PNC—LJI 99

83-03(2)

£ H HAOTEERS
M. 6.20

(B E R j

WBAHE B 5 EE R T 5 A
T (RRRISTAEEE)

1983F2H

MEEAN L BBV

A 5 BR &

o



diﬁﬁ'@é%i?‘:ii”*%%ﬁﬁ-ﬁ@“%ﬁﬁ' BiE s, TRICBHVEDEES,

T319-1184 %&ﬁﬁmﬁﬁﬁﬁﬁkfﬁmﬂz@ﬂﬂw
KRB A 7 L BT
TR B &

Inquiries about copyright and reproduction should be addressed to:

Technical Cooperation Section,
Technology Management Division,

Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai-mura, Naka—gun, Ibaraki, 319-1184

Japan

©) BT A7 /BASERENE (Japan Nuclear Cycle Development [nstitute}
2001




PNC—LJ199 83—03(2

MR IC B AREHICET 270D
(FEHIBT4EREE)

198342H

BEEN L XM KR

B i R =




B AR E
PNCS87199 83—03

1983F%2KF5280

[ BRI 350 BIEEHHC S 2R () | -
(BMs57EE)

3 ]

Ry b FAh, €54, EEDPBARENRE LT, Bk, BEBAE, ROREOR
HEROHEEY, BEORNEERCHT 2 BEEF 2\, KOEREBA,

1. _¥PFAPREATA L, AEPEE450%, TOFRELTIFTOPCHITA2EBEROR
TBRBREASEBIEBEEZLLICESETEL, A Y A VT H25 9 20HCY — Al
R L %o '

9 EHRELAMRELTCs S oK ERZREEW( 772 210 )4
Cslcidk¥+ 54 b AABERHTH D, SECHLTRMBOBMBERFT 2 BERD 5,

3. EERBOBCHFLRIRAEPDRESICL Y 1w/ m-deg 2 THML, ¥+734 POHENK2H

THET 5, BERIBLL LWF -2 bl KT E2RE LN 741 POER 2fHE
TrE, BEOME L TOERLETH 5,

4 EERWNBECHL TR, R FF4 P TENaBE, ¥454 FClEEAFFA b, 2V 24

B4 PRERTWE, BERECIBHRSEES, #RERKCLIBAOEBE®SIT 5,
LHOBE T RICHNET 5,

o HBRERDOKORARE

o TRUKUT =4 >0O#TfT

o /R ORRE T — 2 OER LB
cBEHYI Vv —-varyOBHl

o BHWEEHICET 57 — 2 0ER| L ERBEO D O FM

B ABEBCOIEREREFTSABIF - SRNBREXMAOBHK LI EBLAHFROR
RT3,

BOX M IERREBRER

(1)



Not for Publication
PNCE%JlQQ 83-03
February 28,1983

Buffer Material as an Engineered Barrier in the Was
Repository System*

Norihiko Pujita**
Abstract ]
Thruogh an experimental characterization on a mixed minerals
of bentonite,zeolite and quartz, the following results were obtained
on the permeability,the thermal stability and the ability of retarding
the radionuclei movement.

(1) It was confirmed that the diffusion process controls the
transportation of radionuclei even through such mixtures
as bentonite 30%/quartz 70% and bentonite 50%/zeolite 50%,
and that bentonite exhibits a self-seal function fo cracks
as well, + ot

(2) The kg values for Cs and Sr obtained through diffusion
test showed almost the same order of magnitude as those
through batch sorption test. And, zeolite was determined
to be an effective additive to bentonite for Cst absorption,
while some others are to be examined for Sr2+.

(3) Thermal conductivity of an air-dried bentonite increased up
to 1 W/m-deg with quartz content, whereas, on the contrary,
it slightly decreased with zeolite content. The literature
survey and pertinent simulation on the thermal history
and the alteration process of bentonite revealed that
more than 50 years are necessary before a final desposal
of waste.

(4) Na-bentonite,mordenite and clinoptilolite are more
resistant to heating under a dry condition than other types
of bentonite and zeolite. Meanwhile, the chemical compo-
sition both of hydrothermal solution and the clay minerals
exerts a complex influence on the alteration mechanism
under a wet condition.

Items to be studied hereafter are as follows: (i)the intrusion
velocity of water into a dry material; (ii)the migration mechanism
of TRU elements and anions; (iii)measurement and simulative
analysis of heat transfer through a packed fine granule.

*) : Work performed by Industrial Research Institute,Japan under
contract with Power Reactor and Nuclear Fuel Development
Corporation.

*%): Industrial Research Institute,Japan
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Table 1.1 Barrier Function versus Time

[tem Barrier Operating Period Function
1 Geology (basalr) 1. Thermal period® Supplementary chemical barrier to radionuclide migratian
2. Geologic control® Primary chemical barrier to radionuclide migration
3. Repasitory life® Fhysical isolation of waste material from man
2 Backfill 1. Thermal period Primary chemical barrier to tadionuclide migration
. Inhibit groundwater intrusion
2. Geologic conrrol Secondary chemical bacrier
3 Overpack Thermal period Primary physical barrier ta groﬁndwater intrusion
) . Aids in rerrievability
4 Buffer Thermal period Chemically inhibit canister corrosion in event of failed averpack
Canister 1. Pre-emplacement? Provide physical support and priuection for waste form
2. Thermal period ‘Supplement to overpack preventing groundwater intrusion
’ Permic retrievabilicy _ :
3. Geologic control Primary physical barrier to groundwater intrusion
6 Wastz forn Pre-emplacement and Retard release of radionuclides in the event of containment faiture -
repository life . ’

*Time before 1000 yr of operation.
“Time after 1000 yr of operation.
“Thermal period + geologic control.,
Time from canister filling to emplacement in the repositary.
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Table 2 1

Chemical Composition of Buffer Material Employed

KUROISHI KUNIPIA MORDENITE TUFF
BENTONITE (MAJT)
510, 53.62 55.68 67.75
Ti9, . 0.53 0.232 0.35
A1203 17.735 19.96 11.61
Fe, 0, 5.68 1.95 1.77
a 0.0Z 0.01 0.G3
Mz0 7.43 3.64 0.37
Cal 0.89 0.41 1.84
344 0.06 0.03 0.09
Na,0 1.65 3.42 2.08
K,0 0.57 0.07 1.96
HZO 11.54 14.23 11.75
Total 99.74 89.63 99.60
Number of cations on the basis of .
OIO(OH)Z
s5i 3.691 3.868
al 0.309} 4.000 0.132} 4.000
Al 1.129 1.499
Ti 0.027 0.012
Fe3*  0.294 0.102
Mo 0.001 0.000
Mg 0.762 0.376
Ca 0.068 0.030
St 0.002 0.001
Na 0.220 0.460
K 0.050 0.006
‘Equivalent fraction of exchangeable
cations
Mg 22.7% 2.8 %
Ca 25.6 12.7
St 1.0 0.5
Na 45.6 82.8
K 5.1 1.2
C.E.C{meg./100qg) ile 135 109
Total charge of :
exchangeable cation 110 129 67

{meg./100qg)




Table 2.2 X—Ray Powder Diffraction Data of Tested Materials

1. Montmorillonite from Kuroishi Bentonite

d{a) I/IO Mineral Species(hkl)
14.5 7 Chl. (001}
12.8 B 62 Mont. (001)

5.46 2 Mont., (002}

4.48 93 Mont. (110}, {020)

3.55 7 Chl. (004)

3.21B 40 Mont. (004)

2.54B 160 Mont. {005), (130}, {200)
1.502 35 Mont. (060)

2. Montmorillonite from Tsukinuno Bentonite (KUNIPIA)

d{a) I/IQ . Mineral Species{hkl)
12.3 100 Mont. {001}

6.29 9 Mont. {002)

4.48 16 Mont. (110) , (020)

3.35 1 0z.(101)

3.13 25 Mont. (004)

2.52B 13 Mont. (005),(130), (200}
1.497 7 Mont. (060)

3. Mordenite from Maji

da(a) I/IO Mineral Species (hkl)
13.7 7 Mord. (110)

9,03 18 Mord.(200)

7.94 3 Clp.(002) 2
6.78 4 Mord. (220)

6.58 19 Mord. {(111)

6.39 7 Mord. (130}

6.009 "3 Mord. (021}

5.81 7 Mord. (310)

4.86 1 Mord. (131)

4,52 15 Mord. (330}

4,26 20 Qz.(100)

4.14 3 Mord. (420}

3.995 27 Mord. (150}

3,825 6 Mord. (241)

3.777 12 “Mozxd. (002)

3.640 4 Mord. (421}

3.527 . 5 Mord. (022}

3.472 53 Mord. {202)

3.382 26 Mord. (350)

3.344 140 Qz.(101)

3.296 7 Mord.(222)

3.220 33 Mord. (811)

3.192 19 Mozxd. (530)

3.094 3 Mord. (061}, (441)
2.993 7 Mord. (600),Clp.{044) ?
2.940 4 Mord. (261)

2.898 11 Mord. (402)

2.574 5 Mord. (080)

2.518 6 Mord. (352}

2.458 8 Qz.(110}

2.426 3 Mord. (532}, (262)
2.284 8 Qz.(102)
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Table . 3.1.1 Equipments used in experiments
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Photo. 3.1.2 The control panel of the hydraulic s.ystem
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Table. 3.1.2 Summary

of permeability tests

Contents (%)

] Hydraulic
density (4/ci) K (m/s) yess
Na—Bentonite | Zeolite |Quartz Gradient (on/tm)
100 - — 1.4 3x10-1 49,000
90 10 — 1.4 TX10 "M 50,000
80 20 — 1. 6 LLi1x10~13 57,000
65 35 - 1.3 8.5x10138 24,000
50 50 — 1. 4 1.9x10 12 24,000
85 — 15 1.5 1.1x10 18 36,000
70 — 30 1.7 2.6x10 13 61,000
60 — 40 1.6 3.7x10 18 29,000
50 — 50 1.6 6.4x10 13 28000
30 - 70 1.7 2.9x10 12 30,000
80 10 10 1.4 2.2x10-18 51,000
70 10 20 1.5 3.3x10"18 54,000
60 10 30 1.6 4.5%x10 13 28000
50 10 40 1.6 7.4%x10 18 29,000
30 10 60 1.6 2.3x10 12 29,000
- - i00 1.6 6.0Xx10 12 2,900
— — 100 1. 6 1.1x1¢0 it 5700
- - 100 1. 6 2.6xX10°1 8600
— 100 — 1.3 2.2x1¢ 13 1,200
- 100 — 1.3 6.9x10 12 2,400
— 100 - 1.3 2.0x10 710 4,800
Mg-Bentoniti

100 — — 1.7 2.6X1¢0 18 61,000
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Permeshility Coefficient (107'°m g )

Bentonite / Quartz
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Table 3.1.3 Change of KB value along with

Bentonite Density

EEHEO2»FF 4 b :

BE(KEETZW) KB Ka
1. 34 3.7X10 "4 1.0x10 12
.50 2.3x10 14 7.7X1¢ 718
1.05 8.9xX10 14 3.2x10 712
0.99 1.L1x10 13 4.8x10 12
1.39 3.2X10 "¢ L.Ox10 12
1.48 2.5X10 ~1¢ 1.2x10 -2
1.26 4.7X10 ¥ 1.2Xx10 712
1.14 6.8xX10 "1 1.6x10 12
0.92 1.3x10 -13 4,8X10 12
1.26 4.7X1¢0 "4 1.5x10 712
1.27 4.6X10 "4 1.5x10 712
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Table. 3.1.4 k of Quartz sand and Zeolite
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50 50 0 1.5X103 1.5X101 0.15
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50 0 50 4.0x103 4.0x10!? 0.40
30 o 70 1.0x1 03 1.ox10! 0.10
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Photo . 3.1.3 Mold for formation of artificial ¢rack in

bentonite speimen

Photo. 3.1.4 Bantonite specimen with Zmn width crack

before permeability test



Photo .

before permeability test

Table

“with Artificial Crack

3.1.5 Bentonite specimen with 0.5m%2 width crack

3.1.6 Summary of Permeability tests by Bentonite
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3.1.6 Bentonite specimen with 227 width

Photo .

crack after permeability test

3.1.7 Bentonite specimen with 0.5mn width

Photo .

crack after permeability test
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Table 3.2.1 Diffusion tests Snmmary

Ion Material € ngs Kd Dogs of KBS
{(m~/s) (ml/g) (E“/?)

Na-bentonite 0.40 2.9x10°11 7.2 2.3x107M!
Na-bentonite 60% ~12
zeolite 407 . 0.37  5.8x10 34
Na-bentonite 40% ‘ _12
zeolite 607 0.35 5.6x10 33

Sr -
Na-bentonite 70% -11
quartz 30% 0.40 1.9x10 11
Na-bentonite 30% _i2
quartz 70% 0.40 7.6x10 28
Na-bentonite 0.40 6.1x107'% 56  7.5x1071?
Na-bentonite 80% -19

 zeolite 20% 0.38 2.3x10 150

Na-bentonite 60% ~13

Cs zeolite 407 0.37 3.4x10 970
Na-bentonite 70% ~12
quartzABOZ 0.40 2.3x10 150
Ma-bentonite 307 -12
quartz 707 0.40 4,5x10 79
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Fig. 3.29 S8r concentration profile in Na-bentonite (100%)
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Fig. 3.210 Sr concentration profile in Na-bentonite

60% zeolite 40%
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Fig. 3.211 8r concenration profile in Na-bentonite 40%
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Fig. 3.2.13 Cs concentration profile in Na-bentonite (100%)
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Table 3.2.2 Kd values from diffusion data and batch sorption data obtained in

Sandia National Laboratories

Diffusing Backfill Apparent Batch
Radionuclide Material Sorption Sorption Apparent
Mixture Coefficient Coefficient Diffusivity,
Kiar Kgs Das
n3/kg m3/kg m2/s
lB?cesium(I) 40 wt.$ mordenite 0.02 .01 2 x 10'-ll
60 wt.% bentonite
bentonite 0.009 0.005 4 x 1071
85strontium(II) 10 wt.% sodium -11
titanate* 0.04 0.01 1 x 10
90 wt.% bentonite
bentonite ' 0.005 0 7 x 107H
99pertechnetate 70 wt.% charcoal -12
30 wt.% bentonite 0.5 0.7 1=x1io0
2 , . ~-13
europium (IIT) bentonite 3 0.4 1x10
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Photo.4.1.1 Equipments for thermal conductivity measurement

Photo. 4. 1.2 Cylider with jacket to maitain the temperature on the surface of inner

wall constant



Photo.4. 1. 3  Upper piston for compaction of sumnvle

Photo.4. 1.4 Heater and thermocouples buried in compated sumple
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Table. 4. 1. 1 ke/kg value obtained
e T (C) kg (W/m'0) ke kg
0.4 40 0.027 21
60 0.029 19
110 0032 18
0.33 20 0026 22
30 0026 22
53 0.028 20
0.25 30 0026 22
43 0027 21
75 0.030 19
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Fig.4.1.6 Thermal Conductivity of Mixed Minerals



Table 4.1.2 PRELIMINARY ESTIMATES OF PROPERTIES OF BUFFER/

BACKFILL MATERTIALS COMPILED FROM KBS REPORTS.

20/80 10/90 KBS Highly Compacted
Property Bentonite/Quartz Bentonite/Quartz Bentonite

Bearing capacity Poor after satura- Good after satura~ Good after satura—
tion; decreased by tion; not affected tion; may be affected
radiation and high by radiacion or by radiation and
salinity salinity high salicicy

Thermal conductiv-

icy (W/(m-°C}) , _

saturated 2.5 - 3.0 * 3.0 - 3.5 0.9 -~ 1.3

unsaturated 0..?. - 0.5 0.2 - 0.5

Swelling pressure Q.11 0.03 5-10

- gonstant volume

uptake from air

dry to equilib-

rium (MPa)

Ton exchange capa- 16 - 20 8 -0 80 - 100

city (m=g/1l00 g)

Density (t/m°) 1.4 - 1.7 1.6 = 1.7 2.05 - 2.2

Water content at ~ 30Z 162

saturation

Hydraulie conduc-— 10'11 -10-10 1(:)-]'3

tivity (m/s)

Diffusivity - 10%. 10zZ* 12%

Z of that of water

Hydrochermsl Dependent on groundwater chemiscry, Properties mare

stabilicy: temperature; may be some recrystal- - affected by
lization chemical changes

Thermally induced Some migration when saturatiocnm is None

moisture migration ~ 15-75%
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LI RELEBEINLY, EFEHLL CORBEEEETFET 2AHKE, Thik X58FO
B Y ATFTRChbo
HMHAERFWORBBIRM L L ACEEL TR, X, FY=AZ - HBFCERINL
BRERETHRED, BEY, BEH, BECOBRELF0oAr»K—BRIR  h, BEHREEPCREK
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Tabled 2.1 The Amount of Heat Generation and Surface Dose Rate

BHHA
E% FREHEE Y AR —1HS
EOSE {mrem~hr) 7o b OEEHE (KW)
#
5 1.9x107 .38
10 1L.7x10" 0.89
20 9.7%x10° 0.64
30 8o0x10° 0.49
50 48%x10° 0.31
100 L4ax10" 0.098
200 1.3x10" 0.014
500 Lo0x10° 0.002
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BE1L6CEHENANa—~v 74+ D), 0.86 Kat/m. hr.deg (B orhkBor+®,
E20CEBERANa — < +4 1+ D), 1 20Ka/m.hr.deg (HWMWICL b EHELE
BB EBEORBIE) o B4 1 288 Kal/m.hr.deg (7LH29)
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Table 4. 2. 2

BREIE 2 0cn, R 504

Maximum Temperature and Time Required for Buffer

to Reach its Maximum Temperature

BE LRI 2n

THRIR AN 2T 3 100% 50% 25% 10%

nF —

HABESEH=25 time temp t ime temp t ime temp time temp

CELSLCHAR S

F¥=xx—dit (years) () (vears) () (years) (O {years) (O)

TOERE
5m 1.5 (198) 3 (191) 6 (178) 13 (154)
10m 55 (209) 10 (191) 18 (160) 36 (115)
15m 11 (201) 19 (168) 34 (128) 61 ( 85)
20m 18 (181) 31 (141) 50 (103) 89 ( 66)
30m 33 (145) 52 (107) 84 ( T3) e
4 0m 49 (116) 77 ( 82) i e,
BEME3 O, FES504&E

BE ERERIC

THRILAN B8 3 100% 50% 25% 109

¥ -

BRBRERH=25 time temp t ime temp time  temp time temp

TErEL AL

Fr=x -t (years) (Q) (years) Q) (years) Q) (years) (O

TORERE _
5m 2 (267) 4 (254) 8 (233) 19 (182)
10m 8 (277) 14 (241) 26 (187) 52 (120)
15m 16 (251) 28 (196) 47 (139) 82 ( 89)
20m 26 (215) 42 (160) 67 (111)
30m 46 (160) 74 (110) corrrereeriiiinin e eeae
4 0m 67 (124) ...............................................................

(1976) 0 Ky a5 — 2 BB LT B, COF— 2 EM5BETHHEL (D=BE, KT
MRAZ2 24,/ 154 ' REBEYOAK 2 XBHRAE L CTHAERBRETH D, HWEZSHE

ZEBRILLEETEEINDL IV IR RERFEYSE 255 C & 58,
M, T, KBROARAZ ZA FBIUHEKOEN 2, Eberl

KTz Lwvaedmantes,

LiIELEEBEN T35
bOEERSEH X b,

i h



Table 4. 2.2 Maximum Temperature and Time Required Buffer

to Reach its Muximum Temverature (continued)

EEHE20cn, HFEI0E

BE EABERIC Fn

TR TN 2E= 100% 50% 25% 10%
a3 —H

HRBESMN=25 time  temp time temp time temp time temp

ChrELRBADRL
fgﬂrﬁ-—éﬁzi’mﬁ“bé (years) (O (yvears) (Q) (years) (C) (years) (Q)
D

5m 1 (304) 25 (295) 6 (275) 11 (247)
10m 5 (328) o (301) 19 (244) 37 (163)
15m 11 (313) 19 (265) 33 (192) 62 (112)
20m 18 (286) 30 (217) 49 (146) 85 ( 85)
30m 32 (222) 52 (148) 80 ( 94)

40m 49 (163) 75 (106 )  orerrermreemmmmrcans irverees e

EEMIE 30cm, B304

EBE LABEC N

TRILE N 5 # = 5 100% 50% 25% 10%
s — I

BetRESRHE=25 time temp time temp time temp time temp
CThELHAND

Fv¥=x&—H.0% (years) (O} (years) (O) (years) (O) (years) (O
C OB

5m 2 (412) 4 (396) 9 (355) 18 (294)
10m 8 (441) 15 (375) 27 (283) 50 (173)
15m 16 (403) 28 (303) 46 (203) 81 (112)
20m 26 (336) 42 (233) 65 (151)

30m 45 (236) 70 (151) Ciebesssssnssssasasss saessrassssrseessaras
40m G 6 (16 7T) corvemcmrcmercnennes cerreeretrerreneraee  vebeesestecrsesaensns

Roberson & (1981 ) PogRr—snresscssy, Nat®m, Mg, cattm~y
FFA L EFERALAS S, Eberl 6O X Db, 1Mfirc L 2HEE, BERAE 256
HBHD, BEM LY —27BEZEZ 5EICE, v brAa B EERL, RIGBERAEEL 2
el b H B CTOBAICE, LEEBRIGIECEL D5 THDH 5, > T, Eberl LOFE
RS- FERALCEI»ILEERTHOoOLEER, TAKZLEMCHEB LEL T BT 5,
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LAz Y VESFSZERE 22D, Appendix IR N AEBHEEH T, Mooy — 2
OEEMZFMEL TH B,
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ERKIH 120005, 10mM=> 25 CORBIEDOES, 10FEBCr—2/7EEH 190

'GK%L&%20$?15$0M§?%%5020mm250®m%%$@%%u,18¢EM
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k952 CKETHEME240CTHSE, 2200 THI0FETH B, oT, CORE
BT HAAZEA FOA4 54 MERBRIC 26 o,

c. WEHAEIOE, SGHEBHEE 20mdBE

S5m=p 25 COMGRNEORE, EREFARL—27BE275CREL, DO 10FHT
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Table 5.1.1  Effect of interlayer cations on basal spacings (A) of smectites and vermiculites at 32,
52 and 79Y% relative humidities and immersed in water

1. Wyoming mommoriilonile (sample 5 Upton. Schultz. 1969)
M AL g FednoFelinaMay. o HAL. (x8i5.,;)0 (O H),
CEC = 102 meq/100 g (ignited weight).

Intertayer cation 32% RH 52% RH 79% RH in water

Na 12.5 - 12-5 14-8 (br) Ind

NH, 11.7 11.7 (br) 11-9 12-4 (asymm high)
K 11-9 11.9 12-1 Ind

Li 12-9 (br) 14-1 {br) 15-1 (br) 270

Cs 12-5 12-4 12-4 ©12-5

Ca 15.2 151 15-5 19.0

Me [5-1 15-1 15-2 19.5

Sr _ 1541 15-3 15-6 19-0

Ba _13-2 (br} 14-5 (br) 15-6 18-8

2. Chambers mentmoriflonite (sample 47, Schultz, 1§69).
Mt (Al Feln, Feﬁfml\a}go.m)mla.uSi,.,,)O AOH),
CEC = 159 meq/100 g {ignited weight).

Interlayer cation 32% RH 52% RH 79% RH in water
Na 12-8 ‘ 128 14-5 {br) 18-8
NH, 12-1 12-2 12-3 12-4
K . ) 12-2 12-2 12-2 Ind
Li © 13-7 (br) 14-7 {be) 15-1 (br) 159 (br)
Cs 12.5 12-3 12-5 12-5
Ca . §5.2 15-1 I5-1 . 19.0
Mg 14-9 14-9 15-1 19-5
Sr ‘15-1 . 15.3 15-3 19.2
Ba 12-7 i2:7 12-7 19-0

3. Otay montmorillonite {sample 34, Schultz, 1969).
M7 (Al Fel,  ME -1y { Alg.455is.55)05,(OH),
CEC = 137 meq/100 g (ignitéd weight).

Interlayer cation 12% RH 52% RH 79% RH in water
Na 12.5 12-5 12-8 (br) 19-0 {br ~ Ind)
NH, ‘12.4 12-4 12-4 {br} 12-4 {br)
K 11-9 (br} 11-9 {br) 12.1 (br) 12.2 (br -+ Ind}
Li 12-8 (br) 12-6 (br} 13-7 (br) 19-0
Cs 12-4 12.4 12-4 12-4
Ca 15-1 15-2 15-2 18-1
Mg 14-9 14.9 15.1 19-53
Sr 15-1 15.3 15-6 18-7
Ba 12-8 12-8 i2-8 : i8.7

4. Beidellite (lithium-dispersed Unterrupsroth sample).
Approximate formula M7, g (Al Fedt Meg. 1 HAl55154,)0,,(OH),

Interlayer cation 32% RH 52% RH 79% RH in water
Na 12.5 12.5 12.5 [4-8
NH, 11-8 11-9 it-9 12.0
K 11.8 iL9 11-9 12-1 (br)
Li 12-4 13-5 (br) 14.83 Ind
Cs 11-9 1i-9 11-9 12-1
Ca 15-1 13-1 15-1 15-1
Mg 14.7 14-7 15-0 159
Sr 14.5 (asymm low) 14-7 (asymm low) 15-4 16-0 (asymm high)
Ba 12:5 12.5 14-7 (br) 16-0 (br)



Table 5.1.1 (Cont)

5. Saponite (St. Cyrus. Kincardineshire, Scotland, Mitchell, 1954},
" Approximate formula M3, 5, (Al sFeg. ;Mg HAL;Si, )0 (OH),.
CEC = 99 meq/100 g.

2%RH

52% RH

Interlayer cation 79% RH in water
Na 12-5 12-5 12-8 (asymm high) 15:5 (br — Ind)
NH, 12-2 12.7 12.7 13:5(br)
K 12.4 i2-4 12-5 15-4 {br)
Li 12.4 2.4 14-1] Ind

16-6 |
Cs 124 12.2 12-3 12-5
- 18-8 (w)
Ca 15-1 15-2 15.2 15-8
Mg 14-7 1.7 14-7 19-0
Sr 15-2 15-2 15.2 18.7
Ba 12.8 12-8 12-9 (br asymm 18.7
high}
6. Vermiculite (Kenya, Mathieson and Walker, 1954).

M1 o (Al 5, Fegli M.y )( Al Sis. (0 )01, (OH),

CEC = 130 meq/100 g.

Interlayer cation  32% RH 52% RH 79% RH in water
Na 12-3 2.6 {asymm high) 14-6 14-9
NH, 10-8 (br) 10-8 (br) 11-0 {br) 12-9 (br)

K 10-4 {v.br asymm 10-4 {v.br asymm 10-5 {v.br asymm 10-5} (v.br)
high) - high) high) 14-3) %

Li 12-5 12-5 12-5 14.8 (—~ Ind)

Cs 12-6 (br} 12-6 (br) [2-6 (br) 12-6 (br)

Ca 14-8 14-9 i4-9 [4.9

Mg 14.3 14.4 14-4 14-6

Sr 14-9 4.9 14-9 5.2

Ba 12-4 12.5 12-6 15-4

7. Loch Scye vermiculite {Smith Aitken, 1965).

Low iron, high chargz vérmiculite CEC = 180 meq/100 g

Interlayer ¢ation 32%RH 52% RH 79% RH in water
Na 12-1 14-7 14.7 14.9
NH, 10-8 10-8 10-8 11-0
K 11.0 11-0 11-0 i1.0
Li 12-1 12-4 12-0 (asymm high) l4-6=

130
Cs 11-4 (br} 11-4 (br) 11-4 (br) 11-5 (br}
Ca 14.9 14.9 14-9 15-1
Mg 14-4 14.4 14.4 14-6
Sr 14-9 t4.¢ - 15.24
13-24
Ba 12-3 12-4 12.0 (asymm high) 14.9
13-0

- KEY. (br) = broad, probable indication of interstratification; asymm high/low = asymmetrical towards high/low
spacings; — Ind = tendency to indefinite swelling: w = weak: CEC = cation exchange capacity.
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relative humidity (after Hendricks, Nelson and Alexander 1340); A—
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Fig' 5.1.4(b) Relationship between the peak temperature of the high @

temperature component of the first endothermic pesak system and the
** hydration energy ' (after Mackenzie 1950, with modification).
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Fig.

5.2.1.

Schematic diagram of structural conversion trends of
mica/smectites of different origins. 0 : Gulf Coast
(Perry and Hower, 1970), A : rectorite-like minerals
from Roseki deposits, &= : conversion trend in the
shinzan hydrothermal alteration area.
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Fig. 5.2.2(a) XRD spectra of mixed- layer €3
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N2
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Fig_ 522 @b) XRD spectra of mixed- layer &3

Representative X-ray powder diffraction patterns of
mica/smectites with various expandabilities.

