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In situ Measurement of the Thermal Conductivity

in Propylite Rock Mass
Kenji SHIMOOKA, Shintaro SUDA* and Kunio ARAKI

Division of Envirommental Safety Research,

Tokai Research Establishment, JAERI
(Received October 19, 1982)

The safety evaluation for the geological disposal of the high level
waste becomes an urgent problem to establish the backend of nuclear fuel
cycle.

The stability of the original host rock and the flow of groundwater
will be perturbed by the thermal disturbances from the waste.

So the heater experiment at a depth of 90 m below the surface was
carried out to study the conduction of decay heat.

For measuring the thermal conductivity of propylite rock mass, a
cylindrical heater and 13 thermocouples were inserted in 6 borebholes.

The power output of the heater was kept at 880 W constant during the
experimental perieds of 61 days.

From the observed temperature rise around the heater, the thermal
conductivity 2.1 W/m °C was calculated by steady-state calculatlon.

The value of the rock mass was found to be slightly bigger compared

with 1.5-1.6 W/m °C of core samples.

Keywords : Geological Disposal, Decay Heat, Thermal Conductivity,

Propylite, Rock Mass, Radiocactive Waste Disposal

* Mitsubishi Metal Corporation
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Fig. 12 The relative position of 12 thermocouples around

the heater
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Table 1 Position of thermocouples in 5 boreholes

BiEde s -RE

o ] . EERIAOL D oEs
A -
)y LB (N3 LD | vy -LE& (T‘Eﬁiit—’?*ﬂbil}&@@ﬂé%ﬁ)
2.50
i 2.50 1. 0 -
2.50 3.37 3.91 4.44
2 4.50 0.5 0.5 1.0 1.5 2.0
3 3.00 0 3'50
2.50 3.37 3.91 4.44
4 4.50 0.5 0.5 1.0 L5 2.0
2.50 3.62
5 3.65 1.0 o o

J /) )11 S

o
HEITL
Sn T #
~ —— B
BT 2 V¥ — A Bt v — {z/i j;{
0 o
#E A 2B L
1.0m J
|

7777777777777

Bmpi e vy -—BEE

Fig. 13 Position of heatflux sensors
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Table 2 Devices and electric specification

# B B &
No [ = % . S s - '
.| 234557 AC 200V — 10 kw
2. | WME®E A 200 V — 30 A
3 RAEBREET 150 V / 300 V
4| R EHE 10 A/ 50 A
51 #4724 5 F AC 200V —30A
6| BEMEEH AC 200V, 0~800°%C
7. BHEMEAS AC 200V, 35 A
8. o BE SVA AC 100V, 5 A
9. | 12{THECH T AC 100V, 0~ 600°C
10, | 1247 HEd & it AC 100V, 0~10mV
1. | HEM—-MCV (II) AC 100V
12t & & & AC 100V, 130w
13. | & #1 &t ‘
14, | L @ERRE
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3 MRLEER

31 HERBRBOEMARUEIT I TILOBHEER

FRITRENOEAR S OSE, e, BEERSOELRTET S LRBICREBLEROIE
MeApEm Atonic, BEFANT, N2, N4, M5E8L0e—2—AN3 OFE~ 1 v 7 a7z
WL S AOSHRABEI T, FOBEE-) v/ a70ERERIZEI00%T, Fig- 7T~9
W Lte kD27 5 9 7 OFARBEINL -7,

HEBIEEA Table 310, 2N 50REER%E Tabled ~ 16 RV Fig. 151TR7. HR2T
OEIFEEIR 238 g em® ThHh, FHEDEREII24BTHIBERZOKIEEAT
WA, BT 021 cal /g’C, BViEEITEH386cal/cmesecC LW HEMBALE SN R
EEIFOMER S G, 500°CH5 750 COMITASHRIC— 7 HEDZORREEHICESR
R E B, THOLEL00°ChLRSESKIAT ENb o, HEREHZIET, 37
— Y YT NEBCEET S SRBREOEMTILECE U THEREDIEEBR SN LS -
ko, BEEHIOCRFROOERSRONEFAEE DT 50, HRAFE L TRRIZEE
FHELEZLDTH S,

Table 3 Items of rock tests and standards

T !

