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o Background
Objective —

« Drill 1000 to 1500 ft lateral through porous Hunton dolomite residing at roughly 2800 ft
MD
« Section 19-Range 21 South- Range 4 East of Unger Field in Marion County, Kansas

Unger Field —
» Discovered in 1955 has produced 8.6 million barrels
o 17 wells produced 16,191 bbls. in 2009, 2.6 BOPD per well

Wells on the Section 19 anticline originally produced several 1000’s of barrels of oil per day
» Wells average 2.6 bbls/day with high water cut (strong water drive)
» Qil production can increase as wells pumped off suggesting oil still being drained outside
of cone of depression

Lateral paralleled east flank of % mile long northwest-trending anticline
* Local structural relief is 30 ft
» Original oil column around 40 ft.

Porous Hunton reservoir
» Thickness ranges = 11-25 ft
» Lithology — Dolomite - fractured, vuggy, intercrystalline @
» Tight caprock above reservoir = 0-10 ft thick

The Hunton dolomite is overlain by a thick (~130 ft), relatively hard Kinderhook-
Chattanooga Shale.
« Sufficiently hard rock for making turn of the lateral.



Horizontal Well

American Energies Corporation

Slocombe-Rood #1-19
Unger Field
Marion County, Kansas

Marion County, Oil and Gas Fields
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Unger Field Production
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Partners in Unger Field Drilling

Design and well site supervision on over 300 horizontal wells

drilled including multi-laterals in Oklahoma Hunton, Arbuckle,
Barnett Shale and others — up to 8,000’ lateral displacement

@
Pan American [rFocus camma (sensor)
DRILLING SERVICES L.L.C. -- To avoid shale caprock

- above reservoir

Post Drill - Compact Micro Imager (CMI) & Triple Combo
(Gr, N-D 9, Array Induction, Pe)

v Use of modern to optimize selection
of the completion interval

weathe"ﬂr[r s \ - Log-derived lithology, pore type,

«0il saturation, and fracture detection.



Project Website
http://www.kgs.ku.edu/PRS/Unger/index.html

Unger Field Horizontal Wel

Kansas Geological Survey

Info from Wichita Eagle January 2011 About. ..
Video from the Wichita Eagle on the American Energies well in the Unger The Unger field horizontal
field well is a RPSEA-funded

project of the Kansas

Article from the Wichita Eagle--Wichita driller hopes new technigque opens Geological Survey and

oil fields American Energies Corp.
More ...
American Energies "Slocombe-Rood 1-19" January 2011 i
Topics...
KGS database page for this well
Home
Revised Intent (Acrobat PDF, 462 kBE) Partners
Reports

Project Info December 2010

Video in the making by Jeremy Viscomi, TORP



Completion Dates - Horizontal Wells

Kansas Presentation on horizontal wells
40 to Fall Continuing Education
35 1 Seminar, KBA-KIOGA:
‘-Z; gg http://www.kgs.ku.edu/PRS/Unger/Watney-KBA-
g 20 KIOGA--Horizontal_Drilling.pdf
o
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HORIZONTAL WELLS IN KANSAS October 2010
Wells with

Total 238 oil production
producing oil wells

15_1 03_20433_01 00 Success rate (%) 8.4
Niobrara chalk shallow gas 61
Chase-Council Grove 10
Lansing-Kansas City 2 0
Cherokee CBM 15
McLouth Sandstone 9 0
Morrow-Chester 16 4
Mississippian carbonates 22 6
Viola 7 0
Arbuckle 8 3




Horizontal Wells in Kansas (October 2010) — Mississippian highlighted o
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C&G Drilling Rig, Eureka KS




C&G Drilling Rig #2, Geo trailer, Tres Management,
Pan American Directional Drilling and MWD
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January Field trip for students and industry with the boss
Alan DeGood, American Energies Corporation
John discussing MWD- azimuthal gamma ray tool

N




KGS colleagues and co-authors Jason Rush and Saibal Bhattacharya with
KGS Interim Director Rex Buchanan and DOE’s Brian Dressel




