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Abstract

The southern Denver basin has been undergoing a resurgence in drilling for conventional reservoirs in the past five years with the discovery of
the Arikaree Creek and Great Plains fields. The area initially underwent exploration for carbonaceous shales of Atokan and Cherokee age and
the laterally extensive thin Cherokee Formation carbonate conventional reservoirs. Several wells were drilled including at least two laterals to
test the viability of these unconventional reservoirs and thin carbonate or dolomite reservoirs. The basin is significantly under-pressured, 0.24
to 0.28 psi per foot except locally, and reservoirs are found from 5,000 to 12,000 feet. The shale reservoirs have to date proven non-productive
due to low permeability and difficulties of retaining hydraulic fracture stimulations within zone. Initially conventional drill rigs were used to
target all reservoirs. Subsequent drilling used state-of-the-art top drive and slim-hole technology. Despite simplicity of the geologic section
with historically minimal drilling problems, several operators have experienced multiple sidetracking, lost hole, and leaving several hundred
feet of drill pipe in the well bore. In addition, evaluating the potential zones has been difficult in many wells. Mudlogs and mechanical logs
have been misleading. DST’s are seldom used. Completion methods have been relatively simple. Fracture stimulation have been attempted they
have not been successful. The presentation will be discussed the caveats and pitfalls of drilling, completing, and evaluating these reservoirs in
an under-pressured environment.
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Abstract

The southern Denver basin has been undergoing a resurgence in drilling for conventional reservoirs in the past five years with the
discovery of the Arikaree Creek and Great Plains fields. The area initially underwent exploration for carbonaceous shales of Atokan and
Cherokee age and the laterally extensive thin Cherokee Formation carbonate conventional reservoirs. Several wells were drilled
including at least two laterals to test the viability of these unconventional reservoirs and thin carbonate or dolomite reservoirs. The
basin is significantly under-pressured, 0.24 to 0.28 psi per foot except locally, and reservoirs are found from 5,000 to 12,000 feet. The
shale reservoirs have to date have proven non-productive due to low permeability and difficulties of retaining hydraulic fracture
stimulations within zone. Initially conventional drill rigs were used to target all reservoirs. Subsequent drilling used state-of-the-art top
drive and slim-hole technology. Despite simplicity of the geologic section with historically minimal drilling problems, several operators
have experienced multiple side-tracking, lost hole and leaving several hundred feet of drill pipe in the well bore. In addition, evaluating
the potential zones has been difficult in many wells. Mudlogs and mechanical logs have been misleading. DST are seldom used.
Completion methods have been relatively simple. Fracture stimulation have been attempted they have not been successful. The
presentation will be discussed the caveats and pitfalls of drilling, completing and evaluating these reservoirs in an under-pressured
environment
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Outline

* Geology of the Southern Denver Basin;
* Drilling Methods;

* Completion Methods;

* Reservoirs;

* Reserves

* Fields.
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Geology in the Southern Denver Basin
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RI I STRATIGRAPHIC SECTION

Stratigraphic Section

After Ravmond C. Moore L’(l’ (1931). Paud L. Hilpman (1955),
and Daniel F. Merriam and Edwin D. Goebel (1968).

LITHOLOGY

AGE
ROCK UNIT
THICKNESS

RESERVOIRS

Cherokee Excello

Overlying rocks consist, in ascending order, cheifly
of upper Permian red beds and evaporites, Cretaceous shales,
sandstones, limestones. and chalky shales, and the late
Tertiary Ogallala formation of continental origin.
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Top of reservoir section (as of 1968).

PERMIAN

upn
Chase Group. The principal gas reservoir in the Hugoton embayment. Ch ero kee A

upn
Councll Grove Group. Gas reservoir in Hugoton Ch ero kee B
y . Permian rocks crop out in central Kansas.

(el
Admire Group. Shallow reservoir on Nemaha anticline. Ch ero kee c

Wab.

—_ Tebo

is the uppermost group in the Py yl
Pennsy 1 rocks from the Cherokee to the Wabaunsee crop out
in eastern Kansas,

WABAUN-
SEE

Tebo B

Shawnee Group. Includes Oread and other producing
limestones in Kansas.

Douglas - Pedee Groups.

-

produce in more fields than any other reservoir group.