(A),{(B): ~100% exp. layers; (C),(D}: ~55% exp. layers;
{(E), (F): ~45% exp. layers:; (G),(H): ~12% exp. layers
(A}, (C), (E),(G): untreateé specimens

(B}, (D), (F),(H): specimens treated by ethylene glycol
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2 10 ) 20 30
28 (CuKa)
. XRD patterns of the Mitsuishi (1), Sanc (2), and Funyu (3} specimens. Oriented, 50%; R.H.
© S=sericite, K =kaolinite, P = pyrophyllite, Q =quartz. '

oy m"f.
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%=1 i ™ Bl i

, . . ' . T e % 3o a0 0
T e W o » w w©

X-ray basal reflection patterns of potassium

X-ray basal reflection patterns of potassium
mica minerals (natural state),

mica minerals (glycerol solvation).

Fig. 5.2.2() XRD spectra of mixed- layer &
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5.22 RAZEAVYEwAN/RA7 44 BEBEWOLEL

RAZ R4 bR AN RAL 24 NV BEBEHDOBRKEETTOREERCBAL THENT
DA —+ 7 v—FEHEBR L RROEROFEAALHAEIN TS, £521RA- P27 V-THR
ﬁfﬁ%ﬂkzxﬁﬁ4b&ﬁ%@%%@ﬁ%ﬁﬁﬁﬁ&étbﬁ%@f@é?)%*@fw
AOFPRALERIEBRE LTHAKEBANT VI A ThThOLIEWORELRERT O
LE2 bbb, L LRABECRIGKEET AKIE, TORCHAO1 4 28 KEET
Hh, AoPHCE OMOHALESED BTy HoTRLLIETLAT - 21
RUOERDG LEHIN I LEHORERRLE L2 VB TNHTDD I,

52308, RENZERAL - BREBFCROAIBRAEADOLILET LDADOT
é%?w%nmséa.ﬂﬁwxofé&@%EM%ban&ﬁ,%y%%ﬂ%b@ﬁ%sw
~80C OEREKET S LEAE~NEELBDE, RCREXLERT S L, L VEBEEOCY
BOLENREB S TREMNI200C~230C{ bWVWTH 74 FddW0nE+E) ¥ b~ZEHR
+ 2, Hbhit, ThOOREXRSL21OT7F - 2CENTHE VEVEERLTY S,

< AN/ 22224 P EREBoMMIcE, E523KRLAISA M erEYadA MR
LEOMRLVZ L T4 EFENRDIONDDE, (52201 ), VZETAPEAEDIR

o EECRERR T A n 7 54 b ) ¥ A b EHFLTET AT LS, BaHF

Thermal Stabilities of Fullvy Expandable Thases

Elementcs in 1-2Kkh pressure

Tvne 2:1 lattic: Reference temp, °C
K dioct (AlS1) Velde, 1969 230
X dioct. (MpAlSi) Velde, 1973 400
Na dioct (A1S1) Sand, et al., 1937

. Kojzumi and Rov, 19538 350-%50-
Ca dioct (A251) Chacceriee, 1969

Hemley, et al., 1971 300-500
Mg trioct {MgSi) Exguevin, 1960
Velde, 1973 250
Mg trioct (MgAl5i) Velde, 1973 430
Na tricoct
beidellite (MzAISi) Liyama and Rny, 1963 330
¥a trioct
hectorite (HgAlSiva) Tiyama and Reoy, 1963 800
Thermal Stabilicies of Mixed Lavered Phases

K dioct (A151) Velde, 1949 400
K dioct {ALSiMg) Velde, 1972 430
Ka trioct .
beidellice (MgalsSi) Tivama and Roy, 1963 780

Na tricoct
hectorite (MgAlSiNa) Iiyama and Roy, 1963 800

Table 521 Thermal stabilities of mixed-lavered
phases @
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—&Of“m0%0$ﬁﬁmﬂﬁ®—%%%bk%@Té&?ﬂﬁﬁﬁ?@%ﬁ?*ﬂ%Ié
&, MM ez 454 POERBEOTREZKDBEOENTT2I0T S bWTd 3, Z0OR
B, ENOETRL-TCPPERLY 7 350, BETL250CBRECH L, foTVv s
b4 P EFENIBREEE, RE23KRLAAIA A 22034 rRABLDE

BE TRECHFETHCLNEREZEELLND, REOLREERAHTD 2, HREAO

Temperature(°C)
50 100 150 200 250 300

} | i
55@) 8 S
| e O
| !
1 sol
O
I
I
2 ]
[
| |
—~ | Ser.
& |
=3 |
S |
i
m |
@
a WA !
!
|
5
: Browne & Ellis(1970)
Steiner(1968) .
: Eslinger & Savin(1973)
D: Dunoyer de Segonzac

6l- - | @ 100°L exp. layer (1970)

° F: Foscolos & Kodama(1974)
O 0% exp.layer P: Perry & Hower(1970)
Y: Yeh & Savin(1977)

Fig. 5.2.3 Temperature and depth environments forming mica smec-
tites in nature 3
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Fig, 5,25 Extent of reaetion for alkali- saturated
bentonites after 7 days of hydrothermal
treatment at 400TH®
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Table 52.2 Reaction products for alkali-saturated
Wyoming bentonites

AG® Interlayer

Rezction Temperature and Time

Hydration
catlon (Kcal/Male) Loo®C, 7 days 400°c, 30 days 300°C, 30 days
K -2.62 c/x (25) ¢/x (20) c/% (40)
kao, fspar, gtz kao, gtz qtz
Re' -2.66 c/x (15) c/x (13) e/x (30)
kaa, qtz kac, qtz kao, gtz
st -2.90 c/x (40) c/x (20} ¢/% (35)
kas, qtz kao, gtz kao, qtz
Mt -3.97 rect (50) rect (50} smectite (100)
qtz kag, qtz qtz
Li+ -L.59 smectite (100} Li-tosudite smectite (100)

(high charge}
kao, qtz

kao, qtz

kao (trace), gtz

All of the mixed-layer phases show regular interstratification (see- REYNOLDS and Hower,
1970). /X {40) = a mixed-layer clay composed of collapsed and expanded layers of which
40%/ are expanded; vect. = a rectorite-like, perfectly ordered, 5073 expandable mixed-layer
clay; kao = kaolinite; qtz = quartz; [spar = feldspar. Free energies of interlayer hydration

_ for 2 montmorillonite are from GarreLs and TARDY {in preparation).

Table 5.2.3 Reaction products for alkali-saturated

Wyoming bentonites

AG°. Interlayer Reaction Temperature and Time

Hydration :
Catfon (¥cal/Hote) hoo°c, 7 days Loo°c, 30 days 300°C, 30 days
- .
Ba -5.96 smectite, rect rect, smectite smectite
{total exp = 91} {trace), 1h A (7) |qtz
kac, qtz kao, qtz -
SrH' -6.00 rect, smectite rect, smectite smectite
{rotal exp = 75) (trace), ’ qtz
kao, qtz kao, qtz
=+
Mg -6.60 rect, smectite sample smectite
(total exp = 59) lost kao {trace),
kao, qtz qtz
++ : )
Ca -7.42 rect, smectite rect, smectite smect]te
{total exp = BO)  (trace), 14 K (?7), aqtz
k_ao. qtz kao, gtz
++
Be - rect c/x (4o) smectite
. (total exp = 50) (1M and iMI qtz
kac, qtz ordering)
kao, qtz

Total exp = 91 means that the percentage of expanding layers for rectorite -+ smectite = 31%:
See Table 1 for an explanation of other symbols.
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fn (M, Mo ) = —kt (1)
Mo =>=Y msA t ORVORE, MET Ot BHBORE, KILEEEH TS5, & &
BHERT V=Y 20RC L > TRIGOERT AL £ — LERST 5h 5,
k=A exp (—E/RT) (2)
ARFEREH, EdEEft=sr¥—, RAVAERTH D, +2 TORKE
.@(M/MM==—A-bem(—E/RT)(M
E % B,
L TEROMBOBR +E 2 EREE (D) BRASACRE (T) BELHEE (To),
HREE (t), BRAE (Q), it T (8) &+ 53¢,
G=(T~To)/D
S=D/% (4)
T=8.G.t+ To
EVWOHERAEMILT . Thold, BBBICHYT 28E - BE  BlolMcRahs&fEcd
5o (4} LD
t=(T-To ), /8.G (5)
@RER e RAT 3 &

4n (M/Mo) = —A-exp (—E/RT) - LI-To) (6)
M/Mo=.exp {—-Sl.—G-A-e_E/RT-(T—To)} (7)

L% b —~FREOY L TORGHORTERI N, —F, RIGHESBEZIL L £ICEL
TABEORCETAA TH 5o L LEEH « BEZLAERO TAEWEEICE, BEOBHE
FILE@WR L D

| dT/dt = §-G (4)’
T35 LE)FEAR

1 T _
M,/ Mo = exp ( — 3G -A-Tje E/RTdT) (8)
0

b, CORBARENABELNMCE>-TEDRIGELAWLR S, ORAMAAVNLRS

“ Isothermal model” BRAORBTHEHBHIK T A BHER, REEFRE
HmINARBICELE L, @A DOAFRT “nonisothermal model” BT ORKE 3 CHIBICHE s T
R 2 (ETLTWAREBREYT S,

BERM S A= 2-HLT, Eberl b+ -2 v—FERELE LT, MAhTK-
) ar4 b BRESEEETCLI 71 BT ARIGoBESE{=Fdr¥—%, 196 Kecal
Jmol & B Lin. C Ot~ 4 5 DEREE & 5 MBSO BT 5 1 % — (GF ¢ (2

524 ) DO Eberl bI3BbAAFERELI A A ¥ - HENOSIi—-0ES 2T 20
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2 b

Table 5.24 The activation energy of dissclution

A comparison of activation energies for the eclays-

acid or alkaline solutions reactions

3

activation
Neaction mineral pH of solution extra cation teTpe§ature ?Earg¥ u reference
°C cal/mo

Mg,Fe,ll montmorillonite - - ;
dissolution nontronite _ 1.0 n (uci) 25 100 17 18 Osthaus(1958)

My,Fe,Al palygorskite 2.5 N (Hc1) 60 - BO 18.4 Abdul-Latif:et al,
dissolution sepiolite 5.0 N (1969}

K y ' _ Thompson et al.

dissolution glauconite 0.5 N (HC1) 50 - 60 14.0 19.2 (1973)

Mg ,Fe, Al : - ]
dissolution | Slinochlore 2.0 N (UCl} 25 - 60 21 Ross {1967)

AL,S81i,M .
dissoltéign bentonite 1.0 N {HCl1) 67 - 103 7.27 Granquis?lggg?l.

K, Mg . 0.0036 N Co 2+
dissoiution phlogopite (el 0.2 M (Ca®") 25 - 80 9.4 Inoue et al, (1981}
' \ . +
dissotution | o mipenerilloTi 9.0 (nco,”) 400ppm (K ) 200 - 350 5:2 Lahann et al.
_ 400ppm (K ) 10.4 (1980}
2400ppm(Na ) :

%t exp. layer] gel with Eberl et al.
in I/M K-beidellite -3 260 - 3990 19.6 (1976)
% exp. layer | Na-montmorillo- _ 400ppm (K+L+ 270 - 150 25 = 3§ Roberson ?:ggi'
in I/M nite 9.0 {HCO, ) 9400ppm (Na, ) _ '




RBHEE TR+ — CHES o & OERILE % 4 & — (i £H\(7) TEHEND isothermal
model WESWITEHE TS L, B526 KRTIIK, BOTCbWWwoRERE D Lteryxn
F4 PR 10t ~10°ET200 LWEBEEIDASA b eryEe) ad 4 M ESBLHT
50 COBEEREEBT L ETED D Lno RABR TRBEELE2ET &L LT
R, WD EBMPCK A + > & DBIALBGEA 4 > (AL, Na®, Mg Catvz &)
BEETDEEAENRELOND, HRHOKD, TRICNa, Ca?’ Mg % EndtE T 5 & KIS
DIEHAL= 2 % — 23K E ¢ % D BEENEC 25 & 5K 5N T o Roberson & Lahany
HPH=9 OLAT oK UMK Na* B3t FET 5 &, AT T HERILT 34+ — 355
2 4 CRENS L DI, #30Keal /mol ICHIMT 52 EaRLAS WwrRICLTS, Ef

OS5I ryE)RFS PhbEA T4 PNOEBRRIGRAYE—FTd Y, EETELhALT

1010
109
108
107

108

REACTION TIME, YR

102 b 3 1 1 ] ¢ |} 3
20 40 €0 80 100 120 140

TEMPERATURE, °C

Fig. 5.26 The alteration of montmorillonite to the
illite/montmorillonite mixed - layer (33)

The relationship between temperature and the time

it would take to form a mica/smectite with 20%
~expandable layers from smectite with 100% expandable
layers. Ea = 19.6 kcal/mole is the activation energy
for the reaction. Ea = 23.4 kcal/mole assumes

_maximum error.
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" Fig, 5.2.7 . . (18) -
Percentage of non-exchangeable Kt vsS. percentage of
illite layer in natural illite/montmorillonites and

synthetic products foom Ca- and X-montmorillonite.
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(a) Exchangeable Cation
k (>30°% exp. layers)

OWS-1
@ WsS-2
A WS-4
A WS-10

Rectorite-group
{ Matsuda et al.{1981a)

© Kodama(1966)

-
-
-
----
_____

Fig 529 Composition (23)

Composition of interlayer cations of mica/smectites
from the Shinzan area (WS-1,2,4,10) and rectorite-like
minerals from Rosekil deposits. (a) exchangeable
cations of mica/smectites with more than 30% expand-
‘able layers, (b) non-exchangeable cations of mica/

smectites with less than 70% expandable layers.
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(b) Non exchangeable Cation
K (<70°. exp. layers)

@ WS-2

A WS-10
Rectorite-group
- Matsuda et al.(1981a)

& Kodama (1966)

0-5 | _Z(Ca+Mg)

Fig 5.2 9 () 23)
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Fig 5210 ' (23)

Chemical compositions in the 2:1 silicate layer of
mica/smectites from the Shinzan area (€ ) and of
rectorite-like minerals from Roseki deposits (A).
The figures indicate the percentage of expandable
layer of mica/smectites. Lp: leucophyllite, Mu:
muscovite, Py: pyrophyllite.
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Fig 5211 23)
The relationship between the percentage of expand-

able layer and total layer charge per OlO(OH)2 in
mica/smectités of different origins. The line is
drawn between 0.33 of montmorillonite and 0.72 of

illite.
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Fig 5. 212 (23)

The relation ship between the percentage of expand-
able layer and number of non-exchangeable interlayer
cations (Kn) per OlO(OH)Z in mica/smectites of differ-
ent origins. The curve indicates a regression one
for mica/smectites which have predominantly non-

exchangeable K in the interlayer.
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Fig. 5.2.13 (39) Fig. 5.2. 14 (39)
Sr and'K values {ppm weight and atom percent) 5r and Rb values (ppm, weight) for Kinnckulle
“for B-layer samples from Kinnekulle metasomatic samples metasomatic samples-crosses and Billingen metamorphic
- crosses and Billingen metamorphic samples - circles. samples-circles.

Table 5. 2. 5 ABSOLUTE THERMODYNAMIC DATA FOR AQUEOUS IoNs

(298°K)
Ion Tions AHh*;rdl AS&Tyda AGl:vdv

- angstroms kcal/mole cal/mole-deg |- kecal/mole
H+ — —267.9 —29.3 —259.2
F- 1.33 —113.2 —341 - —~103.1
Cct~ 1.81 —80.9 —-20.3 - —~74.8
Br— 1.96 -72.7 —16.3 —67.9
I- - 219 —62.4 —11.3 - 59
Zn2+ 0.70 —503.0 —70.5 —482
Cu?+ 0.69 —516.4 ~72.2 —494.9
Ni2+ 0.72 —519.5 —88.1 —491.5
CoZ+ 0.74 —505 —87.4 —479
Fel2+ 0.76 ~473.4 =761 —450.5
Fel+ 0.64 —1038 —121 —1002
Mn2+ 0.80 ~4554 —58.3 —435.1
Cra3+ 0.84 —456.6 —43.8 —443.5
Cr3+ 0.69 —1044 —121 —1006
A+ 0.45 —1135.3 —121.1 —1099.2
Lad+ 1.15 —806.3 —96.6 —777.5
Mg2+ 0.65 —473.8 —70.3 —452.9
CalZ+ 0.94 —3951 —56.8 -378.2
Sr2+ 1.10 —354.2 —53.1 —338.4
Ba2+ 1.29 —1326.1 —44.8 -312.7
Lit 0.68 —130.3 —131.7 —130.8
Na+ 0.98 —104.1 —238 -97
K+ 1.33 —84.0 ~15.7 —79.3
Rb+. 1.48 —78.0 -12.9 742
Cs+ 1.67 -70.1 —-12.2 —66.5
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EFRAOKE AlBELLED 1 DOBBRTRDINZR b b¥, BHERS O Sr,Rb
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OFHK" L) EBOEEBE, LEHINE s LA, % AHEHRS O Sre Rbld
SO OHBIFRORYT TR ERL 2 S EBORPHEHBB T LB TER N, o
Ty, RAZ 24 P BRERERT ABE, FAORVPSriBHOFREEILZ L B
HFCRELTBHML 2 VBNTSS 5, ¢ ORERCs® #51%OBMERER TH b
Th 5o

Komarneni 5« O+ 8+ h & % &¥r Shale & Cafk44 ( Cs, MoO,, CsOH,
CsI, #—Cs; Uo 07 ) 2t — b 2V — VOB TRIEI R, 2OROBEPICHEAET ST %
%%Lgf)%a)%%@—%ﬁ%f‘% 5,26 £ 5.2 7TIC/RYo £5 2704+ 4 Cs, MoO, RO
F-2%5RBE, MitUACERDHERLACEELAWSSXAVAKLEYD, CEC
CHIG L 2 B0 CsTaRE IR, ThICE hBWFICERET 2 Cs BE LT 5o Cs: Mo0,
ECsOHFZHBT 2L, Wb CsOHEANWABEOHHBEECS BRI, BED
EAL Cst 28t & 4 RS Pollucite (CsAl Si:0s ) OERBR B LA B, & DEE
THRAIhARGEAHURYEOK LEW 0BT 2 HHICEH 4D T B, R ITH LD
BABTERETS o EL T, TORBTCs 2EMA L T HE L\» £ Wi 2L 5 T 4
Thhid, CSETOEMCEEI A TERTCERET, BHMLZ L 220735 5,
ZZTARLAFITH, TOHFLWEWAE L LT Pollucite #2335, Polluciteld B ST
ZLngEhTdoiD, RE2TOCOHROTF— £5RT L oK, HEWEOW YO
S A a1 AT %P EPollucite DEBENE o BWO PHET 4+ VKR 23 &,
Pollucite D& T BIEE h 5,

ZDLOWK, RAZF4+OBRERCHE I WEBEE, TOERA/TRECEHLTER A2
FAMDBEA34P~EATAEHC, TOBEECK LEADELEABOBK L ORTERL
ko THER~RY Al BWEBARCHELTE, 222 24 } *REBHEEICHE LB
AEETH, ThOOCECOREIL I o THETROBEHMREZEI N 5, B+ us
ABLTLE SRBTE, BRERSEERD & T 5 Lo S22 0 R8T THRE N5
DEICToT, TROBBHERREI N B,
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Table 5.2 6 (32)

Analyses of Cs remaining in solution and of pollucite formation from various mixtures® of clays or shales and Cs

sources.
Weight of 100°C 00°C ©I00°C
clay® or
shalet + Weight Pollucile Pollucite Paflucite
Cs phasa of Cs added® % Csin formation % Csin formation % Csin formation
Sample mg} (mg) solution by XRD solutien by XRD salution by XRD
Cs,Mo0, source .
Kaolinite : 120.8 12.9 §9.7 ND? 88.4 S 15.9 Ky}
Montmorilionite 1278 17.2 -t N ND 556 ND 38.8 ND
Mica 120.5 12.5 92.1 ND 71.7 ND 425 St
Nite 128.6 17.8 81.3 ND 68.3 Si 4.7 V. 5t
Chlorite 114.4 9.0 97.3 ND 83.8 Tr 69.2 Sl
Salona shale 120.9 13.0 89.1 ND 443 M 13.4 V. S8t
Antrim shale _126.6 16.6 93.5 ND 75.3 M 5.2 V. St
Brailier shale 1252 15.7 9323 ND 64.9 M 10.8 V. St
Conasauga shale 124.3 15.2 88.0 ND 17.9 V. St 5.0 V. 5t
Catskill shale, reduced 134.5 21.5 96.4 ND - 71.0 St 46.2 V. St
Carskill shale, oxidized 129.9 8.7 86.1 ND 66.9 St 7.4 V.St
Csl source .
Kaolinite 125.2 12.9 _— — — — 929 ND
Montmorillonite 133.6 17.2 —_ —_ —_— _— 49.4 ND
Mica 124.5 12.5 — — —_ —_ 81.5 ND
illite ’ 134.8 i7.8 — — — —_ 75.4 ND
Chiorite . 117.6 9.0 — — — . 81.8 sl
Salona shale 125.5 13.0 — — — — 30.8 V., St
Antrim shale 132.4 16.6 — —_ jp— —_ 69.4 St
Brallier shale 130.7 15.7 — —_ ' — — 84.3 ND
Conasauga shale 129.7 15.2 — — 85.0 ND 63.7 ND
Catskill shale, reduced - 142.1 215 — _— 99.9 ND 66.6 St
Catskill shale, oxidized 136.5 18.7 — —_ — —_ 48.9 V.St
CsOH source
Kaolinite 114.6 i2.9 —_ — 5.4 St —_— —_
Montmorillonite 119.6 17.2 _ — 3.4 V.St _ —
Mica 114.5 12.5 — _ 19.7 Tr —_ —
Iilite 120.1 17.8 — — 4.8 St — —_
Chlorite 110.1 9.0 — _— 73.0 ND —_— —_
Salona shale [14.7 13.0 — _ 17.6 V. 5t — —_
Antrim shale 118.7 16.6 —_ — 18.9 V. 5 — —
Brallier shale 117.7 15.7 — —_ 17.6 V. St — _
Conasauga shale 117.1 15.2 —_ — 8.1 V. St — —
Caiskill shale, reduced 124.3 21.5 —_ _— 26.4 V. St —_ —
Catskill shale, oxidized 121.1 18.7 — — 224 . V. St — —_
B-Cs.U,0; source
Kaolinite 141.4 12.9 37.9 ND 7.8 St . 9.0 Tr
Montmorillonite 1553 17.2 293 ND 355 ND 25.4 ND
Mica 140.2 12.5 30.5 ND 19.8 ND 55 St
Hlite 157.2 17.8 313 ND 3.2 M 2.0 V.St
Chlorite 128.9 9.0 351 . ND 16.3 ND 7.4 Tr
Salona shale 141.9 13.0 19.5 ND 10.5 ND 4.3 St
Antnm shale 153.3 16.6 18.5 ND 249 ND 19.1 St
Brallier shale 150.5 15.7 20.5 ND 11.4 ND 5.8 St
Conasauga shale 148.7 15.2 35.2 ND 17.9 St 9.7 St
Catskill shale, reduced 169.1 21.5 209 ND 7.7 Tr 46.7 Tr
Catskill shale, oxidized 160.0 18.7 17.0 ND 7.9 ND ns M

! Hydrothermally treated at 100°, 200° and 300°C/300 bars for 4, 2, and | months, respectively.

z Weight of clay or shale is 100 mg in ail cases.

3 Molar ratio of $i in clay or shale to Cs added in alt cases is 8.

¢+ ND = None detected; Tr = Trace; Sl = Slight: M = Moderate; St = Slrong. V. St = Very strong.
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Table 527

(32)

Anilyses of Cs remaining in solation and XRD analysis of various mixtures! of Cs phases with clays.

Molar ratio

of Si Weight
in clay aof Cs Pollucite
to Cs added % Cs in formation Changes in Other phases
Sample added (mg) solution by XRD clay by XRD by XRD
Clay® 4 Cs.MoOQ, mixtures heated for 10 days
Kaolinite 2 51.6 97.9 Slight No obvious change ND?
Kaolinite a 12.9 93.8 Slight No obvious change ND
Montmorillonite 2 69.6 92.4 ND 1554 colklpsed Powellite
to ~12
Montmerillonite 8 17.4 68.7 ND 155 A colk.lpsed Powellite
to ~12
Mica 2 ‘512 86.9 ND Mo obvious change ND
Mica 8 i2.8 85.2 ND Mo obvious change ND
litite 2 71.2 91.3 Moderate Better crystatlized ND
Hlite . 8 17.8 84.8 ND Better crystallized ND
Clay + Cs;MoO, mixtures heated for 66 days
Kaolinite 2 - 516 75.2 Moderate Some clay consumed ND
Kaoliinite 8 12.9 88.4 Slight No obvious change ND
Montmorillonite 2 69.6 71.1 Moderate Most clay consumed Powellite
Montmorillonite 8 17.4 55.6 ND 155 A colkapsed Powellite
to ~12
Mica 2 51.2 92.7 Slight No obvious change ND
Mica 8 12.8 7.7 ND No obvious change ND
Iilite 2 71.2 85.1 Moderate Better crystallized ND
lite 8 17.8 68.3 Slight Better crystallized ND
Clay + CsOH mixtures heated for 10 days .
Kaolinite 2 51.6 21 Very strong Totally consumed Boehmite
Kaolinite 8 12.9 7.8 Strong Some clay consumed Boehmite
Montmerillonite 2 69.6 28.3 Very strong Totally consumed ND
Montmorillonite 8 17.4 14.7 Strong 155 A conAapsed ND
to ~12
Mica 2 51.2 6.4 Moderate Totally consumed Strong CsAISIO,
Mica 8 12.8 28.0 Slight Some clay consumed Moderate CsAlSiO,
Illite 2 71.2 14.4 Strong Totally consumed Slight CsAlSiQ,
Tlite 8 17.8 8.1 Strong Better crystallized ND
Clay + CsOH mixtures heated for 60 days
Kaolinite 2 51.6 1.9 Very strong Totally consumed Boehmite
Kaolinite 8 12.9 54 Strong Most clay consumed Boehmite
Montmorillonite 2 69.6 29.4 Very strong Totally consumed ND
Montmorillenite 8 17.4 3.4 Very strong 15.5 A collapsed ND
to ~12 .
Mica 2 51.2 4.3 Slight Totally consumed Very strong CsAISiO,
Mica 8 12.8 19.7 Trace Some clay consumed Moderate CsAlSIO,
Iilite 2 71.2 11.3 Very strong Totally consumed Slight CsAlISiQ,
~itite 8 17.8 4.8 Strong Most clay consumed ND

! = Hydrothermally treated at 200°C and 300 bars pressure.
? Weight of clay is 100 mg in all cases.

3 ND = None detected.
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The relationship between percentage of expandable
layer and CEC in illite/montmorillonites.

