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Abstraet: We applied a new information criterion EIC (Extended Information Criterion) for
determining an optimum model in P-wave velocity tomography reconstructed by SIRT (Simul-
taneous Iterative Reconstruction Technique). The reconstruction was made in a plane includ-
ing the unique axis of the columnar rock sample subjected to differential stress and confining
pressure. The differential stress produces a weak velocity anisotropy caused by the preferred
orientation of the stress induced cracks. The high pressure water was injected into the rock
sample from the sample end. Assuming that the P-velocity along the maximum stress direction
(Vaaw is equal in all the pixels, we reconstruct the P-velocity along the minimum stress axis;
this velocity is strongly affected by water and thus reveals the movement of water. We calcu-
late EIC in each step of the iteration in SIRT with changing the value of V,,, and compare EIC
values. We then select the combination of the number of iteration and V. giving the smallest
EIC, and obtain an optimum model. This method is free from the difficulty lying in the conven-
tional SIRT: too many iterations for reducing the sum of the squares of the residuals mislead us
to unreasonable models. We also obtain the distributions of the model parameters calculated
from the bootstrap sample. We can estimate uncertainty of the model parameters by cor-
responding the variances of those distributions to the uncertainties of the estimated model
parameters by SIRT. The bias measured from the mean value of the parameter distribution cal-
culated from the bootstrap sample to the value of the original model parameter by SIRT should
correspond to the value of the model correction if the correction in SIRT is reasonable. When
the above bias increases with increasing of the iteration number, this inconsistency of the
parameter indicates a false parameter suggesting an artifact. Thus we can estimate uncertain-
ty of the model parameter and discern artifacts or false images. Although the present example
is only a small problem, 36 data and 30 parameters, we believe that this method is very promis-
ing in the near future because the recent rapid progress in computer technology soon allows us
to apply this method to larger inverse problems.
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The velocity change with respect to time. The plotted are the P-wave velocity at the ray path
(R1-S1) of Fig. 4 in the previous report (this issue). When loading, P-velocity decreases be-
cause of the stress induced cracks. During the stage of the constant loading, the velocity grad-
ually decreases because the growth rate of stress induced cracks and the increase rate of crack
density are reduced. After infiltrating, the velocity increases because water fills the dry cracks.
Finally, the velocity decreases again because of rapid increase of the crack density due to the
positive feedback process of fracture associated with the high pressure water injection into the
stressed rock (Masuda ef al., 1990).
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Variance of the EIC value. (V,,,,=6.28 Km/s)

sample number
M\iteration 0 1 2 3 4 5
50 (1&S 13) 9.55 11.45 11.03 20.02 24.52 20.64
50(K 18) 529 5.02 10.40 10.30 14.50 15.60
100 (1&S 13) 366 516 344 6.23 9.68 10.33
100(K 18) 335 270 4.00 370 6.50 11.28

500(I1&S 13) 0.87 0.81 136 1.27 172 2.08
500(K 18) 0.62 0.77 069 140 160 1.70
1000(I&S 13) 0.29 047 071 0.82 092 1.38
1000(K 18) 0.36 040 047 065 0.80 0.85
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the projected plane indicate the iteration number of
the SIRT and the P-velocity along the maximum
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the optimum iteration number of the SIRT are
given.

10 12

Fig. 2

TE. WolFS, T—FA NS 9 YTV LR
ENIZETIVWSTAZDIELDOEEFRNLI LT, £
THINVDING A ZEOBEETHET A LN TES. 5§
6RIRALTCOT— A LSy IOV TN ERDIA




HEREFTAR EHE F 15

6.30

Vinax (km/s)

i

0

9\\

iteration iteration
#12

Vimax (km/s)

6.20

iteration iteration

#£3K EICHEAZZEHETRLILLD. #9, #180D &k 51T SIRT TOEFIVEIEK X » Th EIC @ h
I BBHEVWEELHENR, ThBIFETIVOREIV PSR MPROEEICHIGL TV 5.
Fig. 3 The EIC value projected on the plane as a function of the iteration number and the V,, value.
The figures of #9 and #18 do not show decreases of the EIC instead of the iterative model correc-
tions. Such cases correspond to the weak velocity contrast of the reconstructed model as shown
in Fig. 4.
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Fig. 4 The P velocity structures of the optimum models obtained from the minimum of EIC. The P-

velocity increases gradually from the bottom end where water is injected, showing water flow
in the rock sample.
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Fig. 5 The section showing the change of EIC as a function of iteration number. The section includes
the minimum of EIC in Fig. 3, so that the section corresponds to the optimum V..
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Fig. 6 Distributions of the model parameter (slowness) determined by the bootstrap sample (the boot-
strap model). The slowness distribution of 1000 bootstrap models are shown for the pixels con-
sisting the third column of Fig. 3 in the previous report (Nishizawa et al., 1993). The differ-
ences among the mean values of the slowness distribution increase as the iteration number in-
creases. This corresponds to the corrections of the slowness values in the SIRT algorithm.
‘Whereas the increase of the width of the distribution (or variance) corresponds to the increase
of uncertainty as the iteration number increase.
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Fig. 7 The variance of the slowness distribution shown for each pixel. In the central part of the sam-
ple, the variances are small, whereas the variances are large for the pixels located close to the
surface. Since the variance corresponds to the uncertainty of the model parameter, the density
and the bias of the ray path configuration thus reflect the uncertainty of the model parameter.
The variance also increases as the iteration number increases, showing that the uncertainty of
the model parameter increases as decreasing the sum of the squares of the residuals.
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Fig. 8 The mean value and the variance of the slowness distribution obtained from the bootstrap sam-

ple (the parameter of the bootstrap model), and the original model obtained from the SIRT plot-
ted as a function of the iteration number. Here we define the term ‘‘parameter bias” as the bias
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between the parameter from the bootstrap model and the parameter from the original model. It
is interesting to note that, in the most of the pixels, the parameter bias corresponds to the direc-
tion of parameter correction: The negative parameter bias corresponds to the correction of the
model parameter to the positive direction, whereas the positive parameter bias corresponds to
that of the negative direction. This relation is reasonable when we consider the relations of Fig.
1 and 2 of the previous report: the true model—the estimated model, and the estimated
model—the bootstrap model. The negative parameter bias suggests underestimate of the
parameter value, so that it must correspond to the correction in the positive direction and the
positive parameter bias, in the negative direction. However, there are some pixels where the
parameter bias does not show the reasonable correction. These inconsistency may correspond
to the artifacts or false images.
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Fig. 9 The absolute values of parameter bias. Some pixels show increases of the absolute values of the
parameter bias when the iteration number increases. We consider those pixels may produce the
artifacts or false images.
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