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Project overview

Brown field in re-development >
REPIFOL

Data from 11 wells used for

matching

»  Historical production . . .

* Reported static pressures Historical pl’OdUCtIOﬂ

*  Flowing bottom hole . tesT  1ee8 1e® =000 2001 200
pressures

* Pressures and SWAT
measured during
redevelopment drilling
campaign

*  Grid dimensions (geo):
207x340x70 cells

* Active: 806 663

* No upscaling

» 2 analytical CT aquifers

1999 2000 " 2001 200

Symbol legend
- Historic oil production rate — Historic oil production cumulative —— Historic water cut




Integrated uncertainty workflow
9 y <

Integrated workflow that contained 27 uncertain parameters range and "'
distribution (static and dynamic parameters all together, including structure /| REPFroOL
depth conversion uncertainty, saturation table endpoints, OWC ...)

Description of static variables: Description of dynamic variables:
Velocity Fault transmissibility
Model multipliers
1 *

Pet50||qhy3|cal 11 (*3) Oil-Water Relative 1

moadeting, permeability Corey

(varlogr_am, poro-perm exponent

correlation coeff,

stochastic variables*) KvKh 1

Oil-water contact 3 Aquifer 3
Saturation table End 2
Points

(SWL;SWCR;KRWR;
SOR)



Seismic-to-simulation workflow

Structural and
Stratigraphic model

« Stochastically modeled
*SGS; upscaled logs etc.

Permeability

* CORE
* SCAL

Well and
seismic data

*« PORO-PERM correlation

Porosity modeling

Objective Function

screen realizations
according to production *OWC
history e Aquifer CT
« Relative Permeability tables

- Schedule file

Flow Simulation
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* SATNUM regions
» Saturation End Points

SWL, SWCR,
KRWR. SOR

And KVKH




Challenges and limitations of <A
Optimization algorithms and 3D -

. REPSOL
modeling software

Objective function is main input
to optimization algorithms.

S el Optimization algorithm will
S variable perfo.rm accordingly to objective
function function setup.

Uncertain
Variable vs
Uncertain
Scenario

Modeling software is grid
centric. No easy way to explore
uncertain scenarios (different
geological concepts), thus
predicted reserves range is

Set of history matched usually narrow.
reservoir models
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Assisted history matching

Typical process

5/26/2017

Select control
parameters for
optimization
algorithm

25%

Tune the range
of control
parameters to get
the history match

13%

=

REPSJOL

Select and Set
up optimization
algorithm

30%

P10 P50 P90
reserves models

1%

Define the
objective function
that guides the
algorithm

30%

Run production
uncertainties /
EOR studies etc.

%

Select base case
1%

% represents time spent on each task



Boitom hole pressung [oar]

Assisted history matching

Example

. Botiom hode pressure

Fittness

. Water production rate

REPSOL
Explore the optimization space.

Assisted history matching (with optimization algorithm at its
center) requires large set of initial models to calibrate
optimizer with respect to model variables (usually 10x # of
active model variables (Uncertainties) typically 200 initial
runs).

Perform optimization = algorithm will
launch multiple ‘ensembles’ or
‘generations’ until it converges.

Optimization algorithm will perform accordingly to objective function
setup.

Optimizer working as expected, OF drives
convergence toward lowest mismatch.



Alternative Methodology

Screening of geological realizations by

dynamic flow simulation
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Select control
parameters for
optimization
algorithm

