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Goals of this discussion

 present
— a general formalism
— a possible simplification
— justification & issues
* implementation
— saturation change
— compaction effects (available 4/99)
— integration with DepSim and LSF
* role in analysis of Draugen 4D survey
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Specification of model @

m=(g,f,x)
= model

g = geometric + seismic variables (e.g., v, , Vs, s NIG, p,, ¢, )
f = fluids in layers & effective stress

K = production related properties not well
correlated to seismic (e.g., permeability)
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Data to match

d=(d dg,, dp )
= data
t=t,
d,, = o; of o, of
SO
near stack far stack near stack far stack
t=t,
d,, = o; of o, of
s
near stack far stack near stack far stack
pressure well
dp =
time
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Fundamental equation

P(m|d)~P(m) P(d|m)

P(m) = prior probability
= (neural nets, trends, interpolated well logs)

P(d|m)=q(s(m)-d)

g = noise spectrum
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Iterative solution

construct a sequence { P, (m) } such that

P(m)—>P(m|d) as n— oo,
Po(m) = P(m),
and
P,..(m)=F(P (m))

F-= conjugate gradient or metropolis

[ oo [
{ ) o
Pn(m) .:.. L ¢
° 0 .\ .“o:o:.
Pn+1(rn) * ..:
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A form for the noise distribution

q= qso( Ss(go’fo) - dso ) qs1( $s(g1’f1) - ds1 )
di( s(9osfos ¥) - f1 ) Ap( Sp(90F0 ) -dy)

s. = seismic forward modeling

s; and s = reservoir simulation
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A simplified approach: phased inversion

7/18/08

assume g,=g,

and P(m) = P,(g,.f..f;) Py(K)

PHASE I: find { (g,.f,.f,); } distributed according to

P1(go’fo’f1) qso qs1
( conventional probabilistic seismic inversion )

PHASE II: find { (i,x), } distributed according to

P,(x) q; q,,

( probabilistic reservoir simulation inversion )
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A simplified reservoir model? @

layer

K, = permeability
K. = interface permeability

allow K., K; and endpoints to vary
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Possible justifications for 4D inversion @

« higher fidelity data preserved
— data equalization done via wavelet derivations
— no degradation of higher fidelity data to match fidelity of earlier data

— higher fidelity data and data with most contrast determines
structure

— earlier data determines original fluid saturations
« significance of results calculated

— errors

— probabilities
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Major questions @

« should simplified approach be used?

— how independent are geophysical and reservoir parameters?
 how should reservoir simulation be gridded and allowed to vary?
« others?
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model

inversion

data to match

Formalism has been extended to 4D

geometry

fluids

monitor
fluids
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Start with GOM petrophysical end member
trends @

VS porosity

wet
sand

~.

mix with net/gross ¢

vp VS density
mud-
stone

depth vp vp

note: separate trend for each layer
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Add two discrete cases of fluid fill @

initial s_tate oil or gas reservoir
water filled

fills reservoir leaks

—

« prior probability of each fluid fill case

— neural network fluid prediction

— regional information (trap probability, leak probability, etc.)
« posterior probability of each fluid fill case

— adds seismic AVO information
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LIPOS 2 fluid menu

7/18/08

_| fluid_popup

Edit fluid

002: Top_F_Mudstone
00S; LIPOS_2_fluid

Statistical parameters:

Fixed parameters:

oil_prior Ijlrﬁl

oil_density 1" 0.7 _AJ

gas_prior 1" 0.03 AI

brine_density 1" 0.95 A

residual _oil _prior 1" 0.03 AI

gas_density l" 0.3 A

residual_gas_prior 1" 0.0% AI

oil_up Iffons 4

lowsat_gas_prior 1" 0.02 AI

oil_prior2 1‘_" 0.0 Al

gas_prior2 _7_'" 0.03 _é_l

oil_fraction _Y_" 0.85 _AJ

residual _oil_prior2 1" 0.03 AI

gas_fraction _7_'" 0.85 A]

residual_gas_prior2 1" 0.0 AI

residual_oil_fraction 1" 0.15 A

lowsat_gas_prior2 1" 0.02 AI

residual_gas_fraction 1" 0.15 ﬁ

lowsat_gas_fraction 1" 0.05 ﬂ

COPYI

PASTEI

Ok | Reset | Cancel |
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Add ROCKS effective stress dependence @

wet
sand

mud-
stone
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Avp

Avs

4D Inversion and Draugen

Aporosity

AP

APmM/ AP
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Number of steps reduced and menus made
more DepSim like
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Edit Stacks (AVO,4D) |