FAERNo. B oEHE A % @ R f& | & R
1 | =woOE M E JIS, As003 ITMMe4
2 & K R OH & BEREIAABESE (£) |Tableb
3 T4 M % EAE EREEARFSBREE (ZF) | Tableb
4 — TR ENE | 2R JI1S, M 0302 Table 7
5 o AR EREtAREBEE (E) | Tadle 8
3 EHE®REAE | £/ JI1S, M 0303 Table 9
7 B M = Table 10
8 BoE &8 FE U E Tabie 11
9 ROl ok X R E | Table 12
10 mowm B B B 1 Table 13 14 15
i1 it = 4 Table 16
12 N = B 42 Fig. 15
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Table 4 Density of propylite core samples
il € & oo 8 K
e 1 2 3 T w =
ot K Na (g /cd)
1 2.27 2.31 2.22 2.27 8 R iKE
2.44 2.49 2.43 2.45 8 RIKE
2.44 2.41 2.45 2.43 BRIKE
Table 5 Water content of propylite core samples
il 5 T oa K &
e e 1 2 3 52 W%
K N (%3
1 2.73 4.29 3.77 3. 60
2 4.58 3.49 4.10 4. 10
3 3.24 3.68 4.35 3. 80
Table 6 Effective porosity of propylite core samples
# E & 3 H %h B #
o e 1 2 3 ¥ 1 #
&} No (%)
1 12.16 16.24 15.76 14.72
2 11.50 8.84 11.30 10.55
11.45 12.70 11.64 11.93
Table 7 Uniaxial compressive strength of propylite core samples
ifil € B T Hg — i I 5 o
™~ 1 ” ; TH-WEREE |
& K N (kg / cd)
1 831 1,186 633 883
1,902 1,313 1,544 1,586
840 830 872 881
Table 8 Elastic coefficient of propylite core samples
il 52 18 FEHGEERR
R Na ! Z 3 (ks / o) B =
1 2.690>9° | 3.833x107°) 2,105 X107 2.976 x10~
3.522 3.650 3.151 3.441
1.826 1.691 1.855 1..791
Table 9 Tensile strength of propylite core samples
FHRIEREANERZR
&l & {H EBHEE
e 1 2 3 HERSIERE fid &
= K No (kg / cf)
83.3 49.6 §2.2 650
182 161 95. 8 146.3
60.8 54.3 98.0 71.0
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Table 10 Specific heat of propylite core samples
= E M 1 2 3
w E fE
o . .206 .205
(cal /s C) 0.216 0.206 4 0
Pable 11 Thermal conductivity of propylite core samples
flENE 2 E f# (kcal /m+h+"C) BEREMA
LRI No. 1 2 3 4 5 SEEEEE | (cal /emes « C)
1 .
2 1.337 | 1.344 | 1.335 | 1.341 | 1.338 1.399 3.886 % 10 °
3 1367 | 1.401 | 1.389 | 1,386 | 1.359 1.380 3.833x 10°

No 1 HEERED 2o JE A

Table 12 Thermal expansion coefficient of pronylite core samples
MR RAETER
| E % {
B ESE: ¥V 2=y b F e —FRAE—F:200m/h
EHRHEBES:P. R Ty -0RER TS
F o ¥ = Tl (8.0x107%)
H & & E:5°C/ min F B [ AT THER
_H ¥ 1 2 3 4
i & 5 EHE 20.180 19.288 20.952
(x107%) (x107%) (x1076) xi~8)
100°C 8.00 6.13 6.84
200 8.55 857 4. 31
300 977 10.20 10.54
400 10.22 11.38 11.50
500 10.79 1251 12.46
600 11.84 15.56 14.89
700 13.03 17.11 16.89
800 13.40 14.42 15.69
800 14.48 13.46 15.03
1000 18.97 13.27 1510
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Table 13 Result of microscopic examination

