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Study on the measurement method of diffusion coefficient for

radon in the so1l (VII)

Takao lida*

Abstract

To evaluate radon exhalation from the ground surface of a soil-covered
landfill for waste rock from a uranium mine, the followings were carried out:
1) continuous measurement of radon concentration in soil air, radon
exhalation from ground surface and soil moisture content, 2) experimental
evaluation of the effect of bentonite-mixed cover soil to radon exhalation, and
3) numerical simulations on these items.

According to the measurement results, the radon exhalation rate varied
in the rage from 0.004 to 0.351 Bq m'2s'1 with an average value of 0.010 m2s'1.
These values are considerably smaller than those obtained in the
measurements in previous years. This can be attributed to wetting of the
ground surface due to precipitation much greater than that in the previous
years. The radon exhalation from the cover soil surface, on the other hand,
was measured to be as small as 0.0015 to 0.0030 Bq m2s% for the variation
range and 0.0020 Bq m2sifor the average. The radon concentration in soil
air was 200 to 400 kBq m™3 and varied in accordance with the exhalation.
Therefore, it can be concluded that the soil cover effectively and sufficiently
reduce the radon exhalation. The numerical simulations showed results
pertinent to the observational results except for some short-term variations.

By summarizing the results obtained in the series of studies (I to VID), it
was concluded that main parts of radon transfer in the surface soil were
understood and the reduction of radon exhalation by cover soil was effective.
The remaining issues are development of soil radon monitor which is
applicable to nearly saturated soils, measurement of physical properties of
cover soils, and study on maintenance of soil cover soundness.

*Graduate School of Engineering, Nagoya University
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02

0.1

Volumetric water content 8 (voll/vol)

04

03 [

0 sensor 11
= sensor 12

© gsensor 4
® sensor §

sensor 4 0= 59473E-4V - 0.3763
sensor B: 8= 6.1017E-4V - 0.3084
sensor 11: @= 6.3810E-4V - 03774
sensor 12: @ = 6.4719E-4V - 0.3943
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800

1000 1200 1400

Output voltage of Echo-sensor V {mV)

B 2-5 Echo YO—70OBEEME

2-4 HRENSDT FUBGEROME

2-4-1 WEHk

HWRENSO T R BRBIERT ¥ ONBICEDRIELE, HEFICETFORNEF
TONEREL. Fr o NNOEKOT R BENSBRELRD D,

BRF v NEORUEEBOMEEN 26 ITFT, NOC OV EERBEIEE-DITF v
N5 AlphaGUARD T 13.8mOF— A2 L. BRERE L Tk 0 F v 2 NHD
EREBEERYBREAD Y « V¥ —%BL T Alpha GUARD I2i#¥<, hOCORBEIZD

WTIRE TR S,
-
1 l Filter
2m Co
Chamber Air flow
R
' —l' —= 13.8m
J

Bl2-6 MRES F75vr AREEBOEE
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BEFv o NNHOTRVBES G ETBHE, 5SROORZEBUTORTEINS,

_JSAt CovAt _ CivAt
v

AC, — AC,At (2-4-9)

EAOFOE 1 WRAMBENS DT R T T 7 AL DM ERTE, B 2 HdFy
INNOHFEIIRAEZRTE, B3 HIF v O NAEKOFKL 2R IHE, 5 4 HT
TRCOBEEHTH S, BL. G RABEEBm ™), viIR> 7HEmss 1], A

T ROMBERT), At TRBRMIITH S, R(2-4-2&D QITHTBLTFOM
SABRASELNS,

—l=me U AC, (2-4-3)
d Vv ¥V

CIT Fy o NADEXDTHRR [~vWls 2 ANn5s &, EROBIKR &5,

L ELC S A _ "
C1_1+L{V +C,L [V AC(,]exp{ (/1+L)t}} (2-4-7)

Alpha GUARD K THIE S NZWE GIZF v > /NNOEE A AlphaGUARD F TR
T 5 DIET HRHE GRIERE) tdsl TO T RO OBBOA TEMTEX B0 TERRNERD.