LANSING-
KANSAS CITY

Limestone reservoirs within the Lansing - Kansas City Groups At 0 k a

Upper Atoka

100

Pleasan(on Group Much lhunner in nur(hweslem Kansas.

~ PENNSYLVANIAN

5
i

Marmaton
<+ Cherokee

Cherokee Group. Conlains Bartlesville and other sands.
Absent across Central Kansas uplift.

WMMM

CHER-
OKEE

Atokan Group. Hugoton embayment only. = Ato ka

Morrowan Group. Hugoton embayment only.
_~Pennsylvanian basal sand or conglomerate on western uplifts.

"Mississippi Lime", Also "chat". Absent across
top of Central Kansas uplift. The oldest rock to crop
out in Kansas ( in southeastern corner of Kansas, where
it directly underlies the Cherokee Shale).

Also reservoirs in the Chester and Mermecian (Upper
) and Osage and Kinderhook (Lower
Mississippian) series.

Lower Atoka

MISSISSIPPIAN

Charrancoga Shale. Eastern two-thirds of Kansas only.
Misener sand in Sedgwick basin only.

DEV.

SLURD- MiSS.

"Hunton" Limestone, Salina, Sedgwick, and Forest City basins.

Shale. Not everywhere prosent
Viola or Kimmswick Limestone.
Simpson sand. Also St. Peter, "Wilcox"

ORDO.

“Siliceous Lime".

CAMBRO-
ORDOQVICIAN VICIAN  DEV.

Reagan or Lamotte Sanstone.

Precambrian granite, quartzite, and other crystallines.

Morrow



Steamboat Hanson 8-10 Section 10 T6S R54W, Lincoln Co., Colorado
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The Morrow is one of two prolific reservoirs of Paleozoic
age in the Denver Basin, the other is the Mississippian.
The valley fill channel sands can be highly productive for
either oil or gas. Gas quality from the Morrow typically

<= Dry and abandoned well .
e Producing oil well L

+ Asandoned O el increases basinward in nitrogen.
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Atoka

Structure on top of the Atoka
Formation.

The Atoka disappears to the northeast
and thickens into the basin center in to
the southwest. The Atoka represents
tin carbonates and shales, occasionally
a localized coal. The sediments are
lacustrine and terrestrial in origin.
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3 Gas Well

& Water Injection/Disposal Well

Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado

Cherokee

———]

Upper Atoka

Upper Atoka 4
Upper Atoka 3l

Upper Atoka 2 =

Upper Atoka 1

Lower Atoka 8-/

Lower Atoka 7

37)

Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado

Upper Atoka 1= :i__k_

Lower Atoka 7
Lower Atoka TR
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Lower Atoka 4 i

Lower Atoka Formation
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Upper
Atoka 4

Isopach of the Upper Atoka 4 shale.
Note that the shale disappears to the
west as it either was not deposited or
removed by erosion. The Fountain
Formation of Pennsylvanian and
Paleozoic times . The Fountain
Formation is a series of alluvial sands
shred off the Ancestral Rockies.

There is a series of thinning in the
Upper Atoka 4 that coincides with the
Las Animas Arch suggesting it was a
positive feature during deposition.
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< Dry and abandoned well
® Producing oil well

4 Abandoned Oil Well

% Gas Well

@ Water Injection/Disposal Well

Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado

Cherokee BrE
Upper Atoka

b Upper Atoka 4 s

Upper Atoka 3/ " '
Upper Atoka 2jmsh

Upper Atoka 1jmemie

o ——

i

Lower Atoka
Lower Atoka 7




Cherokee

Isopach of the Cherokee Formation. As
with previous formations the rocks
thicken to the southwest and thin to
the northeast.
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Marmaton

Isopach of the Marmaton Formation.
As with previous formations the rocks
thicken to the southwest and thin to
the northeast. Also this is the first
Paleozoic unit to cover the entire basin
suggesting the Transcontinental Arch
no longer has an effect on deposition
or is a positive feature.
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WEST-EAST CROSS SECTION OF THE DENVER BASIN

East-West
Cross-section



NORTH-SOUTH CROSS SECTION OF THE DENVER BASIN
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DENVER

g Denver Basin — SE Colorado

il and Gas Production Map

Reservoirs

Cherokee Shales
eDepths of 6,000 to 7,500 feet
*EUR range (est) 50 to 150 MBO
*IPs: 40 to 650 BOPD

