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This presentation will show:

Cluster analysis using Self-organized maps can be very accurate when determining
reserves when the reservoir can be identified, and

Looking for anomalous data points can be key in determining depletion providing
the seismic data was acquired after most of the production had taken place and,

Using Machine learning can help give a better understanding of the subsurface when it
comes to Exploration and development.



What is SOM? (Self-organized maps)
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g / the folders within are the seismic data files.
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Example of Classification of “Attributes” — T. Kohonen

This example shows how the classification process can group clusters of similar
information. Using this method with seismic attributes results in a more

clear view of the subsurface stratigraphy than can be done in a conventional
wavelet interpretation. Using the data in SAMPLE statistics, allows fine resolution
of rock properties, regardless of frequency or depth.

. Classify statistics which describe quality of life attributes
such as state of health, longevity, education, income,

taxation, population density, etc. (39 in total)

. Countries with similar quality of life attributes cluster

together (126 countries)

. Organize data into spreadsheet

Columns = Quality of life attributes

Rows = Country

. 9 x 13 hexagonal neuron topology (117 neurons)

Slide courtesy of Dr. Tom Smith
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39 quality of life statistics (UN)
126 countries

9X13 hexagonal neuron topology (117
neurons)

Slide courtesy of Dr. Tom Smith

Each “cell/neuron” has unique properties. The closer the cells are together
The closer in properties they are. They can then be organized on a “map” by
their properties. In much the same way, Paradise organizes data in the sub-
surface by the variance in discrete rock properties.

Self-Organizing Maps
(unsupervised classification
of data)

T. Kohonen, 2001




“Single Sample Resolution” — number crunching! [B

All other ML software use Waveform
Resolution of either %2 or Full

Wave Resolution to minimize

Data Processing requirements

This Drawing is actual
Seismic Amplitude data in
Waveform 2ms sample rate

Resolution
Full Wave

This Software uses

Single Sample Resolution wsmwmmi\
hY
In order to enhance the \- » So, if the Envelope (trough to peak interval) is
Neural Cluster Process N 30 ms and you are working with 2ms sample rate,
\-\ Paradise is statistically analyzing the data 15 times as
AW densely as a mapped wavelet of peak or trough, which
) allows for much finer resolution in the earth of
_;-r depositional features!
ra
J
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Slide courtesy of Blaine Taylor



Every Sample from each Attribute is
Input into a PCA or SOM Analysis

Slide courtesy of Rocky Roden



Scale of SOM Results

NOTE: Data points or samples associated with patterns identified
by neurons are discrete points. There is no interpolation between
data points as in amplitude data. The “tuning thickness” in
sample statistics is based upon the interval velocity of the rock
from which the sample is taken.

Bin Size

—

} Sample Interval (1 ms)

Tuning Thickness
for this example




Proof of concept challenge — Meramec Study, Blaine/Kingfisher Cos., Oklahoma

Project Objectives:

1) Discriminate production in the Meramec Formation
2) Understand the “accuracy” in the machine learning classification results

Assumptions and Challenges:

1) Production is not necessarily related to only geological changes (reason
for only using straight holes for challenge)
1) Permeability could not be calculated from the log curves provided in
order to calibrate well production
3) Difficulty in isolating specific production in all the wells through
multiple zone perforations



Wells with production numbers in
pink have produced near or over
50 MBO. Those in green have
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Time Map on Top Meramec Fm. el
Cl =10 ms (~60 feet)
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S-N Arb Line PP5D-PRCMIG (1.3-2.1sec) — Resampled to 1ms and used for Parent attribute
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Arbitrary Line taken from SOM in 3D Survey Top4PCA-Inst__10x10_-10 to 0 Mer-Wood
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Although porosity is low, there is a distinct neural pattern associated with the higher resistivity section
in the log — especially at the lower perforated section of the well.

Effie Casady

Effie Casady logs

S IESC

_ Tosos mss g DPHI ILD RHOB Borehole

PERF

PERF

-I Higher Resistivity PER

Higher resistivity
was targeted in
the perforations
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Here are both neurons, colored in approximately the same color configuration as in the Kingdom display.
This is also a sculpted interval
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Geobodies are on a scale of bin X sample increment, therefore,
geobodies can be quantified.

