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Crossing the “Line of Death”;

A Progress Update on the southern

Dawson County

“conventional/unconventional Hybrid
Plays” Development (2019-2025)
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Midland Basin Resource
Development Status —
November 2016

The Commercial Boundaries for
multiple Shale Benches continue
to be tested and successfully
expanded

Longer laterals (2+ miles) and
Vintage 3-4 frac Designs continue
to significantly Expand the
Commercial Boundaries for
multiple Horizontal Benches

Basinal Sands were the first
Driver of the Delaware Basin
Resource Development and the
last Frontier of the Midland
Basin Resource Development

The Benches that contain
interbedded “Conventional
Reservoir/Delivery Systems” to
engage/produce the
unconventional reservoir
(Conventional/Unconventional
Hybrid Systems) are the most
prolific resource in the basin
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EXPLORATION
“WOLFBERRY” PLAY

MIDLAND BASIN, WEST TEXAS

Historical “Spraberry” Field

MArea of Failed unconventional
“Wolfberry horizontal play
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Regional Geomorphology
North Central Midland Basin

Two Geomorphologic features dominate this Region: 1. Deposition
and 2. early Light End Hydrocarbon Migration.

1. (Deposition) - Regional Geology comprised of basinal facies dominated by clastics
from the modern day western entrant point across lows of the high stand
Pennsylvanian/Wolfcampian Horseshoe Atoll. Modern day clastic source for the
Midland Basin was North East (NE) to South West (SW) into the Basin — see Figure on
Slide 6.

2. (early light end Hydrocarbon Migration) - Early Permian Wolfcampian/Leonardian
western basinal tilt exaggerated depositional structure allowed early light end
hydrocarbon migration travels along brittle basinal micro-fracture network and
interbedded conventional pathways from basinal temp gradient max (S/SW) to the NE
trapped against heavy clay barriers and/or impermeable shelf facies in both the WFMP A
and Middle Spraberry Shale
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Note: modern day NE to SW detritus entrant across lows of the Wolfcampian/Pennsylvanian high stand Horseshoe Atoll.

Note: The Basinal Position of this region giving Radiolarins (- dominant plankton of Permian age organics) access to shelf

nutrients across lows in the high stand Atoll explains why this northern region is one of the most “Organic Rich” parts of the
Midland Basin

Note: Recent Wolfcamp “A” and Middle Spraberry Shale horizontal tests across the northern Midland Basin (i.e. the two
benches composed of interbedded conventional/unconventional “hybrid” systems)



Mountrail County Bakken Type Log
Lear Petroleum East Parshall S #1
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North Midland Basin Middle Spraberry Shale/Sand — “Midland Basin Bakken”

(Hydrocarbon Saturated Basinal Clastics bounded by high Ohm Organic Rich Shales)



Three Targeted Bench

»Middle Spraberry Shale/Sand

> Dean Sands

»Wolfcamp “A” Shale/Detritus
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Observations:

» 433 TMax is classified as “low maturity” yet produced oil of 38.8° api gravity. Q. How???

» RSP Permian landed properly and used a standard unconventional slick water frac which should
not have had frac growth out of zone resulting in no contact with conventional sands.

» 120,000+ BO in 6 years is non-commercial. Commonly, commercial lower Spraberry Shale wells
show ave. of 100+ ohms vs this well ave. of 30 ohms. Significant? H
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Bernice 84 # 1 (Middle Spraberry vertical stage) Production Summary
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Dean Development Review

Notes:

>

This play was kicked off in 2019 by the Pinon Golden #1 (cum production
347,000+ BO). Most of the early successful production and development has
been infield or in the productive isopach “halo” of the historical Dean Fields
(Ackerly, Tex-Hamon, and Sulfur Draw).

Recent “Dean” horizontal tests landing in or just at the top of the WFMP A/base
of the Dean outside the Halo are encouraging in their early production profile (i.e.
Diamondback’s Corretto # 2DN had an IP 2141 BOPD on the Martin/Dawson
county line).

