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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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Questions to keep in mind ¢d{ vhpiltiton

 What facets of this strategy could cause it to succeed, what could
cause It to fail and need to be changed?

 What part of this strategy could be applied to nuclear weapons
design?

 What changes would need to be made to the strategy to apply it
to nuclear weapons design?
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Outline sdl bhpbilliton

o Strategy
e Tactical plan

* Implementation

— INTviewer
— Configurable XML editor
— DELIVERY (Metropolis model based seismic inversion)
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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

¢d{ vhpbilliton

 100% Java based development
 OpenSource maintenance whenever possible
» Seismic Unix backbone
* INTviewer

— servlet-applet, multi-tier structure

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

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

— Behavoir determined by xsd
— Servlet-applet infrastructure
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Software architecture supporting fast
implementation ¢d{ vhpbitliton

external consortia and vendors $$$ internal development

seismic
Colorado School unix Java viewer
of Mines

SEEe  stochastic model

advanced migration,  FEGIFPLA 1 — based seismic
model building

! . Inversion
with uncertainty model,
random
Monte Carlo driven _ =) wavelet based

map migration reservoir ID
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Web page access to results — a picture that
can be browsed ¢4 bhpbilliton

4} INTVIEW (Houston) - Microsoft Internet Explorer -0l =]

J File Edit “iew Fawvarites Tools Help ﬁ

J &Back - = - @ [5] 3 | @l 5earch  [GFavorites ¢ &Histary |%v =N

Jﬂt_ldress IE http: fitomcat. pethou. bhp.com. au: 5080fbhp/htmiftyphoon. jsp j e |JLinks H
=
BHP/INT Viewer
Continue...

Press the above button to get a new session.

Inversion displays

If you cannot see the above buiton, your brower fails running the applet.

&
/

|@ Applet bhpapplication/Bhpstartapplet started ’_ I_ Local intranet
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Synchronized viewer ¢4 bhpbilliton
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[ Map Viewer

q
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model
behind
seismic
wiggles

::r::)rt))):?yrptyz_xr;g?;
;vi;})))))»»))»»»)

A »
Horizontal: {1 cdp:4550

[4]
| Verticak:|traci :4039.0 | Horizontal: ep:2413)
IJava Applet Window

I Il | vertical: fraci - 404
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XML distribution via the web interface with
application specific Java help

il bhpbilliton

3:::'\1“ ditoe - Microeoft Intermek Explores

!EH Edt  Wi=w Favories  Took  Help

| Az @] bt foomcat pathou. bhp £ ors,asECED b mbsc b, el

| dmback - = 3 [ | Dhsearch [siFovors (s Ty 25 W - B
=] e [funs »

XML Editor
Greneral

Defhuaryr P a1l s | Srigt Editar |

Specific

Araplitue Extraciian

Load Events

Wiaredel Resanalr I
Dielivery

Dairseny Parametars

PRESS

Prior Iersion

‘Selstbc Radel
S ] st 1 Stats Modled |
Standard Dindstion Ml '
[&] appet modelDEARaRpnt stated [ ] B iacel e

I

o0 |

@ XML Editor, schema xsd/script.xsd
File Edit Tools Scripts Help

gxecute on server

L

=&

HEEEEEE

homefahglimmprg/zmledithetaisample XML deliverypostin...

& E

O tm > FmplBhpwWriecube.sh
2 > $tmplrealisations.su

9'% scatter

unix_command > cd ${project_directons

Fs

2 uni¥_command > mkfifo $ftmplseismic_pi ;@‘E dit Parameter(s) = ﬂ.
O unix_command > mkfifo ${tmp}model_pipl =
&8 L 4 Parameters
; R . Mame | Walue
E P_file: myfile > $ftmp}model_pipe_${index number_realisations a0
@ O hhpread project_directony fhomefahglimidiskl 52vah..
B P file: myfile > $fimpliseismic_pipe $finde |Model_description TestsModelDescription.xml
: model_filename input_time_model
e O delivery ——= i
E . seismic_filename seismic_small
file_P> ${tmp}ioutput_maodels_pipe_${inde Lo olot filename Testshwavalet su
@ O hhpwitecube output_models_filename inversion_output_post_narth
O rm> ${tmplseismic_pipe ${index1}.su cdp 4564
© rm> ${tmplioutput_models_pipe_${index1 2P 1232'” =
C mm> ${tmpYmodel_pipe_${index1}.su innecpep i
W gatner rinep 2025
nedp 240
ML docurment is valid. incodp 4
- mincdp 39454
I.Java.t’-‘-.pplet\p\-"lndow mincdp_invert 44872
maxcdp_invert 4540
rrinar it 77170 i
| Accept || Cancel ‘ ‘ Clear Values || Help |

