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Presentation Outline

> Background/Objectives

~ llest Site' Description

» [Data Processing

> Predictive Viedels

» Resernvoir Characterization Results
» Conclusiens/Einal Steps
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The Industry Need

~ Effective ellfield management reguires 3-Dj
RIghireselution; reSen/ollf characterzation| te
identify. resernvolli Reteregeneity.
~ SOR/IOR
~ EOR
» €Oy seguestration
= SUrfiace seismic IS the mMost cost-efficient
methoed 1o obtain Inter-welllvelUmetric resenvoll
Infermation;, UL Vertical reselutionis
iInsufficient (=501 1t) for eptimized!injection
management.
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ARIFSHIEChHNGIGEY DEVelopRienits Goals

» Using| existing| data acquisition capanilities,
Improeve vertical reseluition andireduce
URCErtaInty’ oif reSerVvolli charactelzaon.

> Present resultin engineernng telims: requied
fer flow: moedeling and perfermance
ferecastingl (¢, K)-

» Reduce time/cost requirements.
~ “Better, faster, cheaper”.
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AppProach

> Apply: advanced patter recognition
techinoelegies (artificial neural networks;
clusternng, ete.) to Integrate multi-scaler data
(ceres, logs, seismic).
> Simple
> Data-Diven
» Deterministic

» Generate “high-tieguency” resernvoir |
description at each 3-Ib; seismic trace. location,

» lincorporate; INntermediate-scale data (€.0.,
crosswell seismic or VSP)i torbridge: reselution
gap and reduce’ Uncertamiy.
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Bereneler Seismic EillsReseluien Gape

Borehole
Seismic
Techniques

<

Seismic
Techniques

“Resolution Gap”

-

~

Ultrasonic
On Core
10°-108 H,

Sonic Logs:

103-10% H,

Cross Well

Seismology:

10-103 H,

Single Well

Seismology:

10-10° H,

Reverse
VSP
10-500 H,

VSP

10-100 H,

ERI

RI

RO
=

Surface

Seismology:

10-70 H,

[rI

10t
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Prepoesedl Patiway: ter High-Reselutien RESEroIr
Chalactelization

Relationship #2

Borehole Seismic Conventional Well Logs
(X-Well, VSP)

Relationship # i i
elationship #3 Relationship #1

Objective High-Resolution

3-D Surface Seismic Reservoir Description
(Core, MR, etc.)
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Differences with Inversion

> Data-aifven moedeling, not analyiic:
> IHanales noeisy: data.

> Directly predicts permeanility’ inraddition
10, peresity (lnet via a o/k relationship).

» Deterministic outceme: (net SEMes; of equi-
prehable eULComes).

> Simple: & fiast.

22222222222222222222



Phiase 1 EeasipiitysStuay,

> Anl Intelligent: Systens Approach
for High:Resolution, Inter-\Well Ol
Resevoll Characternzaon:.

> DOE SIFIR Grant.
> 12-mMOenth preject.
> Completed 12/31/01..
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Patasets; Utilized e Eeasipiiitys Study,

> Leg-NMRI1 Log| (prexy/ fier core):

» Carthage field, East Texas, Cotton Valley Sandstene
» Moehaghegh, SPE 51075, & SPE 65675

> XWell-1Eeg:

» Sulimar field, West Texas, Queen formation
» Chawathe, SPE 38747

> SD-Xwell:

> Steepbank field; Alberta (Canada), McMurray: tar sand
» Reeves, SPE 77759
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Conclusions

> he varoeus relatienships; ane feasinie
Using (Supenrvised) ANNFapproaches.

> A fullysintegrated demonstration Is
[eguired to) test the approach.

> See SPE 77 159.
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Plase: 25 Clirent Project

> Development of anr Advanced Approach
o Next-Generation), High-Reselution,
Integrated Resenvoir Characterzation:.

» DOE Cooeperative Agreement.
> 36 Menti pPreject.
~ nitiated: 10/1/01, completion; 9/30/04.
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PreJEct Oljective

> Demonstiate andvalidate the
Integrated (Virttal imtelligence)
precedure at a single field.
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Analytic \Werk Elow

Acquire and QC Data

*3D Seismic
*X-well, VSP
*Log
*Core
*Well Completion
*Production

o . Clustering
Seismic Processing -Logs Engineering Model

Rock Physics Modeling *Depth/time { «(Seismic) eLog/core

«Critical attributes *3D/borehole

Log/seismic *¢, k
eAttribute extraction s (Log )

*(Log/core)

Broadband Transform Function
*3D/X-Well/Log

Validation

*Simulation?