Fracs initiated in the brittle Dean sands grow up into the non-commercial but
productive lower Spraberry Shale. The lower Spraberry Shale will be more
productive as it trends west across southern Dawson County as interbedded
heavy clays “decrease” basinward. The SM Energy Joey MacDonald # 1DN is a
step-out west of Tex-Hamon and is a very commercial well benefiting from “de-
watering” of the lower Spraberry Shale — IP of 733 BOPD, currently 500 BOPD 7
months later.



South Dawson County — Gross
Isopach Map of Dean Sand

Key Wells: Corretto # 2DN (west), MacDonald # 1DN (north center),
EOG Overton base Dean/top WFMP A Tests
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Midland Basin "Wolfberry' Play
Wsn:618067 WELL: 42-115-33887-0000 (42115338870000) [DEV]
2DN
42-115-33887 Northern Harrier Dean Test

5 OlL(BBL) (GAS(MCF) __
10 10
1
\ ] T L | —
. it
- ; I T
| R s
(NE "Hallo" of Ackerly) 2 mile lateral
1o CuomProduction:—462,761-BO o
(2 Years)
102 102

23 24 25
CUM OIL 462.761 (MBBL)

26
CUM GAS 143.073 (MMCF)



Midland Basin "Wolfberry' Play
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BOPD, MCFPD, BWPD
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BOPD, MCFPD, BWPD
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M ls
CUMGAS - 31
P_DATH

1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-27 a35.14 1,961.19 2,706.49 331.00 254.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-26 785.78 1,908.52 265748 475.00 356.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-25 730.04 1,915.69 2,701.87 475.00 356.00 24.00
WelllD  API Well Name Prod Date ::; Pz::: v;a:dr Tuh:; Cas:; Fm:
1001151600 4231745847 CORRETTO 979 F 20N 2024-10-24 733.42 1,843.42 2,644.10 475.00 356.00 24.00
1001151600 4231745847 CORRETTO 970 F 20N 2024-10-23 746.59 1,884.18 2,674.37 475.00 2356.00 24.00
1001151600 4231745847 CORRETTO 070 F 20N 2024-10-22 752.32 1,020.54 1,495.48 475.00 356.00 24.00
1001151600 4231745847 CORRETTO 978 F 20N 2024-10-21 75732 192224 207898 475.00 356,00 24.00
1001151800 4231745847 CORRETTO 97-8F 2DN 2024-10-20 T76.80 1.906.36 223573 475.00 356.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-18 730.52 1,895.04 1,714.84 492.00 A4z21.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-18 T44.72 1,930.36 2,097.82 492.00 421.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-17 T36.76 1,938.73 2,047.12 492.00 421.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-16 731.75 1,828.20 1.977.08 490.00 A00.00 24.00
1001151600 4231745847 CORRETTO 97-9F 2DN 2024-10-15 614.03 1,465.03 1,730.53 410.00 380.00 24.00
Total : 9E76.00 | 2432040 2876171

Wsn:625221 WELL: 42-317-45847-0000 (42317458470000) [DEY]

J
r Perfs | Showsl Productionl Prod Cut

Recent Diamondback
Landing targets at

23

SN[ Urique well I [well Label | ~ | Project| Well | Location | Fi
ST ey peioss _—
: Details... | [~ Locked [~ Sort by Date Preferred
4231745720000 | 4231745772000 I”" Show Combined Well Completions by
42717457730000 | 4231745730000 Test Type ‘FmNﬂme ‘Top ‘Base |Dﬂte 0il |Gas |Water |#Treat |
4Z317457740000 | 42317457740000 b IPP A51WFMP 10204 22126 12/5/2024 (2141 666 921 0
4231 7457760000 | 4231 7457760000 =

Martin/Dawson County Line
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Midland Basin "Wolfberry' Play
Wsn:625221 WELL: 42-317-45847-0000 (42317458470000) [DEV]
2DN
42-317-45847 Corretto (Dean Test)

5 OIL(BBL) _ .GASMCF) _
10 10
———
-
.. o
4 4
10 10
3 3
10 10
OIT \ is 4351" west of proposed Buffalo Trace lateral Path
2 2
10 10
24 25 26

CUM QIL 156.783 (MBBL)

CUM GAS 75.393 (MMCF)



Q. Can you give us
an example of a
Dean test outside the
“Halo”?



BOPD, MCFPD, BWPD
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Notes: (Morgan Ranch -
Hidden Gem Area)

>

Hydrocarbon Saturated WFMP A
Detritus zone equivalent in ohms to the
recent PetroLegacy Stubbs WA a few
miles to the SW which is proven to be
commercial.

