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Fields in study in relation to Chester Incised Valley
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(Above) Regional isopach of lowermost Chesterian
incised valley fill (Montgomery & Morrison, 2008)

(Right) Four fields in study. Green — Oil; Brown —
Oil and Gas. Grid is Township-scale (6 mi.).
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Integrated Multi-Discipline Project

Geophysics: Static MOdeI Geology:
structure, attributes, fam ractes ey =" / Formation tops, sequence

Code 0
stratigraphy, core lithofacies,

Shale

lithofacies prediction (NNet)
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Engineering:
PVT and fluid analysis, recurrent
histories, dynamic modeling

Dynamic Model

Petrophysics:
Core K-Phi, corrected porosity,
free water level, J-function

Fluid History by Month
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Inputs

Basic Workflow

Static Model

Dynamic Model

Framework data:
e Formation tops
eSequence stratigraphy

e Depth-converted seismic
structural surfaces

eSeismic attributes

Structural wire frame

model

* Incised valley by seismic
and well tops

* Two parasequences

* 0-249 layers

e Cells: XY=55 ft, Z=2ft

* 700,000 active cells

Well-scale data

e Lithofacies (by NNet)

» Core data

* Porosity (corrected)

e Water saturation (Archies)

Sw solution

* QOil/water contacts and
free water level

* Sw by Leverett J-function
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Fine- grid cellular
property model

e Lithofacies

* Porosity E>

* Permeability (XY)

e \Water saturation
e O0IP
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v' History matched
primary and
secondary black oil
simulation

v Forecast CO2 EOR
compositional
simulation

a

1)

Upscale

model

* Phi, K, Sw

e 0-25 layers

* Cells: XY=55
ft, Z=10 ft

* 65,000 active
cells

Equation of State
from PVT and
fluid composition

Recurrent well
history
* Mechanical
* Fluids
produced and
injected




Field Summary

Meramec structure
(Cl =20 ft) and

Oil-Gas-Wtr (mb, mmcf)

Fluid History by Month
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Chester IVF gross ley Injectioﬁ\'\
thickness (color) ] 0 < < < < ; 0
Chester IV (Pleasant Prairie South) cuts = = R R R
through Pleasant Prairie, a faulted anticline
producing from the St. Louis (34 mmbo).
Producing zone Miss. Chester WEF recovery Appx 50% of cum.
Discovered 1990 Oil wells total 18*
Waterflood 2002 Current oil wells 13
Cumulative Oil 4.4 mmbo Current wtr inj wells 9

Cumulative Gas 0.7 BCF

*5 oil converted to injectors
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Stratigraphic setting
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Generalized stratigraphic
column (Montgomery and

Morrison,

1999).
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) C_olo_rac_!o _

Oklahoma
Subcrop pattern for Mississippian strata, western
Kansas (Ebanks, 1991).

Valley incision took place during exposure of the
Meramecian. Subsequent Chesterian
transgression, punctuated by still-stands filled
the narrow, nearly linear valley with fine-grained
reservoir sand.
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work by John Youle

Chester Sequence Stratigraphy
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. The cyclic retrogradational nature of Chester shoreline advances into Kansas are interpreted to have
filled incised valleys with a series of ‘back-stepping’ stacked estuarine sandstone reservoirs. Red dashed lines
are postulated sequence boundaries, and purple lines are possible parasequences.
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Inputs

Basic Workflow

Static Model

Dynamic Model

Framework data:
e Formation tops
eSequence stratigraphy

e Depth-converted seismic
structural surfaces

eSeismic attributes

Well-scale data

e Lithofacies (by NNet)
 Core data

* Porosity (corrected)

e Water saturation (Archies)

Sw solution

* QOil/water contacts and
free water level

* Sw by Leverett J-function

May 22, 2012
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Structural wire frame

model

* Incised valley by seismic
and well tops

* Two parasequences

* 0-249 layers

e Cells: XY=55 ft, Z=2ft

* 700,000 active cells

"%

Fine- grid cellular

property model
e Lithofacies
* Porosity
e Permeability (XY)
* Water saturation
* O0IP

2
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v' History matched
primary and
secondary black oil
simulation

v Forecast CO2 EOR
compositional
simulation

a

1)