Geologist Doug Davis hard at work running samples




Strong show in Hunton - sucrosic, fine intercrystalline @ dolomite
with light brown spotty stain, free oil, fluorescence, cut, odor
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Hunton Structure — south Unger Field
Geology by Gerry Honas
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Hunton isopach — south Unger Field
Geology by Gerry Honas
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NW-SE structural cross section with scanned wells
in sec. 19-21s-3w, Unger Field
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Section 19

Unger Field

Structure map top Hunton
Group dolomite well trajectory

Contour Interval =5 ft

Upper blue number = thickness
of Hunton reservoir
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Thickness of H3 layer with structure top of pay zone as contours
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South to Northeast Structural Cross Section

e SP-Caliper-Microlog, neutron curves shown — SP (variable color) and neutron (all purple)

e Lateral passes through this cross section east of Rood #4

ha Rood Rood
6 5 4

Tight upper section
of Hunton reservoir
Near fault zone
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NW-SE Structural Cross Section

with flow units (H1, H2, H3) of Hunton dolomite reservoir
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Horizontal Drilling Plan — Unger Field, Marion
County, Kansas
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Azimuthal Gamma Ray
ran while drilling to assist geosteering

Pan American

DRILLING SERVICES L.L.C.

DETECTOR WINDOW

\SHALE
N

RESERVOIR

TUNGSTEN SHIELD
FIG. 1

Focus/azimuthal Gamma (sensor)
-- To avoid shale caprock above
reservoir and shale below reservoir

——
Surface of tool

—_—
4 inches of radius

CBG Azimuthal
Gamma-Ray
Response

Using a WNatural
Uranium Source,
Angle relative to
Window

Drilling is paused while detector window on azimuthal gamma
ray tool is rotated and measurements taken every 45 degrees

through 360 degree rotation.
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American Energies
Corporation 155 N. Market, Swite 710, Wichita, KS
316-263-5783, 316-263-1851 fax

AMERICAN ENERGIES CORPORATION
COMPLETION RECOMMENDATION
Slocombe-Rood #1-19

LOCATION: ME 5E MW SE Sec. 12-T215-R3E SUBFACE CASING: 6jts & 387 set (@ 236.01°

COUNTY: Marion FRODUCTION CASING: 78 jis 77 set [ 3470
APT: 15-115-21419-01-00 FREOJECTED ETD: 21815, TVD: 46177
CONTRACTOR: C & & Drilling, Inc. GL.: 1421° KB 14w
GCEOLOGIST:  Doug Davis SPUD DATE: 01/04/11

COMPLETION DATE:

TOTAL VERTICAL DEFTH: 287
DST'S: Mone Taken TOTAL LATERAI DEPTH: 1137
SAMPLE TOFPS: Moo Tzken TOTAL HORIZONTAL DEPTH: 44137
LOG TOPS: HMona Taken

LTD: 46137



Azimuthal Gamma ray with ROP
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T well Report
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< 200 { Company : American energies corp Date : 1/21/2011
. ¥ wel : slocombe rood #1-19 File :0k11002
1 Location : Marion County
~ 310 / reference : GRIDNORTH
LY
> KB Elevation : O Gr Elevation : 0.00
{ - - License : UWI :
- 43201 ma Down: 12 Gamma Up:
} vertical Section Calculated Along Azimuth 319.44°
= 4330 . MD Inc AZi TVD North East V'Sect D'Leg Build
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Directional drilling with Pason controls

ion 1.00.0316 <CABsTe miprojects\00000000> - Am
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Pason recording of drilling progress including gamma
ray at bit at time enter Hunton dolomite in soft landing




Pason’s Real Time Drilling Data at Soft Landing
In Hunton Dolomite
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MD vs TVD with location of lateral with respect to top and
bottom of Hunton Pay
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SLOCOMBEROOD 1-19H (15-115-21419-01) T: 215 R: JE §: 19
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Deptih-Consirained Cluster Analysis
SLOCOMBEROOD 1-19H(15-115-21412-01) T: 21S R: JE §5: 12

Latitude: 38.211 Longitude: -9T.1431
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Depih- Consirained Cluster Analysis
SLOCOMBE ROOD 1-19H (15-115-21419-01) T: 21S R: 3E 5: 19
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Slocombe-Rood #1-19 Cross Section: Water Saturation & Open Fractures