B mREER O

N 1

BT | NAOESEEYRHR  HFELLLETHER. RBRENDFEZELLE
M E| BL, EALHBEOKBAF2TRERRIIbOOBNAA, REELY
BROSCLEDERIATVWE, AHELEEL - BERH - RBRELY - B
Fy5 v LEPLH S

E H
x 33

Lig T
=2
F. oo

=)

E E EL@@ﬁ%E“%@E°K%%%%(%E%%)@Qﬂéié%o
% B | hAPSLEZVELIUETOREIRERN - BhAGIERDIIESR
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Table 14 Result of microscopic examination

MM EREER O

EEA _

Na 2

EMO E%@EEE&U%&E%%@%(%%K%EL,%ﬂ%ﬂ%%ﬂ%iﬁ
# 7" ﬁ@E“ﬁﬁE+ﬁ%E%@$é%K§&bf“éoE%u§§5°ﬁﬁ
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Table 1% Result of microscoplic examination
No. ' 3
ST | NM2iE# HESHRERZLSKBEBLIVRBREARGHRILERLTL 5,
e B| GRUEGHLUBRG - RE-FBBEENZORERM» 5k D,
E H
x 33
kAT
=2l
T:7uzr
e 0
E E ﬁﬁ%%ﬂ&E%iﬁﬁEﬁ%%ﬁﬁLTEbﬁﬁﬁﬁﬁﬁiUﬁﬁEm
OB £2&K.
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Table 16 Chemical composition of test site rocks

i t 2 B % &
By '

2 ig.loss| 510y [Al, Oy ! Foy Oy CaO MgO| SOy |Na; O | Kp0
¥ o+t 57 |5321207 731 29| 27| 02 | 304 272
82 i g8 |ug0|173 | 100 | 62| 38 O | 012, 38°
3 87 [519| 166 &1 58 30| 00 | 096305
BsS A | 139 [429|136 7.6 1119|2700 | 095 274
. B LY 1638|168 56| Le| 27|01 | 375 L70

B mw 38 |593|1178 1| 20| 32| 00 | 250} 640

Sample : Propylite Sample welght 24.14 mg
TG full scale 10 mg
DTA full scaie 100 iy
Derivotive sensitivity 0.5
Heating rate 20 °C/min
Temperoture range 20 my
Chart speed 5 mm/min
FWieHT GAIN
"'"\-__T
WE!GT Loss
D EXOTHERMIC
I M.P.

ENDOTHERM!C
TeEMP
_——*’/{I—

| | | | | 1
100 200 300 400 500 600 TOO BOO o900 1000 1100 1200 1300 1400
TeMPERAURE (°C)

2)

Fig. 15 Differential thermal analysis of propylite
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32 E—%—HAHRE

b— 2 B HREDTHIC 2 DOEEAZEE L. THubbe— 4 - ORFARSEMBE LS
BOBERRETHE, 4Tcmbt— 2 —ORFESHESEETHTI0°CTHD, TORE
DL EBMERT 3 & RSO =7 0 agslisT 2RREST S, &9 1 2OBAR, MRE
FARELLS ELTOEERZLEN e — & —BLOBSBBERALRT ZRETH L, O
BRI AT — Y T DTERMTORRE DS, BARERD HRETEHE500°C L L7
LtzoTh — 2 —-RREBEMS00°CEBINNIICL—F—HAERETHC LI L. —
HREEEA b B BIicE, BROEESSOREESKEONASAES LY T (BT LYY
WENSTERERBLT, E— 2 -FMREEMI50°CHE500°C ORAICASL LSl —4—
WA AE L. TOFIEEFig 1610RT.

