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Additinal Allocation of Monitoring Wells for Identification of Groundwater
Contaminants Leakage Point at a Municipal Solid Waste Landfill Site

meatrEm e Bt

Shinsuke MORISAWA® Yoriteru INOUE®and Masaru TANAKA™ *

ABSTRACT; Probability technique for estimation of contaminant leakage points was combined with
the numerical simulation technique for contaminant transportaion in the ground, to develop
practical procedures for identifying the leakage point at a hypothetical municipal solid waste
landfill site. The procedures were applied on the optimum monitoring wells system, which was
allocated in advance of the landfill operation, to iilustrate how to identify the leakage points
using the additinal monitoring information after the landfill operation.

The results obtained under the limits considered can be summarized as follows;

(1)The framework to allocate additional monitoring wells for identification of contaminant
leakage points can be mathematically described as the problem to find the numbers of wells
and their locations which show the least expectation of an entropy of the conditional
probability for identification of leakage points.

(2)The entropy of the conditional probability can be used as the index which shows how certain
the identification of leakage points is. The less entropy shows the more certain identifica-
tion. Zero entropy means ideal identification.

(3YExample allocations of additional monitoring wells were illustrated using possible set of
monitoring information.

KEYWORDS: Environmental monitoring, groundwater contamination, waste landfill, optimum design,
entropy of probability, conditional probability, monitoring system design
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Solid and broken lines show median
distribution of piezometric head and
porosity, resEectlvely, and dash-
dotted line shows site boundary.

Fig.1 Municipal solid waste landfill
site assumed for this study
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Fig. 2 The optimum monitoring
wells allocation, based
on pre-operational data



#{E% Table | Wint., XRL T,
T ER 1 S h R BEEB ORI O
HTFOKE CGREHTKE) OLuE

Table 1 Characteristics of the optimal monitoring
wells network, allocated by the pre-

operationa] information

T 5 &5 nBEEY OB SSEERD Evalua‘fed Attribute scale value * Moniﬁring
. ota ells]

RREEEL TS, T2 ) VD5 utility @ @ © @ |allocation

RIB T HNE O Tk GRIEK) Tl 0.752 | 362.3] 0.722| 3.482] 0.790| Fig.2

VA (RRMBOTE) ORI

a)@ means rapidness attribute, @redundancy, @economy
and @ infallible detection.

KTHb, BEKTOERBIDOWTIREC

BEL TRV, Bk
&, Ky — b OBEE
K-> TR L RFEY

Table 2 Assumed range of environmental parameters used for determining

travel time distribution of groundwater contaminant around a

ol i

ste landfill si

MR, BIEHTRCRT . Assumed range of variation
Parameter (unit) — - —
TR kT, T Upper limit Median Lower limit
KEERT L — AR Hydraulic head **, h(m) l.1xh h 0.9xh
ELTWw5, Fig.2 Tik, | Porosity =, f(-) LIxf f 0.9xf
By E BRI S Permeability *°, p (cn/d) 6. 8x10* 3. 4x10* 1. 7x10°
ThTWAR, Zhizs Soil density, P(g/cm3) 2.92 2.65 2.39
kY~ NEDTE Distn. coef., Ki(nl/g) 16.0 5.0 2.5
CH—F ARy TR Leakage conc. ®’, Co(-) 10. 0xCo Co 0. 1xCo
PASERR TSR Y S Dispersivity ©, ac(cm) | 10.0 1.0 0.1

a)Refer to Fig. 1 for their median distribution.
. s b) Parameter in Kozeny-Carman equation except porosity.
LTBCZERBELT c)Detection limit was set to be 107“xCo for contaminant.
WwWhrkizlkb, d)Diffusibity in transversal direction was set as ar=0.2xa..

