo#t:, http://www.gmlabo.co.jp/) % W C3RITEIEE T V& 1E
L., HHF AN E14-CFFH o 0imtd s I a2l — 75, GEOModeler 13, AREZEELX—R
LY 7 hy=T ThY, HIFKFIL, BB K& OB EOME%Z . Euler-Lagrangeii 253 X 4
5ZEBRTE S,

X(1)-12(2. two-stage method % (*coupled method D FH 7 /L = U X A% ~%, two-stage method
WZBWTIE, PR ERTR)- 125 F T, BLRIH TAKAL & 3R TR OBRED ZFMTH
DHBE/NERD XD ICHEKRBEENR RO OND, TOBRITITEE~S VI — MEEZ AW, &Iz, 8l
HREMEE FHRIREEORED “ M THLIC DRV ERD I IIT, ARHBRREROSBREN KD L
Al

—75 . coupled method TiZ. F(D)-1XNX()-200# FAFHN &Mk HFRRLMHNTHS, R1)-110
HROBBEFE N R/ 25 X 512, BAGRE., ARMRER NS EEEZ RIRFICRSO 5, WHOBEWVIE,
coupled methodiZFH W T, FBKBEOHEDOBRICIEEFREZ MK TEHZ L TH D,

L4-TAFxH 3, 2084, BBIONELSLL, MEDSMLHFTEI VWD, #ITF AN
WIS TCLA ATV I TFRF 28875, Lo T, BHELRME - HESMHOHEX, LI
TEHE R ARSI > TLA- A XY b EHICBEIT 5, two-stage method TiE, HI F KRG IR D
WEERITT NI A—F THDIBHKBREOHEEICH FARMBER L AN TRV, —F., coupled
methodDH A 1L, BARBREOHTICREFRBMA THETE L2 LNTE S, T72bb, #iFAMD
BHE EHAEE CREIBED “FMPKNTHD I E2EEICL, WICBREOBAIME FHAEMOMRZE
D_FMEFEL L TRTA—FERDDIET, 14V ORENSAOMEEELZ A ELSES 2
B cEHLEZE,

Initial parameters;
k
) Initial parameters;
ﬁ Groundwater flow L
analysis y
New k = k + Ak (Steady, Eq. (1)) Groundwater flow
(Modified Marquardt method) ﬁ anaIysiS
L MH<e Newik =+ ik (Steady, Eq. (1))
\'\l/ﬁs Newn =n+An v
New a,=a, +Aa, Conductive dispersion
Initial parameters; (Modified Marquardt method) analysis
nanda, (Unsteady, Eq. (2))
l Y
”| Conductive dispersion /// \
New n=n+A4n analysis \/ AF(k)<e
New a,=a, + Aq, (Unsteady, Eq. (2)) NO e L
(Modified Marquardt method) ,\J!,; S~

T KCin a) e

NO

\"\l/\?'és

End

(a) Two-stage method

J/ YES

End

(b) Coupled estimation method
(1)-12 two-stage method & coupled estimation method D F+5H 7 /L = U X L




5-1505

2) RNRIA—FOREMELERE

#:(1)-12iZtwo-stage method & coupled methodiZ L W kKD SN TF A —FDE%E RS, ZZ T, &
HAFTFANF0.010H10F TLOET2Eb % 5 2 THE L7z, two-stage methodDH5 1%, £ 3 H# F/KAL
DI HZ FAWT, HFKRMOBANE L HAEEOZD ZFMTHLIH DR/ D K 2 ITFEAKEREHW
et REBEREZANT, BREOBRELHEMOED M THLCNR/NNIRD X512, ARRMK
RESBEEEZRD TS, —75, coupled methodDHA X, BIANME L HAMOEZED “FEMTHHH
ECrEBEAMIFAZ HWEBRERMA RN D X 52, BABREK, A0MBRBRODEEEZ —EIZRkD
5 EITR5,

LoT, FWD-120°53 0% X 512, coupled method & D LLHZIZE VT, two-stage method D5 A 1L
T KRN OBLHENE & HBEMEORED M THIH MR/ ER> TS, —F, coupled methodD &
X, BREFREMKLZNH AT A—FEROTNHOT, MITFAMICET EELZEEICL T, RE
DBRE & FHMEDORED "R THLCENSLKTDEITRTIA—FORHELEND, £ZLT, &
EERE EOBREZET L., TRDOBAPKELRDIZON, HITAKMDOBEZEFIKEL Y, BEOD
RTINS BRDZENTND,

#(1)-12 ROOLNT=/RT A —F DfE L FRE

Parameters Two-stage Coupled estimation method
method A4 =001 A=01 A=1 A=10
k1 (m/day) 4.211 0.731 0.790 0.485 0.109
k2 (m/day) 5.170 0.674 1.223 1.440 0.005
ks (m/day) 0.262 0.167 0.201 0.066 0.086
n () 0.344 0.242 0.214 0.212 0.136
aL (m) 4.139 5.967 1.986 3.556 2.856
Error
Hr 0.152 0.171 0.174 0.202 0.435
Cr 6.643 6.218 6.015 5.701 4916
ZOFEDLNYRLT LTI, K(1)-13 F(kn,a;) = Z(h;’a, — hEy)? ”Z“L" =g, )7
(TN K DN BERRZE 0 e fin & A BAfR & 7 " — e
Lo ARKEL 2BICOWT, HTFAMOBE . | "W\ sumEs .
MRE 2D | PEOBENNES 2B LN E Wi MED o
0.5 5
Mo, £, ABI00@EICRS L, MTAMEOR L) . i
SERAICKE R, OB R ERE D% §°‘ /Amm%,§
FTEE NI b a0nd, Lo T, 5%IFA=1D ﬁas // 3%
HREMVCERT S LI2T 5, LA —— :
32% FEEL
0.1 1
3) BHEELHEBEMEDLE 8 ‘ 0
N wo-stage 0.01 ]
(1)-14 & [()- 1512 H1F AT B O B 8L i o ' V

Coupled estimation® E & (A
i & HAEMO LR 2R, ZFRIZB W TEARE
B L HBENRELWT A THY, Sk, B
BT HHEBEL2>TNS,

HEEREE BIREICOWTIE, ZhETOM T ARMOFHES (HEBRELETENTVD) BLT14-
VEAEXYCOREES (ZHLLLHREBRELEEINTVWDS) Z2HFEX T, EHFOEREFELZETRD
%, SHIT, ETCOHFOBERREOEHELR N THI LT, BRI RESHEFELZR N L, £
DOFER, HTARMIZE L TIiX, hops £0.46 M) TH Y, WEIZOWVTIX(A £0.32)Cops (mg/l) ERDO BN
oo RBURERIEHBRBEOBXFZH ML TEBY | FHFOBEEREZEHE TR LEZ D Z AW T,
EHFOEEMEE RO TN D,

K(1)-13 HEEREZ D LR
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K(1)-14D# FARAMIZE L TiX, two-stage method!Z kb~ Tcoupled method ™ J7 23 55 — M OV =5 /K
JEBREHRLVANTHDZ RN D K, HEHAKBOMEDOT NN NS RoTNEI RIS,
=77, BD-15OWEIZHOWTIE, FRIE HAKBORET —Z NERITEF>TWD I LBDND,
LOL22Rs, HD-150 8B THEHSZEO LI IT, BENRKE W, BREIZE > TEIEERATHD
WHELLT, WERARTLSRMALHDZ ERDLND,

BB, 14 VAXFV U REOEERATH 50.006 mg/LUL FTHREENZT —#1Z, 0.006 mg/LE A
NLTERAE L HREEOBREZHAE LTV,

53 - 53 -
51 oL ol 51 AN
TS LD
B 2 2 Vs
E = E a9 P >
° < 3 ’/ /t O
247 & 247 e
3 4 -,
g g ¥ o
> >
£ 45 £ 45
o o
B 3
b k]
EE! ) — 24 —
] R < The 1st aquifer S L < The 1st aquifer
2 M The 2nd aquifer S B The 2nd aquifer
< AThe 3rd aquifer | s N 4 AThe 3rd aquifer |
39 : - - . . - 39 r r " . .
39 41 43 45 47 49 51 53 39 a1 43 45 47 49 51 53
Observed hydraulic head (m) Observed hydraulic head (m)
(A) Two-stage method (B) Coupled estimation method (1 =1)
o L. N = [ feh [
X(1)-14 Hu T AL OBLEME & FHRE O Hik
10 = 10
1 - ‘:"" 1 A
[ ] 5 cm N
) [ | l:' ;- = ! M “a o
[T i — *‘AL o O L N 3 o1l — —‘AAO, (il E—
£ 7, 7O £ %7
g A, § el
2 B S < A
£ 0.01 - AR = g 001 {——— WA B
H 2 8] H g e
§ g 5 pa A o)
S oo L 8 oo R = a
2 [ ] 2 [ o o
o ©
T < : 3 &> i
2 < The 1st aquifer 32 The 1st aquifer
J 00001 R W The 2nd aquifer | & 0.0001 ° M The 2nd aqujfer 7
AThe 3rd aquifer AThe 3rd aquifer
0.00001 ’ 0.00001 .
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Observed concentration (mg/L) Observed concentration (mg/L)
(A) Two-stage method (B) Coupled estimation method (1 =1)

