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ABSTRACT

Researchers at the Kansas Geological Survey at the University of Kansas with Trek AEC, LLC,
previously American Energies Corporation (AEC), in Wichita, Kansas tested the efficacy of
drilling a cost-effective horizontal well in Unger Field in Marion County in central Kansas.
Prior to Unger Field, the study was focused on Hillsboro Field in the same county, also operated
by Trek AEC.

The project goal at both Hillsboro and Unger fields was to contact new oil and revive the field by
extending the reach of an existing vertical well or to drill a cost effective lateral scaled to the
economics of anticipated oil recovery. During the investigation of Hillsboro Field it was
determined that the pressure support was variable and basically lacking in the field. Thus, the
application of the lateral technology without the pressure support was deemed to be less effective
at draining the oil thought to remain in the structurally higher reaches of the field that are now
beneath a lake. Therefore, project focus was moved to Unger Field. In contrast to Hillsboro,
Unger field has a strong water drive and indications of slightly higher oil cuts when attempts
were made to pump down wells, even near the original oil:water contact. Also, initial oil and
water production rates were variable, suggesting that both matrix and fractures contributed to
less efficient drainage, helping explain the estimated recovery of only ~15% of OOIP.

Hillsboro Field was discovered in 1928 and produced 587,241 barrels of oil through 2013 from
the Upper Ordovician Viola Limestone. Originally 24 wells produced in the field, while only
three wells produce today for an average of 4 barrels of oil per day. Average decline rate since
2001 has been 3.25%. Low, but steady oil recoveries indicated that additional oil could be
recovered. However, it was found that the pressure support was lacking in parts of the field
including the higher structural elevations, and neighboring downdip leases had begun to realize
increases in production believed to be due to gravity drainage. Once gravity drainage was
determined, modeling of a lateral along the crest of the structure showed poor recovery due to
lack of pressure support. It was at this stage that the decision was made and a request presented
to DOE for a shift in focus to utilize Unger Field as an alternative site for a lateral with
conditions better suited for evaluation.

Unger Field was discovered in 1955 and has produced 8.712 million barrels from the Siluro-
Devonian Hunton dolomite at a depth of approximately 2,800 ft. Originally 76 wells were drilled
on a 40 acre pattern; 17 wells remain active. Although the reservoir has strong pressure support,
the thin (11 to 25 ft) dolomite reservoir and its high water cut (99%) limits the effective and
economic recovery though vertical wells. The slight increases in oil production observed
with increased pumping suggests that undrained oil lies beyond the effective reach of the
vertical wells, which makes the field a good candidate for use of a horizontal well.

Characterization of the Hunton reservoir at Unger Field was conducted by analyzing cutting
descriptions, old suites of wireline logs, and production records. The primary productive
reservoir lithofacies is a dolomite with excellent uniform intercrystalline porosity (up to 20%).
The porosity was estimated from old microresistivity and neutron count logs. Limited core
analysis indicates permeabilities in the range of 1-10 md with values as high as ~100 md.
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Unger Field has four distinct, correlatable porous layers/flow units that subcrop along the
unconformity, crossing the northwest-trending anticline discussed in Section 19. Distinct NE-
trending lobes of thicker porous rock that reside on the anticline suggest possible correlation with
structure. Structural analogs support similar episodic structural activity as the structure is tied to
basement heterogeneity making these features subject to reactivation.

The 1,137 ft long lateral entered the upper Hunton reservoir and passed through several distinct
lithologies including a 180 ft long interval of uniformly finely crystalline porous (~20%)
dolomite with a strong oil show and low water saturation (40%). This zone was completed
naturally without stimulation using a slotted liner. The well’s completion report provided to the
state was 6 BOPD and 78 BWPD. While modest, on December 2011, AEC reported that the
leases in the vicinity of the lateral had a combined total of 64 BOPD and 16,600 BWPD with
total lease oil production up 45% since January 2011. This increase in production was attributed
to the effects of a slight pressure drawdown changing the dynamics of the oil recovery, and
permitted more oil to be released from matrix porosity.
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EXECUTIVE SUMMARY

With support from the NETL funding to RPSEA, researchers at the Kansas Geological Survey at
the University of Kansas with Trek AEC, LLC, previously American Energies Corporation, in
Wichita, Kansas tested the efficacy of drilling a cost-effective horizontal well in Unger Field in
Marion County in central Kansas. Prior to Unger Field, the study was focused on Hillsboro Field
also in Marion County, also operated by Trek AEC.

