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RANDOM WALK PARTICLE TRACKING APPROACH TO ESTIMATE
SOLUTE CAPTURE ZONE OF PUMPING WELL AND SOLUTE TRAVEL TIME

HbE—ik! - A - |’
Kazuya INOUE, Tomoki KURASAWA and Tsutomu TANAKA

This paper presents a stochastic methodology using random walk particle tracking to estimate solute
capture zones in a pumping well. Realizations of heterogeneous aquifer are represented as randomly cor-
related hydraulic conductivity and partition coefficient fields. By superposition of all solute capture zones,
probability distributions are obtained that describe the probability of a certain grid space from which a
solute particle will reach the well and the corresponding travel time. Proposed methodology demonstrated
that a larger pumping rate and less heterogeneity of hydraulic conductivity lead to the decrease of the
uncertainty factor, which is defined by the ratio of the area having the probability of non-zero and less
than 1 to the area having the probability of 1. Chemical heterogeneity related to the retardation factor
distribution has little influence on the both spatial distributions of solute capture zone and travel time.

Key Words:

heterogeneous aquifer

1. &R

KR N ZERNCIRE T 2 EEHRKERCTH 5 LR
WA ZTEYU KT D HEFEE A LT D, AEWENHIK
JE~MREAT D & RWIOELIEHE, R bEREZZEL,
b hOREFEAETRREA~OEENREIND Z L0 b,
HTKOKE - KEEHRIIEERFETHD. (GRHT
KOFALIZIBNT, MK KR TR\ O EEE CRIT S
NHERTHY, BEEDOE/KESM CIHEYE % RN T X
BEPHREIL S AR O B G » 2RE L 45D, —
7, WFEKOHIHARFICBANTIE, (5 E N BUKIE
AP L7 OHEE A O e & 188 L 7215 %R
MOBUKHICEDLWED N TSNV E A DEHEETDZ &
MWEEND. LER-T, ko BNICEDL ST, Buk
H& O THKE D DHLU T K E B A B BBRZIE, 15
WE OWAGPCRE TR 2T T 5 2 L &7 B2,

R KK DB T AR BUKH~RAT 2588, 5
7R HHEAIRIC BT D EHD IChD &, BUKHHC G
WYEL NN D EIR % e SR ) HEE S D IFIEIE0 72 0
Y. e, IWEOBIRY DI E x5 & D H P
MWL, DHOEBIIHFVEEBIN T W, HE

random walk particle tracking, solute capture zone, solute travel time, pumping well,

5 OTRLTBENEE W CEEAIROHEE & BUukH T o
BEICE L THRET L TWA R, #KBICIEET B 15,
WS %l FTRE 7R B DWW T F 0 iCisam LT,

INDDOREREZ CTRMETIE, T4 L 04 —7
B BRNEZE T, HUFKREBKIZEEOBUK -
WMAT DA fERICHEE T D T EEBR L. 7%
FIEE B BRI RE B S 22 % 1o K5 i
52 LT, BET RIS U E O BUkH~o 2
TERPEFEIZED b T~V F A DOV THH L. 72
B, AWIETIE, N AKIGYE DU A ik O xf
Gl L, MTFKEKOEIZH T RNEUKIE~FRAT 55
Ik A KR & R B DR A R L C, BUKHHICTA—E 8 i
AT DR A BRI L ERT D.

2. BN DHFE R X

(1) BT RBEE & BEEKERS T

AR TIE, 4T A ET v =7 RIS DY
A hEdGE LT, B-1IRT X9, mithmix
i, HPE ST &y IS ERE L, 270 m x 160 m?® KT

|_229



2 2 2
6% 0.151 m“/da
160 LS

InK
140 | i i b 1
! 0.6
120 | Y " 15y
o) .
= 100 l 1Pumping ra]e:Qdagf1 02
n 80 [ ® o0 ¥ = 0.6
%0 2 2
B . . (180,80) -1
Z 60 | Boring points )
= i
40 | i Fa
L
20 | B L

0 = B
0 50 100 150 200 250
Southing, x (m)