«Statistical?
sUncertainty analysis?




Preject heam

> Advanced Resources International
» Project Management
~ Resenvolr Engineering

» WellSeismic Computing Senvices
> Selsmic Precessing

> Advanced Resenvelr lechnelegies
» Rock Physics
» Transterm Eunction

» Eric Geosclence
» Cluster Analysis

> Chevrionilexaco/BEG
» Test Site
» Data Transfer

15
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Presentation Outline

> Background/Ohjectives

» llest Site [Description

» [Data Precessing

> Predictiver Viedels

> Reservolr Characterization Results
» Conclusiens/Einal Steps
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Site Location

- mMcElroy Field

17
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Seismic Survey

Stimman/ el Dater REceved

2000

3000 ft

Data Type

Amount Available

Well Locations

192

Seismic Survey, 3D P-P

2.5 sg. mi. (2000, post-steam) migrated stacked time

Crosswell Profiles

8 crosswell profile data files (1997, pre-steam)

Well Logs

Complete modern log suites for 59 wells (1984 — 2001)

Sonic Logs

84 sonic logs over survey area

Formation Tops

Interpreted formation tops (5) in 150 wells

Image Logs

8 image log files within the survey area

Core Logs

Core analysis logs for 13 cored wells in survey: approx.
325 ft. of whole core each with core porosity, saturation,
and permeability measurements on % foot intervals.
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plerLog/Coere Data

Correlation

Resistivity

MSFL

OHMM

LLD
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Sample Surface Seismic Inline

EAD443

Inline 165

\4

~ 2.25 mi.

A
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Sampler x=wellrPrefile

DY0386 (CM319) BO3826

Smlelllli —

Bk Dty gmice) | | l u an; tgmoc) ——
az 2
Igur—lm.. u-gu-m.n
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X-well Profil

it
5««2«133 %

X-line 1295

A

v

758 ft.

Tomography (background) shows velocity
/ — High Velocity
*Green/Blue — Low Velocity

*Reflection Series (wiggle trace) as conventional seismic display
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Compansen eff Stlface & xX=wellfData
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Presentation Outline

> Background/Ohjectives

» liest Site Description

» [Data Processing

> Predictiver Viedels

> Reservolr Characterization Results
» Conclusiens/Einal Steps
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EeuFViain Dater Brecessing ™ EIements

> Reck Physics Modeling

> SeIsmic Processing & Attrlkute
EXtrraction

» lLeg Clustering
> Leg-Cere Viodel
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ROCK PhysIcs VIodeling - On]ectives

> ldentify: and prortize seismic
attributes mOSt Iikely to be Development of a Rock Physics Model for the McElroy

Reservoir for the Purpose of Evaluating and Selecting
Seismic Attributes to be used for Reservoir

Infiienced by resernvoir
Properties; of Interest (0). =

» Results used toi select attributes
10 IncCiUae In precdictive models.

> See lepicall Report.

DE-FC26-01BC15357
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Ranking ofi Attributes Afiected by Peresiity

Avq Abs Value of Relative Change in Attribute Response
for Change in Porosity of 5%, 10% and 15% in Biot-Gassmann Layer

O Reflection Strength

D ABS Samples

O Instantaneous Phase

O Instantaneous Frequency

O Cosine of Phase

H Perigram

@ Perigram * Cosine of Phase
O Response Phase

HE Response Frequency

o
=
[
=
@
el
=
o
7]
E+]
<
o
(=]
2]
B
@
>
<

m Hilbert Transform
O dBels Relative to Scalar

O Median Smoother

. m 1 m Differentiate
o 'B Iil . | H Apparent Polarity

Attributes in Groups of 5%, 10%, 15% Change in Porosity
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W VA CAY

WV

A2 7

YV Y VYV

JHIgR=Rrhety AttilsUtes

[race Differentiation
Hilbert Tiransiorn (complex part of the: analytic tract)