Each bin X sample increment can be
quantified to compute Gross Rock Volume,
Hydrocarbon Pore Volume, etc.

Sample Volume (Time) Calculated (Bin X * Bin Y * Bin Z(Sample in time/msec. * velocity))
Depth Conversion Velocity 5 Digit Value from User: 12000 Feet/sec (survey units)
Gross Rock Volume GRV = Sample Volume * Sample Count
Net Rock Volume NRV = GRV * Net Rock Factor (0-1)
Pore Volume PV = NRV * Porosity
Hydrocarbon Pore Volume (HPV) HPV = PV * (1-Sw)
Porosity 0-1 (from user)
~ Water Saturation Percentage (by user from log data)

17
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The two key neurons in previous slides have
been scanned for Geobodies. The Geobody
which may be contributing to the production
in the Effie Casady well has been highlighted
in green. Highlighting that geobody allows
one to know the sample count it contains —
which in this case is 32,439 samples (1ms

x 110'x110’)

Hydrocarbon Pore Volume, if all values are known, could be
calculated to show possible reserve amounts (with recovery factor)
and calibrated to known production for

reservoir extents. Values used are “estimates” for the

Meramec in this area

These three wells had a combined total Velocity (ft/s) :
of 205.8 MBO + 1.38 BCFG

14000 ft/sec

Net/Gross (0-1) : 0.6

Porosity (0-1) :

Water Saturation (0-1) :

D NAME NEURON SAMPLE COUN1 | EXTERIOR SAMPLE COU' | INTERIOR SAMPLE COU/ | VELOCITY (FT/S) (>= | NET/GROSS (0-. | POROSITY (0-1 = WATERSATURATION (0 | SAMPLE VOLUME (CUBIC FEE | GROSS ROCK VOLUME (CUBIC FE =~ NET ROCK VOLUME (CUBICF = PORE VOLUME (CUBIC FEE ~ HYDROCARBON PORE VOLUME (CUBIC FEET)
67 Geobody 67 72 32439 24,925 7,514 14000.00 0.60 0.06 0.40 169400.10

32,439 samples

5495169000.00 3297102000.00 197826100.00 118695700.00

HPV = 118,695,700 cubic feet

118,695,700 CuFt/43,560 = 2725 ac-ft x 225 BOE/ac-ft = 613,125 BOE Actual is: 611,685 BOE for the well

18



Arbitrary Line in PP5D-PRCMIG from Cassady well to other wells with key neurons
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Enlarged section from previous line in Paradise SOM
Barnard
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MacKellar #1 Clydena had
58,601 BOE

¢ Q FE

Sample Gross Rock
Volume Volume (Cubic
(Cubic Feet) Feet)
169400.10 6396208000.00

WaterSaturati

Id Name Neuron Sample Count  Exterior Sample Count Interior Sample Count Velocity (Feet/sec) (>=0) Net/Gross (0-1) Porosity (0-1) on (0-1)

139 Geobody_139 72 37,758 27,786 9,972 14000.00 0.60 0.04 0.40

37,758 Samples

| took the total cubic feet of
hydrocarbon pore volume and

divided by 43,560 (# of square

feet in an acre) to get Ac-Ft. Then

| multiplied the number of Ac-Ft (2114.4)
by the recovery factor given to me by
my friend at the large independent to
end up with 475,751 BOE. There were
only three of the four wells which
perforated the key neuron, and the total
BOE of those three wells was 423,080.