Atoka Shales

eDepths of 6,300 to 7,800 feet
*EUR range (est) 50 to 150 MBO
¢|Ps: 10 to 200 BOPD

Cherokee A, B, C Dolomites

eDepths of 6,000 to 7,200 feet
¢|Ps: 40 to 120 BOPD

Morrow Sandstone
eDepths of 6,600 to 8,000 feet
*EUR range (est) 10 to 750 MBO
¢|Ps: 10 to 900 BOPD

Mississippian Carbonates
eDepths of 6,800 to 8,200 feet

*EUR range (est) 10 to 350 MBO

e|Ps: 10 to 300 BOPD

[ _J.\

All wells presently developed
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Cherokee and Atoka Shales

Cherokee Shales

eLow pour point

e37 to 41 API Gravity

eMarine

*No sulfur

*Gas BTU 1300 to 1800

*3 to 6 carbonaceous shales
2 to 10 feet thick individually
*2% to 24% TOC, Ave 12%

Atoka Shales

eHigh Pour point

¢34 to 38 API Gravity
eTerrestrial

eParaffin

eNo sulfur

*Gas BTU 1400 to 2100

*10 to 18 carbonaceous shales
1 to 2 feet individually thick
2% t0 27% TOC, Ave 11%

Maturity
¢0.55t0 0.8 Ro

eIncrease with depth
eSome oil may have migrated

Cherokee

Cherokee “A”
Cherokee “B”

Atoka

Carbonaceous Shales

*20% to 50% Clays

eNon swelling

*30% to 50% Carbonate
*30% to 50% Quartz
eFractures common
eBleeding cores and samples

Cherokee “C” \

T

[SEE=SSSS==S

i

LILLEC LT

SIS (T TERI
T L T s
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T
SN

T
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VI

Excello

\Y

Tebo

Tebo B

Upper Atoka

Lower Atoka
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Cherokee and Atoka Shales

\

=3
S

R

)

=

Cherokee and Marmaton Shale

eLow pour point

e37 to 41 API Gravity

eMarine

*No sulfur

*Gas BTU 1300 to 1800

*3 to 6 carbonaceous shales
2 to 10 feet thick individually
*2% to 24% TOC, Ave 12%

Atoka Shale

eHigh Pour point

¢34 to 38 API Gravity
eTerrestrial

eParaffin

*No sulfur

eGas BTU 1400 to 2100

*10 to 18 carbonaceous shales
¢1 to 2 feet individually thick
*2% to0 27% TOC, Ave 11%

Maturity
¢0.55t0 0.98 Ro

eIncrease with depth
eSome oil may have migrated

Carbonaceous Shales

*20% to 50% Clays

*Non swelling

*30% to 50% Carbonate
*30% to 50% Quartz
eFractures common
eBleeding cores and samples

PRODUCTION INDEX (PI)
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FIELDS

Great Plains
Bolero
Manassas

Arikaree Creek
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TYPICAL DRILLING PROBLEMS

* Cretaceous Pierre and Niobrara present lost circulation problems.
Solution to 20 bbls of oil to minimize sluffing;

e Thickening of mud system minimizes shows and sample quality;
 DSTs are useful but can be misleading;

* log analysis typically misleading in the Marmaton and Cherokee
reservoirs.
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Great Plains Field

* The initial zone targeted was the Cherokee “A” that
underlies the Excello Shale;

* Found by using a single 2D seismic line;

* Drilling requires drilling to TD using a typical double or
triple rig;

*  Completion was perforation of the zone of interest and
acid wash;

* Reservoir structurally and stratigraphically controlled;

*  Other zones completed are the Marmaton “A” and
Marmaton “B”, Ft. Scott and Morrow;

* At least eight producers are uneconomic at $90 oil.

Number -
of wells
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<;;Iverbend Field

| \ J
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Production Zones:

[ Marmaton A-1

[ Upper Bench Mamaton JOLLY RANCH PROJECT

Marmaton B

. Base Map with Production Zones
¥ Fort Scott (Lower Bench)

& Cherokee A
<] Cherokee B —

=

o

> Cherokee C FP
1 Atoka R
Morrow

O Mississippian

IP is listed to right of well symbol (calc. 24 hrs)

CONFIDENTIAL

2/20/13

—*a—Mississippian Faults (Seismic Survey)
—<—Basement Faults (Aeromag Survey)
3-D Seismic Survey Area

Production for the Great Plains Field;
17 wells, discovered in 2009;

8 uneconomic wells.