b— 4 — W HEERREIR, Fig BICTRTRERIRE 70— v— MURTFIHEICHK T
7ot BAFIS34E12E 20 BAFAIIIGA25MT, ¥ 200 VEERE 274 £ v 7 TEEEBVITEL
Lb—4—iCERkA 85 AL, T74bbM AT 638 WitEE LERLIE L . BEFLE
Be— g —REOEXHFAOPCTEER 25T TR LUK4SHTIE 100°C, 465 115
°CL, ATAMCIE 128°C, 125584 BEBE 278 CARB LIZERE ER MBI E » fo. £ORT
BIBEEITANC 27 2°C AT B LEFEMSEEE NV THRE. Z06 "CORKER TR, HENOE
PR S 12BEIC 4 D), BREIARE & & S ICABIBMOEE S Al i —RIICEEB TR L1700
Uk bDTHD, TR M, X744y 7ICIDEERUV, BRE AL, ALH
HA 806 Wit FH Lz, 4Hlle— s —RELAZEELCER, 806 WO TR E—#
BRI 3T0CHIC L EMO I ote. ECTHIEE S0 Wiz Liffe, 909WDH
HT TR B &, E— % —EEFIIZIZ420°C—EE B FTEQRERM450°C~500
CIHEFOTRE., 0%, BROBHESL LTRAABFFIINLNIC, BEFBY, BRE
103 AICdHEbEM A% 958 Wiz Fiff-. 638 W, 806 WRU 0O WiCHAAZ ERL, €0
BoOE—4—EE FAAEELER, A2, IBETRELSSEL (T Ltthpo70
<, CDO58 WHHTHMA, t—4—HELRAEHE L. b~ g —HAHFHGERERAL
DEEEEEL, BREBEAETTEE, KA450°CAIILEBE SATEORBEBRICAS LSO
bedT, TOHH I8 WAES - T, E—F —OFBEHIEREL .

I EE AR, g -l e — 4 —REEOBFEE Fig ITERT. -4
CEHEBENEFRT - TESHL TS, CNEEREESN2 VAERL, b -2~
ELTOAATH S, t— 2 —HOERI60 WTHEH, £— & —ICHBRANEIAIELT
2473925 QRIEEAEST L. COM2 Bichc 53 285 5 SOEBEGH - 1285, BRIEES
T BB RIRD - COMOE— 4 —KABLLEE, BlRUEDOLEFE Table
1TiCRY .
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33 E—9Y—EBELEBEFANEER

- g —ERERDERNINYF, E-4—n00EME0 5 ~2 0 mBRCREEXABREL .
BEZ/OBELEIT LB, PREOEFIRBICE s BbN 2 BHIKE > T 512U
BB X CREAFEAN -7 £— 4 —HHREBHKNZEEO e — 2 —hLBREE Fig. 17
ViR e R4 Xy 0 TEEREEOE — % —BEO/NSBEBGENEFREENERR 2 VAL
FFESALTOALHTHY, e—2—HH650 WHRD 900 WEEORERE TR fFXH
BTk o TR O D BEEMN LI B - LD TH S

FORPNABO L — % -k IUFRREROREFFOBTA Fig. 1BILRT. COMNMSRAL
NV 7HL0AMRO—EEBET, BECETRECELTWAEANTLLENTEE, IHRDIR
ENTAEE— 4 —thuh ORI EICATVL EFig 80X IICH5E, TOHDSBOEE
Re—g—dubdh BRI - TIT-TwaEC Edhnd. 1 B, 3R KUl HEBRD
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24 24 temperature
NO T °C)

39
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mﬂw//Mﬁ s Ne10 otz
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Fig. 19 Temperature distribution around the heater after