(1)-15 ¥ EE OBRE & FH5E O L

4) 14-VFXV U OREST

two-stage method & (*coupled method|Z & > TRD LN TRE = > ¥ —ZK(1)-1612R T, W FED
EIZR W T, BB ORESMITEVRD D, £(D-12006H55025 X 512, two-stage methodD
2N, EHKE OB KRB OHEEM A coupled method L W & KX WD T, 1,4V AFH U DILN Y D, H
WE_KOE=HKETCHEZETHLZ LB LNS,

B HKEIZOWTIE, SR L2 R(D-4(E) o BHAEIC W T BEEWE 2> b B A~ D E G O JA
NV IFZFNIEEREL Z2VDIZH LT, K()-16Dtwo-stage method Tlix, 2720 KERILNY & RE
TH Y. coupled methodD SR EYMENH D EE XD, —F. BEWENHGALE T EA~DIRD Y IT-DO0
Tk, W& L BRI THOMDIER Y R+ ThD LIFF2RV, LnLRaRsb, 1,494
Y oBE TR E LT, coupled method® 53 L WAL G M ZHEWTEBEI L TWD LFHMEN 5D,

30
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%= K822V T, two-stage method & U'coupled method ® [ @ FL#ZIZ 50 THHZE 7258 (T T
WA, BEEMEILMA~D14-TFX I DERYFICERT D L, K()-4 (F) & oIz Tit,
coupled method® 5723, BIHMENSIER I NTZa s ¥ —IZIEWERMET D Z LR TE S,

=
—

(B) The second aquifer

==

(C) The third aquifer (C) The third aquifer

(1) two-stage method (2) coupled method
B(1)-16 i FEEIC £ D IR E /3R O g

4.2.6  AENT OFRE

PL k. two-stage method & Coupled estimation method ® [ @ Ll 2B W Cik, BEFHROEFS b
L—H% & L TORNDIERZEKBEOHEE IZIE T 2 & 23 T& Seoupled estimation method® 573,
BHERH T AKIRNIG TDLA- DA XY O T KGRI MEHET D2DITANTHL L ZnmL, L
DLBRL, M- 1TICE ZHKBOBRE, #HEEELZ L0, SEOHEIE 5 TITEN, F
i, BEEEEU LO14- VXU BREENTVWEIHFT, 24— F —bHEEE /NI NE A
HsH (FOOH) . Ebiz, FHAKBILE=Y 7L PMAETY 7 (FRCTHEH-ZER Tk, BES
FOWKRLALNICRRDEZ LN DE, INLOHRBEEZRLILERD S,

INETOMPITORBEL L TIL,
OFiE EoiiE

Coupled estimation method TiZ, ZEAKGEE, FALRMERER, SWEEDZ DD /NT A —F 2 EEOHIKE
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Our past estimation

i E Sl b oK E
WS> THET DT LI D (32D KE o N

ChHRIE. BKIODRT A—4) | BAIF
Hix, ok b PHERWEIC LY. 20
1A —F— BT B, —F. AR i
ik, 10104 —F—, FEEEIX. A — Vertical wall ‘ :
MARTFME L % 25, %54 R IR I 55 memmd_;___d
THNIE, 10~1010F—F—ThB5, ‘géQﬂMMM
Thbb, BREEAKEBREL L, £ P -
DIEOEF R RIETRENRESH | n| 2B S| e

]

|

BORITA—ZERRFHESTHZ ENRE
LCHETHINE VI RERDD, Xb - . | |
o, RA-1EROD21SHPD LI, B SR S
ARE L AR, BRIEBIRL g0)17 g A OB L 3 K
LT R — RFT70BRICH D, Bz

X, BARBEEDRELS RDEBEFEIIRESRY, BRBREP/NSLK b LBBHEE TN 2D,
—F5., AOERBIIHTHY, AORRMBENREL 25 LBEIBHEI/NEL< 20, BFRHBRENR/NEL
5 EBBEEIIRELS LD, TRDLL, BORESMERIL I D237 A —FOMEE BV ERHFET
LHAREMENH D, I HIT, NIA—FWEDOHMEIZL > THHEMBENERLIZLBEZILBND, Th
5D E B, Coupled estimation method @ FEARKEE DR 21T 9 LWERH D,
Q@BLL D E T NMEOFRRE

ARETNTIE, 1996FI121,4- VA XV 2 EOREEY VD MECEIEI N, 20118 F TOIEMDFHE
EEBHEA L, "TA—FZHEL TWD, O, 20028 TR E S L2 SR EHEKBEIZ DWW TIE
V7 by =T OfKIE 1996FENORE SN ERE L TEHREEZITo TS, TDH, 1,4-TVFFH
VORMITEVWRELLEBEZOND, ZOLD REERBEOEIEEZEERET D Lix, T LD CHE
HEThd, Y7 bhy=z7 LORKNZRKRLT, BEBEZEELIMITICED ., Hlc"FA—F %
ETHMHERD D,

4.3 Coupled estimation method ?® F: A& i DR
4.3.1 HRRFBELET NV

1) EFLOER

E(D-18IZ 7T Loz, 3@ b7

% {1000 mxkE 1000 mx¥E S 100
m D 3R IT D B 51K O eI A AR

E L7 (108 B (Layer 1) : #HiZR & H»
5-20m, 2/&H (Layer 2) : -20 m~

-50 m, 3/ H (Layer 3):-50 m~-100 —_
m) o HFAKO BB HETKAZ90 :
mOKAE i, TR ILH T AL 1 @ e
80 m> ki — 2Rl % 5 % 1= V5 R
WiE. FEEE (500 m, 100 m, -40 m)
WRIRE LTE 2, FHERFMANTH
MHRE1IT—EEL Lz, KT D M(1)-18 MSEEYRET L OME
40 m & -50 m D2 O W E 210483

D, AR08 OB S EZFH T2 (M1~M20) .

L Layerz
' PUUBE v
By, o B Sl
My e gy BAE
. “""—!‘!!!!!HH% i = H!!l“ il e

I
;
i
H
E
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2) HEHEBNT —F DER

£(D-1312, BEBAT —Z 2 ERTDEDICRE LA T A - O 7T, HTKENIZER,
GYE OB ENIIEEH TH00 H MR 21T - 7o, K(D-1910 B BRIRE 7 — Z O —fl &R, £,
B(1)-201C BLAI R M2IZ 36 1) 2 IR E DR Z L &2 =T,

RN TIZ, EWOHTARMT — & LIREHORBEBRHRET — 5 02o%, EEOBHT -4 Th
5L R LT, 2B OEKRE, AOHBRREVSEED3ISODONT A —F ORKHEEZRAZ2 D, TL
T, HESNTZNRT A =2 RERD-13028 B OBERGEE, AHHBEROCSBEL —BT 208 5 1K
R

#(1-13 HBHEBLRT — 2 ERL DI DT A—F

Layer Hydraulic conductivity Effective porosity Dispersivity
[m/day] [-] [m]
1 10 0.25 10
2 100 0.25 10
3 1 0.25 10

0.14

0.12 o O

i
il

Relative concentration ()
=1
2

0.06 +—O
% 0.04
% 0.02
¢ 0 100 200 300 400 500 600
Time (day)
T R(1)-20  HEBEBLRIE T — % O —f
v N SHI| i [ == 7
PIRBLILIER T (LI £ M2)

(100 F # . y=500 m D $A T W7 i)

3) NRIA—FWEMBRLER
ORT A —F DHEERR

RIRGYE T VISR T 5208 B O@F KRB, AFKRE, K OVri#EE% . Coupled estimation method
ERWTHET 2ICHTEY ., BT A—ZOWEHEZ KD X 5 ITHRE LT,

- BmARERE k 10 ~ 1000 m/day (HfE 100 m/day)
- AR n 0.2 ~ 0.35 (EfE  0.25)
- T HRHE oL 5 ~ 30m (EfE 10 m)

EHIT, RIA—FZOWEDOYMIEL LT, FHEHBHOR/NMEL HRREEZRETHI LI L, &
ST HHEOHAEEIL. R(D-140 L 5 IC8@ Y FET D, 2. r—ASDH AL B /AKFEH1000 m/day
EFUIHIEETDHEUME LoD T, 500 LTHD, 2D LITkIZERT S,