C, =C, exp{—At,) (2-4-8)
- T,
exp(—Atg)| JS JS ]
C, =B 70s) | 0 —| L2 _ -4-
T {V +C,L [V AC, |expf-(A+ L)} (2-4-9)

ZOALVHIEE JBgm 2" ITRDRTREN B,

R e niatia]

/= S~ expl— (A + L)¥]] (2410
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2-4-2 bOvoOEE

HEREPSRET S5 FBEZERICHET 2037 OBEERN TH S 215P0, 214Ph,
214Bi, 214Po OHMHENSDEFEE. SR ORMETHS ho > (220Rn) 5 OHESHEE
ERETOLHENRD D, FREBERI 70V BEL-EREATEABOEE -
T3, SEORAIE TIZK 2-6 IR LXK DI1C AlphaGUARD O A N OERTIZET - A
TV T AN~ (R7H1X08um) CHEATEODERRBREL~,

B AR 55.7s LHENEVOTRAR, SRIESE THaBEREEES Z
ENXVBEIL > TBEEBYMERDZOTIANY—ICL->TRETE S, LB TII
Fx NH S AlphaGUARD £ TEZX 13.8m. N 19mm OF—AZ2E#EL, R 7HEg
0.20Lmin~! TEKREFI< T EITE D 20min OIBEERR 253137,

BHEORETERITET RO O OEBENKEERS L TERERRSEATNS
7280, TNENDS TIEPTHRALER - BAURBRICERTAI RO EFOCOEERIIIE
ERIUTH D, > T BRHERTIEI IOV RO OBEEE (5 R A=2.08X 1061,
PO A1=0.012481) DEATA DFGEE TRV, —F. TEPEHHUMEFRICET S
EDTESTRIBLVLOE, BEEISDESBZOBBOHFMOMICTLETE 2
PR (HLBUERE Lp) LN TRAELZH OB SN, %5 t IBETERICK LM T 5,
Ko, THEEREIEILB R Deff ZHWNT

%zJﬂ@r

ERIN, HRANSDT v 7 AR THITHAT S, #-T. SR EPRLDTIV Y
ADHRAY )2 &80, O 77 fEREWV, ABKIZBITSBEOREEENS
BOER JELTI R 0.20Bgm 287l FOVIZEFD 17T ETH 5 14.4Bqm 21 ZRA
U7-Rp OB R IC K 5 BETLOHEREREEZK 2-7I0RT. ZORKD. BER 20 4
THAC PO RBETZ &N S, BICERFRBEHETRYS V8 ELOTE
OYEDDT RUNELFETZOTIOOBERIT 144Bqm 271 XD HHAINWT &
APREND, ZNE L DERERTIHBERRMZ 20min & L7z,
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5000
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Delay time. ts {(min)

h

25 30

B2-7 ZRBIUMOCOREOBIEREICL 52

2-4-3 PEsktt

#£2-3125 FUHBEORTIZAW - #&EE2RT,
AEBTEHLEF v >N 40cm X 50cm X 8cm D A5 > L ZMEHHT. WEITHE)
DIRIZE-T 1) oFRIZEGShTWS, M2-8 XHEALEF v O NOEEEERT,
WHIZ 2 FHROY T OBV FOOMERL TR E > TREEWEIL,
AlphaGUARD ~"FA S ®72, A DO NRIAFBERKDOBAN L/x->TWS, BAT 27853
TRVBERZESTOLDIRBADZH LH 2m ¥ THEES S, Fv L /NITEBY A b o

2em HOIMATREL .

