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PHYSICAL PROPERTY OF CHINA'S BUFFER
MATERIAL FOR HIGH-LEVEL RADIOACTIVE
WASTE REPOSITORIES

WEN Zhijian
(Beijing Research Institute of Uranium Geology, China National Nuclear Corporation, Beijing 100029, China)

Abstract: The deep geological disposal is regarded as the most reasonable and effective way to safely dispose high-level
radioactive wastes(HLW) in the world. The conceptual model of HLW geological disposal in China is based on a
multi-barrier system that combines an isolating geological environment with an engineered barrier system including the
vitrified HLW, canister, overpack and buffer/backfill material. The bentonite is selected as base material of the
buffer/backfill material in HLW repositories, due to the very low permeability and excellent retardation of nuclides from
migration, etc. GMZ deposit is selected as the candidate supplier for buffer material of HLW repositories in China. Since
2000, systematic study was conducted on GMZ - 1 that is Na-bentonite produced from GMZ deposit and selected as
reference material for Chinese buffer material study. The mineral composition, basic parameters of GMZ - 1 bentonite and
thermal conductivity, hydraulic conductivity, unconfined compression strength as function of dry density and water
content are presented. The swelling stress of GMZ - 1 bentonite as function of dry density is also reported. GMZ - 1
bentonite is characterized by high content of montmorillonite(about 75%) and less impurities. The adequacy
understanding of property and long-term behavior in deep geological condition of GMZ - 1 is essential to safe dispose
the high-level radioactive wastes in China.
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1 INTRODUCTION

Radioactive waste is produced from a wide range
of human activities. The wastes are in many different
physical and chemical forms, contaminated with
varying activities of radionuclides. High-level radioactive
waste(HLW) is characterized with very high initial
radioactivity, and presents a potential long-term risk,
even though it decreases with time, Total activity is
initially dominated by beta/gamma emitting short-
lived fission products that decay considerably over
several decades to hundreds years. Over a longer
timescale , the longer-lived actinides and their
radioactive daughters(many of them are alpha-
emitters) make a more significant contribution to total
activity. The safe disposal of high-level radioactive
waste is a key requirement of the nuclear industry
worldwide.

Among the options discussed for disposing of
HLW, an international consensus has emerged that
deep geological is the most
appropriate

disposal on land

means for isolating such wastes
permanently from environment!.

The concept of geological disposal of high-level
radioactive wastes in China is based on a multi-barrier
system that combines an isolating geological environment
with the vitrified HLW, canister, overpack and buffer/

backfill material(Fig.1).
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The buffer is one of the main engineered barriers
for HLW repository. It was early concluded that
clay-based embedment of canisters and backfill in
drifts and shafts offers the best isolation through the
low hydraulic conductivity and canister supporting
ability of such materials. Assessment of the various
properties had led to the conclusion that montmorillonite-
rich clays are most suitable for preparing the buffer
material. Bentonite would appear to fulfill the criteria
placed on the buffer material in a deep repository for
high-level nuclear waste!® “. The buffer material is
expected to maintain its low water permeability,
thermal conductivity, self-sealing, radionuclide sorption
and retardation, chemical buffering, canister support
and stress buffering properties over a long period of
timel®!,

The scientific scope of buffer/backfill materials
study is summarized by the author, as shown in Fig.2.

In China, from 1985 on, Chinese scientists began
to study the bentonite’s behavior and its feasibility as
buffer material in HLW repository. The related
scientific activities cover literature investigation and
use of inorganic sorbents as backfill materials for
underground repository™®, bentonite deposit screening”,
study of basic property of GMZ Ca-bentonite® and
GMZ Na-bentonite!® and comparison study of basic
property between GMZ - 1 and KunigelV1 bentonite™!.
GMZ deposit is selected as a candidate buffer supplier
in China in 1996!") and GMZ - 1 Na bentonite was
selected as a reference material for Chinese buffer/
backfill study in 20025,

2 GMZ-1BENTONITE

GMZ - 1 bentonite is Na-bentonite produced
from GMZ deposit and selected as reference material
for Chinese buffer material study.

