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OPTIMUM ALLOCATION OF ENVIRONMENTAL MONITORING WELLS FOR
DETECTING GROUNDWATER POLLUTION AROUND AN ASSUMED SOLID
WASTE BURIAL SITE

# OB OH WO CEETMEE A o
Shinsuke MORISAWA', Nobuyuki HAYASHI*& Yoriteru INOUE*

ABSTRACT:; Optimum allocation method was proposed and simulation studies were executed for allocating monitor-
ing wells around an assumed municipal solid waste burial site by use of a computer. The problem to allocate
monitoring wells was formulated as a multi-objective design problem and was tried to solve based on utility assess-
ment techniques.

Environmental monitoring system should detect the release and transportation of hazardous materials through
groundwater zone infallibly. rapidly and redundantly as well as economically. The objective function was described
with a total utility function which was to be determined by adding up each three attribute (e.g.rapidness, redundancy
& economical superiority) utility functions. and the optimum alternative was selected as one with maximum total
utility.

Two dimensional convective dispersion equation was solved numerically to get travel time distribution of a haz-
ardous material, which should be used for determining utility value of each attribute under appropriate conditions.
Some examples of optimum allocation of wells were shown and the characteristics of the optimum alternatives and
the proposed allocation method were examined.

KEYWORDS : Environmental monitoring. Groundwater pollution, Monitoring well, Optimum design. Utility function.
Multi-objective problem. Solid waste disposal.
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&j}ﬁﬁ?bﬂ*ﬁdﬁﬁ?‘%,@lifﬂ]l,f&) %o P=0.05 0.648 | 0.594 | 0.724 | 0.648 | 0.011 | 0.000 | 0.989 | 433 | 0.86 2.:9 ig.mﬂ)
s o Fog _ ~ kd=10 0.418 | 0.679 | 0.425 | 0.415 | 0,008 | 0.074 | 0.918 | 303 | 0.59 | 4.26 | Fig.10.(D}

Emﬂmsﬁﬁ@&%lﬁ@o) (22) kd:“}:& 0.1¢y 0.320 | 0.627 | 0.468 | 0.318 | 0.003 | 0.004 | 0.993 | 380 | 0.53 :,02 ﬁill

ey " s _ W kd= 5 0.626 | 0.594 | 0.311 | 0.648 | 0.012 | 0.065 | 0.923 | 433 | 0.73 | 2.69 | Fig.10.(A)
‘IAEthi%éﬂC,fgfbn%%“y ]) ? kd=10 0,419 | 0.679 | 0.425 | 0.415.] 0.010 | 0.112 | 0.878 303 0.59 | 4.26 Fiqg.WOA(D)
. T . 1 kd=10 & 0.1¢C 0.321 0.632 § 0.468 | 0.318 | 0.003 | 0.014 { 0.983 372 0.53 | 5.02 | Fig.14
/7#F®§ﬁﬁa[§%Flg.10(A)ﬂC,i Highly sorptive zo:e 0.314 | 0.63 0.2:1 8.218 | 9.009 | 0.111 0.8?9 365 | 0.53 5422 FiZJG
f:%@lﬁf’tﬁ;“%Table 1 lc;],:ﬁ_a ;ﬁm Pattern burial & kd=10 I &3]54‘;0.691 0.251 0.318 § 0.004 | 0.06) 0.935 286 0.53 | 5.02 | Fig.18

Eobx Ut SA YAt oYt L - IE S
LAV EECRERSEESNT

(Note)

1 MNo.Y, 2 & 3 attribute stand for rapidness, redundancy and economical superiority, respectively.

Note), Reference state means Zeleny’s weighting method, root-square type attribute utility function,

P=0,1

(
» kd=§ ml/gr, 0.001Cq detection limit ,
ENote)a Conditions different from.the referent state

no impermeable wall and no sorptive zone.
are only listed in each condition cofumn,

Note)s Unit for kd is m)/gr and U.F. stands for utility function.
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WEZEFIEOSATHSE (Table 1 2R

(B) &  Table LIKRTXI R ZelenyDH BEAEEEHRT 5L, REBRCIZ2EIPR OREOEFFHOES
PO TRELCABD, HClGEEICHT 2 BARIERIONS %, 20T, FENCEALRTTIEALEELT,
3ODBHICELVWELEER A BA BLURE LBERE (Fig. 28R E LWEAZS X 14, BERLOEAL
HICEE & TTRIECEST B IBA IOV TREREEE L, #E% Fig.10 (B).(C)BL UTable 1 iR,