400mm

200mm

in

ng

[

out

500mm

H28 Fr>NOLMHH
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EIFBOEENIT 5y 7 APEMOBEERE 528D, RO FISV1YT5LKT.
BEENIIRERBERILICE— Y HEELZABNCHBTEZ 020, KR
0.2Lmint & L 7=,

7 R 2 RBEIT AlphaGUARD PQ2000 (Genitron Instruments, Germany) #f\T 1
¥ 244 % B ALE U 72, AlphaGUARD (/MM ER THRVWRARL L. BESLORE
RLIH LU TRELERERITO ZEATEZOTHABEBETCOS RUMEIESITE
LTWh3, '

%23 T FBURRAIE DS

St fig

Fvy NEHE S [m? 0.20
FroNnEE V [md 1.2X 103

R7THE v [Lmint] 0.20
THRE L [s1] 2.8X 104
BIERFRT  te [s] 1.2X103
HEkE t (s 3.6X108
TRCOBEER A [ 2.08 X106

25 TP ROMEOHE
2-5-1 JEEHE

ARETELHEFOT R BEZERNETS0I0, T8hS R BEEGERIE
A7 I (Under Ground Radon Monitoring System. EA'F UGRMS) %#fEHL &~
(Yamamoto et al., 2001), BRIHBBITBRTH VD, LBWICEEZHIL THERT 2., RIHEEE
HOMEZHE 2-910RT. RIS ER 4mL @ ZoSAQ DY > FL—3 3 »EILANES
NTWw3, WP ERIIERBIITIVE KK (Celgard2400 ; Hoechist Celanese
) 2ALTELIANCEINS, CIVHTS R EFOEELERY (18P0, 214Pp) M5
Biiahs a#t (5.5MeV. 6.0MeV. 7.7TMeV) I TENHDY F L —F —THICEHE
N5, WIORBICREINLAETHEET (H3164-10 ; |WAF M=V A8 K&k>T
HBELKGEBTERZIN., r—TNERALTESEINET—ya—cigEsh 3,

ARETIEIAT 7 A N—OEHOFEICL S 2 BEO UGRMS 2R LE, X771
N=ZRAWERESE CITXT77AN—F47) FEE 12mm. 2EH 1m THO, B

-15.



HWEHEIAT VARTH S, REBEROENTRELEXRIN T A N34, &
HE LMICRBE SN PMT C2ES505, A7 7 A N—2FAL TWANRHSE TS
BESY7) IZEE 20mm. £ 1m THY., BEBITNVIZOLANTHS, £H
HOIOEBRICPMT HHREL TH5. AREBLEIERAOF -0 —2ERL TRl
EETV. oMEHBEE 1 BFSICEET S, F— 23— EHE%RIZ PCTRY ALY,

Separation film

Scintillation

ZnS(Ag) Scintillator

B 2-9 UGRMS %25 5evmif o O’

2-56-2 EEROKIE

BHSIES F0A TR ZOEEERYTHS 28Po, 214Po N5 D a g (6.0MeV,
7.7MeV) BBRILT D, £, A7 7 A N—ROBRBBTRHAT vt NN—ic L B N8O
IRHDEBIRENSD D, CORZEENSBRINBOEMIEE S RO BECKRET ARE
BH%5. LFOFIETREZTo %, BEEROBMELR 2-10 1277,

P Ionization
ump chamber

g Air flow

UGRMS probe

Flow-meter

Filter Chamber Data logger

X 2-10 UGRMS 8 FEBOEE

(1) BEEEEICERL THS 247.8L ORREAREIZ UGRMS O 70— 74430
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(2)

(3

BL. ARIHT PV BREEKEHA LR, ABNOZEZEY 3Lnin 1 O
TTHERRL T R BEME -5 T4 BERES- -,

BEAOT R REQIEMBICEDAEL L, ERECHATERS 1 BE
AL, TR BE CABam NI FORTRD B - LN TES, AL,
L@ V.t FRIERIAL BFICl. BEV). B Fv/53% > A[FT
b5,