Landing lower in the Dean/organic top
WFMP A should provide maximum
delta pressure drainage for the lower
Spraberry Shale above and some of the
WFMP A shales below.

The WFMP A detritus thickens
significantly just to the east of this
acreage giving us mineral and leasing
opportunities.

(East Southern Dawson County
- West offset to Hendrix Dean Test)



gL - Buffalo Trace
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(Conclusions)

» The Dean “Halo” as defined by historical offset under-stimulated production and
iIsopach thickness indicative of higher energy deposition is proven ready for
exploitation.

> All fracs in the brittle Dean Sands frac up into the lower Spraberry Shale. While non
commercial due to heavy clays, the lower Spraberry Shale does *“clean up” as you move
west and could provide the commercial reserves for the Dean horizontal resource play
moving west from the historic vertical Tex-Hamon Dean Field.

» Recent Dean completions landing at the base of the Dean/top of the omnipresent
WFMP A organics have had very encouraging early production and may provide the
additional reserves to make the Dean Horizontal play in southern Dawson County a
pure resource play moving outside the productive Dean Isopach “halo”.



Southern Dawson County
Middle Spraberry Review
_anding targets/etc.
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Santorini Triple

Combo Log
(Pilot hole)

Clean basinal
turbiditic sands in
Middle Spraberry

EOG landed in the
Sand the entire 2 mile
lateral

Ohms and porosity of
the MS Sand similar to
Burleson RIP

Turbiditic sand
deposition with brittle
clays/carbonates
inhibit neutron/density
gas effect cross-plot 35



Midland Basin 'Wolfberry' Play
Wsn:588950 WELL: 42-115-33810-0100 (42115338100100) [DEV]
1H
42-115-33810 EOG Santorini Middle Spraberry Test

5 OIL (BBL) _ _GAS(MCF) __
10 10

10 10
2 2

10 10
20 21 22

CUM OIL 304.638 (MBBL) CUM GAS 340.483 (MMCF)



Midland Basin 'Wolfberry' Play
Wsn:597298 WELL: 42-115-33867-0000 (42115338670000) [DEV]
M 2H
42-115-33867 EOG Middle Spraberry Sand lateral target (Dawson County)

5 OIL {(BBL) _GAS(MCF) __
10 10
T
L
- < .
‘l_l__l—_l— LT - R
! N
— - | ! [ e —-
I ! I ]
_ I L= I :
4 L — - 4
10 1 10
f 1 . L
1 L | |
! ] — |
— ] ] —
| I —
- .
3 3
10 10
EOG-Eddle Spraberrmy lateral Tarpe]
=] \.
].
9
9
2 2
10 10
22 23 24 25 26

CUM OIL 327.543 (MBBL)

CUM GAS 555.493 (MMCF)



Midland Basin "Wolfberry' Play
Wsn:619421 WELL: 42-115-33894-0000 (42115338940000) [DEV]
M 4H
42-115-333894 EOG Middle Spraberry Sand lateral target (Dawson County)

5 — OIL (BBL) _.GASMER)
10 10

10 — — 10

— EOG Trinity D Unit M #4H

(Middle Spraberry Sand Lateral Target)
. Cum Production (13 months): e
202,111 BO
103, D48 MCTHE

3 mile lateral

2 2
10 10
24 25 26
CUM OIL 202.111 (MBBL) CUM GAS 193.048 (MMCF)




Midland Basin "Wolfberry' Play
Wsn:624983 WELL: 42-115-33947-0000 (42115339470000) [DEV]
M 5H
42-115-33867 EQOG upper portion of lower Middle Spraberry Shale member lateral target (Dawson County)

