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In-situ Rockmass Test and Numerical Simulation of Basalt

Waste Isolation Project in Handford
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( China Energy Engineering Group Guangdong Electric Power Design Institute Co. Ltd. Guangzhou 510663 China)

Abstract: As the hard bedrock sites decreases gradually the nuclear safety related structures of NPP has been demonstrating the foun—
dation suitability of the weathered rock half-diagenesis rock sedimentary rock and the shallow buried basaltic bedrock under the wide
quaternary overburden layer of costal plain but there are few recent research on basaltic foundation suitability which columnar joints
well developed. In this investigation we analyzed the in-situ colmunar basaltic rockmass test and numerical simulation results of Basalt
Waste Isolation Project( BWIP) in Hardford then used the three-dimensional discrete element software 3DEC and Voronoi diagrams
to calculate the deformation modulus of irregular colmunar basaltic rockmass. The results shown that the numerical simulation coincide
better with the in-situ rockmass test which the numerical solution of the deformation modulus parallel to the axial direction of BWIP is
20. 19 GPa while the in-situ rockmass test result is 20 GPa. This work provide some guidance for further numerical simulation on
foundation suitability of colmunar basaltic rockmass which can be applicated into the sitting of NPP and disposal repository.
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Fig. 5 3DEC model of columnar basaltic rockmass

3 Voronoi
Fig. 3 Voronoi diagram and natural columnar join structures

o Voronoi Tessellation

UDEC Voronoi
AutoCAD  3DEC 4
6
Fig. 6 3DEC model of columnar basaltic rockmass
4 3DEC Voronoi

Fig. 4 3D Voronoi columnar model in 3DEC

3DEC BWIP
26
80°
5
6. 7 -
80° Fig. 7 Stress — strain curve of columnar basaltic rockmass
$=0.20 m 80° .
44.22 GPa :
3DEC 20.19 GPa T 6.5 ~20.0 GPa 20 GPa



78

2 BWIP

E. /GPa C/MPa

10 ~40 0.6~6.0
| 20.0 /
4 6.5~13.5 /

l B
DOE( 1988)  Schultz( 1995) ? &

Columbia
River Basalt

Group

3DEC

Voronoi
BWIP
BWIP
BWIP

20.19 GPa 20 GPa

BWIP

I 2015 12(2): 214=217.
ATH WUY Q JIAOZ W et al The application of ground
high precision magnetic survey to the site selection of Nuclear
power plant J . Chinese Journal of Engineering Geophysics

2015 12(2): 214217,
2 GB50011—2010 S .

2010( 3) : 63-67.
YANG L FAN Y W. Investigation of foundation for bridges at
repetitious eruption basalt zone in quaternary period J . Rail-

way Investigation and Surveying 2010(3) : 63-67.

17

SAWRUK W J SCHMEHL R J STRIPLING D L. Container
designs for the nuclear waste repository in basalt rock C . Pro—
ceedings of the 1986 Joint ASME/ANS Nuclear Power Confer—
ence 1986. 416.
DOBSON W L. KOCH D A AKINS M J. Conceptual design
of waste packages for the nuclear waste repository in basalt rock
C . Proceedings of the 1986 Joint ASME/ANS Nuclear Power
Conference 1986: 440.
MOAK D J Wintczak T M. Near-surface test facility. Phase L
Geologic site characterization report R . 2001: 234.
WOODMORAPPE J MICHAEL J O. Field studies in the Co—
lumbia River basalt North-west USA ] . Geological Society
of America Bullet 2002 16(1): 103410.
GOEHRING L. MORRIS S W. The scaling of columnar joints
in basalt J . Journal of Geophysical Research 2005: 143.
SCHULTZ R A. Relative scale and the strength and deformabili-
ty of rock masses J . Journal of Structural Geology 1996 18
(9): 1139 4149.
BRADY B HG. CRAMER M L. HART R D. Preliminary a—
nalysis of a loading test on a large basalt block J . Int. J.
Rock Mech. 1985 22(5): 345-348.
CUNDALL P A HART R D. Analysis of block test No. 1 ine—
lastic rock mass behavior: phase 2—a characterization of joint
behavior ( final report) R .
Rockwell Hanford Operations Subcontract SA-957 1984.
HART R D CUNDALL P A CRAMER M L. Analysis of a

Itasca Consulting Group Report

loading test on a large basalt block in research and engineering
J . Applications in Rock Masses 1985(2): 759-768.
Ltd. Cyclic loading of a specimen with a

UDEC Manuals

Itasca Consult Co.
slipping crack verification problems R .
2014.