=% _rd _1oggx10x e
dt dt h—t,

Cr =(i-10"” =7.26)x17.8

UGRMS TOAY > MEBEBEIC XD I R BEOHENCBRIFERE2RE
L7z,

FEHRTHNWERT 7AN—F A TORIBBEBBREY 1 TORERE 2 AOBT
HERAEE 24IZRT,

# 2-4 UGRMS OBIEFER (BfAL : Bqm¥count h'1)1)
caekd B BT RKIFAIN—34T

ShEEE Nol | No2 | Nol | No2 _
iE 233 218 220 159
E1ES 15 1.2 32 18

2-5-3 THPT FORENERBRORR

HESF O T RIRHBORICE > RUINTENOBRES TLZMITE. ZOBTE

SETIBREZIAIVVEDICHRLE. BTECEBRESY 1 7OREEE, EhE
HIT7AN—FA TORMBBETNFNHEEBEICEA L, REEEAK, KSR S
ANDBRAZH DI Eo—NBORZTHRISB G-, HBLAETEEE 21
IZRTUGRMS OF—# OH—i3BRY 1 F2 5 sm BREBN-BR/NBNICLB LS,
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HH21 F+NRBLCUGRMS QRS O L)

26 BERREER

Echo 70— &M\ /z TS KM OMERF 2 2-11 12, BARONERE (A phEm
Bt > 4 — ) 2 21210 B L UM LR O T B G RONEEE R EE 213
HXT2-14 (EHGER S O KE) 12, %% 20em BE 40em O S DS F ik
OMERRZEZENTNE 2156 BLL2-16 IR T,

2-6-1 THEKE KR

B CEOEME AKRIT 037 1 5 0.39 Ol THEB L, ffuSkETH 2 0.39 [0,
Kfo, Kt O EE 7.0em OFEMEAKREIFMOREE S bictheicfmL, 11 AR
FEFIZITLY 0.39~0.40 TdH - fo. EHE 15.0cm TIEMMM MR D 0.32 NS 9 H 16 A
EHORKIZHEVERICHENL, TORIZBELEMERT, 10 A PaLiERT b - HE
FEDRAIZEVE S 2> TS, K LEERE 7.0em 085G 25880 T i
L7720, EEENEE LRI ERaEHE H— 2l AT BRI S BTl
K DEAA—MDICHRYPTE KRG OERESNELED. TOBLEFIZLIDEARIZH
HEDEFRBIZR-ECEICLE00EHEA NS, 5T, 10 APHLLETOR
K 7.0cm TORMEKBEOMEMIELS BLbDLEEZSNS,

AAE O BEE ISR K AR T2 <, B eRichiz-> TR EELE. i,
REACSRAENS 20mmh ! 2B A SREHEASEBEIMSTO 9 H 17, 20 B XL10 B 20 HD 3 [
B0, BB oOSEARIZ 906mm THo . BB ARSI AMeDAS B34
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DERTORKRTHRS & (% 2:5). 9 H~11 HOEERKRIZ 595mm THEOITHL
T, 2004 ¥Fi2 1475mm THEOR 25 SOMKRTH - 1=,

CORITEFERITEH BRI U, 0 - AT B O % 5 L T AR Lk
TEATHEE, LMAEARAICIEVRELA COMET— ¥ 205 L0 TEh -7,

# 25 AMeDAS B D 2004 FEREK R & PAER D H 4

A 2004
1H 196.7 172
2 A 298.2 102
3 H 188.1 144
4H 149.7 133
5 H 165 295
6 H 2927.6 146
7H 280.9 89
8 H 181 547
9 H 277.5 505
10 H 162.5 423
11 H 154.7 58
12 A 157.4 278
P 2383.6 2892
R o e B et e ——

04
S *].r-.-. :
E ‘.Hhﬁ?\w“r.-*"."“l""_’llww b A L= T t o WU
E %8s W*MM
F 035+
L
< .
L
k=1
= 03
— 5. 5¢m depth in bared sail
10 Dem dE{IFﬂl in bared soil
ICm gapth 1 gidy-Coverad soi
16 Tew denth in l:II:u-. -covered soi
T MR
l]. 25 il P A T Il B 1_-..._-._.|
2004/8/14 8/24  10/4 10404 10724 103 1113 11473 1243
Date Im/dl

4 2-11  ATERRTCA ORI B 0D 2 SR TS K O IS 5 R
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25

20 -

15 | -

Precitipation (mm/h)

