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How do you get results from technology? ¢&{ vhpoilliton

R&D prototype production

(technology)  ESJUIEIGIY (results, that is $3)
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Outline
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o Strategy
e Tactical plan

* Implementation

— BHPviewer
— Configurable XMLeditor
— Wavelet based reservoir ID
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Environmental changes ¢d{ bhpoilliton

 Java
— 25% to 30% development time and cost
— Easy to port to new hardware platforms
— Extendable (10-20x more than C or Fortran)

— Performance rivals that of C and Fortran

— 400 Mflop/s performance per Linux processor (Colt dense matrix benchmark), 60
Mflop/s (Linpack benchmark)

— CERN Colt library

— Insignificant object oriented overhead, performance determined by FFT speed (same
as optimized C and Fortran program)

 OpenSource maintenance
e Linux clusters with LSF

— Low cost

— Robust distribution
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Strategy sdl bhpbilliton

e Exploit superior knowhow
— Increase the value of our assets

* Rapid technology development and onboarding
— Maximize the rate of technology change
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Tactical plan
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 100% Java based development
 OpenSource maintenance whenever possible
« Seismic Unix backplane
« BHPviewer

— servlet-applet, multi-tier structure

— Java, XML saveset of view
— Multidimensional 2D viewer, 3D in future

e Linux cluster with LSF
 General XML editor for parameters and distribution

— Behavior determined by xsd
— Servlet-applet infrastructure
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Software architecture supporting fast

Implementation
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external consortia and vendors $$$

Delphi

Colorado School
of Mines

advanced migration,
model building
with uncertainty

Monte Carlo driven
map migration

internal development

——

E AR L |

Java viewer

seismic
unix

(seismic

stochastic model
based seismic
inversion

horizon,
model,
random

) wavelet based

reservoir ID
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Web page access to results — a picture that
can be browsed
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i
File Edit ‘iew Favorites Tools Help ﬁ
$Back » = - () @3 | Qisearch [GFavoriees hvedis (9 | By S & 1S
Address [ &) http:/ftomeat.pethou bhp. com. au:B080imain/ahgim/ser th ~frica ien =] e |Links »

=

BHPviewer (South Africa, Orange Basin)

Continue...

Press the above button to get a new session.

Wavelet Reservoir ID

Line E2002-10 with wavelet transform and stratigraphically flattened

If you canmot see the above buiton, your brower fails running the applet.

IQE' Applet bhpApplication/BhpstartApplet started l_ l_ l_ g' Local intranet 4
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Synchronized viewer ¢d{ vhpbitliton
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XML distribution via the web interface with
application specific Java help sdl bhpbilliton

23 MLEditor - Microeoft Internet Evplorer
Fie Edt Yew Favorkes  Jook  Help 1
d=back - = o G 0 3| Dsearh [iFsvotes sty Ty Sh = = & xML Editor, schema nsd/scripb.usd =1o] x|
|| Aekess @] hitpethomeat et bhp, com, auECE it nlmlsdtoc o = R | File Edit Tools Scripts Help eXGCUte On Server
N NECIEEEE L1 E
- — ———
XML Editor 5= B
homesahglimidisk152/south_africa/smlwavelet.<mil
Greneral —
= é hhpwritecube
Diilhvesry Paramelers | Secrigt Eitar | 2 ::: :gzp}laatsu
PYaaz.su £ £dit Parameter(s) x|
Specific @ i scatter
03 s nurcer ST Parameters | - |
&= 7 scatter_pararm ame alue
Arapdituce Extracihan | Lsad SEGY
T | & [ scatter_ paramlj } 5 ﬁrstttransffurm 91 =
i D unix cummand>| T nc_transiorm bk g
' H_lm last_transform 1.5 I
PRESS 2 unix cnmmand‘;lr_"}q-,"_ Editar i
o Lhnian [} inkracioction ﬁ ﬂrst_stau:k_lqw 1 :
el ] O F 1" Optianz i first_stack_high il I
et P_unix_COMMant| =4t optione | |second_stack_low B :
P_unix_commann o= Uger—lntemnecumpu:: second_stack_high '_|_|:| =
Lol AR LD | L | ©= O bhpwritecube [ saing Heip inormatio] - |stnaoth_length 20 i
Past mmrsion 35’(/ gather [ Adding Plugins project_path fdatarD_152_001fahashbiB...
| | @ . scatter [ Howetra Sehema code, {output_filenarme bccammegq__wavelet
R Plat | 0 unix_command > D""S*:E:":Ejﬁﬁﬂiflﬂ input_filename heammena_seismic
nirocuenon
R R 2 unix_command > Im_p . '[_n_amp
| SRl : © unix_command > [ Pty mincdpsigmaslope 4274
Shadhett Mn= | Sy D‘-'“t'_':":""" _ maxcdpsigmaslope 12044
Elmiardd Iieowt i Ml un!x_cnmmand:s r_'lELI imbdc-rshnlm Flugin inccdpsigmasiope 2
© unix_command > ey minepsigmaslope 258
T — R— = O unix_command >| L) Eing Faramters maxepsigmaslope 14330 =
|&] apdet modelCEdkap et started [ (28 Local peraner 4 e [T nelhuding Paramatars § T S -
= ————— | =[S Cutions
it che el ”"% UserIntEnace Compog Accept Cancel ‘ | Clear Values ‘ | Help |
= Adding Cormmands g
IJavaAppIetW’lndow o Commands .-'IJ e
(| =% (¥ Idava Applet Window
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XML explorer of parameter file ¢d{ vhpbiltiton

E‘; XML Editor, schema xsd/WaveletExtraction.xsd = I'g' Iﬂ
File Edit Tools Help

Untitled<1>
wavelet_extraction
& wavelet_extraction_info "inversion title”
@ [ well_info

& [ well "WR3I45-1"

& [ well "WR3I45-2"

9 [ well "AT34-5"

D name: AT34-5

@; Edit well_log_Ffilename
Value
value must be a string.