Itasca Consult Co. Ltd. Block with a slipping crack under cy—
clic loading verification problems R . 3DEC Manuals 2014.
MULLER G. Experimental simulation of basalt columns J .
Journal of Volcanology and Geothermal Research 1998 86
(14): 9396.

TORAMARU A MATSUMOTO T. Columnar joint morpholo—
gy and cooling rate: a starch-water mixture experiment J .
Journal of Geophysical Research 2004: 109.

GOEHRING L MAHADEVAN L MORRIS S W. The dynam—
ic similarity between columnar joints in basalt and starch C .
American Geophysical Union Fall Meeting 2007 abstract #
T14A-08 2007.

COLE D M. Crack nucleation in polycrystalline ice J . Cold
Regions Science and Technology. 1988 15(1): 79.

PICU R C GUPTA V. Crack nucleation in columnar ice due to
elastic anisotropu and grain boundary sliding. Acta Metallurgica

et Materialia 1995 43(10) : 3783.

( 95  Continued on Page 95)



95

3

Tab. 3 The physical and mechanical parameters of the island site engineering geological division

v/ c/ v,/ v,/ / /
(KN-m) yp, MPa o @(9) /MPa V' (mes') (mes”') MPa MPa v
" 660 1210  “1100 2800 " 0.37
20 — 0.04 22.8 610 —
1140 2 200 3300 8 700 0.37
1 Iy 25 14 10.8 30.3 2730 0.27 1 800 3 200 8 000 20 400 0.33
Iy 27 55 18.3 4.6 7 340 0.26 2200 3 900 13400 34200 0.30
my 23 10 6.2 22.6 1100 0.28 1 600 2 800 6 600 16 500 0.35
2 I, 25 14 10.8 30.3 2730 0.27 1 800 3 200 8 000 20 400 0.33
Iy 27 55 18.3 4.6 7 340 0.26 2200 3 900 13400 34200 0.30
¥ . .
1 (2005—2020
) L . 2007 -10-01.
2 ( )
o (B ) R.
3.4 2009: 25-47.
3 J.
2011 6(1): 6996.
3. 4 GB 50021 -2001 (2009 ) S .
4 2009.
5 DL/T 5093 - 1999.
S . : 1999.
( )

21

22

23

78  Continued from Page 78)
GUPTA V PICU R C BERGSTRJ S.

Nucleation of splitting

cracks in columnar freshwater ice J . Acta Materialia. 1997
45(4) . 1411.
FROST H J. Mechanisms of crack nucleation in ice J . Engi-

neering Fracture Mechanics 2001; 68(17-18) : 1823.
MENGER FM ZHANG H CARAN K L
duced columnar jointing in vitreous ice. cryo-hrsem as a tool for
discovering new colloidal morphologies J . Journal of the A-
merican Chemical Society 2002 124(7): 11404141.
FRENCH J W. The fracture of homogeneous media ]

et al. Gemini-<in—

. Trans.

24

25

26

1925(17) . 50-68.

HULL D CADDOCK B. D. Simulation of prismatic cracking
of cooling basalt lava flows by the drying of sol-gels J . Journal
1999; 34(23): 5707.

OKABE A BOOTS B SUGIHARA K et al. Spatial tessella—
tions: concepts and applications of voronoi diagrams M . 2rd

ed. Chichester: John Wiley 2000.

Geol. Soc. Glasgow

of Materials Science

M . : 2016.