Cherokee A DST Pressures vs Cum Oil Prod
1800 From Great Plains Field
# Cherokee A DST Pressures
1600 o
*
‘\H —— Linear (Cherokee A DST
1400 Pressures)
+*
1200 * < ry
1000 *
*e
800
*
600
400
200
0
0 200000 400000 600000 800000 1000000 1200000

DST data indicates every new well is lower in
reservoir pressure. Field results indicates the drill
spacing should be greater than 40 acres.
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Great Plains Field

R55W

T10S

—%a—Mississippian Faults (Seismic Survey)
T~—<=—Basement Faults (Aeromag Survey)
3-D Seismic Survey Area

JOLLY RANCH PROJECT

EXCELLO STRUCTURE
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Running Foxes Patroleum

CONFIDENTIAL

2/19/13
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Cherokee A Porosity
Great Plains Field
Lincoln County, Colorado




Bolero Field

 Discovered in 1984

+  Two wells in Cherokee “C” one foot thick;

* Abandoned for low prices, down hole mechanical problems;

*  Produced approximately 40M BO up to 1985. Presently over 100 MBO
* Light acid wash;

* Reactivation in 2008;

*  Completion in Atoka and Cherokee shales and carbonates;

* Small slick water, 10,000 gallon acid fracks and gel sand fracks;

* |Ps varied from 70 to 180 BOPD;

*  Completions in the Cherokee “A” and “C”, perforate and acid wash;

* Cherokee “A” is a fractured high porosity limestone related to structure;

* Cherokee “C” is a fractured dolomite is stratigraphic to structural in nature.
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Bolero Field

Cherokee A Structure Cherokee A Porosity
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Bolero Cross-section
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Manassas Field General Morrow Sandstone Trends

Field di din 1986 by P L is* MAJOR LATE PALEOZOIC STRUCTURAL Morrow sand Trends
I€ld was discovered in y etro-Lewis; FEATURES ASSOCIATED WITH PLATE COLLISION \ N . azw  maow___R3ew
T T uwﬁ RSDL 45W aw N — ,‘o
. * i : \ b | SUOKEY HILL _‘ _______ 1
* Completed in an Atoka Sand; e Ay R NI il
; FRNT %NGE { 2 S, N S| rﬂ;i« ;BLEDSGE RANCH . mc“ u:Jz smnousmms
*  Produced 25 MMCFG and 5 MBO over 24 years; ' b ds?"‘éﬂ”\m?“m \
* Oil is low pour-point green oil APl 38 to 40; L R e | P LY s o ey
i Sl IR - LN ongd
H ) 7 1 = e AVALRY
*  Well produces a high BTU gas that yields primarily propane; 5 ) L0 kg = (o |
H = S &y MCCLAVE Kiow 5
{ H wlc:i#:R&’li.?ns 2y -y e MUt PERRem—" S
* The field lies on a trend of valley fill or near shore channel sands ' f w:\ I
that contain high BTU gas whereas the trend to the north is noted : M T L oS S8 ;
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Arikaree Creek Oil Field

* Discovered in 2012;

* Project developed by Running Foxes, partner bought out part of
Company interest prior to drilling;

* Field found using:

* Projection of reservoirs deeper into Denver Basin toward source of generated hydrocarbons;
* Detail surface geochemical survey;

* 3D seismic survey;

* Identification of structure with associated wrench faulting.
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lodine surface geochemistry in northern Lincoln

county
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3D Outline

Pre-drilling 3D seismic survey
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Hanson 8-10 Discovery Well

Completed in the Mississippian Spergen;

Upper Horst;

400+ BOPD;

Reservoir is low temperature hydrothermal dolomites;
High pour point oil;

Atokan oil;

* The well was drilled to the Precambrian;

* The well was drilled with top drive which increased rate of penetration
and shortened drilling time. But damage to wellbore caused problems

logging and running pipe;

* Perforation and production.

No water. Upper Horst Well
Steamboat Hanson 8-10 Section 10 T6S R54W, Lincoln Co., Colorado
Spergen SPEEEEEEE, Bt
Pay EZSES :
= e SSS=S20s =Zis ———
.© : % S
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Middle Horst

oil and water zone
Erratic pay;

No predictability.