However, the MacKellar #1 Clydena
perforated a small interval of the key
neuron, so | added the BOE production
from that well to get to 481,681 BOE,
which is within 2% error from the
calculated amount

(R) SAMPLE COUNT FILTER

/ Q 586 | — ) 37758

RESET

GEOBODY EDITING CONTROLS
Editer \ficihilih,

Net Rock Volume
(Cubic Feet)

Pore Volume (Cubic Feet) Hydrocarbon Pare Volume (Cubic Feet)

3837725000.00  153509000.00 92105400.00

HPV =92,105,400 cu ft

92,105,400/43,560 = 2114.4 Ac-Ft x 225 BOE/Ac-Ft = 475,751 BOE

Actual from the three wells perforated in the neuron is 423,080 BOE + 58,601 = 481,681BOE from Neuron #72
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@PALADIN PETROLEUM III, LLC

An “M.L. Driven” Prospect
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MAJOR FIELDS IN THE UPPER
WILCOX GAS TREND
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The Geronimo Prospect is on stratigraphic trend with
N.E. Thompsonville, Fandango and N.W. Rosita Fields

It has the potential of 300+ BCFGE. The structure is
approximately six miles long and two miles wide. Targets are
the Upper Wilcox Hinnant Sands from the UW-1 to the UW-17.

The initial test well is designed to test a large faulted,
four-way closure with vertical relief in excess of 1000 feet.
The prospect exhibits multiple stacked sands with
thicknesses ranging from 40 to 100 feet.

Additional potential can be seen in the Queen City Fm.,
which would be a non-pipe test at about 9000 feet.

A 27-square mile 3D, acquired in 1998 and reprocessed by Tricon
Geophysical recently is the basis for this prospect. All

attributes were created using the Far Angle Stack to better
support any AVO gas effect in the data.

Gathers at key sands show Type 2P and Type 3 AVO

13%» characteristics.
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UPPER WILCOX
HINNANT SANDS :
MUY GRANDE FIELD :
10 miles west

260 FT TOTAL SAND

DT [US/F]

160

GR_[GAPT]

0.00

Amoco 1-
Peters

Uw-1

UWw-2

UW-3

uw-4

HINNANT SAND SERIES

Sonic Porosities : 22-
28%
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ANALOG UW -17 PAY FOR WEST LOCATION
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%, & w |-
X \ " Time Structure Grid of Near Top Wilcox
__50500 D’; H&s CI = 20 ms ("'100 )
- 0 E

At the Top Wilcox (UW-1) the
Geronimo Structure maps out as an
elongate faulted anticlinal structure

6 miles in length and 2 miles in width’
very similar to the N.E. Thompsonville
structure.

Scale = 1:51067
3000 6000 9000 ft

FROM INSIGHT TO FORESIGHT



Tricon PSTM
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‘l\\\ Hor\z?\n: LI_3FARS (Tony Maherek) (SpringGreen), Data Type: TRI_3_I5_FARS
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(~ G Detail .
o West Side Sand

Id Mame Meuron Sample Count Exterior Sample Count Interior Sample Count Interval Velocity (Feet/sec) (>=0) Net/Gross (0-1) Porosity (0-1) WaterSaturation (0-1) Sample Volume (Acre-Feet) Net Rock Volume (Acre-Feet) Hydrocarbon Pore Violume (Acre-Feet)
Geobody_28 2113 1327 786 11000.00 0.85 0.23 035 172 3088.92 461.79

262 197 65
1388 783 603
500 301 199

Geobody_34 11000.00 0.85 023 035 172 383.01 57.26

Geobody_68

11000.00 0485 023 033 172 2029.07 303.35

Geobody_104 11000.00 0.85 023 035 172 73093 100.27

140 1 11000.00 0.85 023 035 172 204.66 30.60

Geobady_300

165 0 11000.00

Geobody_317 0.85 023 035 172 241.21 36.06

Geobody_318 21 1 11000.00 0.85 023 035 172 30845 46.11

Geobody_346 293 11000.00 0.85 023 035 172 523055 781.97

Geobody_353 2 11000.00 0.85 023 035 172 111.10 16.61

Geobody_710 107 11000.00 0.85 023 035 172 245593 367.16

Geobody_746 0 11000.00 0.85 023 035 172 245.59 36.72

Geobody_762 2 11000.00 0.85 023 035 172 217.82 32.56

Geobody_2659 7 0 11000.00 0.85 023 035 172 81.86 12,24

Geobody_3020 8 11000.00 0.85 023 035 172 1339946 2003.22

Geobady_3050 8

(~) Geobody Details .
Lo East Side Sand :