Perigram (zZerer mean oi the complex amplitude ofi the
iriace)

Cosine of Phase (cesine of the Instantaneous phase)

Perigram’* Coesine ofi Phase (preduct of these two
attriputes)

Instantaneous Phase

Instantaneous FEreguency: (time; derivative of
IAstantaneous, pPhase)

Median Smeother (3 point)
Abselute Value: off Tirace

Response Phase (Instantaneous phase at the trace
envelepe peaks in degrees)

Seismic Amplitude

28
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SEISmMIC Precessingl and Attrbute: Extraction! -
Ohjectives

> Data QC, time/depth
conversion, tie (collocate)
suiiace & XWell tiraces.

> Calculate and extract high
PO~ attrHeutes fem
depti seismic.

> See ljopical Repert:

29
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Seismic Data OC

~ Two datasets to reprocess

> 2000 vintage surface P-P seismic cule (post-steam))
> —2.5 sguare mile reflection seismic survey:
» 176 inlines, 176 crosslines
> 55 fit. bin spacing CVP gathers
~ Central frequency. 65 Hz.
> Zererto 2 sec. data @ 2 ms. Sampling
> October, 1997 vintage Xwellfsurveys (pre-steant)
» 8 Crosswell seismic surveys
» Lengths from 443 ft. to 758 ft. in six surveys
> \Wo suiveysyapprex. 1,250 fit. Very peor quality.
» Shoet depths approx. 1,700-2,950 fi.
> Receiver depths 2,200-2,900 fi.
» Sample interval 0.15 ms.
> Vanying Data Quality
» Second Cresswelll program 3/99
» Data unavailable

30
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SEISMIC Ereduency: Speciia

> Overalll Geoed Quality Surface Data
» Signal ter Noeise: Difficult inr Crosswell

» Surface Seismic
> Good S/N 20 to 100 Hz

~ Implied verticall reselution —40
ft.

» Crosswell Seismic
> Soeurce Sweep 100-2,000 Hz. L
> Signal te: Noise as high' as; 20! di. L
» Fallefi albeve 2000 Hz. — Peor :
data guality _
» Implied verticall reselution — 5 fi. t | i

S/N'Ratio-Poor
Above 2 KHz. ||

| ol ] |
{ { ! 4 |
R | H T 14 B
I | ]
HEEL ISR (]|
[ g i1

Nogmalizgd Signal Qb

|
il
P41
i
|
%
i
%

-

F
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Nime: ter Deptia Conversien: of
Suriliace: Seismie

> Did not have checkshot or V'SP data
> Senic legs do not extend tos surface

» 1D (synthetic) methoeds hased en wellflegs were
difficult te tie

» Used Stacking Velocity: Analysis to) Improve tie
> Obtained uni-azmithal gatners

> Calculated normall moeveout velocities

> Calculated T-direlationshipr at pents througheut
SURvey

> Used NMOH-d relationship: to place synthetic
seIsmic against elhserved data
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Velecity Analysis UsingrNIVI@rGatiers
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Tie at WeII 803826
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Tle at WeII DY4441

"'}"'“I ’h / A
b},l|lli|+nnn+ PREEE NG
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> VoSt

Crosswelll Data

data o peor quality.

> llube-\Wwave noise

proefiles suitalble for analy/sis.
IFDY0386 — B03826 (CM319 — CM423)
| BO3826 — DY4441 (CM423 — CN314)

X DYO0386

> I\WGo
> We
> \\/e

BO3826

DY4441

-«
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Clusterng - Opjectives

Electrofacies and Reservoir Quality in the Grayburg

» Facies definition i log data.
> 10 e used 1 leg-core model.
5 See Toplc al Re po rt (Geologi Amatoss o Macmmes Likeikood Syaionyy

Topical Report
far the [HOE Praject:

DE-FC26-01BC15357
Development of an Advanced Approach for Next

Generation, High Resolution, Integrated Reservoir
Characterization

Telephane: SI&{30.5447
Email: mwlsivanaitabany.net

in_conjunction with:
Advanced Resources International
9801 Westhcimer, Suite 805
Houston, TX 77042
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Ereguency: Distibutien CUnes e Legs

38
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xample VultEDiniensional Cresspl ol

i
M0
ME
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MulmEWellFClusternnel Resulis