55%

P10 P50 P90
reserves models

1%

Tune the range
of control
parameters to get
the history match

13%

Define the
objective function
that guides the
algorithm

30%

Select base case
1%

% represents time spent on each task



Objective function a

Setup

‘vane.  Quanitynane + K L Coo  Tmeweisk 'S
[ S I [£ [
4 8T2 Eottom hole pressure 1 1 0.2 | Default El
A_A Bottom hale pressure 1 1 0.2 | Default El
A2 Bottom hale pressure 1 1 0.2 | Default El
AZB Bottom hole pressure 1 1 0.2 | Default El
AL Bottom hole pressure 1 1 02 | Default
A _A DS | Bottom hole pressure 1 1 0.2 | Default El
A4 BTZ | Bottom hole pressure 1 1 0.2 | Default El
A5 Gl Eottom hole pressure 1 1 0.2 | Default El
A5 Wl Bottom hale pressure 1 1 0.2 | Default El
AB Eottom hole pressure 1 1 0.2 | Default El
AB_A Bottom hole pressure 1 1 0.2 | Default El
AB_T2 Bottom hole pressure 1 1 02 | Default
4512 Ol production cumula | 100000 [ik] 2 | Default El
AlLA Qil producti mula | 100000 09 2 | Default El
A2 il producti mula | 100000 09 2 | Default El
2B Qil producti mula | 100000 09 2 | Default El
M Ol production cumula | 100000 k] 2| Default =
A4 A DY | Oil producti mula | 100000 09 2 | Default El
A4_BT2 | Oil production cumula | 100000 09 2 | Default
A _Gl il producti mula | 100000 1] 0| Default El
A5 Qil production cumulz | 100000 ] 0 | Default
A6 il producti mula | 100000 09 2 | Default El
A A Qil producti mula | 100000 09 2 | Default El
AB T2 Ol producti mula | 100000 2 2 | Default El
Field Oil producti mula | 1000000 10 1| Default El
4 812 Water cut 0.05 1 0.1 | Default =
AA Water cut 0.05 1 0.1 | Default =l
) Water cut 0.05 0 02 | Default
2B \ater cut 0.05 1 0.1 | Default El
A Water cut 0.05 1 0.1 | Default El
A ADY |Watercut 0.05 1 0.1 | Default El
A4 BTZ  |Water cut 0.05 1 0.1 Default El
A5 Gl WWater cut 0.05 1 0.1 | Default =
A5\l Water cut 0.05 1 0.1 Default El
A6 Water cut 0.05 0 02 | Default
AB_A \ater cut 0.05 1 0.2 | Default El
AB T2 Water cut 0.05 1 0.1 Default E|
Field Water cut 0.05 50 1 | Default =

Case variables plot REPJOL

W  gAMm M AR @A XN TOM MK ME

wm uom
‘ORI B s} OFTROICL_CT [N DDt T

[ BTl LUl e

The uncertainty in the observation data allows
to assume that Cumulative Oil production
along with Field Water Cut / Cumulative Water
production should have the highest impact on
the quality of the match, since there is highest
confidence in these measurements. It is
reflected on the tornado chart as these
parameters are outstanding as compared to
bottom-hole pressure.
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Qualitative selection of models with

lowes

ri Settings for 'Uncertainty’

(0 Addcokaes.. (%) (B2

t mismatch

d ]

i Columns Drag a column header here to group by that column.
| LY | D \ SField_Oil_in_place_19 .
SField_Oil_production_cumul.. =+ ‘ tem %—DQ—DSEDEQDD—DD—D 0 y
SField_Dil_in_place_1356_0... =
Svar_sf
W:;‘ih RM_FLT C1 GNE2220 945 98406649698
Swer Gam_MC_352 250.808766318741
Ssw Gam_MC_347 265.581996140299
Sseed_vel Gam_MC_290 265.821524236792
Sseed facies Gam_MC_313 271.805624589525
:f::f*m' Gam_MC_382 281.625410974448
£poro Gam_MC_278 282.293032507653
SNTG Gam_MC_383 286.834370057885
SN 3 Gam_MC_226 287 242654335528
sm_sf Gam_MC_288 250.220558542578
ir:(_)cohp Gam, MC. 235 330 662907565133
0 s Siic i i
SLN78 am_ML -
SLNG2 Gam_MC_245 296.194022432324
SKVKH Gam_MC_288 297.097128436314
SKrwSor Gam_MC_468 298 67040245124
$raulilM Gam_MC_374 298 225382532283
SCorey'n/
SCoreyD LA [Gam_MC 401 239.533896024626
F | [Gam_mcC_218 300.436474351305
Scont_\W
Scont_SE Gam_MC_405 300.813824343808
Scont_NE Gam_MC_ 456 302.047744002584
SAQThic Gam_MC_343 303.179852805601
—
$haPoro - Gam. iC. 361 303.271776531354
. i Gam_MC_483 3055475754647
;_H Gam_MC_396 305.563666094557
(og] (g [ [Gamiic 307207812119253
[ Latest Gam_MC_392 308. 125045654002
Gam_MC_484 203.049642353732
Gam_MC_366 210.445431338693
Gam_MC_329 313.518630841567
Gam_MC_274 315.183207263458
Gam_MC_480 316.515807015637
Gam_MC_322 317.132182151747