-1 FRAT T R A D BIRE & FEK R E D 7 DB

FEIR A B T2, RV A b i o0 1E 5 [~ O fEI R
L, F20moHKBES AT HHERHKETHY,
(x,y) = (180 m,80 m) DALEIZ KR 57D,
R-1R7 L9218, A MICIE3EFTOR—U > 71
W CRS OB NE SN TR Y, KR
AT DR & AT/ Hi02 (1TZZ40.821 m/day &
0.151 m?/day?, [EI=RI30.35CH 5. HHE E, ABZET
M3 = & A AREE LT 5. BRI DR
SHiEETIMET BICHTZY, RGY A hOBRIEITRET
ICTH Y, BRI ZERE 34T 2 ME— 8 8 2 DI THD
THLWRBLICH D, ZD7=%, BB OFEAAEIT5
BERDAIHED, FFEDNY AT T B> THAT
5 ERE LT- BT, SEERNICIOMED Y — 2 fiE T A A
L, B RUZBEE OREAER AR CHE 5 TR % Z
VELER LY. E72, RO EIER OB KR
BV — A EOBKEEN STy 7 7 VXTI TRPOL,
BB DO RGNS 28 (VT I E—a )
B LT, SEIBCOHEE S S OB L 727D 10 %
BEIILT, VT I9A4P—2a U EAE30TREL, [F—
DOARYEEMEA T HI30EOLEAK LIz, Z0& X,
0.5m~4mOAREZLRHA LI 0D, BRYA
AOEBIMNEEZBND. £, BAKRET —4 0
Wlanizw, LDV A5, HEEAZ13m, vIL
I A ooy EE R ED L, EARERE D22 FHB
THE S E L TRADIBHRANY 377 2y A L.

7(h) = oy (1 —exp(h/A)) (1

Z 20T, REBNLEREEERECH B, BRI O ZE M A
Bl ZB-112R4

(2) RERAEN
WEHKEN DB TOEKEEB LT, EH
FRRRBIC & 2R B F Rk TR EN D12,

V- (Kx)Vh) =0 @)

el
e,

I E T YIKEE, MILET Fv, K (x)i3dEK
T NTHY, FHMEEME L. £, Q135
KETHY, 4 hOT—42DEHEC, HLHE -

®-1 SUELIA— I HMTFEBWECHWN-/SA—4

fit « B BUE ap,ar (m)  0.02,0.005
PEIELREL R (—) 1.0
i 2 7 » 7 At (day) 1.0
F A r (m) 0.5
B 15N 5x10*

HAES B0, Lday !, H50E, 3day ok
BOQEZREL. VA FOREZ XML T, x=0m
L x =270 mD ifi % 0.05 D B K A B & 72 D AKEHAEE R,
y=0m&y =160 mOmH %= FEKEEFIHE L, ARE
FREHTIC L0 KB 238 L7z, RIS, FIBREEn , 1300t
LEMNT—EE B2 LT, 0.35(C3% & L, DarcyHlic
X0 ERESRY M vDZER A RO T

v=—K(x)Vh/n, 3)

(B) TUH LA —YHFIBHE L ERIEHETE

T U H LT+ — ki iBHNE (Random Walk Particle
Tracking: LA, RWPT&FLT) 1EREICRAL T RED
Wi FREASERN ISR A S BT, BhiFOE R 5 ONIL
BT MVOZEMSG AT ZRERIITE T 57 77
VaFETH DD, KTBYRARICBIT D E 5B
EREE T N U 7 ROy & HERRI AR D DR S 1,

X,(t+A1) =X, (t)+ (v+V-D)At/R+BEVAI (4)

ERBD. ZZIT, X, ) ERRINC I DR AL E R
bob, ArEFEIESY, RIGEIERE, Ei3F0, vl
DEREIAZ b, DIZHEREKT YL ThY

D=OCT‘V|I+(OCL—O£T>V,'VJ'/|V|, L,j=1,2 (5

THHP. Z 2T, viITFERERSY, |[VIEEFE v
L, NIEAL~ MY 7R, BIZEM~ MV 7 A THDY,
2av}/(|vIR) 0

B= (6)
( 0 2aTv§/(|v|R))

