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Mechanical Stability Analysis of a High-Level Waste Repository for Determining
Optimum Cavern and Deposition Hole Spacing

Byoung Yoon Park and Sangki Kwon

ABSTRACT Based on the preliminary results from the therm analysis, which is currently carrying, three-dimensional
computer simulations using a finite element code, ABAQUS Ver. 5.8, were designed to determine the mechanically stable
cavern and deposition hole spacing. Linear elastic modeling for the cases with different cavern and deposition hole spacing
were carried out under three different in situ stress conditions. From the simulations, the response of the rock to the stress
redistribution after the excavation of the openings could be investigated. Also the optimum cavern and deposition hole
spacing could be estimated based on the factor of safety. When the in situ stresses determined from the actual stress
measurements in Korea were used, the case with cavern spacing of 40 m and deposition hole spacing of 3 m was in very
stable condition, because the factor of safety was calculated as 3.42. When the in situ stress conditions for Sweden and
Canada were used, the factors of safety were 1.19 and 1.27, respectively. Even though the factors of safety are relatively low
compared to the previous case, they seem to be in stable condition, since the factors of safety are still higher than 1.0. From
these results, it was concluded that the rock will not fail even after the stress redistribution.

Key words : cavern spacing, deposition hole spacing, stress contour, mechanical stability, disposal repository, rock,

stress redistribution, high level radwaste
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Table 1. Initial earth pressure and stress ratio

Table 2. Recommended intact rock properties of
crystalline rock from Sweden”

Korean® | Swedish” | Canadian”
Vertical Stress(MPa) 13.01 13.2 13.2
Max. Hori. Strt(MPa) | 1591 315 344
Min. Hori. Str(MPa) 7.95 15.7 224
Max. K 1.223 2.378 2.598
Min. K 0.611 1.189 1.694

Properties Unit | Recommended Range
Elastic modulus (E) | GPa 60 40~70
Poisson's ratio (v) - 0.25 0.2~03
UcCs MPa 200 150~250
Internal friction o 18 35-40
angle
Density kg/m’ 2700 2600~2800
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Fig. 1. Typical FEM Model
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Table 3. Summary of analysis results

Step 2 : After cavern excavation

%3] : Pa(=1.0197E-05 kgficm’)

Nodes with maximum

Nodes with maximum

Nodes with maximum

Initial earth Cavern spacing compressional stress tensile stress deviatoric stress
pressure (m)
(o2} o2} Node (o2} (o2 Node O, [o Node
X 30 -3.5820E+07 -2.1566E+06 3685 -23023E+07 1.7080E+05 363 -3.5829E+07 -2.1566E+06 3685
orean
40 -3.6597E+07 -2.1655E+06 3685 -2.2873E+07 1.7745E+05 363 -3.6597E+07 -2.1655E+06 3685
Swedish 30 -7.8423E+07 -2.9004E+06 3685 -2.1213E+07 9.2048E+05 363 -7.8397E+07 -2.8754E+06 3685
wedis| :
40 -8.0243E+07 -2.9201E+06 3685 -59137E+06 1.1137E+06 373 -8.0243E+07 -2.9201E+06 3685
Canadi 30 -8.6429E+07 -3.0322E+06 3685 -1.1621E+07 2.4876E+06 373 -8.6429E+07 -3.0322E+06 3685
anadian
40 -8.8447E+07 -3.0539E+06 3685 -1.1469E+07 3.2670E+06 373 -8.8447E+07 -3.0539E+06 3685
Step 3 : After cavern and deposition hole
- Cavem Hole Nodes with maximum Nodes with maximum Nodes with maximum
Initial earth spacing spacing compressional stress tensile stress deviatoric stress
Pressure iy~ () o o Node o, o Node o o Node
1 3 1 3 1 3
40 3 -6.5737E+07 -1.6532E+06 469  -2.6598E+07 19585E+06 276 -6.5737E+07 -1.6532E+06 469
Korean 30 6 -5.0784E+07 -8.0695E+05 469  -1.5283E+07 8.1325E+05 354 -5.0784E+07 -8.0695E+05 469
40 6 -5.2088E+07 -8.3100E+05 469 -2.3217E+07 8.2858E+05 276 -5.2088E+07 -8.3100E+05 469
40 3 -1.3672E+08 -3.6454E+06 469  -5.8475E+07 S5.7150E+06 276 -1.3672E+08 -3.6454E+06 469
Swedish 30 6 -1.0495E+08 -2.1245E+06 469  -5.1042E+07 3.0683E+06 276 -1.0495E+08 -2.1245E+06 469
40 6 -1.0794E+08 -2.1785E+06 469  -5.2422E+07 3.2757E+06 276 -1.0794E+08 -2.1785E+06 469
40 3 -1.4949E+08 -4.0609E+06 469  -6.7245E+07 5.2956E+06 276 -1.4949E+08 -4.0609E+06 469
Canadian 30 6 -1.1234E+08 -2.7275E+06 469  -1.1593E+07 3.4688E+06 3873 -1.1234E+08 -2.7275E+06 469
40 6 -1.1564E+08 -2.7874E+06 469  -1.1407E+07 4.4820E+06 3873 -1.1564E+08 -2.7874E+06 469
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(a) cavern spacing 40 m
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Fig. 4. Deformation around the cavern and deposition hole after excavation with 200 times magnification under the
in situ stress condition in Canada.
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Fig. 5. Magnitude of principal stresses at each node after the excavation of cavern and deposition hole under the
in situ stress condition in Canada (cavern spacing 40 m and deposition hole spacing 3 m).
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Fig. 6. Primary principal stress contour after the excavation of cavern and deposition hole under the in situ stress

condition recommended by Sweden.
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hole using different in situ stress conditions
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Table 4. Mechanical safety factor after excavating cavem only

