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In Attendance

 For Dyami Energy, LLC
— Eric Johnson
— James Cassina
— Buddy Dawsey

e For Cobb & Associates

— Don Bailey
— Deacon Marek

William M. Cobb & Associates, Inc.



Field Background

Discovered In 1950°s

—our San Miguel sands: A, B, C, and D (D1 and
D2)

Depth ranges from 2,600 to 2,900 feet

Rock quality 1s good

— Porosity in the 15% to 32% range

— Permeability in the 5 to 1,000 md. range

Oil i1s poor quality

— API gravity Is 14° to 19°

— Viscosity at reservoir conditions ~ 170 to 275 cp.

William M. Cobb & Associates, Inc.



Field Background — Cont.

* Prior drilling activity
— Approximately 40 wells in field area
— 25 to 30 on Dyami leases
— No currently active producers

e Cumulative production is ~ 97 MBO
e Dyami estimated OOIP ~ 150 MMBO

— 83 MMBO In sands A through C
— 67 MMBO In the D1 sand

William M. Cobb & Associates, Inc.



Workshop Goals

e Perform D1 sand pattern model simulation studies
— Primary production prediction

— Waterflood predictions
« 40 acre spacing
« 20 acre spacing
e 10 acre spacing

e Develop recommendations for:
— Pilot waterflood design
— Field-wide pattern design
— Audit of Dyami OOIP estimates

William M. Cobb & Associates, Inc.



Pattern Simulation Model

San Miguel D1 Sand Only

William M. Cobb & Associates, Inc.



Data Common to All Models

e 20 layers based on Matthews #4 core
— Permeability
— Porosity

e OIl PVT properties
— No laboratory data available

— Used fluid correlation

— Ol viscosity ~ 170 to 275 cp at reservoir
conditions

William M. Cobb & Associates, Inc.



Variable Data in Studies

e | ow sSide cases
— Connate water saturation = 35%
— Residual oil saturation = 35%
— Moveable oil saturation = 30%

e High side cases
— Connate water saturation = 15%
— Residual oil saturation = 25%
— Moveable oil saturation = 60%

William M. Cobb & Associates, Inc.



Variable Data in Studies — Cont.

« Well spacing
— 40 acre spacing
— 20 acre spacing
— 10 acre spacing

 Pattern type and injector/producer ratio
— Five spot
— Nine spot

William M. Cobb & Associates, Inc.



Little Tom (San Miguel D1 Sand)

80 Acre Pattern Model

Pattern Well Rate Limits per Well

Rel. Perm. Size Net Well Count Spacing producer injector

Type Pattern Curves Acres Prod Inj Tot ac/well BFPD BWiPD

primary 5-spot low side 80 2 0 2 40 250 0
waterflood 5-spot low side 80 1 1 2 40 1,000 1,000
waterflood 5-spot high side 80 1 1 2 40 1,000 1,250
waterflood 9-spot high side 80 3 1 4 20 700 2,500
waterflood 9-spot high side 80 6 2 8 10 1,000 3,000
William M. Cobb & Associates, Inc. 10



Simulation Model

Input Data

William M. Cobb & Associates, Inc.
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«% Main Merlin Window
File Edit [Initial data Recurrent data Qutput Analysis

0050141 M ECER N XN

Help

Reserumr Slmulatmu aDd ﬂ\auagemeut Uﬁzard

Current File

Path: |C:\DATA\Rivertun EnergyyWF Wkshp Little Tom Field}

File: [LITTLE TOM WF_02 MER

Title Lines:

Little Tom Waterflood Run #2

based on WF run 1 > change inj rate to 1250 and max prod rate to 1000 BFPD/well

Simulation Mode Model Type Gnd Cells
g gunvzntltl::mal o O general In the ¥-Direction:
seudo Compositional O .§|ngle Well In the Y-Direction:

) Dual Porosity
Q) Hydraulic } Natural Frac's

Correlations Used
PVT kr [ Pcap
® 0il, OilfWat. or Gas/Oil/wat

() Gas or Gas/Water

(O 9-Spot Pattern

) Radial

() Horizontal Well

) Vertical Hydraulic Frac.