K- MADOFEBIZ, EHE D BRBEZFG LG/ O#ERRELZ T, b, HINEXZ, Boo
RIGRA=ENEDREER—E T =V TELELDTH D, BAREE K/METH 510 m/dayh» &
RERM LI —RA1~4TiR, SABREITIEEL Y /NI SHEEIN, TOEZEIT-1.13%~-3.41%Th
o, BAGREE PL— FAT7OBRICH2EDMBRIT/NESHEZINTEY, ZDOHEIF-1.2%~
3.6% TH-oTe, —H, DEEITIZLEAEBEENELHEE S TV,

— 7, BRI O RKMETH 51000 m/dayn> DB Z A Lo 7r — A5~8TIL, #HEBRENKEL R
BEMICH > T, BT, F—A5TIE, BABEE1000 m/dayd &L A BB R0.220 5 ER BB L T
L. ZOBAETNEETITHEITIIRT Lz, 20X I, WEBBEENKE L 2D X2 R0HHE &
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KEHTHNITREKRME., AORREBTHIVILER/IME) & L X2, HEREDPREIRDIEMIZH-
T2o BEIZ, 7r — R8T B ARIRE DFRZEN25.7T4% ., B IR EDOFRZEN 27 2%, K NV HEE DREZE DY -1.0%
Thy, hor—RE L TRENoT,

F(-14 RTA—FHEOYIH L HER

Case Initial value Estimation result
no. (estimation error [%])
k [m/dayl nl-] awlml] k [m/day] n[-] oL [m]
1 10 0.2 5 98.87 (-1.13)  0.247 (-1.2) 10.0 (0.0)
2 10 0.2 30 98.17 (-1.83)  0.245 (-2.00  10.0 (0.0)
3 10 0.35 B 98.21 (-1.79) 0.245 (-2.00  10.0 (0.0)
4 10 0.35 30 96.59 (-3.41)  0.241 (-3.6)  10.0 (0.0)
5 500 0.2 5 97.85 (-2.15)  0.240 (-4.0)  10.0 (0.0)
6 1000 0.2 30 91.46 (-8.54)  0.227 (-9.2)  10.1 (1.0)
7 1000 0.35 5 118.65 (18.65)  0.300 (20.0) 9.9(-1.0)
8 1000 0.35 30 125.74 (25.74)  0.318 (27.2) 9.9(-1.0)
Given parameter values 100 0.250 10.0
Wiz, #HEE ST /8T A — EEH SR BHMELI LB BEOE AR A HMELI LS B BEO
BB R, B | e o o wwmo | 10 | o wano
- o — G EED B 120601 — HEED
BRRET —2 L CORE, E 1001 i e ! essieid
B RHEONERTH L | B T | o
C Ut WEMEERERK | . et
X polnlr— A8 TOEEN ’ = - BM(E)
S TORBRBRRES —Z L BRMAITAT SEME LI L e RO FEMAIH T BT LS RE T
%1‘%1[5@13’3%32 % %ﬂ%ﬂ N 1.20?@1 o WHES . 117“‘:‘” BED
(D-2URT, B8, FEME | & S | § o | " wane
R T — 5 L | ® e | Tameo
FEf CH TSN THWB DT, gy = oome ¢ = = ML —tRED
ZTOMEMET DT — X I3E ’ " am o B
Wiz, Itk 7 Lo BERMAICE SRME LI L SENREDE L SRR B DEMEILI L O REDE L
TWB (KRIE, 18527 coeon roneon
BT D) o I, BEILKRD E :ZEZ WD E ::: - ‘ o WHED
i%%a < &) ZD 7?)‘)‘ N M1 li@ N M2 & m(\::; =i F j00e0 [ = HRA0
@ AFRL) &S LT P e ‘
|7 2—:) o e 0 200 200 600 oo 0 200 200 600
‘ } W B () BM(E)
ETOBRRITNT, B S A DM I L SRR DR ERAA S SEME L L SR RO
BRET — 5 LA Eo®R | 1 e » e
RLOTRORRLBNTY | § wen ] [ Iy
’T‘@ &) T’J\ é A : & 7b§§7\7b) %) o § e StEED § 3.00E-02 | —.=.1R‘é“£i*
2.00E-02 ' 10 2.006.02 X v RHED
%{EU /':‘—T'\(D Ik H— ) *ﬁ%‘%éﬁ@” /):% 1.00E-02 HNEC 1.00E-02 l —HAED
B — 2 fE120.1859, HEHE M- o a0 600 st 70 a0 600
BMCE) BR(E)

101861 721 | BR3E1%LL \ T
M s, Ergm P21 7RSI B BB T — & L 0 b

AOIT 3 2B R (BLHAM1L (@) ~M20 (@) )

— ZfE1$0.2103, FHEEIX0.2099L %20, ZOHEICBWVWTHREINBUARNE->TNS, £, il
OWIEIZR W T, BEEOIZE W CIIARERBIRIREE T — #fE0.1593, #HEE0.1592TH v . BHLE@IZ
BOWCITEEESIHEE T — #H0.2109, FHE0.2110THY, WTHNOBAITBWTHREZELI%LUN &
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B TYVE,

U EDORERNG, AR THE LI RRGMANT, HIMEEEZ RN G, BAGKR, ARRHERE, &
DI HBAEED3 DD /T A —FZ OERHEE R BTG R BHEBIRIRE T — 2 HB L OGHREOBR TR
Z1%LNICILE » T, BABRE - AHFBRER - SHEED3 DT XA —=F BEROHEERZTR L T
INEIR LD TIEHEN -T2, HEBROBESAOEBIZBNTIX, NTA—FOHERENVKELE
BLTWLIRTHERL, ©LAEBEORESMOFEIL, BEEAARET — 2B KRBETEHZ L0
5. Coupled estimation methodiZ & 2% KR E ., AEHREK RS HEEED3 DD /3T A —F O FIRFHEE
TENTHDZ EBRghoTz,

4.3.2 BEEWREET NV

) ETVOER

WIT, MGG TIE 2 <. YsIGYBLSG O BEIEY 8 & O L@ A% 1 120 W BT 7 LV 2 ERRT D Bk IC T
%o K(1)-22127F L 91T, 4N S 72 2180 mxF 270 mxEE 150 m D3RIt D [E 7 (K O F R Ik %
HE LR E—#KE (Dgl) : #HRES-2Tm, fTEDcD) : BE3m. 5 _HKEDg2) : MK H,
530 m~57m, ¥itE (Dc2) : BIE3m, % =#AKEDg3) : iFH 560 m~90 m, FEEE (base):
JBE60m) , K(D-231R3F & 5z, #iTFARD EfE - TN SBEICK —ERGEE2 5272, 7B,
BEEHKEOR, F—ROE HKE LT ARRAREIZR>TND,

T T o = :
OFES 270m TR (b 2249)
|5 7om . 20m 180m
WF‘. F
g F Y
g P HEENS B
i s
= ~
glg = N
-
=t ‘ ;
REDE i
E
=) E
I _

(-22 BEEHBETIOHRE

BYRIE, K(D-22127°7F X 912, 40 mX20 m X
STmOfEIkE LThHx, FHAKBEOEHE THRE
Y@ (waste) WFET DL O L L, FHREEAN, FExf RoLE =2
WEIT—EL L, B—8KE~E S HKEO%E S5
DS FF RO FDALEIZ, K(1)-220 kO FICHEEES] <
RRzR T, b, AEEWEET VX, GREE
HEDARr—NVE2RELEETATHY ., SikiEY
BPFOAFr—n1 Ly HREWN,

OIEREM

2) BURBHT —5 DER ®(1)-23  PEFEMIE T T L OB RGN
F()-161, BRI T — ¥ 2 AR T 51D E
LN TG A—2DEERT, HTEKRWIZER ., FEMEOBBNIIEE R T1500H B R 21T 57,
(D-24iz, HBBHRET —20—fl%RT,
KRIEEHTTIX, EHOMTAKRMT —& LIEEFHOBRBEBARE T — ¥ D2o%, EEOBRT —%Th
HERARLT, #A)-15IRLEEADIESDD /AT A—FZ ORI EEZRRLD, TLT, #HEESH/S
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7 A =2 RRD-15DFAKEE, AHMBREROSHEEL BT 50 LE 5 P BRET 5,