Upscale

model

* Phi, K, Sw

e 0-25 layers

* Cells: XY=55
ft, Z=10 ft

* 65,000 active
cells

Equation of State
from PVT and
fluid composition

Recurrent well
history
* Mechanical
* Fluids
produced and
injected




Lithofacies in core and wireline logs

Two cores of nearly
entire Chester IVF

« Lithofacies
» Petrophysics

Main Lithofacies
Model Core

. limey congl| . limey congl

wkly strat/lam ss
reservoir ss . pebbly ss

x-bedded ss
shale shale

. basal congl . basal congl
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Lithofacies in core and wireline logs
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Define lithofacies in wells without core

Questions to be answered
1. Do lithofacies make a difference?
2. Can they be defined in wells without core? ) They do make a

3. Lumping and splitting decision process difference
 What can be defined?
 What makes sense petrophysically?

» Decided to lump

K-Phi Plots by Lithofacies K-Phi - Lumped Lithofacies
1000 ! 1000
o - 0 y= 0.0047)(3'9365 @ -
100 o = 100 | R'=08578 X e S
5 10 n. e
E y ] = 10
£ /@’U/D-’-’-' E
s 1 5 ‘E 1 ‘6 y = 0.0033x25% _
Fe- O 2 _
a 01 o o WkStrat & Lam o ‘Q/‘ ¢ < R°=0.6621
' m Pebbly ss o 0.1 s . *
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' ; Eig's‘;yg;n”gg:' 0.01 o © Sand Lumped
0.001 T T | + Congl Lumped
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Lithofacies estimated by Neural Network

> Train Nnet on core Predictor variables:
lithofacies « Gamma Ray
. _ * Nphi-Dphi Xplot
» Use modlf_led Je}cl_mlfe . Nphi-Dphi difference
approach in training . Logl10 ResDeep
> Could not * PE -
differentiate 3 e Relative position

reservoir lithofacies curve °

» Very high success
rate (>90%) with four
lithofacies

May 22, 2012 GSOC Education 2012 13



Inputs

Basic Workflow

Static Model

Dynamic Model

Framework data:
e Formation tops
eSequence stratigraphy

e Depth-converted seismic
structural surfaces

eSeismic attributes

Structural wire frame

model

* Incised valley by seismic
and well tops

* Two parasequences

e 0-249 layers

e Cells: XY=55 ft, Z=2ft

* 700,000 active cells

Well-scale data

e Lithofacies (by NNet)

» Core data

* Porosity (corrected)

e Water saturation (Archies)

Sw solution

* QOil/water contacts and
free water level

* Sw by Leverett J-function
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Fine- grid cellular
property model

e Lithofacies

* Porosity E>

* Permeability (XY)

e \Water saturation
e O0IP
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v' History matched
primary and
secondary black oil
simulation

v Forecast CO2 EOR
compositional
simulation

a

1)

Upscale

model

* Phi, K, Sw

e 0-25 layers

* Cells: XY=55
ft, Z=10 ft

* 65,000 active
cells

Equation of State
from PVT and
fluid composition

Recurrent well
history
* Mechanical
* Fluids
produced and
injected
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3D Seismic Pleasant Prairie
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Meramec Time Structure

* Down to west bounding
fault

e Chester IV cuts Pleasant
Prairie anticline

* IV may be associated with
deeper karst in Arbuckle

o Karsted Meramec surface
evident in time structure
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Meramec structure In time and depth

Meramec Time Structure Cl = 2ms Meramec Seismic Depth Structure CI = 25 ft

May 22, 2012 GSOC Education 2012 16



Meramec seismic depth
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More views

Morrow - Meramec Isochron
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Early view of some basic attributes

Meramec seismic depth Mean amplitude
0-15ms above MRMC

|solated compartment yet to be resolved by seismic

May 22, 2012 GSOC Education 2012

Mean “sweetness”
0-15ms above MRMC
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Model framework

Build Meramec surface with 3D tied to wells

Define PS1 and PS2 tops in 25 wells in valley and
build surfaces

Define PS1 volume (Base IV to PS1 surface)

Define PS2 volume (Top PS1 to PS2 surface,
bounded by IV walls)

Layer PS2 volume: layers follow base
Layer PS1 volume: layers follow top )

. . by Peter Senior. |~
Cell dimensions: XY=55", Z ~2 ft Geomod2 by Dubois.