1E|50 24}0 3?0 4[|JO . 4E|30 . 5E|50 . 64}0 . ?2.0 . 8[?0 . 8§0 . QEIEO . 10.40 . 11|20 . 12|00 . 12|80 . 13|60 . 1440
81 Run 4.5” tubing with slotted S
liners, set packers to produce
2 between 3880 — 4060’ g
- AGN —caia
5 1 Rood #1-19 .
0 50 100 150 200 250ftUS 1
8 T — — 09 =
b 07 S
06
05
o 0.4 L
‘ér_f- 03 Fs
. . . . . . . IK\ . . . . . . . . . . . . . . . . . . . . .
160 240 320 400 480 560 640 720 800 880 960 1040 1120 1200 1280 1360 1440
Symbol legend
110t [ ]20-t — Rood #1-19 LD SLOCOMBE-5 — SLOCOMBE-6

Petrel presentation of lateral in subsea



#® Rood #1-19 [MD

3rs0n

XPHI 0. Water Saturation 0.55
|

croczew ' &/ Interpretation of Weatherford’s
Triple Combo and

Open_F1® o * e Electrical Micro Imaging (EMI)
Log (fracture log)

3800

3850

Open_Frif

—30pen_Fr

Run 4.5”

tubing with

slotted

liners, set Group 4
packers to

produce

Open_Frif:
Open_Frit:

=
o
=
-

between

3880 — 4060’

Open_Frit: P BOpen_Fr
Open_Frif : +F0pen_Fr
Open_Frif) I 1 EOpen_Fr

Open_Fr(—_E
Open_Frif;
Open_Fr@‘
Open_Frif)

j(-BOpe n_Fr
JEOpen_Fr
F0pen_Fr

4100
&

C-B'Ope n_Fr

Open_Frif; R FOpen_Fr
Open_Frif; DOpen_Fr
Open_Frifs 2 FOpen_Fr
Open_Frif = ~F0pen_Fr
Open_Frit) i J-50pen_Fr
Open_Fr{-__b‘\ y-FiOpen_Fr
Open_Frif; F0pen_Fr
Open_Frifs “F0pen_Fr
Open_Frif: = POpen_Fr
Open_Friti] < TOpen_Fr
Open_Fr'f_-B— Gﬁ'Ope n_Fr
Open_Frf FOpen_Fr
Y 4232




1877600 1878000

1877200

1701600

Rood-Slocombe #1-19: Water Saturation & Open Fractures
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Water Saturation and Conductive (Open) Fractures
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Pole Plot

Bedding Planes

Fracture Planes

Schrmidt Plot (3470.5-4554.5)

Maodified Schmidt Plot (3470.5-4554.5)
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Maximum Horizontal Stress

'*  Western US
Coalfield
Stress Measurements
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Maximum horizontal stress
expected fracture directions

shear _
directions extensional
fracture/joints
likeliest to be open
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Strain Ellipsoid

01 is maximum horizontal stress direction



Horizontal Wells in a Fractured Reservoir
Idd El Shargi, Offshore Qatar
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J. Rush, KGS
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Horizontal Targeting Arbuckle Paleokarst
Wellington Field Data
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Outline

O Rig visit

O Pre-spud analysis
O Stratigraphy, mapping
0 Well planning

O Actual well results

O 3D Visualization

O Concluding Remarks



Conclusions

Slocombe-Rood 1-19 a technical success

Logging program permits optimization of completion
design

— Selectively isolate high Sw zones/fractures

More experience = greater success

Additional opportunities including horizontal injectors,

multi-laterals, ...use of integrative technologies

Kingdom Suite
new release
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Fizup AECs Workover Big =2,
Pick up 3 4" tubinz and reamer — ream 1o 42507

Come out of bole, lay down tubing and reamer.

Fiz up and mn 4 447 LTC 11.6% new mbing with packers and slotted liners.
Set bottom packer with 30,0040 Tbs.
Pamp fluid with Ball to acdvate second packer to produce interval bemwveen 3880 — 4060°.
Set liner in 7" casing (@ 2004, 4 247 is betareen 20007 and 4060°. PETD: 40460
Fluid needed to set packer:
347 mhing @ 20007 @ 0090 bblsfoct = 261 bhls

L

= JWTLTC 1162, 12607 (@ 0155 bblsfoot — 19.52 bhls

Total 45.63 bbls EXCL Water
* 4563 bbls of ECL water
8. Welght of mbing:
o 447 @ 1160 Ibs/foot 2 12607 = 14,616 1bs

347 u} 8.50 Tbs/foot X 2,900 = 34.65010bs

30266 lbs

10, We will nzed 30,000= to set the bottom packsr.