The mineralogical composition of GMZ - 1 has
been quantitatively analyzed by X-ray diffraction



* 796«

HA 1S TR

2006 4F

Buffer/backfill material ‘

I

I I

I 1

[
Composition

I
Bentonite

1 Gas permeability

U  Self sealing

- . . Engineering
and structure Stability Physical property | | Chemical property | | ang additive mixture technology
Mineral. Thermal ) Pore-water Selection and —
H i H Swelling proper H - H  property of L
a%%nyt)r%scl'}llﬁg stability g property chemistry a(ﬂjmve Manufacturability
Chemical Chemical Swelling, . .
Component H stability M Thermal property | H buffering Hpermeability, thermal| [] Backfill, sealing
— property of mixture = =
Grain size Radiation || Mechanical ] Nuclide | e
distribution stability property adsorption #Manufacturability research faboratory
Transformation Permeabilit; o - _H-M-
1 stability M property Y H Nuclide diffusion L -EOTJp'\I/iInS
Colloid and .
migration Cation effects
Hydration and
creep
Microbial
corrosion
1 lon diffusion

Fig.2 Scientific scope of buffer/backfill materials study

analyses. The bulk composition was determined as:
quartz 11.7%, cristobalite 7.3%, feldspar 4.3%, calcite

0.5%, kaolinite 0.8%, and montmorillonite 75.4%.
The basic feature of GMZ - 1, the reference
material for Chinese buffer/backfill material is
summarized in Table 1.
Table 1 Basic parameters of GMZ - 1 bentonite
bluMeeetzi;zlhe;nege Cation exchange
Montmorillonite capacity capacity Real density Alkali
content/% /mmol - /(mmol /(g + cm ) index
-1
(100 g)*l) (1009) )
75.4 102 77.30 2.66 1.14
H Exchangeable cation/(mmol = (100 g) %)
p
E(K) E(Na") E(1/2Ca*")  E(1/2Mg%)
8.68 - 9.86 2,51 43.36 29.14 12.33

3 PHYSICAL PROPERTIES OF
GMZ -1

The bentonite buffer material around the HLW
canister has a key role for repository safety. It must
hold the canister in the center of the disposal pit. The
buffer will also have to conduct the fuels’ residual heat.
The bentonite will hinder groundwater ,
containing various corrosive substances from flowing

possibly

freely to the canisters’ surface. Another key property
of the buffer material is its ability to swell by water
uptake ; therefore it fills voids in the engineered
barriers and fractures in the surrounding host rock.

Thus, in case of Chinese candidate buffer
material : GMZ - 1, basic parameters related to
swelling, thermal, hydraulic and mechanic properties
should be obtained in order to assess its feasibility to
be served as buffer in HLW repository.
3.1 Thermal properties

The buffer is required to have a good thermal
conductivity in order to promote effective heat transfer
to the surrounding rock. This keeps temperatures in the
waste package low, preventing recrystallization of
glass that might be caused by elevated temperatures
arising from the radiogenic heat of the vitrified waste.
As the buffer is not completely saturated immediately
after emplacement of the waste packages, the thermal
properties of unsaturated buffer should be specified
in the design™. Therefore, thermal conductivity as
function of dry density(1.4, 1.6, 1.8 g/cm®) and water
content(9%, 14%, 18%, 24%) was measured by
surface heat source method in this study. The
instrument is thermophysical Properties Analyzer TPA
501(Fig.3). The experimental results are given in Table 2.
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Fig.3 Instrument for thermal conductivity test

Table 2 Results of GMZ - 1 thermal conductivity tests
with dry density and water content

Water content Thermal conductivity

Dry density/(g * cm %)

1% W+ (m-«K)™
8.76 0.57
13.83 0.83
14
18.17 0.97
24.07 1.19
8.64 0.80
13.56 1.10
16
17.94 1.30
26.70 151
8.61 1.02
18
13.36 1.43

The thermal properties of the buffer depend on
factors such as density, void ratio and water content,
in a similar manner to general soil materials®™. The
thermal conductivity of GMZ - 1 increases as the dry
density increases for the same water content; and the
thermal conductivity increases as the water content
increases for the same dry density.

3.2 Hydraulic properties

When the waste package is emplaced, the buffer
is in an unsaturated condition suitable for
transportation and handling. After that, groundwater is
drawn into the buffer by capillary action, the voids
become filled with groundwater and the buffer
becomes saturated. Therefore, it is necessary to
understand the hydraulic properties for both the
saturated and unsaturated state. In this study, The
experiments on the density-dependence and the
temperature-dependence of the saturated hydraulic
conductivity of GMZ - 1 have been conducted.

Permeability tests are conducted according to the
Japanese Geotechnical Society Standard(JGS T311).
The test cell of diameter 50 mm and depth 10 mm is
filled with test material at specified density(1.4, 1.6,
1.8 g/em®) and set in a thermostatically controlled
heating element. At each temperature in the stepwise
heating process(25 C—60 ‘C—>90 ‘C), distilled
water is injected through the test sample by
compressed air of 0.3 MPa(1.4 g/cm®) /0.6 MPa(1.6,
1.8 g/cm®) and the outflow rate is measured with an
electronic balance(Fig.4).

The saturated hydraulic conductivity k(m - s %) is
calculated from the outflow rate Q(m®-s™) by the

following equation in accordance with Darcy's law:

Q = kiA Q)
where A is cross-section area of the test sample(m?),
and i is hydraulic gradient.

