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Geomodeling with Integration of Multi-source
Data by Bayesian Kriging in Underground
Space
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Abstract: A subsurface model is usually built by integrating
multi-source geological data such as boreholes, geological
maps and seismic interpretations. However, uncertainties
inherited in these data are rarely quantified in the modeling
process. In this study, Bayesian kriging method is introduced
to integrate multi-source geological data and estimate
formation surface elevations. In this method, linear Bayes
theory is applied to kriging estimation. Geological data is
classified into hard and soft data. Hard data refers to coal
seam data with enough confidence, such as boreholes. Soft

data refers to coal seam data with uncertainty such as

RS HE: 2013-06—04

geological maps, cross-sections and seismic interpretation
information. Areal variable theory is employed to analyze
spatial variation of both hard and soft data. This method is
applied to the coal seam modeling of a coal mine in China. The
estimates and errors of surface elevations are compared with
those obtained from ordinary kriging method. Results show
that Bayesian kriging method gives better results in terms of
giving smaller errors of estimation. Therefore, Bayesian
kriging is a useful method to incorporate multi-source
geological information and quantify uncertainties of geological
data.

Key words: multi-source data integration geological

modeling; uncertainty; Bayesian kriging method
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Tab.4 Quantitative comparison criteria of these two
methods in the overall area
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Fig.8 The 3D geological model of the coal seams

RFAE o VI A8 0 A 4y i X = B IR TR 4
P ZTT A A RSN T B AL A R B, i 5
i T i AR FL AR O S SR B, Tl SRR
AR AR B  OK J7E AT X L, BK
7 AR R PP SR U7 T B AT A O R 2
PRI

(1) iR % 45T e o 2 o A = W) 3 A 44T
M5 S ETE R W )Z A7 — 1 i X R R
FEHTT T BA FLABLROR Bl R e F = K
W BE SURRZ2 TR A 2 280 dha A i X591 B 5 7
— R ARSI TR IR,

(2) 5 OK Fikttk, BK FikREG S B /MK
SR M TT R 2E S T LAAE 56 BT FIAE R
MR ECE TR BK Jr ik fEM 45 i 4 AW &
U

(3) BK 77 ik WAL HTE T BE S 58 B EL W 15
BRERAATELN2R/EEERFR, FIH on ()
R BB 2 R AT E TR IF T vu (s
ap) AR L A P HEA T I BRI A4 4R A9 XIS
L L 0 o i 5 5 R R W K T A9
LI A XI5 P » B0 B R B 2 P o (o) R B
LAt RWA B KRN, HNIL BK IrE4 K
FETT SR INAT & b B e 9 SEPn iR O . BLAESSSL
Boam > B TR AR F st R B e #h SRR AL T
FAB) I B R FH IS

Sk :

[1]

[2]

[3]

L4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

B2, RALHT, AR, 55 BT HALEAR M ST R L ik =
e [)]. 4 H 5 BhR, 2005, 33(5) 5.
CHEN Xuexi, WU Lixin, CHE Defu, et al.
method of geological bodies including faults based on borehole
data[J]. Coal Geology & Exploration, 2005, 33(5); 5.
EHEM. B E B BEEAR AT F 53, 2006, 31
(1):40.

JIANG Zaibing. Dynamic modelling technology of coal seam and
its application[ J]. Journal of China Coal Society, 2006, 31
(1) 40.

Caumon G, Collon-Drouaillet P, le Carlier de Veslund, et al.

3D modeling

Surface-based 3D modeling of geological structures [ J .
Mathematical Geosciences, 2009, 41(8); 927.

Martin T.
boreholes, cross-sections and geological maps, application over

Kaufmann O, 3D geological modelling from
former natural gas storages in coal mines[J]. Computers &
Geosciences, 2008, 34(3). 278.

ERE, P28, KA E, % BT Kriging F 0B REE
TR EHEE T R, 2008,33(7) : 765.

LI Xiaojun, HU Jinhu, ZHU Hehua, et al. The estimation of
coal thickness based on Kriging technique and 3D coal seam
modeling[ J 1. Journal of China Coal Society, 2008, 33(7):
765.

Martelet G, Calcagno P, Gumiaux C, et al. Integrated 3D
geophysical and geological modelling of the Hercynian Suture
Zone in the Champtoceaux area (south Brittany, France)[J].
Tectonophysics, 2004, 352; 117.

Wu Q, Xu H, Zou X. An effective method for 3D geological
modeling with multi-source data integration[ J]. Computers &
Geosciences, 2005, 31(1); 35.

P, =R, R SR ITRA KSR =4I IewE
B ALY 640 %5 TR, 2005, 24(4) + 575.

ZHONG Denghua, LI Mingchao, YANG Jianmin. 3D visual
construction of complex engineering rock mass structure and its
application [ J ]. Chinese Journal of Rock Mechanics and
Engineering, 2005, 24(4). 575.

FRIE, AR, AL A N B SRR AT i
ESEILT ], il Ry BEED R, 1999, 34(4) : 390,

GAO Meijuan, ZHU Qingzhong, ZHANG Shuhua. Reservoir
parameter prediction using Bayesian kriging estimation
technique[ J |. Oil Geophysical Prospecting, 1999, 34 (4).
390.

Omre H. Bayesian kriging merging observations and qualified
guesses in kriging[ J]. Mathematical Geology, 1987, 19: 25.
Nobre M M, Sykes J F. Application of Bayesian kriging to
subsurface characterization[ ] |. Canadian Geotechnical Journal,
1992, 29(4); 589.

AR A (AR S ES B P LML b« B4 e g, 2005.
ZHANG Renduo.
variability( M. Beijing: Science Press, 2005.

The theory and application of spatial