#£(1)-15  HHEBINE T — & ERL O100 day Os00 day

DIDDRT A — 2l
EH !
B R '
(m/day)  HHRRE HEEE (M) »
Dg1 5.00E-01 0.2 5
Dct 1.00E-04 0.2 5
Dg2 1 0.2 )
Dc2 1.00E-03 0.2 5 —
Dg3 1.00E-01 0.2 5
base 1.00E-04 0.2 5
waste 5.00E-02 0.2 5 DR ey

3) NIA—FWERBBRLER
MHE DR E DO H Iz >V TR, K

(D-2512RF & 212, BAFREIZOW

TiE. DT RTEEDL/10, 2T~

THEDI0f5D2E V) | ARIRRE "

WZoWTix, WE#HEET, (OFE M(1)-24 FEZEEWEET L ORI F — &

9 (EE) . (DF7T0.15, 27

~_T0.3, (3)DglE & waste

SHE/(2—1 (2% 6% 560
J&@1%0.15. Dcf@1£0.3. TH 2 -2 (2% 6% 5=60iAL))

(4)Dg)§ &Waste}%ﬁ:O.S\ sEakiRE AR l_a.azaﬂ
. e BEOE ——a 1104) Fheede [EEBL O
Dc/@i%0.15061@ Y | fiesr Ec oo bem. o 201 o {2,4,0)
ﬁﬁg L:Ob \VC &j:\ (0)%%‘11— ;‘; e £T015 (1 ?;% 0 @
- | wa
3 (EME) . (DTTL, 6! AT sT1s @nw @ o B mr
(2)‘3—NT30\ (3)Dg)%l t Hg 5.E04 \?vgg:::g \E:ggg
De03 i3 |oet1 (@)
waste/8(11, De@ix30, = g 03
i wa 0.3
(4)DglE & wasteE 1330, z o uts )
DefiE1o58Y & Lz, & L
SHAEIZ60BY H 5, ﬁ“ﬁ (L3} (1,4,)
X(1)-2512, KFE/ Y @ 1em m
— B A S TTTTTT TT Tt LA ] U_LL.J_ULJ_IAUJ_ULL:_LLLU_L_ A

1 3 5 7 8 11 13 15 17 18 21 23 25 27 29 31 33 35 37 38 41 43 45 47 45 51 53 55 57 58

B R—

LETREDED i
~Y, HiFKRAL(H error)
EHEE(C error) &R LT B(1)-25  BEEEBLIME & FHRE D 2O o Lk

BO, FHMFZIZHOWTIE,

Bz IE, (2,4,001%, FABREIZ@TRTI0MEME, AR IZA) Dg/E & waste/E1£0.3. Dc/E1%0.15,
MENBEEZOEFEET (BEH) 2HHME LTHRE LA - E2RT, BRELTE, HXICRE
DEEDORZNVHR, KERETH104D A —F —Th o7z, LBRRED RE 2 — O & LT,
BAKBEMEEZ T XTI LEZBMEE L CHWEEHEA, A2HRENR, DgE (kOwastef) & De
JEx ETRICRELEBAICOVWTHBIRERRELRD LB D, RIFIGYRET VEERIC, &
KFFEICHOWTIIEME LY b RERMEZHIMEICH VWD EHEREDRE S RD2ERIZH 72, RIT
WOBREDRE DS T2/88 — (24,0120 T, FEBHIE & 35O e 2 K(D-2612 73, HFK
PMEONRE Lo, BEBHELEHEEOTIIIZEAEENZ ER 0D, LlEX D, SBEBE24H
ELEREEDREET VIZEBW T, AHFFE CBI% L 7z Coupled estimation method® 7 /b =Y X AR IE
L, BEONRIFA—ZZERFICHET LI LN TE DI N RENT,
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oKL RE

4 1.0E+00

-5 -
o < 10801
£ @
£ K
< *
B 1.0E-02
- S
8 7 1
= il
% = 1.0E-03
B o
e &
K b

o K 1.0E-04

-10 1.0E-05

-10 -9 -8 -7 -6 5 -4 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00
SHE T IKEL (m) FEREDHERE (1)

X(1)-26 FEEHEETT NVICEBT D EEREREE FRMEO LEE (% —12(2,4,0)

4.3.3 Coupled estimation method D EAKEEDF L
PLb. BIREYRET VR O BEEYE T L2 AW £ v . Coupled estimation method® JEA

B LT, LT Z &Enmmoiz,

D%EFK D Two-stage method T, H FAMBEAE L W EBKBERETRES, TORIZ, BEBHMHEIC
L EEBRENRE S, M TEAMBREIC L0 H#ER S 20 PR (FRE, im) g cx
72y, —J7, Coupled estimation methodix, HKGEE & A RMBREZ FRFICHET 50T, RES
BEICH 9 X9 R TFARNUOHEELZATRELE LTW5, MTFKMEEBEBRMEOT F2EEL-LV
MEMBRHEENMITZAD I LEBERL TN,

QB KRB EADMBRBOREEMIZ., PL— FA7OBEENH 5728, Coupled estimation method(Z
DNTE, FIHHEIC & » TIIEMEEZHEE TS RWIEERH 203, T KA R E OB M3 RIE 2 2
e,

@AM FEDRE SR T Tl ZARBE LY b AELMBREOYIHE S HEEEIZ R E REEEL RIF LT,

@FDMBEET, EROMBRETIERL, FEHGOEEMEOEBEORMEELZR LI NTA—2ThHD
EVWHHE E, BT — 2L EEICLY ., AYHBREORHTEHAZRKVIAATBLZIENEETD
%o

@4 B OMNT TIX, BARBREMEOHEEHIAIZ2A —F —ThHo72h, EEOBERICBEWVWTIEL - LAV
A TR T LOILERNDD EBEXOND, TDHREEFT S L. Coupled estimation method % Hi
~HEAT AR, BAEEE FL— P 7 OBRICH 2 HEDMBRICOVWTIITORYREL 5 %
TEE., BARFRBOALEZERE LT, HEZIT O FIDBENTHD B2 DT,

44 BEVI2Vv—Ta TR 3BEEDRTREEERR~DT7 4 —F Ny
441 RIA—FHEERER

lEostzlE 2. YHBEBOBKBREEDHEED T A —F OHEEFEITH, OB, 20024
DEKBER BRI 2 EZE L7, T2bb, 19964E~20014F (2160 H ) (ZMEAKEEME L, 20024E~2011
(3240 H M) 13EKEBER O OFRMETEREZITV., O & RKIZ2011F1A FR OBLEMEICH 5 &
ICRTA—FEHET H, 2B, BB (XD-11) 23#E T2 EosEE 251124 X(1)-13
DT RN OIK « F/MEK ORE O FKfEIZ, ENZEi, 56 m, 40m, 7.0mg/L & L7,

FT. RNTA—FHEITHELD, RFEKFBOREMRT 21TV, EOBKGREMEEZZEHE L THET
DZONINNBEZXD I LI LT EKEBELE X2 7 OB KBREZR16/BOBEKGREEZ TN ZE 1% S
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FEE L, R 14 LW EREREH LT,

|h1',initial,i hr,+1% i |Cr initial i_ r+1%,i

PR cal “gal cal Ceal

SenSIt]VItYi - Z hr,initialj Z rlnltlall (1) 14
cal cal

Z 2T, B Finitial T AIHIE, +1%_11FE B OB OFEKGEEE1%EM L2 L2 EKT 5, EK
FREDI1%IE N L 72 BE D | Bl S O H AR K NRE O R EEZ T X TR LbOE TFHMEiT 5 2
FEWRLTWVWD,

R B ST O i B 32 #(D-16 BB O EEMRHTHER KOS T A —FRIEM
(D-1612"7, EEDOKZ Parameters
= B Sensitivity,
WIIEIZ, FEI0E X CIAEfL%Z  Layer k [m/day] (lgzzlklxg;r) n[-] oy [m]
Rz, LY, Dg2fd 1 Waste (W) 8.6x10° 0.0302 (9)
e e 2. Backfilled soil (B) 8.6x10°1 0.0079 (13)
it
(B =K@ | tDg@ (58 3 Sticky soil (Ac) 2310+ 0.0004 (15)
— oK) | thZE (% — 4. Gravelly soil (tDg4) 8.2x10! 0.0158(12) 10
" .. 5. Sticky soil (tDc3) 2.3x10 0.0000 (16)
#w/KJE) . DgllE (BB=% 6. Gravelly soil (tDg3) 8.2x10-1 0.0888 (6)
KIE) De2@ (5 —#k 7. Sticky soil (tDc2) 2.3x104 0.0019 (14)
e " 8. Gravelly soil (tDg2) 8.2x10! 10
J& & 55 K@ D[R] D Kk (the first aquifer) Variable kip,, 02263 (3) Variable oy,
1) O5oDEMhdE 9. Sticky soil (tDcl) 23x10- * 0.0197 (10) 10
I . 10. Gravelly soil (tDg) 8.2x101 * 10
LHA_RTREDPRE o (the first aquifer) Variable ki, DI & 025  Variable Olyipg
:0)-/6\ > 0)5/)0) 0)‘ 3 F 2.3x104* 10
i J& f&E 11. Sticky soil (Dc2) Variable k.., 0.1329 (5) Vaiable oo,
IR HE K OVt 53 #LRE 12. Gravelly soil (Dg2) 1.2x100 * 10
A _ (the second aquifer) Variable k,, N2480(L) Variable oy 1,
BEOE DT A —H ;E 13.Sticky soil (Dcl) 6.2x10-5 * 0.0802 (8) 10
RIFHEE 95 Z 1T L7z, 14 Gravelly soil (Dgl) 2.0x101 * 10
5 o~ el sz ) - (the third aquifer) Variable kp,, 02037 (4) Variable oy p,;
BB AREBFICOVT 5 ganay soil (Ts) 27x101% 0.0849 (7)
X, S EEZ L0 [EEME 16 Sticky soil (base) (Te) 2.9x104 * 0.0193 (11) 10
_— . 17. Vertical wall (Wall) 1.72x104 -
ELTEHELARD 27 13 Tank(Ta) 1.0x107 ;