61 days of heating
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F b b EREESRECHT SR OREAHH BEREERE /7 2 -4 & LTELSE
e, BT OEREENTE RSB ART RESTHE SN2 MEEEE b 5 THED
SO & L. SEICREDORET 1h bURESERR —Hp DRE AL T 5. (24
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Fig-21 Steady-state calculation model
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3.6 LEGE

EROLERI, ERHELOROLAEEEOERV I TV YT VOBREOREMEHER L
 EFEFEHESSRDI. FEWHECOOTE, BREAEEEYTEOSR/NMRBMFICAEIL,
%$ﬁ%ﬁ®¢bﬁm%®¢ﬁ%ﬁ®ﬁ&ﬂ%?ﬁfﬁmtﬁﬁﬁfé5%ﬁif%%btc%
BICEEABIND - TOABOEZ t T 2RELRATREUMICRETEZ 6N 5.

b Ndaiv ] rn
AT= > ERX (2 . ) {4}
4 ma n=1 rq 2V at
A
a= RN
ACo £2Cp
7T
4 DB (W/m-°C)
Q OB {wW)
0 D EE (kg /nf)
Cp ¢ HE (J/kg-°C)
t DORER (day)
naiv - rEIE
o : nEBOSEHEDH SO m)
da(t—r)
r r t e
ERX ( 2, ) = J. 3 dr
2Vat 2Vma o (t—7 )7
THbo

HERREEHELT, c—F—CHENEERE E— 2 —OEHEP GRDIE 880 WER,
BRI T — 4y FUDE2400kg it Z . XEAGERIITERIETRDL 21W,/ m°C
B Lize 00 TREDMELE T A—2E0LT620],/kg "Crd 900 [ kgCETES
HTREAHEL, FARELRELRIARTAEL L > THEREBOLADEL L.

H#% 900 J/kg *°C& Lz & s 0&ATN+ v+ —BOHRERE & EROREREE
Table 20 RO Fig. 221057 T o bhhd L IICHBMOMEAE 900 J/kg'C & Lick &5t
BEEEAFEBELSOHT R, Ltk THBORBIZI00 ) kg°CTHE L L. THEZT
¥4 P OEST5 ] kg °C & BIRE LTS 5.
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Table 20 Calculated and measured temperature at various
distances from the heater at varicus times
f?ii?iﬁze Thermocouple Calculated temperature {( Measured temperaturelC
heater (m) number | 1 4.0 |33 days | 61 days | INF |1 day | 33 days | 61 days
0.1 b 424 438 444
0.5 5 25.3 61.7 64.6 72.8 22 57 b2
10 25.3 61l.7 64.6 72.8 20 57 60
1 la.4 35.3 38.0 46.1 15 36 39
15.5 38.1 40.9 48.9 15 39 42
1.0 15.5 38.1 40.9 48.9 14 39 43
12 14.4 35.3 38.0 46.1 15 36 39
14.0 26.7 29.2 37.2 14 27 30
1.5 14.0 26.7 29.2 37.2 14 27 30
1l 14.0 26.2 28.8 36.7 15 27 30
5.0 2 14.0 21.0 23.3 31.0 14 21 24
7 14.0 21.0 23.3 31.0 14 22 24
AT(%¢)
60
0 = 884w
— A = 2.1u/m°C
|9]
- 50 o] /O = 2370Kg/m’ [core sample}
9 ® 1 Measured
§ 40 F —— ; Calculated
4]
& cp = 900J/Kg°C
5
2 30r
n
|
&
9
2] 20 -
10
0 1 1 | £ 1 Z(m
0 0.5 1.0 1.5 2.0 )

F

Distance from the center poaition of the heater [m]

ig. 22 Calculated for conductivity of 2.1w/m°c and

measured temperature at various distances
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36 EERNREILELRE

