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A computer program MACBECE has been developed to provide rigorous calculations of the long-term mechanical behavior of a
TRU waste geological repository. Consideration is given to the expected chemical alteration of repository components, including
cementitious materials and bentonite, and the mechanical interactions between repository and host rock. The long-term mechanical
behavior of a TRU waste repository was evaluated in a deep soft rock site, where creep deformation is likely to occur from the
initial construction phase to 10° years after repository closure. It was found that the stress didn't fall into a singularity of yield
surface of the EC model applied to the mechanical behavior model of bentonite. The calculated displacement of the inner diameter
of the repository, considering mechanical interaction between repository and host rock, was about half that of a result in 2nd

progress report on R&D for TRU waste disposal in Japan.
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Fig.1 Cross section of TRU waste geological repository
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Table 1 Mechanical processes in the repository

Phase Processes
+ Stress changes of host rock by excavation
. * Creep of host rock
Construction -
* Support of host rock by concrete lining
and . .
. + Compaction of buffer material due to emplacement of
operation

structual framework, TRU waste and filler
* Swelling of buffer

+ Creep of host rock

+ Leaching of components of concrete lining and invert

+ Swelling property alteration of buffer material by ion
exchange and dissolution

+ Primary and secondary consolidation of buffer material

+ Leaching of components of TRU waste, filler and
construction materials

After closure
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Table 2 Mechanical models employed

Material Mechanical model
. Non-linear elastic model considering changes of
Cementitious L » : .
material strength and rigidity of cementitious material with
leached Ca ratio, LC [2]
Elasto-viscoplastic EC model considering non-linear
swelling properties of bentonite changed by function of
Compacted exchangeable sodium percentage, ESP, and ratio of
bentonite non-swelling mineral in bentonite, Cgng, Which were
considered as ion exchange and smectite dissolution
respectively [2]
Non-linear viscoelastic model developed by Ohkubo
Hostrock 11 111,12,13]
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Fig.2 Conceptual model of mechanical behavior of

cementitious material
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Fig.6 FEM calculation model of TRU waste geological

repository
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Table 3 Calculation cases

No Bentonite Alteration mode Alteration mode of
) model of bentonite cementitious material
1-1 No alteration
EC model
1-2 (nz=1.79) Ion exchange 25 % of Ca leached in
13 Dissol'utiOIl of | Im of outside of
smectite cementitious material
. zone of waste package
2-1 SO model No alteration lzoneh a(rilc.i 11(.)0. % of Ca
2-2 (EC model  [T[on exchange cachedn ining
n=1.0) Dissolution  of
2-3 .
smectite

Table 4 Input parameters of buffer, elastic model

Parameter Buffer
Unit volume weight, 3, (kN/m?) 18.0
Young’s modulus, £ (MPa) 39.0
Poisson’s ratio, v (-) 0.42
Initial Swelling pressure, Py, (MPa) 0.49

Table S Input parameters of buffer, elasto-viscoplastic model

June 2017

Table 7 Input parameters of cementitious material,

non-linear elastic model

Support and invert | Waste package zone

Parameter (Concrete) (Mortar)
Initial Young’s modulus 4 4
E, (MPa) 3.04x10 1.75%10
Poisson’s ratio, v (-)
[Before yielding] 0.20 0.20
[After yielding] 0.45 0.45
Initial cohesion, ¢,
(MPa) 21.5 17.5
Initial internal friction 0 0
angle, ¢ (deg)
Initial compressive
strength, .9 (MPa) 43 33
Minimum compressive
strength o, (MPa) 0.43 0.35
Water cement ratio,
WIC (%) 45 55
Volumatic ratio of
aggregate, Ve (%) 67 M
Unit weight of air-dried 28 _
state, y (kN/m®) )
Corrective coefficient
of compressive 1.0 1.0
strength, Gengin
Corrective coefficient
of young’s modulus, 1.0 1.0
Okelasticity

Table 8 Input parameters of host rock , non-linear

viscoelastic model

YNormal consolidation after loading of swelling pressure

Table 6 Input parameters of cementitious material, elastic

model
Parameter Prlmaw support and Waste package
nvert zone
Initial unit volume
weight, y, (kN/m®) 24.1 385
Young’s modulus, £ 4.80x10° : Early age 175%10°
(MPa) 3.04x10* : Standard )
Poisson’s ratio, v(-) 0.2 0.2

Parameter Host rock (SR-C)
Parameter Buffer Remarks Unit volume weight, y,(kN/m’) 22.0
Unconfined compressive
Dilatancy coefficient, D (-) 010 b= strength, g, (MPa) 1>
y > JAIM(1+e,) Te_n_sile strength, o,(MPa) 2.1 .
Initial Young’s modulus, £y(MPa) 3.50x10°
Irreversibility ratio, 4 (-) 0.90 A=1-x/A Initial Poisson’s ratio, ve(-) 0.30
P t f trolli
Critical state parameter, M (-) 0.45 b?irt"tll?rfezg, m(_)o controting 5.0
Effective Poisson’s ratio, v'(-) 0.42 Ref. [20] gg;i?g;l;;y ;:[()_r)esentlng time 20.0
Automatically Arrival time to peak strength, 120
Coefficient of earth pressure at . . fy(sec)
K calculation with self- Initial over burden pressure, 0.0 :No excavation
rest, Ko (-) weight loadin 0.,(MPa) 11.0 : Excavation
g g Lateral pressure coefficient, Ki(-) 1.066
Initial void ratio, ey (-) 0.69
Initial swelling index, #; (-) 0.0086 Ref. [20] 4.1.3 BFATYT
Secondary consolidation 0.002 Ref. [21] WA TERR DR S R ICh - 28I E 12 27 v
coefficient, a (-) WHEI LT 2R L. 1 AT Yy T DHEI AT v
Ir-ntl:(:li/}:/)olumetrlc strain rate, L1x10° Ref.[21] F O, SRR DR - A ARE LT, 10 AT v T
v . W Pl g - NN -
o _ - T, Aoyt PRSI AR (it TR RS 2 2 &,
mf;?femw“““a 03 B 11 ATy T TSR T A TR NS = b %
sand, Cy (- - SN _
e — : BE L. Zofd, WK T KICEmSh s ET
Initial dry density, pay (Mg/m®) 1.6