5 OIL (BBL) _ _GAS(MCF)

4
10

(Middle Spraberry Producer)
Note: lateral target appears to be lowered to upper
e portion of lower Middle Spraberry Shale member | -
Cum Production (9 months):
155,431 BO

2 2
10 10
24 25 26
CUM OIL 155.431 (MBBL) CUM GAS 144.016 (MMCF)




Midland Basin "Wolfberry' Play
Wsn:556097 WELL: 42-317-40881-0000 (42317408810000) [DEV]
0601MS
Vineyard 'B' Middle Spraberry

5 _ OIL(BBL) _.GASMCE) __

10 10
-
VL
10" - 10*
I I 1 S,
T T
} —
! |
| I
T T
- [
;_ _I
T —
T |
_ o
Wsn:556097 WELL: 42-317-40861-0000 (42317408810000) [DEV] , I ]
WEN [Urique el D__[well Label [ » | Project| Well | Location | FimTops | Zones | Logs I Tests | Fm Tests | Gores | Perfs | Shows | Production | Proc - L i
$56058] 423 740B2A0Y. 4231 7ATG24000D P Test Data CHED: 040112024 I - .
e . - | : ;
10 156062 4231 7408280000 4231 7408280000 Test Type |FmName ‘Top |Base ‘Dale |0i| ‘Gas |Water ‘#Treat I L, 10
J560B3|42317408230000  42317408230000 M IPP 452SPRBM 9410 20276 1/16/2018 962 338 4000 4 .|
| I56064) 4231740838000 4231740838000 | |PDT2 4525PRB 9410 20276 11/30/2017 | 118 32 491 [ [ —
ISH0G3) 23174DE330000 2317408330000 | |FDT3 452SPRB 9410 20276 12/31/2017 | 660 282 2197 ] cl
25088 €21 74DRADNCND 4231740540000 | |PDT1 452SPRB 410 20276 116/2018 | 962 338 4000 ] [
BE0ET | 42317408410000  42317408410000 [ | L1
55088 | 4231 7408430000 | 4231 7408830000 PDT4 452SPRB 9410 20276 5/30/2018 325 206 811 0 = —
{BROBS| 4231740840000 4231740440000 PDTS 452SPRB 9410 20276 10/31/2018 | 245 173 612 0 ' |
JBB070[ 4217408450000 42317406460000 [ |PDTE 452SPRB 9410 20276 9/12/2018 625 448 1765 0 I -
196071 4231740847000 | 42317408470000 [ |PDT7 452SPRB 9410 20276 3/115/2019 378 327 843 0 i I |
35072 4231740543000 4231740343000 BERE 462SPRB 9410 20276 172772019 315 321 1015 0 — =
55073} 422N ADBSIIOND, 4231 740E500000 [ |PDTS 452SPRB - 9410 20276 5/27/2020 | 289 300 821 0 | |
JBE074 | 42317408510000 42317408510000 | ' N
EeToE| 1231 7A0E520000 223 740520000 | POTi0 452SPRB 9410 20276 10/11/2020 | 279 274 722 0 I I
156076| 4271 7408530000 4231 7408530000 PDT1 4525PRB 9410 20276 313/2021 | 226 Ba 700 0 [
JBB077| 4217408540000 4231740654000 | PDT12 452SPRB 9410 20276 12/29/2021 | 190 200 512 0 i |
156078| 4231 7408550000 | 4231740850000 PDT13 452SPRB 9410 20276 6/28/2022 | 182 202 455 0 | , I —
,,,,,, P .
2 T [
10 =110
17 18 19 20 21 22 23 24

CUM OIL 505.213 (MBBL) CUM GAS 339.838 (MMCF)
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__ OIL(BBL)
5 OlL(BBL

Midland Basin "Wolfberry' Play

Wsn:619565 WELL: 42-317-45033-0000 (42317450330000) [DEV]