PROBGERLEEAEN SRS b TH DS, TORHEE LT, BRORESAMSEE
EEERBLLUEZLEOHIFESRTLTOREFNEL S,

CDtebic BRI e — 2 — il —ElEE TR AERORBRESEY & RELEEpERT
L#zo Table2l OBBRFABINEOHERET, t— & HEBWAEMRERICLLE 2
BEERETH AN, BIEHOBETREOAELES>THERETOSDREEHORKICIE - T
WIS EBhIn S, Lo TRESHBOERE, —EHNER S MRREESE TR LT
B ET Ltce CORDEDCEESEZEE,S 0.5 micd » TEEOAICE T 5RE AN
TOREEDE, $8HEAT (r, t 3=T(05, t)—~T(r, t)0Ed#sDRRHZILS
EAea#~t. CORBRES LW, (o ) =AT(r, ¢ JNT (v, o )DEE GEIR
34 &Table 220k S B, 2O Table GEEMIINE RN T DE T EH LR, OD
BEEE 2 0 mOMEBELAOERTE, BEISLOoRELLEFRELORA, 08 6/ TH IS0
PLETHD, EERECESRTLIBLUACEEICTE->TLE . SIEMBRTRCOLR
0988 PIETHN L2BLADEECIL-TLE D, Lichi-> THENRE LR TRIEC, &
HER & OEEERIAEE L TRGEREHET LR TH, ERSEBTNIEITELR
HLEBZENZ S,

Table 21 Variation of temperature AT{r,t) as a function of

distance and time

— B n ¥
B .
Yo o SE ()8 1 5 10 20 30 50 61 oo
5, 10 05
4, 9 L0 88 207 225 234 236 238 237 239
1, 12 L0 0.9 234 254 962 264 266 266 267
3, 8 L5 103 287 326 345 350 353 354 356
i L5 103 290 330 349 354 358 358 361
2, 7 2.0 103 3Ll 367 397 406 412 413 418
Table 22 Ratio of TC(r, t),/T(r, o)
I
RE i (Eit%{a | 5 10 20 30 50 61
No.8% D BEE () | ) i
4, 9 0 | 0368 0866 0941 0979 0987 0996 0992
1, 12 L0 0034 0876 0951 0981 0989 0996 0995
3, 8 1. 5 0289 0806 0916 0969 0983 0992 0994
1 L5 0.285 0803 0914 0967 0881 0892 0992
2, 17 2.0 0246 0744 0878 0950 0971 0986 0998
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37 REEFEREOHER

27~ Y T DOBIEEEOBORE L5 W,/ m-°C~ L6 W mgid, F&LUTREEEL O
HTH LM Table 16 KRLILEDTHRRT Table 13~ 15 OBREFRN S b 5L LD
CRIIC 5> T 3T — 4 P DAL M OB OB 3 0 EICEET 5T L b HA
LG, THbOLTNMI v A, BE, Toh L, TonYrREosREREREORSE
TTHEOMELIC X - TERELLCEEFEZL oA,

EARD S D REEE DT T — 4 TUDBED §0~0FA S LEET LERE LT,
MILERAHES 2 L TR EERELEROSBOSHEOROBEL G D, FTETIIE
(LB R E T TH 2 L INE L e B EBRoERIE Fig 7T~9 ORECRL & DI
WIHEBL DB, Whg 7 v 7 OB, KOFEABSE OAHETH L. XEMICIIERE RS D,
BRICEZ2HAGH O BERAEEEERTRIN,

D AN L ABOMBEESEZL TA L. Fig. 23T LAEFW, RUW, hoEe—4
—~ A0 B RICW, T 166 °COKM 24 £/ min, W T185°COKM 021 £,/ min T
BKZAGT T RENS, SHOBSEKOERESY 14°CE L, b—2—@EHE2 EHE»I»GK
ERITTNEECFR LTS LTRELTAN, TA2LEBNOREBKICK > TEITNLIHE
iz