Mode | 6 [ 4 [ 2 [ 5 [ 10 [ & [ &t [ 7 [ o [ 3 |
Color | _gold | dkgy | purple [med biue| blue | gy | dkgm [medgm| red | pink |
% | 61 | 5o | 10 | 2 [ 2 | oo | 5o | 1 | 88 | 331 |
oNL_ | 00z | 007 | 009 | o014 | o015 | o017 | o8 | o018 | o024 | 024 |
SR S I N R A N SR R R R

)
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Clusterr Assignnents Compared
LerCorerbata

Facies Porosity Permeability

27501

30001
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Facles Cross-Section

anan A

Hinh Rie it
Besiruned a:'umumn.p.r

TR

mh [ B ran P ot - B

A

3000 ft
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Leg-te-Core Viode!

> +/- 6500 datapoints; (10wells
X 325 fit @ ¥z fit InCrements).

» 6/ 10gsias InpuLt; core poresity s ot Wy et e o
and permeanility as output.

> Use 60% data for training,, 20%
for testing, 20% fier validation:

> See lepicall Report.

Topical Report

U.S. Department of Energy
DE-FC26-01BC15357
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ANNEMedels Structure

Windowing
Increased No. &
Inputs from 6 =z

'EE:_'EIh

Hidden 1 Cutput
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ActUalfvs. Predicted Porosity: & Permealdility;

DY0534 Actual and Predicted

Porosity Profile DY0534 Actual and Predicted

Permeability Profile

Porosity, %

20

Permeability, md.

100

—— Actual — Predicted — Actual — Predicted

45
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Benelits o ANNMede!

Predictor

Correlation R?2

Porosity Permeability

CNL log

0.54

0.09

GR log

0.02

<0.01

LLD log

0.10

0.01

PE log

0.24

0.02

RHOB log

0.58

0.13

DP log

0.67

0.17

ANN Model

0.74

0.71
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Presentation Outline

> Background/Objectives

~ llest Site' Description

» [Data Processing

> Predictive Viodels

» Resernvoir Characterization Results
» Conclusiens/Einal Steps
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o Viedels Evaluated

> “Seguential® Systen (eriginall ekjective)
> 3-D ter X\Well
> XWelli'te Leg Series of Supervised ANN'S
> Log to Core

> One-step™ System
» Clustering
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SelIsmic Data Volume

> 176 Inlines andl 176 cresslines
@) S5 it bini spacing

> 30,000 traces

» 300 fit X 0.5 fit sample
Intervals, 11 attriputes

> 200,000,000 records

McElroy Field

49
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Stpenvised ANNFVedelng

» Constructed twe, cascading
ANNFmedels

> SD-Xwell
> Xwell-Log

» Data Breakout
> 60% liraining
> 20% liesting
> 20% Validation

50
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Results From Selected Test Wells

Actual vs. Predicted Logs (R,)

| [[ovaasn]lsosezel|ovosse[sossze|[sossze[sossad [ovosay
I | | | |
Soric Scater Plot_||_0.5040]| 04827]] 0.3146]| 0:0125[] 014651 0:0005[| 0366}
RHOBScaterPlot | [[osoar]l [ [Todosa]| [['oeer]
P Scater || [Tosetol| || [[odtes]| [| o0}
LD ScaterPlor || [Josaiofl || [Tooese]| [| 0.00s]
GRscaterPlot__[| [Toseeall || [[oddes]| [ oodrd]
CnL scaterpo ] ostsoll | [ ooote][ [ 0ess]

B, DW0534

51

1 BD3e27

Horth Interwell Line
lapprox 670 1

South Intervwel Line
{approx 720 fi)
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Predicted vs ActualrSenic

Line 168 Trace 1295 Well 3826

— Series]

—— Series?

1 15 29 43 57 71 85 99 113127 141 155 169 183 197 211 225 239 253 267 281 295 309 323 337 351 365 379 393 407 421 435 449
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Predicted Vs Actitiall REOB

Line 168 Trace 1295 Well 3826

— Series]

— Series?