TMS

42-317-45033 (Middle Spraberry Test) lower Sand lateral target

10

10

10

3
10

264,359 BO

(Middle Spraberry Test - lower MS s?ll)d lateral target)
cum production (16 months)

5):

262,048 MCFG

2

10
23

CUM QIL 264.359 (MBBL)

24

25

2
10
26
CUM GAS 262.048 (MMCF)



Midland Basin "Wolfberry' Play
Wsn:625030 WELL: 42-317-45795-0000 (42317457950000) [DEV]
1MS
42-317-45795 "Walking on Water" MS (southern Dawson County)

5 — OIL(BBL) _.GASMCR) . .
10 10
] —
b
4 — 4
10 . 10
i
If||||||f  "Walkine om Water'" #1N
‘!‘." l.l_l OLE S ICRLDEIETTY SN SZUNE 1 Sl LT )
@ | ") Q
2 mile lateral (1 1/2 miles into Dawson County)
488,009 barrel firac vs 950,000 barrel frac om
3 3
10 10
2 2
10 10
24 26
CUM GAS 62.367 (MMCF)

CUM OIL 68.214 (MBBL)



(Conclusions)

The EOG Santorini was the 15t Middle Spraberry horizontal drilled in Southern
Dawson County. The Santorini landed in the Middle Spraberry Sand and is a prolific
producer. EOG continued to land in the Middle Spraberry Sand and made good
commercial wells, they never matched the performance of the Santorini.

Before the EOG Santorini, Ajax drilled the Vineyard “B” Middle Spraberry right on
the SW Dawson/NW Martin County line. Landing in the lower Shale member of the
Middle Spraberry, this well is the actually a more commercial Middle Spraberry Shale
producer than the EOG Santorini.

Diamondback (successor to Ajax) continued to drill commercial Middle Spraberry
wells along the Martin/Dawson County line landing in the lower shale member of the
Middle Spraberry. While not matching the original Vineyard B MS, all subsequent
fracs were no more than % the size of the Ajax Vineyard B MS. Recently,
Diamondback has been doing larger fracs on the Middle Spraberry.

Diamondback crossed into Southern Dawson County with the Walking on Water #1MS
IP 1134 BOPD landing in the lower shale member of the Middle Spraberry.

On their most recent wells, EOG has moved their landing target down to the lower
shale member of the Middle Spraberry as well.



WFEMP A Detritus Review

Notes:

>

While there is historical vertical WFMP A Detritus production in Dawson County,
there is no commercial WFMP A Detritus horizontal test. The vast majority of the
EXL Crockett horizontal WFMP A test landed in the low ohm WFMP A shale
interval.

Recent horizontal tests landing in or just at the top of the WFMP A Detritus close to
the Martin/Dawson county line have had encouraging initial production results.

The Burleson Buffalo Trace/RIP 8 # 8 in SW Dawson County will be the first
horizontal to land in the middle of the WFMP A Detritus. Results will apply across
the southern Dawson County resource play.

To the east at the Martin/Dawson County line, the Endeavor Goldeneye landing and
fraced the WFMP A Detritus outperforming all WFMP A producers offsetting to the
west.
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42115332200000
ROBERTSON RESCS INC

EATHERASE TRUST Observations:

ELEV_KB : 2,930 @
ELEV_GR :2,812

Footage Cors 1830 PN 2510 FEL » 39° gravity oil produced from 20 ohm interbedded organic
s e WFMP Ashales

memi—2 —w=——% » Very limited detritus porosity (i.e. given their thin size of < 6’

and ratty GR they are at the depth margins of preservation

of porosity)

Frac with 80,000 #’s sand is large enough for vertical growth

exposing the 20 ohm organic shales to production pathways

Current EUR projections >50mbo greater than 40 acre

drainage of possible lime reservoir capacity
» Some hydrocarbon dampening of SP seen throughout the
WF M P A Seq u e n Ce Wsn:313921 WELL: 42-115-33220-0000 (DEATHERAGE TRUST #1)