(1668°C—14°C)=50H0%X24£,/minX60min hx24h day

+(185°C— 14°C)+50AX021xX60x24

=207 Kcal,“day
L%, TORBEHE —F—D—HOHKABON 1 BiCdy, BEROADTORLERETRE
{FBHBICIE,

- IS %
0.5m J AR S 18.0°C, Bk 0.02m /sec
m < 1 ‘ L]
YW, B & # 20.0C, Bi& 0.2~0.3m/sec
W,
® o |li#
Bo|2 % FAW, K@ 16.6C, HEE 2.4 £/ns

A
Lo—
o

BKW, » 18.8C, BHEE 021 L/ nin

HEARC R » 195C, ifiE 18.44/x

S@EHEFKIKE (1979F 2 H 21 B 98546 43)

Fig. 23 Wind velosity and temperature in the drift
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KICEBRERH P SDOBRAEEZTH L.

EREBEIC A Y PTRONTEERT Y — 580> 5, b—2—F5 50 cm OFHEE
ChbHamE, b——-MAdIT RERRAKOCEATE L. EBNZRALAROZEIIIF
WEDEDPHTH-72DT, EH 1L BFFIOBOEEAFRAB -2, 04 ADORAKRFTORARD
OFIEGEEF Table 23 10R 7. BOHSRAOHNMMNEREZE » SN~ > TOHFEXE
N

Table 23 Changes of the thermal flux on the wall

B i B E RS

H 2o & Ei B = H ®O&K
12/22 | —3 ¥cal/nof-h 11 0 kcal/mfh 17N 2.9%kcal/nofh
23 | —2.3 2 0 12 3.4
24 | — 2.3 3 ¢ 13 3.4
25 | - 2.0 4 +0.3 14 | 4.3
26 - 1.7 5 i.d 15 4.3
27 - 1.7 6 1.7 16 4.3
28 | — 0.6 7 1.7 17 4.3
29 | — 1.1 & 2.0 i8 4.3
30 | —0.6 9 2.3
31 0 10 2.6

COBKBRENREIOOME LK, -4 —BERKRKRISALRED, ThFITOREMOR
BURAE & BRI HBIREBICE D » T A, THLLREOEITIOABEINTED, o0
BEEOHPTORCEEOEAEKRECTLEERAZRLTOLGLEEL 6N L.
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4.1 AIEHE

RIEEEIR s 7 7 OBEAPECHR EIEHELEL UVEIENT LAERERTE Lo, #
M BT A - v a7 EREER UL A CEFRCEEBREONLOXE 2T - 27
AOBOEEICEET S BN ABE, WHE, HRFENTEKELIEOPHMESETSDOT
TRl

4.2 E—%—

b— & — R EFNC, BE RIS B ABE L THEL & TH 5. BECILENO
B, REROE(LSH-THET0, E—F—BRECHOEZBEREDHTSELTHS
OT, BEOBEMNERENOELLL, E—F—FOEXF 2 milic LEABESHR,. X
AMOERTRTAOEEABEFEA LAOTE -2 —KrG 2EHBARLETHD, RE, &
HOEBOREEARC LATEHREORITEREIC L, SREITEHEERELEATETH
53,

4.3 HE#E

SEIRE—Y) Y SARKAERSEEEIRE1D, SBEOIAVERT ) v IEFA LK.
FOEREBAOESINET~EERSB N, BAOKED SHENOMBEICRENE
Utre COEZZEERAFNTI0OmmBLE, BLHOT ImmEEE S LEDNS,

B ARE L RORBILO X v MARR, 0% X v FTHELTEDE, BERLD
B3I TeA Y FAEDELTHEROWRICLBERIBNINCE, T LAOR-Y V7
LICBEADRARAZEECOAGTH L L0 IBEBOM T

VARREAESREA/NE (T B o, REBLICEAT 29EOBMMEERE AR LR UL
DEEH B LABRNEEL 0N L.