¥l ZOMESBEE T ABOBRE S A — 22X Table 2 WiRT LHBEE TRIE L ORIC—KEK

FET 5 (BERROEF—ETHD) borT s,

DEKNL TEFHIRE

3. 2 HEYEOBBFERBORKE
HEHES A BETONEM T RKERERKE A TI2EBEHTKE TS, ZOMTRREIRKRE®) T
525n5E33, REYBC L > TRIEM T RKOREAELT LI EMNELSNEIN, ZZCREED:

DT AREAR Q) CRETEB LRET 3,
é

= (fh)=é

hv,) +
! 6x(f Vi)

é (fhv,) +r. 8
ay

1T AKDBRFEFE v, v, 3K () @ Darcy Rlic kW 52503 LT 5,

ve=— (K&h,/8x) /
[vy=— (Koh,/dy) /1 ©
22, T KBMTREOMBREEKBE. hidt Tz Fig ! 288 . r EWRAETH S,
—F. ENRUEEENEOEHIROBRIBSERXTCERTEDILDET B, HEL. pRELER
THLEOBRETH S,

a
— + —_—
51 {fhC+ (1~-f) phaq}
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+— {fhDyx—+fhDyy—} —=— (fhv,
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BcHDEEZONDZOT, WTFABLULRIOFEWEREC, q ORICIHROBIRAHBILT S b D
%, kIHEFRHTSHS,

a=k«C an

BR. RO ~AD 2ES . EBREGF (Fig.3 BR) OTEM T ER LT, FEYVEONEHT
KEBRTOBHEMBITTAZENTED, B, ERAFOHE S > TREKFHK L L T L o
W2 Kozeny-Carman OR(2)ABHAIT S & L. HEEHRD ., CBoFYy YA kX1 TcHELbhdbOE
L.

K =(Const.-f3/ (1—f) 2 (12)
Du=a. v.2/v+arv,2/v+Dy

Dyy=ar Vv.2/v+ta, v,2/v+Dy

nyszxz (aL“aT) vay/v\ (13)

v = (v.2+v,?) e
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57 Numerals in'the.Figure show
' the identification number of each

L i L‘_ hypothetical leakage point
X h = Const. X %H’n(X) J=55 IL { { ll +———— +—

(Site boundary) (Site boundary) 1=28 30 32 34 36 38

Fig.3 Boundary conditions used in this study to
estimate the contaminant transportation
in the groundwater zone near solid waste
landfill site

Fig.4 Hypothetical leakage points in
the solid waste burial zone
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R THEHETHI ENTE S,

Th52bhb, FRBEREMLE
DOMERRHL 2L &, Fig.2

CRTREREBEHF D& 4 THE
WwE okl (1D sEa (0 o
#H(FEHR) B5:25h 20450k
HEH2, 0008 AP HIR 3 DR
®, Tvor (i, J. K OERDH (Fig.
5 ) *RWTHEL. 20
B#% Table 3 WiRT. Bz EHEE
. FURERLALE > SHED
BERARHELTODEE, 4D0F
=RYVIHET (1,0,L,0)
SHEHEAR — U RE SN DR
0.80THBZERTL TS,

3.4 HFosam
BZRY VT VAT ADERE
BRI Fig.2 R THEHFL
5. HFEWE oK (1), IEHRH
(0 ofEEREzohkE &, Bk
HERULB REOREMETH
DHRPAGCICLIDEEL, RE
fiEH W Table 4 WiRT, FEFER
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Fig.5 Probability density function of travel time
Tvor(i,J,k), which means the time interval
required for a contaminant to be transported
from the k-th leakage point to the monitoring
well location (i,J)

P [{(i:‘j)lzly (i,J)z=0,--', (i,J)anl} | k]
=P [ {Tver=D for (i,j}i.k} N {Tve+>D for (i, j)=,k}
[ARRENA {TVLTgD for (i,‘j)Nn,k]