Dashed line is obtained by extrapoclating the line
by Hower and Mowatt (1966). "r" indicates the co-
rrelation coefficient. "g" indicates the standard
deviation of CEC value,
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Table 5.3.1 Summary of Zeolite Dehydration Behavior
Zeolite TGA &b DTAed Structure Remarks
Group 1
Analcime Cont., 8.7% at 400° £nd, 200-400° None up to 700°
Harmotome  Step., 170-190°%; 15.0% at 300° New structure at zoso"
forms celsian 700
Phillipsite Step., 130°, 18.0% at 300° End. 100°, 200°, 300° New strtcture 160.200°°  Rehydrate if not
_ heated > 250°
Gismondine Step., 115-140%; 18.2% End. 140°, 160°, 190°, 270° Five metastable phazes;
feldspar 375°
Step., 83°% 16.9% End. 190° New structure 530° Structure contracts
at 165° by 15.9 vol %
Paulingite - 28% - Stable to 250° Crystals decrepitate
Laumontite  Step., 200, 370, 500°; 15% End. 71. 267, 410, 467° Structure change at 500°  Rehydrates below 200°
Yugawaralite  Step., 200, 400°; 14% End, 200, 350%; Ex. 540" New structure 400° Rehydrates below 400°
Group 2 ,
Erionite Cont., 14.8% End, 50-400°; Ex. 920° Stable 750° Stable to H,0 at 375°
Levynite Cont.,, 17.6% Stable at 340°
O (Offretite)  Cont., 9.8% End. 160, 410, 560°; Ex. 1092° No change 965° TMA removed above
350
T Cont., 9.8%
Omega Cont, to 485°, Step, 485° End. 180, 255° Stable to 700° TMA removed zbove
22.8% Ex. 410,510, 675° 400°
Sodalite Hydrate 15% End. 100-300; Ex, 805° Stable to 900° High temp. form
’ - reported
Group 3
A Cont., 22.5% End. 25-300°; Ex. 860,910°  Stable to 700° B-Cristobalite 860°
N-A Cont., 15.0% End. 100-200°; Ex. 350, 600 Stable to 700° TMA temoved above
860° 300°
ZK-4 25.8% Stable to 550°
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Table 5. 3.1 Summary of Zeolite Dehydration Behavior (continued) (43)

Zeolite TGA ™D DTA &4 Structure Remarks
Group 4 7
Faujasite Cont., 25% o Stable to 475°
X Cont., 26.2% End. 50-350°Ex 772, 933 No change 700° Stability varies with
: ) cation
Y Cont., 26% End. 100-400°; Ex. 793° No change 760° Stability varies with
cation
Chabazite Cont., 23% End. 25-300%; Ex. 900™ No change 700° Stability varies with
cation
Gmelinite Cont., 20% Structure change at > 300°
Zeolite L Cont., 16.7% No change 300°
Group 5 X o
Natrolite Step., 240°, 9.7% - End. 350° New structure 565°; Rehydrates to 785 ;
‘ o amorphous 785° nepheline at 970-1010°
Scolecite Step., 200,400, 14% End, 225, 4 10°% Ex. 1000° Structure decomposes at 490° No reglydration above
_ 330
Mesolite Step., 200, 350°, 13% End. 225, 380°, Ex. 1040° Structure decomposes at Feldspar at 910°
. 440-490
Thomsonite Step., 150, 300°, 15% End. 175, 325, 400, 440, 520°  Structure collapse at 520° No rghydration above
' ) 370
Gonnardite Step., 100, 200, 300°, 14.4% End. 75, 220, 450° Structure collapse at 460° ‘No regwdration above
360
Edingtonite  Step., 100, 250, 400°%,13.1%  End. 160, 270, 450°; Ex. 500°  Recrystallizes to feldspar 500°
Group 6 )
Mordenite Cont., 16% End. 25-300°; Ex>1000° No change 800°
Epistilbite - 15.5% . . Stable to at least 250°
Bikitaite Step., 9.3% End. 190475 Goes to f-spodumene at 750°
Zeo'onNa  Cont. End. 25-300°; Ex. > 1000°
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Table 5.3.1 Summary of Zeolite Dehydration Behavior (continued

) (43)

Zeolite TGA %D

DT4 S d

Structure

Remarks

Group 7 ' o
Heulandite Step., 100,250, 17%

Clinoptilolite  Cont., 14%

* Stilbite Step., 100, 200°, 17%
Stellerite 17%
Brewsterite 12.4%
Group 8
Li-A: 21.2%
F : 13.4%
Z 12.5%
H 18%
Li-H 13.4%
I 71.7%
E 17.4%
M 9.1%
Q 15.5%
w 18%

End. 25-300°: 300°

End. 125-300°; Ex. > 1000°
End, 191, 262°; Ex. 500°

Heulandite “B* at 250°

No change 750:'
Charége at 1207; collapse at
400

No change 300°
No change 300°

Stable 360°
Stable 500°
Stable > 300°
Unstable 100°
Stable 350°
Stable 350°
Unstable 150°

Stable 350°
Unstable 200°
Stable 350°

Structgre collapse at
> 360" ; cation effects
stability

Structure shrinks along
b

Rehydrates
Rehydrates

Forms kaliophilite 600°
Decomposes o
Structure change 430

Some divalerit forms
stable at 200

3 Cont. = continuous loss with increasing temperature

b Weight percent loss based on original weight

€ End. = endothermic reaction
d Ey_ = exothermic reaction
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(b) Relations of clinoptilolite, mordenite, anal-
cime and albite with increasing temperature, pH and
Nat concentration of the solution in the pH range
from 10 to 13
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(d) Relations of clinoptilolite, mordenite, anal-

cime and albite as a function of Na* concentration
and temperature in the presence of additional silica
(solid line) at final pH == 13. Broken line indicates the
phase boundary shown in Fig. 2. Mor; Mordenite+
Quartz, Anl;Analcime 4 Quartz, Ab;Albite4 Quartz

Clinoptilolite Transformation at Elevating Temperature, PH
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(a) eclinoptilolite {b) mordenite
( starting material)

{c) analcime (d) albite -+ quartz

Photo 5. 3. 1 Scanning electron micrographs of starting material
{(clinoptilolite) and synthetic phase.
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Pig. 6.21 Relative concentrations of Cs—137 at a distance

of 0.2m from the canister

—144—



BCEdbido . 100CCH10 F2ETHC LA bo LANS TEEH2200m &
v o Lo HBMNESEAC R TABNROBERAS IVEEL 2R WEELTIVTD
596

RICEHDICEELT. 1000 FROBBBE %2 T3 b0 COBAKENTHE, FHR
TR WEETT% o7 Sr +Cs % & HBEOEBRBOE BRALBREFKE <, B2 bbbl %
BBOEN T . PSe v7 7734 vosMIEL 22 TE 550 Sl RBMEABRTHREI
BELT, BN TWwdB, 72574 FORY 4 P T2KAMEORERISBOBRE TS
L, ARKCXT SKdEOHEEL ST HIT, Sr,Cs LOMBKRERMEE A HTREES 3 50

C/Co '
Na —bentonite \

107 |

102

102
Na —bentonite 30%
Quartz 70%

10~

1078 Na—bentonite 40%

Zeolite 60%
108

1 10 102 1038
Time(years)

Fig. 6.2.2 Relative concentrations of Sr—90 at a distance
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Fig 6.2 3 Time Required to Convert Smectite to Illite as a Functiom of
Temperature. E_ is the activation energy for reactiom in
kilocalories pe% mole (L kilocag;grie = 4,187 kilajoules).
Redrawn from Eberl and Hower (34}, :
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i Thermal History Simulation for Backfill Material

Basic parameters incorporated are as follows:

Ref.

Thermal conductivity for waste glass = 0.938B Kcal/mhdeg 1
for canister metal= 21.08 Kcal/mhdeg 1)

for backfill material= 0.43-1.29 Kcal/mhdeg 2)

for granitic host rock= 2.8 Kcal/mhdeg 3)

1)UnRyE*39(1983),2)Exploration Geophysic=(1950),
3)YHandbook of Physical Constants(1968)

Thickness of backfill = 0.3m

FREI0EOBE
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Assumption = 23°C at 5 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in-backfili

(Years) (Keal/mhdeg} Max. Min. Max. Min.
D 0.43 450.3 428.9 428.8 320.8
5 0.43 406.9 387.7 387.6 290.6
10 0.43 363.5 346.5 3486.4 260.4
15 0.43 328.8 313.5 313.a4 236.3
20 0.43 294.1 280.5 280.5 2i2.1
25 0.43 259.4 247.6 247.5 188.0
30 0.43 233.3 222.8 222.8 . 162.9
35 0.43 207.3 198.1 198.1 151.8
ac 0.43 185.6 177.5 177.5 136.7
45 0.43 168.2 161.0 is61.0 124.6
50 0.43 153.5 147.0 147.0 - 114.3
53 0.43 140.4 134.6 134.4 105.3
60 0.43 129.2 123.9 123.9 97.4
63 0.43 117.9 113.2 113.2 89.6
70 0.43 110.1 105.8 105.8 g4.2
80 0.43 94,4 %0.9 90.9 73.3
20 0.43 85.8 82.7 82.7 67.3

100 0.43 77.1 74.5 74.4 61.2

120 0.43 59.7 58.0 58.0 49,1

170 0.43 37.2 36.5 36.5 33.5

470 0.43 26.7 26.6 26.6 26.2

S00°C 4
EgEvons
N BlL-uvESREflozmEE [ ]
N "\, BEMOEERE [T]

50 160 150
(Y=ars) '

—1566—



Assumption = 25°C at 3 {m) distance from the center of canister

500°C 4

Time Thermal Temperature °C Temperature °C
After Burial Ceonductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.
4] 0.86 396.3 374.9 374.8 320.8
5 0.86 358.4 339.2 339.1 290.6
10 0.86 320.5 303.5 303.4 260.4
15 0.86 290.2 274.9 274.9 236.3
20 0.86 299.9 246.4 246.3 212.1
25 0.86 22%9.6 217.8 217.7 188.0
30 0.86 206.9 196.4 196.3 169.9
3as 0.86 184.1 175.0 174.9 151.8
a0 0.86 165.2 157.1 157.1 136.7
a5 0.86 150.0 142.8 142.8 124.4
50 0.86 137.2 130.7 130.7 114.3
55 0.86 125.8 120.0 119.9 105.3
60 0.86 115.9 110.7 110.7 97.4
65 0.856 106.1 101.4 101.4 "89.6
70 0.88 ©9.3 95.0 95.0 84.2
80 0.86 85.6 82.1 82.1 73.3
o0 0.86 78.0 75.0 75.0 67.3
100 0.86 70.5 67.8 67.8 61.2
120 0.846 55.3 53.6 53.8 a4%.1
170 0.86 35.6 35.0 35.0 33.5
470 0.86 26.5 26.4 26.4 26.2
Y EGoBE

BlL~rEERROETER (L]
[EMPOZBRE [T

{(Years)
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Assumption = 25°C at 5 (m) distance from the center of canister

Time Thermai Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kecai/mhdeg) Max. Min. Max., Min.

o 1.29 378.3 356.9 356.8 320.8

5 1.29 342.3 323.0 322.9 290.6

10 1.29 306.2 28%9.2 289.1 260.4
15 1.29 277.4 262.1 262.0 236.3
20 1.29 '248.5 235.0 234.9 212.1
25 1.29 219.7 207.9 207.8 188.0
30 1.29 198.1 187.6 187.5 169.9
35 1.29 176.4 167.2 167.2 151.8
a0 1.29 158.4 150.3 150.3 136.7
45 1.29 144.0 135.8 136,7 124.6
30 1.29 131.7 125.2 125.2 112.3
55 1.29 120.9 115.1 115.1 105.3
&0 1.29 111.5 106.3 1046.3 . 97.4
65 1.29 102.2 97.5 87.5 89.6
70 1.29 95.7 91.4 91.4 84.2
80 1.29 82.7 79.2 79.2 73.3
20 1.29 75.5 72.4 72.4 67.3
100 1.2¢9 68.3 63.6 63.6 61.2
120 1.29 53.8 2.1 52.1 49.1
170 1.29 35.1 34.5 34.5 33.5
A70 1.29 26.4 26.4 26.4 26.2

a00°C
. E&omzs

BLAVERBMNOZERE [ L]
BENORmEE [T]

(Years)

— 158~



Asaumption = 25°C at 10 (m) distance from the center of canister

0070

Time Thermal Temperature °C Tempeiature °C
After Buriat Conductivity = in canister in backfiil
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 537.0 515.6 515.5 407.4
=] 0.43 a484.7 465.5 455.4 368.4
10 0.43 432.5 415.5 415.4 329.4
13 0.43 3%90.7 375.4 375.3 298.2
20 0.43 348.9 335.4 335.3 2567.0
25 0.43 307.1 295.3 295.2 235.7
30 0.43 275.8 265.3 265.2 212.3
35 0.43 244.4 235.2 235.2 188.9
a0 . 0.43 218.3 210.2 210.2 169.4
43 0.43 197.4 190.2 190.2 153.8
S0 0.43 179.6 173.2 173.1 140.5
S5 0.43 164.0 158.2 158.1 128.8
60 0.43 i50.4 145.1 145.1 118.7
65 0.43 136.8 132.1 132.1 108.5
70 0.43 127.4 123.1 123.1 101.5
80 0.43 108.5 105.1 105.1 87.4
S0 0.43 98.1 95.1 95.1 9.6
100 0.43 87.7 85.1 85.1 71.8
120 0.43 66.8 65.0 65.0 56.2
170 0.43 39.6 39.0 39.0 35.9
470 0.43 27.1 27.0 27.0 26.4
#«R ,
\\ 3 EEHONSE

BUAVRRBNORDEE [ £]
gEfloxEBRE [(T]

o o
[

{Years)
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Agsumption = 25°C at 10 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in ' back#il}
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.86 483.0 4581.6 451.4 407.4
3 c.86 436.3 a17.0 416.9 368.4
10 0.86 389.5 372.5 3r2.4 329.4
i3 0.86 352.1 334.8 33s8.7 298.2
20 0.86 314.7 301.2 301.1 267.0
25 0.846 277.4 263.6 265.5 235.7
30 0.86 249.3 238.8 238.8 212.3
35 0.86 221.3 212.1 212.0 188.9
a0 0.86 197.9 189.8 189.8 169.4
as 0.86 179.2 172.0 172.0 153.8
50 0.86 163.3 156.9 156.8 140,5
55 - 0.86 149.3 143.5 143.5 128.8
&0 0.Bé 137.2 131.% 131.9 118.7
65 0.86 125.0 120.3 120.3 108.5
70 0.86 1146.6 112.3 112.3 101.5
80 0.86 99.8 96.3 96.3 87.4
o0 0.86 S0.4 87.4 87.3 79.6
100 0.86 81.1 78.5 78.4 71.8
120 0.86 62.4 60.6 60.6 56.2
170 0.86 38.1 37.5 37.5 35.9
az7o0 0.86 26.9 26.8 26.8 26.6

S00°C 4

EEnony

BLUVERSMOEDRE [ £]
BEMOETRE [T]

(Years)

—160—



Assumption = 25°C at 10 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) {Kcal/mhdeg) Max. Min. Max. Min.
4] 1.29 465.0 443.6 443.4 A07.4
S 1.29 - a420.1 400.%9 400.7 368.4
10 1.29 375.2 358.1 358.0 329.4
15 1.29 33%.3 324.0 323.9 298.2
20 1.29 303.4 289.8 289.7 267.0
25 1.29 267.4 255.6 235.6 235.7
30 1.29 240.5 230.0 236.0 212.3
35 1.29 213.6 204.4 204.3 i8B.9
40 1.29 i91.1 183.0 183.0 169.4
45 1.29 173.2 165.9 165.9 153.8
S0 1.29 157.9 151.4 151.4 140.5
55 1.29 144.4 138.6 138.6 128.8
60 1.29 132.8 127.5 127.5 118.7
65 1,29 121.1 116.4 116.4 108.5
70 1.29 113.0 108.7 i068.7 101.5
80 1.29 96.8 93.3 93.3 87.4
90 1.29 87.9 84.8 84.8 79.6
100 1.29 78.9 76.3 76.2 71.8
120 1.29 60.9 59.2 5%.2 56.2
170 1.29 37.6 37.0 37.0 35.9
470 1,29 26.8 26.7 26.7 26.6
S00°C
ﬁ\ ‘4“'
\\ BEHORE
i S EUNW%%%MO%E%EIL]
\{\ SEMOoEERE [ T]

30 100 ' 150

(Yzars)
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Assumption = 25°C at 15 (m) distance from the center of canister

Time Thermal Temperature °C Tempefature °C
After Buriail Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
8 0.43 587.7 566.3 S66.1 458.1
5 0.43 530.3 511.0 510,9 413.9
10 0.43 472.8 455.8 455.7 369.7
15 0.43 426.9 411.6 411.5 334.4
20 0.43 381.0 367.4 347.4 299.0
25 0.43 335.0 323.2 323.2 263.7
30 0.43 300.5 290.1 2%90.0 237.1
35 0.43 266.1 237.0 256.9 210.6
40 . 0.43 237.4 229.4 229.3 i88.5
a3 0.43 214.5 207.3 207.2 170.8
50 0.43 195.0 188.5 iss.4 155.8
35 0.43 177.7 171.9 171.9 142.46
&0 0.43 162.8 157.6 is57?.5 131.1
65 0.43 147.9 143.2 143.2 119.46
70 0.43 137.5 133.3 133.2 111.4
80 0.43 114.9 113.4 113.3 95.7
90 0.43 105.4 102.3 102.3 86.9
1090 0.43 93.9 91.3 91.3 78.0
120 0.43 70.9 69.2 69.2 60.4
170 0.43 41.1 40.3 40,5 37.4
470 0.43 27.3 27.2 27.2 26.8

EEtost

BL-~JrERESHUoXmEE [ k]
BEfloEmEEE [T]

(Years)
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Assumption = 25°C at 15 {(m) distance from the ceniter of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) (Kecal/mhdeg) Max. Min. Max. Min.
g .86 533.7 512.3 512.1 458.1
S 0.86 4s81.8 462.5 462.4 413.9
10 0.86 429.9 412.8 412.7 369.7
15 C.86 388.3 373.0 373.0 334.4
20 0.8s6 346.8 333.32 333.2 299.0
25 0.86 305.3 293.5 293.4 263.7
30 0.86 274.1 263.7 263.6 237.1
35 0.86 243.0 233.8 233.8 210.6
40 0.86 2i7.1 209.0 208.9 188.5
as 0.8s i96.3 189.1 189.0 170.8
S0 c.86 178.6 172.2 172.1 155.8
55 0.86 163.1 157.3 157.2 142.6
60 0.846 149.46 144.3 144,3 131.1
65 0.86 136.1 131.4 131.4 119.6
70 0.86 126.7 122.5 122.4 111.6
80 0.86 108.0 104.6 104.5 95.7
o0 0.86 7.7 94.6 94.5 86.9
100 c.86 87.3 84.7 - 84.5 78.0
120 0.84 66.5 - 64.8 64.8 60.4
170 0.86 32.5 38,9 38.9 37.4
470 0.86 27.1 27.0 27.0 26.8

iz of P

BL-ERBRHOXERE[ L]
BEMHOZERE [T]

50 1G4 ' 150

(Years)
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Assumption = 25°C at 15 (m) distance from the center of canister

After Burizal

Time

Thermal

Temperatur

Conductivity in canis

e °C
ter

Temperature °C
in backfill

D00 T 4

(Years) (Kcal/mhdeg} Max. Min. Max. Min.
0 1.29 515.7 494.3 494.1 458.1
S 1.29 465.6 446.4 446.3 413.9
10 1.29 415.5 398.5 398.4 369.7
15 1.29 375.5 360.2 360.1 334.4
20 1.29 335.4 321.9 321.8 299.0
25 1.29 295.4 283.6 283.5 263.7
30 1.29 265.3 254.8 254.8 237.1
35 1.29 235.3 226.1 226.1 210.6
aa 1.29 210.3 202.2 202.1 188.5
45 1.2% 190.2 183.0 - 183.0 170.8
S0 1.29 173.2 166.7 166.7 - 155.8
55 1.29 158.2 132.4 152.3 142.6
60 1.29 145.2 139.9 139.9 131.1
65 1.29 132.1 127.5 127.4 119.6
70 1.29 123.1 118.9 118.8 111.6
80 1.29 105.1 101.6 101.6 95.7
20 1.29 95.1 92.0 92.0 86.9
100 1.29 85.1 82.5 82.4 78.0
120 1.2¢9 65.1 63.3 63.3 60.4
170 1.29 3%.0 38.4 38.4 37.4
470 1.29 27.0 26.9 26.9 26.8
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Assumption = 25°C at 20 (m) distance from the center of canister

S00°E 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in bagkfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 623.46 602.2 602.1 4%4.1
S 0.43 562.6 543.3 543.2 446.2
10 0.43 501.5 484.4 484.3 398.4
15 0.43 452.6 437.3 437.2 360.1
20 0.43 403.7 390.2 390.1 321.8
25 0.43 354.9 343.1 343.0 283.5
30 0.43 31B.2 307.7 307.7 254.8
35 0.43 281.6 272.4 272.3 226.0
40 0.43 251.0 242.9 282.9 202.1
45 .43 226.6 219.4 219.3 183.0
50 0.43 205.8 199.3 199.3 166.7
55 0.43 187.5 181.7 181.6 152.3
&0 0.43 171.6 164.4 166.3 139.9
63 0.43 153.7 151.0 151.0 127.4
70 0.43 144.7 140.4 140.4 118.8
80 0.43 122.7 119.2 119.2 101.6
90 0.43 110.5 107.5 167.4 92.0
100 0.43 %8.3 95.7 °5.7 82.4
120 0.43 73.9 72.1 72.1 63.3
170 0.43 42.1 41.5 41.5 38.4
470 0.43 27.4 27.4 27.4 26.9
BEHoBE

BlvERhflloxERE [ £]

BEfloZDRE [T]

£ 4
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Assumption = 23°C at 20 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 0.84 569.4 548.2 548.1 494.1
5 ' 0.86 514.1 494 .8 494.7 = 444.2
10 0.84 a38.3 441 .4 441.3 398.4
15 0.86 414.0 398.7 - 398.6 360.1
20 0.856 369.6 356.0 355.9 321.8
25 0.86 325.1 313.3 313.2 283.5
30 0.86 291.8 281.3 281.2 254.8
35 0.86 258.4 249.2 24%9.2 226.0
40 0.86 230.56 222.5 222.5 202.1
45 0.86 208.4 201.2 201.1 183.0
S0 0.88 189.5 183.0 183.0 166.7
55 0.86 172.8 167.0 167.0 152.3
60 0.86 158.4 153.1 153.1 139.9
63 0.86 143.9 139.3 139.2 127.4
70 0.856 133.9 129.6 129.6 118.8
80 0.86 113.9 110.4 110.4 101.6
90 0.88 102.8 99.7 99.7 92.0
100 0.86 1.7 89.1 8%9.1 82.4
120 0.86 69.5 67.7 67.7 63.3
170 0.86 a0.6 39.9 39.9 38.4
470 ) 0.86 27.2 27.1 27.1 26.9

SEtoRe
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Assumption = 25°C at 20 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
after Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.

0 1.29 551.6 530.2 530.1 a94.1

o] 1.29 497.9 478.7 478.6 . a46,2

10 1.29 444.2 427.1 427 .90 398.4
15 1.29 ap1.2 385.9 385.8 360.1
20 1.29 358.2 384.6 344.6 321.8
25 1.29 315.2 303.4 303.3 283.5
30 1.29 282.9 272.35 272.4 254.8
35 1.29 250.7 241.5 241.5 226.0
a0 1.29 222.8 215.7 215.7 202.1
45 1.29 202.3 195.1 195.1 183.0
50 1.29 184.1 177.6 177.6 166.7
35 1.29 167.9 182.1 162.1 152.3
60 1.29 154.0 148.7 148.7 139.9
65 1.29 140.0 135.3 135.3 127.4
70 1.29 130.3 126.0 126.0 118.8
80 1.29 111.0 107.5 107.5 101.6
20 1.29 100.2 97.2 97.2 92.0
100 1.29 89.5 86.9 86.8 82.4
120 1.29 8.0 66.2 66.2 63.3
170 i.29 40.0 T 39.4 3%.4 38.4
- 470 1.29 27.1 27.1 27.1 26,9

1818 L
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Assumption = 25°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfilil
(Years) {Kcal/mhdeg)} Max. Min. Max. Min.
0 0.43 674.3 652.9 632.8 544.8
5 0.43 608.1 588.8 588.7 491.7
10 0.43 541.8 524.8 524.7 438.7
15 .43 488.8 473.5 473.4 396.3
20 0.43 435.8 422.3 422.2 353.8
25 0.43 382.8 371.0 370.9 - 311.4
30 0.43 343.0 332.6 332.5 279.6
.35 0.43 303.3 294.1 294.1 247.8
40 0.43 270.2 - 262.1 262.0 221.2
45 0.43 243.7 236.4 236.4 200.0
S0 0.43 221.1 214.7 214.4 182.0
55 0.43 201.2 195.4 195.4 166.1
60 0.43 184.0 178.8 178.7 152.3
65 0.43 166.8 162.1 162.1 - 138.5
70 0.43 154.9 150.46 150.6 129.0
80 0.43 131.0 127.5 127.5 109.9
90 0.43 117.8 114.7 114.7 99.3
100 0.43 104.5 101.9 101.9 88.6
120 0.43 78.0 76.3 T6.2 67.4
170 0.43 43.46 42.9 42.9 39.9

" 470 0.43 2?.7 27.6 27.6 27.1

SO0t
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Assumption = 23°C at 30 (m) distance from the center of canister

After Burial

Time

Thermal

Temperatur

Conductivity in canis

e °C
ter

Temperature °C
in backfill

S00°C 4

(Years) {(Kecal/mhdeg) Max. Min. Masx, Min.
0 0.86 620.3 598.9 598.8 544.8
5 0.86 559.6 S4G.3 540,.2 491.,7
10 0.86 498.8 481.8 481.7 438.7
is 0.86 450.2 434.9 434.9 396.3
20 0.86 401.46 388.1 2388.0 353.8
25 0.86 333.0 341.2 341.2 311.4
30 0.86 316.6 305.1 306.0 279.6
35 0.86 280.1 271.0 270.% 247.8
a0 0.86 249.8 241.7 241.6 221.,2
a5 0.86 225.5 218.3 218.2 200.0
S0 0.86 204.8 iv8.3 i98.3 182.0
35 0.86 186.4 180.8 180.7 166.1
&0 0.8s 170.8 165.5 165.5 152.3
65 0.86 155.0 150.3 150.3 138.5
70 0.86 144.1 139.8 139.8 12%.0
a0 0.86 i22.2 118.7 118.7 109.9
S0 0.86 110.0 107.0 107.0 99.3
100 0.86 97.9 95.3 95.3 88.4
120 0.86 73.6 71.8 71.8 67.4
170 0.86 42.0 41.4 41.4 3%.9
470 0.86 27.4 27.3 27.3 27.1
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Assumption = 253°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 602.3 580.9 580.8 544.8
5 1.29 543.4 524.2 S24.1 a4%91.7
10 1.29 484.5 467.5 as87.4 438.7
15 1.29 437.4 422 .1 422.0 396.3
20 1,29 390.2 376.7 376.6 353.8
25 1.29 343.1 331.3 331.3 311.4
30 1.29 307.8 297.3 297.2 279.6
35 1.29 272.4 263.2 263.2 247.8
40 1.29 243.0 234.9 234.8 221.2
435 1.29 219.4 212.2 212.2 200.90
50 1.29 199.4 192.9 192.9 182.0
355 1.29 181.7 175.9 175.9 166.1
40 1.29 146.4 161.1 161.1 152.3
65 1.29 151.1 146.4 146.4 138.5
70 1.29 140.5 136.2 138.2 129.0
8C 1.29 119.3 115.8 115.7 109.9
90 1.29 107.5 104.4 104.4 99.3
1080 1.29 93.7 23.1 23.1 88.6
120 1.29 72.1 70.4 70.4 &7.4
170 1.29 41.5 a0.9 40.9 39.9
470 1.29 27.4 27.3 27.3 27.1
EfSong

BLERBNOZERE [ ]
BEMOEHRE [T]
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Assumption = 25°

C at 40 (m) distance from the center of canister

A00°0

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil]
(Years) (Keal/mhdeg) Max. Min. Max. * Min.

0 0.43 710.3 688.9 4688.8 580.7
3 0.43 640.4 621.1 621.0 524.0
“10 0.43 570.4 553.4 553.3 447.3
15 0.43 514.5 499.2 499.1 422.0
20 0.43 4358.6 445.0 444.9 376.6
25 0.43 402.6 - 3%0.8 390.7 331.2
30 0.43 360.7 350.2 350.1 297.2
35 0.43 318.7 309.5 309.5 263.2
a0 0.43 283.7 275.6 275.6 234.8
45 0.43 255.8 248.6 248.5 212,121
SC 0.43 232.0 225.5 225.5 192.9
S5 0.43 211.0 205.2 205.2 175.8
60 0.43 192.8 187.6 187.4 161.,1
0.43 174.6 176.0 16%9.9. 146.4

0.43 162.1 157.8 i57.8- 1356.1

0.43 134.9 133.4 133.4 115.7

0.43 122.9 119.8 i19.8 104.4

0.43 108.9 108.3 106.3 93.1

0.43 80.9 9.2 79.2 70.4

0.43 44.6 44.0 44.0 40.9

0.43 27.8 27.7 27.7 27.3

EEHORP
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Assumption = 23°C at 40 (m) distance from the center of canister

Time Thermal Tenperature °C Temperature "C
After Burial Conductivity in canister in backfil]
(Yeara) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.86 656.3 634.9 634.8 580.7
S 0.8s 591.9 572.6 572.5 524.0
10 0.86 S527.5 510.4 510.3 467.3
i5 0.86 475.9 £80.4 460.5 422.0
20 t.86 424 .4 410.8 410.8 376.6
25 0.8é& 372.9 361.1 361.0 331.2
30 0.86 334.2 323.7 323.7 297.2
35 0.86 295.6 286.4 286.3 263.2
40 0.86 263.3 255.3 255.2 234.8
a5 0.86 237.6 230.4 230.3 212.1
50 0.86 215.7 209.2 209.2 192.9
35 0.86 196.4 190.5 190.5 175.8
60 0.86 179.6 irva.4 i174.3 161.1
85 0.86 162.9 158.2 158.2 1446.4
70 Q.88 151.3 147.0 147.0 136.1
80 0.86 128.1 124.6 124.6 115.7
90 0.86 115.2 112.1 112,1 104.4
100 0.86 102.3 99.7 9%.7 93.1
120 0.86 76.5 4.8 74.8 70.4
170 : 0.86 43.0 a2.4 42.4 40.9
. 470 0.86 27.6 27.5 27.5 27.3
a;
S00°C - \\
\\'x
\\
| Efttons
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Assumption = 25°C at 40 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min. Max. Min.
0] 1.2% 638.3 616.9 616.8 580.7
S 1.29 575.7 556.5 556.4 524.0
10 1.29 513.1 496.1 496.0 467.3
15 1.29 a463.1 447.8 447.7 422.0
20 1.29 413.0 399.4 399.4 376.6
25 1.29 362.9 351.1 351.1 . 331.2
30 1.29 325.4 314.9 314.8 297.2
35 1.29 287.8 278.7 278.6 263.2
40 1.2% 256.5 248.5 248.4 234.8
a5 i1.29 231.5 224.3 224.3 212.1
50 1.29 210.2 203.8 203.7 192.9
55 1.29 191.5 185.7 185.6 175.8
40 1.29 175.2 169.%9 169.9 161.1
%) 1.29 158.9 154.2 154.2 146.4
70 1.29 147.7 143.4 143.4 1356.1
80 1.29 125.1 121.6 121.6 115.7
20 1.29 112.6 109.6 10%9.5 104.4
100 1.29 1006.1 97.5 97.3 23.1
120 1.29 5.1 73.3 73.3 0.4
170 1.29 42.5 41.9 41.9 a0.¢9
470 1.29 27.5 27.4 27.4 27.3
Y
ll‘ 'I
S00°C 4 \%
\2
S\
s
\i
%Q EEFOHRE
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Assumption = 25°C at 60 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfiil
(Years) {Kcal /mihdeg) Max. Min. Max. . Min.