10 + -

0
914 9/24 1074 10714 10/24 1173 11/13 11723 1273

Date (m/d}
B 2-12 AREREREERINE ¥ —0BkROSRIH

2-6-2 T REGEER

(V)R

BHHMT O 10 H 28 8 7”5 11 A 4 A 23 B OBIMBIN 11 H 17 0 2B»5 11
H 24 H 18 By IR, Ao 7Bk LIz TF—yREGonTunil, FEEORET
3. B2 13 IR KD ICHEBEIBWTRIE SN S F #8533 0.004~0.351 Bgm ™ 32s
TLOfEERL ., FEER 0.010 Bqm 27! THo Xk, BEOHIEME (0.05~0.43 Bqm 2571
THK 14 FEREERH) XOBERMITHEZDNSRBETHS.

BERHMONMICIIBEHEZBRRS Ao i, I ROBERESHEML. SEOS R
MOBRAM 0.351 Bgm 2 LIZEL TWAA, 98 16 H 19 BHEOMKEFNE 3mm, HEWH
B 8.5mm OEMICK D HRESEHITHA L .0.010~0.015 Bgm 2 1 D#ER & 2o 7,
TORIIHFIMET 5 & BDB<BRKOBENEN 22D, BNBGERTHEB L L
EZHN5D. 9 H 2905 30 BIZHTTORKEKE 210mm OBERIZE D, HEREN—E &
BRELZD. SRCVBEARFEBD TRWMEE 27, TOBOI R 75y 7 ADEMED
BERDERICE<HEL TS, SEOBEMHM TIIEREKBRNE< S Z &Ml
DT, 79907 ARNRRESI N EREREHET S ZERBARMO T2k En
o7,

FEIOT RT3 v AOHEIL 400mm X500mm OERBEEHEOF ¥ o NEMRET
fTollz®d, F+ NNOHEBEIFMARMOBRBREIC LY AILBOEMEICH SHEERH
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LTWEbDEBEZLNEM. BAICLABMBIVERILZUROLHOKXZ X ITE
WTRIZERTNEIDoEEIONS, TOED, ZBABEL S R #eNZIZR<
2BHEDMEKE (2239 BKOEK) THT Iy ARBPIITIHOD, 0.002
Bqm 2 1BEOHEEZRLEEEZLSNS,

G'2""‘"'I""l""l""'l""I"T‘l"'
—clay-covered soil
S R bared soil
uw—§ -
= t
E y
a ‘
x 0.1 - .
g |
0.05 |: ]
0 L Syl il s Ml Al
9/14  9/24 10/4 10114 10724 11/3 11713 11723 12/3

Date (m/d)
X 2-13 ABIRECKEBSEEOHMEBE > R O #EROBIFEZE

0.05 e e N —
—|ay-covered soil
----- bared soil
6.04 - -
B .
% .
> 0.03 _
e 3 i
s 002 F . : : 4
h=] T i
& N b

0.01

!

11723 12/3

0....\...‘I.H.I....\‘..l.....‘

2004/9/14 9/24 1074 10114 10/24 1173 11/13
Date (m/d}

X 2-14 ABREXFBBHBOMBETS R #EROAERE (K213 DHEKED
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03} R ]

MEIEH»o07 PO ER3EENYME2RL TREALHIA, FEASOHMEIT
0.0015 7* % 0.003 Bqm2s 1 DEFETH D (4 2-13, 14). FHfIZ 0.002 Bqm2s™1 TH -
o COBEBAFEOHMTOBRED 1 FhoBHTH S, i, DaTEEXhE 0.05
~0.43 Bqm?2s™! DHRR & LR D EBRToMRESRRIVNE O, ¥ TSR R &S
HHEROEOTILMANTONT 0.26 TH Y. BANS 6 ALLEREBLEZ 11 B 9,10
HTi30.12 TH ol MHIE THERSWINL THARBIC oW THELE TII8mT 3
ZEF T,