Thd. £, oglItnHE, aqidEsBEchy,
SCHRD & JE 2 F M 2H0.02 m, 0.005 mIZRRE L7-. x5
FA NORHGEREIIRN -0, CTMEZ S E & LT
U7z, ARFAT T, BUKHOALEIARARR 22 H 7 4%
raFR, B DL Dt + A ORI 8 THE < B4
BUKHLE 2 b & L7 B roM EZb %, £-138%
T GG AR OBUKIERAN S HE Lz, Fiz,
FEAREIEL, BT > FIEIH & L=, R-1ICRWPTIC
AW XT A—& 2507,

RWPTOH & LT, FEIAN O LS HIIBLE L 72
8O DR T-OBENRK # K-2127 7. RGO EKE
3day 'CH V), BARREOAITER LIZ30EED Y 7T

| 230



160

140 @

y (m)

0 50 100 150 200 250
x (m)

-2 HFEOBEERO—G]. FEOHIIRDDHFINHS.

A= g DIDERHA LTV, HROR IS
WL BBUKHICERET 2 DIk LT, REORITIX
BUKHA~RAETISEIBINA~B B 2k 7030 b, D
F I, K- OYHINLE IR U CTHRUKH~O B EEIX
BIAZLERLTWA, LNLARRL, fEEORiFi
B — OGBS 2ok FA2F L TERY, —Hi
BUKFHA~FRAL, G I3EENA~BE L TV D, 2
IEOMFIZLY, EERENBEEICR2>TERTH
0, BEGIC X0 FIINLE 7S CIEBUKIE~ DR
BITREL RN EZRBLTND. 6, BKEGD
BRI AT EEIR D & YRARI B RIS A R AF L T
AT D720, BUKH~OEFEOAH IOV T G AN
KT LD, LizR- T, BUKHICIEE N AT
fElk, Jebbh, SRR -EILIEE LRV ES R D.
= 2 CARFFETIE, FERMINCERLR DA 2 HEET D
7280, FB—DORT v 7L LT, ki —REELE A
WK KREICECE L, RWPTIC X 0 ARk 2 fihT
T5 2 L TTRTORTKR L CTBUKH~D B A 1
R HFB A Uiz, s RE 28T T, xJ5m
1£10 m72>5250 m, yJ711E10 m#A» & 150 m>33600 m>
DOFFANICNE O T2 FIIELE S &, 3 TORLF-2
BUKFHCERET 27, EESNA~EATT HET, Bhifo0
By g #RWPTIZ L 0 fifbr L=, ARk L7-30FE%E
DOFEREFIZKR U CRBROWREZ#5 Z & T, 30 x NfED
B2k LT, BUKHAZIEET DR & fElgsh ~B 83
DRITERR Ui, (e R, BUKHA~ZIEE LR 1% 2
BRI, FEESN~BE) LIk & FERI R & T
TRCORA MBI T T T EMT LT, b5
(e, VWAL S DRi-Hkn & & O CHRUKH~2IE D ki
FEmOBREm/nZ K0, MR & D 152
HEREZONSIOHPFATIRO D Z LN TE S, LoL7eh
5, R-208E0RT0O L 51T, Fl—OMEEIZHRY KL
THIFAELE S5 ATREMI IO T aicir <, R
TOERIRHEE 1T EN TRV, FEEE-EE LT,
TE O F O ZAER 5 YR & Ae 3 K 5 72 Tl - TR
T, EEOE ZTHYIRICAE U B CHRBIE
BRI 72 & OVLIR - [FBER 255 U2 O Th
BV, Z2ZTHEORAT L LT, ARESE LIRS,
(ARG 12BN D 2 & CHRIE R 2 I E L7,
-3 d L 91T, fEAAR A T ERASO AR C

AS

|

©

© ©g 00

@ Gridj
@ @ =

[SHEC)

©
©0e e9® ©
o ©e
®
»

IGrid space: AS

© i®
© e
®

@ Particle in i-th realization
without flowing into a well
(i=1,2,3,..,RN)

)
©

@ Particle in i-th realization
with flowing into a well
(i=1,2,3,..,RN)

RN: Total number of realizations

O]
@

C)
®

@

-3 REEFDHRE

B, B—DU T I Y= a ViTHIMIRE L4kt
FEETIIC DT, £72, RWPTOMHFERICHE S
BlEghi 7 & IBIEER 2 HRIT 5 Z LIk b, BEEOK
UL E DR THn!, 72BN, B THom! & ED
2. FREDWEREEZ30) 7 T4 B —3 a N TITHR Y i
LCHEHRADLED Z LIk, K1 joERkMERP %