5k9] @ Pa (= 1.O197E-05 kgf/icm®)

Initial earth S(l:gé?g; Node wztgoﬁg:eggg?&;))al stress Node with r(ntierlll.sﬁ;i)ncipal stress Node with r(t:le':r;sggncipal stress
PIEssire  “(m) o o, Node o, Node o o Node
Korean 30  -3.5829E+07 -2.1566E+06 3685 -2.3023E+07 1.7080E+05 363 -3.5829E+07 -2.1566E+06 3685
40  -3.6597E+07 -2.1655E+06 3685 -2.2873E+07 1.7745E+05 363 -3.6597E+07 -2.1655E+06 3685
Swedish 30 -7.8423E+07 -29004E+06 3685 -2.1213E+07 9.2048E+05 363 -7.8397E+07 -2.8754E+06 3685
40  -8.0243E+07 -2.9201E+06 3685 -59137E+06 1.1137E+06 373 -8.0243E+07 -2.9201E+06 3685
Canadian 30 -8.6429E+07 -3.0322E+06 3685 -1.1621E+07 24876E+06 373 -8.6429E+07 -3.0322E+06 3685

40 -8.8447E+07 -3.0539E+06 3685 -1.1469E+07 3.2670E+06 373 -8.8447E+07 -3.0539E+06 3685
In[i)tri:lssﬁréh ;%ﬁ% o, at failure Fi;gtfc;rtyof Node o at failure Fz;catf(;yof Node o, at failure F’c;;tf(;y()f Node
Korean 30 2.3224E+08 6.48 3685  1.9725E+08 8.57 363 2.3224E+08 6.48 3685
40  2.3237E+08 6.35 3685 1.9714E+08 8.62 363 2.3237E+08 6.35 3685
Swedish 30 2.4249E+08 3.09 3685  1.8476E+08 8.71 363 24215E+08 3.09 3685
40 24275E+08 3.03 3685  1.8142E+08 30.68 373 2.4275E+08 3.03 3685
Canadian 30 2.4426E+08 2.83 3685  1.5586E+08 1341 373 2.4426E+08 2.83 3685
40  2.4456E+08 277 3685  1.3955E+08 12.17 373 2.4456E+08 277 3685
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Table 5. Mechanical safety factor after excavating both cavemn and deposition holes

Initial Cavem Hole Node with max. principal stress

Node with min. principal stress

Node with min. principal stress

earth  spacing spacing (compressional) (tensile) (tensiie)
pressure  (m (m o, o, Node o, Node o, 0, Node
40 3 -6.5737E+07 -1.6532E+06 469 -2.6598E+07 19585E+06 276 -6.5737E+07 -1.6532E+06 469
Korean 30 6 -5.0784E+07 -8.0695E+05 469 -1.5283E+07 8.1325E+05 354 -5.0784E+07 -8.0695E+05 469
40 6  -5.2088E+07 -8.3100E+05 469 -2.3217E+07 8.2858E+05 276 -5.2088E+07 -8.3100E+05 469
40 3 -1.3672E+08 -3.6454E+06 469 -5.8475E+07 57150E+06 276 -1.3672E+08 -3.6454E+06 469
Swedish 30 6  -1.049SE+08 -2.1245E+06 469 -5.1042E+07 3.0683E+06 276 -1.0495E+08 -2.1245E+06 469
40 6 -1.0794E+08 -2.1785E+06 469 -5.2422E+07 3.2757E+06 276 -1.0794E+08 -2.1785E+06 469
40 3 -14949E+08 -4.0609E+06 469 -6.7245E+07 52956E+06 276 -1.4949E+08 -4.0609E+06 469
Canadian 30 6  -1.1234E+08 -2.7275E+06 469 -1.1593E+07 3.4688E+06 3873 -1.1234E+08 -2.7275E+06 469
40 6  -1.1564E+08 -2.7874E+06 469 -1.1407E+07 4.4820E+06 3873 -1.1564E+08 -2.7874E+06 469
40 3 2.2508E+08 342 469 1.6612E+08 6.25 276 2.2508E+08 342 469
Korean 30 6  2.1257E+08 4.19 469 1.8659E+08 12.21 354  2.1257E+08 4.19 469
40 6 2.1293E+08 4.09 469 1.8633E+08 8.03 276  2.1293E+08 4.09 469
40 3 25239E+08 1.85 469  6.9850E+(07 1.19 276 2.5239E+08 1.85 469
Swedish 30 6  2.3179E+08 221 469 1.4387E+08 282 276 23179E+(08 221 469
40 6  2.3255E+08 2.15 469 1.3936E+08 2.66 276  2.3255E+08 2.15 469
40 3 25776E+08 1.72 469 8.5404E+07 1.27 276  2.5776E+08 1.72 469
Canadian 30 6  2.4014E+08 2.14 469 1.3505E+08 11.65 3873 2.4014E+08 2.14 469
40 6 24096E+08 2.08 469 1.1001E+08 9.64 3873  2.4096E+08 2.08 469
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