Lower Horst

Well: Whistler 16-21

33 meters lower
then upper block
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Cherokee Formation

Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado
Marmaton Formation El = : - =
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The Cherokee and Atoka Formations can
be subdivided in intervals or cyclothems.
The missing component is coal so the
boundaries are the tops and bottoms of
carbonaceous mudstones

(Desmoinesian and
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Steamboat Hanson 8-10 Section 10 T6S R54W, Lincoln Co., Colorado
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Stratigraphic Column
Morrowan and Mississippian
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Morrow- Mississippian Isopach

Results similar to
the previous slide

Atoka-Morrow Isopach
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Cherokee — Atoka Isopach
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e Dividing the Atoka in to the upper and lower indicates the thinning

R@ more prominent in the Lower Atoka.
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Upper Atoka 5

Upper Atoka 4

Upper Atoka 3j

Upper Atoka 2

Upper Atoka 1

Lower Atoka 8/ tinE
Lower Atoka 7 S——

IS

Upper Atoka 1

Lower Atoka 8)mmsm

Lower Atoka 7|
Lower Atoka 6 .
Lower Atoka 5=t
Lower Atoka 4ji

Lower Atoka 3|

Lower Atoka 2
Lower Atoka 1

Lower Atoka Formation

Morrow




Individual Interval thickness - Atoka

] \
g/ , ‘ ! an o Rl . . .
1" =ty e ﬂJ i LA3 interval has thin areas but is
‘ | EXN : ' ’ | . “, .
| A ‘ } s | not as definitive as LA7
\ » | w |
0 o . . .
I | | | | R | * ] e (younger) interval.
{ e~ TR T e e S
| | [ | 2N | 5 e & 4 | 5 &
1 -; - I . | | | . e f“ -$- < i | | y
‘ . he— 18 | - > - | \ | ®
i | o | | | ! | o )
I [ . : : (o} f (Il S = i @
% |l ’ \ sl ! ‘
i P> | | | 10 | . | | ’ el R
L f | ; S 60 [ | o | ) ; Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado
S & ©f { ‘ Lo . - —1 e
‘ " © + | N, / : ‘ : | 60 i ! l Upper Atoka 1 i i SR S
S, e | o ‘ Ty - = Co - —."*:.
\ | | - OTelluride|13-2 ‘& | l | OTelluride 13-2 | Lower Atoka & mum— ...
r i “Big S (i L i et —— —— 5 2=y T amas B =¥
S L ‘Téog‘g?k pl" | ‘0 o _— . " o  3FaosdA w ‘ '% Lower, Atoka 7 em—, ==
- | ‘ S [ 2 - ) % o o \7 EEnaE =N rerfr
‘ - Steam%a! Hans&?8-10 ?0 ‘ G | > l ; 'b} Steamboat HanséI 810 35— o g Lower Atoka G P =
G ‘ . @sk 28 w .o ARy | ‘ By Sky 12-P1 | - Lower Atoka S R ‘
et o swengah | e et 5 S Lower atoka mump— . |
By ! ! |\® ® |\ | 2 | |® e B < e T ——— .
o <P S A L B Blgckcomtr3=t—y : 5
e 78, : 0% 2 o e , o | ® 0 s 2 Lower Atoka 3
| | EasyGo6 oy T CED 4 | EasyGo6 | o o : & i ,
\ l i BlackcombC12-74 L | [ i " Blackcomb 12-14 l 1 Lower Atoka 2
‘ | 5858 0O o I ‘s. o & | : ‘ Lower Atoka 1
| e | - f
S d 16515
; Snx;;vblgmsow Ow %) B | I no;gb:; 16515 o ' -
S e il vt P AR S e F G e |
e =———— 20 2 ‘ ‘ | 2= 15 o & | . .
! ‘ 0 Jvﬁ'histg_e-vzz I I I ¢ | vVhist_lg_e-zz ; 35 \ & Morrow
| ‘ ' . 7& ,\Q, } ' ‘l:‘ ‘ %‘ 735
'LQ | - 3 = B = | = B [ N Q| B Y
’ == 7 S [ < R ’\ ’ %
{ \ | |
Z | | % | ]
| gESE — — 4—~———T“‘”‘ i ] - . R . s i -
i = |

S LA 3 Interval LA 7 Interval
=
RFP LA 1 and 2 are absent in the area; LA 3 rests directly on the Morrow. 47