RN /RN
P =Y m /Y nl (7)
i=1 i=1

LEFEL, TRTORFICOWTERIRERZ KD
RNIZUT 54— 3 U BETHY, KRIEH
TI30TH 5. =& 21F, 1658 L7-H-3TlE, £F&
FEOKTOMERIXL, FF0.5 £LIF0THS.
AR X 912, 33600 m2OHiFH NI NE R T4 F1H
BB 570, BASOKT121%, B L,
N

—_— 2-
33600 AS“-RN ®)

DR DFAET D RS T OISR =R & HEE
L7V BRI U CASZ L RICEE CE DA A L
TWDHHO0, BWEICKE, HDHNE, NSVEREIR
HWEMTIZRWED, AS=2mAzREHEICHRELE. £
7o, SERUBHERZHEET DERITIL, BT E DHL
FERD I LAV E T 5720, #EFE L, 100#
VL EORIF-FAET 2 L 918, IR F-RBNE ED 5
ZEELl LEDBST, B—DUTI7A4E—T a3 il
TRAET DR ABNEZS x 10MZFE L.

yycv‘
— ey

3. HBRLER

(1) EHilE & FRERTEHR

REEECE | =0.151 m? /day? # T D551 T
Tl day ' Ok EZE BB L 72iB /KB 5 Ry
A OHEERE R A B-4 R, £, BkEE3day ! &
L CERE L7255t 2 BRI A OHEE RS R 2 B-512
AT B-4EE5E BT, BRI Ui HEERE RO
ZER AW ULT 5720, B HBASZ2m, 3m, 4mil
B2 I3FEOHEERE R AR LT D, BKICrE- TH
IKHA D 5 HE T KIS SRS D72, HUkH
F 0 EHRANCBANT, B-4THEyHEEE60 mA» 5100 mod#

| 231



AS:2m, Q: 1 dz\y'l AS:3m, Q: 1 day'l

140

120

AS:4m, Q: 1 day'l

P 140

120

08 0.8 08
100 06 100 ﬁ 06 100 - 06
60 [FeEne— 0 60 0 60 0
40 40 40
20 2 20
50 100 150 200 50 100 150 200 50 100 150 200
x (m) x (m) x (m)
H-4 BEWNMEKEEHTORFHERICE C-EHES TOHERR
AS:2m, Q: 3 day”! AS:3m, : 3 day”! AS:4m, Q: 3 day”!
140 P 140 P 140 P
1 1 1
120 08 120 0.8 120 0.8
100 0.6 100 0.6 100 0.6
g w € .
60 0 60 0 60 0
40 40 40
20 20 20
50 100 150 200 50 100 150 200 50 100 150 200
x (m) x (m) x (m)
H-5 BWMEKEEHTORFHERICE C-SHEsmOHERSE
g
; @-5’@1))@%%20 m7§> % 130 m@%ﬁ’ﬂi&i k /\/ k@ N/g 20000 012“,‘(= 0'}51 m‘zlday? . 'y 10000 ::.
B CHERIZLE o TS, E£7, FEROEWEFH ::Z, 18000 | 1 o000 g
N ~ 16000 - 4 8000
SAMUNZ A > TR % ICHERITX T L TV &, fERE 5 o] |
I B R AR B ST B ORI T 0, BERE Sl N e
ORI L bOET 5. g ool (B L
' g s00p v 3 g 4000 _‘é‘
KR OHERDERERPINZ DOV TE-4 L R-5% T % & oy 1 13000 5
= . . N = 4000 A, Q(day ) 4 2000 =}
L, AR EDBO AP £ 05oP) £ 15 72 BT R R |-
=] 36— E
BT D HEIGIERE V. ZOREERET 570, ot 2
. . . [
EROTAERP) = 1L 72 D HfEZA:, P/ #£ 00 D0P) £ 1L 72 Grid space (m) <