(14

Table 3 Examples of contaminants detection patterns

{({i, ) «=[1,0]:m=1,2,3,4} and their conditional

probability of the detection pattern
1 = ‘m=
Lce)ak%ge Contaminants detection pattern *’
in
P k 1,0,0,0( 1,14,0,0| 1,,L,1| 1,0,1,0¢ 0,0,0,0
1 0.79| 0.00] 0.0 0.00 0.21
2 0.99( 0.00] 0.0 0.00] 0.01
3 1.00( 0.00| 0.00( 0.00Q] 0.00
4 1.00( 0.00| 0.00( 0.00] 0.00
5 1.00( 0.00] 0.00( 0.00] 0.00
6 0.00| 0.521 0.0071 0.00| 0.00
7 0.00Q0| 0.81] 0.00¢{ 0.00( 0.00
8 0.00| 0.98] 0.00¢{ 0.00( 0.00
9 0.96| 0.04| 0.00| 0.00( 0.00
10 1.00 0.00} 0.00}| 0.00[ 0.0Q0
11 0.001] 0.00¢f 0.001 0.00| 0.04
2 0.001 0.001] 0.001 0.00) 0.00
3 0.00| 0.00] 0.001 0.001 0.00
14 0.00] 0.00)] 0.00(| 0.80| 0.00
15 0.00; 0.00]| 0.00| 0.63 0.00
6 0.00| 0.00] 0.09| 0.001 0.03
17 0.00| 0.0071 0.13] 0.00] 0.00
18 0.00| 0.001] 0.201 0.00| 0.00
9 0.00Q0| 0.00| 0.Q0| 0.00( 0.00
20 0.00| 0.00] 0.00| 0.03| 0.00
21 0.00| 0.00] 0.01f 0.00| 0.20
22 0.001 0.00 0.021 0.Q01] 0.02
23 0.001| 0.00] 0.02] 0.001] 0.00
24 0.00| 0.00] 0.00( 0.00] 0.00
25 0.00| 0.00]| 0.00( 0.00)] 0.08

a)Contaminant detection pattern by the monitoring wells system
{(30,59), (32,63), (34,59), (36,61)} is shown like (1,0,1,0) ;
”1” means contaminant detection at the relevant well and "0”
means no detection.

—148—



Bz, 420#77T (1,0,1,0)

BAMBEEIBLNL &, 1  Jebled

Available monitoring information of contaminant

detection {(i, j)»=[1 0]

‘m=1,2,3,4} and conditional

H & W RSB IR E Y 5 probability of leakage point estimation
RHEL 2Td5 ) BRIHEEHERM P 1, j)u= n=1,2
0.55THBZLERLTVE, Leak%ge Contaminants detection pattern ®°
HEBBILCE=S Y Yo% PR 1000] L1,00] LLLL| L0,L0] 00,00
s kD T 1 Q12| 0.00] 0.00] 0.00] 0.39
s wson wennnz. | 5 | 5.15] $98] $881 593] 38
L, FRE0)) FHRLRIAUL, 4 | QU181 0:00| 01001 01001 000
Z OHERBEALT B, Fig 2 &7 5 | 0'18| 0:99] 900l 000 000
TR BHF I BV TR 7 | 0. 88 Q.35 81 88 Q. 08 Q.00
# (1.0,1,0: Table 4 BHD # & | 5:99] 8:53) 3:688] 8:83] 8:88
mamiietee | b R
reamrsse s s | 13 | 383 383 588 208/ &80
cueric. aeemss | 13 | 983] §99] $99| 9| 459
Jea e N F A . . . . N
7 ‘00| 0.00| 0:28]| 0:90| 0.00
IV bR 4 — ORIFEER 0w i L1 8:068] 8:88] 8:28| 8:83| 8:88
15 | 0:00] 0:00] 0.00| 0:00] 0:00
: IRR TR R d R g
Camar aware | 23 | 888 3881 8:61) .08 8.8
# { CBIFF L, BAFF2) 54 | 0.00| 000 0:00| 0.00]| Q.00
= {1, Dor(1,0)0r (0, 1)or (0, 0) } 25 | 0.00| 0.00] 0.00] 0.00)| 0.06
NELIhDR, 20BE, R ENT | 0.84| 0.49| 0.60| 0.34 0.83

BOBRHEEHRP [k | Masa]

a)Refer to the footnote of Table 3.