In the Z-Direction: 20

Fotal No. af Calfs = FESR
Nao. of Acinve Cefls = 18580
Fotaf Nao of Walls =4
Na of Wark thvers =4

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Grid Data: LITTLE TOM WF_02.MER
Eorm Edit Modify Grid All Grids Analyze Calculate Help
Model Area Button Options: DEPTH Entry by

m ) Constant (8 By Layer ()

- Parameters - Constant by Layer
Thickness

SAVE By Layer Cancel [N

MNet Gross

_ Layer | Depth () | Hnet () [H-gross ()| Porifrac) | Kx(md) | Ky(md) | Kz (md)
0.224 16.84 16.84 1,684

— 0.178 407 407 0.407
Permeability 0.201 §.72 972 0972
Kx | Ky | ke

0167 2.76 276 0.276
0.145 1.64 1.64 0164
0.194 13.72 1372 1.372
0.323 /7327 77327 /7387
0.302 527.43 52743 52743
0.266 153.68 15368 15,360
0.327 G215 B21.5 G215
0.285 240.1 240.1 24.0N1
0.314 B03.84 50384 50.384
0.305 43013 43013 43.M3
0.324 549.47 549.47 54.947
n.24 230.95 23098 23.095
0.31m 418.03 415.03 41,803
0.293 212.62 21262 21.262
0.253 49.7 48.7 4.97
0.277 109.39 109.349 10939
0.2m B.95 B.95 .635

Regions
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b
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[= o B e B T e B e = i I G VL [ L [ Wy ot T ot B TS R W
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Matthews #4 Core Data

Matthews No.4

Matthews No.4

-2810
-2820
-2830
-2840
-2860
-2870
-2880

-2810.0
-2820.0
-2830.0
-2840.0
-2860.0
-2870.0
-2880.0
-2890.0

1000 10000

100
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core porosity - %
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« MERLIN (1157815311): PVT Correlation: LITTLE TOM ... [= [O[X]

Eorm Help

® Oil. Oil/Wat. or Gas/Oil/Wat
() Gas or Gas/Water

Fluid Densities
0il: | 602703 Ibjft* OR 15. “API

0il Yiscosity vs Pressure

1000 2000

Gas:| .0517 Ibfftt OR 0.7003 1/ Air

0il F¥F vs Pressure
T T

Mole Fraction {(non-hydrocarbon gases. default=0] —

n2[0-00000 | gozl0.00000 | H23

Bubble Point Data - if available use measured
values. Otherwise. set recalculate flag.

ReCale
¥ Original Bubble Point 1341 psia

1000 2000 3000

® 0il Formation ¥ol. Factor |1.032 frac.
[ Oil Viscosity @ BP 150. cp

Separator Conditions:

Pressure psiﬂ Temperature'F

Gas:0il Ratio vs Pressure

Perform Correlations

William M. Cobb & Associates, Inc.
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= MERLIN (1157815311): Pressure & Satu... [= |1 [X]
Form Help

Exit
SAVE

NCEL

® Distribute from Gas-0il and{or Water-0il Contacts
) Set Constant for all cells in the Model

William M. Cobb & Associates, Inc. 16



Low Side Relative Permeability Curves
» MERLIN (1157815311): Relative Permeability ... [= [O[X]

Form Defaults Plots Help

System Type Krow and Krw vs. Sw
O Oil/Water ® 3 Phase-l
O Oil/Gas O 3 Phase-ll
Fluid System Type
@ 0Oil. Oilfwat, or Gas/0il/Wat
) Gas or Gas/Water
Saturations {fraction):
Connate Water 0.3500
Residual Oil to Gas 0.3500
Residual Oil to Water 0.3500
Critical Gas 0.0100

Oil-water [2.0
Oil-Gas (2.0

Kr Curve End Points:
: (0.8 - 1.0 = Water Wet}
o e 10 (0.6 - 0.8 = Oil Wat)
Gas Curve 1.0 0:2-1.0)

0.2 {0.1-0.2 = Water Wet)
Water Curve (0.3 - 0.4 = Oil Wat)

[ Include Compaction Data

|
o
=]
I}

= SR SRR R EEELEEEE RERE EEb (=
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High Side Relative Permeability Curves

» MERLIN (1157815311): Relative Permeability ... [= [O[X]
Form Defaults Plots Help