-
. REPSOL
Calculated mismatch

Calculated mismatch (the value) is also
available for the reference case(highlighted
in Red). This provides means to qualify the
realizations with respect to reference case.
It can be seen that the reference case has
the smallest mismatch (245), which makes
it best case of the set. There are however
many cases (U&O realizations) that are
relatively close. For the purpose of this
study the screening threshold was set at
mismatch value of 300.
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Alternative Methodology, part 1: v,
ay, p ’:J

Obtaining a representative ensemble of realizations
REPSJOL

1. Define uncertain parameters range and distribution (including all static and

dynamic parameters, including structure / depth conversion uncertainty...)

Run XXX models in history mode and check if ranges must be tuned

3. Tune the range so that you have an ensemble of models that are not
skewed in one direction only, using sensitivity analysis tools

N

Example on field watercut:

Initial ensemble, all realizations produce too After few iterations, some models produce
much water. less water.

Field Water cut
TIANAWE TS TSANIIT  LALTHT  TJARISNE  TJULTISE  TJANIN  ILIS  TANIO0D IULI000  TJANZ001  LUL2001  TANM2 TJAZM0Z  1JANDO  1JUL2983

Fleld Water cut

ARSI TJAKINT  1JULIS!  LJARTIE  TUULTIE  TJAIS  LALIB  1SANDO0  LJAZ000 1AM  LALION  IUANZND AL  1AANI0N  ARIMD

s o2 on  om

—

Liquid To Liquid Ratio, [sm3/sm3]
o o om ok 040 om - bm os om a5 om
Liquid To Liquid Ratio, {sm¥sm3]
e oM on 04 048 0%




Alternative Methodoloqy, part 2: |
gy, p <A

Using a Objective function (mismatch function) to qualify the models / =g
discard the models that are totally off, and analyze the qualified models REPSOL

1. Mismatch function needs to be carefully defined, based on confidence on data
/ reliability of observations

2. Run 300 models in history + forecast mode and define a threshold for
mismatch function, above which you decide that the HM is not good enough

3. Do probabilistic analysis on the selected realizations

Cumulative Oil Production Cumulative Oil Production Probabilistic reserves profiles
before screening Screened set of models P10 (green), P90 (blue), P50 (red),
Ref. case (black).

L . E N ENEE. S ERNIEE N . BN 5 5 5. Fiokd O production cumuletre
T g e e et et L S W B W A4S MR P W - ne s ms m0 w2 Wi w 3a wn am

/

] /" Qualitative selection of models with
|/ lowest mismatch using Objective
./ function

T I R I EE EEE EE ]

1996 2000 2004 2008 2012 2008 2020 204 2098 202 2% 204




Summary & Key learnings <A

REPJOL

Simpler method that
don’t require full
optimization loop

Screened
realizations can

]Ei’r?e”t‘ﬁr?gg't'g Work_flowhcenr:rif
: screening that helps \
production data select the model(s) that O |
) honors production history
instead of HM of random
geological realization Time spent on
multidisciplinary \
collaboration J
Instead of tuning
optimization

o X®

More detailed
sensitivity analysis;
understanding
impact of model
uncertainties on
planed
development wells
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