The project goal at both Hillsboro and Unger fields was to contact new oil and revive the field.
During the investigation of Hillsboro Field it was determined that the pressure support was variable
and basically lacking in the field. Thus, the application of the lateral technology was deemed to
be less effective than originally thought and that drainage of “attic” oil in structurally higher
reaches of the field with a lateral posed too high a risk. In contrast, Unger field has a strong
water drive and offered a higher potential for success.

The lateral started on January 6, 2011 and the rig was released 18 days later. The length of the
lateral was 1,137 ft, with a maximum of 8° per 100 ft build through carbonates and shales of
Mississippian and Upper Devonian age. The structure ran lower than projections, requiring an
additional 340 ft of hole drilled nearly at horizontal (88 degrees) before the top of the Hunton
reservoir was intercepted. Seven inch casing was set at 3,470 ft measured depth and the lateral
was drilled to 4,613 ft measured depth.

Azimuthal gamma ray was used to aid in the “soft” landing in the Hunton, using the logging
while drilling to correlate to stratigraphic markers in the overlying shale during the turn of the
lateral. Shortly after entering the Hunton, a strong show of oil was encountered in the cuttings
and in the mud pit. Drillpipe conveyed logs, including triple combo and microresistivity imaging,
confirmed 180 ft interval of Hunton “sucrosic” dolomite pay (3,880-4,060 ft), with mixed high
and low water saturation ahead of the pay in similar rock and generally higher water saturation in
less porous cherty dolomite beyond the pay. A formation microresistivity imaging log confirmed
that the higher water saturation zones were more heavily fractured and that the fractures were
predominantly oblique to the borehole and parallel to maximum horizontal compressive stress
oriented East-Northeast. A nearby vertical well is apparently located in a fracture cluster and
suggests that at least some of the vertical wells are primarily draining the reservoir in this manner
and that the fractures are preventing at least some of the interwell reservoir areas to be
effectively produced.

The post drill logging was instrumental in isolating the pay with fewest fractures, permitting the
completion with a slotted liner and packer. A sucker rod pumping unit was initially installed in
March. The well was put on production in April 2011 with initial rates of 6 bopd and 600 bwpd. A
progressive cavity screw pump was subsequently installed and production increased to 15 bopd
and 1,600 bwpd, a water cut similar to the rest of the field. Notably, the oil production
increased in adjoining leases between March and December 2011, from 29 bopd and 8,400 bwpd to
64 bopd and 16,000 bwpd. Total oil produced from Unger Field has continued to increase, from
15,417 bbls in 2010 to 17,332 bbls in 2011, at 12% increase. Production in 2012 is incomplete, but
has exceeded 2010.
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1. INTRODUCTION

1.1 Background and Objectives

High water-cut oil production in the U.S. is a severe problem that impacts many small oil
producers limiting their ability to significantly increase oil production in spite of opportunities
afforded by higher oil prices. Over 400,000 marginal wells (<10 BOPD, 2 BOPD on average)
contribute 18% of the oil and 9% of the natural gas in the U.S. Each year over 10,000 of these
well are plugged (IOGCC, Marginal Wells: Fuel for Economic Growth, 2007 Report; EIA,
http://www.eia.gov/todayinenergy/detail.cfm?id=2270).

Kansas is only second to Texas in numbers of marginal wells (54,200), 4th in annual production
(27 million bbls, averaging 1.4 BOPD), and 3rd in wells annually plugged and abandoned
(1081). Many older, water-driven fields typically have recoveries in excess of 97% water cut,
resulting in high costs for production and disposal of water. Many of these strong-water drive
fields are carbonate reservoirs that typically do not achieve theoretical optimal recovery of ~40-
45% due to early water coning or heterogeneities that limit communication of vertical wells with
nearby reservoirs. Actual recoveries are often around 20-30 % OOIP as experienced by the
industry partner, AEC. This reduced recovery provides the potential to recover additional oil
using technologies that can extend the reach of the vertical wells, such as cost effective short
laterals drilled from the well or infill drilling with new horizontal wells. These technologies
that have up to now been underutilized in mature oil fields with thin pays such as in Kansas are
due in part to unfavorable economics and lack of familiarity in the application of this
technology.

Current practice of using gelled polymers to increase oil production in high-water-cut wells
while reducing water production has seen good results in Kansas (project conducted by Tertiary
Oil Recovery project (TORP), Summary of Treatments -- http://www.nmcpttc.org/gel/
summary.html). However, alternatives are warranted since polymers can impose risk of reducing
or plugging the fluid flow at the time of treatment or later when reservoir conditions lead to
unfavorable reactions with the polymer. At Hillsboro Field, at a location that did not see success
with polymer, an alternative well recompletion was considered using either short radius (<300 ft)
laterals or a longer reach horizontal well to contact new reservoir and increase oil production.
This recompletion was the subject of the original proposal to RPSEA.