X, RN OETM ZBEET L & LTI - 7.
B, FEEE, AT v AoV TR EN: 28 %
EBTEARIAMEET AL THS. BT AT v 7OFINEE
Table 9 IZ7RT & & HIZHMT AT v TR % L TITR
3.

FIAT v 7 TIE, BRESOMOEEEZHEL TSI &
M, FRTRU LA — k& [EARIZERTES ) B L OMIELR
HaENZH11.0MPa, 1.066L L7z, #2A7T v 7Tk, W
ZRWEmEI L, JRHIE R A 65% [22]1& LT, MR %
ALz, E3IAT Y 7T, IRELZE T (FEHERELE)
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Table 9 Analytical procedure from construction/operation

to closure of the repository

Step

No Analytical procedure in each step

1 Calculation of initial stress condition of host rock

65 % excavation force release by excavation of host rock

Support of the primary liner and 35 % excavation force
release

Support of the secondary liner and load of the invert

Calculation of host rock creep for 5 years

Load of the side and lower buffer material

N[N || B W N

Calculation of host rock creep for 15 years

8 Load of the waste package and upper buffer
imaterial/backfill

9  |Calculation of host rock creep for 20 years

10 |Swelling pressure of buffer material

Changing from elastic to non-linear elastic model in

11  cementitous material zone and changing from elastic to

elasto-viscoplastic model in buffer zone

12 Calculation of deformation of the repository and host
rock creep for 10° years

L, 70 OEIRERI135% &8 Lz, 2oL, Bk
D& A2 SR EIOMMEEFRE LTZ[22]. F4AT v 7 TiE
IRBT.OWM 2@ D% A N ZM B O EFE LT
%, 2RBTRBEIOA = b2 T (AEH#HA) Lz $
SAT T, —EHR (S4F) RS, Eaiko s
U—FE#ENEEE LT, $6AT v 7T, AR L OUEH
EM AT (AEEA) Lz, HBIAT v 7 TlE, 154
DJEDERD 7 ) —T T &AT o702, AT v 7T, Lk
AR EA Ot T (B =) B X OBEEEARER (B =T
AT o7, H9RT v 7 TIL, 206ER D JEnEED 7 Y —F
N ZAT o 7. BIOAT » 7 TIE, FBEM ORI AE L
LHAMZEE A RO 720, FEEM ERICIAMEERA (X
(1) Z4To7=. BUNAT v 7T, BAREBICBITDE X
MBS DIEHIZ L B8R EE L MEDIK T 2B BT 57-9
W2 A2 N RMEIOEBAL & LT 7 L0 IR T
T, FRERIZOWTIE, fafi L7~ Mo hOEE %
KRBT D - DITHIEE T 00 & HREEVEE T VICEE L.
W12AT v 7 TIE, Table 31R L= EES&MTG Lzt
A bR EE & R D ) FEEEN S K OB A DR AR
PEZEE) A BRE L2 )R (1074ER#) 217 o172

4.2 FEHER

REM R fETHER L LT, EC FAZHAWTHT L
case 1-1 B L N case 1-3 D 10 HERITIIT D055 ek DZE
P (SN 10 fFICHER) B R OMEHOTha v ¥ —%
Fig. 712, SO ET /L% HWTHEHT L 7= case 2-1 38 L N case
2-3 OFER% Fig. 8 12”7, Fig. 7 8 X U Fig. 8 ®_E#ITR
SNTEMENZBNT, TXTOMYT7r —ATBNTHRS
&AL R PN O JEERAE R DI S AN LT B Z & 25
BENTZ. EBIT, ECETABIUSO ET VL HIZA R
T HEA NORIREEE L= (case 1-3 B X W case 2-3) 3
FOWLOBENTEETH-T-. ZhIL, BEMOLEL2EE
T5 &, FEMOBELEMET T 22810500 THD.
& 51, Fig8 BL U Fig9 O TEIIR LI kas N Ok
BOThHa 2 —ZBWT, ECETFALBLTSO ®F /L L

Deformation diagram, ten times

20 0.0 (%)
Contour of volumetric strain

Fig.7 Deformation diagram and contour of

volumetricstrain of the repository after 105 years
(left: case 1-1, case 1-3)

Deformation diagram, ten times

80 0.0 (%)
Contour of volumetric strain

contour of
10°

Fig.8 Deformation diagram and

volumetricstrain of the repository after

years(left: case 2-1, case 2-3)
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Fig.9 Time dependencies of decreased thickness of (a)
upper and (b) lower position of buffer in the
repository
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Fig. 10 Calculated ditribution of mn* in buffer of

therepository after 10° years (left:casel-3, right :
case2-3)

Table 10 Calculated displacement of inner diameter of the

repository after 10° years

No. Vertical Horizontal
displacement, cm displacement, cm
1-1 12.0 8.1
1-2 13.0 8.6
1-3 14.7 9.7
2-1 12.3 8.4
2-2 13.1 8.9
2-3 14.8 9.8
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