Fig.10(B) B 3BUIRICELWELPE A 5N, ZelenyDRBEHAIC KT 3 L ERNICEFHOELBRPL, B
BRECEAPEMLIIBEORBERERTH Y, HRLELTE=5 ) ¥ 7HFOHEH5 MicBiNL T 5, Fig.10(C)
B o 200 - ADPEICNET 2 EA NG L LNIBEORBRESR TH 5,

ZelenyOHREAEE, BEEREELSTENCRET A2 EAGHTR I BRIEE L /325X T0A)EREBRIC L
ZEESROEESIC X > TBIET 34 5ETH 58, HEIIIRBRICL 2MAOEEIc L - TEADBBIEEHEN
CRESN AEFPBEETH 5, COXHBRBNLEAREELEIINC, BEREEOMBEBEC L » TEAPTHN
WHREESNS FIZIFHELL 1/3) B DB, Fig10(A)~ (C) IEAK L0ETNAREENRE L L3 ME
WRL T3, Table 1 T}, N5 DEBROBESFICHA OB ERNSZDOLNELH, ChdORELEREKEL T
LEHDIENW L EREANRR AL SHLPTH 5,

(C) ®==4 ) Y IHFOWERER Figl0(A)TRE=S ) ¥ I HFOBERERE 0.1 KRE L. COMRE
0.05iC LEBEORMERI, 0.1 OBALEUL Fig 0(A) TEA SN 5, BBEREZ1/2103 5 C LITX D BBEROIL

RMEREME GO ESN S P, BiicZz o REBER > TRESROEBIRIVNS (12D, EAINS L DICRE
A OR EEEL <RIV (Table 1 28),

(D) BEVEONGE AEMEOMTRBL CORHRICKE BEEBERIFTRIE I A—-5D12LLT,

EENEOHELEHMTKE OMOAERFEAEBT LT LB TE 5, NEAEBKEVIBESREEMEOD R IIRL I
%o T LT, SEGEED 10ml/er, 475h b, Figl0 (A) ORBEEDBAD 2 fEITE - 1BEaEHET 5, BIhi K
BEE % Fig. 10(D) T, % OH¥HEE Table 1 1TRT,

HENEORBIR B ERRLTE=5 ) v 7HA X5 BLEICIE 5, 2L, ZOERE Y - i3Fig10
(B)DEIE XY — v LIZE-TW 3, Figl0(D)DE=% Y v VHFEEIL SEREDS 5 ml/gr DIFEIC S HEEFEROE
#(2D)ABL T\ B, NEERICH ZRECEFNRAE NAIBEIIR, KREDOFELRTe=s ) YIIEEREL
E NSO ATYRIICH LT O FEENDOER A T L AR L TBALEN D 5 LEZ 0N D, FEABOSKRE K
5L EEWMEORNEBIHEL, Lz -Tl =49 v rHESE=y — T3 MHARKIDRL K S, BEKCS
WELMEZ 5N AEH T TORBRIIBEFMOBERS»AH UTHEN 5, $HbbE=s Y v IHFHO/NSBH
LB, ERNICTEMBOREMER/NES {135, HEHFHL 10ml/gr DEEICEAEMERIZRME 1ODOTRIZ 0.5 &L
TWb,

(B) HEWHORMME HENEORLBEIAS S - - T
BLEONTEMIE 55 L ED D, ZOHBRIMSIHIOEMET IITTTTTITTIT T
5 HHEEMBIHCE L TRRAMOBEAE LSBT LI B, C R O O 1L
TR, HEWHDRHBEC, D& 1/10 FICRD U Ba% =) ., o
MEL, FEEED 10ml/er THEBEICO VW TREE=F Y ¥ S B
Tl EERE Lo RAFie 11 B L0 Table 1ITRT, SN B i

Fig.10(D) & Fig.1& AT 5 &, RHBESHDT 5 & . EINE
KEOBELSE=5 ) Y SHFORHEMT ST Ehbhrde 72 59 o __J S
KL, ®=5 Y Y SHPORE Y - 3 EBTED, 237 s | -
DR 4 SOHF AL FUMBREBS ATV B, 2L, i oo~ ] -