DPRO N 35 141,2833 767 786,714,723,808,802

11000.00

0.85 023 035 172 958.98

Total Acre*Feet = 4369.67 x 2000Mcfg/Ac*Ft = ~8.74 Bcfg + Liquids

14337

Name
Geobady_53

Neuron

Sample Count  Exterior Sample Count  Interior Sample Count  Interval Velocity (Feet/sec) (»=0) Net/Gross (0-1) Porosity (0-1)
3,608 2,150

548 383

WaterSaturation (0-1) Sample Volume (Acre-Feet) Net Rock Volume (Acre-Feet) Hydrocarbon Pore Volume (Acre-Feet)
1458 11000.00 0.85 0.23 035 172 527441 788,52

185

Geobody_141

11000.00 0.85 0.23 035 172 801.10 11976

Geobady_321 165 162 3 11000.00 0.85 0.23 035 172 241.21 16.06

173 167 ] 11000.00 083 0.23 0335 172 232,90 el

Geabody_326

Geobody_340 161 160 1 11000.00 083 0.23 0335 172 235.36 3319

Geobody_344 11000.00 0.83 0.23 033 172 3058.22 457.20

Geobody_350 11000.00 0.83 0.23 033 172 7417 110.80

Geobody_395 11000.00 085 023 035 172 3697.06 352.71

Geobady_495 11000.00 0.85 0.23 0335 172 32746 4295

Geobady 714 11000.00 0.85 0.23 035 172 1708.92 25548

Geobady 723 11000.00 0.85 0.23 035 172 2952.97 44147

Geobady_786 11000.00 0.85 0.23 033 172 226.59 13.88

Geobody_787 11000.00 083 0.23 0335 172 8333 1246

Geobody_802 11000.00 083 0.23 0335 172 603.75 90.26

Geobody 808 11000.00 0.83 0.23 033 172 2%0.91 43.49

Geobody 27537 11000.00 085 023 035 172 171.04 2557

Geobady_2765 7 11000.00 0.85 0.23 0335 172 138.88 2076

Geobady 2833 7 230 217

w

11000.00 0.85 0.23 0335 172 336.23 5027

Geobady 28397 11000.00 0.85 0.23 035 172 559.89 83.70

Geobady_3028 & 11000.00 0.85 0.23 035 172 23319.50 378527

Geobody 3176 8 11000.00 083 0.23

Total Acre*Feet = 7198.22 x 2000Mcfg/Ac*Ft = ~14.4 Bcfg + Liquids

4

0335 172 1261.59 12861
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View looking north in 3D viewer —
penetration of key geobodies with
first two wells.
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Visualizing Depletion using
Low Probability Volumes
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The importance of understanding “Stack” and “Halo Neurons” in ANY reservoir — but especially in
Carbonates. Also — a good example of how “pre-conceived” ideas about the reservoir are not always
correct! And - throw in the importance of the “Low Probability” volume assessment too!

Case History — Austin Chalk - Texas
| 5

Time Structure Map — Top Austin Chalk
Cl =10 ms (~50’)

oty

.......

Scale = 1:18000

0 1000 2000 3000
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Gather at Key well
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Neurons 71 (main), 53, 62, 72, and 82 (supporting) better define porosity

Attributes

Complete Volume_AVOStk_30-38_0005(2)
Complete Volume_Relative Acoustic Imped
Envelope-Bands-on-Envelope-Breaks
Envelope-Bands-on-Phase-Breaks
F-NxF_AVO_0005
Instantaneous-Frequency
Sweetness_30-38-0005

TEed ADNNRRREN NNy

!