F7-. DB DB KGRI
M BEEOMIZ., ZW-168IR-THY TH D (*1TH
WEH T —H2ThHD) .

F(D-17 HESNTZNTFA—FE

Selected parameters to be estimated

2%(1)- 171z, %\/\0 ZA—F 0)%:}2%’5‘3 &£ UEFEH/E Layer k [m/day] Searchrange oy [m] Srzi:elal
EERT, ZOE, EERMELLT TH50.005
mg/LULTFTOF—Zizo0Tix, K(1)-10& f(l)-ll 8 GTavel(%sgozi; 1.83x107 1'106‘1(1);( 1.00
UX
TOBRAEOCEA T ITE20E LTHEE L, #E _ .
10. Gravelly soil 367 1.0x10~— 1.00
AW T, (tDg) ' 1.0x10* '
11. Sticky soil 197510 1.0x10°— 100 1.0.-36
4.4.2 BRI & FHEAE O Mol @) L0x10' |
WIZ, 1,4-TFFH REOBLHIE & FHEME O 12. Gravelly soil 298 1.0><10'1: 1.00
(Dg2) ’ 1.0x10* '

i % X (1)-2712 7777, i
BB TH 50.05 mg/LU EOEICHEH T 5 Ol ot LD Lo
L. BIEME EFHEMEIX 1A —mg/LOHBHA -
TRY, FAEMEPBAEEZERB L TCVNDEEE25, BIZ, 1mg/LEB X2 HEEOCBHE AITB VT
HEMEEBEMETIZEALE—FHLTWVWD,
—J7, BREEEE L &/ S 28T, BLIRE S AR WIC S 20 b b 3R REIZ0.1~1.0
mg/LIZEF T AN RS, BEEICHSTRRFFM L CWAHEAR1TH D Z B3k olz, 2hb
DOALE % K(1D)-2812789 (FRAED) o ZHE, BERFE LTCOREVEBNICE N T, 1,4 U4AX Y U BE
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FIRWEER G EWEEDR H D200 b 6T, BEMEANDLA- A X5 OREIIWTOERT b4
HRETTOmME/LTHEZZ2ZLICERTAEEZEZOND, HD-28066005 K510, BEEMEICHT
AT WBAIE TH-oTH, TOREEHETD1,4-UAXTV VBEENCTIE, BHELELS 250
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WiEh B H OO0, BEBO AT | —wnRossk

T EIEWVWEERRWED, AEOEeT Y M(2)-7 b7 UL FEAECHN:EXE

v 7 7% TIEDEMATE Ik & 48 L /= [a]
BDOH LT CIHWZ, ISMIED#NT 21T 2 BRI%. B2 5 2 CTWIZEA D 1~4%21ISME DN A0
if; j:l ﬁ*ﬁb ﬁq’j‘ﬁ%'fj—fcﬁof;o

2) T%ﬁfti{i A|IB|C|DIE|F|G[H]|T|J
ARIFFETIE, e 7V IHREICL > THEREIZEZISM A|0]1]0]0O[0]1T]0]JO0]T]O
(Interpretive Structure Modeling) % & DEMATEL CB; ? (1) 8 8 8 (1) 8 8 g 8
(Decision MAking Trial and Evaluation Laboratory) #£% | Bl 11110101 {1]0/0]1]0

A CREAT AT 2. S oo oo oo ot oTs
ISMiEIZ, 2 v Ea—& 284 L LT, o MEx OFIcH ﬁ 88 gg ? ?8 88 8

KHEREEOEMERMBEOA A—V% VAT LERERERD [1]o[1]0]0]o0]1]0]0]0]0

— R & o THRERE L LTEA RN fffge— [L101010/0/010/0/0]1010

HCHEI®EXLIETIHILOTHD, BEET LV, TRDLLE X(2)-8 2 fEFTHI (f : 1K)

SR O A BEfR/S % — 1. Interpretive Structural Model AlBICIDIEIFIGIHTT |9

NS EBBOAERN S Z 7L LTRSS, TAREY gé } gg g] g g; g

ANHOEESCAEG 2 L CHREOAEICEDFELE LT |el1 11 Jofolo]olo]o]o

MHATNG (HA LA, 1981) . €7 ) v ZiifEic k> T A a8

Bohlc—xEgofERE, 0L 108 fEIcZE#Hm L, X(@2)-8ic [FJoJoJoJoJo[r[1]ofo]o

F3 % 5 722f#4750 (binary matrix) M ER Lz, oo to o oo
2EATHI M AL THEZ M CN=M+TL L, —n&% [L]of[1][ofofof1[ofo[1]0

BELO b & RO RS & M+ DM+ D=+ proi=p 10 101010101010101011

X(2)-9 #f

DR BN D E TITV, ATEIETTS (reachability matrix) 7%
FE L7z, ARIETH &R, TR TOESR N 1 TH D bIE, ARYZ 77 ETCHEHAIDLIEA~ XA %
EBDZLICEoTEETEDILEZBERLTEY, ERaD 061, HRDLEA~BZETE 2N
TEERLTCWVD, 2F 0, AIEIETIINTS & O 2MEITIIMIB T 2T XTOEBEMZEGE EHIT
WRBEICL > THELNIMBENRBERLFEIRFIRINTNDEZ LR b, file LT, KO R 2| ﬁﬂ
ZX(2)-9ZRT, AREIETAEZRDIE, Lk L, B/NEOFR T 7 7 ZERT b,

BIETS (B - 1K)
TH R
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—J . DEMATELE IR, TEERED

AlBJ]c]|D]E F|l G| H I J

AT L P 0 %EBR (DEcision MAking A0 | 3 10 1 2 3 | 2 1013 1

B 1 0 2 1 1 3 2 2 2 2

Trial and Evaluation Laboratory)| 8 c 3 3 0 1 2 1 1 0 2 2

XFE LoD THY, BE, AN 2 (3) ? g g 8 ? g 1 2 1

B LTV D EME - R R % Rk L E 1 2 0 0 1 0 3 1 1 1

L5 VI AT AFEFORBREORE T T o T o T2 T3 T+ T oo

Tualxzl NOLTHDH, DEMATEL I 1 3 0 0 2 3 2 2 0 2

Wl FoFavc s boERape 1 0 12 [0 1012 [ 7 [ 1101110

Sz B JHE 4=
RO — 0T B (K £ ITA, 1981). SE R

DEMATELE ., ISME S HEE L TEBD ., A | B C D E F G H I J
- = < A | 0 |0158] 0 |0053]/0.105]0.158|0.105] 0 |0.158|0.053
Fe/2 % R, ST HIRA~T2 I8 ) ISMIEIR0 B |0053] o [0.105]0.053][0.053]0.158]0.105]0.105]0.105]0.105
L1ITHEBRMEOFELZRE L TNDHDIC c [o.158[0.158] 0 [0.053]0.105[0.053[0.053] 0 [0.105]0.105
- - N X D |0.158]0.158] o0 0 |0.158]0.158[0.105]0.053]0.158 | 0.053
% LT, DEMATELIEE, 0~4% TOR E | o [o053] o 0 0 [0.053[0.105]0.053]0.105] 0.053
GHEDRELZE XA EICH D, F_|0053]0.105] o0 0 [0053] 0 [0.158]0.053]0.053]0.053

o . , _, G |0.053[0053] 0 0 |o0105] o 0 0 |0.053] 0
BTV TRECL o TRONTHE H ]0053]0053] 0 | 0 |0158]0158]0053] 0 | 0 |0053
% EEEEETY] (direct matrix) N*& 1 |o0053]0.158] o 0 |o0.105]0.158]0.105]0.105] 0 [0.105