1126 2 20 29 30 3 3 3 W N 36 N
N P S /1> DO HS b= . . .
 REERBHBESELT S C Lick » THROHES 1 [ Fig. 11 Examples of Optimum Monitoring

LTH380 BicE THIILTWVS (Table 1 B8, hid, HF Well Allocation for kd=10 ml/gr

B s &1 SEHBERLD (5= O ) with 0.1Cy Release Concentration
nulcié"ﬂ‘fgﬁ? iﬁ%ﬁ @tﬂﬁgﬁ/ HEIEDS and for kd=10 ml/gr with 0.001C

D) ik s BEEHBIRICH 512D TH o Detection Limit Concentration
(F) EEYMHEOTERABRE HWTEKERTOEEWES of Hazardous Material
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B4 5 e KAV A8 FUhE EWHEBE ¢ kL TREITH
Lo, ERMBFBEORN ) LRBNEREORBD GBI &1
=4 ) VIHPORBREI 2 B UEEBERITI T LKl b, FlZiT
Fig.1] OEEELE I3, STAB 10mler, RHEIBE C,, ERBAMY

107 ¢, DBAORIERE & 2< BLIKE 5,
42 ITEHAPRIC & 5 BRERBOLEIL
(A) 1bKkBHC X BE= %Y v S uBEE kDR RER:

1E7RBET X » THUT /K EQuE 24 5 ¢ & o Fhifn]geitic o T
Bhic #5 L,f:o(z) CTZTR, KBk -TE=%Y v/ ADEME &

T3 E ORI DO T OB B, f277 LiIEKBEE Fig 12

WKRTMEIEBETS5DET 3,

J=

EKREEDH B B/EDE=4 ) v I HFORERER, AR5 ml/gr

DEEI3Fig10 (AT,

SECREHS 10 ml/gr D5

&l Fig. 0D TEL S
1, IKENEWIE S L 65

2L EUEBEESINT [T S -

VWb, RELTHETSE

LbKEOEERE=S 1 T

) v IrHFEECEEEY |,

RIFEIOH, &hEL 59—

OREREHET Lk

KEEDEB3SDLHS T

DIcis B, BIZIE, B (A)
FREH35 ml/gr TH D, for the case without imper-

BEAS =WANE N N meable wall
KEDD 25a% LU (X1=480, X2=0.73, X3=2.69)
mOEED 2 F Bk %

1+26 27 228 29 3¢ N 32 033 M B ¥ ¥

=57

1=26 27 28 29 30 3 3¢ I3 W 3B 36 3

Fig. 12 Assumed Location of
Impermeable wall

67

113 —1

[T —

7

1226 27 28 29 30 N 32 3 w3 3% I

(8)

for the case with impermea-
ble wall
(X1=447, X2=0.73, X3=2.69)

Fig. 13 Examples of Secondly Optimum Monitoring

LORER £ Fig. 13, P oeatier

(B)IRT, TOFITI
#2, FEIBORBEEDONTVAE Bl Gl o
ENHBEERPSITH S, IBURELVEALSZ BIBE
DEEEA KB BE (Fig.10(B), Table 1 B 55
BAGERIGRLTORN) & THET 5 &, [HKESIVIGED
F1BMREBI 2348 (Table 1 8R) THHOIL, 1EKEHR
H 5B ITHTOBEITI Bt ESN, . BAMAS 0.637 25 0.
685 NEHEIND, KL, =) v IHPORILIEKEED
HBIBAIII T RICHEMT 5, BE LiabREE 2 LTl
OHRECHEPSEEITH 5, '
AR 10 ml/er T, ERMABES 107 ¢ OBAE-IE
IRHALEBEED /10 ¢, DBA ORERE % Fig. 14 iR T, Fig.
14 Fig 1l & SBT3 & TR RRBE 3R BB E s iRE
WeeD LU Fo & ST /KBEDFEEMSED & 5 15 EB% RIFT
HEHD LENTE b, FAOHBELBWHZOEE Y — ¥
202 T 3, Fig. MORBORRHEREFIZ372ATHD,
Fig.11 DR EEE380 H (Table 1 B ICHANTH P TH LI E
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$8

Jeb7 —4
12

|

i
6 2. 28 29 30 3N 3 33 M ¥ o B

Fig.14 Example of Optimum Monitoring

Well Allocation for the Case

of kd=10 m1/gr with Impermea-
ble Wall and 0.001Cy Detection

Limit and for the Case of
kd=10 m1/gr with Impermeable
Wall and 0.1Cy Release
Concentration of Material



