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Abstract

Over the past decade, there has been a rapid evolution of plays that have benefited from efficiencies in horizontal drilling,
beginning with shale gas, later to shale oil and tight oil plays, and today, even conventional reservoirs. As explorationists, we
have used our understanding of these technology advancements by developing new plays that were either overlooked or
underdeveloped, but can be economic with improved recoveries.

With oil prices hovering at $40, our understanding of both the geology and the economic drivers to commercial projects are
critical in finding the very best areas to invest. Early entry into the “sweet spots” of these plays is an important economic driver;
thus, the ability to quickly screen and execute leasing in the best areas of the plays is a key element of our strategy. We examine
some of our company’s criteria and analytical approaches for exploring new plays, with examples from our New Albany and
Woodford shale plays, our Paradox Basin and Las Animas Arch tight carbonate play, and a horizontal development of a
conventional carbonate oil field.
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What do we do at Roxanna to find the best new
exploration plays?

"Focus on Fundamentals of Petroleum System
= Where is the 0il??

= Screening Criteria

sTechnological Advances
= What can we do today, that couldn’t be done yesterday?

=Creativity
= Ask “How come?, Why not?, Who says...?”

=Economics
= “Geology is Science, Exploration is a Business” -Marlan Downey



Economic Screening Criteria

= Accessing the best areas of the plays “sweet spots”
= Early entry=Low Lease Costs

= Understanding of corporate economic metrics
= Payout time
= IRR
= Risked NPV

= Marketability of the play and Execution Risks
= Alaska vs Oklahoma

= BLM acreage, New York
= Large acreage position vs small



Geologic Screening Criteria

Thermal Core area
Maturity

Organic
Quality
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Examples of our thinking and
techniques from four different plays

Woodford Shale Oil Play - Early mapping and
observations from shows that led to identification of new
play area

New Albany Shale Oil Play -Application of thermal
maturity data to identify core of play

Paradox Basin- Example of a “coupled system” of source
rock, reservoir and seal

Las Animas Arch- Tight carbonate play with local
petroleum system. Use of capillary pressure data to
understand reservoir
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Nemaha Area

T l Tulsa “S__ |
: Wagoner
] M ’ Creek
3 ’:)"-1‘ £5°.2 1 ‘ e . :/\__Z
. : . ‘)i.ri': “'.:‘ P
" ": - Lincoln {‘
Cu: A el 7 i
9 o £ . Arkoma Woodford
“ il 25 active rigs
e & .‘.,\ 1,000 Hz producing wells
T. A Sept. 2010
Anadarko Woodford B | Pottawatomfp : g
a - 4 ] Cleveland Seminole
32 active rigs it EE3)
124 Hz producing wells . R ) ’
Sept. 2010 O e [ . o
Y o .
Y ’Lé‘;f:: Bar Pontotoc : (X
Comanche - E) f:. Y
- ¥
g " Murray Pu
Atoka
I Johnston
S. Oklahoma Woodford o,
4 active rigs rsordl N
82 Hz producing wells - ! ) e
Sept. 2010
™ ~
Woodford Shale Extent 2008 A
[ prygas [] Condensate Oil  [] Woodford absent Continental




Why 1s there so much o1l in the Miss Lime in the Sooner Trend?
Is the Woodford o1l mature below??
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How do we confirm a mature, oil charged source rock?

Mud log oil shows indicate that the formation is capable of flowing live oil
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In-house sample descriptions and show analysis

Crushed Sample in Toluene

*Qualitative show analysis can
‘ - confirm presence of oil
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New Albany Shale, Illinois Basin

Over 5 BBO produced in Illinois Basin, yet all shale maps showed the New Albany as a
biogenic gas play !!??
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New Albany Shale Thermal Maturity

Sample Depth vs. Tmax of New Albany Shale

Using max Tmax of NAS geochem data
R Liz Bloch, Roxanna Oil Co.
'\

Interprenon of best ATtng regression,
Dased on clustening of JaT, IRewWs, #1C v
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m Thermal maturity data (Tmax) indicates the depth
to the top of the oil window is at about 3200'.

N Albany Shale Drif Depth wien ¥
Thermat Maturity (Tmax) Data

m Higher values are reported near major thermal

anomalies associated with Cottage Grove fault
system to the south.

« New Albany Shale rill Depth with
] Thermal Maturity (Tmax) Data

m Leasing efforts have focused in the three counties

where the shale is well within the oil window
(Tmax > 440 °C).
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New Albany Type Log
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New Albany Shale — O1l 1n Place from S1

S1 by Formation o
m S1 from RockEval pyrolysis is

800 ~adirect measurement of live
oil in the matrix.