DHfERA, L LT, BN EIH L, ARG T
72A LA DEALEB-6IZ T, BKEDEWGEO T INEA
WIS DIFE 2 FUCE D72, HKEICMES LT
FHANIREL 2%, iz, BTHBEAKREL2DITL,
P/ =172 588113072720, 362, P/ #£0hoP/ #1
LR DEIEADEN LT 5. ZokE, BEkEDSE
DI @K EDS XV & EFEA,ITIA < 72 2 SUTRHER)
ThY, ARMITFERCIE, (KEKEDOEE EHEEN01
WCEELRWEHIPEANASHFET L2 LER LTS,

FERIERERIZ OV TSN 572, HifbA, & HRiA. D
LA, JAETRHEFARSUF & L CEAL, R-60D4 R4 5
2, MEAIRRIIS U AN SR DO 2 b &2 B- 7125k T
AT REEL T R A SR 1A BRBEL = 270 mCRR
L7 R Z R E L TWD. FkEICBED LT, &1
FIRESEINT 2122 C, REFEREUIEmML, (K&K
GORMFERBO T BREL 2%, Fiz, BKEDS
(FE EBUKHST AN A < o E 2 < 720, AREKED
B &0 b2 ORI BBUKHITHAT 292 L0 b, Tt
AT PADFHIRREE, S OITITEE T BONEN
BET 22 & CHERIEHE, BT, PI#£0hOP/ £1L

X-6 #&FREfMmEICE C-SHEmEDHEE

25

Q day .
—~ | s :A
< 2 noreaction M- - B 7,
‘5 with reaction A A )
E ¥
S 157 g
g e
= Fe
R
5}
S
sl .
” oo PRI S
o
0 . ) ‘ ‘ |
0 0.005  0.01 0.015 002 0.025 0.03

Grid space AS / Representative length L (-)
-7 #ERTiE L =18 FRkR & FREERROERK

IRDFPI B2 JAF LT D LHER S LD, SR
TR ATIHE FRIIKAF TIZH 2 b DD, fEE DR T-H]
PR CHERIREZHEE TE 5 2 LITAFIEORR L EF R 5.

15U E DB AR R T IITI, RO ZE R 53
ATIAT, BUKIHTED b TS A DHEEHDEHE L
2BV RTINS A DEREET DI, AFETIE, #
EERLF OIINLE ) D PUKIEE TO b T~ 7 A L%FL

| 232



AS:2m, Q: 1 day'1 AS:2m, Q:3 day'l AS:4m, Q:3 day'l
: . : : : !
140 T days 140 T days 140 T days
1600 |t 4000 3500
120 L 1400 3500 a9 3000
I 1o 250 e
g 2000
100 | 300 100 2000 100 o
_ 600 —~ 1500 ~ 1000
E w0 400 E 1000 £ 80
= 200 = 500 = 500
60 0 0 60 0
40 40
20 20
, , . . .
50 100 150 200 50 100 150 200 50 100 150 200
x (m) x (m) x (m)
X Sk = == Tt kS A VAN =FS
-8 JmAKEOCEFRERICIECT FIRNILF A LDTDHERR
AS:2m, Q: 1 day” AS:2m, 0: | day” AS:2m, 0: 3 day”
, , 2m, Q:
140 P 140 Tdays 149 ‘ ‘ Tdays
1 6000 14000
120 0.8 120 5000 120 12000
4000 10000
il
100 5 06 100 | 000 100 8000
_ 04 _ 2000 6000
~
g 80 E 80 £ 80 4000
= 02 < 1000 =
= = = 2000
60 0 60 & 0 60 0
ki
40 40 40
20 20 2 -
50 100 150 200 50 100 150 200 50 100 150 200
x (m) x (m) X (m)

H-9 BERBDIELDOEEZFELIEGICHTIRMENTE SNV E A LDTOHRERR

L7, Eiz, RRHEEICHWRT2BERMLT,
TP DBIERL A DL b T~ A DaiZ kgD b
FNHALTETHIET, FTNVZA LOZEMGAR
HEE A FREIC L7z, B-8ICREMZRFER E LT, Sk
OMEFRIRIE Uz b TV F A DOZER A7 DHEE
R, BUKIELD b EifiliE s, E7oF—xEEED 5
5B, BUKHD D OBTIEREN R VHLIZE B T~ L& A
DIRL R —RRERPFLN TR Y, HEER R
U THDHEHWEND. LIei->T, AFETHE, £
BEORFIALE T DIRWE P TUKIE~BIET DR &
FETDETOTRRHEZHELET D ENARETHD.