IJava Applet window
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XML explorer of parameter file ¢d{ vhpbiltiton

i‘% ¥ML Editor, schema xsd/Delivery.xsd = I Dlﬂ
File Edit Tools Help

| £ untitied<2>
(=3 irversion
® [ inversion_info “inversion title”
& [ seismic_data
% 1 model_description
& 09 layer "top”
@ 09 layer "hottom”
[y name: bottorn
@ [ reserair_endmember "reference sand
@ [ nonreservair_endmernber "reference shalg”
D time: 0
D sigma_time: 0
[y net_to_gross: 0.0
[y depth: 0

£ Edit LFIY x|

Attributes

name value
aries_areally trua
same_as_layer_abaove true

Value

Walue varies areally. Link defined in property_indices.

Default value far null. The value must be a float.

same as layer above |

Accept | Cancel
e o000 | |
% [ rock_fluid_properties | Java Applet bafindaw

@ [ fluid_properties
@ 23 fluid "brine”
@ 9 rock_properties
@ [ reservair_endmember "reference sand”
[y name: reference sand
D reference_fluid: brine
@ wp_curve
D intercept: 4320
[ depth_coefficient: 0.33
(Y LFI_coefficient: 0
[ sigma; 250
& Jvs_curve
© [ porosity_curve
[ wo_grain: 20151
D ws_grain: 13740
HML document is valid.

I.J ava Applet Window
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Distributed on Linux cluster using LSF ¢d{ bhpoilliton

¢ 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]
i s A 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] i
houulGd T
hiouulEs
howlES 2 | - =
PaGLEGE Job Id Array Name User NJOBS PEND DONE FRUN EXIT SSUSP USUSP PSUSP
9 1 o 4967 waveletlb28a[1-28] ahglim 28 28 0 0 0 1] 1] 1]
1-min CPU utilization 9
¥ M= L L LA
houul6d 02 ; 3 ; T :
houulEs o ecl_eclipse ecl gioption ecl lgr ecl multisegwel
hoilf 502 y 5 v 5 O *HE
houul67 G0 ecl networks ecl rescoupling priority seis
0 La10FS 100%
‘Updating done. Updated 22:49:16
=l
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Metropolis based Baysian update is lynchpin
of system ¢4 bhpbilliton

Bayes P(d”*m) = P(d) P(m]|d) = P(m) P(d|m)
rule

d ° seismic data

m © model (e.g., N/G, vp-sand, porosity, vp-mud, density-mud for each layer)
s(m) © synthetic seismic given the model

P(m) incorporates petrophysics, well information and geologic senarios
P(d|m) ~ exp[ — (d-s(m))*2/2 s~2], where s ° seismic noise level

Use Metropolis method to get {m} distributed according to P(m|d), then <f>= S f(m)
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Layer based prior model is constructed ¢d{ vhpbilliton

pre inversion post inversion C N/IG
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Models generated by a Metropolis algorithm
that are consistent with measured seismic sdl bhpbilliton

pre inversion

post inversion

thick red trace = seismic data
thin multi-colored traces =
synthetic seismic of each
realisation
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Statistical realisations at C location sdl bhpbilliton

realisation number

| """"H'll"—-l-""-"l-'-"‘-[

pre inversion

post inversion

black trace = seismic data, red trace = synthetic seismic P50 model
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Maps of statistical moments post inversion ¢d{ vhpbitliton

mean net sand (ft) stddev net sand (ft) oil probability

e — . ' Q.00
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Net sand, pre and post inversion ¢d{ vhpiltiton

well reSl|J|t
| | _ post inversion
pre inversion mean = 300 ft
mean = 200 ft\q stddev = 60 ft
stddev =130 ft P90 =200 ft
P90 =40 ft P10 =360 ft
P10 =400 ft

P(>80 ft) = 99.9%
P(>150 ft) = 98%
P(oil) = 91%

P(>80 ft) = 77%
P(>150 ft) = 57%
P(oil) = 50%

net sand (ft)
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Calibration of estimated uncertainty &4 bhpbilliton

each point
costs $20 to
$100 million

secant area, net sand TVT (ft)

well value, net sand TVT (ft)
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Closing questions ¢d{ vhpiltiton

 What facets of this strategy could cause it to succeed, what could
cause It to fail and need to be changed?

 What part of this strategy could be applied to nuclear weapons
design?

 What changes would need to be made to the strategy to apply it
to nuclear weapons design?
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