Information for G-alen:

We will need pipe racks or sill to pot 4 %7 casing and 3 4" mbing on.
We will need to haul 4,300" 3 4" mbing to location.
Backhoe with forklifrs to unload mbing.

3 4% mbing from AEC"s yard and 4 %" casing from MMidwest

Weatherford packer assembly (Monday (@ 8:00 am ) Will require backhoe and forks.
Will probably require exira hand to help Trawis’s cTew mn casing.

=




Producibility problems
addressed with horizontal wells

Mature fields — often have high water cut, strong water drive
Current production practice — use conventional vertical wells

Limited lateral drainage in vertical well

Significant variation in producibility between adjacent wells

Residual pockets of oil possibly located in the interwell areas outside
the drainage reach of vertical wells

Often reservoirs are compartmentalized (karstification and
subcropping strata)

— Wells located in small compartment have short production life, uneconomic
cumulative volumes

— Wells located (by chance) in large compartments — long production life

Effective pay zones in Kansas are thin (less than 20 ff)
Limited resource-reach of operators — financial and technical
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History of Horizontal Wells

Short Radius

Medium radius, downhole motors, 1985
Re-entry drilling, 1995

Coil tubing drilling — underbalanced
Rotary steerable system

Fracture stimulation of horizontal wells

Productivity Improvement Factor

Distribution of Productivity in 96 horizontal wells

Productivity Improvement Facior
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Horizontal Drilling in Kansas
Definitions & Terms

Common terms used to describe horizontal wells

[. Siotted Liner | CC&P 4 Mull-lateral @ Screen Orly = CHGP 8 Dﬁ;a

Joshi Technelogies International, Inc.

PIF Distribution Function

Average PIF =25
Standard Devialion = 2.7

o NI HT

01 10 20 30 40 50 60 70 BO 80 1040

Productivity lmprovemant Factor

PIF

Reservoir with Uniform Horizontal
Permeability (ky/k, = 1)

VERTICAL PROFILE: 332 NW < 2%, » « 23, = 3,320 »
MWD - “Measurement While Drilling” 1 1 i : i ‘
Azimuth, Inclination, Measured Depth 1 1
LWD - “Logging While Drilling” 1 1
must standard verlical hole e-logs _ a o : L : v
PIF - “Productivity Improvement Factor” 2Yev 1320 bk 20000 ———— e
Kick Off Point multiplier of production increase over offset vertical wells 1 1
Bend 1 1
Radius in Ft. p——— 1
Degrees / 100 Ft A ! !
Degrees / Ft. 13207 » —1 660° |‘— Note
extended
‘/L.ateral Heel Lateral 'I'oe\ Vertical Well Horizontal Well (ail:-':lan;?fe
Deepest : - i =
TVD: 2371 ft Lateral Length » Drainage Area = 40 Drainage Area = 100 ends of the
Mo 4031 Acres Acres lateral
' Xey Yoy = 1 Xen/Yen = 2.5 ITI=S

Gerlach (2000)

Joshi Technologies International, Inc.

Joshi




Horizontal Drilling in Kansas
Definitions & Terms

Common terms used to describe horizontal wells

VERTICAL PROFILE: 332 NW

MWD - “Measurement While Drilling”
Azimuth, Inclination, Measured Depth
LWD - “Logging While Drilling”
most standard vertical hole e-logs
PIF - “Productivity Improvement Factor”

Kick Off Point multiplier of production increase over offset vertical wells
Bend
Radius in Ft.
Degrees /100 Ft
Degrees / Ft.

‘/ Lateral Heel Lateral Toe A
Deepest
TVD: 2371 ft < Lateral Length >
MD: 4031 ft
TVD: 2364 ft

Gerlach (2000)



Multilaterals with conventional
horizontal drilling technology

Multibranched

Laterals into horizontal hole  Laterals into vertical hole

Stacked laterals Dual-opposing laterals
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Additional cross section similar to section in previous slide

rvy-5E Structural Cross Section

SE
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