Y

“Support” neurons
Sometimes | call them
“trailing” neurons —

the neural equivalent of
“dim out”

(CNRRRRRNEN RRRRRRNInpl

|

Perf: 2155-79’ (24’ - ~4 samples)
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Low Probability turned off . Dry holes drilled

ny years after depletion ,
N »
3 ovsr:- (D Y D
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Color Map | Opacity Mask(s)
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Attributes
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Relative Acoustic Imped |
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F-NxF_AVO_0005
Instantaneous-Frequency
Sweetness_30-38-0005




Low Probability Volume — outside “edge” of data points are furthest away from

center of cluster —and are considered “most anomalous”. So, if attributes are used which are “hydrocarbon indicators”
then the “low probability” anomalies could possibly be hydrocarbon indicators. At the very least, they would tend to
show the best of the properties of the attributes used in the analysis

Classified Multi—Attribute Samples

10%

Anomalous data point

—| Outer 10% of points in the cluster

Attribute 2
*
R X
&g L5
xgg%
X

Attribute 1
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Could be showing signs of depletion with 10% Low Probapbility turned on

Options:- OPEN EDITOR .

Color Map | Opacity Mask(s)
Dimensions: ( 10 x 10 )
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Similarity_Sobel Filter on flattened time slice at Top of Austin Chalk
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cemented sand which was
productive at the top of
The Chalk

o] a e S e e
Kt Y —]|
SR e e L] I —
o= [ ==
A — el
e N =

B - i TN
= =

i | lgf

{_:

Ay
{L
1
(Y
Y
2N
AR
/]

_L
0!

i
i




Additional Case Histories on using
Machine Learning to find Hydrocarbons
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Carbonates have contributed close to 70% of the world’s production, yet in the Gulf Coast and other
places in the US — they are often overlooked or mis-interpreted.

The key to ANY interpretation of the sub-surface with Paradise is to start out with good synthetics —
because you can be “sloppy” in the wavelet world with your ties — but you can’t when it comes
to sample statistics! e - -

3 Time) v | 4= -+
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. . . o . .. ooy - a0 P
] 15524 © —
Synthetic tie with a 50.6% correlation coefficient : : s
E ‘ [ 3498.079
PRillios Vel SIoCTy(T7) o7 HANGHET P | (ANGET BDRaven_Fo_ 1 (ANGHT 1500 —— .00 ;;E;gg
(Sonic) USA_PST_ =0.506 E 2 e
10000 30000| 1000020000 100002000 © ] : e
I - | 1749.040
o T ! [ ) ] - 1380 221
7 5 - 1058629
43000 J B s 200 = = 2000 590410
Fo.80 00| f - -y ey e = B i i ] —] - OX 9150 — 322192
-4 % — -46.027
050 ] E 388218
- a2 e ] - -736.438
3500 [ EEEE %% 99 2100 Z2100 -1104.656
1.00 s s ap Sarn E 1426 848
77777777777777777777777777777777 :jwwf 77ééé§ < -1 ggsd ] E -1795.067
'''''''''''''''''''''''''''''''''''''' S = R S= K] EVVHCOX. E 2163286
1.10 -& 4000 E E 2485477
3 [ -2853.696
=S ﬁ 2200 2200 Taisie
i E -3544.107
3 | -3912.325
E 1y .ower Wilcox 1V - T
] e -
2 = 2300
E £l E
hany nnel Base E
2400 2400
2500 2500
b—— 3 arity Sand :
- - = E
2600 2600
1 — g
—
2700 2700
o e
2800 2800
23007 300
] dbibiealk 2
3000 3000
1 —_———
3100 _———% 310
P ] 13790.0 E




The importance of understanding “Stack” and “Halo Neurons” in ANY reservoir — but especially inCarbonates.

Case History — Edwards Reef - Texas
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Now, after SOM has been run using the attribute list below, which consisted of the top attributes from the first three Eigen Vectors PLUS,

the Fault Skeletonization from CNN - the result is obvious! There is a “halo” neuron (light blue) above the reservoir where there has been
vertical percolation of hydrocarbons leaking from a highly-pressured fractured carbonate reservoir into the sealing shales above showing
exactly where the reservoir is located. Both the wells with good gas shows have this “halo” neuron above them, while the dry hole does not!