System Type Krow and Krw vs. Sw
O Oil/Water ® 3 Phase-l
O Oil/Gas O 3 Phase-ll
Fluid System Type
@ 0Oil. Oilfwat, or Gas/0il/Wat
) Gas or Gas/Water
Saturations {fraction):
Connate Water 0.1500
Residual Oil to Gas 0.3500
Residual Oil to Water 0.2500
Critical Gas 0.0100

Oil-water [2.0
Oil-Gas (2.0

Kr Curve End Points:
: (0.8 - 1.0 = Water Wet}
o e 10 (0.6 - 0.8 = Oil Wat)
Gas Curve 1.0 0:2-1.0)

0.2 {0.1-0.2 = Water Wet)
Water Curve (0.3 - 0.4 = Oil Wat)

[ Include Compaction Data

= R e T L W=
x
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80 Acre 5-Spot Pattern

Two net wells In pattern
40 acre well spacing
Both producers for primary production

For waterflood:

— One net producer
— One net injector

See next slide.....

William M. Cobb & Associates, Inc.
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80 Acre 5-Spot Pattern

« MERLIN (1157815311): Well Definition: Little Tom Hi_WF_02.MER[_ |O[X
Form Edit Options Help

il zl Well Information
well # Start up | Qo-bhl | Ctot-khl ‘FBHP—psia i D-Fact-1 /ot | Pt

! P1 0.000 v| e | | oo 0. 0.25
Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel

Completion Data Yawell
[~ Horizont. Well
[T FractVert Well

full well

.,

Do oo oo o o oo oo oo oo oo

William M. Cobb & Associates, Inc.



80 Acre 9-Spot Pattern

Four net wells In pattern
20 acre well spacing

For waterflood:
— Three net producers
— One net injector

See next slide.....

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Well Definition: LITTLE TOM 20 AC HI_W...[- |O[X

Form Edit Options Help

<>

YWell Information

Well #

Startup

| Clo-akl | Citot-bihl ‘FBHP—psia I D-Fact-1/hct | Pt

! F1

0.000

[

700

| | 100 0. 0.25

Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel

Completion Data

Yawell

201

[~ Horizont. Well
[T FractVert Well

s well

full well

.,

Do oo oo o o oo oo oo oo oo

2 well

William M. Cobb & Associates, Inc.
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40 Acre 9-5Spot Pattern

Eight net wells in model (two patterns)
10 acre well spacing

For waterflood:
— SIX net producers
— Two net injectors

See next slide.....

William M. Cobb & Associates, Inc.
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w MERLIN (1157815311): Well Definition: LITTLE TOM 10 AC HI_W...

Form Edit Options Help

- [O/X]

<>

YWell Information

Well #

Startup

| Clo-akl | Citot-bihl ‘FBHP—psia

D-Fact1 fhdct

Pt

! F1

0.000

[

700 | | 100

0.

0.25

Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel

Completion Data

Yawell

201

[~ Horizont. Well
[T FractVert Well

s well

full well

10-1

full well

full well

.,

full well

Do oo oo o o oo oo oo oo oo

William M. Cobb & Associates, Inc.
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Model consists of two 40-acre 9-spot patterns ooy

« MERLIN (1157815311): Well Definition: LITTLE TOM 10 AC HI_W...[- [O[X
Form Edit Options Help

il zl Well Information
well # Start up | Qo-bhl | Ctot-khl ‘FBHP—psia i D-Fact-1 /ot | Pt

! P1 0.000 R | oo 0. 0.25
Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel
Completion Data Yawell .

2041
[” Horizont. Well s well
[T FractVert.Well

full well attel full well
N P ,

101

full well

patte patte

full'wefl Tull well

patter ®

T8,

oo oo oo oo oo oo oo oo oo oo

2 well

William M. Cobb & Associates, Inc.



Little Tom D1 Sand
Pattern Model

Results of Predictions

William M. Cobb & Associates, Inc.
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Little Tom (San Miguel D1 Sand)

80 Acre Pattern Model

Pattern Well Ultimate

Rel. Perm. Size Net Well Count Spacing Peak Oil Rate - BOPD Oil Rec.

