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Abstract

Pennel Southeast and Little Beaver East Prospect (the first economic resource play), now known as the Cedar Hills-East and Lookout Buttes
fields, are located on the southeast flank of the Cedar Creek Anticline which at the time this prospect was generated (1988) had produced more
than 350 million barrels of oil from 15 separate fields. Oil reservoirs include the Red River, Stony Mountain, Interlake, Duperow, Lodgepole
and Mission Canyon formations. The Ordovician Red River B Zone, which is the most prolific of these reservoirs, has responded well to water
flooding. The oil trapping mechanisms in the Red River B Zone have never been fully explained and very little Red River B Zone oil is trapped
by four-way structural closure. Due to the complex nature of these Red River traps along the anticline, the oil-water contacts on the downdip
east side of the fields were not defined. This fact was well documented by an active drilling program we initiated during the early 1980's when
more than thirty producing wells were completed downdip of existing production at the Cabin Creek and Pennel fields. The downdip extension
of production beyond the field boundaries suggests that a re-evaluation of the known limits of all the Cedar Creek Fields would be worthwhile.
Pennel Southeast and Little Beaver East Prospects were defined simply by studying the well data on the east dip of the Cedar Creek Anticline.
A cluster of by-passed and producing wells defined a large, undeveloped oil column downdip from the existing limits of Pennel - Lookout
Butte and Little Beaver East fields with a 216 million barrel horizontal target using water flood support.

To date in these prospects 789 wells have been drilled and 190 million barrels of oil have been produced. The Codell Sandstone play was
generated in 2005 looking for a resource that would compare favorably to the very successful Bakken carbonate play taking place in Richland
County, Montana. The Codell had produced modestly in vertical wells in and south of the Silo Field in Laramie County, Wyoming setting up a
focus area. To add to the intrigue a mud log was located that showed the Codell Sandstone was over pressured and attempted to blow out
during the drilling of a J Sand test. Due to mineralogy and bound water, resistivity mapping would not define the resource. The resource
boundaries were simply defined by a large cluster of good oil shows. This resource contains 1.65 billion barrels of oil in place and a
recoverable 165 million barrel target was postulated. Currently there are 76 producing Codell wells, with 1,660 Codell locations permitted in
the Wyoming portion of the play.
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Cedar Hills — East Lookout Butte Play
Late 1980s
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Density-Neutron (CHSU Larkin 14-18NH15)
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Cedar Creek Anticline;
Initial Well Development

- Historic Downdip Production
- 1980s Downdip Extension
- Burlington Resources Horizontals
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Fertile Prairie — 1989

Bowman County, North
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Little Beaver East — 1989

Bowman County, North Dakota
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Cedar Creek Anticline
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Current Decline Curves with Current Cumulatives

CEDAR HILLS and EAST LOOKOUT BUTTE WELLS PRODUCING
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Reservoir Analog

Reservoir

Codell Sandstone — DJ Basin

Bakken - Richland Co., MT
Elm Coulee (Comparison)

Porosity 10.5% 12%
Permeability 0.44 MD 0.06 MD
Oil Saturation 60% 80%

FVF 1.15 1.4
Thickness 27’ 10’
Pressure Overpressure indicated Overpressure
Gravity 35° Sweet 42° Sweet
Recovery Factor 10% 10%
Drilling Depth (Vertical) 8900’ 9500’




Cheyenne Prospect;
Laramie County, WY

LEGEND

APD DENIED Q\sunucs LOCATION
DISPOSAL WELL BOTTOM HOLE
e @  POOR OIL SHOWS
INJECTOR

@® FAROIL SHOwS
OIL WELL

PLUGGED & ABANDONED - OIL WELL @  GOOD OIL SHOWS

PLUGGED & ABANDONED - GAS WELL O CODELL PERFORATED

©e0 O 0o e

/  AREA OF OIL SATURATION IN THE CODELL SANDSTONE

+ SYNCLINE

‘ﬁ 3

KIRKWOOD

Ol & Gas uc

CHEYENNE PROSPECT
Laramie County, WY

ScaLe: 1"=6000 DRAFTED BY: [j
PATE"7718/08 Do Base Map

MNP
ND
ML

WELL LOCATION
SHUT IN CODELL OR FORT HAYS PRODUCER
ABANDONED LOCATION

DOES NOT PENETRATE CODELL
NO GEOLOGIC SAMPLE DATA FOR WELL
NOT LOGGED

THICKNESS - CODELL SS
SUBSEA - TOP OF CODELL SS

16N/67W

8N/67W

| U 12NeswW
- 12N/66 \ \

12N/63W



Cheyenne Prospect;
Laramie County, WY

% ’