11930 ft—-¢-

illlllll

Attributes

=

65.000
62.000
59.000
56.000
53.000
50.000
47.000
44.000
41.000
38.000
35.000
32.000
29.000
26.000
23.000
20.000
17.000
14.000
11.000
8.000

5.000
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Areal extent of “Halo” neuron showing well placement of the three wells in the arbitrary line. Key attributes contributing to this neuron
are Energy Absorption, Attenuation and Hilbert — which are good Direct Hydrocarbon Indicating attributes.
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and back reef porosity!
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Winning Line Info
«

Details for Neuron 32
Winning Line 90 Neuron Sample Count 9413
Winning Line 90 Total Sample Count: 1294360

Neuron

s Frequency_ PSTM
Thin Bed_ PSTM
Relative Acoustic Impedance_ PSTM
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Here is a dip line through the dry hole,
showing not only the structure of the Reef, -(’,>-
but how close they came to making a
significant discovery! If they had drilled
600 feet to the north —in the porosity
developed on the “back reef” — they would
not have had a dry hole!
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Likewise — here is a dip line through the good
show well, which barely clipped the reservoir
found in the back reef. If THEY had drilled a few
hundred feet to the south, they would have had
a “tight” dry hole with no shows!
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Time Structure on Near Top Smackover
. Cl = 5ms (~30 feet)

Type: Time), Version: 7.5
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Arbitrary Line in Amplitude data — There were no Angle/offset stacks available.
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After working through the project and creating synthetics on key wells, it is shown that the key productive unit is JUST BELOW the peak over the Massive Smackover Lime
event. The better porosity and productive wells tie to Neurons #5, 28, 29, 31 and 38. Poorer wells seem to have a predominant amount of #5, and #38 in them — probably indicating

tighter rock.
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This is an enlargement of the first half of the Key Arbitrary Line showing the “patterns” of the neurons mentioned in the previous slide. The patterns tying to better porosity and

production abruptly stop at the reef edge. The “Recipe” of attributes used in this analysis is shown below. These attributes were picked because they help find porosity, stratigraphic

importance and are also hydrocarbon indicators.
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Knowing where the shoal deposition is relative to
the reef material is also important.

Here, the key neurons for the Oolitic shoal deposits
are shown with the reef key neurons of #51, 52,
58, 59 and 60. Understanding this relationship will
also help in seeing why some wells produced more
than others in the area.
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Mapping and delineation of thin-bed reservoirs
(below seismic tuning)
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Brazoria County Middle Frio Test at 10,800 feet.

Depth Map on Top Alibel Sd.

Cl =50’
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Inline showing key well which had produced over 450 MBO at the time of the analysis (PSTM Enh wiggle overlay)
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Arbitrary Line — PSTM Enhanced Brazoria County Middle Frio
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Inline through Key well (PSTM Enh wiggle overlay) — Paradise display
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Pattern representing “bar” development in Alibel — black line is flattened time slice 17 ms below mapped Alibel surface
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Arbitrary Line using Paradise software — attributes used were designed to find sands with porosity
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542400

Discovery Well
467’ outside of
production unit
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& Greens Lake 3D Line 5481.0, Class_8x8 Top4PCA+HCI 2.5-2.9 6-29-16
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Cum: 7.4 Bcfg + 946.8MBO
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New well — Original Operator (2017)
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New well - Client (2017)
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Wells were poor producers — not because of mechanical failure
But because of limited reservoir extent!
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Conclusions:

It is possible to be very accurate in estimating/predicting potential reserves using
geobodies derived from Self-organized Maps.

It is possible to use Low Probability volume calculated during SOM process to see
depletion- if seismic data was shot AFTER most of the production had occurred, thus
being able to look at possible stranded reserves.

SOM Classification using multiple attributes and working on sample statistics

can work in any depositional environment. It is not “one and done”, but an
iterative process to calibrate to well data and learn to interpret what the patterns
mean in terms of lithology and stratigraphy. A good understanding of depositional
“forms” is necessary to clearly see the information the patterns are disclosing!
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