§ [ well_log_info wiee || |og bt
Oy weell_log_filenarme: well_log. =
[ measured_depth_keyword: MD ‘Accept Cancel
D sohic_DT_keyward: DT S = -
[ shear_sonic_DT_keyword: MD_sheat |Java'.¢-.|:u|:ulet WWhridon

[ density_keyword: RHOE
@ 3 well_survey_info
@ [ checkshot_info
D seismic_minicube_filename: seismic.su

@ ] extraction_info
@ 1 wavelet_parameters

D maximum_coda_time_millis: 50

D maximum_precursor_time_millis: 50

Lol | seizmic_minicube_header_words
&= 03 output

il document is valid.

I.Ja\-'a'.&pplet window
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Distributed on Linux cluster using LSF
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¢ LSF Batch - Console B ] 4
File  Job  Jobfrray  Gueue  User  Parameter  Options Help |
Job_Id User Stat Oueue From Host Exec_Host Sub_Time Job_Name
4962 ahferj RUN ecl eclipse houulT77 houule’ Sep 11 15:40:47 2002 fdatafeclipseftri A
4963 shferj RUN ecl eclipse houwnl7T houul6e Sep 11 16:10:25 2002 fdataseclipse/tri
4966 zhglim PEND seis hounled Sep 14 22:48:59 2002 waveletla
4968 =zhglim PEND seis hounled Sep 14 22:48:59 2002 wawveletlc
4967 ahglim PEND seis hounled Sep 14 22:48:59 2002 wawveletlbhZ2B8a[l]
»¢ Detail Load 4967 shglim PEND seis houled Sep 14 22:48:59 2002 wawveletlhZ28a[2]
- I 4967 azhglim PEND seis houulad Sep 14 22:48:59 2002 wawveletlhZ2B8a[3]
ab Sahe 4967 shglinm PEND seis hounl6d Sep 14 22.40.58 2002 waveletlhZfa[d]
4967 azhglim PEND seis hounled Sep 14 22:48:59 2002 waweletlhZB8a[5]
4967 zhglim PEND seis hounled Sep 14 22:48:59 2002 wawveletlhZ8a(6]
15-zec CPU queus length 4967 ahglim PEND seis houulad Sep 14 22:48:59 2002 waweletlh28a[7]
4967 zhglim PEND seis hounled Sep 14 22:48:59 2002 wawvelestlhZ28a[8] !
houulGd 4
hiouulEs
howlES 2 | - =
HEGLER Job Id Array Name User NIOBS PEND DONE RUN EXIT SSUSP USUSP PSUSP
9 1 4967 waveletlb28a[1-28] ahglim 28 28 0 0 0 1] 1] 1]
1-min CPU utilization T o =y
¥ M= L L LA
houul6d 02 ; 3 ; T :
houulEs o ecl_eclipse ecl gioption ecl lgr ecl multisegwel
houul68 G Y r = S »HI>
houul67 G0 ecl networks ecl rescoupling priority seis
0 La10FS 100%

‘ Lpciating care.

Updated 22:43:16
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There Is multiscale structure in seismic

reflectors, can we detect it?
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lithofacies A

1 1.2 14 1.6 1.8 2
scale (log10 m)

100 Hz 30 Hz 10 Hz
frequency

lithofacies B

1.2 14 16 1.8 2
scale (log10 m)

smoothed (30 m) absolute
value of continuous wavelet
transformation of:

d(well log impedance) / d(depth)

A new paradigm for rapid technology onboarding
Page 13 29 October 2003



Linear inversion of real seismic data also
recovers well log spectrum ¢d{ bhpoilliton

Iithofacies A | Iithqfacies B

100

200

depth (m)

400

1.2 14 1.6 1.8 2 5001 1.2 1.4 1.6 1.8 2

scale (log10 m) scale (log10 m)

J. Appl. Phys. 94, 5350 (2003)
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Stratigraphic slice with wavelet transform and
movie ¢4 bhpbilliton

atigraphically flatter

Wiggle trace = rfc seismic
B W = density of 50 m beds
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Full wavelet spectrums for two traces ¢d{ vhpbilliton

bk ﬁa%s-s‘sﬁ*::‘ 7 i"ﬁ:ﬁ«f’:‘;‘f
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Wavelet spectrums for two times show
spectral shadow ¢d{ vhpbilliton
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Conclusion sdf bhpbilliton

* New paradigm has enabled rapid reduction of the cycle time from
concept to business value

— Wavelet based reservoir ID (12 months)

— Advanced horizon amplitude extraction (2 months)
— Stratigraphic flattening (2 months)

— Bayesian imaging velocity tomography (9 months)
— Stochastic model based inversion (24 months)

— Bayesian wavelet extraction (8 months, in progress)

— Stochastic inversion to COUGAR reservoir simulation (18 months, in
progress)
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