The well enhancement technique initially proposed for Hillsboro Field was the use of radial
water jetted laterals. The Kansas Geological Survey (KGS) and AEC proposed to significantly
increase the drainage area of the producing well at Hillsboro by placing two 300- foot-long
laterals using low-cost radial jet enhancement and to use a progressive cavity pump to efficiently
produce higher fluid volumes. In addition, it was proposed to use these laterals in the underlying
Arbuckle Group disposal zone to improve injectivity of the formation for disposal of large
volumes of produced brine. The placement of these radial-jetted laterals was to be determined
from detailed mapping of the reservoir in the vicinity of candidate wells operated by AEC.
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1.2. Operator and Technical Team

American Energies Corporation, now Trek AEC, LLC, has been a successful operator in Kansas
for many years with a focus on both buying and managing mature fields and exploring in central
Kansas. The company has expertise in geology and petroleum production and management. Alan
DeGood, the President of Trek AEC, and his associates are excellent partners who have provided
access to the fields and associated data and have actively participated in technology transfer
activities. They have been willing to assess technology being demonstrated to their fellow
operators.

1.3. Summary and reconsideration of the use of laterals at Hillsboro Field

The project as originally funded was titled, “Enhanced oil recovery from mature reservoirs
using radially jetted laterals and high-volume progressive cavity pumps.” After the technology
review and initial geologic assessment of Hillsboro Field (Figure 1), results were conveyed to
RPSEA that radial jetted laterals were not the optimum lateral drilling technology for this
reservoir and a longer reach tool with controlled trajectory was needed to recover oil more
effectively and efficiently from the Viola Limestone reservoir (Figure 2). The change in the
Statement of Work was presented to RPSEA and the Small Producer Research Advisory Group,
and was accepted as a reasonable alternative.

Improving producibility of the high water-cut Hillsboro Field became the primary objective of
this demonstration project. This field is typical of many others in Kansas and the U.S.
Midcontinent where most of the current production has relied on conventional vertical wells.
Hillsboro Field had a maximum of 24 wells, but only three are currently producing. As of 2013,

584,175 bbls of oil have been produced from Hillsboro since it was discovered in 1928. Current
production is declining at a rate of slightly over 3% which has been the case for the past two
decades and it was believed that short laterals could improve vertical well performance. Based
on the relatively low but steady oil recoveries, residual pockets of oil in the Viola Limestone
reservoir were believed to exist in inter well areas that lie outside the drainage radius of the
vertical wells (Figure 3). The well of interest in this field was the O. Penner #12-1 that has
averaged around 10 BOPD since 1999 and accounts for half of the current production from the
remaining producing wells in the field (Figure 4). Drilled in 1984 the well has a cumulative oil
production 0f 96,000 bbls.

Studies by Clair (1981), Bornemann et al. (1982), Bornemann and Doveton (1983), Newell
(1990, 1996) of the Viola Limestone in central and southern Kansas have all indicated varied,
complex petrophysical properties are characteristic of this reservoir. Rates of well production
vary in Hillsboro Field, suggesting compartmentalization, Kkarstification and lateral
discontinuities of strata as they subcrop across a paleohigh in central Kansas (Figure 5). Besides
karst development and subcropping of thin (<20 ft thick) stratigraphic units, fractures and
probable faults associated with the local structural deformation and lenticular depositional
lithofacies appear to provide additional controls on production from the Viola reservoir. This
had led to significant variation in producibility between wells.
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Our proposed solution to production enhancement was to locate a cost-effective, extended reach
horizontal well rather than deploying a short radius jetted lateral. It was deemed crucial to
maintain an orientation and trajectory of the borehole to optimize contact with potentially new
reservoir zones. The tight directional control required a precise trajectory to penetrate thin pay
and be of a sufficient length to potentially drain multiple compartments. The lateral also
needed to be cost-effective to drill, log, test, and complete. As a small independent operator with
limited investment, time, and resources, AEC needed to avoid high risk, but have a reasonable
level of success/cost-benefit. Ideally, the lateral would produce an increased oil cut due to
higher oil saturation with higher relative permeability to oil and smaller drawdown near the
borehole.