0 6.43 v561.0 73%9.6 739.5 631.4

S 0.43 685.9 666.7 666.5 569.6

10 0.43 610.8 593.7 593.6 S07.7

15 0.43 550.7 535.4 535.3 458.2

20 0.43 4%0.6 a7?7.1 a77.0 408.7

25 . 0.43 430.5 418.7 ai18.7 359.2

30 0.43 385.5 375.0 374.9 322.0

35 0.43 340.4 331.2 331.2 284.9

a0 0.43 302.9 294.8 294.7 254.0

45 0.43 272.8 2635.46 265.6 229.2

50 0.43 247.3 240.8 240.8 208.2

535 0.43 224.8 21%9.0 218.9 189.6

50 0.43 205.2 200.0 200.0 173.5

65 0.43 185.7 181.0 181.0 157.4
0.43 172.2 167.9 167.9 146.3

0.43 145.2 ié81.7 141.5 iz24.0

0.43 130.1 127.1 127.1 111.6

0.43 115.1 112.5 112.5 99.3

0.43 85.1 83.3 83.3 74.5

0.43 4s.0 45.4 a5.4 a2.3

0.43 28.0 27.9 27.9 27.5
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Assump

S00°C

tion = 25°C at 60 {m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) {Kecal/mhdeg) Max. Min. Max. . Min.

0 0.86 707.0 685.6 685.4 631.4

S 0.86 637.4 618.2 é18.1 56%.6

10 0.86 567.8 550.8 550.7 507.7
15 0.86 512.1 4%6.8 496.7 458.2
20 0.86 a4556.5 a42,.9 442.8 408.7
25 0.86 a00.8 389.0 3e8.9 359.2
30 0.86 359.0 348.5 348.5 322.0
as 0.86 317.3 308.1 308.0 284.9
40 0.86 282.5 274.4 274.4 2354.0
a3 0.86 254.6 247.4 247.4 229.2
50 0.86 231.0 224.5 224.5 208.2
55 0.86 21G.1 204.3 204.3 18%9.6
40 0.86 192.0 186.8 186.7 173.5
63 0.86 173.9 169.2 15%9.2 is7.4
0.86 161.4 157.1 157.1 146.3

0.86 136.3 132.8 132.8 124.0

0.86 122.4 119.4 119.3 111.6

0.86 108.5 105.9 105.9° 99.3

0.86 80.7 78.% 78.9 74.5

0.86 a4.5 a3.9 43.% 42.3

0.86 27.8 27.7 27.7 27.5
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Assumption = 25°C at 60 (m) distance from the center of canister

S0 G

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil)
(Years) (Keal/mhdeg) Max. Min. Max. Min.

0 1.29 689.0 667.6 667.4 631.4
3 1.29 621.2 602.0 601.9 569.6
10 1.29 553.5 536.4 536.3 507.7
15 1.29 499.32 484.0 483.9 458.2
20 1.29 445.1 431.5 431.4 408.7
25 1.29 390.9 379.1 379.0 - 359.2
30 "1.29 350.2 339.7 339.7 322.0
35 1.29 309.6 300.4 300.3 284.9
a0 1.29 275.7 267.6 267.6 254.0
43 1.29 248.6 241.4 241.3 229.2
50 1.29 225.5 219.1 21%9.0 208.2
55 1.29 205.2 199.4 199.4 189.6
60 1.29 187.4 182.4 182.3 173.5
63 1.29 170.0 165.3 165.3 157.4
1.2% 157.8 153.5 153.5 1446.3

1.29 133.4 129.9 129.9 124.0

1.29 119.9 114.8 116.8 111.46

1.29 106.3 103.7 103.7 99.3

1.29 79.2 775 7.4 74.5

1.29 44.0 43.4 43.4 a42.3

1.29 27.7 27.6 27.6 27.5

gfittone
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Agsumption = 25°C at 80 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.,
0 0.43 797.0 775.5 775.4 667 .4
S 0.43 7iB8.2 699.0 £98.8 601.9
10 0.43 639.4 622.4 622.3 536.3
15 0.43 376.4 Sé1.1 561.0 483.9
20 0.43 513.4 499.8 499.8 431.4
25 0.43 450.4 438.6 438.35 372.0
30 0.43 403.1 392.6 392.6 339.6
as D.43 355.8 346.7 346.6 300.3
40 0.43 316.5 308.4 308.3 267.5
45 0.43 284.9 277.7 27°7.7 241.3
S0 0.43 258.2 251.7 251.7 219.0
55 0.43 234.5 228.7 228.7 199.4
60 0.43 214.1 208.8 208.8 182.3
65 0.43 193.6 188.9 188.9 165.3
70 0.43 179.4 175.1 175.1 153.5
80 0.43 151.0 147.5 147.5 12%.9
20 .43 135.3 i32.2 132.2 116.8
100 0.43 119.5 1156.9 116.9 103.7
120 0.43 88.0 86.3 86.3 77.4
170 0.43 a7.1 46.4 456.4 43.4
\&?0 0.43 28.2 28.1 28.1 27.6
BEHORS

BLAVERBROREEE [ L]
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Assumption = 25°C at 80 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg} Max. Min. Max. - Min.

0 0.86 T742.9 721.5 721.4 667.4

5 0.86 669.7 650.5 . 650.3 601.9

i0 0.86 596.4 57%9.4 572.3 536.3

15 0.856 537.8 522.5 522.4 483.9

20 0.86 a479.2 465.7 465.6 431.4

25 0.86 420.6 408.8 408.7 379.0

30 0.86 376.6 366.2 366.1 33%9.6

35 0.86 332.7 323.5 323.5 300.3

40 0.86 296.1 288.0 287.9 267.5

45 0.86 266.8 259.3 259.5 241.3

50 0.86 241.8 235.4 235.3 219.0

55 0.86 219.9 214.1 214.0 199.4

60 0.86 200.8 195.6 195.5 182.3

65 0.88 181.8 177.1 iv7.1 165.3

70 0.86 168.6 164.3 164.3 152.5

80 0.88 142.2 138.7 138.7 129.9

o0 0.86 127.4 124.5 124.5 116.8

100 0.86 112.9 110.3 110.3 103.7

120 0.86 83.6 81.9% g81.8 .|

170 0.85 435.5 aa.9 a4.9 43.4

X&?D 0.86 27.9 27.8 27.8 27.6
S00°C - \
e \%

-
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Assumption = 253°C at B0 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg} Max. Min. Max. = Min.

0 1.29 724.9 703.5 T03.4 &67.4
S 1.29 653.5 634.3 634.2 601.9
10 1.29 582.1 565.1 565.0 536.3
15 1.29 525.0 509.7 509.4 483.9
20 1.2¢9 A67.8 454.3 454.2. 431.4
23 1.29 410.7 398.9 398.8 379.0
30 1.29 367.8 357.3 357.3 339.6
35 1.29 223.0 315.8 3i5.7 300.3
40 1.29 289.3 281.2 281.1 267.5
a5 1.29 260.7 253.5 253.4 241.3
50 1.29 236.4 229.9 22%9.9 219.0
55 1.29 215.0 209,2 209.1 199.4
&0 1.29 196.4 191.2 191.1 182.3
(%3] 1.29 177.8 173.2 173.1 165.3

1.29 165.0 160.7 140.7 153.5

1.29 139.3 135.8 135.8 129.9%9

1.29 125.0 121.9 121.9 116.8

1.29 110.7 108.1 108.1 103.7

1.29 82.1 80.4 - 80.4 7.4

1.29 45.0 £4.4 44,4 43.4

i.29 27.9 27.8 27.8 27.6
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Assumption = 25°C at 120 (m) distance from the center of canister

Time . Thermal Temperature °C Temperature °C
after Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. ., Min.
0 0.43 847.6 826.2 826.1 7i8.1
5 0.43 763.7 744.5 744.4 647.4
190 0.43 679.8 662.7 662.6 S76.6
15 0.43 812.6 597.3 597.2 520.1
20 0.43 545.4 531.9 531.8 - 463.5
25 0.43 478.3 466.5 466.4 406.9
30 0.43 427.9 417.4 417.4 364.5
40 0.43 335.6 327.5 327.5 286.7
a5 0.43 302.0 294.8 294.8 258.4
S0 0.43 273.5 267.0 267.0 234.3
55 0.43 248.3 242.5 24z2.4 213.1
60 0.43 226.5 221.2 221.2 194.7
65 0.43 204.6 200.0 199.9 176.3
70 0.43 18%2.5S 185.2 185.2 163.6
80 0.43 152.3 155.8 155.8 138.2
S0 0.43 142.5 139.5 139.4 124.0
100 ‘ 0.43 125.7 123.1 123.1 10%.9
120 0.43 g92.2 s0.4 20.4 Bi.6
i70 0.43 48,5 av.9 A7.9 a4.8
%?& 0.43 28.4 28.3 28.3 27.8
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Assumption = 25°C at 120 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max, Min. Max.  Min.
0 0.86 793.6 772.2 72,1 7i8.1
S 0.8 715.2 696.0 693.9 647¢.4
10 0.86 636.8 619.7 619.6 S76.6
i5 0.86 574.0 558.7 538.46 520.1
20 0.86 511.3 497.7 497.7 463.5
25 ' 0.86 448.5 A436.7 436.7 406.9
30 0.86 a01.5 391.0 3%90.9 364.5
as 0.86 354.4 345.2 345.2 322.0
40 0.86 3i5.2 307.1 307.1 286.7
45 0.86 283.8 276.6 276.6 258.4
S0 0.86 257.2 250.7 250.7 234.3
55 0.86 233.6 227.8 227.8 213.1
60 0.86 213.2 208.0 208.0 194.7
63 0.86 192.8 isg.2 188.1 176.3
70 0.86 178.7 174.4 174.4 163.46
80 0.86 150.5 147.0 147.0 138.2
20 0.84 134.8 131.7 131.7 124.0
100 0.86 11%9.1 116.5 116.5 109.9
120 0.86 87.7 86.0 86.0 81.6
170 0.86 47.0 46,3 46.3 44.8
%?0 0.86 28.1 28.0 28.0 27.8
\E&
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Assumption = 23°C at 120 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 775.6 754.2 754.1  718.1
5 1.29 699.0 679.8 672.7 &47.4
10 1.29 622.4 605.4 605.3 576.6
15 1.29 561.2 545,9 545.8 520.1
20 1.29 499.9 486.3 486.3 463.5
25 1.29 438.6 426.8 426.7 406.9
30 1.29 392.7 382.2 382.1 344.5
35 1.29 346.7 337.5 337.5 322.0
a0 1.29 308.4 300.3 300.3 286.7
a5 1.2%9 277.8 270.6 270.5 258.4
50 1.29 251.7 245.3 245.2 234.3
55 1.29 228.7 222.9 222.9 213.1
&0 1.29 208.8 203.6 203.6 194.7
&5 1.29 188.9 184.2 184.2 176.3
70 1,29 175.1 170.8 170.8 163.6
80 1.29 147.6 144.1 144.0 138.2
20 1.29 132.2 129.2 129.2 124.0
100 1.29 116.9 114.3 114.3 10%.9
120 1.29 86.3 84.5 84.5 B1.6
i70 1.29 6.4 45.8 45.8 44,8
3?0 1.29 28.1 28.0 28.0 27.8
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Assumption = 25°C at 1460 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg? Max. Min. Max, Min.

0 0.43 883.6 862.2 862.1 724.1

5 0.43 7%6.0 776.8 776.7 679.7

10 0.43 708.4 691.3 6%1.2 405.3

15 0.43 638.3 623.0 622.9 545.8

20 0.43 568.2 554.7 S554.6 486.2

23 0.43 4%98.1 486.3 486,22 426.7

30 0.43 445.5 435.1 435.0 382.1

35 0.43 393.0 383.8 383.7 337.5

a0 0.43 349.2 34a1.1 341.0 300.3

45 0.43 314.1 306.9 306.9 270.5

50 0.43 284.3 277.9 277.8 245.2

55 0.43 258.1 - 292.2 252.2 222,9

40 .43 235.3 230.0 230.0 - 203.5

&5 0.43 212.5 207.8 207.8 184.2

70 0.43 196.7 192.4 192.4 170.8

80 0.43 165.2 161.7 161.7 144.0

20 0.43 147.7 144,46 144.56 129.2

100 0.43 130.1 127.5 127.3 114.3

120 0.43 93.1 93.3 93.3 84.5

170 0.43 49.5 a8.9 a8.¢9 45.8

4?03 0.43 28.5 28.4 28.4 28.0
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Assumption = 25°C at 160 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg} Max. Min. Max. - Min.
0 0.86 B29.6 808.2 808.1 754.1
5 0.86 747 .3 728.3 728.2 872.7
10 0.86 665.4 648.4 648.3 605.3
15 0.86 599.7 384.4 584.3 S545.8
20 0.86 534.0 520.5 520.4 486.2
25 0.86 468.4 456.6 456.5 a28.7
30 0.86 419.1 408.6 408.5 382.1
35 0.86 369.8 360.7 360.6 337.5
a0 0.86 328.8 320.7 320.6 300.3
a5 0.86 295.9 288.7 288.7 270.5
S0 D.86 268.0 261.6 261.5 245.2
55 0.86 243.4 237.6 - 237.5 222.9
&0 0.86 222.0 216.8 216.8 203.5
65 0.86 200.7 196.0 194.0 184.2
70 0.86 185.¢9 181.6 181.6 170.8
80 .86 156.4 152.9 152.8 144.0
o0 0.86 139.9 136.9 136.9 129.2
100 0.846 123.5 120.9 120.9 114.3
120 0.86 90.7 88.9 88.9 84.5
170 0.86 a8.0 ar.4 arv.4a 45.8
4?@ 0.86 28.3 28.2 28.2 28.0
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Assumption = 23°C at 160 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max., Min.
1.29 g11.6 790.2 7e0.1 754.1
1.29 731.3 7i2.1 712.0 67%.7
1.29 651.1 634.0 633.9 605.3
1.29 586.9 571.56 571.5 545.8
1.29 522.6 509.1 509.0 486.2
1.29 458.4 446.6 446.6 426.7
1,29 410.3 399.8 399.7 382.1
1.29 362.1 352.9 352.9 337.5
1.29 322.0 313.9 31i3.8 300.3
1.29 289.9 282.7 282.¢6 270.5
1.29 262.6 256.1 256.1 245,2
1.29 238.5 232.7 232.7 222.9
1.29 217.6 212.4 212.4 203.5
1.29 196.8 192.1 192.1 184.2
1.29 182.3 178.0 178.0 170.8
1.29 153.4 14%9.9 149.9 144.0
1.29 137.4 124.3 134.3 129.2
1.2%9 121.3 118.7 118.7 114.3
1.29 89.2 87.5 87.5 84.5
1.29 47.5 46.9 45.9 45.8
1.29 28,2 28.1 28.1 28.0
EERoRe
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Assumption = 25°C at 200 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 911.5 890.1 8%0.0 782.0
5 0.43 821.0 801.8 801.7 704.7
10 0.43 730.6 713.5 713.4 627.5
15 0.43 658.2 642.9 642.8 565.7
20 0.43 585.9 572.3 572.2 503.%
25 0.43 513.5 501.7 501.6 442.1
36 06.43 459.2 a448.7 448.7 395.8
35 0.43 404.9 395.8 393.7 349.4
a0 0.43 359.7 351.6 351.6 310.8
45 0.43 323.5 314.3 316.3 279.9
50 0.43 292.8 286.3 286.3 253.4
55 0.43 265.6 259.8 259.8 230.5
60 0.43 242.1 236.9 236.8 210.4
65 0.43 218.6 213.9 213.9 190.3
70 0.43 202.3 198.0 198.0 176.4
80 0.43 169.7 166.2 166.2 148.6
90 0.43 i51.6 148.6 148.6 133.1
100 0.43 133.4 130.9 130.9 117.7
120 0.43 97.4 95.6 95.6 - B&.8
170 0.43 50.3 49.7 4a9.7 46.6
470 % 0.43 28.6 28.5 28.5 28.1
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Assumption = 253°C at 200 (m)} distance from the center of canister

Time Thermnal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg)  Max. Min. Max. Min.
0 0.86 857.5 834.1 836.0 782.0
S 0.86 772.6 753.3 753.2 704.7
10 0.84 687.6 670.6 670.5 627.5
15 0.86 619.6 604.3 604.3 565.7
20 0.86 551.7 538.1 538.1 503.9
25 0.86 483.7 a71.9 471.9 442.1
30 0.86 432.8 422.3 422.2 395.8
35 0.86 381.8 372.6 372.6 349.4
a0 0.86 339.3 331.2 3321.2 310.8
as 0.8s 305.3 298.1 298.1 279.9
S0 0.86 276.4 270.0 269.9 253.6
55 0.86 251.0 245.2 245.1 230.5
60 0.86 228.9 223.6 223.6 210.4
65 0.86 206.8 202.1 202.1 190.3
70 0.86 191.5 187.2 187.2 176.4
80 0.86 140.9 157.4 157.4 148.6
o0 0.86 143.9 140.9 140.9 133.1
100 0.86 125.9 124.3 i24.3 117.7
120 0.86 93.0 91.2 21.2 86.8
170 0.86 48.8 a8.2 48,2 a6.6
dﬁg; 0.86 28.4 28.3 28.3 28.1
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Assumption = 25°C at 200 (m) distance from the center of canister

SO0

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill

{(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 83%9.5 g13.1 818.0 782.0
5 1.2%9 756.4 737.2 737.0 704.7
10 1.29 673.3 656.2 656.1 627.5
15 1.29 6064.8 591.5 591.4 565.7
20 1.29 540.3 526.7 526.7 503.9
25 1.29 473.8 462.0 461.9 442.1
30 1.29 423.9 413.4 413.4 395.8
35 1.29 374.1 364.9 364.8 349.4
40 1.29 332.5 324.4 324.4 310.8
a5 1.29 299.3 292.1 292.0 279.9
S0 1.2¢9 271.0 264.5 264.5 253.6
55 1.29 246.1 240.3 240.2 230.5
40 1.29 224.5 21%.2 219.2 210.4
65 1.29 202.9 198.2 198.2 190.3
70 1.29 187.9 183.6 183.4 176.4
80 1.29 138.0 154.5 154.5 148.6
90 1,29 141.4 138.3 138.3 133.1
100 1,29 124.7 122.1 122.1 117.7
120 1.29 91.5 89.7 B89.7 - B6.8
170 1.29 48.3 47.7 47.7 46.6
a4l 1.29 28.3 28.2 28.2 28.1
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Thermal History Simulation for Backfill Material

Basic parameters incorporated are as follows:

: 'ReF.

Thermal conductivity for waste glass = 0.938 Kcal/mhdeg 1}
for canister metal= 21.08 Kcal/mhdeg 1)

for backfill material= 0.43~1.2%9 Kcal/mhdeg 2)

for granitic host rock= 2.8 Kcal/mhdeg 3N

1)UBRLE®39(1983) ,2)Explaration Geophysics(1930),
3¥Handbook of Physical Constants(1966)

Thickness of backfill = 0.2m

FES0EDES
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Assumption = 25°C at 35 (m) distance from the center of canister

Time Thermal Temperature °C Temperidture °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Masx. Min.
0 0.43 330.9 309.5 309.3 226.7
3 0.43 299.7 280.4 280.3 206.1
10 0.43 268.5 251.4 251.3 185.5
15 0.43 243.5 228.2 228.1 169.1
20 0.43 218.5 205.0 204.9 152.6
25 0.43 193.5 181.7 i81.7 136.1
30 0.43 174.8 164.3 164.3 123.8
35 0.43 154.1 1456.9 146.9 111.4
a0 0.43 140.5 132.4 132.4 101.2
as 0.43 128.0 120.8 120.7 92.9
30 0.43 117.4 110.9 110.9 g85.%
55 0.43 108.0 102.2 102.2 9.8
&0 0.43 99.9 S4.7 Q4.4 74.4
65 0.43 91.8 87.1 87.1 69.0
70 0.43 86.2 £1.9 81.9 65.3
80 0.43 74.9 7i.4 71.4 57.9
S0 0.43 68.7 635.6 65.6 53.8
ic0 0.43 62.5 59.8 59.8 49.7
120 6.43 50.0 ig.2 48,2 41.5
170 0.43 33.7 33.1 33.1 30.8
470 0.43 26.2 26.2 26.2 25.8
S00°C 4
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Assumption = 25°C at 5 (m) distance from the center of canister

S00° ¢

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal /mhdea) Max. Min. Max. Min.
1] 0.86 289.6 268.1 268.0 226.7
S 0.86 262.6 243.3 243.2 206.1
10 0.86 235.6 218.5 2198.4 185.5
15 0.86 214.0 i198.7 198.6 16%9.1
20 0.86 192.4 178.8 178.8 152.6
25 0.86 170.8 159.0 158.9 136.1
30 0.86 154.6 144.1 144.0 123.8
35 0.86 138.4 129.2 129.2 111.4
ag .88 124.9 115.8 1146.8 101.2
45 0.86 114.1 106.9 106.8 92.9
50 0.8¢6 104.¢9 98.4 98.4 85.9
55 0.86 96.8 91.0 21.0 79.8
&0 0.84 89.8 B84.5 84.5 74.4
45 0.8& 82.8 78.1 78.1 69.0
70 0.86 . 7.9 73.6 73.6 65.3
80 0.86 68.2 &64.7 64,7 57.9
90 0.86 62.8 59.7 59.7 53.8
100 0.856 57.4 54.8 54.8 49.7
120 0.86 46.6 a4.8 44.8 a1.5
170 0.86 32.6 31.9 31.9 30.8
470 0.886 26.1 26.0 26.0 23.8
Egivone
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Assumption = 25°C at 5 (m) distance from the center of canister

Time Thetrmal Temperature °C Temperature °C
After Burial Conductivity in canister in- backfiil
(Years) (Kcal /mhdeg) Max. Min. Max, Min.
0 1.29 275.8 254.4 254.3 226.7
S 1.29 250.2 231.0 230.9 206.1
10 1.29 224.6 207.6 207.5 185.5
15 1.29 204.1 188.8 188.8 16%9.1
20 1.29 i83.7 170.1 170.0 152.6
25 1.29 163.2 15t.4 151.3 136.1
30 1.29 147.8 137.3 137.3 123.8
35 1.29 132.5 123.3 123.3 111.4
a0 1.29 119.7 111.6 111.6 101.2
a5 1.29 10%.5 102.2 102.2 92.9
50 1.29 100.7 94.3 ?4.2 85.9
35 1.2¢9 93.1 87.3 87.2 79.8
&0 1.29 . 86.4 81.2 81.1 74.4
635 1.29 79.8 75.1 75.1 T 69.0
70 1.29 75.2 70.9 70.9 65.3
80 1.29 63.9 62.4 62.4 57.9
90 1.29 60.8 57.8 57.8 53.8
100 1.2%9 35.7 53.1 53.1 49.7
120 1.29 45.5 43.7 43.7 41.5
170 1.2% 32.2 31.6 31.6 30.8
470 1.29 26.0 25.9 25.9 25.8
So0cC
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Agssumption = 25°C at

10 (m) distance from the center of canister

EDDHEJ

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfilt
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
g 0.43 384.5 363.1 363.0 280.4
5 0.43 347.8 328.6 32B.5 254.3
10 0.43 311.2 2%4.1 294.0 228.3
135 0.43 281.8 266.5 266.4 207.4
20 0.43 252.5 238.9 238.8 184.4
29 0.43 223.1 211.83 211.2 165.7
3¢ 06.43 201.1 190.6 190.6 150.1
35 0.43 179.1 169.9 16%.9 134.4
an0 0.43 160.7 152.7 152.6 121.4
45 0.43 145.1 138.9 138.8 111.0
50 0.43 133.6 127.1 127.1 102.1
35 .43 122.6 116.8 116.7 %4.3
&0 0.43 113.0 107.8 107.8 -87.5
65 0.43 163.5 98.8 98.8 g0.8
70 8.43 96.9 92.6 92.6 76.1
80 0.43 83.7 80.2 80.2 64.7
%0 0.43 76.4 73.3 73.3 61.5
100 0.43 69.0 66.4 66.4 56.3
120 0.43 54.3 52.6 52.6 45.8
170 0.43 35.3 34.7 34.7 32.3
470 0.43 26.5 26.4 26.4 26.0
’, EEoRL
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Assumption = 25°C at

10 (m) distance from the center of canister

Sa0cC -1

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {(Kecal/mhdeg) Max. Min. Max. Min.
0 0.86 343.2 321.8 321.7 280.4
S 0.848 310.8 291.5 291.4 254.3
10 .86 278.3 261.2 261.1 228.3
15 0.86 252.3 237.0 236.9 207.4
20 0.846 226.3 212.8 212.7 186.6
23 0.86 200.3 igs.s 188.5 165.7
30 0.86 180.9 170.4 170.3 150.1
35 0.86 161.4 152.2 152.2 134.4
40 0.846 1435.1 137.1 137.0 121.4
45 0.86 132.2 124.9 124.9 111.0
50 0.86 121.1 114.6 114.6 102.1
35 g.86 111.4 105.6 105.5 94.3
&0 0.86 102.9 7.7 97.7 87.5
&3 g.86 94.5 89.8 89.8 80.8
70 0.86 88.46 g84.4 84.3 7é6.1
80 0.86 77.0 73.5 73.4 66.7
S0 0.84 70.5 &7.4 67.4 é1.5
100 0.86 64.0 61.3 61.3 56.3
120 0.86 51.0 4°.2 49.2 45,8
170 0.86 34.1 33.3 33.5 32.3
470 0.86 26.3 26.2 26.2 256.0
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Assumption = 29°C at

10 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max, Min.
0 1.29 32¢9.5 308.0 307.9 280.4
S 1.2¢% 298.4 279.2 279.0 234.3
10 1.29 267.3 250.3 250.2 228.3
15 1.29 242.5 227.2 227.1 207.4
20 1.29 217.6 204.1 204.0 186.6
25 1.29 192.8 181.0 180.9 185.7
30 1.29 174.1 163.6 163.6 150.1
35 1.29 155.5 146.3 146.2 i34.4
40 1,29 132.9 131.9 131.8 121.4
a5 1.29 127.5 120.3 120.3 111.0
30 1.29 117.0 110.5 110.5 102.1
55 1.2¢9 107.6 i01.8 101.8 %4.3
60 1.29 99.6 4.3 24.3 87.5
65 1,29 91,53 86.8 86.8 -‘80.8
70 1.29 85,9 Bl.6 81.46 76.1
80 1.29 74.7 7i.2 71.2 66.7
o0 1.29 68.5 65.4 63.4 61.5
100 1.29 62.3 59.7 59.4 56.3
120 1.29 49,9 48.1 48.1 45.8
170 1,29 33.7 33.1 33.1 32.3
470 1.29 26.2 26.2 26.2 26.0
S00°C 4
EEHOBRE
i BLvEENIoREIE [ L]
& BEMOEEEE [ T]
\._‘\‘: R . 7
LR
N
J ."\._ M
T v .
E;;:;:c
'i :-h”";—‘_'_ =,
—‘-\-._:—'\‘—u;-_-‘._-‘.__‘____:‘ .
m‘“‘.qm._m.—“_‘l‘_“—_
=0 100 150
(Years)