(2) MR E MO

—RAI, HOKENOEERZSEE T, WHE &k
TSGR A T B 1D, HKBEEO—B L
U TR R 2 HEE T D0, WbhiAs 2 Kk L7z fb=:
ARBEET NV EH D Z LT H3IcB 2o, K
TIE, BARRE L BIER R OMHBEE T VDR R L,

R(x) = 1+ ppKigexp(B(InK (x) — (InK)))/n,  (9)

WXV, BAKBREDOV T T A= a D UTB IR
B DZER A % R LT (In KV EFRIRH 0%
AT %, LEBEIZ LT, SRR %Y
Ky,130.526 m® /Mg, WMEEpyl31.5 Mg/m® & L7=7.
F7o, TEBIIDEUAREL & BRI OFBER S 2 £ TE
ThD. Holeff B E CERIRE O ST iR A
KD EIFBEMITIFE LN Lk, kY E25E
IZEFBIT I —-0.2, /024D IER DA & 72D K 51T,
TTUNA =T 2= TEVNC L V30K L, BAGR

»—x—ay
—

BOVTIA - a v TEICR RLBERE L. OF
DIL, EHBEEHMEREEEZX D LT, fx O
B S 2 H T DAL PR ESR L D Ko IciE LT
(LR E M 2 L 18 L T2 A ORISR D 45347,
BRHWNT, FINLE A LOSTREREZE-TRT. b
PRIRLEE M2 E R L T35 O IR IEREKI33.25TH D,
X-4CPK-8DOFEFR L IR LT, b T~ A LOFMEN
EAUTHIE L T TWD L 00, SHRICITEL >
TRV F£, B-7ICSEATRT IO, KM
b & R IR DO BRI FHIR B E M EZ BE L T
VB OFRER LIZEFR U TH D, ZIUTBIERE DT
> NBUKFECZE D BRI & KR 2 b S H 5%
REALTCWVRWZ LIGERT 5 EEx b, ®GedA
D X 5 I ERR R FE DRI BT, BN
REVEPETERIRIC H £ T, FR BN 2N
L7 b T~ A LGARICTR D,

(3) BKREOTHEES L DEE

XIGH A b OFTAGEE AR D57 #030.151 m? /day?
ThHY, FHEEL L UILBRERWNY A R Tho. £
2T, BAKEREO KMy E A 1.0 m? /day? i LT, 300
TIA =V a v OBBEGEAKYE AT D 2 & TREE
A BFT5 UCARFEEEA Lz, B-1012, 2m
DT HRRIC TR bR S & N T~V Z A LD
HeEfE 2~ REEREL 8D LIcky, Hh
WOHEERELED N T Y FIIREL 2D, FTLEA L
DZERIGIATIER-8I R TR EE DY L 0 VO 72
FEREZEL TS,
NEEEOE AT 2720, B-11ICHE1[FE &

| 233



AS:2m, Q: 1 day ', opy : 1.0 m*/day’
i el g et

P 140

AS:2m, Q: 1 day ', opyye : 1.0 m*/day’
‘ ‘ : ‘

AS:2m, Q:3day ', opyy 1 1.0 m*/day’
| — T

.
150

x (m)

T days 140 ¥ T days
1600 4500
1400 4000
oo 2 3500
3000
100009 2500
800 2000
600 —~
Z w0 1500
400 5 1000
200 =~ 500
0 60 0
40
20
. .
200 50 100 150 200
x (m)

H-10 FHEMOBMGICHT HEMBAME FSRILF A LDTOHERR

0 08 120 gl
100 | it it 06 100 £
= 04 _
g% 02 E ®FT
= =
60 0 60
40 40 [
20 20 %
50 100 150 200 50 100
x (m)
or
(O - Q)
5T (0.151,1) —@— A
0.151,3) —6— A
al (00 e P

(1.0,3) il e

Uncertainty factor (-)
(98]

Grid space (m)
B-11 FHEEICG C =& FHRE FEERBOE R

RHEFARI DO BAR A ALEE0.151 m? /day? D7 — A &
BbhETTmy M5, KRBT L TSR
ERENDEMERE L 2o TR, BARREORE G
BV Z LI LD, WEESEEIIRE SLEL,
EERLF ORI WA RIFT ZLhDbhD.