DEATHERAGE TRUST 1
42-115-33220 WFMP A Detritus Producer Dawson County

VWENMNPZA

WFMP ‘A’ Detritus ==

AN I AN

Production

i 1 it
s Liberty Field R T R [ W ot e
Dawson Co., TX ’

| Vertical WEMP A Detritus Producer

. 39 gravity apiD
i (10 miles north of | DawsonCoumty, x|

. (10 miles north of Dawson/Martin Co. border)
. Martin/Dawson

County Line)

CUMOIL : 3_0,015 BBLS

CUMGAS : 0 MCF

1 1
= k] 9 10 1" 12 13 14 15 16 17 18 19 20 21
- CUM OIL 30.015 (MBBL) CUM WTR 20.009 (MBBL)



et =  —_  Burleson RIP Il WA
=] e L1 ’ i “Type Log”
i g " 1}% At (1/2 way down lateral)
£ absaeeds B e e e
g ; ﬁ; otes:
E= . =l ¢ B Targeted landing in the
F BS5 2E! - _==E'g§ ' ¢ lowest Sw with organic pay
: =T : 2 i above and below landing
Sa= | e 5 = E T target (280’ total pay
: o i = EEREE £ height)
e 3 = 3 ; g »  Couldn’t complete per
= ifacass e " REC.E design on 5 of 15t 21 slick
. : ﬁ - water frac stages.
= =7F = 5 - Constantly fighting max
= il s a2 dd ! pressure.
= i : 5 B >  Used 40’ perf spacings in
= = i == - - limited entry for height
E el WM T = = growth
: — g : >  Used Gel system to
=1 Secis 5 - 4 T complete remaining frac
s 5 % — > Intial load returns were 4.6
=2 o S =3 cP (fresh water is 1cP). All
2 s e e e T e load tested since then has
= a5 R s Brown 234 - been 3cP (broken/spent gel)




BOPD, MCFPD, BWPD

10000

1000

100

10

RIP VW 8-8 # 2WA (WFMP A Detritus Test)

&
H A
[ & 1
k14 i
uT'\#f[ 1 W X
f |\ a .\:ll
i
1 Yrieson BRI | )
Cum Production (184 days):
66,577 BO
27,234 MCFG
Note: flat PIP#

10,000

- 1,000

- 100

10

49

GOR, FL - PIP psi



N 7 _,_ A 7 7: : ::f:f f S :f x % * : 7
o et} (A DREY (0" ) BRRE e
:: _f.%a ..........
1184130 Bl ==
)2 128,406 N- ———_ 1 g
ATE : 12/4/z = ||| —=
5 o 42-317-45117 Gn\denavzasl;WFMP A Detritust Test) . N Otes :
» Located east of our acreage blocks right
R on the Martin/Dawson County line
— > Outperforms all the WFMP A horizontals
| (Goldeneye - WFMP A Detritus Test) which landed in the WFMP A organics
TR T overlying the WFMP A detritus (too much
e clays????)
155,919 MCFG . -
» Target is omnipresent to the west and
should be a resource play for Southern
| | Dawson County >0
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(Conclusions)

The WFMP A Detritus is a high energy deposit of interbedded turbiditic limes and
hydrocarbon saturated brittle organic shales which is omnipresent throughout
southern Dawson County.

The WFMP A Detritus is a prolific producer and lateral target in NW and NE Howard
Counties as well as northern Martin County right up to the County line.

The overlying 20-50° hydrocarbon saturated organic shale was the lateral target in the
prolific Vineyard B WA well. EOG Oakmont # 1WA landed in that shale just above
the WFMP A Detritus and made a commercial well in southern Dawson County.

It may be something as “simple” as a change into a tighter perf scheme (irreducible
complexity) which will allow fracs to be staged out of the brittle WFMP A Detritus and
still exploit all reserves of the overlying hydrocarbon saturated organic shales.



(Project Conclusions)

Landing/Fracing in the most brittle rock in Unconventional Hybrid Plays provides
sustainable open fractures at the wellbore for efficient AP to obtain maximum long
term recoveries of commercial reserves.

The Dean “Halo” as defined by historical offset under-stimulated production and
iIsopach thickness indicative of higher energy deposition is proven ready for
exploitation.