o/ [ AL [ARRANA
| \is ey / 17'N,¢/5W “g ﬁm, A u

3100

\
| | | \
‘ \ | | T T 1 l |
| | i \‘ | |
| |
- | -
\ v (E '
LEGEND Y S e .
| , A . B4W ‘
@  APDDENIED Q\sunﬂce LOCATION MP DOES NOT PENETRATE CODELL 16N/66 \7 N [
) : ! :
O  DISPOSAL WELL BOTTOM HOLE MND NO GEOLOGIC SAMPLE DATA FOR WELL 16N/67W 1 il i ! T L] -— :
@ I @®  POOROIL SHOWS ML NOT LOGGED ‘ ¥ i \ ‘
/@ INJECTOR ,§ | ‘
@®  FAIROIL SHows THICKNESS - CODELL SS ‘ s
a orwel ®  Goop oI SHows SUBSEA - TOP OF CODELL SS | ] _
O PLUGGED & ABANDONED - OIL WELL ‘ ] o -
() PLUGGED & ABANDONED - GAS WELL O CODELL PERFORATED ‘ I (= ‘/
| | Vs s
O  WELL LOCATION ‘ \ = ,‘—. | : l ‘ / | .,
@  SHUTIN * CODELL OR FORT HAYS PRODUCER ‘\ ‘1 ' | L 't 1 / 3
@ ABANDONED LOCATION 2 T 1} e [ 1‘ | i ! 7 1 8
| i 1 i 11N ‘ }‘ T I 4 /
| Bl | ikl | | [ ! &
i | . | | | | e " 1
| 15NIBTW | LIV A AL T T T
' | 1 A \a 1R LR B
| b i T \ | 1 | | |
e | | Y Pl T | 1 '
AREA OF OIL SATURATION IN THE CODELL SANDSTONE ‘ | | \ | T Y‘“ I‘ ‘\l 1 i1\ |
S l | | ! t | ‘ | ! | I | 3 “
‘\ “ % | “ 5 LY \ ‘ ‘ ! W
SYNCLINE | T | W | b e | | 1
“ .‘ \ bl ‘\ a | L L ML |
| } Samymmmmiy W B Gl AREYEEY B AL NARR |
1 . I I TheedoL ) | Wb | i
| Codell Dlscovery WeII. ‘ PR8N LR RS SR |
o | ‘ dibmsmen g\ | L L
CODELL PERMITTED LOCATIONS (2015) M 1 | | \ o B i " |
- | bl - g | A
S 30H Tomahawk |\ | YIRS (RLTHEY LR
| \ i t NoE | |
[ I | \‘ | | ™ | |
‘ \ | \ _—
| 1 e I |
\ \ ) T A ‘
“\ | ‘ [ i ‘ | ‘
i \ % '
‘ :
: g |
= - [
e |
. u ¥ ¥
KIRKWOOD

‘ \ i
| \ \‘ l‘ | “ “!
| N/66 " " ‘ '
\ \ N/67W ! x ‘ ‘
Ohl & Gas 1 “ 13N/(}8 ‘ ‘ \ ‘ ‘
CHEYENNE PROSPECT

|

‘ }

\‘ ) “ N

| ‘ 8 | ‘ | ! ‘

| | q ‘
2 \ % . \ §
Laramie County, WY | | \

| [ I
ScaLe: 1"=6000 DRAFTED BY: [j i
PATE"7718/08 Do Base Map




10,000 BOPD

CODELL PRODUCTION

100,000 -
10,000 -

1,000,000

1,000 -

HLNOIN ¥3d OW/s189

100 \1 \

STOZ/1/T
$10Z/1/1
£T02/T/T
zT0/T/1
110Z/1/1
010Z/1/1
6007/1/1
800Z/1/1
£00Z/1/1
200Z/1/1
S00Z/1/1
¥00Z/T/1
£00Z/T/T
z00Z/T/1
100Z/1/1
000Z/1/1
6661/1/1
8661/1/1
L661/1/1
966T/1/1
S66T/1/1
v66T/T/T
€66T/T/T
T66T/1/1
166T/T/T
066T/1/1
6861/1/1
8861/1/1
186T/1/1
9861/1/1
S861/1/1
v861/1/1
€86T/T/T
861/1/1
186T/1/1
086T/1/1
6L61/1/1

Codell Wells

Decline Curves with Cumulatives - Codell

90
80
70
60

50
40

30
20
10

ST0T
10T
€107
(41174
110¢
0T10¢
600T
8007
£00T
900¢
500T
00T
€00T
oot
T00T
000¢
6661
866T
L66T
9661
S66T
66T
€66T
66T
1661
066T
686T
8861
£86T
9861
59861
86T
€861
7861
86T
0861
6461
8461
SL61
vL6T

——BBIs Water ——MCF Gas

——BBLS Qil

Wells Completed




POST GENERATION HISTORY
AND LESSONS LEARNED



“NO GREAT DISCOVERY WAS EVER MADE
WITHOUT A BOLD GUESS” — Isaac Newton

WESCO OPERATING, INC.