—195—



Assumption = 25°C at 15 (m) distance from the center of canister

Time Thermnal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 415.9 394.5 394.4 311.8
] 0.43 376.0 356.8 356.7 282.5
10 0.43 336.1 319.1 3i9.0 253.2
15 8.43 304.2 288.9 288.8 229.8
20 .43 272.3 258.8 258.7 206.4
25 0.43 240.4 228B.6 228.5 183.0
30 0.43 216.5 206.0 205.9 165.5
33 0.43 192.5 183.4 183.3 147.9
a0 .43 172.6 164.5 164.5 133.3
43 0.43 156.6 149.4 149.4 121.6
S0 0.43 143.1 136.6 136.6 111.6
55 0.43 131.1 125.3 125.3 102.8
60 : . G0.43 120.7 115.5 115.5 95.2
65 0.43 110.4 i05.7 105.7- 87.6
70 0.43 103.2 98.9 ¢8.9 82.4
80 0.43 g88.8 85.3 85.3 71.8
90 0.43 g0.8 7.8 7.8 66.0
100 0.43 72.9 70.2 70.2 60.1
120 0.43 56.9 55.2 55.2 48.4
170 0.43 36.2 35.46 35.46 33.2
470 0.43 26.6 26.5 26.5 26.2
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Agsumption = 25°C at 15 (m) distance from the center of canister

Time - Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.86 374.6 353.2 353.1 311.8
S 0.86 338.9% 319.7 319.6 282.5
10 6.88 303.3 286.2 286.1 253.2
15 0.86 2°4.7 259.4 259.3 229.8
20 0.88 246,2 232.6 232.6 206.4
235 0.848 217.6 205.8 205.8 ig3.0
30 0.86 196.2 185.7 185.7 165.5
35 0.86 174.8 165.7 165.6 147.%
a0 0.86 157.0 148.9 148.9 133.3
a5 0.86 142.7 135.5 135.5 121.4
S0 0.88 130.6 124.1 124.1 111.6
S5 0.86 119.9 114.1 114.0 102.8
60 0.86 110.46 105.4 105.3 95.2
65 0.86 101.3 96.7 6.4 87.6
70 0.86 94.9 90.6 90.6 82.4
80 0.86 82.1 78.6 78.6 7i.8
20 0.8s 74.9 71.9 71.9 66.0
100 0.886 67.8 T 65.2 63.2 &0.1
120 0.88 33.5 51.8 51.8 48.4
170 0.86 35.0 34.4 34.4 33.2
470 g.86 26.4 26.3 26.3 26.2
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Assumption = 25°C at 15 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in. backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 360.8 33%9.4 339.3 311.8
5 1,29 326.4 307.3 307.2 282.5
10 1.2¢% 292.3 275.3 275.2 253.2
15 1.29 264.9 249.6 24%9.,5 22%9.8
20 1.29 237.5 223.9 223.8 206.4
25 1.29 210.1 198.3 i98.2 ig3.0
3G 1.2¢9 189.5 179.0 178.9 165.5
35 1.29 168.9 159.8 159.7 147.9
ag 1.29 151.8 143.7 143.7 133.3
as 1.29 138.1 130.9 130.8 121.4
30 1.29 126.4 120.0 119.9 111.6
55 1.29 114.2 110.3 110.3 102.8
&0 1.2¢9 107.2 162.0 162.0 95.2
65 1.2¢9 98.3 $3.7 93.6 " 87.6
70 1,29 92.2 87.9 87.9 82.4
80 1.2¢9 72.8 76.3 76.3 71.8
20 1.29 73.0 69.9 69.9 é6.0
100 1.29 66.1 63.5 83.5 60.1
120 1.29 352.4 50.7 50.7 48.4
170 1.29 34,6 34.0 34.0 33.2
470 1.29 26.4 26.3 26.3 26.2
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Assumption = 25°C at 20 (m) distance from the center of canister

S00°C 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) . (Kcal/mhdeg) Max. Min. Max. Min.
0] 0.43 438.2 416.8 a16.7 334.0
5 0.43 396.0 37s5.8 376.7 302.5
10 0.43 333.9 336.8 336.7 271.0
15 0.43 320.1 304.8 304.8 285.7
20 0.43 286.4 272.9 272.8 220.5
25 0.43 252.7 240.9 ,240.8 195.3
30 0.43 227.4 216.9 216.8 176.4
35 0.43 202.1 192.9 -192.9 157.4
40 0.43 181.0 172.9 172.9 141.7
45 0.43 164.1 156.9 156.9 129.1
50 0.43 149.8 143.3 '143.3 118.3
55 . 0.43 -137.2 131.3 131.3 108.9
60 0.43 126.2 120.9 120.9 100.7
65 0.43 115.2 110.6 110.5 92.5
70 0.43 107.8 103.4 163.3 86.8
80 0.43 92.5 89.0 88.9 79.5
90 0.43 84.0 81.0 81.0 69.1
100 0.43 5.6 73.0 73.0 62.8
120 0.43 58.7 57.0 57.0 50.2
170 0.43 36.8 36.2 36.2 33.8
470 0.43 26.7 26.6 26.6 26.3
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Assumption = 25°C at 20 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
g 0.856 395.9 375.5 375.3 334.0
S 0.86 358.9 33%9.7 33%.56 302.5
10 [ 0.84 321.0 303.9 303.8 271.0
15 - 0.854 290.6 275.3 2795.2 245.7
20 0.86 - 260.3 246.7 246.6 220.5
25 0.86 229.9 218.1 218.0 195.3
30 0.86 207.1 196.7 196.6 176.4
35 0.86 184.4 175.2 175.1 157.4
a0 0.86 165.4 157.2 157.3 141.7
45 0.85 150.2 143.0 143.0 129.1
50 ‘0.86 137.3 130.9 130.8 118.3
55 0.86 T 125.9 120.1 120.1 108.9
60 0.86 -116.1 110.8 110.8 - 100.7
65 0.86 106.2 101.5 101.5 92.5
70 0.86 99.4 95.1 95.1 856.8
80 0.86 83.7 82.2 82.2 73.5
20 0.86 78.1 3.1 75.0 69.1
100 0.86 70.5 67.9 67.9 &2.8
120 0.86 55.4 53.4 53.6 50.2
170 0.8s 35.46 35.0 35.0 33.8
470 0.86 26.5 26.4 2é.4 26.3
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Assumption = 25°C at 20 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 383.1 3481.7 361.6 334.0
S 1.2% 346.6 327.3 327.2 302.5
10 1.29 310.0 293.0 292.9 271.0
15 i.29 280.8 265.5 265.4 245.7
20 1.2¢9 251.6 238.0 237.9 220.5
25 1.29 222.3 210.5 210.5 195.3
30 1.29 200.4 189.9 189.9 176.4
35 1.29 178.5 169.3 169.2 157.4
40 1.29 160.2 152.1 152.1 141.7
4s 1.29 145.6 138.4 138.3 129.1
56 1.29 133.2 126.7 126.7 118.3
55 1.29 122.2 114.4 116.4 108.9
&0 1.29 112.7 1067.5 3107.4 100.7
65 1.29 103.2 98.5 28.5 - 92.5
70 1.29 6.6 92.3 92.3 86.8
80 1.29 83.5 80.0 80.0 73.3
o0 1.29 76.2 73.1 73.1 69.1
100 1.29 68.9 66.2 646.2 62.8
120 1.29 54.2 52.5 52.5 50.2
170 1.29 35.2 3.6 34.4 33.8
470 1.29 26.5 26.4 26.4 26.3
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Assumption = 25°C at 30 (m) distance from the center of canister

Time Therma!l Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) (Kecal/mhdeg) Max. Min. Max. Mir.
0 0.43 449.6 448.2 448.0 345.4
S 0.43 424.2 405.0 404.9 330.7
10 0.43 378.9 361.8 381.7 295.9
15 - 0.43 342.46 327.3 327.2 268.2
20 0.43 306.3 292.7 292.6 240.4
25 0.43 270.0 258.2 258.1 212.46
30 0.43 242.8 232.3 -232.2 191.7
35 0.43 215.5 206.4 206.3 170.9
490 0.43 192.9 i84.8 184.7 153.5
a5 0.43 174.7 167.5 167.5 139.6
50 0.43 159.3 152.8 .152.8 127.8
35 0.43 145.7 . 139.9 '13%9.8 117.4
60 0.43 133.¢9 128.6 128.6 108.4
65 0.43 122.1 117.4 117.4 99.3
70 0.43 113,9 109.6 109.6 93.1
80 0.43 97.6 24.1 94.1 80.6
g0 0.43 88.5 85.5 85.4 73.6
100 0.43 72.4 76.8 76.8 66.7
120 0.43 61.3 59.5 59.5 52.8
170 0.43 37.7 37.1 37r.1 34,7
470 0.43 26.8 26.7 26.7 26.4
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Assumption = 25°C at 30 (m) distance Trom the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) (Keal /mhdeg) Max. Min. Max. Min.
0 D.86 428.3 406.9 406.7 365.4
5 0.86 387.1 347.9 3567.8 330.7
10 0.86 346.0 328.9 328.8 295.9
135 0.86 313.1 297.8 297.7 268.2
20 0.86 280.1 266.6 . 266.5 240.4
25 0.86 247.2 235.4 235.3 212.6
30 : 0.86 222.5 212.0 212.0 191.7
35 0.86 197.8 188.7 188.8 170.9
a0 0.86 i77.3 169.2 16%9.1 153.5
a5 0.86 1460.8 - 153,86 153.5 139.6
50 g.86 145.8 140.3 140.3 127.8
55 0.86 134.3 128.6 128.6 117.4
60 0.86 123.8 118.5 118.5 i08.4
65 ’ 0.88 113.1 108.4 108.4 99.3
70 0.86 105.7 101.4 101.3 23.1
80 0.86 90.8 87.3 87.3 80.6
20 0.86 82.6 79.6 79.5 73.6
100 0.84 74.4 71.8 1.7 656.7
120 G.86 57.9 56.2 56.2 52.8
170 0.86 36.5 35.9 35.9 34.7
470 0.86 26.6 26.56 26.6 26.4
SO0° 0
% EEHOKRR
_\ AL VERHUOETRR (1]
S BEMHoEERE [ T]

(Years)

—203-



Assume

tion = 25°C at 30 (m) distance from the center of canister

S00° 0

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfiil
(Years) (Kecal/mhdeg) Max. Min. Max. Min.
0 1.29 414.5 393.1 393.0 365.4
5 1.29 374.8 355.5 355.4 330.7
10 1.29 335.0 318.0 317.9 295.9
15 1.2¢9 303.2 287.9 287.8 268.2
20 1.29 271.4 257.9 257.8 240.4
25 1.29 239.6 227.8 227.8 212.46
30 1.29 215.8 205.3 205.2 191.7
35 1.29 191.9 182.7 182.7 170.9
ag 1.29 172.1 164.0 163.9 153.5
as 1.2%9 156.2 148,9 148.9 139.6
S50 1.29 142.4 136.2 1358.1 127.8
55 1.29 130.7 124.9 124.9 117.4
&0 1.29 120.4 115.1 115.1 108.4
65 1.29 110.1 105.4 105.4 99.3
70 1.29 102.9 98.46 98.6 93.1
80 1,29 88.46 85.1 85.1 80.6
20 1.29 80.6 7.6 7.6 73.6
100 1.29 2.7 70.1 70.1 66.7
120 1.29 56.8 55.0 55.0 52.8
170 1.29 36.1 35.5 35.5 34,7
470 1.29 26.6 26.5 26.5 26.4
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Assumption = 23°C at 40 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.
0 0.43 491.9 470.4 a70.3 387.7
5 0.43 444.2 425.0 424.9 330.7
ic 0.43 396.6 379.5 379.4 313.7
15 0.43 358.5 343.2 343.1 284.1
20 g.43 320.4 306.8 306.7 254.5
25 0.43 282.2 270.4 270.4 224.9
30 0.43 253.7 243.2 243.1 202.6
35 0.43 225.1 215.9 215.9 180.4
a0 Q.43 201.3 193.2 193.1 161.9
a5 0.43 182.2 175.0 .1735.0 147.1
50 0.43 166.0 159.5 '159.5 134.5
35 C.43 i51.7 145.9 145.9 123.4
&0 0.43 139.3 134.1 134.1 113.8
65 0.43 126.9 122.3 122.2 104.2
70 0.43 i18.4 114.1 1i4.1 97.5
80 0.43 101.2 97.7 7.7 84.2
90 0.43 91.7 88.6 88.6 76.8
100 0.43 82.2 9.5 79.5 £9.4
120 .43 63.1 61.4 61.4 54.6
170 0.43 38.3 3r.7 37.7 35.4
a70 0.43 26.%9 26.8 26.8 26.5
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Assumption = 25°C at 40 (m) distance from the center of canigter

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min. -
0 0.86 450.5 42%9.1 429.0 387.7
5 D.84 a07.1 387.9 387.8 350.7
10 0.86 343.7 346.7 346.6 313.7
13 0.86 329.0 313.7 313.6 284.1
20 0.86 294.2 280.7 280.6 254.5
25 0.86 25%.5 247.7 247.56 224.9
30 0.84 233.4 222.9 222.9 202.6
35 0.86 207.4 198.2 198.1 180.4
a0 0.86 185.7 177.6 177.5 161.9
as G.856 168.3 161.1 161.0 147.1
=11 0.86 153.5 147.1 147.0 134.5
55 0.86 "140.5 134.7 134.7 123.4.
&0 0.86 129.2 124.0 123.9 113.8
65 0.86 117.9 113.2 113.2 104.2
70 0.86 110.1 105.8 105.8 97.5
80 0.86 24.5 91.0 91.0 g4.2
S0 0.86 85.8 82.7 82.7 76.8
100 6.856 77.1 74.5 74.5 69.4
120 0.88 59.7 58.0 58.0 54.6
170 0.86 37.2 36.35 36.5 35.4
470 0.86 26.7 26.6 26.6 26.5
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Assumption = 23°C at 40 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.
1] 1.29 436.8 415.4 415.2 387.7
5 1.29 394.8 375.5 375.4 350.7
ic 1.29 352.7 335.7 335.6 313.7
-15 1.29 319.1 303.8 303.7 284.1
20 1.29 285.5 272.0 271.9 254.5
25 1.29 251.9 240.1 240.0 224.9
30 1.29 226.7 216.2 216.1 202.6
35 1.29 201.5 192.3 192.2 180.4
40 1.29 180.5 1i72.4 172.3 161.9
45 1.29 163.7 156.4 156.4 147.1
50 1.29 149.4 142.9 142.9 i34.5
55 1.29 136.8 131.0 130.9 123.4
60 1.29 125.8 120.6 120.6 113.8
65 1.29 114.9 110.2 110.2 104.2
70 1.29 107.4 103.1 103.0 7.5
80 1.29 92.2 88.7 88.7 84.2
20 1.29 83.8 80.8 80.7 76.8
100 1.29 5.4 72.8 72.8 69.4
1206 1,29 58.6 56.9 56.9 54.6
170 1.29 36.8 36.2 36.1 35.4
470 1.29 26.7 26.6 26.6 26.5
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Assumption = 25°C at 60 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max, Min. Max. - Min.
a .43 523.2 501.8 501.7 419.1
5 0.43 472.4 453.2 453.1 378.9
10 0.43 a21.6 404.5 afa.a’ 338.7
15 0.43 380.9 365.6 365.5 306.5
20 0.43 340.2 326.7 326.6 274.3
25 0.43 299.5 287.7 287.7 242.1
20 .43 26%.0 258.5 258.5 218.0
35 0.43 238.5 229.4 22%9.3 193.9
a0 0.43 213.1 203.0 205.0 173.8
a5 0.43 192.8 185.86 183.5 157.7
S0 0.43 175.5 169.0 1569.0 144.0
55 0.43 160.2 154.4 i54.4 132.0
60 0.43 147.0 141.8 141.7 121.5
65 0.43 '433.8 129.1 129.1 111.1
70 0.43 124.6 120.4 120.3 i03.8
80 0.43 106.3 i02.8 102.8 89.3
20 0.43 96.2 93.1 93.1 81.3
i00 0.43 86.0 83.4 83.4 73.3
120 0.43 65.7 63.9 63.9 57.2
170 0.43 39.2 38.6 38.6 36.3
aveo 0.43 27.0 26.9 26.9 26.6
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Agssumption = 25°C at 60 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister ip backfill
(Years) (Kecal/mhdeg) Max. Min. Max. Min.
o 0.86 481.9 440.5 460.4 419.1
S 0.86 435.3 416.1 416.0 378.9
10 0.86 388.7 371.6 371.5 338.7
15 D.86 351.4 336.1 336.0 306.5
20 0.85 314.1 300.5 300.5 274.3
25 0.86 276.8 265.0 264.9 242.1
30 0.856 248.8 238,.3 238.3 218.0
35 0.86 220.8 211.6 211.6 193.9
40 0.86 197.5 189.4 18%.4 173.8
as 0.86 17v8.9 171.7 171.6 157.7
50 0.86 163.0 136.5 156.5 144.0
55 0.86 . 14%.0 143.2 143.2 132.0
60 c.86 136.9 131.7 131.6 121.5
65 0.86 t124.8 1z0.1 120.1 -111.1
70 0.86 1146.4 112.1 112.1 103.8
80 0.86 99.4 96.1 96.1 89.3
S0 0.86 90.3 87.2 87.2 81.3
100 0.856 81.0 78.3 78.3 73.3
. 120 0.86 62.3 &60.6 60.5 57.2
170 .86 38.1 37.4 37.4 36.3
470 ] 0.86 26.9 26.8 . 26.8 26.6
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Assump

tioh =

23°C at 60 (m) distance from the center of canister

3Q0°C

Time Thermal Temperature °C - Temperature °C
After Burial Conductivity in canister in back¥fill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
4] 1.29 4468.2 846.7 444.6 a419.1
5 1.29 422.9 403.7 403.6 378.9
10 1.29 377.7 360.7 360.6 338.7
© 13 1.29 341.5 326.2 326.2 306.5
20 1.29 305.4 2%1.8 291.7 274.3
235 1.29 269.2 257.4 257.3 242.1
36 1.29 242.1 231.6 231.5 218.0
35 1.29 214.9 205.7 205.7 193.9
40 1.29 192.3 184.2 184.2 173.8
45 1.29 174.2 167.0 167.0 157.7
S0 1.29 158.9 152.4 152.3 144.0
55 1.29 145.3 139.5 139.4 132.0
60 1.29 133.5 128.3 128.3 121.5
65 1.29 121.8 117.1 117.1 111.1
70 1.29 "113.6 109.3 109.3 "103.8
80 1.29 97.4 93.9 93.8 89.3
90 1.29 88.3 85.2 85.2 81.3
10C 1.29 79.3 Té.6 76.6 3.3
120 1.29 61.2 5%.4 59.4 57.2
170 1.29 37.7 37.0 37.0 36.3
470 1.2¢ 26.8 26.7 26.7 28.6
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Assump

a00°C

tion = 25°C at 80 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Keal/mhdeg) Max. Min. Max.' Min.

0 0.43 545.5 524.1 524.0 441.4.

3 0.43 a%92.4 473.2 473.1 398.9%
10 6.43 439.3 422.2 a22.1 356.4
15 0.43 396.8 381.5 381.4 322.4
20 0.43 354.3 340.8 340.7 288.4
23 0.43 311.8 300.0 299.,9 254.4
30 0.43 279.9 269.5 269.4 228.9
35 0.43 248.1 238.9 238.8 203.4
a0 0.43 221.5 213.4 213.4 182.2
43 0.43 200.3 192.1 193.0 165,2
So 0.43 182.2 175.7 175.7 130.8
55 0.43 166.3 160.5 140.4 138.0
&0 0.43 152.5 147.2 147.2 127.0
69 0.43 ‘138.7 134.0 134.0 -115.9
70 0.43 129.1 iz24.8 124.8 i08.3
80 0.43 110.0 104.5 106.5 93.0
20 0.43 99.4 96.3 - 96.3 84.5
100 0.43 88.7 86.1 85.1 76.0
120 0.43 67.5 85.7 65.7 59.0
170 0.43 39.9 39.3 3%.3 36.9
470 0.43 27.1 27.0 27.0 26.7
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Assumption = 25°C at 80 (m) distance Ffrom the center of canister

Time Thermal Temperature °C Temperature °C
After Burisl Conductivity in canister in backfill
(Years} (Kcal /mhdeg? Max. Min. Max. . Min.
0 0.86 S04.2 482.8 a482.7 441.4
5 0.86 455.3 436.1 43s8.0 398.9
10 0.86 a06.4 389.4 389.3 3556.4
15 0.86 367.3 352.0 351.9 322.4
20 0.86 328.2 314.4 314.5 288.4
25 0.86 289.1 277.2 277.2 254.4
30 0.8s6 299.7 249.2 249.2 228.9
35 “0.86 230.4 221.2 221.1 203.4
40 0.86. 205.9 197.8 197.8 182.2
45 0.86 184.4 179.2 179.1 165.2
=it} 0.86 169.7 163.3 163.2 150.8
55 0.86 155.1 149.3 149.2 138.0
&0 0.86 142.4 - 137.1 137.1 127.0
&5 0.86 129.6 125.0 124.9 115.9
70 0.86 iz20.8 11s6.6 114.5 108.3
80 D.8s 103.2 99.7 99.7 93.0
20 0.86 93.5 0.4 ¢0.4 84.5
100 0.8& 83.7 81.1 81.0 76.0
120 0.86 64.1 62.4 62.4 59.0
170 0.86 38.7 38.1 38.1 36.9
470 0.86 27.0 26.9 26.9 26.7
T
N BEHOBE
| \\K‘ B VRSO ZERR [ £)
\& BENOEHEE [T
o
J N
N
o
‘h._‘;:_._‘-.---
- "-;"::;‘:‘i‘—?:.--..__.
M‘" ~
e TS
SG 100 50
{Years)

—212—



Asgumption = 25°C at 80 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal /mhdeg) Max. Min, Max. Min.
0 1.29 490.4 469.0 468.9 441.4
5 1.29 442,9 423.7 423.6 398.9
10 1.29 395.4 378.4 378.3 356.4
135 1.29 357.5 342.2 342.1 322.4
20 1.29 319.5 305.9 305.8 288.4
25 1.29 281.3 269.7 269.6 234.4
30 1.29 253.0 242.5 242.4 228.9
35 1.29 224.5 215.3 215.2 203.4
40 1.29 200.7 192.6 192.6 i82.2
45 1.29 181.7 174.5 174.5 165.2
S50 1.29 145.6 159.1 159.1 150.8
33 1.29 151.3 145.5 145.5 138.0
60 1.29 139.0 133.7 133.7 127.0
65 1.29 126.6 122.0 121.9 115.9
70 1.29 1i8.1 113.8 113.8 108.3
80 1.29 101.0 97.3 97.5 93.0
20 1.29 91.5 88.4 88.4 84.5
100 1.29 82.0 79.4 79.4 76.0
120 1.29 83.0 61.2 61.2 59.0
170 1.29 38.3 37.7 37.7 36.9
a70 1.29 26.9 26.8 26.8 26.7
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dsgumption = 25°C at 120 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max.. Min.
0 0.43 576.9 555.5 555.4 a72.7
S 0.43 520.6 301.4 501.2 427.1
10 0.43 a64.3 447 .2 447 .1 381.4
15 0.43 41%9.2 403.9 403.8 344.8
20 0.43 374.2 360.6 340.5 308.3
25 0.43 329.1 317.3 317.2 271.7
30 0.43 295.3 284.8 284.8 244.3
35 0.43 261.5 252.4 252.3 216.9
an 0.43 233.4 225.3 225.2 194.0
as 0.43 210.8 203.6 203.6 175.8
50 - 0.43 191.7 185.2 185.2 160.2
55 0.43 174.8 169.0 149.0 146.5
&0 0.43 160.2 154.9 154.¢9 13a4.7
&5 0.43 145.5 t40.8 1440.8 122.8
70 0.43 135.4 131.1 131.1 114.5
80 0.43 115.1 111.6 111.6 98.1
20 0.43 103.8 100.8 100.8 8%.0
100 0.43 92.6 90.0 89.9 79.8
120 0.43 70.1 68.3 68.3 61.6
170 0.43 40.8 40.2 an0.2 37.8
a70 0.43 27.3 27.2 27.2 26.8
S00C 4

BEDORP

% L-UVERGRoRERE [ L]
BefllozmzE (T]

S0 100 150

{Yezars)

—214—



Assumption = 25°C at 120 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfili
(Years) (Kcal/mhdeg} Max. Min. Max. Min.
g 0.86 535.46 514.2 514.1 a472.7
S g.86 483.5 464,.3 444.2 427.1
10 0.86 431.4 414.3 414.2 381.4
15 0.86 389.7 374.4 374.3 344.8
20 0.86 348.0 334.5 334.4 308.3
25 0.86 306.3 294.5 294.5 271.7
30 0.86 275.1 264.6 264.5 244.3
35 0.86 243.8 234.6 234.4 216.9
40 0.86 217.8 209.7 209.6 194.0
45 0.86 196.9 i89.7 189.7 175.8
S0 0.86 179.2 172.8 172.7 1460.2
55 0.856 163.46 157.8 157.7 146.5
&0 0.86 150.0 184.8 144.8 134.7
65 0.86 .136.5 131.8 131.8 . 122.8
70 0.86 127.1 122.8 122.8 i14.5
80 6.86 108.4 104.9 104.8 98.1
20 0.86 97.9 94.9 94.9 89.0
100 0.86 87.5 84.9 84.% 79.8
120 0.86 66.7 64.9 64.9 61.6
170 0.8 3%9.6 39.0 39.0 37.8
470 0.85 27.1 27.0 27.0 26.8
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Assumption = 253°C at 120 (m) distance from the center of canister

Time Thermat Temperature °C Temperature °C
After Burial Conductivity in canister in- backfill
(Years) {(Kcal/mhdeg} Max. Min. Max. Min.
0 1.29 521.8 500.4 500.3 472.7
=1 1.29 471.1 451.9 451.8 azv.1
10 1.29 420.4 403.4 403.3 381.4
15 1.29 379.9 364.6 364.5 344.8
20 1.29 339.3 325.8 325.7 308.3
25 1.29 298.8 287.0 286.9 271.7
30 1.29 268B.3 257.9 257.8 244.3
35 1.29 237.9 228.7 228.7 214.9
a0 1.29 212.6 - 204.5 204.4 194.0
45 1.29 192.3 185.1 185.0 175.8
50 1.29 175.1 168.6 168B.6 160.2
55 1.29 159.9 - 154.0 154.0 146.5
&0 1.29 146.7 141.4 141.4 134.7
65 1.29 133.5 i2g.8 128.8 122.8
70 1.29 124.4 120.1 120.1 114.5
80 1.29 10s6.1 102.6 102.6 98,1
20 1.29 96.0 92.9 92.9 89.0
100 1.29 g£5.8 83.2 83.2 79.8
120 1.29 85.6 63.8 63.8 61.6
170 1.29 39.2 38.6 38.6 37.8
470 1.29 27.0 26.9 26.9 26.8
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Assumption = 253°C at 160 (m) distance. from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister irf backfill
(Years) (Kcal/mhdeg) Max. Min. Max., Min.
0 0.43 599.2 577.8 577.6 a4%95.0
3 8.43 540.6 521.4 521.2 447.1
i0 0.43 482.0 465.0 464.9 399.1
15 0.43 435.1 419.8 419.7 340.,7
20 0.43 388.3 3ra.7 374.6 322.4
25 0.43 341.4 329.6 32%9.5 284.0
30 0.43 - 306.2 295.7 295.7 255.2
35 0.43 271.1. 261.9 261.8 226.4
40 0.43 . 241.8 233.7 233.6 202.5
45 0.43 218.3 211.1 211.1 183.3
50 0.43 i%98.4 192.0 191.9 147.0
25 0.43 180.8 175.0 173.0 152.6
60 0.43 165.6 140.4 160.3 140.1
65 0.43 15G.4 143.7 145.,7 127.6
70 0.43 139.8 135.6 135.5 119.0
80 0.43 1i8.7 115.2 115.2 101.7
eQ - 0.43 107.0 104.0 103.9 92.1
100 0.43 95.3 92.7 92.7 82.56
120 0.43 71.9 70.1 70.1 63.4
170 0.43 41.4 40.8 40.8 38.4

avo 0.43 27.3 27.3 27.3 26.9
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Agsumption = 23°C at 160 (m) distance from the center of canister