BESEATErERE)CLYVEEL T Table 5 Wiy, BIFFCHSH {(33,61)=1, (36,59)=0} BB
hhid, BHUBREXRBUBHFESOh, =Y a4 -0k d, MEEHEA0,0THhE, [

LT, BHhREMEMEEE N D,

AE)THESNDERP [k | Moy &, BRORHFOHE 2h OB ERRL THhE, HF0

BINEFC &> TRELL R,
BRiFHEACTRAN TEREhD =Y bor s —0ff
FEXEEL., HETDHS LHFIh 2 BNAF 2 HET
BZERTES, LALds, REMNESYHRET 2D
CHEZEBMLTEEL =X v 7V ARBINE
HHBOh B TORBRED AT LATH HHhEHIE,
EMHFFHSB/BLNIEHROABTC L > TELT S, BB,
FEWEREO CER)D HEHROMEE P [k | M.
‘P [M.] CEHRMERP [K | Ma.] CZERS, B#Ek
BNHFOREFhSOMER., BNHEFLLEShDHE
WEMRL o0, JHRREShEZ &S,
BIfERC LS Y boE s —DZL% Table 5 2w
TR, IMEMERFELEhIEZDEROKRR D, R
FLBHEE OHENA LT hEZ ORBEREI T3, Fig.6
CRTHRAF (@) C220H#F (O) #EmL, 2Z
PHEShIBEHONFCISL CTECHELEML . &R
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Fig.6 Additional wells allocation



B EWEOTRLE 25

B EBEEY Fig TIC Table 5 Probability of leakage point identification estimated by

the additional contaminant detection information, compared

R _ with the probability of the orjginal system
Leakage Contaminants detection pattern *’

4. REFEORE point | Pre-alloc. | Pre-alloc. wells with the additional two

HEWYE ORHEMIERHEE k 1,0,1,0 ,0,1,0,1,0| 1,0,1,0,0,1| 1,0,1,0,0,0
repbctmmcmeLr 1 | 0007 040 | 808 | 8.8
EERY VIHFOBMFER 3 0.00 0.00 0.00 0.00
Tk, HEWEOHTKEF g 808 580 288 8:33
TOBEEEY BHIE 3 g1 8868 289 | 900 | 899
-vasnmn | f | 000 308 | 89 | £
ewsocwrrsracs | 10| Q00| B8 BHR ) B8
HAELENTWS, L. %% 888 888 888 888
[IERZACS AR VAN 45 14 Q.55 Q.00 1.0Q 0-0Q
ThTwdih, HEWED %g mO:ZLB 8; 88 82_8_8 115%8—8
wFrERCoBEOEYT | 14 | 068 | 300 | 900 | 6:00
wneviav-vave | 30| 8891 G408 | 89 | B0
smmenecere, | 20| BRE| RRE | B8 | A8
ZDORRETF—EAX—REL %2 888 888 888 888
TREL THHE, BIHE 25 0.00 0.00 0.00 0.00
PRERTT AEEE AV o ENT 0.34 0.00 0.00 0.00
VTEMET BRI ENTES, Note: Original monitoring wells are allocated at {(30,59), (32,63),

HYEBL R Y VY (34,59), (36,61)} and two wells are added at {(33,61), (36,59} .

a)Refer to the footnote of Table 3. Detection pattern of {1,1} is
impossible at the additional two wells.

HE b LHEWEORE Pt
TR OBANESELh N
&, HEWEOBREY TR TS AEAB LML 2 doT, BEHE AT A —2 ORB#EIGE D

h. BEWBEOHTKENEREL X VBEL CBITT 3 Z ENWRECR DY . ERELIOFERHEATI L.

Available detection pattern at the additional two wells

1§

(Original O (1,1) --- Impossible detection pattern.
monitoring Two wells
wells are added (1,0) -+ k=14 leakage point is identified (En-=0).
system —— | at (33,61

(30,59, 1 & (36,59 (0,1) -++ k=20 leakage point is identified (Bwr=0).

(32,63, E[Enr]=0.0

(34,59, (0,0) --- k=15 leakage point is identified (Enr=0).
L (36.61) |

Detection information {1,0,1,0} is given, and probable leakage
points k=14, 15 and 20 were estimated (En+=0.34)

Fig.7 Identification process of the contaminant leakage points based on the detection
information of contaminant at the original/additional wells
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