Dﬂmﬂmmmmmmmmmmmmmm

16 29 43 57 71 85 99 M3 127 141 155169 183 197 211 225 239 253 267 281 2595 309 323 337 351 365 379 393 407 421 435 449
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Predicted vsHActual PE

Line 168 Trace 1295 Well 3826

— Seriest

—— Series?
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Predicted vs Actual GR

Line 168 Trace 1295 Well 3826
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Viedelr 1 Conclusions

> Results, were: reasonanle’ at center well,
PUL not beyend that location.

> Viedellwas: deemed unaceeptanle for
Widespread application.
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ViedelrZ: CIUstering

> Data “gap-filling™ precedure

Data Matrix
wels | Core | Loa | xwel| Suface

N N A A

S NI R AN N A
Logs (non-cored ~50 / /
wells)

el N N N N

59



Prediction oiff Core Data firen Well lEegs

> Constructed cluster medel using 6: Wells
> 5 10gs as; Inpu
> P&R as outpuUt

> Validated moedel on 5 wells
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PoIesIty: Predicuionst e HeldouiVVells

GAMLS - [Depth Flot: P6 Por HoldOut Predictions]

{7 File Edit View Window Help
jos@|rme v v (&2

'+,

&
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ior Heldeut WWells
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Permeaniiity Predic

[Depth Plot: P6 Perm HoldOut Predictions]

JTM1230 1230
[ |
NI |

=l B

JTME10T B107

L A

[im)
o
=
)
o
=
=
=
-

CM3Nc Cyvan CM322 TMa22




Pliedictions Better iR HROr Reck

Permeability Correlations (R Values)

between Core Perm and Predicted Perm P6 (all samples): 0.835
between Core Perm and Predicted Perm P7 (all samples): 0.724

between Predicted Perm P6 and Predicted Perm P7 (all samples): 0.911

between Core Porosity and Predicted Porosity P6 (all samples): 0.775
between Core Porosity and Predicted Porosity P7 (all samples): 0.797

between Predicted Porosity P6 and Predicted Porosity P7 (all samples): 0.953

Correlations by Mode

Mean Mean Core Casual Relationship between (Correlation
Mode # Smpls R Core Por  Perm (arith) of Predicted Perm with Core Perm
[P7_C13]) and Mean Core Porosity
33 0.887 0.181 203.4
49 -0.062 0.019 0.6
23 -0.020  0.032 0.4 0800 1 o«
68 0.858 0.069 4.3 0.600 1
5 0.023
64 0.285 0.097 19.2 0.200
5 0.079 0.000 1 y = 3.9814x + 0.003
* R? = 0.464
75 0.184 0.042 0.5 0.200 ;
20 -0.061 0.056 15 0.000 0.050 0.100 0.150 0.200
150 0.231 0.120 Mean Core Porosity
27 0.279 0.012 1.7
76 0.642 0.174

1.000

0.400

Correlation




Prediction of P&PHirom SUKiace: SEIsmic

> 11 total varanles
> P&P
> Well'logl (acoustic Impedence-computed)
> 4 Xwelll attrilkutes
> 4 surface seismic attrioutes
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Selected Seismic Attributes

ABS = absolute value (of the amplitude trace)
CP = Cosine of instantaneous Phase

D (TD) = Trace Derivative

HT = Hilbert Transform

IF = Instantaneous Frequency

IP = Instantaneous Phase

P = Perigram

PCP = Perigram * (Cosine of Phase)

RP = Response Phase

Ms = Median Smoother

Al = Acoustic Impedance

65



BO3826_S (CM423)
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Relationship Alse IHelds (Semewnat) o)
SUliface SeIsmic

SS_Al vs Cor Porosity for the 5 cored
Wells that have SS data
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Permeanility, canrbe Related
1o PeresILY,

vs Porosity for 11 Cored Wells

SRR L av!
: S S

~ JTMB10

a 6 wells selected as model wells; predict por & perm
in other 7 wells (hold out tests)
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6@ VS: SSI Reiesity Predichiens

purple = predicted porosity using well logs only (Por_P10, C12 [MES])

red = estimated porosity using only SS atributes and C45 (C45 was initialized
using MC-1 (C23 model cluster) using all four data types [well logs, core data, SS,
and XS])
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Correlation Coehficients; for OU534Y

R values are given using raw (unsmoothed) estimated core porosity values
(““none’”) and for values after smoothing using median filters for 25, 50, 75,
and 100 points

R
- Test Cluster none 25pt 50pt 75pt 100 pt

C42 (XSincluded) 0.26 0.34 037 039 0.37

C43 (XSexcluded) 0.26 0.35 0.38 0.39 0.36

e
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Seme lmprovement in: Vertical
ReselutienrAchIeved
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Viedelr 2 Conclusions

> Despite lew: albsolliie: correlation: Coefficients;
Medel 2 prevides reasenanle: predictions ofi P&P
USING sUrface seismic attrbutes.