Layer: 003: middle shale |
Litho: 012: SDDI Jam send s |
Fhid: 004: LIPOS fhid s |
Exror in thickness: v

{inm or ft) _’_'“ 100.0 ﬁ
Horizon time (layex top): (® constrainedl
(layer 1 cannot he constrained)
(one layer must he constrained) _free |
Exror in horizon time:: y

(inms) Y 4

Copy Layer | Paste Layer | Edit Layer

4 AR % S S : .. 2D 3D Plot
Session  Utilities Geometry Properties Gridding Faults Inversion | Blanking Analysis Blot Dlot XY Plot Options
Interactive Inversion
u - Plot Inverted Traverse
= main_popup FliiD .
. int Parameters
DepSim to PROMISE+AV0O/4D 3DI Key File (*.key)
(SOC test version) Wavelet
DepSim Jaap grid file name: Run Flint Job
I PR ﬂ Flint Documents |
PROMISE model file name: |SOC Test Version of Proraise 3| g4 fram DepSim
Promise Batch Inversion
PROMISE model: - Import to DepSim
= layerEdit_popup
peareats VR | B Edit PROMISE model
Reset | Bt | ||Number of stacks: 1" i A

[+][©

Layer Range: 001-003 I Facies Range' Property: Fac

Done

[Blanking Grid Functions

ictive Wells | Constraint Map: Structure I

mAll pattern parameters have been initialized

)| )
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New interface for doing PROMISE inversion

~| Metropolis_Menu_popup

Master_Menu_popup

PROMISE+AVO/4D
{(SOC test version)

Inversion (metropolis) — |
Input Model File: 'model.mot!: ElJ
Input Jgrd File: Idepsim-imi ﬂ
Output Directory: l k600_posti ﬂ
Input Seismic: Outpt Setsnies
VT | SIPMAP |
Time Range (ms)

Mininnon IIW_—A Ahove
Maxinmon IIIWA Below

Track Range
o
e g0 Ao oA
R LR

Load Parameters | Save Parameters | Edit Parameters

ok | Aply | Reset | Ext |

E Cr
e

Bin Range

= 4

— e o

Number of Traces Pexr Joh _Y_Ir _AJ

the b Commend | 72 vty

. T

N T

Maximum Number of Loops jlr ﬂ

— o4

_)Fitted Distibution [ | Diagnostics_Menu_popup

(" Estimated Posterior

] ok | _Re
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¥ Yes| JGRD Files _| No l Synthetic Traces
~ Yes' Average Synthetic Traces

W Yes| GRD Files
_| No | Detailed ASCII W Yes| Chi-squared Trace

W Yes| Chi-squared

_| No I L&M Traces
~ Yes! Average L&M Traces

Variahle Definition File: l model.def

e |2

Statistical Parameter File: l imodelpeg

Ok | Reset Cancel |
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PROMISE inversion done on business relevant
time scale @

« cycle time reduced to 8 calendar days (FRAM North Sea - Forties)
— DepSim model build
— petrophysical analysis
— wavelet derivation
— PROMISE and FLINT inversion

1 day to invert 150x150 model with 7 layers (with LSF and 60
nodes)
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Interpretation 1 @

* Interpret key horizons
top Spekk, top and base reservoir
re-snap using existing horizons

« Extract loop attributes

« Generate recovery map
multi-linear regression of difference attributes

Quality assurance of seismic data sets.

Qualitative comparison between recovery maps derived from seismic and
reservoir simulator.

At NSEP by Klaas + EPUP staff for 3 weeks.
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Interpretation 1 - BTC @

 Match time-lapse seismic volumes
use Lamont software and more ...

« Generate difference volume

- Generate recovery map
optical stack through difference volume?

« Back to Interpretation 1

Quality assurance of seismic data sets.

Qualitative comparison between recovery maps derived from seismic and
reservoir simulator.

At BTC by Klaas + BTC staff for 4 weeks.
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Interpretation 2 @

« Set-up Promise prior model
convert MoRes model to Promise input

* Derive porosity, thickness and saturation
invert time-lapse seismic data

 Generate DepSim models
use Promise posterior output

Static reservoir models consistent with seismic data.

Quantitative comparison between recovery maps derived from seismic and
reservoir simulator.

At BTC by Klaas + BTC staff for 6 weeks.
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Interpretation 3 @

« Generate MoRes models
input DepSim models

» Calculate production histories
simulate fluid flow

« Update reservoir models
compare to actual production data

Dynamic reservoir models consistent with seismic and production data.

At NSEP by EPUP staff + Klaas for 4 weeks.
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