(T3, TDZ EHIFK |,
BED FAESTLUVEEDORERLE  o-t
BLTWa2TERRLTNS, &
(B) mPE/~vicks
Ty ¥ IAEE

b EfhERE 62

Fig 1SRN BICHESSE o
HAH 100 ml/gr OFEYES
W& - v 4%&ES Bao 7
=) ¥ SHARERER | |
% Fig.16BLU Table 1ICR 26 @ 2 29 W N % B oM B ¥V

To TTTHE, 44 /5H, Fig.15
Assumed Location of Highly

YIEIRE, 18 Bl (L Sorptive Zone of Hazardous
RIGERE 42 Ok D EE Material
WA BIREIN ZEE

R L TIE & PSS, HEWHEIEINE / — v IERFShE b
NESRIZD, FRELUTNE Y - Y HEOBE(Fig.10 (A) BT
HRTEDELDE=4 ) v IHESBERIS S, BBEIE Y — v DH
BTk > THIFRDFRIRIZZLL O EHEL TV S, Fig. 16D EE T
=5 Y IHFRGHET oI, BEERE#AFig.10 (A) OERED

43385 365 AICE THESNT VWS, 710, BAOMBRRL L 10
WHBEHKR T A C LIci3iF B2 BTS20, BADRHERLGHROOETEE
LT 5 (Table 1 ),

(C) BEZEWIEY. (FEWHERH) /5 — voEHE  EENOXSE
AEERL, HTKERD LHEMICEENBORLEEOR X VEEY %
THMIC NSO EERMAEN TS 254 (FiglT8R) 28E4 2, 0
BE OFRBE. B4 Fig.18 8L UTable 1 1IC/RY, Fig.17 D s —v i3
Fig.10 (D) O ¥4 — v & Fig. MO 7 — v OIrE 5 — vV Iy
T 5, EEIN/HERLE (Fig.18) b, Fig.10(D) BV Fig. 1105&E
BB O REEE S - TO 5, THbE, SEEREAMEICH L T Fig.
10 (D) DM IcHiE SN =5 Y v FHED, * HEEERHAER
U CidFig NOMAMRICEE shice =5 ) VI HPED, THhEEE
INTOAH, TOTEE, RABYAEEET2BE0E=4 ) ¥ FHFE
fidid, ROENA LSV AOHFEED OHLREHTEL 55 LER
BLTWV 5,

43 FoBEEF O

AHICBOTHRALce=4 ) v 7R P RO B EF L0+ %1
T 5, AT, EAOREHELLT Zeleny DR BEEA FA T E LU TRA
L7ze TOHBEY, BHORNIZESic, REBRSHHOECTEBEoEA
A RBINCED S 5 icthds &%, Table 1 5 bHSMEK ST,
Zeleny DR EA RIC K AREEAIFERT b= ) v/ HPO
BITRE LTV 3, T RKOAIGPEEWEOBEIELY I 2 L— T
BEFE T NOWNRIGORFES U TRHTRRIRAREL TH AT
BODT, KHO LD KNERBELRET S L, BRIk IBHOE
Fde=25Y Y IHEOH GEHE) LB THRLEFELLVL LV HD—
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FLTY 0 B - |
126 2 28 23 30 P ¥} N Wk Y

Fig.16
Exampie of Optimum Monitoring
Well Allocation for the case
with Highly Sorptive Zone

3 € Vs W oD e\ ya
A4 A\ 4 p 4 A
[y - - S G R P e -
I S Y N N h, -
N \ V

FETYIRN [ R N Qi S

g b-—t~ bttt

telt 27 29 W N 32 0 n 3% 36 a7
Fig.17
Assumed Burial Pattern of
Solid Waste

® :(y concentration
release point

O :0.1 Cy concentration
release point

1«26 2) 02 W N 3203 n EL 1) kK
Fig.18
Example of Optimum
Monitoring well Allocation
for the Case of Solid Waste
Burial Pattern Assumed in



RIS EEITH A D LESN D,
FHRTRREROWE L 4 >ORBHIcER
LTtRL, RBROESILREE, TRE,
BROBRFED 3 BIELZHOTHEK L T

Table 2
Monitoring Well Allocation When the Number of
Monitoring Well is fixed at three, four and five

