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Thermal characteristics of rocks for high-level waste repository

Kenji SHIMOOKA, Kanjiro ISHIZAKI*, Masamichi OKAMOTO**,
Masahiro KUMATA, Kunio ARAKI and Hiroshi AMANO *

Division of Environmental Safety Research,
Tokai Research Establishment, JAERI

( Received December 2, 1980 )

Heat released by the radiocactive decay of high-Tevel waste in
an underground repository causes a long term thermal disturbance

in the surrounding rock mass.
Several rocks constituting geological formations in Japan were

gathered and specific heat, thermal conductivity, thermal expansion
coefficient and compressive strength were measured.

Thermal analysis and chemical analysis were also carried out.

It was found that volcanic rocks, i.e. Andesite and Basalt had
the most favorable thermal characteristics up to around 1000 °C and
plutonic rock, i.e. Granite had also favorable characteristics under
573 °C, transition temperature of quartz.

Other igneous roks, i.e. Rhyolite and Propylite had a problem
of decomposition at around 500 °C.

Sedimentary rocks, i.e. Zeolite, Tuff, Sandstone and Diatomite
were less favorable because of their decomposition, Tow thermal
conductivity and large thermal expansion coefficient.

Keywords; Repository, High-level Waste, Andesite, Basalt, Granite,
Rhyolite, Propylite, Limestone, Zeolite, Tuff, Sandstone,
Diatomite, Specific Heat, Thermal Conductivity,
Thermal Expansion Coefficient, Compressive Strength,

Thermal Analysis.

+ Reactor‘Safety Research Center, JAERI
* 0On leave from Chichibu Cement Co. Ltd.

** 0On leave from The Japan Steel Works Ltd.
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Table 1 Specification of the sample rocks
Sample Period Rock type Grain size Texture, Structure
(Epoch) {mm}
Diatomite Tertiary Diatemite clay, aggregate rich.
{Miocene)
Rhyolite Tertiary Altered silicification,
(Miocene) Rhyclite argiilization,
pyritization,
Phencecryst includes qu&rtﬁ
altered feldspar,mafic
minerals.
Propylite Tertiary Propylite carbonatization,
(Miocene) chloritization,
sericitization.
Sandstone Cretacecus| Arkose C.l~1.5 bad classification,
sandstone weak argillization,
1ZUMI limonitization.
Limestone Permian Crystalline Calcite 0.5 equigranular- texture
limestone -~ 3
Quartz 0.1~
.3
Basalt Quaternary} Alkali phenocryst porphyritic,
elivine 0.1~1 hoclocrystalline,
basalt flow structure.
Granite Permian Bictite granite| 1 ~~ 3 equigranular,
INADA accessory minerals
muscovite,
apatite,
zircon,
allanite.
Zeolite Textiary Acidic tuff fine consists of zeolite,
{Miocene) granular crypterystalline felsic
minerals.
Andesite Quaternary | Two pyroxine phenocryst porphyritic texture,
andesite 0.1~-1 limonite impregnation.
Tuff Tertiary Crystalline 0.1~1.5 guartz, feldspar grain.
(Miocene) vitric tuff glass: partially
ITAYA argillation.
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Sample : Diatomite

Sample welght 31.04 mg
TG full scale 5 mg
DTA full scole 150 pv
Derlvative sensltlvity 6.5
Haatlng rote 20 °C/mln
TG Temperature range 20 mv
T WE'GHT GAIN Chart Spﬂad 5 mm /min

T EXOTHERMIC

ly ENQOTHERMIC

1 -

1 1 1 1 1 i L 1 1 J 1 1
100 200 300 400 500 600 700 BOOQ 900 1000 1100 5200 1300 1400
TEMPERATURE  {°C)

Fig. 5 Differential thermal analysis of diatomite

Sample : Rhyolite Sample welg At 20.99 mg
TG full sco'e 20 mg
DTA full scile $100 nv
Derlvative s:nsitvity 0.5
Heotlng rate 20 °*C/min
Temperature range 20 mv
Chart spead 5 mm/min -

TG 1WE|GHT GaiN

— o

‘ WEIGT Loss

DTA § EXOTHERMIC

l, ENDOTHERMIC MP

DTG

| | I [l L] 1 I, 1 1 | 1 | 1 A
06 200 300 400 500 600 700 BOO +2J0 1000 1100 1200 1300 1400
TEMPERATURE ( C}

Fig. 6 Differential thermal analysis of rhyolite
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Sample * Propylite Sample welght 2414 mg
TG full scale 10 mg
DTA fult scale 100 nY
Darivative sensi.ivity 0.5
Heating rate 20 °C/min
Temperature rane 20 mv
Chart speed 5 ‘mm/min

—_T6 } WiGHT GaiN

. lWErGT N /\

f EXOTHERMIC

DTA

| EnpoTHERMIC
TEMP

DTG

"

165566306 400 00 600 756866800 1000 1160 7200 1300 1400
TEMPERAURE (‘C)
Fig. 7 Differential thermal analysis of propylite

Somple ' SGﬂdeOI’IB Sample v.zight 30.29 mg
TG full .cale 5 mg
DTA full scale 100 InY
Darivative sensitivity 0.5
Heatlng rate . 20 °C/min
Temperature range 20 mv
Chart spesd 5 mm7/min

TG } WElGHT GAIN

}WErGT LosS

TEMP. /

M.P.

f EXOTHERMIC

DTA

—\_.

