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Information vs.
goodness of fit

30 35 40

Rate of harvesting

Figure 1.2.8. Fitting a quadratic regression curve.

BIC =n |n{i[yi _ ;?(xi)]zln} _plin(n/27)]
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m 3 4 5 6 7 8 9

2 A 6 8
m

AIC 0 6.705 0.120 0.078 0.044 0.030 0.023
BIC 0 0.841 0.080 0.046 0.019 0.009 0.005

Figure 1.2.9. Log-likelihood plot for polynomial regression.
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Principal component analysis
Example: stress rotation
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Second Example: mineral prospecting

Table 1.I. The raw data matrix for the lead-zinc prospecting problem

Geological properties

Crystal Vein
Mg in Fe in Na in size of Spacing of Elongation Tightness material Fractures
calcite sphalerite  muscovite Sulfide carbonates cleavage of ooliths of folds per m? per m?

0.95 0.75 0.75 0.33 -0.20 0.05 0.20 0.10 0.00 0.05
0.00 0.10 0.20 0.33 0.60 0.95 0.70 0.85 0.10 0.25
0.05 0.15 0.05 0.34 0.60 0.00 0.10 0.05 0.90 0.70

Data matrix

117.25 99.75 97.25 26.00
93.30 81.80 81.10 38.05
76.55 7125 71.75 55.20
62.30 59.70 59.90 51.60
42.10 42.50 42.50 43.90
39.75 39.95 3715 26.65
52.00 50.40 48.80 36.80
66.35 62.95 62.15 47.05
88.05 78.85 77.45 39.65

105.65 92.85 89.45 31.05

109.35 96.15 93.55 36.95
89.40 80.90 78.80 40.65
74.90 69.00 67.50 40.85
62.40 57.90 55.80 31.65
43.60 42.40 38.80 20.20
66.70 58.90 56.30 18.60
75.20 66.60 65.20 29.50
90.50 79.90 79.30 39.80
99.30 88.40 88.30 49.75

11630 100.50 99.50 40.20

1
2
3
4
5
6
7,
8
9

o
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Map of first three principal components

DISTRIBUTION OF PALEOTEMPERATURES
DISTRIBUTION OF PERMEABILITY
== === DISTRIBUTION OF DEFORMATION

Figure 1.2. Distribution of controls imposed at the locations of the
samples.
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Statistical
Optimal Significance Reservoir Model
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Geo-mechanical model:
long-range poro-elasticity

Deformation and faulting associated with fluid extraction (Segall, 1989)
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Geo-mechanical model:
Permeability response to

deformation :
Non-linear,

near critical
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Time series for flow rate

Producer A-13 Producer A-28

Flow rate
Flow rate
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Cross-correlation function
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‘Direct’ and time-delayed effects seen over a few months
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Significantly correlated wells

454000 456000

asting LT

Fault map of the Gullfaks
Field (Fossen et al., 1998).
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Correlation function for
significantly correlated wells

well pairs that comelate)
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Correlation function for
significantly correlated wells
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Flow rate correlations Earthquake aftershocks
(Felzer & Brodsky, 2006)
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Anomalous (slow) diffusion
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<x>~1%3 for significantly correlated
well pairs
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Anomalous (slow) diffusion
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<x>~t03 for significantly correlated <x>~t007 for earthquakes (Mw>=5.0)
well pairs (Huc & Main, 2003)
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Principal
component
analysis
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Predictive trial for a single well

= raw flow rate
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Predictive trial for a group of wells

= raw flow rate
=== forecasted
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Geo-mechanical model:
Reservolr architecture

Cross-section through Gullfaks

CDP400 480 560 640 720 800 880 960 1040 1120 1200 1280

Fossen & Hesthammer (1998) 2D cross section
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Geo-mechanical simulation
Sclllumllergel'

(2D model in cross section)

FEMGY G.4-01 @ WIPS LTD 29-JUN-2004 17:083 a2ip_pressure

MODEL: 4FAIP2

COME: B

MODAL PRESSURE ¥¥
MAXAMIM OW MODEL SET:

MAX = . 143E5
= Z.z43E4
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i Pressure

MODEL: 4FAIPZ2
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MODAL T-STRAIMN WX
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i | E 7 7
e | £ | 3

__-‘(Strain

Pressure change and volumetric strain: critical case
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Geo-mechanical'simulation LM
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Geo-mechanical simulation
(2D model in plan view for a synthetic regular grid of wells)

(] Cumulative value of correlation coefficients as
proportion of cumulative no. of wells with lag distance
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