LB R & U EAHEIC A <ERN TS ROBENNI M- ic bbb 5T+
HTOMBRBESITAEIMA->EZE, BIUKMIHETIRASSBEREHNR N &H
5. XM MEE ALK 2BEMNRABO THEY TH D LR IN 5,

2L, R M MERLRERICIVABNELZ 2 EbEZ 5N E. FEED
BRHEKREETIIZTORAEKEIEShh -/,

2-6-3 THF T RORE

UGRMS & 51895 RUOBEORE TR ENFIMMREL -5, T
K%ﬁﬁﬁm:tﬁ;@ﬂﬁ%«m&*t&Dﬁﬁk?—&@%%htﬁ@m&mmo@
215 BRU2-16 TTF —FARENTVARVEIBMIRABTH D, F—F 2RI N BETH
ARE 40em 2D WTHL K m OBBMYRE OB DA IE DT —& T,

B 2-15 iR UZBRE 20cm OBEIL. BB LF 200k Bqm BETH 0 LFOHERE
(138kBqm3 : 5 14 £EREE) CHRTRPATVWVETH >, BHE COBRELTS)
A7 v I ALHORMERLTHY, TBOERICES BEOMH DB L CBEICES
REOHEMARSND, N5 OEBIHBMERBITREI> T3, —F. %TETIL.
RBOMEWERHOEBHNH2H0D, BehTRIBEOAEIREHNEABL TNS, &
ICHIRZL DI, 10 A 16 HER 5 20 BEIIMIT TOREO KBRS & T3 S5< @
EOEMTH 5. 10 A 14 HIZ Tmm BEORASSH -2, 10 H 19 A5 21 izt
T?D 275mm OFW X THEERREKIZR <, LBOGRICHESERE 7S5 v 7 20BMER
LD 75 9 7 Z0BDIE LR BER L ER->TWS, LL, BtETHOTS
v I AZEERRESNT, 2BPTOKELRD T R O EEBEE L T algEisns 5,

B 216 IR L 72 E 40cm TOERBEBEEO S 1 #8512 400 k Bym? EBETH 3,
PRI QR CERETOREE (612kBqm® : VAL 14 EEHED) ICHRTER/N S WAFIE
FREOMTHS.

-22.



3105\IIi[|I\|

I T 1
s 25105 -
2 F* ‘
3 2108 ]
=
29510 | -
o i
§ | 10 _
g I d soil
= —— lA¥Y—COVEred SOt
= sy |- bared soil ,
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g
2
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T ATRBRIERMN > & —RABREEBIFHIIAR S Mo MESLIZKD 12em ETHE
TLABERABRCMBEOLS OB T EOE#E 2 MW EHEBEEZREL. ThEhD
HEREPSDT FHER, £8P I FOREBICHEEKEEAIE Lz, SRR+
ZHED 2.5 TOBRMNSH D, LREAEICRNCEVERSREBE Lol &ty 2
BRIV IRTEEOIRBTOT —F3G5 &N TERP -1, BLOFMEE
NTLUTOBRNIE N,

DARMETO Z R B %13 0.004~0.351 Bgm 25~ D ZER L, FHE1 0.010 Bgm
“25T1TH D, LATORIEME D KBTI,

DEMATOT 797 ZAEBTIBKEMETELDTH -1,

3) MLEMNSDT R HRIIAZLEEHITR<, 0.0015 25 0.0030 Bqm2s 1 D#&iH
T, ¥H5{EIZ 0.0020 Bqm2s 1 TH D . #HHE LD EEIZ/NE N,

HEIBH S FBEL 200 5 400k Bqm3BEOETH D, HERBM SO T R 8%
EXINT BB ERLZ,

BEXD, XU b MEELZRAVWEELICED, #IREMS OS5 ROEREHREKIC
Wil 2 &NTED LERINS,

BE

Bossew,P., “The radon emanation power of building materials”, soil and rocks, Applied
Radiation and Isotopes,Vol.59,389-392,2003.