Example and Characteristics of Optimum

o i ] ateritute utitity attribute value | gptimm location of monitoring
N 503 BHATEOHFZEH ST 5729 of well| U [ u, Uy IR wells
o= S 3 | 0.645 | 0.59¢ | 0.311 | 0.648 | 433 | 0.73 | 2.69 | ( 5,16)(11,16)( 7,20)
2, REYYT 2 — 5 HHRIERAE (Table 1 7 [0.524 | 0.700 | 0,301 | 0.524 | 278 | 0.73 | 3.88 | ( 5,16)(11,16)(11,22)( 7,20)
BH) TH BB, T8 v IHEOK [ 5 | 0.420 [0.776 | 0.603 | 0.415 | 160 | 0.81 | 4.26 | ( 5,16)(11,16)(11,22){ 7,16)( 7,22)

(Note)y

Z3M, 48, 5MEEEELTEINIEE
RAh F DM & T Table 21TRT, 7L

(Note)

=5 ) ¥ I HBEOBEMAE L Table 2 DBAITRTI3MBIRFEELT
Wh, HPOME 2 MU TICEET 3 LHEFNEHEHTRERAR
{134, Table 2L DWELHI L BT, T=4 Y v 7 HEOHBHEMT
5&, EHER 1)) roBREIHEFEINE XS IT, BiFtEDHA ;)
— il ) BX OTERME G) OMAIRKE L5,
ZOT &, =Y v IHPOKoE OEFE L TEL L OTLER

Bha<iso,

LD L — F2 7 OBWRDH B EEEKRL TV 5,

Fig.10 (A) ICR ¢EEHEIR AE T ORGEH P ECE 1 4 BIOSITORICGEE
ENtz, 4 EORTICBO TEBNGEE L L HF OBEMMNELFig.19
IGRd e HERMABRSAT BV TERL TRAShS-DIER |-
MEBEOBIMIRIUTH S, Fig. 19X OHSHIE LS L, HFOEMIEI
RIS T &% - T bEERHAE T
HE ORBERE EWEOREAL
BORD LBEEINTV S, THIZRHTEIGED  BE EWEOLER
HIGHI NS, & BREEYIEN XSRS  BEA RS R LA E O
. BEWHEORBALENE

(S BEZMIE T XKARADHEF 2,
AIEOBFEGEEN TRV EH

BOETHEESS LD THS, DI LR

Cand\date well Tocation is ( 5,16)( 5,18}{ 5,20)}( 7,16)( 7,18)( 7,20)( 7,22){ 9,18)
{ 9,20)( 9,22}(11,16)(11,18)(11,22).
Reference state of design conditions is assumed (refer to Table 1).

126 22 28 29 3} N 2?2 N N

Fig.19
Candidate Location and Optimum
Location of Monitoring Wells
® : Candidate location selected
subjectively in four times
trial computation
O: Determined optimum Tocation
(refer to Fig.10(A))

ELI LI

%ﬁmﬁF@W%ﬁ%&Lfﬂibwﬁg%ﬁ15C&%ﬁﬁbfh

5o COWBDHRICRBNBELE { DBAIRBHABON
D ORBIENADRURTH B, RUMBRAENEED
DY Ialb—ya/RELLT7 VA VEEETHELA
25, BEHF OMBELR N EORE & ) —RINCE
549 Thhid, BENEREOZERMIT OV TRITT
BB B T TRE T * — 4 PEEEL L 2BE
i, BENESEEYEXBANO Fig.7 iR ROME
PADOBRFELSRBLTS, Fig.10 (A) KR TREAE
L& -» THEWEOREEBHTE 20 E0ERFAL, ¥
RO RECH 5 & DfEmAE B, £/, RELEEDOA

Table 3 Superior Top Ten Alternatives of

Monitoring Well Allocation, in descending
order of superiority

or- m? Attribute utility | Attribute value Monitoring well
der Tocation
U Uz U3 Ll X2 X3