Type Pattern Curves Acres Prod Inj Tot ac/well pattern producer %00IP

primary 5-spot low side 80 2 0 2 40 151 75.5 4.27%

waterflood 5-spot low side 80 1 1 2 40 90 90.0 18.68%

waterflood 5-spot high side 80 1 1 2 40 92 92.0 21.77%

waterflood 9-spot high side 80 3 1 4 20 219 73.0 28.89%

waterflood 9-spot high side 80 6 2 8 10 467 77.8 29.25%
William M. Cobb & Associates, Inc. 27



Little Tom D1 Sand
Pattern Model

Graphical Output

William M. Cobb & Associates, Inc.
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Primary Run

80 acre pattern/40 acre spacing

Well Count = 2 net wells
— 2 net producers

Low side Kr curves
OOIP =6,536 MBO
Oll recovery = 4.27% OOIP

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Field Summary: Little Tom Rrim_03.MER

Qo (bbl/day) vs. Time (yrs)

10005z

1004

Qg (ft*/day) vs. Time (yrs)

Cum Gas (MM %) vs. Time {yrs)

William M. Cobb & Associates, Inc.

Pressure (psi) vs. Time (yrs)

1500

10001
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Waterflood Run

80 acre 5-Spot pattern/40 acre spacing

Well Count = 2 net wells
— 1 net producer
— 1 net Injector

Low side Kr curves
OOIP =6,536 MBO
Oil recovery = 18.68% OOIP

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Field Summary: LITTLE TOM WF_02.MER - OX]
Eorm Plots Compare Help

Little Tom Waterflood Run #2
based on WF run 1 > change inj rate to 1250 and max prod rate to 1000 BFPD/well

Qo (bbl/day) vs. Time (yrs) Qg (ft*/day) vs. Time (yrs) Qw (bbl/day) vs. Time (yrs)
1000+

1004

Cum Gas (MM %) vs. Time {yrs) Cum Water (MM bbl) vs. Time (yrs)

Qw-inj (bbl/day) vs. Time (yrs)
T 1500
204 : ! : :
151 : : f : 1000

William M. Cobb & Associates, Inc.
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Waterflood Run

80 acre 5-Spot pattern/40 acre spacing

Well Count = 2 net wells
— 1 net producer
— 1 net Injector

High side Kr curves
OOIP = 8,547 MBO
Oil recovery = 21.77% OOIP

William M. Cobb & Associates, Inc.
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= MERLIN (1157815311): Field Summary: Little Tom Hi_WF_02.MER - O]
Eorm Plots Compare Help

Little Tom Waterflood Run #2 high side
based on WF run 2 > Swc =015 and Sorw = 0.25
Qo (bbl/day) vs. Time (yrs) Qg (ft*/day) vs. Time (yrs) Qw (bbl/day) vs. Time (yrs)
1000+

1004

Cum Gas (MM %) vs. Time {yrs) Cum Water (MM bbl) vs. Time (yrs)

Qw-inj (bbl/day) vs. Time (yrs)
1500

10001

William M. Cobb & Associates, Inc.
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Waterflood Run

80 acre 9-Spot pattern/20 acre spacing

Well Count = 4 net wells
— 3 net producers
— 1 net Injector

High side Kr curves
OOIP =8,547 MBO
Oil recovery = 28.89% OOIP

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Field Summary: LITTLE TOM 20 AC HI_WF_03.MER  [= [E|X]

Eorm Plots Compare Help

Little Tom 20 acre infill high side Waterflood Run #3
based on Hi WF run 2 > max production = 700 BFPD/well and max inj = 2500 BWPD

Qo (bbl/day) vs. Time (yrs) Qg (ft*/day) vs. Time (yrs) Qw (bbl/day) vs. Time (yrs)
1000+ 10000y T o
: 100041 i 1
100 - 1004
£ . 104;

0.14a

0.014s

0.001E
0

Cum Qil (M bbl) vs. Time (yrs) Cum Gas (MM %) vs. Time {yrs) Cum Water (MM bbl) vs. Time (yrs)

Cum WOR (bbl/bbl) vs. Time {yrs) Qw_inj (bb”da}‘:} vs. Time (yrS)
T 2500
20y 2000)
151 ; ; ' ; 15004
' ' ' : 1000

William M. Cobb & Associates, Inc.
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Waterflood Run