4. $ER

AMFFETIE, BUKFHITEEE AT D 5 & 4k &
EFRL, TUH LY g — I RiABNE LK FOERAD
FEAWIZERIR « b TV H A DR OTERIHEE )7
BEER L., 7020V A Fase LT, BAR
B2 5347 & BRI RHEANZ30 T A B—r a v A&
L, BKESMHORE R 2K X ToE KGR FE
AL F£7, BRIROFMETE L LT, H& 70
Y 15 2 MR FE DV Te AR HEFAR AN LT, 2 DfE
B, BWEKEOLHIZLE, BRIEEERN0L Y K& IR
& e HEREAVNE 720, FHEFEEIT/NE <Gl &
Nz, Fio, ALFRREEMZ b T~ F A AOFEIZ
DHFBE RIF L, ERIROSMITITHE Y B L0
TRt SBIT, FARBREONT Y ORI
RHE TR D ERIC DR R DGR AT

SHOBEE LT, BARRESMROMHBEROMESHE
BB DRI HEE N E T b 5.

SEX#
1) U.S. Environmental Protection Agency: Design guidelines
for conventional pump-and-treat systems, U.S. Environmen-

tal Protection Agency, EPA/540/S-97/504, 38p., 1997.
Feyen, L., Ribeiro Jr., P.J., Gémez-Hernandez, J.J., Beven,
K.J. and De Smedt, F.: Bayesian methodology for stochastic
capture zone delineation incorporating transmissivity mea-
surements and hydraulic head observations, J. Hydrol., 271,
pp-156-170, 2003.

Riva, M., Guadagnini, A. and De Simoni, M.: Assess-
ment of uncertainty associated with the estimation of well
catchments by moment equations, Adv. Water Resour., 29,
pp.676-691, 2006.

Kunstmann, H. and Kinzelbach, W.: Computation of

2)

3)

4)
stochastic wellhead protection zones by combining the first-
order second-moment method and Kolmogorov backward
equation analysis: J. Hydrol., 237, pp.127-146, 2000.
Tosco, T., Di Molfetta, A. and Sethi, R.: Automatic delin-
eation of capture zones for pump and treat systems: a case
study in Piedmont, Italy, Ground Water Monitor. Remedi.,
30(2), pp.46-52, 2010.
bk, Uffink, G.JM., BT : KifBBRHEIC L 5%
AKIROIF RIS B & TR =R I B3 230, K L5
SC4E, 53, pp.523-528, 2009.
7) Uffink, G.J.M.: Analysis of dispersion by the random walk
method, Ph.D Dissertation, TU-Delft, 150p., 1990.
8) Ghori, S.G., Heller, J.P. and Singh, A.K.: An efficient
method of generating random permeability fields by the
source point method, Math. Geol., 25(5), pp.559-572, 1993.
Deutsch, C.V. and Journel, A.G.: GSLIB: Geostatistical
software library and user’s guide, Oxford University Press,
340p., 1992.
TERRAEE, mLaRar, I By I 2 v —a T
£ 2 A — AR DK RAZEINCEE T D178, A%
i CEBL OKTH) , 67(4), pp.595-600, 2010.

Hubbard, S.S. and Rubin, Y.: Hydrogeological parameter

5)

6)

9)

10)

11)
estimation using geophysical data: a review of selected tech-
niques, J. Contam. Hydrol., 45(1-2), pp.3-34, 2000.

12) Bear, J.: Dynamics of fluids in porous media, Dover Publi-
cations, 764p., 1972.

13) Tompson, A.F.B.: Numerical simulation of chemical migra-
tion in physically and chemically heterogeneous porous me-
dia, Water Resour. Res., 29(11), pp.3709-3726, 1993.

14) McKay M.D., Beckman R.J. and Conover W.J.: A compar-
ison of three methods for selecting values of input variables
in the analysis of output from a computer code, Technomet-
rics, 21(2), pp.239-245, 1979.

(2014.9.30% 1)

| 234



	header229: 土木学会論文集B1(水工学) Vol.71, No.4, I_229-I_234, 2015.
	NextPage229: I_229
	NextPage230: I_230
	NextPage231: I_231
	NextPage232: I_232
	NextPage233: I_233
	NextPage234: I_234