1 {0,645 | 0594 [ 0.317 | 0.648 | 433 | 0.73 | 2.69 | { 5,16){11,16)( 7,20)
2| 0.645 | 0.586 | 0.317 | 0.648 | 447 | 0.73 | 2.69 ( 5,16)(11,16)( 7,18)
3| 0.684 | 0.567 | 0.317 | 0.648 | 480 | 0.73 | 2.69 | ( 5,16)(11,16)( 7,22)
410,644 | 0.564 | 0.3711 | 0.648 | 485 | 0.73 | 2.69 | { 5,17)(1,16)( 7,16)
5| 0.684 | 0.560 | 0.311 | 0.648 | 492 | 0.73 | 2.69 | ( 5,16)(11,16)( 9,20)
6| 0.644 | 0.558 | 0.311 | 0.648 | 495 | 0.73 | 2.69 | ( 5,17)(11,16)( 8,16)
710,684 | 0.554 | 0.311 | 0.648 | 503 | 0.73 | 2.69 | { 5,16)(11,16)( 7,16)
8| 0.644 | 0.551 | 0.311 | 0.648 | 508 | 0.73 | 2.69 | ( 5,16)(31,16}( 9,22)
9| 0.644 | 0.551 | 0.311 | 0.648 | 509 | 0.73 | 2.69 | { 5,16)(11,16)( 9,18}
10 ] 0.644 | 0549 | 0,311 | 0.649 | 512 | 0.73 ) 2.69 | ( 5,16)(11,16}( 9,16)

(Note) Reference state of design conditions is assumed {refer to Table 1).

DL oD E=S ) v I HFREEMOET FKIBER EOKTE, FICH T KRN TRABRAOKET QICE»N 515

AP—RATH 5,

BRI B0 CRE S 1 5 EATI0RER O A L TTable 3 1KY

RESHRTHET 5 & hoBRicL

ZERIEHT/NE <, FE LOEMRBUDACBHREEES3RT 52 ik » THKITIE > TV 5, Zeleny DR
LB L B RTEA RS2, 30KBHSHICR L TENRE40.011.0.008,0.981TH 5 (Table 15, EESNS

=5) yIHFOMES, (FE (5,16) I,

(11,16) BIFIFEELTB D, KD 1 (7.20) O, S5BE SIS

EEERLTV S, BB, ChoObfiR3e=5Y) v /UBOEASBERTHT 7Y — BT 2RERERHLLT

AT 5T L L RRETH 5o

AR, ERCESROBNA SBEDE= S ) v SHFERETHMCEEL, oML SRAIEDE =S
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Y v SHPRE A2EK T A5UTERYEL T, BENICRERBREEES S FEERAL V5, LT AT, Zeleny O
WEREALEEEAT 5 LRANBZOBEOHFBRATC L EL L LY, BESNIEAGRRTIRE-TRIE BT &
K135, ZOBEADOEBICL LRI, FAF1IHEORTEL - TEESNLIV dhDE=sy ) Y/ HAZIET S
i, 2EBOTOBEOBEMMAEKTI2EOTRETEI L L-THIEERBT L ENTES, LLA
Do, BRESHROENNS VIBEREBROBHEHET 2 HAICE, T Lc@oES (FLR, &HTTL
DOEAOEHE) 2RO TRADAZIELETSOTREIPBE L5 L0555, I, Zeleny DR REALEHL
TERBUHEOELZTHINICGEET 2 BB R DL I NTFHRERIAHATH 5,

BEmO HATRBLCHUBHF S ORELM T THEE FMC L » THEE L EMEBBICR & 2R EOHET 4 8
FEEZODOT, AETHINEENF— 4 2HNTE=S ) VYR TLARERTEIENET L, LB LIEAES, 8
WESERENDLAIRBEENHLERI[MSPOEZS ) VI YR T ADPEMINTORORD RAEETH 5, AR5
FEDE =y ) VTV RF LAPERT -5 THEOTRITEND 201, BRYHOBEENBENEL, BFREELET N
FIARKHERGWHT 5 L0 D BREEICRKIL T 2, MTPKBEEROIGEIH EMEOBE:REL D TES, —
BERN T 7K B 375 4uE 15 LG RLRINE 23U C M TAKBERIIBE LN 5 C L0, Zhilg, MTRERL B
BT 51D E=4 ) VTV AT £EFRF - KEEL TEH TR LR TERY, 720, #2410 Vv Jitk->T
HTIRTEGDMR AN S NG B EROFRAETFRL, BHUBOHESHE RS HEEO W R A SBINICIRT 57Dt
BENEOERMT— 5 BB 5, AMTRUALFIC L OFFICEB L2225 ) Y7 Y RF o0, Th OIEGREEMD
BOERNEDOTRICHEBEREEBL-DICORBERL VAT LTHS EORARBLODOT, FlF-sikcBWTE=%
VYTV RF AOBRBEEBH L, BBERIRETYA T L25BRBRT A LIS, COFTERBICOOTORFRRIC DT
BROBE ST B,