J 0 lo105] o 0 [0.105[0.053]0.053] 0o J0.053] o

T5, Bl LT, IRKOEEEETIZX
(2-10177 7, EEEEITIHIN*OEITD
EEMEL. ZORKOETEERERTDHZ LIV ERILZITW., 2O ERILEBEITIENET D,
ERIEEITH) 2 & T, BEEMNREELE T TR EENLEELEET S R E RS, flé LT I
RO EFEEREITH A2 K (2)-111Z7R T,
IE%FMI: BT Z R L CTHIEEE L RODD MEZBIHIER I NORRHOH R EZRA L,
RI~EETHEAVWERT, EHULESEITIIOMSIE, EFbSNTWbH 72D, BREZELT, 4
b%fxmﬁ-ﬁﬁwocé WCONTHEBEZETH Lo TV, ZOMBEEZEORICEZEZEODREZM
Z T2k Jé%ﬁi%ﬂ&':t%(iﬁﬁﬂ[%ﬂdu\f‘ S=NMI—-N1TRkFED (Aek, UIHTIZRT) ., 2O
BRBITHESWNTHI LI . BB ERRE S E D TAERM OM ARG ERAIICEEMT 2
ZEMAREL D, & BT, %(z\%ﬁ’iﬂﬁﬂﬁﬁ%ﬂD&§IJ$DR%‘:H%‘T\ WK (D-R) LM#EE (D+R)
BROD, TNHICKRDEIBRERLEH D,
ot B (D-R)
D-RDENETRKEWVIZE, ZOHBIMICKEREELE X TBY, #ICAICRDI LI D, BB
EZTOIFDREEEEZ DLV RENWI LEERT S,
o (D+R)
D+RIFEEBEZZ T DI L, 5251t L, TOHABMOEE & OMICRESEFROR/NEE
LTWpZ EeEZILNS,
Bl LT, IROERCEELEITIE X OREE, BEEELX@Q) 121277,

X(2)-11 ERCESZEETY (1K)

A B Cc D E F G H I J |DiTH0 D+R | D-R
A 0.086]0.318[0.033|0.076|0.255/0.318]0.279]0.0980.287|0.164 | 1.914 A |310]0.73
B 10.148]0.185[0.125]0.077[0.225|0.319]0.275]0.183[0.239 | 0.213 | 1.988 B | 424 |-026
C_[0.238[0.335/0.035/0.085|0.268] 0.24 {0.234[0.094| 0.26 | 0.22 | 2.008 C | 235/ 1.67
D [0.251/0.364]0.038]|0.034[0.347[0.369|0.324|0.165]0.328]0.191| 2.41 D | 277] 205
E |0.041]/0.132/0.014] 0.01 [0.083[0.132/0.182/0.095]|0.159(0.104 | 0.951 E | 3.08]-1.18
F | 0.1 [0.198/0.021/0.017]/0.152]|0.102| 0.25 [0.102[0.135/0.115]1.191 F [ 340 [-1.02
G |0.076/0.108]/0.011] 0.01 {0.152[0.063|0.062|0.034]|0.104[0.041{0.662 G |282]|-149
H ]0.093]|0.146]0.015]0.013[0.237/0.238] 0.16 | 0.05 | 0.086/0.112| 1.15 H [ 220]0.11
I 10.122]/0.294[0.031[0.023[0.246| 0.3 |0.259]/0.179]0.123[0.198|1.774 1 | 361[-006
J [0.035] 0.17 [0.018[0.012{0.167[0.125|0.131/0.046|0.114[0.052 | 0.869 J | 228]-054

R%I#0| 1.189]2.249]0.342|0.357 [ 2.133|2.206 [ 2.155 | 1.045 | 1.834 | 1.409

X(2)-12 ESULEBEZETS - ZBE - BHEE (1K)
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Wiz, EBE (D-R) Zftdic, BEE (D+R) ZHIcHEE S 7 7 28i<, Mo Lo HIcEER
MWIEH (REEZRPTHHE) BMILEL. FOFICEGEVMEBEEN 2, ZITHOHEE (GERKBEE
mAHHER) BALET D,

RIFFICB NI EEREZRET 2B OFME O ENENZ M 5> TV DO T, FEEEMBIE L 1T,
IRBEEHL TVWHEEL 22 &l #RE L TWDH I LICRY, FEHFELIZ, THEEET
DEE X R Z R ET 2 BRI R T 0] CMRTZ LR TE D,

3.4 ANPFEOEH

3.4.1 ANPFEOMH
PR ENENRA, 55HE o TEY, HOMEIC L > THUICHEFELZ BRT 2 4LE R H

%, BEOEEREMEICENT, REEOEEXIEMIZ., &2RBEERPMOMEROBIRITK L TRE

EHAZTWD L5, HEEMALTHLHBEIIRELZEZE TWIONBRTHD, £72. TOEED

AESCESWT, MHREICLVFMELE 2 TR ->TL 5, AT, FHMETFESE L TEMEOE

BRI EEM OEME LM EER 2 A D 2 E N TELANPTIEZEH T 5, #EROAHP T

T, 120 LT, FMEEEZRTRBEZERT 2LV bDTHo7DITx L, ARAFFET

FEBEOBZEORBINTHD Z LMz, RBENOFEMEE~OEERELHDZ E2HE 2. ANPF

EOFPRECHD EHWL, BRI,

ANPFIEIZAHPFEZ R E I VM FETH O . EAROICITEE, FmEE, REZO3@ENL R
Lt EET LV Ch D, ANPFIEOREKNFH TH LM AKFRELE (Interdependence) & 7 ¢ —
KN 7 (Feedback) % FREIZART,

- FHEKFE4% (Interdependence) : HEBHNOEZRMFE LOEEOZ L THY, HIHAEEDOH HE
FRFRICEEOMDOERICKH LT, ENKHLVOEELZEZ TWINEZELTIMETLZ LT D,
REHNZIE, tMOBERICEELZEZ TWLIH2BRIIEAMNT (BEE) PRE<RY, BEE2XT
TWAERIFEAMT (BEE) /&< kb0 ERICRS,

- 74— R~y 7 (Feedback) : TENOGAL LEOEEE ( THES] X TRFEMWNL] ) 28ET
5ZETHY, TROF

. |
AR e DR 2 I Sk * I
- N B
DI LNARELRD, CLO) L o) L)
HEMCEEEERL. || BREEELTREL. || MEEREUTIESL. ToAULTREICLY.
pras preahtn BBEEESE BT (MNAZSFEET 2)
3.4.2 Fffikgrs ‘ 1
ARAFZECANPE H B IC H
N SR A [(2)- 131 GaEEa) FEEAE] REERS] EERL]
ﬂ—‘_\- —a— E TELE ng {ﬂﬁ g ﬁ% ,ft BRURY BT ORARE hEMEERRICHET 58 BLEROZAE
e Ay A B (AT nyEErMoTEE || PODMARE —BHROBEH
BENF N - T " peseTscomn
FEIEn., FNENNMHEAE LI RETAGE IR
HELAOHBEL L, M m0xiE
EARAEBRIC DWW TIE, 3 ‘ 1
AUER OB % % 2, BiE
(REED] (hExe] (REEG) (kEE)
PREZICSOVWTIEENE RROTAEME || BAHFOREEEE || (LEBLEOEM kRO
NOERMTORBERL, I 4
MSEL7mb D LTH -,

3.4.3 fRWTHIE

) 7V TEADREIZTE

B(2)-13 ABFFECHRE L 7o i i

AZETIZANPFEZRALTEY , BELELFMEEET NVOKREREN LN L, 220DHHA
FITO—X AT ) 2 &I AN RELRTITERE L, AIFETHER LTV 7ED—
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Bz £ Q2)-31ZRT, B, AMEBIZBITIEEEOREICONTIE, AU BV, RREMMNS, »
720 EHNS, EFWICEBANT, D TEAVPIOEFHIRME THIZE L THW:,

#£(@2)-3 ©v7 Y TED—f

Fl: BEO THRNICEELERL, KT CELTEYLEL0EA2ER LT,
BT | RIS | Y | o | MU | o | 2720 | EFIC | o<
B HE G I s B HE G
ST F= HE D o IR UER)
BREE A TESEME
ST F HE D o Al L HER)
BRIEE B
FEAf EEHED o TR E@
R A ez Rm
TR o MR TED)
e =M B B
S METED & FF i 5 1D
e S S B/
BTl F HED) o R HE@D
A B ez B/
2) ANPFIEIZ & D Supermatrix% W72 8 ANFF 7 =4 b OF H Ak
EELTCHEHWZET ) U 7EEE LI, 9RBOE