80 acre 9-Spot pattern/10 acre spacing

Well Count = 8 net wells
— 6 net producers
— 2 net Injector

High side Kr curves
OOIP =8,547 MBO
Oil recovery = 29.25% OOIP

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Field Summary: LITTLE TOM 10 AC HI_WF_02.MER  [= [E|X]

Eorm Plots Compare Help
Little Tom 10 acre infill high side Waterflood Run #2
based on 10 ac Hi WF run 1 > 1000 BFPD/w limit and 3000 BWIPD /w

Qo (bbl/day) vs. Time (yrs) Qg (ft*/day) vs. Time (yrs) Qw (bbl/day) vs. Time (yrs)
1000+ = . 10000y O
: 5 100043
1004 i i 10043
: ES : 104;
0144

Cum Qil (M bbl) vs. Time (yrs) Cum Gas (MM %) vs. Time {yrs) Cum Water (MM bbl) vs. Time (yrs)

Cum GOR {ft*/bbl) vs. Time {yrs) Cum WOR. (bbl/bbl} vs. Time (yrs) Qw_inj (bb”da}‘:} vs. Time (yrS)

o 8000

oo R S R R 6000)
151 : ' : :

4000

20004

0

0

William M. Cobb & Associates, Inc.
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Potential Pilot Project

Simulator Predictions

William M. Cobb & Associates, Inc.
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Pilot Project Predictions

e Model area = 290 acres

 All other reservoir rock and fluid parameters
Identical to high side pattern model

e Ran two cases

— Two wells on 40 acre spacing
e One producer
e One injector

— Three wells on 40 acre spacing
e One producer
* Two Injectors

William M. Cobb & Associates, Inc.

40



« MERLIN (1157815311): Well Definition: LITTLE TOM PILOT 2 WE...[- |O[X
Form Edit Options Help

il zl Well Information
well # Start up | Qo-bhl | Ctot-khl ‘FBHP—psia i D-Fact-1 /ot | Pt

! 0,000 R | oo 0. 0.25
Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel

Completion Data
[~ Horizont. Well
[T FractVert Well

Do oo oo o o oo oo oo oo oo

William M. Cobb & Associates, Inc.



« MERLIN (1157815311): Well Definition: LITTLE TOM PILOT 3 WE...[- |O[X
Form Edit Options Help

il zl Well Information
well # Start up | Qo-bhl | Ctot-khl ‘FBHP—psia i D-Fact-1 /ot | Pt

! 0,000 R | oo 0. 0.25
Type: |(Oil + Lig) Rate Prod.

New Startup | Chg. Startupl Del. Startup | Del. Workovers | Use Hlstmyl Move | Find | Set Perfs |

Cancel

Completion Data
[~ Horizont. Well
[T FractVert Well

Do oo oo o o oo oo oo oo oo

William M. Cobb & Associates, Inc.



« MERLIN (1157815311): Field Summary: LITTLE TOMPILOT 3 WELLS.MER  [C [EX]

Little Tom Pilot run 2

three wells on 40 acre spacing
e | ITTLE TOM PILOT 3 WELLS s | |ITTLE TOM PILOT 2 WELLS

Qo (bbl/day) vs. Time (yrs)

William M. Cobb & Associates, Inc.
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« MERLIN (1157815311): Field Summary: LITTLE TOMPILOT 3 WELLS.MER  [C [EX]

Little Tom Pilot run 2

three wells on 40 acre spacing
e | ITTLE TOM PILOT 3 WELLS s | |ITTLE TOM PILOT 2 WELLS

Qw-inj (bbl/day) vs. Time (yrs)

William M. Cobb & Associates, Inc.



Advantages of 3 Well Pilot

 Faster oil response
e Higher peak oll rate

* Reduces geological risk of encountering a
flow barrier between producer and injector

William M. Cobb & Associates, Inc.

45



Little Tom Field

Recommended Future Action ltems

William M. Cobb & Associates, Inc.
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Future Action ltems

1. Design waterflood pattern for the entire
field

e Collaborative effort Cobb/Dyami

2. Design a waterflood pilot with well locations
consistent with total field pattern

e Collaborative effort Cobb/Dyami

3. Audit Dyami’s OOIP values

 To be performed by Cobb
 Pending proposal and approval

William M. Cobb & Associates, Inc. 47