AT, T=F VYTV RFLOERICE > THLNAKRMT— 5 00 BEWHOREMNEAHET 2 HKIC 20T
BRE LD 72s AHTRLUZZRERETER, RBEMEEZIHET 200E=5Y v FHFBERED ST & 48
FICiE LTS, BELHFTCOERT - 40 0 EMEORIBMESHE T A L3 HAEEARETH 5. A
THTTIRIBNFAY, BEERGETAMBOBREICHETD, T KEROERAHFLREEET 5 ikt Rild 5 o,
HPEBEORBE L IEEYED b T _RVI A LARHEAY I ab—va vtk ->TBl, Y1alb—Yas VOEBCEL
TR TKRMOBEHEB D, DERKPBEREEEHE 7 7 — ¥ ORWHAINEBICK AHEBEEZELTHEN, Th
SOEBAEBLILBAECRARTEELLBRALE TH S LV A & SEEBEHNOBERNBS NG K ATEMREET
100, OB, REREIKBOTRALIL S 2 — 7 HEESIELOED SEEEL TO 28580, 1 >OREE (B
CE) TREOLINBVIBETEE=4Y v I YA T LB BHEDOEES FIE 4 L 0REWICREY 5 v 2 7 L0 BT
DUFERITIC D0 TIRIENII > 120 T SOBITIC DO T IR OBAICHIET 5 ¢ &itd 3,

5 &% @

WERG T TR ONAFRIIEREENT 5 L TFido L St b,

L HEROLEEROHK, S, 4 13MOBMAEL FEMICELT 34080 d 250 Sic B ofRRE IS T
B0, 2=4 Y VIR PRBOREERE EETS-HOFEE LTOEANMERRKE VL ENVZ S,

2. EEINAHPOBBELE L, BEREMEXKIHRO T RAER OB EMERERHAE ic—%d 2R dH 5, Th
i, BREXETCHE, 2L ORBMB» SOFEMERT AT =y — T& 2MI#EIFZLE, £ EEWEORBMEIID
MERE, €= v IHFRESHRELTEE LOVBEEE 50 5TH o

3. BREFFTTH, RBRCLZBHEOESHIRFEEREMR OAEC, Al XOEREOESRI/NE VY, B
HOEEHEAETTE EBENLREEGENT S, FEBOEAENELT5E, REBLUOTUERICESLRE
R WRMIcE =2 ) YIS HEHEIE ) PEITh AT LI 5, CoEkRTRER, TEMEFEFEE DR b L
— FA4 7BBRPRNLT B E VR B,

4. B RBI O BIEOE A S A RBEE O HERMUC ZEE L T, 1 HoHF OBBEEEP % 0.1 225 0.05 KEFELT
bEEINLBERIE U TH 70

5 AEMHEOTHELMTAEORHOSEREENK X L, $-EEME ORBNEBEIWNS { CEBRREEIIAEL)
5L, €24 )V IIHPROL VREBRPEESNS,
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6 Hast LI BIRDIEAEE - BINE Y/ — VTR, £25 ) v /YR FLOBEEAES LS HET 52 LR TEBH T,
(AL, BEtE OB BRI RN D N, (KB - I — ¥ B & BHITFAERE= 5 ) ¥ VEHEO KRBT
KoWTR, oK, (IEOIEKE . BINE Y/~ Y E2&D TEICHR T3 08NS 5,

T BEEMOENLS S — VAL ET S, FIAERMIEERTBAS0E=s Y v S HPRER, KAETEERL
HOBADHFE BN LS AEERET 5 0T B,

B (3 —HHEFIST - S8 XA EMAB ORI LB TREL 72. ¥ /2, APROHFICBIEBAEREE I Hi ¢
v —OFACOM M370%{ERL 7z, '

(BE )

(1) FLBE - REEH  HWTROBER— 2 ORREMER—, AEEHE, Vol.10, No.9, pp.919~930,(1974)

(2) FREBESS - HF LR (KBRS IC & B T KRR ORI EIREEIc D0 T, FAREAEE TP AN R4S
1R S, No. 18, pp.130~138,(1982)
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