May 22, 2012 GSOC Education 2012
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Inputs

Basic Workflow

Static Model

Dynamic Model

Framework data:
e Formation tops
eSequence stratigraphy

e Depth-converted seismic
structural surfaces

eSeismic attributes

Structural wire frame

model

* Incised valley by seismic
and well tops

* Two parasequences

* 0-249 layers

e Cells: XY=55 ft, Z=2ft

* 700,000 active cells

Well-scale data

e Lithofacies (by NNet)

» Core data

* Porosity (corrected)

e Water saturation (Archies)

Sw solution

* Qil/water contacts and
free water level

* Sw by Leverett J-function

May 22, 2012
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Fine- grid cellular

property model
e Lithofacies
* Porosity
e Permeability (XY)
» Water saturation
* O0IP
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v' History matched
primary and
secondary black oil
simulation

v Forecast CO2 EOR
compositional
simulation

Va

Upscale

model

* Phi, K, Sw

e 0-25 layers

* Cells: XY=55
ft, Z=10 ft

* 65,000 active
cells

1)

Equation of State
from PVT and
fluid composition

Recurrent well
history
* Mechanical
* Fluids
produced and
injected
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Static Model Properties

Inputs: 25 valley wells with Phi, Lithofacies and Sw
Import LAS curves at half-foot sample rate
Upscale to layer scale (2-ft)

Model Lithofacies Calculate Kxy by lithofacies
» Data analysis and Sandstone K(md)= 0.0047*PHI"3.9365
variograms Conglomerate  K(md)= 0.0033*PHI"2.9396
o Shale K(md)= 0.01
e Sequential indicator
simulation
Model Porosity Estimate Sw by J-Function

« Data analysis and
variograms by lithofacies

« Sequential Gaussian
simulation by lithofacies

May 22, 2012 GSOC Education 2012 21



Sw by Leverett J-Function

1. O/W contact estimated -
2235. by operator confirmed

Assume FWL~10ft below 3 Water saturation modeling =3
O/W Contact (_2245) Select 3D Grid: |' PIPr_Febuild_BEST v| BLUERBESAE'EIﬁ-
m|MakeSwPropert}l Info
Wwell Logs .
2. E-Log inputs for J-Function: Gy S Si sw_snCH Y] eracestier
« PhiX - Corrected porosit - R =
from Core_lo hl p y o Family actions: 35 59 X 53 B B 7ores. [v] [ ]BSegments [v] [] J@Facies [v] [ ]
. g p (=[5 [] Family Folder sy O oo
algorlthm B (7] Fomily T £=331 B=0.93 Hiwl=6843 Swi- Dg oo
- - D
° KeSt - from emplrlca"y <_Selecteclfamil_l,l I i ¢ ! -
derived K-phi transform Coor [N S (01 | W [ 2208 sEEE ] (d
equa‘tlons Hame: |Fami|5.l1 | Swman; |1 | ¥ points in X-plot: 3291 B: l:l Auto Fit Fit J-Function
« Sw_Arch - calculated TR
Sw using standard '
Archies equation (m,n = o
2, Rw=0.04)
g. 500
3. Generate J-Function and o-
apply at model cell scale Su, fraction
e Model cell inputs: Phi, K, | |
HaFWI [ " Store Al Settings H ] Reset «  Apply ] ’ & 0K l l ¥ Cancel

* Kis lithofacies
sensitive, so facies is
taken into account

May 22, 2012 GSOC Education 2012 22



Lithofacies
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Saturation
and
Permeability
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U .
pscale to coarse grid and export for simulation
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Properties at varying scales

Lithofacies

" fine grid

., Shale bcgl Imy cgl

=8 . coarse grid

404
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Static Model

Geomod Build 2 .
Volumetrics
FVF 1.18
Swir 0.1
Phi cut-off 0.06
FWL -2245
Pv HCPV STOIP Cum
Bv[*10~3 [*10*3 [*10~3 [*10”3 Prod
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Inputs