[[e] 200 300 400 800 BO 700 80 €)0 1000 100 1200 1300 1400
TEMPERATURE (°C)

Fig. 8 Differential thermal analysis of sandstone
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Sample * Limestone Sampla welght 3247 mg
TG full scole 20 mg
DTA full scale +100 my
Derivative sensitivity 0.5 ol
Hagting rate 20 *C/min
TG *WE“;HT GAIN ' Temperaturs range 20 mvV
Chart speed : 5 mm/min
le{sr Loss

DTA ! Exostnmac

L ENDOTHERMIC

TeEMP.

DTG

L 1 L 1 1 1] 1 H

L L L 1 L i |
100 200 300 400 05OD 600 700 800 ©00 1000 100 1200 (300 1400

TEMPERATURE (°C}
Fig. 9 Differential thermal analysis of limestone

Sample : Basalt

Sample welght 34.25 mg
TG full scale 5 mg
DTA full scale 100 Y
Derlvative sentitivity 0.5
Heating rate 20 °C/min
Temperatura range 20 mv
Chart speed 5 mm/min

TG TWE!GHT Ga

‘ WEeiGT Loss

0TA 1 EXOTHERMIC

M.P.
l ENDOTHERMIC

TEMP,

DTG

——/1/! | N L 1 L ] L i i 1 .

100 200 300 400 500 600 700 800 3001000 1100 1200 1300 1400
TEMPERATURE (°C)
Fig. 10 Differential thermal analysis of basalt
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Sample ' Granite

Sampla walgat . 3112 mg

TG fuil scale 5 mg
DTA full sccla +100 pv
Derlvotve sersitlvity 0.5

Heating rate 20 °C/min
Tamperature range 20 my
Chart spesd 5 mm/min

TG } WEIGHT GAIN

‘ WeisT Loss

1 EXOTHERMIC
~_D7A

‘Enoomznw
DTG
/1 1 1 i 1 1 1 1 1 L] ] 1
100 200 300 400 500 600 T7OO BOO 0o 1000 1100 1200 1300 1400
TEMPERATURE {°( )

Fig. 11 Differential thermal analysis of granite

Sample ' ZBOI ite Sample welght 23.75 mg
TG fubll scale 10 mg
DTA full scale 50 nv
Derlvafive sensitivity 0.5
Healting rate 20 *C/min
Temperature ronge 20 my
Chart speed 5 mm/min
TG
} WeigHT Gain M.P
*WEiGTLOSS\
DTA

? ExoTHERMIC

I' ENDOTHERMIC
DTG

Teme

1 L 1 1 1 1 i 1 i A I 1
100 200 300 400 500 BOD TOO BOO 900 1000 HOO0 1200 1300 1400
TEMPERATUR (°C)

Fig. 12 Differential thermal analysis of zeolite
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: Sample weigh- 68.03 mg
Scmple Andesite TG full scoh 5 mg
DTA full scc'e 100 oV
Derivative sa' 3itivity 0.5
Heating rate E 20 °C/mln
Tempercture -ange 20 mv
Chart spesd 5 mm/min
\1W€IGHT GaIN /
L

4WEiGT Loss

DTA 1 EXOTHERMIC

L 1 i

I(;O 260 3('10 460 5('30 560 T(’)O B(I)O S"J IO%O uloo 1200 130C 1400
TEMPERATURE (°C)

Fig. 13 Differential thermal analysis of andesite

Sample @ Tuff

Sample welght 26,68 mg
TG full secale 10 mg
DTA full scale 100 fnY
Derivative sens-tivity 0.5
Heating rate 20 °C/min
Temperaturs rovge 20 my

TG |} WEIGHT GaIN Chart spaad 5 - mm/min

WEIGT Loss

1 EXOTHERMIC /

‘ ENDOTHERMIC

ore

L 1 1

100 200 300 4(I)O 5(|JO GCIX) T60 360 gro 1060 IH]JO 12‘00 '13‘00 l4|00
TEMPERATURE (C)

Fig. 14 Differential thermal analysis of tuff
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Sample : Cement mortar

Sampla welght 3215 mg -
TG full sca'e 10 mg
O7A full sciie +100 Yy
Derivatlve st asltlvity 0.5

Heating rote 20 °C/min-
Temperature range 20 mV
Chort speed 5 mm/min

IG { WEIGHT Gain

+ WEIGT
Loss

DTA f ExoTHERMIC

| ENDOTHERMIC

1 4 1 L 1 1 1
100 2!130 3&!0 400 5(1)0 EIOO 760 BOO 0 1000 1100 1200 1300 1400
TEMPERATURE ({°C

Fig. 15 Differential thermal analysis of cement mortar
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Fig. A1l DPore volume distribution,
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