UPPER ATOKA ISOPACHS

\ | ' S | - ‘
ke e — — e — LT 7 == SN (. e — et pet— L =
‘ S : d | ‘ Craig 7-2 Section 2 T10S R56W Lincoln Co., Colorado
[ } { . A | . s i T ek == T
| - 2 Cherokee i) 3
l ® Upper Atoka
| ‘ | 4 ‘
—T -;Pr 432 B A AESE = T P _$|_‘I 132 L _® :7———‘7 =
— — — Jagkson Hole [ S——— = ackson Hole T |
) N 4| . : 1 0 | &
o | : | 1 [e) |
| 1 | | V
| . . l * | y | . M 1 : : |
| G | o | | | 4 ) P ‘ 1 K | & - - Upper Atoka 4
| p . | | | & ‘ | ===
“‘ AT ' A [ IS ‘ d ' 7 ) | Sl Upper Atoka 3
- ‘ = ‘ o | O.‘ - “ ‘ . i . o 1 O 1
_—J;:_d——‘ T L T S
‘ ’ ‘ £ ‘ o ‘ | ¥ Upper Atoka 2
| S| ‘ [.o | - & ‘ O | o
ool I : <+ ‘ 1228 | :
L] A | 2 S A L e | og- Upper Atoka 1
N | | ? 28 - =
{ -OTeIIurige13-2 ‘ = N STelluride 13-2 ‘
P L " BigSkydtt———— " > g— A DU I B |
i = T S Taos.'-1(§/ \‘ ;\,4 g 'L I Tao's.ég-ﬂg \l ‘
[ | > | 1 [ " | -
/ Steamboat Hans®h 8-10 SteamBbat Hans®n 8-10 '
| ‘ <>77 | “ " My Sk 12_1;,]\‘ » | \ <& N ‘ m_‘;%k‘ﬁﬂ\ ‘ - . Lower Atoka =
| A | " Silverton 16-10 A : == - | */sSilverton 16-10 ‘ - A Lower Atoka 7
. L~ ———Blackcomb 314 S | 1 o -Blackeomb3H—1 — —— [ =
I Oieckes L~ o
S | Easy,Go6 \ o 1 ' | Easy,Go 6 [ o
3 | @ C 3 e 2 .
I -¢- Blackcomb 12-14 ‘ o & -6- Blackéomb 12-14
‘ . o ® O &4 | e @ O 4¢i
| ‘ | ‘
© | . Snowbird 16+15 » ‘ ‘ . Snowbird 16+15 S
) ! now| a 1‘60 o] ‘ . | ‘ A now| 2 1‘60 (¢] i » N
M o S — = e B o e TS e - pral L —————— [ ==
e ‘ iy ‘ Vo T -
‘ + N iv?fhistuér_e-zz = ‘ ‘ | ¢ | |v3hist_$r_s-22 1 \
' \ ‘ ‘ b ol (B -y N (B
5 | s A ] . f—ivi— [
\ | [ ! |
I s P Y & % - . ol
e e |
UA 4 Interval UA 6 Interval
T/ «eé
>

The thin is more definitive in the UA 4 (older) then the younger UA 6.
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UPPER MARMATON ISOPACHS
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The Marmaton is also a carbonate dominate formation. The thins could be related to a topographic
feature or structural activity. The seismic does not support structural movement at this time.
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Mississippian Production and Structure
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Mississippian Production and Daily two to 13 Months

Dairly for two to 13 Months total Production
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Drilling and Completion Methods

Drilling of wells in the Southern Denver Basin are typically vertical;

* Horizontals have had limited use;

 Completions are typically perforating, acid clean-up produce;

* Low psi per foot: .24 to 28 psi, have limited the use of fracture stimulation;

* Most reservoirs are a combination of fracturing and porosity.
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SUMMARY

* The Paleozoic fields in the southern Denver Basin are typically thin to carbonates found in
Mississippian, Cherokee, and Marmaton rocks. Morrow valley fill channel sands fields are also
productive but more elusive;

 Many companies repeat the mistakes of previous operators;

* Horizontals have not been used to any great degree and where they have been used have not
proven useful;

e Reservoirs are is erratic and cannot be defined easily by seismic;
* Every well is almost a semi-wildcat;

3D seismic is critical to define structures.