B Measurements are greatly
suppressed in cuttings due
to loss of volatiles in small
grain sizes.

6.00 v

™ 4100
m Useful in comparing oil

concentrations laterally
within a play and vertically
within formations.

2.00

® Rule of thumb is S1 value of
1.0 equals approx. 1.6
MMBOIP/section/100’ using
Downey/Lagomarisno
method*

0.00

Hannibal- Grassy Sweetland Blocher
Saverton Creek Creek (12 wells)
(19 wells) (58 wells) (17 wells)

Note: Wells selected met the following criteria: 1) geochem data available, 2) located within interpreted start of oil window (where New
Albany Shale top is at a measured depth of ~3000 ft and deeper), and 3) log control (for confidence and consistency in formation tops).
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Observations of expulsion fractures give indications of above normal pressures
due to thermal generation of hydrocarbons within a sealed system




Paradox Basin
Highgraded Areas

Net Source Rock
Isopach & Maturity

¢ Net source rock thickness

over acreage position ranges
from 120 — 200+ ft thick.

* Acreage is dominantly in the
condensate and o1l windows.

» Salt begins to step up section
to the NE, but is always
below the Gothic in the
Kimmeridge AOL.

Net SR Includes:

P1 = Hatch
P2 = Hovenweep
P3 = Gothic
P5 = Chimney Rk




Mississippian Absent

/) KiMMERIDGE _Roxanna
v Associates, LLC

Las Animas Arch-Mississippian Tight Oil Play

Las Animas Arch Mississippian
Mississippian production typed Production in high
to non-Woodford source rock in porosity reservoirs

low porosity reservoirs sourced by long distance
migration from

Woodford

Updip limit
Woodford shale

Regional Mississippian Structure and Production
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“Oi1l only enters the pore sizes permitted by its buoyancy pressure.

M. W. Downey

“Thinking Like Oil”

AAPG Midcontinent Section
Wichita, Ks. 10/13

LOW PRESSURE; OIL ONLY
IN LARGE PORES

OIL IN SMALL PORES; HIGH
IMPREGNATING PRESSURE
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Pronghorn Smith #1 Cored
Interval
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Capillary pressure measurements allow us to see which rocks the
oil can enter.

2000 . . 42490
1 - - — Ll 1
| . —a-7239 i g ¥, ? 1
A —&—2-42B [ 4l l 1T t T !
[l i 2-44A \
L | —a—2aa
A‘ 245 AL = T+ I :
| |
1600 3432 1 — 1] T
| . ]
; = }.-:__ s \f } :
‘ | i 1
EETsrES { {1
A= - 5 wNOEE IEN
= ===k =
a e 1PER 3 bi 52
g -] Yoo ar - T
o = 1 \ LRE f
21200 2574 i T T T
2 g
T 2 f Cuigy T
o fra B
8 ® L l !
B 2 AT i
8 = - 3 I
= 2 AR ] ¥ i
2 5 . ] .
T u
7 - = '
4 b=t : Il 4 h
© 300 1716 & F = ¥
H g > I CPN 1
2 = Il L4 [l y
;5" Lﬂ = T 3 T
(=
fin]
Fluid Saturation
at 200 psi Equivalent
Sample  Permeability Grain Gas-Water Capillary
400 858 Sample  Depth, to Air, Porosity, Density, Pressure,
Number  feet millidarcys ~ fraction  grams/cc  fraction pore space
2-39 5414.30 0.0001 0.020 2.80 0.988
2-42B  5417.65 0.7321 0.063 2.83 0.056
2-44A  5419.90 0.0111 0.030 2.83 0.569
2-44 5419.25 0.5534 0.080 2.84 0.143
0 0 245 542015  0.0012 0017 284 0918
0.0 02 04 0.6 0.8 1.0
Wetting Phase Saturation (1- Hg), fraction pore space




Core Analysis allows us to quantify the minimum cutoffs for our
petrophysical analysis

Pronghorn Smith #1 Core Analysis
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Conclusions

RCA data combined with cap
pressure data, core florescence, and
log analysis indicates the presence
of oil in 4% and greater porosity
Spergen reservoirs.

Oil saturations > 65% are seen in
Spergen reservoirs with >3
microdarcy perm

Core florescence and S1
measurement confirms oil
saturation in low porosity, low perm
reservoirs

Tight oil play is continuous across
the arch as seen in numerous oil
shows and tests that were never
developed due to historical
economic porosity cutoffs




The Search for New Exploration Plays

= New play concepts evolve over time as a response to changes in
commodity price, technology, and learnings

= Where is the oil and how do we get it out!!
= Fundamentals of the petroleum system-source, migration and storage

= Early identification of the core areas of these plays leads to superior
economics
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