4.4 & 8]
#500°C O @RI B & — & — WIRE &R ERE &4 F-—REDRES TRt L7t

DT, BEFARDEENE N7, 451201 CRDEEAFE T V4 VRER ORI
Livs
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4.5 HIEE

Massive P EBOMCEERUFELHET 20O HELLT, -4 —-NEAICL L8
O LREESTE»S, BERLEEITETERY, KBEEEEFHETRD A HER, 7707
DIEROENERABOLEFELRH L0, KRNEBRICEERANALIHETHLLE
Bhipot, b —2—HFORER 2 3T NEREETRECEEL, -4 -052 mDF
TH AT AL TRHEFRENLCOBEN I BRANTHORZ 2EBOp -7,

4.6 #fRER

HMCEEORMEREQERLE LT, BE, K, BESZELIONL. BALERLOERL
BT 2EA4RBIIEBANONNEC L ARBES 0 LEDN S, MEMEELADROEE
BHAEDEEZ GND, AHRVTNOBREEBNICHOEOFBIXTE U - fotd, HRE
B O TEEIREE, EARREICE T A A S REEEERT L, poe— 2 —BREBORES
BOAENKESRAETNE, KOCEZBOMERITETEZEEbN S, BECHELTRIAEREK
EBTOe— 4 —FBEMEATCE IO T HIEICL - THRAMBTIREEEDN S,

&t a2

A, &V ~VEERHELS ORSFETHICET 2WAE LTEESBRRRIT
ERLEbOTH 5o RBRETICY > TS MBYEN - TRHLAFEHHE, ks
BAYHE, RE QELCEEELETET. 0heT, SHESERAKEARENFET IS
RECEBHL LT ET. |

R f A O BB I % TIPSR O R AN D — FEIREOIMREATIE
B B R BT D BB TR o TSI P20 178 L VB AL LSO K R O AR S Y
FRKEHELET.

BB b A, LOCERSBYESE A CHTREE, MAKERCEIRLIT,

AWEEE E L BIC% > THRLBY EWCICHIEEA S T LIts v~ R
AHEERE, BWASTEF#RE HRETEECEMHLIT,
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4.5 BEE

Massive 73 ROMIZEER S HEAHET 200045 EE LT, £ 4 - NEIT & 5
O LRBESTEHS, BRERZFEETRTRY, hWBEFEEABETRLELILEL, 7797
DEKOBNERATOEEL KD A0, hENERHICEER(ITRALAETHL L
o, E—2—FEORER 2 3T NHEREETRECEEL, -4 -052 mODF
TH I AL THEFRENCOBED | BLUATHORZ 5EBHh-7,

4.6 EfRER

HCEROBIFREQERE LT, RE, XK, BESEIONS. BALERLOERL
BT 2EARBCERAOINEC X 2EBES b0 LEDNE. IEHEELADROERE
BELLDEEZ NG, SMRVTHOERG EEWICH ORI FEITED - 003, ERE
B TR, SRRECESY 2 RBEACEELAEL, »Doe— 4 —BRITROPES
BOEKELAETHIE, KOOBEBORTETETHLEEbNE. BECEL TRAREK
ERTOE— 4 —£HEMERNEL SO TITOFILL - THRBESAJREEEDN 4,

E) &F

REEIL, 8L ~VEESHBASOTATHETFHECET ZATDE LTZESBHARLT
EXLbOTH S, RBRERTICY > THIEE - AEDLE - L REZ M ERRE, BaAS
BAZEE, R SELCEHEL IS, AhE T, ZEeRRARHBARBET LT
WECERHFRL LT ET, 7

BREAS I I BB E A B 5 T E L BB 2T — FERRED/NAEAME
B s e B N ST E AR e - TO R OIS U~V EY LI L 58 58 0O ARFT S T
FRICEHMBLET,

BB LAG, MORAERLTBESE B OBERNK, MEAEERICERKLET.

EHEBL T LD BICY - THENHP S W CHEESHE $ LTS v~V RGN
SHEREER, EWASTEFERE BREEEECEHTLIT.
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