,
S00°C

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) {Kecal/mhdeg) Max. Min. Max. Min.
0 0.86 557.9 536.4 536.3 495.0
5 0.86 503.5 484.3 484, 1 a447.1
10 0.86 449.1 432.1 432.0 399.1
15 0.86 A05.6 3%0.3 390.2 360.7
20 0.86 362.1 348.46 348.5 322.4
25 0.86 318.6 305.8 306.8 284.0
30 0.88 286.0 273.5 275.4 255.2
35 0.86 253.4 244.2 244,1 226.4
a0 0.86 226.2 -218.1 218.1 202.5
A5 0.86 204.4 -197.2 197.2 183.3
50 0.86 185.9 179.5 1v2.4 167.0
55 0.86 169.6 163.8 163.8 -152.6
60 0.86 155.5 150.3 150.2 140.1
65 0.86 141.4 136.7 136.7 127.6
70 0.86 131.4 127.3 127.3 119.0
80 0.86 112.0 108.5 108.5 101.7
S0 0.86 i01.1 98.1 $8.0 92.1
ig0 0.86 90.2 87.6 87.6 82.6
120 0.85% 68.5 66.8 66.7 63.4
170 0.86 40.2 32.6 39.6 38.4
470 0.86 27.2 27.1 C27.1 26.9
gEHOBP
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Assumption = 25°C at 160 (m) distance from the center of canister

500°C -,

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) (Kecal/mhdeg) Max. Min. Max. Min.
0 1.29 544.1 522.7 522.6 4935.0
5 1,29 491.,1 471.9 471.8 aa7.1
10 1.29 438.2 421.1 421.0 399.1
i5 1.2% 3%5.8 380.5 380.4 3s80.7
20 1.29 353.4 339.9 339.8 322.4
23 1.29 311.0 299.2 299.2 284.0
30 1.29 279.2 268.8 268.7 2585.2
35 1.29 247.5 238.3 238.2 226.4
40 1.29 221.0 212.9 212.9 202.5
45 1.29 199.8 192.6 192.5 183.3
=11} 1.29 181.8 175.3 175.3 167.0
55 1.29 165.9 160.1 160.1 152.6
60 1.29 152.1 146.9 146.8 449.1
65 1.29 138.4 133.7 133.46 127.6
70 1.29 128.8 124.5 124.5 119.0
80 1.29 10%9.7 104.3 106.2 101.7
Q0 1.29 99.2 96.1 95.1 92.1
100 1.29 88.6 83.9 85.9 82.6
120 1.29 &67.4 635.6 69.6 63.4
170 1,29 39.8 39.2 39.2 38.4
470 1.29 27.1 27.0 27.0 26.9
E@oss
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Assumption = 25°C at 200 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfilil
{Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 616.5 595.0 594.9 512.3
5 0.43 536.1 536.9 536.8 462.6
10 .43 495.7 478.7 478.6 412.8
15 0.43 447.5 432.2 432.1 373.1
20 0.43 399.2 385.6 385.46 333.3
25 G.43 350.9 33%.1 339.0 293.5
30 0.43 314.7 304.2 304.1 263.7
35 0.43 278.5 269.3 26%9.2 233.8
a0 0.43 248.3 240.2 240.2 209.0
45 0.43 224,2 217.0 216.9 18%9.1
50 0.43 203.6 197.2 197.1 172.2
55 0.43 185.5 179.7 179.7 157.3
&0 0.43 159.8 164.6 164.6 144.3
63 0.43 "154.2 149.5 14%.5 -131.4
70 0.43 143.3 139.0 13%.0 122.5
80 0.43 121.6 118.2 118.0 104.6
20 0.43 109.5 106.4 106.4 94.6
100 0.43 97.4 ?4,.8 24.8 84.7
120 0.43 73.3 71.5 71.5 64.8
170 0.43 41,9 41,3 41.3 38.9
a70 0.43 27.4 27.3 27.3 27.0

SO0

FENoRE

gL~ vERSHloRTRAE (L]
BEllOoED2E [T)

50 100 150

{Y=ars)

—220—



Assumption = 25°C at 200 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
1 0.86 375.1 533.7 593.6 512.3
S 0.36 519.90 499.8 499.7 462.6
10 0.86 62,9 445.8 445.7 412.8
15 0.86 418.0 a02.7 402.4& 373.1
20 0.86 373.0 359.5 359.4 333.3
25 0.86 328.1 316.3 314.3 293.5
30 0.86 294.5 284.0 283.9 263.7
35 0.86 260.8 231.6 251.5 233.8
40 0.86 232.7 224.6 224 .6 209.0
a3 0.86 210.3 203.0 203.0 18%9.1
S0 0.86 . 191.2 igd.v 184.7 172.2
S5 0.86 174.3 168.5 168.5 157.3
&0 0.86 T 159.7 154.5 i54.5 -144.3
63 0.86 145.1 146.5 140.4 131.4
70 0.84% 135.0 130.7 130.7 122.5
g0 0.86 114.8 111.3 111.3 104.6
90 0.86 103.4 100.5 100.5 24.4
100 0.86 92.4 89.7 89.7 84.7
120 0.86 69.9 é8.2 68.2 64.8
170 0.85 a0.7 a0.1 40.1 38.9
aro 0.86 27.2 27.2 27.2 27.0
500“5_\\
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Assumption = 23°C at 200 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in back+ill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 561.4 53%.9% 53%9.8 512.3
S . 1.29 S506.6 487 .4 487.3 452.6
10 1.29 451.9 434,9 434.8 412.8
15 1.29 4a08.1 392.8 392.7 373.1
20 1.29 3564.3 350.8 350.7 333.3
25 1.2¢% 320.5 308.7 308.7 293.5
30 1.29 287.7 277.2 277.2 263.7
35 1.29 254.9 245.7 245,6 233.8
a0 1.29 227.5 219.4 219.4 209.0
45 1.29 203.6 198.4 198.4 189.1
50 1.29 187.0 180.5 180.5 172.2
35 1.2%9 170.6 164.8 164.7 157.3
&0 1.29 156.4 151.1 1%51.1 144.3
65 1.2% 142.1 137.4 137.4 i31.4
70 1.29 132.3 128.0 128.0 122.5
80 1.29 112.6 199.1 109.1 104.6
Q0 1.29 i101.6 98.4 98.5 4.4
100 1.29 %0.7 88.1 88.0 84.7
120 1.29 68.8 £7.0 &67.0 64.8
170 1.29 40.3 39.7 39.7 38.9
470 1.29 27.2 27.1 27.1 27.0
SDD°C~Q~
Kl
I
I".-“\
EEHOBE
i \ B UBRBHORERE [ L]
e BEMOEERE [T
7 \\1
.:;:_;:‘;;:-“.
. Mﬁ:&%"&\-\\\—
: S0 100 150
(Years)

—222—-



Assumption = 25°C at S (m) distance from the center of canister

Time Thermal ‘Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min. Max. Min.

0 .43 294.1 280.5 280.5 212.1

5 0.43 259.4 287 .6 247.5 188.0

10 0.43 233.3 222.8 222.8 169.9

15 0.43 207.3 198.1 198.1 151.8

20 0.43 185.6 177.5 177.5 136.7

25 0.43 168.2 161.0 141.0 124.5

30 0.43 153.5 147.0 147.0 114.3

35 0.43 140.4 134.6 134,58 1035.3

40 0.43 129.2 123.9 123.9 7.4

43 0.43 117.9 113.2 113,2 89.6

S0 0.43 -110.1 105.8 105.8 . B4d.2

60 ¢.43 94.4 20,9 90.9 73.3

70 g.43 85.8 82.7 82.7 67.3

80 0.43 77.1 74.5 74.4 61.2

100 g.43 599.7 58.0 58.0 49.1

1350 0.43 37.2 36.5 36.5 33.5

450 0.43 26.7 26.6 26.6 26.2
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Thermal History Simulation for BackFiIIIMaterial

Basic parameters incorporated are as followa:

RE‘FO

Thermal conductivity for waste glass = 0.938 Kcal/mhdeg 1)
for canister metal= 21.08 Kcal/mhdeg 1)

for backfill materiai= 0.43-1.29 Kecal/mhdeg 2)

for granitic host rock= 2.8 Kecal/mhdeg 3)

1)UnzxyE®an(1983),2)Exploration Geophysics(1950),
3YHandbock of Physical Constants{1964)

Thickness of backfill = 0.3m

FESOFE0IES
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Assumption = 25°C at 5 (m) distance from the center of canister

Time Thermai Temperature °C Temperature °C
After Burial Conductivity in canister in backfil)
(Years) {(Kecal/mhdeg} Max. Min. ax. Min.

0 0.86 259.9 246.4 246.3 212.1

3 0.86 229.6 217.8 217.7 188.0

10 0.86 206.% 196.4 196.3 169.9

15 0.85 184.1 175.0 174.9 151.8

20 0.86 163.2 157.1 157.1 136.7

25 0.86 130.0 142.8 142.8 124.5

30 0.86 137.2 130.7 130.7 114.3

35 0.86 125.8 120.0 119.9 105.3

40 0.86 115.9 110.7 110.7 7.4

a5 D.86 1056.1 i01.4 101.4 29.6

a0 0.86 99.3 95.0 95.0 84.2

&0 0.86 T 85.4 82.1 82.1 . 73.3

70 0.86 78.0 75.0 75.0 67.3

80 0.86 70.5 67.8 67.8 61.2

i00 0.86 55.3 53.6 53.6 49,1

150 0.86 35.6 35.0 35.0 33.5

450 0.86 26.5 26.4 26.4 26.2
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Assumption = 25°C at 5 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
1] 1.29 248.5 235.0 234.9 212.1
=] 1.29 219.7 207.9 207.8 i188.0
10 1.29 198.1 187.6 187.5 169.9
13 1.29 176.4 167.2 167.2 151.8
20 1.29 158.4 150.3 150.3 136.7
25 1.29 144.0 136.8 1356.7 124.6
30 1.29 131.7 125.2 125.2 114.3
35 1.29 120.9 115.1 115.1 105.3
a0 1.29 111.5 106.3 1046.3 o97.4
a5 1.29 102.2 87.5 97.5 8%9.6
50 1.29 95.7 91.4 21.4 ‘84.2
40 1.29 82.7 79.2 79.2 73.3
70 1.29 3.5 72.4 72.4 67.3
80 1.29 68.3 65.6 63.6 61.2
100 1.29 53.8 52.1 52.1 49.1
150 1.29%9 35.1 34.5 34.5 33.5
450 1.29 26.4 26.4 26.4 26.2
S00°C 4
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As

-4

sumption = 25°C at 10 (m) distance from the center of canjster
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 348.9 335.4 335.3 267.0
S 0.43 307.1 295.3 295,2 233.7
ic 0.43 275.8 265.3 . 265.2 212.3
i5 0.43 244.4 235.2 235.2 188.9
20 0.43 218.3 210.2 210.2 159.4
.25 0.43 197.4 190.2 ©190.2 133.8
30 0.43 17%.8 173.2 [473.1 140.5
40 0.43 150.4 145.1 145.1 118.7
45 0.43 136.8 132.1 132.1 108.5
50 8.43 127.4 123.1 123.1 101.5
60 0.43 108.6 105.1 105.1 87.4
70 0.43 98.1 93.1 95.1 79.6
80 G.43 87.7 85.1 85.1 71.8
100 0.43 66.8 65.0 65.0 36.2
150 0.43 39.6 3%9.0 3%9.0 35.9
450 0.43 27.1 27.0 27.0 26.6
00°CJ
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Assumption = 23°C at 10 (m) distance from the center of canigter
Time Thermal Temperature °C Temperéture °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min, Max. Min.
Q 0.86 314.7 301.2 301.1 267.0
S 0.8% 277.4 265.6 265.5 235.7
i0 0.86 249.3 238.8 238.8 212.3
15 0.86 221.3 212.1 212.0 188.9
20 0.86 197.9 189.8 189.8 16%9.4
25 0.86 179.2 172.0 1v2.0 153.8
30 0.86 163.3 156.9 i56.8 140.5
35 0.86 149.3 143.5 143.5 128.8
a0 0.86 137.2 131.9 131.9 118.7
45 0.86 125.0 12G.3 120.3 108.5
50 0.86 114.6 112.3 112.3 101.5
&0 0.86 99 .8 96.3 946.3 8r.4
70 0.86 90.4 87.4 87.3 79.6
80 0.8s 8i.1 78.5 78.4 71.8
100 0.86 62.4 60.6 60.6 56.2
150 0.86 38.1 37.5 37.5 35.9
450 0.86 26.9 26.8 26.8 26.6
500“[3-]
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sumption = 25°C at

10 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Buriail Conductivity in canister in backfiil
{Years) (Kcal/mhdeg) Max. Min. Max. Min.

0 1.29 303.4 289.8 289.7 267.0

5 1.29 267.4 255.6 255.6 235.7

10 1.29 240.5 230.0 230.0 212.3

15 1.29 213.6 204.4 204.3 188.%

20 1.29 . 191.1 183.0 183.0 169.4

23 . 1.29 173.2 165.9 165.9 153.8

30 1.29 157.9 i51.4 151.4 140.5

35 1.29 144.4 138.46 138.6 128.8

a0 1.2% . 132.8 127.5 127.5 118.7

a3 1.29 121.1 ‘116.4 116.4 108.5

50 1.29 ' 113.0 108.7 i08.7 " 101.5

&0 1.29 96.8 93.3 93.3 87.4

70 1.29 B7.9 84.8 g4.8 79.6

80 1.29 78.9 76.3 76.2 71.8
100 1.29 é0.9 59.2 59.2 56.2
130 1.2¢% 37.6 37.0 37.0 35.9
450 1.29 26.8 26.7 26.7 26.6
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Assumption = 25°C at 15 (m) distance from the center of canister- .

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal /mhdeg) Max. Min. Masx. Min.
a 0.43 381.0 367.4 367.4 299.0
5 0.43 335.0 323.2 323.2 263.7
10 0.43 300.6 290.1 290.0 237.1
15 0.43 266.1 257.0 296.9 2i0.6
20 0.43 . 237.4 229.4 229.3 igs.s5
25 0.43 214.5 207.3 -207.2 170.8
30 0.43 195.0 188.5 . 188.4 1535.8
35 .43 177.7 171.9 171.9 142.6
a0 0.43 162.8 i57.46 157.5 131.1
45 0.43 147.9 143.2 £143.2 119.6
S0 0.43 137.5 133.3 133.2 111.6
60 0.43 116.9 113.4 113.3 95.7
T0 0.43 105.4 - 102.3 = 102.3 86.9
80 0.43 93.9 21.3 91.3 78.0
100 .43 70.9 69.2 69.2 &60.4
150 0.43 41.1 40.5 40.5 37.4
450 0.43 27.3 27.2 27.2 26.8
S0oc T _J
= ' EGHomE
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Assumption = 25°C at

15 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min. Max, Min..

0 0.86 3446.8 333.3 333.2 299.0

S 0.88 305.3 293.5 293.4 263.7

10 0.86 274.1 263.7 263.6 237.1

15 0.84 243.0 233.8 233.8 210.6

20 0.86 217.1 209.0 208.9 188.5

25 0.86 196.3 18%9.1 189.0 170.8

30 0.86 178.6 172.2 172.1 155.8

35 0.86 163.1 157.3 157.2 142.4

40 6.86 149.6 144.3 144.3 131.1

45 0.86 "136.1 131.4 131.4 119.6

S0 0.86 -126.7 122.5 122.4 111.6

&0 0.86 108.6 104.6 1064.5 95.7

70 0.86 97.7 %4.6 94.6 86.9

80 0.86 87.3 84.7 84.6 78.0

100 0.86 66.5 64.8 64.8 60.4

150 0.86 39.5 38.9 38.9 37.4

450 0.86 27.1 27.0 27.0 26.8
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Assumption = 23°C at 15 (m) distance from the center of canister

S00°C

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {(Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 335.4 321.9 321.8 25%.0
5 1.29 295.4 283.6 283.5- 263.7
10 1.29 265.3 254.8 254.8 237.1
15 1.29 235.3 226.1 226,1 210.¢6
20 1.29 210.3 202.2 202.1 188.5
25 1.29 190.2 183.0 183.0 170.8
30 1.29 173.2 166.7 166.7 155.8
35 1.29 158.2 152.4 152.3 142,6
ac 1.29 145.2 139.9 139.9 131.1
a5 1.29 132.1 127.5 127.4 119.6
50 1.2¢9 123.1 1i18.9 118.8 111.6
60 1.29 105.1 101.6 101.5 95.7
70 1.29 95.1 92.0 92.0 86.9
80 1.29 85.1 82.3 82.4 78.0
100 1.29 83.1 63.3 63.3 60.4
150 1.29 3%.0 38.4 38.4 37.4
430 i.2¢9 27.0 26.9 26.9 26.8
- BEHOBP
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fissumption = 23°C at 20 (m) distance from the center of canister

. Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg) Max. Min. Max. Mir.
0 0.43 403.7 390.2 390.1 321.8
S .43 354.9 343.1 343.0 283.5
10 0.43 318.2 307.7 307.7 254.8
- 15 0.43 281.6 272.4 272.3 226.0
20 0.43 251.0 242.9 = 242.9 202.1
25 0.43 226.6 21%9.4 .219.3 183.0
30 0.43 2035.8 199.3 19%.3 166.7
35 0.43 187.5 i181.7 181.4 152.3
a0 0.43 171.6 166.4 1646.3 139.9
435 0.43 155.7 151.60  151.0 127.4
50 0.43 = 144.7 140.4 ‘140.4 118.8
60 0.43 122.7 119.2 119.2 101.6
70 0.43 110.5 107.5 107.4 92.0
80 .43 98.3 95.7 95.7 82.4
100 ¢.43 73.9 72,1 72.1 63.3
150 0.43 42,1 41.5 a1.5 38.4
450 0.43 27.4 27.4 27.4 26.9
S300°01C 4
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Assumption = 25°C at 20 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.

5] 0.86 369.6 356.0 355.,9 321.8

S 0.86 325.1 313.3 313.2 283.5

10 0.86 291.8 281.3 281.2 254.8

15 0.86 258.4 249.2 249,2 226.0

20 0.86 230.6 222.5 222.5 202.1

25 0.86 208.4 201.2 20%.,1 183.0

30 0.86 189.5 183.0 183.0 166.7

35 0.86 172.8 167.0 167.0 "152.3

an 0.86 158.4 153.1 153.1 132.9

a5 0.86 143.¢9 139.3 13%.2 127.4

=1t} 0.86 133.9 129.6 129.6 118.8

&0 0.86 113.9 110.4 110.4 101.6

70 0.86 102.8 99.7 99.7 g2.0

80 0.86 91.7 8%.1 89.1 82.4

100 0.86 69.5 67.7 67.7 &63.3

150 0.86 A0.6 39.9 32.9 38.4

450 0.86 27.2 27.1 27.1 26.9

S00°C
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Assumption = 23°C at 20 (m) distance from the center of canister
Time Thermatl Temperature °C Temperature °C
After Burial Conductiwvity in canister in backfil]
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 358.2 344.4 344.6 321.8
5 1.29 315.2 303.4 303.3 283.5
ic 1.29 282.9 272.5 272.4 254.8
15 1.29 250.7 241.5 241.5 226.0
20 1.29 223.8 215.7 215.7 202.1
25 1.29 202.3 195.1 195.1 183.0
30 1.29 i84.1 177.6 177.6 166.7
35 1.29 167.9 162.1 162.1 152.3
40 1.2¢9 154.0 148.7 148.7 13%9.9
45 1.29 140.0 135.3 135.3 127.4
50 1.29 130.3 126.0 124.0 1i8.8
60 1.29 111.0 107.5 167.5 iGi.4
70 1.29 100.2 97.2 97.2 92.0
80 1.29 89.5 86.9 846.8 82.4
100 1.29 68.0 86.2 66.2 63.3
150 1.29 40.0 39.4 39.4 38.4
4350 1.29 27.1 27.1 27.1 26.9
S00°C 4
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Assumptioﬁ'= 25°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal /mhdeg) Max. Min. Masx. Min.

(W] 0.43 435.8 422.3 a422.,2 353.8

al 0.43 382.8 371.0 370.9 311.4
10 0.43 343.0 332.6 332.5 279.56
15 0.43 303.3 294.1 294.1 247.8
20 0.43 270.2 262.1 262.0 221.2
25 0.43 243.7 236.4 236.4 200.0
30 0.43 221.1 214.7 2i4.6 i82.0
35 0.43 201.2 195.4 195.4 166.1
a0 . 0.43 184.0 178.8 178.7 152.3
45 0.43 166.8 162.1 d62.1 138.5
50 0.43 " 154.% 150.6 ‘150.6 12%9.0
&0 0.43 - 131.0 127.95 127.5 109.9
70 G.43 o 117.8 114.7 114.7 99.3
80 ’ 0.43 104.5 101.9 101.9 ° B8.8
100 0.43 78.0 76.3 6.2 67.4
150 0.43 3.6 42.9 az2.9 3%9.9
450 0.43 27.7 27.6 27.6 27.1

S00°C 4
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Assumption = 25°C at 30 (m) distance from the center of canister

S00°C 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfii)
(Years) . (Kcal/mhdeg) Max. Min. Masc. Min.
0 0.86 401.6 388,11 388.0 353.8
35 0.86 353.0 341.2 341.2 311.4
10 0.86 316.6 306.1 306.0 279.6
is 0.86 280.1 271.0 270.9 247.8
20 0.84. 249.8 241.7 241.4 221.2
25 0.86 225.5 218.3 218.2 200.0
30 0.86 204.8 198.3 198.3 182.0
35 0.86 186.6 180.8 180.7 166.1
a0 0.848 170.8 165.5 165.5 152.3
45 0.86 155.0 150.3 150.3 138.5
50 0.86 144.1 139.8 139.8 129.0
60 0.86 122.2 118.7 118.7 109.9
70 0.86 " 110.0 107.0 107.0 99.3
BO 0.8% 97.9 93.3 95.3 88.6
ie0 0.86 73.56 71.8 71.8 67.4
150 0.856 42.0 41.4 a1.4 39.9
450 0.8é 27.4 27.3 27.3 27.1
. BHHo%e

B WVERDHNOZTERE [ L]
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Agsumption = 25°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burisal Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.,

0 . 1.29 3%0.2 3746.7 376.6 353.8

5 1.29 343.1 331.3 331.3 311.4

10 1.2%9 307.8 297.3 297.2 279.6
15 1.29 272.4 263.2 263.2 247.8
20 1.29 243.0 - 234.9 234.8 221.2
25 1.29 219.4 212.2 212.2 200.0
30 1.2¢9 199.4 192.9 192.9 182.0
35 ' 1.29 ig1.v 175.9 175.9 166.1
a0 1.29 166.4 is1.1 161.1 152.3
43 1.29 151.1 146.4 146.4 138.5
o0 1.29 i40.5 i36.2 136.2 129.0
40 1.29 11%9.3 115.8 - 113.7 109.9
70 1.29 107.5 104.4 104.4 99.3
80 _ 1.29 95.7 93.1 93.1 88.6
i00 1.29 72.1 70.4 70.4 67.4
150 1.29 a1.5 apn.9 40,9 39,9
450 1.29 27.4 27.3 27.3 27.1

S00°C
4 SFttone
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Assumption = 25°C at 40 {(m) distance from the center of canister

2007 E S

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max, Min.
0 0.43 458.6 445.0 444.9 376.6
=1 0.43 402.46 390.8 3%90.7 331.2
10 0.43 360.7 350.2 350.1 297.2
15 0.43 318.7 309.5 309.5 263.2
20 0.43 283.7 275.6 275.6 234.8
25 0.43 255.8 2488.6 248.5 212.1
30 .43 232.0 2253.5 225.5 192.9
35 0.43 211.0 205.2 205.2 175.8
a0 0.43 192.8 187.6 187.6 161.1
45 0.43 174.46 170.0 169.9 146.4
50 0.43 162.1 i57.8 157.8 136.1
60 0.43 136.9 133.4 133.4 115.7
70 0.43 .122.9 119.8 119.8 i04a.4
80 0.43 108.9 106.3 106.3 93.1
100 0.43 80.9 79.2 79.2 70.4
150 0.43 44.6 44,0 a44.0 40.9
450 0.43 27.8 27.7 27.7 27.3
e sy ok $:o)

BLUAVERHNOSEEE [ £]
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Assumption = 25°C at 40 (m) distance from the center of canister

Time Thermal

Temperature °C

Temperature °C

After Burial Conductivity in canister in backfill
(Yearg) (Kcal/mbdeg) Max. Min. Masx, Min.
0 0.86 424.4 410.8 410.8 376.6
S 0.84 3r2.9 351.1 361.0 331.2
ig 0.856 334.2 323.7 323.7 297.2
15 0.84 295.6 286.4 286.3 263.2
20 0.86 263.3 255.3 255.2 234.8
25 0.88 237.6 230.4 230.3 212.1
30 0.86 215.7 209.2 209.2 192.9
35 0.8é i96.4 190.5 190.5 175.8
40 0.86 179.6 i74.4 iva.3 151.1
a5 0.86 162.9 158.2 158.2 146.4
30 0.86 151.3 147.0 147.0 136.1
&0 0.86 128.1 124.6 124.6 115.7
70 0.86 115.2 112.1 112.1 104.4
80 0.86 102.3 99.7 99.7 93.1
100 0.88 76.5 74.8 74.8 70.4
150 0.86 43.0 42.4 az.4 40.9
430 0.86 27.6 27.5 27.5 27.3
S00°C
1 EEHONnE
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Assumption = 25°C at 40 (m) distance from the center of canister

000

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfiil
{Years) (Kcal/mhdeg} Max. Min. Max. Min.
0 1.29 413.0 399.4 399.4 376.6
S 1.29 362.9 331.1 351.1 331.2
10 1.29 325.4 314.9 314.8 297.2
15 1.29 287.8 278.7 278.6 263.2
20 1.29 256.5 248.5 248.4 234.8
25 1.29 231.5 224.,3 224.3 212.1
30 1.29 210.2 203.8 203.7 192.9
35 1.29 191.5 185.7 185.6 175.8
a0 1.29 175.2 169.9 16%9.9 161.1
45 1.29 158.9 154.2 154.2 146.4
50 1.29 147.7 143.4 143.4 136.1
60 1.29 -125.1 121.6 121.6 115.7
70 1.29 C112.6 109.6 10¢.5 104.4
80 1.29 i00.1 97.3 7.5 - 93.1
100 1,29 73.1 3.3 73.3 70.4
150 1.29 42.5 41.9 41.9 40.9
430 1.29 27.5 27.4 27.4 27.3
. EEHONST
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Agsumption = 23°C at 60 (m) distance From the center of canister

S00° 1

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 490.6 a77.1 arv7.0 408.7
5 0.43 430.5 418.7 418.7 35%.2
10 0.43 385.5 375.0 374.9 322.0
15 0.43 240.4 331.2 331.2 284.¢9
20 0.43 302.9 294.8 294.7 254.0
25 0.43 272.8 265.6 265.56 229.2
30 0.43 247.3 240.8 240.8 208.2
35 0.43 224.8 219.0 2ig.9 189.58
a0 0.43 205.2 200.0 200.0 173.5
45 0.43 185.7 181.0 181.0 157.4
S0 0.43 172.2 167.9 167.9 144.3
&0 0.43 145.2 i41.7 141.6 124.0
0 0.43 ©130.1 127.1 127.1 - 111.6
80 0.43 115.1 112.5 112.5 99,3
100 0.43 85.1 83.3 83.3 74.5
150 0.43 46.0 435.4 45.4 42.3
asg 0.43 28.0 27.9 27.9 27.5
= BT OHP

BLUVERAROEZTASR [ £]
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Assumption = 25°C at 60 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) {Keal/mhdeg) Max. Min. Max. Min.
c 0.86 456.5 a442.9 442.8 408.7
3 0.86 400.8 382.0 388.9% 35%9.2
10 0.86 359.0 348.5 348.5 322.0
15 0.86 317.3 308.1 308.0 284.9
20 0.86 282.5 274.4 274.4 254.0
25 0.86 254.56 247 .4 247.4 229.2
30 0.85 231.0 224.5 224.5 208.2
35 0.86 210.1 204.3 204.3 189.4
Fily) 0.8s6 192.0 186.8 186.7 173.5
a5 0.86 173.9 169.2 169.2 157.4
50 0.86 161.4 157.1 157.1 146.3
40 0.856 - 136.3 132.8 132.8 124.0
TQ 0.86 122.4 119.4 119.3 111.4
80 0.86 ©108.5 105.9 105.9 99.3
100 0.86 80.7 8.9 8.9 74.5
150 0.86 44,3 43.9 43.9 42.3
450 0.86 27.8 27.7 27.7 27.5
C
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Assumption = 23°C at

60 (m) distance from the center of canister

—244—

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in back®ill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 443.1 431.5 431.4 408.7
5 1.29 390.9 379.1 379.0 359.2
10 1.29 350.2 33%.7 339.7 322.0
15 1.29 30%9.6 300.4 300.3 284.9
20 1.29 273.7 267.6 267.6 254.0
25 1.29 248.4 241.4 241.3 229.2
30 1.29 223.5 219.1 21%.0 208.2
35 1.29 205.2 199.4 199.4 18%9.6
40 1.29 187.4 182.4 i82.3 173.5
45 1.2% 170.0 165.3 165.3 157.4
50 1.29 157.8 153.5 1533.5 1446.3
&0 1.29 . 133.4 129.9 129.9 124.0
70 1.29 C119.9 116.8 116.8 111.6
80 1.29 106.3 103.7 103.7 $%.3
100 1.29 9.2 77.5 77.4 74.5
150 1.2%9 44.0 43.4 43.4 42.3
430 1.29 27.7 27.6 27.6 27.5
N EEHORE
5, -
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Assumption = 23°C at 80 (m) distance from the center of canister