The WFMP A Detritus Bench is another untested brittle high energy deposition hybrid
bench with some historical production in Dawson County but newer completions are
now right up to the Martin/Dawson County line.

In the “Wolfberry Play” there are no frac barriers so therefore vertical growth out of
targeted zone is always a concern and has to be considered in frac design and landing
targets.

Despite some commercial wells, the landing target for the Middle Spraberry bench has
not been established. Regional core and petrophysics still show this bench to have the
most potential as an area resource play. Correct landing targets and frac designs in
other areas nearby support the idea that improvements can be made up to 10x over
economic failures.




Addendum:
Southern Dawson
Core Review
With
Jarvie/Sonnenfeld
Observations

(See URTeC # 2461914 - Migration Happens: Geochemical Evidence for Movement of
Hydrocarbons in Unconventional Petroleum Systems (Sonnenfeld et al))



Note: Ommnipresent vertical
Jractures, in hyrdrocarbon 5
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-~ — ———= || Figure 38. Camparison of dis.

Vi

| N2 | crete and Friedman kinetic
s Discrete Kinetics | parameters used to predict the
—Friedman Kinetics | temperature of conversion of

Bakken Shale using an arbi.
trary and constant heahing rate
af 0.75°C/Ma. Discrete kinetic
models use a single Archenus
factor iprobability facton with
a distribution of activation

energies, whereas the Fried.
man model utiizes a different

Arrhenius factar for all actwva.
tion energies over cach 109% of
conversion from 0 1o 100%..
This afiects bath the ecarliest
and latest computed genera.
tion temperatures and suggess
carlier generation for the
Bakken shale compared to the
a1 | discrete model. Both mathe-

matical models agree on peak
0 0 100 150 400 0 ar near 0% transformation

mm‘iq ratia

'Hydrocarbon
Generationearlierzand
in;greateravolumesjthan
traditionally,assumed
'Kinetic;models

EREREES S

3

Friedman Kinetic model used in Bakken Shale Study supports earlier hydrocarbon generation in diagenesis

Note: Friedman Kinetics fits best with modern diagenetic models explaining production factors in
unconventional source rock reservoirs — i.e. unconventional source rock reservoirs produce by hydrocarbor517
expulsion across the microfracture face in response to a AP.



“Geo-Chem Conclusions”

Note: Not only captured S1 (volatile hydrocarbons/free oil)
but also lost S1 during core acquisition due to evaporation of volitiles.
S1 lost is 35% for 1 hr exposure of 38 gravity oil at 100° F - i.e. Trip out time for sidewall
cores. Lost S1 can range from 10% to over 200%. Obviously, the more brittle the
source rock the higher the S1-lost - Jarvie

The first or very early light end migrated oils can be
adsorbed with in-Situ S2 kerogens until saturation. These ' Su mma ry
early ‘adsorbed’ migrated oils may be more readily
produced when exposed to expulsion from maximum
Delta Pressure when the exposure to the movement of the
long chain hydrocarbon S1 overcomes the adsorptive bond
on the S2 kerogens.

The primary organic content of the deep water facies for
Permian Wolfcampian/Leonardian is siliceous shelled
Radiolarins (- i.e. plankton). The WFMP B and lower

Spraberry Shale facies is dominated by silicates and organic
silicates. While most of the poor “commerciality” of the

WFMP B and lower Spraberry Shale can be explained by

the high heavy clay content found in the illite/smectite %
of these formations, the adsorptive bond of the heavy

silicate organics may also play a significant roll particularly
in the long term production curve.

z Dan larvie, Worldwide Geochamistry AAPG ICE Calgary 14 September2010 37

Conclusions from: “Unconventional Oil Petroleum Systems:
/ Shales and Shale Hybrids” - Dan Jarvie - 2011
Note: The dominate facies of both the WFMP A and the
Middle Spraberry Shale is carbonate heavy brittle shales
interbedded with thin detritus micritic limes and basinal
hydrocarbon saturated turbiditic sands -
(i.e. conventional/unconventional “hybrid” systems).
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