Experimental results are shown in Table 3. The
hydraulic conductivities of GMZ - 1 increase as the
temperature increases, and decrease as the dry density
increases.

3.3 Mechanical properties

The buffer material should provide sufficient
mechanical supports of the overpack to ensure the
stability[lz]. Mechanical property includes compressive
strength, modulus of elasticity, shear properties,
consolidation properties and tensile strength, etc.

Unconfined compression strengths of GMZ - 1 as
function of dry density(1.4, 1.6, 1.8 g/cm®) and water
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Fig.4 Schematic view of equipment for hydraulic conductivity test

Table 3 Results of GMZ - 1 hydraulic conductivity tests

with dry densities and temperatures

Table 4 Results of GMZ - 1 unconfined compression tests
with dry densities and water contents

Real dry density ~ Water content Unconfined compression strength

Dry density Temperature Hydraulic conductivity
(g = cm ) Ic I(mes?
25 1.12x10°*
1.4 60 1.87x10
90 2.91x10° %
25 1.94x10° %
1.6 60 3.61x10
90 5.75x10 2
25 9.99x10
1.8 60 1.99x10
90 3.00x10 %

content(9%, 14%, 18%, 24%) at room temperature
was conducted in this study. The instrument is AG -
10TB. The cylindrical specimen size is 30 mm
(diameter)x60 mm(height). The
approximately to be 1x10~%/min. The test method and

strain rate is

procedures basically conform to the Japanese
Geotechnical Society Standard(JGS T511). Data are
given in Table 4.

In general, with the same water content, a larger
initial dry density leads to a larger unconfined
compressive strength, and with the same dry density,

(g + cm®) 1% /MPa
8.32 0.96
13.24 1.37

1.4
17.45 1.05
22.80 1.04
8.29 3.06
13.06 3.43

1.6
17.43 2.37
2358 1.74
8.51 6.50
1.8 12.80 7.40
17.09 5.15

a larger water content leads to a less unconfined
compressive strength. The unconfined strength for
GMZ - 1 with 12.8% - 13.24% water content is higher
than that with other water content for the same dry
density, which might be related to the optimum water
content.
3.4 Swelling characteristics

A key property of the buffer material is its ability
to swell by water uptake, thereby filling voids in the
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engineered barriers and fractures in the surrounding
host rock.

Thus, parameters related to swelling property are
necessary to the design of buffer material. Since the
stress applied on the confined boundary surface when
a bentonite specimen is infiltrated with water is not
always equal to the swelling pressure™ and so the
applied stress on this confined boundary surface is
defined here as the “swelling stress” ™2, Swelling
stresses as function of dry density(1.2, 1.4, 1.6, 1.8
g/cm®) were measured in this study. The instrument for
swelling stress measurement is shown in Fig.5; and the
corresponding data are given in Table 5.
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Fig.5 Test apparatus for measurement of swelling stresst*?

Table 5 Swelling stresses as a function of dry densities

Dry density/(g * cm ) Swelling stress/MPa

1.2 0.09
1.4 0.58
1.6 3.17
1.8 10.10

Table 5 shows that the swelling stress increases as
dry density increases.

4 CONCLUSIONS

The deep geological disposal is regarded as the
most reasonable and effective way to safely disposal

high-level radioactive wastes in the world. The
conceptual model of geological disposal in China is
based on a multi-barrier system and buffer/backfill
material is one of the most important engineering
barriers in the HLW repositories. Due to the very low
permeability and excellent retardation of nuclides from
migration etc., the bentonite is selected as base
material of the buffer/backfill material in HLW
repositories. GMZ deposit is selected as the candidate
supplier for buffer material of HLW repositories in
China. From 2000 on, systematic study has being
conducted on GMZ - 1 that is Na-bentonite
produced from GMZ deposit and selected as reference
material for Chinese buffer material study. GMZ - 1
bentonite is characterized by high content of
montmorillonite(about 75%) and less impurities. The
systematic study on GMZ - 1 is essential to safe
dispose the high-level radioactive wastes in China.
ACKNOWLEDGEMENTS The author wishes to
thank No0.102 Geological Party in Inner Mongolia
Autonomous Region, Geological Bureau in Xinhe
County for supporting the field investigation. The
author is grateful to professor Xu Guoging and Miss
Liu Yuemiao for their useful discussions. The author
wishes to thank Mr. Mikazu Yui, Mr. Kenji Tanai, Mr.
Hiroshi Sasamoto and Mr. Takashi Jintoku for their
considerate arrangements of experiments. The helps of
Mr. Kazuhiro Matsumoto and Mr. Hirohito Kikuchi
were fundamental for the present work. The China
National Nuclear Corporation (CNNC) and the
Nuclear Researchers Exchange Program that were
organized by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) of the
Japanese government provided the financial support.