S00° 0

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Masx. . Min.
0 0.43 513.4 499,.8 499.8 431.4
s 0.43 450.4 438.6 438.5 372.0
10 0.43 403.1 392.6 392.6 339.6
15 0.43 355.8 344.7 346.86 300.3
20 .43 316.5 308.4 308.3 267.5
25 0.43 284.9 277.7 277.7 241.3
30 0.43 258.2 251.7 251.7 219.0
35 0.43 234.5 228.7 228.7 199.4
a0 0.43 214.1 208.8 208.8 i82.3
45 0.43 193.6 188.9 ise.? 165.3
50 0.43 179.4 175.1 175.1 153.5
&0 0.43 151.0 147.5 147.3 129.9
70 .0.43 135.3 132.2 132.2 116.8
80 0.43 119.5 116.9 116.9 103.7
100 0.43 88.0 86.3 86.3 T 77.4
150 0.43 a7.1 a4.4 46.4 43.4
450 0.43 28.2 28.1 28.1 27.6
I EEH OB
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Assumption = 25°C at 80 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister . in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
s 0.86 479.2 465.7 465.6 431.4
5 0.88 420.6 408.8 408.7 37%.0
10 0.88 376.6 366.2 386.1 339.6
15 0.858 332.7 323.5 323.5 300.3
20 0.86 296.1 288.0 287.9 267.5
25 0.86 266.8 25%.5 259.5 241.3
30 G.86 241.8 235.4 235.3 212.0
35 0.86 219.9 214.1 2i4.0 199.4
40 0.86 200.8 195.6 195.5 182.3
45 0.86 181.8 177.1 177.1 165.3
50 0.86 148.6 164.3 164.3 153.5
60 0.86 . 142.2 138.7 138.7 129.9
70 0.856 127.6 124.5 124.5 116.8
80 g.86 ©112.9 110.3 110.3 - 103.7
100 0.86 83.6 81.9 g8i.8 77.4
150 0.86 45.5 44.9 44.9 43.4
450 0.86 27.% 27.8 27.8 27.6
SC0°C 4
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Assumption = 23°C at 80 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
¢ 1.29 467.8 454.3 454.2 431.4
S 1.29 410.7 398.9 3%8.8 379.0
ic 1.29 367.8 357.3 357.3 339.6
15 1.29 325.0 315.8 315.7 300.3
20 1.29 289.3 281.2 281.1 267.5
25 1.29 260.7 253.5 253.4 241.3
30 1.29 236.4 229.9 229.9 219.0
33 1.29 215.0 209.2 209.1 199.4
40 1.29 196.4 191.2 191.1 182.3
45 1.29 177.8 173.2 173.1 165.3
50 1.29 165.0 160.7 160.7 153.5
&0 1.29 ©139.3 135.8 135.8 129.9
70 1.29 - 125.0 i21.9 121.9 . 116.8
80 1.29 110.7 108.1 108.1 103.7
100 1.29 82.1 80.4 80.4 77.4
150 1.29 45.0 44.4 44 .4 43.4
450 1.29 27.9% 27.8 27.8 27.6
2Q0°C
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Assumption = 23°C at 120 (m) distance from the center of canister

Temperature °C

Time Thermal Temperature °C
After Burial Conductivity in canister in backfill
{(Years) (Kcal/mhdeg) Max. Min. Max. Min.
1] 0.43 545.4 531.%9 531.8 4463.5
5 0.43 478.3 466.5 466.,4 406.9
10 0.43 427.9 417.4 417.4 3564.5
15 0.43 377.46 348.4 368.3 322.0
20 0.43 333.6 327.9 327.5 286.7
25 8.43 302.0 294.8 294.8 258.4
30 .43 273.5 267.0 267.0 234.3
35 0.43 248.3 242.5 242.4 213.1
40 6.43 226.5 221.2 221.2 194.7
45 0.43 204.6 200.0 199.9 176.3
30 0.43 189.5 185.2 1835.2 163.6
&0 0.43 ©159.3 155.8 155.8 138.2
70 0.43 - 142.5 139.5 13%.4 124.0
80 0.43 125.7 123.1 123.1 109.9
100 0.43 92.2 20.4 90.4 Bl1.6
150 0.43 48.5 47.9 a7 .9 an.a
450 0.43 28.4 28.3 28.3 27.8
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Assumption = 25°C at 120 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kecal/mhdeg) Max. Min. Max. Min.
0 0.8s 511.3 asv.7 497.7 453.5
S 0.86 448.5 436.7 436.7 406.9
10 0.86 401.5 391.0 3%0.9 364.5
15 0.88 354.4 345.2 345.2 322.0
20 D.86 315.2 307.1 307.1 286.7
23 C.86 283.8 276.6 276.6 258.4
30 0.86 257.2 250.7 250.7 234.3
35 0.86 233.6 227.8 227.8 213.1
40 0.86 213.2 208.0 208.0 194.7
as D.86 192.8 i88.2 i88.1 176.3
30 0.8é . 178.7 174.4 174.4 163.6
&0 0.856 150.5 147.0 147.0 138,2
70 0.88 " 134.8- 131.7 131.7 - 124.0
80 0.86 119.1 116.5 116.5 109.9
160 0.86 87.7 84.0 86.0 81.é
150 0.86 47.0 46.3 46,3 44.8
450 0.88 28.1 28.0 28.0 27.8
SQatC 4
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Assumption = 25°C at 120 (m) distance from the center of canister

S00°0C

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Mase. Min.
0 1.29 499.9 486.3 486.3 453.5
5 i.29 438.6 426.8 426.7 406.9
10 1.29 392.7 382.2 382.1 384.5
15 1,29 346.7 337.3 337.5 322.0
20 1.29 308.4 300.3 300.3 286.7
25 1.29 277.8 270.6 270.5 258.4
30 1.29 251.7 245.3 245.2 234.3
33 1.29 228.7 222.9 222.9 213.1
a0 1.29 208.8 203.6 203.6 194.7
45 1.29 188.9 184.2 184.2 176.3
S0 1.29 175.1 170.8 170.8 183.8
&0 1.29 147.6 144.1 144.0 138.2
70 1.29 - 132.2 129.2 129.2 124.0
80 1.29 . 116.9 114.3 114.3 109.9
100 1.29 86.3 84.5 84.5 81.6
150 1.29 46.4 45.8 a5.8 44,8
4506 1.29 28.1 28.0 28.0 27.8
EEHOR/E

BLEEBNoEZEBRE [ £]
SEMOZERE [ T]
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Assumption = 25°C at

160 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
4] 0.43 568.2 554.7 554.6 486.2
3 0.43 498.1 486.3 486.2 426.7
10 0.43 £45.5 435.1 435.0 382.1
15 6.43 393.0 383.8 383.7 337.5
20 0.43 349.2 341.1 341.0 3006.3
25 0.43 314.1 306.9 306.9 270.5
30 0.43 284.3 277.9 277.8 245.2
35 0.43 258.1 252.2 252.2 222.9
40 0.43 235.3 230.0 230.0 203.5
a5 0.43 212.5 207.8 207.8 184.2
50 .43 196.7 192.4 192.4 170.8
60 0.43 - 1465.2 161.7 161.7 144.0
70 0.43 147.7 144.¢ 144.6 129.2
80 0.43 ©130.1 127.5 127.5 - 114.3
100 0.43 95.1 93.3 23.3 84.5
150 0.43 49.5 48.9 48.9 45.8
as0n 0.43 28.5 28.4 28.4 28.0
BG0°C.J N
1 NN SEHoms
\\ BLUERSNOEZRER [ L]
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Assumption = 25°C at 160 (m) distance from the center of canister

SO0 L

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil!
(Years) (Keal/mhdeg) Max. Min. Max, Min.
0 0.86 534.0 520.5 520.4 486.2
5 0.86 468.4 456.6 456.5 426.7
10 0.86 419.1 408.6 408.5 382.1
15 0.856 369.8 360.7 360.6 337.5
20 0.86 328.8 320.7 320.6 300.3
25 0.86 295.9 288.7 -288.7 270.5
30 0.86 268.0 261.6 261.5 245.2
35 0.86 243.4 237.6 237.5 222.9
a0 0.86 222.0 216.8 216.8 203.5
AS .86 200.7 196.0 195.0 184.2
50 0.86 185.9 181.6 181.6 170.8
&0 0.86 156.4 152.9 152.8 144.0
70 0.86 139.9 136.9 1356.9 129.2
80 0.86 123.95 120.9 120.9 114.3
100 0.86 9G.7 88.9 88.9 84.5
130 0.86 48.0 47 .4 47.4 45.8
450 0.86 28.3 28.2 28.2 28.0
- EGtoRe
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Assumption = 253°C at 160 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister . in backfill
(Years) (Kcal/mhdeg) Max. Mir. Max. Min.
0 1.29 522.6 509.1 509.0 484.2
2 1.29 458.4 446.56 446.6 A426.7
10 1.29 410.3 399.8 399.7 382.1
15 1.29 362.1 352.9 352.9 337.5
20 1.29 322.0 313.9 313.8 300.3
25 1.29 289.9 282.7 282.6 270.5
30 1.29 262.6 256.1 256.1 245.2
35 1.29 238.5 232.7 232.7 222.9
ag 1.29 217.6 212.4 212.4 203.5
i) 1.29 196.8 192.1 192.1 184.2
50 1.29 i82.3 178.0 i78.0 170.8
é0 1.29 152.4 149.,9 149.9 144.0
70 1.29 137.4 134.3 134.3 129.2
4210 1.29 121.3 118.7 118.7 114.3-
100 1.29 89.2 87.5 87.5 84.5
150 1.29 47.5 45.9 46.9 45.8
450 1.29 28.2 28.1 28.1 28.0
200°C 4
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0

Agsumption = 23°C at 200 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.

o] 0.43 585.9 572.3 572.2 503.¢9

S 0.43 513.5 501.7 901.6 442.1
10 0.43 459.2 448.7 448.7 395.8
15 0.43 a04.9 3%95.8 395.7 349.4
20 0.43 359.7 351.6 351.6 310.8
22 0.43 323.5 316.3 316.3 279.9
30 0.43 292.8 286.3 286.3 253.6
35 0.43 265.46 239.8 259.8 230.5
a0 0.43 242.1 236.9 236.8 210.4
a5 0.43 | 218.6 213.% 213.9 190.3
50 0.43 202.3 - 198.0 198.0 176.4
&0 0.43 169.7 18656.2 166.2 148.6
70 0.43 151.6 148.% 148.4 133.1
80 6.43 133.6 130.9 130.9 117.7
100 0.43 97.4 93.6 95.6 86.8
130 0.43 50.32 49.7 49.7 46.6
430 0.43 28.6 28.5 28.5 28.1

S00°C 4 -
\:

A\ BEHORE

BUANVERESBHOZEEE { L]
BEMOoXERE [T]

—254—

...,___'_-a__-:;.:. ____________________
jalyj 100 150
{Years)



1

Aasumption = 25°C at 200 {(m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil)
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.84 S51.7 538.1 538.1 503.9
5 0.86 483.7 471.9 471.9 442.1
10 0.86 432.8 422.3 422.2 395.8
15 0.86 381.8 372.6 372.6 349.4
20 0.86 339.3 331.2 331.2 310.8
23 0.86 305.3 298.1 298.1 279.9
30 0.86 276.4 270.0 269.9 253.6
35 0.86 251.0 245.2 245.1 230.5
40 0.846 228.9 223.6 223.6 210.4
a5 0.86 205.8 202.1 202.1 190.3
50 0.86- 191.5 187.2 187.2 176.4
60 0.86 160.9 157.4 157.4 148.6
70 0.86 143.9 140.9 140.9 133.1
80 0.86 126.9 124.3 124.3 117.7
100 0.86 93.0 91.2 91.2 86.8
150 0.86 48.8 48.2 48.2 6.6
450 0.86 28.4 28.3 28.3 28.1
S00°C 44
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2

Assumption = 25°C at 200 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Mirv. Max. Min.
0 1.29 540.3 526.7 526.7 503.9
5 1.29 473.8 462.0 461.9 442,1
10 1.29 423.9 413.4 413.4 395.8
15 1.29 374.1 364.9 364.8 349.4
20 S1.29 332.5 324.4 324.4 310c.8
25 1.29 299.3 292.1 292.0 279.9
30 1.29 271.0 264.5 264.5 253.6
35 1.29 246.1 240.3 280.2 230.5
aa 1.29 224.35 219.2 21%9.2 210.4
as 1.29 - 202.9 198.2 198.2 190.3
50 1.29 . 187.9 183.6 183.46 176.4
&80 1.29 158.0 154.5 154.5 148.¢6
70 1.29 i41.4 138.3 138.3 133.1
80 1.29 124.7 122.1 122.1 117.7
i00 1.29 91.5 89.7 89.7 86.8
150 1.29 a8.3 a7.7 a47.7 46.6
450 1.29 28.3 28.2 28.2 28.1
S00°0 4%
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Thermal History Simulation for Backfill Material

Basic parameters incorporated are as follows:

Ref.

Thermal conductiwvity for waste glass = 0.938 Keal/mhdeg 1)
for canister metal= 21.08 Kcal/mhdeg 1)

for backfill material= 0.43-1.29 Kcal/mhdeg 2)

for granitic host rock= 2.8 Kcal/mhdeg 3

13UNRE°29(1983),2)Exploration Geophysics(1950),
3)Handbook of Physical Constants(1966)

Thickness of backfill = 0.2m

FESOFEOHE
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Assumption = 25°C at 5 (m) distance from the center of canister

=
o

O

&

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfili
{Years) (Kecal/mhdeg) Max. Min. Masx. Min.
1} 0.43 - 218.5 205.0 204.9 152.6
= 0.43 193.5 i81.7 181.7 136.1
10 0.43 i74.8 164.3 164.3 123.8
15 0.43 156.1 186.9 145.9 111.4
20 0.43 140.5 132.4 132.4 101.2
25 0.43 i28.0 120.8 120.7 92.9
30 0.43 117.4 110.9 110.9 B85.9
35 G.43 - 1G8B.0 102.2 102.2 79.8
40 0.43 99.9 24,7 4.6 74.4
a5 0.43 ?1.8 87.1 87.1 6%.0
50 0.43 86.2 81.9 g81.9 85.3
&0 0.43 74.9 71.4 71.4 57.9
Ta 0.43 68.7 85.46 é5.6 53.8
80 0.43 62.3 59.8 59.8 49.7
100 0.43 50.0 48.2 48.2 41.5
150 0.43 33.7 33.1 33.1 30.8
450 0.43 26.2 26.2 26.2 25.8
T
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Assumption = 25°C at 95 (m) distance frem the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
1] 0.86 192.4 i78.8 178.8 152.4
5 0.86 170.8 159.0 158.9 136.1
10 0.86 - 4154.6 144.1 144.0 123.8
i5 0.86 138.4 129.2 129.2 111.4
20 0.86 124.9 116.8 1le6.8 101.2
25 0.86 114.1 1G66.9 106.8 92.9
30 0.36 104.9 98.4 98.4 85.9
35 D.86 . 96.8 91.0 91.0 79.8
an 0.86 . B89.8 84.5 84.5 T4.4
a5 0.86 T 82.8 78.1 78.1 69.0
50 0.86 77.9 73.6 73.6 65.3
&0 0.86 68.2 64.7 64.7 537.9
70 0.86 62.8 59.7 59.7 53.8
80 0.86 57.4 54.8 54.8 a2.7
100 0.86 4é.6 44,8 44.8 41.3
150 0.88 32.6 31.9 31.9 30.8
450 .86 26.1 26.0 256.0 25.8
D000 4
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Assumption = 25°C at 5 (m) distance from the center of canister

Time Thermal =~ Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {(Kcal/mhdeg? Max. Min. Max. Min.
0 1.2%9 183.7 170.1 170.0 152.6
5 1.29 163.2 151.4 151.3 136.1
10 1.29 147.8 137.3 137.3 123.8
15 1.29 132.5 123.3 123.3 111.4
20 1.29 1192.7 111.¢6 111.6 101.2
25 1.29 109.5 102.2 1062.2 92.9
30 1.29 10G6.7 94.3 94.2 85.9
35 1,29 93.1 87.3 87.2 79.8
a0 1.29 86.4 81.2 81.1 4.4
45 1.29 " 79.8 75.1 7.1 69.0
50 1.29 . 19,2 70.9 70.9 - 65.3
60 1.29 65.% 62.4 62.4 57.9
70 1.29 é0.8 57.8 57.8 53.8
80 1,29 55.7 53.1 53.1 49.7
100 1.29 45.5 43.7 43.7 41.5
150 1.2¢9 32.2 31.6 31.6 30.8
4590 1.29 26.0 25.9 25.9 23.8
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Assumption = 25°C at 10 (m) distance from the center of canister
Time Thermai Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Mir. Max. Min.
1] 0.43 252.5 238.9 238.8 186.6
S 0.43 223.1 211.3 211.2 165.7
10 0.43 201.1 190.6 190.6 150.1
15 0.43 179.1 169.9 16%9.9 134.4
20 0.43 160.7 152.7 152.6 121.4
25 0.43 146.1 138.9 138.8 111.0
30 0.43 133.6 127.1 127.1 102.1
35 0.43 122.86 116.8 .116.7 94.3
40 0.43 ©113.0 107.8 - 107.8 87.5
a5 0.43 - 103.5 98.8 93.8 80.8
50 0.43 96.9 2.6 92.6 76.1
&0 0.43 83.7 80.2 80.2 66.7
70 0.43 76.4 73.3 73.3 61.5
80 0.43 6%.0 66.4 656.4 56.3
100 0.43 54.3 S2.6 52.6 45.8
150 0.43 35.3 34.7 34.7 32.3
450 0.43 26.5 26.4 26.4 . 26.0
SO0°C 4
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Assumption = 25°C at 10 (m) distance from the center of canister

S00°C 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kecal/mhdeg) Max. Min. Max. Min.
0 0.86 226.3 212.8 212.7 186.6
S D0.86 200.3 188.5 188.5 165.7
10 0.86 180.¢9 170.4 170.3 150.1
15 0.85 161.4 152.2 152.2 134.4
20 80.86 145.1 137.1 137.0 121.4
25 0.86 132.2 124.9 124.9 1i1.0
30 0.86 121.1 114.6 114.6 102.1
35 0.86 111.4 105.6 105.5 94.3
a0 0.86 - 102.9 7.7 97.7 87.5
45 0.86 94.5 89.8 8%9.8 80.8
S0 0.86 88.6 84.4 84.3 75.1
&0 0.86 77.0 73.5 73.4 66,7
70 0.86 70.5 67.4 67.4 61.5
80 0.86 64.0 61.3 61.3 56.3
100 0.85 51.0 49.2 49.2 a5.8
150 0.86 34.1 33.3 33.5 32.3
as50 0.86 26.3 26.2 26.2 26.0
] Z2EHOHP
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Agssumption = 25°C at 10 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Minm. Max. Min.
0 1.2%9 217.6 204.1 204.0 186.6
S 1.29 192.8 181.0 180.9 165.7
i0 1.29 172.1 163.6 163.4 150.1
15 1.29 155.5 146.3 146.2 134.4
20 1.29 139.9 131.9 131.8 121.4
25 1.2¢%9 127.5 120.3 120.3 111.0
30 1.29 117.0 11¢.5 110.5 i06z.1
35 1.29 107.6 101.8 i01i.8 94.3
40 1.29 99.6 94.3 24.3 87.5
as 1.29 $1.5 86.8 86.8 80.8
S1H 1.29 85.9 81.6 81.6 76.1
60 1.29 T4.7v 71.2 1.2 66.7
70 1.29 68.3 65.4 63.4 61.5
80 1.29 62.3 . 5%9.7 59.6 56.3
100 1.29 a9.9 48.1 48.1 a5.8
130 1.29 33.7 33.1 33.1 32.3
450 1.29 26.2 26.2 26.2 26.0
S00° T
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Assumption = 25°C at 13 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductiwvity in canister in backfill
(Years) {(Kcal/mhdeg} Max. Min. Max. Min.
0 0.43 272.3 258.8 258.7 206.4
5 0.43 240.4 228.6 228.5 183.0
10 0.43 216.5 206.0 205.9 165.5
15 0.43 192.5 183.4 (183.3 147.9
20 0.43 172.6 164.5 164.3 i33.3
23 0.43 156.6 149.4 149.4 121.6
30 0.43 143.1 136.6 .136.6 111.8
35 0.43 131.1 125.3 125.3 102.8
40 0.43 120.7 115.5 115.5 95.2
45 0.43 110.4 105.7 105.7 87.6
50 0.43 . 103.2 $8.9 $8.9 82.4
60 0.43 88.8 85.3 /r 83.3 71.8
70 0.43 80.8 77.8 ' 77.8 66.0
80 0.43 72.9 70.2 70.2 40.1
100 0.43 56.9 535.2 55.2 ag.4
150 0.43 36.2 35.46 35.46 33.2
450 0.43 26.6 26.5 26.5 26,2
. BEDORE
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Assumption = 25°C at

15 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil}
(Years) (Kcal/mhdeg?) Max. Min. Max. Min.

0 0.86 246.2 232.6 232.46 206.4

5 0.88 217.6 205.8 205.8 183.0

10 0.86 196.2 185.7 185.7 163.5

15 0.886 174.8 165.7 165.56 147.9

20 0.86 157.0 148.9 148.9 133.3

25 0.86 142.7 135.5 135.5 121.4

30 0.86 130.6 124.1 124.1 111.6

35 0.86 119.9 114.1 114.0 102.8

a0 0.86 - 110.6 105.4 105.3 95.2

45 D.86 . 101.3 96.7 96.6 87.46

50 0.86 94,9 Q0.8 90.6 82.4

60 0.86 82.1 78.6 78.6 71.8

70 0.86 74.9 71.9 71.9 66.0

80 0.86 &7.8 63.2 65.2 60.1

100 0.86 53.5 51.8 51.8 48.4

150 0.86 35.0 34.4 34.4 33.2

450 0.86 26.4 26.3 26.3 26.2

S00°C
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Assumption = 25°C at 15 (m) distance from the center of canizter

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
3] 1.29 237.5 223.9 223.8 206.4
5 1.29 210.1 198.3 198.2 183.0
10 1,29 189.5 179.0 178.9 165.5
15 1.29 168.9 15%9.8 159.7 147.9
20 1.29 i51.8 143.7 143.7 133.3
25 1.29 138.1 130.9 130.8 12t.6
30 1.29 -126.4 120.0 119.9 111.4
35 1,29 116.2 110.3 110.3 102.8
40 1.29 107.2 102.0 102.0 95.2
a5 1.29 98.3 93.7 93.6 87.6
So 1.29 © 92,2 87.9 87.9 82.4
40 1.29 79.8 756.3 76.3 71.8
70 1.29 73.0 69.9 69.9 66.0
80 1.29 66.1 63.5 63,5 60.1
100 1.29 52.4 50.7 50.7 48.4
150 1.29 34.6 34.0 34.0 33.2
450 1.29 26.4 26.32 26.3 26.2
S0G°C 4
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Assumption = 23°C at 20 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil}
{(Years) (Kecal/mhdeg) Max. Min. Max. Min.
0 0.43 286.4 272.9 272.8 220.5
5 0.43 252.7 240.9 240.8 195.3
10 0.43 227.4 216.9 216.8 176.4
15 0.43 202.1 192.9 J192.9 157.4
20 0.43 i81.0 172.9 "i172.9 141.7
25 0.43 164.1 156.9 156.9 129.1
30 0.43 149.8 143.3 143.3 118.3
35 0.43 137.2 131.3 131.3 108.9
ao 0.43 ©126.2 120.9 120.9 100.7
a5 0.43 . 115.2 110.6 110.5 92.5
50 0.43 107.4 103.4 103.3 85.8
60 0.43 92.5 89.0 88.9 75.5
70 0.43 84.0 81.0 81.0 69.1
80 0.43 75.86 73.0 73.0° 62.8
100 D.43 58.7 57.0 57.0. 50.2
150 0.43 36.8 36.2 36.2 33.8
430 0.43 26.7 26.46 26.6 26.3
S00°C 4
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Assumption = 25°C at 20 (m} distance from the c¢enter of canister

FOO°C 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kecal/mhdeg} Max. Min. Max. Min.
0 0.846 260.3 286.7 246.6 226.5
=) 0.86 229.9 218.1 218.0 195.3
10 0.86 207.1 196.7 196.6 176.4
15 D.8¢ 184.4 175.2 173.1 157.4
20 0.86 165.4 157.3 157.3 141.7
25 0.86 150.2 143.0 143.0 129.1
30 0.86 137.3 i30.9 130.8 118.3
35 0.86 125.9 120.1 120.1 108.9
40 0.86 116.1 110.8 110.8 100.7
as 0.86 106.2 101.5 _101.5 92.5
S50 0.86 ©99.4 95.1 95.1 8s.8
&0 0.86 85.7 82.2 82.2 75.5
70 0.86 78.1 79.1 75.0 69.1
80 0.86 70.5 67.9 67.9 62.8
100 0.86 55.4 53.6 53.6 S0.2
150 0.86 35.6 35.0 35.0 33.8
430 0.86 26.5 26.4 26.4 26.3
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Assumption = 25°C at 20 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial- Conductivity in canister in backfill
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 251.6 238.0 237.9 220.5
S 1.29 222.3 210.5 210.5 195.3
10 1.29 200.4 189.9 189.9 176.4
15 1.2¢9 178.5 169.3 169.2 157.4
20 1.29 160.2 152.1 132.1 141.7
25 1.29 145.4 138.4 138.3 129.1
30 1.29 133.2 126.7 126.7 118.3
35 1.29 122.2 1146.4 116.4 108.9
A 1.2% 112.7 107.5 107.4 100.7
45 1.29 103.2 98,5 98.35 92.5
50 1.29 . 96.6 92.3 92.3 Bs.8
60 1,29 83.5 80.0 80.0 79.5
70 1.29 76.2 73.1 73.1 6%.1
80 1.29 68.9 66.2 66.2 62.8
100 1.29 54.2 52.5 52.5 50.2
150 1.29 35.2 34.6 34.6 33.8
450 1.2% 26.5 26.4 26.4 26.3
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Assumption = 25°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfili
{Years) (Keal/mhdeg) Max. Min. Masx. Min.
0 0.43 306.3 292.7 2%92.6 240.4
S 0.43 270.0 258.2 258.1 212.6
10 0.43 242.8 232.3 232.2 191.7
15 0.43 215.5 206.4 206.3 170.9
20 0.43 192.9 184.8 i84.7 153.5
25 0.43 174.7 167.5 167.5 139.6
30 0.43 159.3 152.8 152.8 127.8
335 0.43 145.7 139.9 139.8 117.4
40 0.43 133.9 128.6 128.6 108.4
45 D0.43 122.1 117.4 117.4 99.3
S0 0.43 113.9 109.6 1109.6 93.1
&0 0.43 97.6 94,1 94,1 80.6
70 0.43 88.5 85.5 85.4 73.6
g0 0.43 72.4 75.8 [ 76.8 66.7
100 0.43 61.3 59.5 "99.5 52.8
150 0.43 37.7 37.1 37.1 34.7
450 .43 26.8 26.7 26.7 26.4
500°1C
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Assumption =

25°C at 30 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil}
“(Years) (Kcal/mhdeg) Max. Min, Max, Min.
0 0.86 280.1 266.6 266.5 240.4
5 0.86 287.2 235.4 235.3 212.6
10 0.86 222.5 212.0 212.0 191.7
15 .86 197.8 i188.7 188.6 170.9
20 0.86 177.3 169.2 169.1 153.5
25 0.86 140.8 153.6 153.5 139.6
30 0.86 146.8 140.3 140.3 127.8
35 0.86 134.5 128.6 128.6 117.4
40 0.86 123.8 118.5 118.5 108.4
a5 0.86 113.1 108.4 108.4 99.3
S0 0.86 105.7 101.4 101.3 93.1
60 0.86 ©90.8 87.3 87.3 80.6
70 0.86 - B2.6 79.6 79.5 73.6
80 0.86 74.4 71.8 1.7 66.7
100 0.86 57.9 56.2 56.2 52.8
150 0.86 36.5 33.9 35.9 - 34.7
aso 0.86 26.6 26.6 26.6 26.4
SO0T 4
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Assumption = 25°C at 30 (m) distance from the center of canistar