TR EICEH L, £(Q2)-40—% LbEE D SN~ %%%%ﬁﬁﬁﬁ
LT EH AT, RIZ, BH L= —3hifEZ2 H =ER=| %%E%%E’%’SE

Al T ST A e )~ ~< fete . = EEEEEEE
WTC, B ESEIC LV ELARY MVEREH L=, [ r @@@T@@@@j‘@@@@\
OFEEZRHWNTCETOEA TEARY MMLEREH BEO | |
L. K7 U v ZHRE O/ R ERQ)- 147 T Elus 4 6
Supermatrix (BB17%) TEH L7z, 5 % bz SmEES| | § ***********
BT CIET L ho—oDRE NS 2 5 IAHED FHMIEAEQ i |
flJ ETIETHY ., I o—oDx 4 .’%—*7\_%} Mﬂﬁﬂ_ﬂ W i) 1 | 5 | 3
w1 Tchsd, 2F Y, Supermatrix D 5D HEE =751 [ [
DOFNI1E 72> TEY . Supermatrix 2174 TH L:gtﬁg i |
52 EEBHRLTVS, 55 7zSupermatrix/fE3 KE=0) 7 9
T B E T b T &b, IR L TRk /e REBR® | |

\ | I J

HiL7-Supermatrix 3K EE DO EHLL T, D F VAN X(2)-14 AHFFE TERE L7=Supermatrix
TCTERELEMHAEEEBLOY 7 4 — v 7 2 EE
L7cBEMOEL T BEAFMY =4 ) ERoTWVND,

#(Q2)-4 —XHBEEZLEL EICEBLEZEARY bV
— 5t Fe .
WLED | FEED | FHLEe | wikee | BP7 MY
R 2 HED 1 1/5 1/7 3 0.086
R EEEQ 5 1 1/5 5 0.237
AT EEER 7 5 1 7 0.627
R 2 HE@ 1/3 1/5 1/7 1 0.050

3) Compatibility Quotient i ? & Hi ik

BONTBEAFHMY oA FEHANWT, ET7 U 7 GEFRLOBEUUMEEZEET 5720, 25071 f Y
=4 FMEOEUEZF HT 5 Z &2 T& % Compatibility Quotient (UL F, CQ) A& & A L 7=, #il 21X,
HDEMEAw & u DCQEIFRQR)-11BLRHHZ ENTE, CQENLIZEWVIEE, AR LR EWI &%

ALTWD, 2B, i & JIIHERE,
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4) FrrusTaEHWEARE S ENEOR B FIE

AHLECQEZHAWT, BEHEICIV T Fa s I heERL, AfilbEITo7, o, T Knm
TIRITNOERDOLDIFERHEN TN EEZRLTWD, 62, EABOEUER IR, 7
Vo IR BEERE L TCOEROERE2TERBILT D, ENELVWHIRELZEALL, £E0ERX, 7
Y Ruer 7 AOEROEME 2 TCRHTHI L THIIT S,

5) e 7 U A

O eT7VrrxgHE

ARFFETIL, YRRIGREEBG OB YEFEZ T TR, SRS THHEREEBGOFM2E#RE 52 b
ni=r (—mRICiEWS) 2&taitll4 (£Q)-5) OITEEFGEICe T Vv IREE2FEK LT, 7
B, AMFETEIAEREFERL VWO VET REEZH > TWDL Z EITNA, ME L EHEET LD
HZix, e LA CHBICRELZHE BlxiX, BEQOEBEFEETHROIERE) BNEF

NTWBEED, —IRTR~Ae TV U7 E2T79 2L I3 AEUTHD EE 2, SEIIITEEFZEENTE T Y
N2 ] Lto
#@2)-5 TV IroRBE—&
B
EE St Eoa AK EEAESEEES
B K hEFRHEYE (EEEE T, IREREHEY
#)

CEK | YFREHELE
DK | fhsrRHYH
EKX | MEERESFE FHEEHELN
FIX | MERESFRE HHERHEMELNH

G | thifE

HEK | iEsE

WSS E IR T DN T, 1K | hiEsE

M CHMARIERE 52 bR JE | thimE
il

(—fEm RIZEW ) KK | hiEE

@ e7YVrrEE

KO 7Y v TREOHRNEK(2)-151CRT, AEOHNE LTiE, OFNCYZAGO N E
TOEEREOEHRZEI L MEEHHEER) & TeT7T ) 7E] 2%M L, YERFITOVTRAR

HEERHEELTCEWER, 2HATETICE TV TEARZL, BELTHEW:, QHZLTEWRHRE
EENT [RATHERO] L, e7 VU 7RAYSA, 114 OREZMT LR [BNEHRO] 267V >~
TRIBEICERTL, BHLMEOEROEBENRLEER TOHSDONLHMEZEHK L THEHWE D X T, HE
MBRICEFEARSIIFEE L CHW, 2B, T LICHEREETT ., £4 FAKR~KKOT V7 7
Ry NCREBLAEEFFE L BEZEERNORIIZBENEOT N T 7 Xy N THLZONR LI, 728,
ZOEBEREREMBNT LIS RZ [T RO] &35, @& biT, B OKRFOBEEIIROES R [B
IEHRO] 2R L, BkE XV EEMICHE L THEWE 9 2T, BROREN S BEFMEZIT> THEW
Teo ZOfENTREREY [MITFKRO] 32,
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E41 | [ (BERPERET UL RIEEN |
OE7ULIBADEE |@ifEED

(2B HT#HED) tADERL
BADILMEE
EELIC LTk
48 | EMERD [RTERONER] ik
OLFULIBADEE |#iTEED |
(EEADHEE)
BNEHRZE
B5z21=C¢I2&%B
ENMERD (EEFEEBHRORER] Zit

OEZULTEADEE | ETHEREO

(B#ENSEIZ)

X(2)-15 b7V s 7HREOHRN

35 BEVIaVv—va VEREBE X LW RANPET VO A
3.5.1 FHfEHEEDHR
INETOANPET VL, BREEBRZW=DRIBEZFOAEPRENSTZZ G, TNETORKRE
BEZ T, iIMEBEDORREZITH) 2 L& Lz, BITHELERK@- 130 lFEEET 00 TEEG)
MRBEOQ) TREBEO] O3HEBZHIBRL, TRO4EB L L,
cBHEO MR EEEER L, KT
- BEQ HIREZER L CEEL, EELER
- REBEZRO : LR O TIEZ ke
REBR@ : HkEOHEM
EHIT, BoTmBELRBEOMAASDLEIZBWTYH, THROEEEEZMET 256 THRE
BiSFT 570 BMO TEZRIRT 2546 ENMBEAEZMA572DICBRO TikEMkE Loo, R
FIERETDHE] O3RN —THDHI ENDL, ZNHLDMAREDLEEZ VT I AL LTHRELE LR,
FEMEEEIZ OV TR, ER2TEEICHRELZ4EEOEE L L, K@)-161TRT@EY, TV A4 & T3
i 4E ] D2JFN 672 2 FMHEIE £ T VIS EBGE LTz,

[2+U4@D] [>+U#4@] [>FU4®)]
BRD TIEFRFEL . BkEFEMSE, BIRO TRERGEL,
HIRAICEEEREBIES HPRAICEAZMERIET HREERLTREERZBIET
\ |
\ \ | \
[EFiliEAED] [EFfi#2)] [EHEiE#£QR)] (G220
BERE TR BT HRMBEME
A B c D E F G H 1 J
% B B TR Bh AMEE #HEH B 5! =
£ i i WS mE UER BR OO Ul %
U] ™ 0 Hi O TEX BX X & i
2 & B é ME TEE BE B R R
7 # ] = #wE > -8 g ) )
B E Il Tilel &R T AT = 2
& < A% 2 F b# =B S
2} FE X T ) % %
¥ + ®
%

BI(2)-16  TH29M T s L7z FEATEE 7

3.5.2 ANP7 v 7 — FEIZEFEDRE
SHICEEZEFEDOAM AT 572012, —X IR EEFIEEZRET D,
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ZZTAEEIIR@-TIZRTEY . BRI L TEY T 2BEQIENAT T & Z0BERMOREDEE
fAIBRICKEEITo72, BB, TOROMEITERIZANPREZEA TS0, 77— MZEZLT
THWRERE —EDOEEIT > TR ~R L, BT EiT5, ZO7 7 — NaEFEOREZIT I
Tl HBRSNEFMEIEE T AL O%E. BREIZ165MA O 1M~ EHIRT 5 Z LN TE T,