Basic Workflow

Static Model

Dynamic Model

Framework data:
e Formation tops
eSequence stratigraphy

e Depth-converted seismic
structural surfaces

eSeismic attributes

Structural wire frame

model

* Incised valley by seismic
and well tops

* Two parasequences

* 0-249 layers

e Cells: XY=55 ft, Z=2ft

* 700,000 active cells

Well-scale data

e Lithofacies (by NNet)

» Core data

* Porosity (corrected)

e Water saturation (Archies)

Sw solution

* QOil/water contacts and
free water level

* Sw by Leverett J-function
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Fine- grid cellular
property model

e Lithofacies

* Porosity E>

* Permeability (XY)

e \Water saturation
e O0IP
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v" History matched
primary and
secondary black oil
simulation

v Forecast CO2 EOR
compositional
simulation

a

1)

Upscale

model

* Phi, K, Sw

e 0-25 layers

* Cells: XY=55
ft, Z=10 ft

* 65,000 active
cells

Equation of State
from PVT and
fluid composition

Recurrent well
history
* Mechanical
* Fluids
produced and
injected
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Simulation modeling

v Petrel export (RESCUE format) for
simulation

v PVT EOS in WINPROP : Chester
PVT reports and CO2 swelling tests
at Wellington

 IMEX Black Oil PVT for Black-
Oil history match stage

v' Saturation functions: Gravity Stable
(VE) and Corey functions.

o Capillary pressure based on
RESCUE initial water saturations

v" Initialization using WOC -2245 ft
SS, Pressure 1389 psia at WOC

v" Well production and injection data
from operator records (1990-2011)

v Initial history matching using
black oil simulation (IMEX) and
CMOST

e Check sensitivities to
matching modifications

» Refine well (Oil prod)
matches

» Resolve Pressure Match

0 Convert history matched model to
EOS simulation (GEM)

* Working through
convergence issues with
GEM

O Prediction cases using GEM
e NFA
 CO2 Injection Cases

May 22, 2012
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Black Oil Simulation

Reservoir simulation work by Eugene Williams

General workflow

1.
2.

5.

May 22, 2012

Match fluid & pressure histories (1990-2011)
Define 12 patterns (polygons)

Modify properties to attain match

» Pore volume modifiers by polygon

» |-Permeability modifiers by polygon

» | and J Transmissibility modifiers (by polygon)

* Relative permeability
» Psuedo-functions — Rocktype, VE, Stratified — by polygon
 End points (SWCR, SOWR, KRW) by region

CMOST automation to run hundreds of iterations to

get close

QC and manual inputs for final

GSOC Education 2012
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Simulation model views

Divided into 12
patterns for

property
modification

Sector Number for Grid Block 1989-11-01

Sector Number for Grid Block 1989-11-01

e’ PP_HM_May16-201

User. Eugene Williams
[Date: 5212012

X 50U
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Field History - review

Oil-Gas-Wtr (mb, mmcf)

S 8 &8 8 8 & 8
[l

-
o

o

Fluid History by Month

= Qil

Gas Response

= = =Water

4= = =Inj. Water
IS
P‘“*IN M\ | Injectio
T h - 1
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3 3 3 3 S
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- 250
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o

(8]
o
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Field-scale matches
Lighter colored are actual, darker are modeled

Froduction Data Field History File
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Example individual well matches
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Discussion of modifications

Significant increase in permeability at low end
» Possibility of natural fractures (some noted in core)

Reduction in mobile oil by up to 30% by polygon (by
reduction in pore volume)
« Static model pore volume to high (model geometry)
* Initial model Sw estimate too low
» Tortuosity not modeled (barriers or baffles not accounted for)
 Water bypass

Possibly several of above
« Static model RF is ~31% of OOIP
 Dynamic model RF is ~43% of “reduced” OOIP
 RF probably somewhere in between
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Summary

v Characterization, modeling and black oil simulation is fair
representation of reservoir

v Will proceed with CO2 EOR and storage simulation

Improvements possible

1. More seismic attribute work (could require extensive
reprocessing)

2. Rebuild Petrel model for better volumetrics

3. Another complete iteration

On to the next field...... complete all four in 2012
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