References(Z% 3 #k):

[1] OECD/NEA. Geological Disposal of Radioactive Waste Review of
Developments in the Last Decade[M]. Beijing: Atomic Energy Press,
2001.

[2] Pusch R. Required physical and mechanical properties of Buffer
Masses(KBS Technical Report No.33)[R]. Sweden: Swedish Nuclear
Project(Svensk Kérnbrénslehantering AB), 1977.

[31 Pusch R. High compacted sodium bentonite for isolating

rock-deposited radioactive waste products[J]. Nuclear Technology,



« 800 » A 1S TR 2006

1979, 45(2): 153 - 157. Geology, China National Nuclear Corporation, 2000.

[4] Pusch R. The buffer and backfill handbook, part 2: materials and [91 Wen ZJ, LiuY. The first progress report on the study of GMZ sodium
techniques(SKB TR - 02 - 12)[R]. [s. I. ]: Svensk Karnbrénsle- bentonite[R]. Beijing: Beijing Research Institute of Uranium Geology,
hantering A B, 2001. China National Nuclear Corporation, 2002.

[5] PNC. Research and development on geological disposal of high-level [10] Wen Z J, Jintoku T. Comparison study of basic property between
radioactive waste: the first progress report(H3)[R]. PNC: TN 1410, GMZ -1 and Kunigel V1 Bentonite(Final report for MEXT Nuclear
1992. Researchers Exchange Program)[R]. [s. I.]: [s.n.], 2003.

[6] Gu Q, Du Z. Property of bentonite as buffer-backfill material and its [11] Fujita T, Chijimatu M, Kanno T, et al. Model of swelling pressure of
application[J]. Oversea Uranium and Gold Geology, 1992, (Supp.): highly compacted bentonite[A]. In: Proceedings of the International
73 -95. Symposium on Problematic Soils, IS-TOHOKU'98[C]. Tohoku: [s.

[71 XuG, LiY, GuQ, etal. Selection of bentonite deposits[R]. Beijing: n.], 1998. 285 - 288.

Beijing Research Institute of Uranium Geology, China National [12] Japan Nuclear Cycle Development Institute(JNC). H12: project to
Nuclear Corporation, 1996. establish the scientific and technical basis for HLW disposal in

[8] Liu Y, Xu G, Liu S, et al. Study on basic property of GMZ Japan[R]. Tokyo: Japan Nuclear Cycle Development Institute,

Ca-bentonite[R]. Beijing: Beijing Research Institute of Uranium TN1410, 2000.

(BANEEIRFR). (BXHE) KREBUEELE
—XT—REZRPHLESR

Cafa %5 TR CaL%) B EsRE 5KR TRZAZ O TR B 0BT, kg A eI ek,
—HIRZ] KB R RRSCRE, FrBlE A 20 th2d 90 SEARAR LK, SRR SR S, O TR AR E, Ak
FHENFESE T TRERER AR ERET LM, HER E#F WM. R0, TERHIN— a2 R E N A E
SRFSENB, EFT WA TR ERIZAT . AR 10 S B R U5 R (W8 T AR 5 b SR 118 50 425%),
BEE DB ERER RE . AT HAWRFATFRRE, PITIgmETIREBUEE AT EW T
R MR IIE

(1) W= el E R A% AR G 2 A [ 1 SO 4 i) AN [R] R 3H T 4 4355

(2) SCENFERB(TER)MIF, siFEEERR . o OBAKIBI MR, BB SCR A4 Fak B2 R T 5 F43 1) HoAt
) G 5

(3) CAEMMWANATF RFITMSCE, Mk G H R AR . OB AR IR AR, o Bha ek o SRR Ah S0, 4h e
BV SO BB -
=L —hRERNEE

(1) JUFMHIFI R R — ARG SCE, &R RIENON S, S T RABR G,

(2) IR T FREFHMT KGR ST IR T G S ambG SR 7, B T 165 RIS a]

(3) T HAAERE LR KRR SCIIRIT, IR T KR WA

@) B T HRESE R R R RS .
=N W R BAEE AL

Q) T2 EAE (F WA R R G @S EREE”, Ly, PRI A K SIS 4G — 1 REH),
PARE AL

(2) 2 FABTIATERE TR 2 BAEH

(3) PATILmEE X T7E 2006 4F 6 FA 30 HZai F:ahERibr—M 2 |FiES, MERTHE: Ca MR B AT
RAESFIRRN, VP 3 B AR DG SR

(4) SCEARZAAERR, PEF N LIRS 2, Lhfs BAE L A AR R R [

(5) JFUAEZA: A 2006 4 4 A 1 Hilt, PHTIEH ORI S ZE YRR AT a4t o

(BEBANFHIRFRY. C&LAF) it
2006 43 A 16 H



