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A Preliminary Study of Enhanced Predictability of Non-Parametric
Geostatistical Simulation through History Matching Technique
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Department of Geology, Kyungpook National University, Daegu, Korea

ABSTRACT

In the present study, an enhanced subsurface prediction algorithm based on a non-parametric geostatistical model and a
history matching technique through Gibbs sampler is developed and the iterative prediction improvement procedure is
proposed. The developed model is applied to a simple two-dimensional synthetic case where domain is composed of three
different hydrogeologic media with 500 m x 40 m scale. In the application, it is assumed that there are 4 independent
pumping tests performed at different vertical interval and the history curves are acquired through numerical modeling.
With two hypothetical borehole information and pumping test data, the proposed prediction model is applied iteratively
and continuous improvements of the predictions with reduced uncertainties of the media distribution are observed. From
the results and the qualitative/quantitative analysis, it is concluded that the proposed model is good for the subsurface
prediction improvements where the history data is available as a supportive information. Once the proposed model be a
matured technique, it is believed that the model can be applied to many groundwater, geothermal, gas and oil problems
with conventional fluid flow simulators. However, the overall development is still in its preliminary step and further
considerations needs to be incorporated to be a viable and practical prediction technique including multi-dimensional
verifications, global optimization, etc. which have not been resolved in the present study.
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Fig. 1. (a) A synthetic true field with dimension of 500 m x 40 m,
and (b) collected borehole data at x =100 and 400 m, composed
of three different subsurface media (silt = 1; coarse sand = 2; and
fine sand = 3).
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Fig. 2. A schematic diagram of one-dimensional conditioning of
sampled data where in forward chain, the probability of sampled
data unsampled conditioned on unsampled data is acquired and,
in backward chain, the probability of unsampled data conditioned
on sampled data is pursued.
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Table 1. Transition probabilities acquired from Voronoi diagram based on borehole data at x = 100 and 400 m

Positive X-direction TPM Positive Y-direction TPM
Lith.=1 Lith.=2 Lith.=3 Lith.=1 Lith.=2 Lith.=3
Lith.=1 0.993 0.006 0.001 Lith.=1 0.925 0.074 0.001
Lith.=2 0.016 0.981 0.003 Lith.=2 0.069 0.796 0.135
Lith.=3 0.007 0.01 0.983 Lith.=3 0.002 0.002 0.996
Negative X-direction TPM Negative Y-direction TPM
Lith. =1 Lith. =2 Lith.=3 Lith.=1 Lith. =2 Lith.=3
Lith.=1 0.99 0.006 0.004 Lith.=1 0.973 0.026 0.001
Lith. =2 0.016 0.968 0.016 Lith. =2 0.201 0.796 0.003
Lith. =3 0.001 0.002 0.997 Lith.=3 0.001 0.085 0914

-

100 200 300 400 500 200 300
X (m) X (m)

400 500

100 200 300 400 500 100 200 300 400 500
X (m) X (m)

Fig. 4. Randomly selected 4 single realizations solely based on conditioning borehole data at x = 100 and 400 m.
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Fig. 5. Ensemble probability distributions of 3 different subsurface media built from 100 single realizations conditioned only on 2
borehole data at x = 100 and 400 m.
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Fig. 8. Ensemble probability distributions of 3 different subsurface media built from selected 10 single realizations based on history
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1st round history matching scheme.
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Fig. 10. Ensemble probability distributions of 3 different subsurface media built from 100 single realizations conditioned on 2 borehole

data at x =100 and 400 m and 1st round history matching ensemble probability.
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Fig. 11. Ensemble probability distributions of 3 different subsurface media built from 100 single realizations conditioned on 2 borehole

data at x =100 and 400 m and 2nd round history matching ensemble probability.
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