Bl: v FVAORMLT, TRENOFMEEEOER T 2EAVEH L TILEI W,

BRE BRE
= | I I I I I I | K
=i mERE Rt HEMBE B

B(2)-17 EERIEFRLEEGVICL > THEEZTIHEOET V7 EDO—f

3.5.3 T — FRE

NBEROEBEOFRFTMICEET ZIRAT 7 RV E—2EORFT4L (FRQ)6) T v 7r— &
% FhE LT,

Ty —MREOWRNE LTIE, YEAEEROFTMFM TEESDR TFHOBRIRESI NI L
BEL, ETHDICHEL I 21— a VORRTHLIEEDRTRHOBRLERE LTRRLE, &
W, 77— MREZTOCHIEVRELLFHMEEET LV ET v — F~ORIZEFIEICOWTHAEZ
1Tole, £DHk, T — FEAREIZEZIT> THWE,

#@)6 T r— bRE B
GG

AR | BTIRE HRERHENE
BE | BTKE HQERHELE
CE BIFHE —MEREEE CHRERHELYE BER, RRNOMTEREERE

=P
DK | XBFEMEZES B
EX | MG ELlEfZES &5
FIK | Ak
Gk | Ak

FNLABE DN FIEIZ DWW TIX, 34F L R%ETH D,

4. BRREUOEE
41 ZERICII2BRREFEOHREL Ea—DRER

BB b E T RENEHR SRR MEEZMRT 2720121, NAORESCATEREOHRE, BEMRY
ZDHEHE, BFEE, =X A F—ENRZ EEREE (VA 7 A RBAEFHED) FROMEE 2 L
BEOBHEHRET A ZENEETNTND, DX D RBEEYNIF LRSS K@ 200, EiD
DEICEL LELECEHMiich, BEREREIND, DX 5% B0 ERRESSHTIEMulti criteria
decision analysis (MCDA) & FEZN TV 5, FEflidEN (BAY) 1ZHEIZ FL— RAT7ORKRE R 256
HY, O TRXCTORENEZMET 2IIELNR Y, ZOX5 R s, PRI ELNRN T
EATH 2 & CHRERMICHEY 2 ETARLRERREELITOHENR LV, Fo. FlioNEILE &I TN
TEDHHDENY LIRLAR, EMRTLUFEHETE 2V EHIE b FET 5, TOHEITRE (BH)
i X 2 FENEBND,

4.1.1 BEF OMCDAFE
1) AHP & ANP
Bb R TEI EDLRL TWAEMCDAFED —DIZAHPTH Y . Saaty?ic L > THESHEZLDT
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H5H, ANPIX, AHPOILRETH A, LV EMRMEZH DL ) —DOFETHL EFEHmI TN
%3, AHPHANP S, —XxtH#E HWT, xR EAT T2 MT 52 & T, FEZOEAL ST 2k
ET D,

AHPIZ B, #Fflidh, RBEREAFLAT v 7VRICHEMELBET LI L2 EARL L TWVWDE—F T,
ANPIIFEAI S0 O AR B M MR LMl D 7 4 — Ry 7 2 Z B TE L FETH D, AHPIE,
P O FBUC L VM EIT > TS LT, FHiEFOER—BMZHEM T2 L8 FATH D, F8
M2 D H W FEWEE R 5 Tk & L CTFRuzzy AHPSCFuzzy ANP L2 31T Y, Mardani et al.?
WEFEHNR L Ea—%fToTW5,

2) MAUT

MAUTIZ, Keeney and Raiffa?iZ X > TR SN o x#@LET L THY | HBRICE ST NBEL L LK
TLHFETHD, ZOHFRAIE, FHEEICETIARBRONR 7T+ —~v U RAER LbDELLD LD,
MAUTIZE 2~ NDORF 2 ABEEEHAWCERLL, BHEMO ML — R+ 7258+ 5, TLTHAE
RRETHEIBRMRBELERINRT S5, MAUTOZE L i, 2B EERT 5 DICxgE B NO &R
BERVLEBETHDHI L THDHY,

3) PROMETHEE

PROMETHEEIZEENEM AT 21T 9 FHETHH A, AHPLIZRZR Y | FKiEeBELE2RIRT b
DIz, RBEROEBIEICESZIEF ST 21757, $42bb, RBRRLEZHEL, L0 Z< O
EIZBWT, HO5WVITEVFE LVEMEEICBOWTREVWEELZBID S, thoRBRIV B> TW
i, ZoREBRIEMIITF 7 EN5, PROMETEE Tix, REZOIENM T i1%, £ MmEHED
B AL DIRZEICIE SN TNDEY, EELINTNELLAT T 21T 5 Te bl —Ib S - FEMmEHEZ v
TW59,

4) ELECTRE
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[Abstract]

Key Words: 1,4-dioxane, Groundwater contamination remediation, Numerical analysis,
Prediction of remedial period, Decision making, ANP, Attitude change, visualization

This study developed an integrated numerical method for prediction and evaluation of
1,4-dioxne-contaminated groundwater remediation, including a numerical simulation method
with high accuracy and a multiobjective group dicision making method, through application of
our method to a real contaminated site.

The objective site in this study was a illegal dumping site, causing groundwater
contamination by 1,4-dioxane. The site has three aquifers with the defferent direction in
groundwater flow. The all aquifers were contaminated by 1,4-dioxane from illegally dumped
waste. Although there were a lot of investigation data, 1,4-dioxane contamination mechanism
in three aquifers was not clarified. From now on, removal of the part of waste, and pumping
and treatment of contaminated groundwater will be conducted as remedial actions. However, it
was not elucidataed whether if the contaminated groundwater is met with environmental quality
standard and/or effluent standard in 1,4-dioxane until March 2023 that is a remedial goal at the
objective site in this study.

The most crtical problem in application of numerical simulation to the site is calibration
of the numerical model by determining the related parameters, such as hydraulic conductivity,
effective porosity and dispersivity, using observation data. This study attempted to use a
coupled estimation method. The coupled estimation method can use the both data in hydraulic
head and contaminant concentration to determine all parameters simultaneously. The coupled
estimation provided us good determination of parmeters so that observation data and
calculation data were consist with higher accuracy than conventional two-stage method because
the coupled estimation method can use effectively tracer information such as groundwater flow
velocity and direction to determine hydraulic conductivities. While in the two-stage method,
hydraulic conductivities were determined by using observation data in hydraulic head and then
effective porosity and dispersivity are determined by using observation data in concentration
separately.

In addition, our model predicted future 1,4-dioxane decreasing during countermeasures
including removal of the part of waste, and pumping and tretatment of contaminated water. As
the result, contaminated groundwater will be remedied under the environmental quality
standard in Japan until March 2023. However, some area should be monitored carefully
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because the concentration of 1,4-dioxane was high and the concentration decreasing was
estimated to be slow by the numerical simulation. Additional measures such as increasing the
pmping rate or additional wells might be needed. If the 1,4-dioxane concentration within the
remaining waste layer is not decreased as planned, or if the pumping rate is decreased
significantly, the 1,4-dioxane concentration might not be decreased to the effluent standard
until March 2023.

There are many cases where making concensus among committee are needed during
dicision making process in the field of environmental policy making, such as determination of
remedial actions at illegal dumping sies and siting of landfill sites. Since standpoint and value
of the committee is different and diversified, concensus making is sometimes difficult. In case
of remediation for 1,4-dioxane groundwater contamination, the progress of remediation is
sometimes slower than planned. Based on review of the remedial processes, new dicision
making is needed to conduct additional countermeasures and to postpone the remedial goals.

This study attemepted to develop an interactive decision making method, focusing on
difference in evaluation structures for evaluaters during discussion on remedial activities. This
study applied Analytical Network Process (ANP), which can deal with complex mind of human
such as trial and error, to 7 persons: three persons working at the administration, two committee
persons, and two intellectual persons. Before explanation of the result of numerical simulation,
the current remedial action to meet the standard until March 2023 was dominant, however after
the explanation of the result of numerical simulation, the attitude and opnion of the persons
were changed. The administorators changed their attitude to the mind that additional
countermeasures might be needed to meet the standard until March 2023. On the other hand,
the opniton from committee and intellectual persons was that extension of a deadline to meet
the standard should be considered. This study successfully developed a interactive and
multiobjective group dicision making method to visualize attitude change of persons by
additional information.

As conclusion, in order to smoothly conduct remedial actions for 1,4-dioxane
groundwater contamination based on the related person’s concensus, 1) prediction and
evaluation method of remecial actions by numerical simulation with high accuracy and 2)
multiobjective group dicision making method considering technical and social aspects were
developed and were integrated into a numerical method through application of the method to
the real contaminated site.
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