Dadong, 1., Hiromi, Y., Takao, I., “Quantification of the dependency of radon emanation
power on soil temperature”, Applied Radiation and Isotopes ,Vol.60,971-973, 2004,

Tindall, J.A. and J.R. Kunkel, “Unsaturated zone hydrology”, Prentice Hall Inc., New
Jersey, 1999, '

Wilkening, M., “Radon in the environment”, Elsevier, Amsterdam, 1990

Yamamoto 8., et al., “Development of an underground radon detector using an optical
fiber”, IEEE Trans. on Nuclear Sci., Vol.50, 987-990, 2003
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B3R NEHEICLZS RUHROTME

31 R

AETIRS FOEZICRT D 1 ATTEEEF VT L > TREY 1 FNOMEES K >80k
BELBEITS ROREZFEL, RAMESLET S, KEHETE,. BRTEShE
TR HBEBLUTEBERT S R BECRONIBAEEBLUZTOREELLTAL
SIBANEOEBTERTHAEMOREEF NI L 2EEMARREL. KEEOBKH
RRTH-OLZIENS, TEREORKROBERIIRY M A MEELIZED EOBRED
ARMEIZIRSIEI NI N EHET 2 2 L2 EMET 3,

32 EFN
3-2-1 SOLVEG O#tE

TBPOS ROWEEFMET 2T R ORBEOEETH BEE S AOHREE 3
BIOLENDD, RICTBOEKRIS ROBZEOXERBATHZ HIBHESOES
DIFEERY, LBFOT RO OMBEEICAZI<EE TS, BRSICX-> THEHIT X
%@*ﬁﬂﬁxbtﬁé‘iﬁ@@*ﬁﬁﬁﬂﬁmbﬁF>%%Kk5<%§TénRL
DERLODABIMTBEFDS ROBEITOWTRIBEPIOKFIREOTLEER LTS
NWERWRHENRD S,

RI-THRANOKOBZ I EDLD THETH VR RERIC L > TET 2, BEOH
RTIRLBF DT RMEEFINE LT TRACI AR E N (Ferry %, 1996), AR
THASK LBESRNOHFEEHEOEE TH 2T RVKOBNEE % HETLET)
LT SOLVEG (111 - 5k, 1997) £/, SOLVEG [3+#d & kEhos, kK,
BROEHZEH I BWEREZHET 2, HETERIN TV IYMBRLBERTO
MROBEEM 3-1 10RT. :

EFNTR. FRCVBEOEEBETHSEMFOTERIES, TBATOB#BLOL
BKOBENICE BRI TMAPEES FOOBRE2ERT S, THEADRIZS ROBEA
REDBEBEEZ D70, EFINTRLEAFOEBES KR ZEZFMET 275D Richards @
REETSKGBHOFRER, KEZREOHTBRBIUVKORREHET I EDIILE
BREBRECHETIHER @CEHIER MoBRIND,
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31 7 FHORICH ST 2R & SR

3-2-2 HREHER

SOLVEG THW SN 5 TR EFOEA R EL FloRT.,
EHP OMEBOEFSERILG-2-DATHEN S,

ar,
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9y My A, _CET, .
at! idzr ez BN Cips Oz

T, 3, 2 QI MOMEHMRS TH O, H3058 1 BTkkoE. B2 Hid
THRER OHERIZ S TSN 5, B 3 SEREKOBEIC LS RoOBIHE
THD.

TPk REO LA S EILE-22XTH S,

an 1 0E A
Slhwret s Sl 0 A (3-2-2)
o L Y T

7wl B LMOEMEKE. B EMKT T 90 R, B LHEPREkOBRTH S,
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a{(ﬂ "9)%} 0 dg E
=8 - D —15 L b -9
= =D 7(8) o p (3-2-3)

EROETAOERHREROEREERT., A0F 1 AILBETH . RK F(9) 313
EROENEZRL TS, A% 2 BIEEKOBRRETH 5. MLOEALRKITINHE
FEETORAFRICAVEZLOLRAUTH S0, X 0FMAERIIEKT S,

FEERETE. 5 RCBECHT A EARE L TR LB B I BEMAF T R
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