» he inclusions ol cresswell data: didi net Impreve
e resuliis — this may. be due 1o the guality. of
the crosswellfdata.

> Seme Improvement in vertical reselution: of P&P
predictions;Wwas' achievead over the surface
SEISMIC freguency.
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Areas off DIfficuiiby

> lIime/depthl transiorn Wasi not relhUSt.
» Use “depth Windewing: strategy. In future

> Quality’ eif Xwellfdata may: have: imited reselution
Improvement seught.

» SEISMICI FESPRNSE. 10 IESERVOIIF PrOPEIIES ISI mere
difficulit In; carbenate than inr clastic fermatons.

> Data acquisition Was net: onl censistent time
98SIS.

22222222222222222222



Presentation Outline

> Background/Objectives

~ llest Site' Description

» [Data Processing

> Predictive Viedels

» Reservolr Characterization Results
» Conclusiens/Einal Steps
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Inline/Crossline Scheme

LayOut of InLines and CrossLines Grid (176 inlines and 176 crosslines)

Notes: NOT TO SCALE; top inline and left crossline in grid are not at 10-line interval
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E-W Cross-Section

C30 CMP (cumulative mode probability) plots; 13 traces East-to-West (left-to-right) along Inline 173, Xlines 1260 - 1380

500 ft 1290 1t

1300 »**

E Reds and yellows = high- por03|ty zones

> ,{
[

£
I . '
oF |
1 ft | a0 ft

B coarse Grid
Inline 173

)
Lavender (shaded) = crosswell .7~
seismic “calibration” region

) 3250 ft \ ‘ 3250 ft
|

80
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Clese-Up il Cresswell Area

- In173Cr 280 - In173Cr 300
. BOIB0N (CHA23) . Tracks 1 and 4:
s - ~ o B e T ] s - ~ o

. C30 CMPs for Xline 1290 and 1300
tracks 2 and 5:

blue = estimated porosity generated
with C30 (profiles for the positions
of the two SS traces)

black = SS_MS (median smoother)
red =SS Al (acoustic impedance)
track 3:

blue dots = porosity (predicted
earlier) for well BO3826

red line = predicted porosity with a
50-point median filter (smoother)

NOTE:

correlations of CMP plots and
estimated porosity curves from C30
and the “actual” (predicted)
porosity for well BO3826

30001 T ' 30001 ~, 30001

this well is the closest one (although
not cored) to these 2 SS traces
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Fine Grid VS. Coarse Grid
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Lew! R@OrAreas, ldentified




Implied Peer @uality Resen/olr Areas
Red = low RQ

Blue = limits of prediction area

High Resoluti
ir C e ri zati
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3D Peresity: Cule
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Regions Wit IHighr Poresity
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3D Bermmean)lity Cuee
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RegionsiwWitaiHigrPermezinity
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Presentation Outline

> Background/Objectives

~ llest Site' Description

» [Data Processing

> Predictive Viedels

» Resernvoir Characterization Results
» Conclusioens/EFinal Steps
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Conclusions

~ A cluster medel has; heen developed! to predict
PEmeanlity:and Poresity hased en suliface
SeIsmic data at. VIcElrey.

» Ihe methoed yields geod! trends: of resenvoir
Properties on a verticall reselution: of +/- 10-35
fit.. This IS a moedest Imprevement over surface
SEISMIC freguency.

> Ihe precedure may have Been compromised 1y
URcertain time/depthr transterrm, peor-guality
cliess-well aata;, InconsIstent data acguisition
iming, and It's application 1IN a caionate
[ESERVoIr.
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Einal Steps

> Check/validate: g/k predictions agalast
Cheviienlexaco’s existing knowledge of
[ESER/oII Preperties;

> Elnall reporting:
» Cluster Viedel
> Einal Report
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