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 1.29 271.4 257.9 257.8 240.4
S 1.29 239.56 227.8 227.8 212.6
i0 1.29 215.8 205.3 205.,2 191.7
i3 1.29 191.9 iB82.7 182.7 170.%
20 1.29 172.1 164.0 183.9 153.5
25 1.29 156.2 148.9 148.9 139.6
30 1.29 142.6 136.2 136.1 127.8
35 1.29 130.7 124.9 124.9 117.4
a0 1.29 120.4 115.1 115.1 108.4
43 1.29 110.1 105.4 105.4 99.3
S0 1.29 102.9 98.6 98.6 93.1
&0 1.29 88.6 85.1 85.1 80.6
70 1,29 80.6 7.6 7.6 73.6
80 1,29 T72.7 70.1 70.1 66.7
100 1.29 S56.8 55.0 55.0 52.8
150 1.29 36.1 335.5 35.5 34.7
450 1.29 26.6 26.5 26.5 26.4
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Assumption = 23°C at 40 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Keal/mhdeg) Max. Min. Mak. Min.
0 0.43 320.4 306.8 306.7 254.5
S 0.43 282.2 270.4 270.4 224.9
10 0.43 253.7 243.2 243.1 202.6
15 0.43 225.1 215.9 215.9 180.4
20 0.43 201.3 193.2 193.1 161.9
25 0.43 182.2 175.0 175.0 147.1
30 0.43 166.0 15%2.5 159.5 i34.5
35 0.43 151.7 145.9 145.,9 123.4
40 0.43 139.3 134.1 134.1 113.8
45 0.43 126.9 122.3 122.2 i04.2
S0 . 0.43 118.4 114.1 114.1 97.5
60 0.43 101.2 7.7 97.7 84.2
70 0.43- 91.7 BB.4 . 88.6 76.8
80 0.43 - 82.2 79.5 79.5 69.4
100 0.43 63.1 61.4 61.4 54.6
150 0.43 38.3 3r.7 3r.7 35.4
450 0.43 26.9 26.8 26.8 26.5
000 S
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Assumption = 23°C at 40 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) {Kcal/mhdeg) .Max. Min. Max. Min.
0 0.86 294.2 280.7 280.6 254.5
5 0.86 259.5 247.7 247.6 224.,9
10 0.86 233.4 222.9 222.9 202.6
15 G.856 207.4 198.2 198.1 180.4
20 0.86 185.7 177.6 177.5 161.9
25 0.86 148.3 161.1 161.0 147.1
30 0.86 153.5 - 147.1 147.0 134.5
35 0.86 140.5 124.7 134.7 123.4
a0 0.86 129.2 124.0 123.9 113.8
a5 0.846 117.9 113.2 113.2 iga,2
50 0.86 110.1 105.8 165.8 7.5
&0 0.856 e4,5 91.0 91.0 84.2
70 0.86 85.8 82.7 82.7 76.8
80 6.86 7.1 74.5 74.5 69.4
100 0.86 59.7 58.0 58.0 34.6
150 c.8s 37.2 36.5 36.5 35.4
450 0.86 26.7 26.6 26.6 26.5
S00°C J
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Assumption = 25°C at A0 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil}
(Years) AKcal/mhdeg) Max. Min. Masx. Min.
0 1,29 285.5 272.0 271.9 254.5
S 1.29 251.9 240.1 240.0 224.9
10 1.2¢9 226.7 216.2 216.1 202.6
15 1.29 201.5 192.3 192.2 i80.4
20 1.29 180.5 T172.4 172.3 161.9
25 1.29 143.7 1556.4 156.4 147.1
30 1.29 149.4 142.9 142.9 134.5
35 1.29 136.8 131.0 130.9 123.4
40 1.29 125.8 120.6 120.6 113.8
a5 1.29 114.9 110.2 110.2 1i04.2
50 1.29 167.4 103.1 103.0 97.5
&0 1.29 °~ 92.2 88.7 B8B.7 84.2
70 1.29 83.8 80.8 80.7 76.8
80 1.29 75.4 72.8 72.8 69.4
160 1.29 5B.6 56.9 56.9 54.6
150 1.2¢9 36.8 36.2 36.1 35.4
450 1.29 26.7 26.6 26.6 26.5
500°C 4
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Assumption =

25°C at 60 (mi distance from the genter of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfiil
(Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 340.2 326.7 326.6 274.3
S 0.43 299.5 287.7 287.7 242.1
10 0.43 269.0 258.5 258.5 218.0
15 0.43 238.5 229 .4 229.3 193.¢9
20 0.43 213.1 205.0 205.0 173.8
25 0.43 192.8 185.4 185.5 157.7
30 0.43 175.5 162.0 169.0 144.0
35 0.43 160.2 T154.4 154.4 132.0
a0 0.43 147.0 141.8 141.7 121.5
a5 0.43 133.8 129.1 129.1 111.1
50 0.43 "124.6 1z2c.4 120.3 103.8
60 0.43 106.3 102.8 102.8 8%.3
70 0.43 96.2 23.1 93.1 81.3°
80 0.43 86.0 83.4 83.4 73.3
100 0.43 65.7 63.9 63.9 57.2
150 0.43 39.2 38.6 38.6 36.3
450 0.43 27.0 26.9 26.9 26.6
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Assumption = 25°C at 60 (m) distance from the center of canister

TOUeC

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{(Years) {Kcal/mhdeg) Max. Min. Max. Min.
0 0.86 314.1 300.5 300.5 274.3
5 0.86 276.8 265.0 264,9 242.1
10 0.86 248.8 238.3 238.3 218.0
15 0.86 220.8 211.6 211.6 193.9
20 0.86 197.5 189.4 18%9.4 173.8
25 0.86 iv8.9 171.7 i71.¢6 157.7
30 0.8s6 183.0 156.5 156.5 144.0
35 0.86 149.0 143.2 143.2 132.0
a0 0.86 135.9 131.7 131.6 121.5
45 0.86 124.8 120.1 120.1 111.1
50 0.85 116.4 112.1 112.1 103.8
&0 0.86 99,6 96.1 96.1 89.3
70 0.86 90.3 87.2 87.2 81.3
80 0.86 81.0 78.3 78.3 73.3
100 ¢.86 62.3 80.6 60.5 S57.2
150 0.86 38.1 37.4 37.4 36.3
450 0.85 26.9 26.8 26.8 26.6
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Assumption = 23°C at 60 {(m) distance from the center of canister

Time Thermnal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
Q 1.29 305.4 2%1.8 291.7 274.3
= 1.29 269.2 257.4 257.3 242,11
10 1.29 242.1 231.6 231.5 218.0
15 1.29 214.9 205.7 205.7 . 193.9
20 1.29 192.3 184.2 184.2 173.8
25 1.29 174.2 147.0 147.0 157.7
30 1.29 158.9 152.4 152.3 144.0
35 1.29 145.3 139.5 139.4 132.0
a0 1.29 133.5 128.3 128.3 121.5
45 1.29 121.8 iiv.1 117.1 111.1
50 1.29 113.6 10%.3 109.3 103.8
&0 1.29 97.4 93.9 93.8 89.3
r{t! 1.29 " 88.3 85.2 85.2 81.3
80 1.29 7%2.3 76.6 76.6 . 73.3
100 1.29 61.2 5%9.4 59.4 57.2
1560 1.29 37.7 37.0 37.0 36.3
450 1.29 26.8 26.7 26.7 26.6
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Assumption = 25°C at 80 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Yesrs) (Kcal/mhdeg} Max, Min. Max. Min.

0 c.43 394.3 340.8 340.7 288.4

S 0.43 311.8 300.0 299.9 254.4
10 0.43 279.9 26%9.5 269.4 228.9
15 0.43 248.1 238.9 238.8 203.4
20 0.43 221.5 213.4 213.4 182.2
23 0.43 200.3 193.1 193.0 165.2
30 0.43 182.2 175.7 175.7 150.8
35 0.43 166.3 140.5 140.4 138.0
a0 0.43 152.5 147.2 147.2 127.0
a5 0.43 138.7 134.0 134.0 115.9
50 G.43 129.1 124.8 124.8 108.3
&0 0.43 . 110.0 106.5 104.5 93.0
70 G.43 99.4 96.3 96,3 84.5
80 0.43 *° 88B.7 86.1 86.1 76.0
100 0.43 67.5 63.7 65.7 59.0
150 0.43 39.9 39.3 39.3 36,9
450 0.43 27.1 27.0 27.0 26.7
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Assumption = 25°C at 80 (m) distance from the center of canister
Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
(Years) (Kcal/mhdeg) Max. Min. Max, Min.
1] 0.86 328.2 314.6 314.5 288.4
5 0.86 289.1 277.2 277.2 254.4
10 0.86 259.7 249.2 249.2 228.9
15 0,86 230.4 221.2 221.1 203.4
20 0.86 205.9 197.8 197.8 182.2
25 0.86 i186.4 179.2 179.1 165.2
30 0.86 169.7 163.3 163.2 150.8
35 0.86 155.1 149.3 149.2 138.0
40 0.8 142.4 137.1 137.1 127.0
45 G.86 129.6 125.0 124.9 115.9
50 0.88 120.8 116.6 116.5 108.3
60 0.86 1103.2 99.7 99.7 23.0
70 0.86 93.5 90.4 90.4 84.5
80 0.86 - 83,7 Bl.1 81.0 76.0
100 0.86 84.1 62.4 62.4 59.0
150 0.84 38.7 38.1 38.1 36.9
450 0.86 27.0 26.9 26.9 26.7
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Assumption = 25°C at 80 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil)
(Years)} {Kcal/mhdeg) Max. Min. Max. Min.

0 1.29 319.3 305.9 305.8 288.4

S 1.29 281.5 269.7 269.6 254.4

10 1.29 253.0 242.5 242.4 228.9

15 1.29 224.5 215.3 215.2 203.4

20 1.29 200.7 192.4 192.6 182.2

25 1.29 181.7 174.3 i74.5 165.2

30 1.29 165.6 15%9.1 159.1 150.8

35 1.29 151.3 143.5 145.5 1338.0

a0 1.29 139.0 133.7 i33.7 127.0

a5 1.2% 126.6 122.0 121.9 115.9

5S¢ 1.29 118.1 113.8 113.8 108.3

50 1.29  10i.0 97.3 97.5 93.0

70 1.29 - 21.5 88.4 © 88.4 84.5

80 1.29 82.0 79.4 79.4 746.0

100 1.29 63.0 61.2 61.2 59.0

156 1.29 38.3 37.7¢ 37.7 36.9

450 1.29% 26.9 26.8 24.8 26.7
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Assumption = 25°C at 120 (m})} distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfiltl
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
Q 0.43 576.9 555.95 555.4 472.7
S .43 520.6 501.4 501.2 a427.1
10 0.43 464.3 a447.2 a447.1 381.4
15 0.43 419.2 403.9 403.8 344.8
20 . 0.43 374.2 360.6 3460.5 308.3
25 0.43 329.1 317.3 317.2 271.7
30 0.43 295.3 284.8 284.8 244.3
35 0.43 261.5 232.4 232.3 216.%9
49 ’ 0.43 233.4 225.3 225.2 194.0
a3 ’ 0.43 210.8 203.6 203.6 175.8
30 0.43 191.7 185.72 185.2 140.2
55 - 0.43 174.8 169.0 16%9.0 146.5
60 0.43 1460.2 154.9 154.9 134.7
63 G.43 145.5 140.8 140.8 122.8
70 0.43 135.4 131.1 131.1 114.5
80 0.43 115.1 111.6 111.6 98.1
20 0.43 103.8 100.8 100.8 89.0
100 0.43 92.6 %0.0 89.9 79.8
120 0.43 70.1 68.3 68.3 61.6
170 0.43 40.8 40.2 40,2 37.8
470 0.43 27.3 27.2 27.2 26.8
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Assumption = 25°C at 120 (m) distance from the center of canister

SQotC

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in back¥fill
(Years) (Kecal/mhdeg? Max. Min. Max. Min.
0 0.856 535.6 514.2 514.1 a72.7
) 0.8s 483.5 464.3 464,2 427.1
10 0.86 431.4 414.3 414.2 381.4
15 G.86 389.7 374.4 374.3 344.8
20 0.86 348.0 334.5 334.4 308.3
25 0.86 306.3 294.5 294.5 271.7
30 G.86 275.1 264.6 264.5 244.3
35 0.86 243.8 234.6 234.6 216.9
40 0.86 217.8 209.7 209.46 194.0
a5 0.86 196.9 189.7 189.7 175.8
50 0.86 179.2 172.8 172.7 160.2
55 0.86 163.6 i57.8 157.7 146.5
60 0.8s 150.0 144.8 144.8 134.7
é5 0.8¢6 136.5 131.8 131.8 122.8
70 0.86 127.1 122.8 122.8 114.5
80 0.86 i08.4 104.9% 104.8 98.1
20 0.86 97.% 94.9 4.9 89.0
100 0.86 B7.5 84,9 84.9 79.8
120 0.86 66.7 64.9 64.9 61.6
170 0.86 3%.6 39.0 39.0 37.8
a70 0.86 27.1 27.0 27.0 26.8
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Assumption = 25°C at 120 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfili
(Years) (Kcal /mhdeg) Masx. Min. Max. Min.
1] 1.29 521.8 500.4 500.3 av2.7v
5 1.29 a71.1 451.9 451.8 427.1
i0 1.29 420.4 a03.4 403.3 381.4
15 1.29 379.9 364.46 364.5 344.8
20 1.29 339.3 325.8 325.7 308.3
25 1.29 298.8 287.0 286.9 271.7
30 1.29 268.3 257.9 257.8 244.3
35 1.29 237.9 228.7 228.7 216.9
49 1.29 212.56 204.5 204.4 194.0
45 1.2%9 192.3 185.1 185.0 175.8
S50 - 1.29 175.1 168.6 168.46 1460.2
55 1.29 159.9 154.0 154.0 144.5
40 1.29 146.7 141.4 141.4 134.7
63 1.29 133.5 128.8 128.8 122.8
70 1.29 124.4 120.1 120.1 114.5
80 1,29 104.1 102.6 102.6 98.1
20 1.29 96.0 92.9 92.9 89.0
100 1.29 85.8 83.2 83.2 79.8
120 1.2%9 63.6 63.8 43.8 61.4
170 1.29 3%9.2 38.4 38.6 37.8
470 1.29 27.0 26.9 26.9 26.8
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Assumption = 23°C at

160 (m) distance from the center of canister

S00° T 4

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfili
{Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.43 599.2 577.8 577.6 495.0
S 0.43 540.6 521.4 521.2 447 .1
10 0.43 482.0 465.0 464.9 399.1
15 G.43 435.1 419.8 419.7 360.7
20 0.43 388.3 374.7 374.6 322.4
23 0.43 341.4 329.6 3292.5 284.0
30 0.43 306.2 295.7 295.7 255.2
35 0.43 2ri.1 261,9 261.8 226.4
a0 0.43 241.8 - 233.7 233.6 202.5
45 0.43 218.3 211.1 211.1 183.3
S0 .43 198.4 192.0 191.9 167.0
55 0.43 i80.8 175.0 175.0 152.86
60 0.43 165.6 1460.4 160.3 140.1
65 0.43 150.4 145.7 145.7 127.6
70 0.43 139.8 135.6 135.5 119.0
80 0.43 118.7 115.2 115.2 101.7
20 0.43 107.0 104.0 103.9 92.1
100 0.43 95.3 92.7 92.7 82.6
120 0.43 71.9 70.1 70.1 63.4
170 0.43 41.4 40.8 40.8 38.4
470 0.43 27.3 27.3 27.3 26.9
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Assumption = 25°C at 1460 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in backfil!
(Years) (Kcal/mhdeg) Max. Min. Max. Min.
0 0.86 557.9 536.4 536.3 495.0
o] 0.86 503.5 484.3 a484.1 447.1
10 0.86 a49.1 432.1 432.0 399.1
15 0.86 405.6 390.3 39C.2 360.7
20 0.88 362.1 348.6 348.5 322.4
23 ' 0.86 318.¢6 306.8 306.8 284.0
30 0.86 286.0 275.3 275.4 235.2
35 0.86 253.4 244.2 244.1 226.4
40 0.85 226.2 218.1 218.1 202.5
45 D.86 204.4 197.2 197.2 182.3
I=ta} 0.86 185.9 179.5 1i79.4 1567.0
55 0.86 169.6 1463.8 163.8 152.6
60 0.86 155.5 150.3 150.2 140.1
65 0.85 141 .4 136.7 136.7 127.6
70 D.86 131.6 127.3 127.3 119.0
80 0.86 112.0 108.5 108.5 101.7
o0 0.86 101.1 98.1 98.0 92.1
100 0.86 0.2 87.5 87.6 82.6
120 0.85% 68.5 66.8 66.7 63.4
170 0.886 40.2 39.6 39.6 38.4
av70 0.86 27.2 27.1 27.1 26.9
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Assumption = 25°C at 160 (m) distance from the center of canister

Time Thermal Temperature °C Temperature °C
After Burial Conductivity in canister in baclkfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.
0] 1.29 544.1 522.7 522.6 495.0
S 1.29 4%91.,1 471.9 471.8 447.1
10 1.2¢9 438.2 421.1 az21.0 3%9.1
15 1.29 395.8 380.3 380.4 360.7
20 1.29 353.4 339.9 339.8 322.4
25 1.29 311.0 299.2 299.2 284.0
30 1.29 279.2 268.8 268.7 255.2
35 1.29 247.5 238.3 238.2 2256.4
a0 1.29 221.0 212.9 212.9 202.5
45 1.29 199.8 192.6 192.5 183.3
50 1.29 181.8 175.3 175.3 167.0
33 1.29 165.9 160.1 160.1 152.6
&0 1.29 152.1 1446.9 146.8 140.1
55 1.29 138.4 133.7 133.6 127.6
70 1.29 128.8 124.5 124.5 119.0
80 1.29 109.7 106.3 106.2 101.7
20 1.29 99,2 96.1 $6.1 92.1
ioc 1.29 88.6 83.9%9 85.9 82.6
120 1.29 &7.4 63.6 65.6 63.4
170 1.29 32.8 39.2 39.2 38.4
470 1.29 27.1 27.0 27.0 26.9
s500°7 ',
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Agssumption = 23°C at 200 (m) distance from the center of canister

Temperature °C

Time Thermal Temperature °C
After Burial Conductivity in canister in backfill
(Years} {(Kecal /nhdeg} Max. Min. Max. Min.
0 0.43 616.5 595.0 594.9 512.3
5 0.43 53é.1 536.9 536.8 4462.6
10 0.43 495.7 a478.7 478.6 412.8
15 0.43 447.5 432.2 432.1 373.1
20 0.43 399.2 385.6 385.6 333.3
25 0.43 350.9 33%9.1 339.0 293.5
30 0.43 314.7 304.2 304.1 263.7
35 0.43 278.5 26%9.3 269.2 233.8
a0 0.43 248.3 240.2 2480.2 209.0
as 0.43 224.2 217.0 216.9 189.1
S0 0.43 203.6 197.2 197.1 172.2
55 0.43 185.5 i79.7 179.7 157.3
60 0.43 169.8 164.6 164.6 144.3
63 06.43 154.2 149.5 14%.35 131.4
70 0.43 143.3 139.0 139.0 122.5
80 0.43 121.6 118.1 118.0 104.6
90 0.43 109.5 - 106.4 106.4 4.6
100 0.43 97.4 94,8 94.8 84.7
120 0.43 73.3 71.5 71.5 64.8
170 0.43 a1.9 41.3 41.3 33.9
ard 0.43 27.4 27.3 27.3 27.0
500°EJ K
EEHORE
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Assumption = 25°C at 200 (m) distance from the center of canister

Time Thermal Temperature °C Temperature *C
After Burial Conductivity in canister in backfill
(Years) (Keal/mhdeg) Max. Min. Max. Min.
0 0.86 575.1 353.7 553.6 512.3
5 0.86 519.0 499.8 499.7 462,46
10 0.86 462.9 445.8 445.7 412.8
15 0.86 418.0 a62.7 402.6 373.1
20 0.86 373.06 359.5 35%9.4 333.3
25 0.86 328.1 316.3 314.3 293.5
30 0.86 294.5 284.0 283.9 263.7
35 0.86 260.8 251.6 251.5 233.8
40 0.86 232.7 224.6 224.6 209.0
45 0.86 210.3 203.0 203.0 18%9.1
50 0.86 191.2 184.7 184.7 172.2
55 0.86 174.3 168.5 168,35 157.3
60 0.86 159.7 154.5 154.5 144.3
63 G.86 145.1 140.5 140.4 131.4
70 0.85 135.0 130.7 130.7 122.5
B0 0.86 114.8 111.3 111.3 104.6
S0 0.86 163.6 100.5 100.35 4.6
100 0.86 92.4 89.7 8%.7 84.7
120 0.86 69.9 68.2 é8.2 é64.8
170 0.86 40.7 40.1 40.1 38.9
470 0.85 27.2 27.2 27.2 27.0
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Assumption = 25°C at 200 (m} distance from the center of canister

Time Thermal .Temperature °C Temperature °C
After Burial Conductivity in canister in backfill
{Years) (Kcal/mhdeg} Max. Min. Max. Min.
] 1.29 561.4 539.9 539.8 512.3
5 1.29 506.6 ABT.4 487.3 462.6
10 1.29 451.9 434.9 a34.8 412.8
15 1.2%9 408.1 392.8 392.7 373.1
20 1.29 364.3 350.8 350.7 333.3
25 1.2%9 320.5 308.7 308.7 293.5
30 S1.29 287.7 277.2 277.2 263.7
35 1.29 254.9 245.7 245.46 233.8
a0 1.29 227.5 219.4 219.4 209.0
45 1.29 205.6 198.4 198.4 189.1
=1} 1.29 187.0 ~ 180.5 180.5 172.2
55 1.29 170.6 164.8 164.7 157.3
460 1.29 156.4 151.1 151.1 144.3
65 1.29 142.1 137.4 137.4 131.4
70 1.29 132.3 128.0 128.0 122.5
80 1.29 112.6 109.1 109.1 104.6
20 1.29 101.6 98.6 98.5 8.6
100 1.29 90.7 88.1 88.0 84.7
120 1.29 68.8 &7.0 67.0 64.8
i70 1.2¢% 40.3 3%.7 39.7 38.¢9
470 1.29 27.2 27.1 27.1 ??.0
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AAZ 9L D2 ASA PEBRIGETE
(EEBowatrs20, 40, 60, BOAXKEHEB]
SO0 Ea = 19.56 Kcal
In A = 17.0
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Ea=19.6Kcal Ln(A=17.0

Temperature °C Proportion of smectite time {(years)
20.0 0.2 27835200.0
40.0 0.2 3238550.0
60.0 6.2 4878%95.0
80.0 0.2 91085.0

100.0 0.2 20358.2
120.0 0.2 5299.8
140.0 0.2 1571.8
160.0 0.2 521.5
180.0 0.2 190.8
200.0 0.2 756.0
220.0 0.2 32.6
240.0 0.2 i4.9
260.0 0.2 7.3
280.0 0.2 3.7
300.0 0.2 2.0
320.0 0.2 t.1
340.0 0.2 0.6
360.0 0.2 g.4
380.0 0.2 0.2
a400.0 0.2 g.2
420.0 0.2 0.1
. 440.0 0.2 0.1
’ 460.0 0.2 0.0
480.0 0.2 0.8
500.0 0.2 0.0
20.0 0.4 15847200.0
40.0 0.4 1843780.0
60.0 0.4 277771.0
80.0 0.4 51857.4
100.0 .4 11590.4
126.0 0.4 3017.3
140.0 c.4 894.8
160.0 0.4 296.9
180.0 0.4 108.6
200.0 0.4 43.2
220.0 0.4 18.6
240.0 0.4 8.5
260.0 0.4 4.1
280.0 0.4 2.1
300.0 0.4 1.1
320.0 0.4 0.6
340.0 0.4 0.4
360.0 0.4 0.2
380.0 0.4 .1
400.0 0.4 0.1
420.0 0.4 .1
440.0 c.4 0.0
460.0 0.4 0.0
480.0 0.4 c.0
500.0 0.4 0.0
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Ea=19.6Kecal Ln(Aa)=17.0

Temperature °C Proportion of smectite time (years)
20.0 g.6 8834730.0
40,0 0.6 1027900.0
&0.0 0.8 154855.0
80.0 0.6 268910.1

100.0 0.6 6461.6
120.0 0.5 1682.1
140.0 0.6 498.9
140.0 0.6 185.5
180.0 0.6 60.5
200.0 0.6 24.1
220.0 0.6 10.3
240.0 0.6 4.7
260.0 0.6 2.3
280.0 0.6 1.2
300.0 0.6 g.s
320.0 0.6 0.4
340.0 0.6 0.2
360.0 0.4 0.1
380.0 0.6 0.1
400.0 0.5 0.0
420.0 0.6 0.0
440.0 c.é 0.0
460.0 0.8 0.0
480.0 0.6 c.0
500.0 0.8 0.0
20.0 0.8 3839270.0

40.0 0.8 449014.0
60.0 0.8 67645.2
80.0 0.8 12628.8
100.0 0.8 2822.6
120.0 c.8 734.8
140.0 0.8 217.9
1&0.0 G.8 72.3
180.0 0.8 26.4
200.0 0.8 10.5
220.0 0.8 4.5
240.0 0.8 2.1
260.0 0.8 1.0
280.0 0.8 0.5
300.0 0.8 0.3
320.0 0.8 0.2
340.0 ag.8 0.1
360.0 0.8 0.1
380.0 0.8 - 0.0
400.0 0.8 0.0
420.0 0.8 G.0
440.0 0.8 0.0
460.0 0.8 0.0
480.0 0.8 0.0
500.0 0.8 0.¢
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Ea=23.4Kcal

Ln{A)=20.0

Temperature °C

Proportion of smectite

time {years)

20.0 0.2 9470467000.0
40.0 0.2 72611600.0
60.0 0.2 7579000.0
80.0 0.2 1021930.0
100.0 0.2 170825.0
120.0 0.2 34257.3
140.0 0.2 8026.7
160.0 0.2 2i50.5
i80.0 0.2 647.2
200.0 0.2 215.6
220.0 0.2 78.5
240.0 0.2 30.9
260.0 0.2 12.1
280.0 0.2 5.9
300.0 0.2 2.8
320.0 0.2 1.4
340.0 0.2 0.7
360.0 g.2 0.4
380.0 0.2 .2
400.0 0.2 0.1
420.0 0.2 0.1
440.0 c.2 0.0
460.0 0.2 0.0
480.0 0.2 0.0
500.0 0.2 0.0
20.0 0.4 539188000.0
40.0 0.4 41339600.0
60.0 0.4 4314%910.0
80.0 0.4 581812.0
100.0 0.4 97255.0
120.0 0.4 19503.5
140.0 0.4 4369.8
160.0 0.4 1224.3
i80.0 0.4 368.5
200.0 0.4 122.7
220.0 0.4 44.7
240.0 0.4 17.6
260.0 0.4 7.4
280.0 0.4 3.3
300.0 0.4 1.4
320.0 0.4 0.8
340.0 0.4 0.4
360.0 0.4 0.2
380.0 0.4 g.1
400.0 0.4 0.1
420.0 0.4 0.0
440.0 0.4 0.0
460.0 0.4 0.0
480.0 0.4 0.0
S00.0 0.4 0.0




Ea=23.4Kcal Ln{A)=20.0

Temperature °*C Proportion of smectite time (years)
20.0 0.6 300594000.0
40.0 0.6 23044500.0
60.0 0.6 2405530.0
80.0 0.6 324356.0

100.0 0.6 54219.0
120.0 0.6 10873.1
140.0 0.5 2547.6
1460.0 0.6 682.4
180.0 0.5 205.4
200.0 0.6 68.4
220.40 0.6 24.9
240.0 0.6 9.8
260.0 0.6 a.2
280.0 0.4 1.9
300.0 0.6 0.9
320.0 0.6 0.4
340.0 0.6 8.2
360.0 0.6 0.1
380.0 0.6 0.1
400.0 0.6 " 0.0
420.0 0.6 g.0
440.0 0.6 0.0
460.0 0.6 0.0
480.0 0.6 0.0
500.0 0.6 0.0
20.0 0.8 i31308000.0
40.0 0.8 10067400.0
40.0 0.8 1050810.0
80.0 0.8 141688.0
100.0 0.8 23684.4
120.0 0.8 4749.7
140.0 - 0.8 1112.9
160.0 0.8 298.2
180.0 0.8 89.7
20G6.0 0.8 29.9
220.0 6.8 10.9
240.0 0.8 4.3
260.0 0.8 i.8
280.0 0.8 c.8
300.0 0.8 C.4
320.0 0.8 0.2
340.0 0.8 0.1
360.0 0.8 0.1
380.0 0.8 0.0
400.0 0.8 0.0
420.0 c.8 0.0
440.0 0.8 0.0
460.0 c.8 0.0
480.0 0.8 0.0
500.0 0.8 0.0
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