A review of the lateral drilling technology was done at the beginning of the project to better
understand the technology being considered, review demonstrated performance of the technology
in the field, and assess how well the technology would address our specific needs. This
assessment is summarized in Appendix A. As the study progressed at Hillsboro Field, the team
reassessed the use of the water-jetted lateral and proposed to RPSEA in short report on the
“Technology Review and Reassessment of Appropriate Technology for Hillsboro Field”. That
discussion is also included in Appendix A.

2. INITIAL FIELD STUDY - HILLSBORO FIELD

2.1. Introduction

A $248,000 contract was awarded from the Research Partnership to Secure Energy for America
(RPSEA) to test a developing approach in oil field technology to reduce drilling costs while
minimizing environmental impact and increasing production from mature oil fields. Innovations
proposed in this study of Hillsboro Field included replacing traditional pump jacks with low-
profile, high volume pumps; drilling a lateral drainhole in a producing well; and using low-
pressure water pipes to minimize water leakage on the surface. If successful, these techniques
would not only produce more oil but would be more cost effective, energy efficient and
environmentally friendly than current production methods.

The technologies investigated were specifically targeted towards small producers, with emphasis
on low cost and low risk. Testing of any technology that is new to a particular region or
application is important to evaluate the new methods and optimally tailor them to specific
reservoirs and usage.

About 18% of U.S. production comes from wells that produce less than 10 barrels of oil per day.
Among the 42,000 wells in Kansas, the average daily production is slightly over 2 barrels per
day. The original stated goal for the project was to elevate production from the current 9
BOPD in the O. Penner #12-1 well to possibly as high as 40 barrels per day.

Like many low-producing wells, the Hillsboro well contains large quantities of brine, or salt
water, that impedes oil production. Many wells still containing significant quantities of oil have
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been abandoned throughout the state due to similar high water content. Therefore, efficient and
safe removal of excess brine is a vital component in economically recovering the remaining oil
in these mature, high water-cut fields.

The project, as initially planned, called for the O. Penner #12-1 well to be recompleted and tested
in the Middle Ordovician Viola Formation. The initial proposal also included short laterals placed
in the Lower Ordovician age Arbuckle Group disposal well, the O. Penner #1(SWD) to increase
injectivity. The well was to be deepened, taking core in the Arbuckle and running modern logs
to identify locations with higher matrix porosity and uniform lithology to target in
placement of the laterals. Injection rates from completions at the top of the Arbuckle are
generally 100°s to several 1,000 BWPD. The goal was to increase injectivity to over 10,000
BWPD by deepening the well to the base of the Arbuckle and placing multiple laterals in one
or more optimal zone(s).

Both injection and producing wells were to be subjected to well testing prior to and after the
laterals were placed to determine the extent that fluid flow was improved. In addition, simulation
before and after conditions of the well and reservoir would be done to compare production and
injectivity in the production and injection wells, respectively.

Small independent oil operators traditionally seek relatively quick payout and accept low to
moderate risk. High priority for this project was establishing results on the well tests and well
performance, including defining explicit conditions of reservoir and well characteristics, before
and after the use of the high-pressure water-jetted laterals.

2.2. Field and Well History

The producing well, O. Penner 12-1, completed in 1984, is one of 9 remaining active producing
wells in the 80-year old Hillsboro Field. The field originally had 33 wells. The O. Penner 12-1 has
maintained a steady production rate of ~10 BOPD since 1990 with only a 1% decline rate and
had responded with increased oil production when fluid rates were increased (Figure 4). Over
96,700 BO has been produced from the O. Penner #12-1 since 1984. The anticline immediately
adjacent to this well to the east (~1,000 ft) was believed to be only partially drained since these
wells were plugged prematurely due to construction of a dam and artificial lake (Marion County
Lake) in the area (Figure 6). Initially it was believed that the wells had a strong water drive and
possible attic oil that could be tapped from the O. Penner #12-1 well using short laterals and
greatly increased withdrawal rates.

Marion County Lake was completed in 1968 by the Corps of Engineers. It is a 6,200 acre lake
surrounded by 6,000 acres of public land, with a waterfowl refuge operated by the Kansas
Department of Wildlife and Parks. The lake is the top in Kansas for walleye fishing. In addition
to fishing the modern camp sites with electricity, fishing, interpretive hiking trails, equestrian
and bike trails bring many people to the area. The lake is surrounded by 3,700 acres of native
grass and riparian timber. In addition, endangered and threatened species include the Eastern
Spotted Skunk, Eskimo Curlew, Fluted shell Mussel, Least Tern, Peregrine Falcon, Piping
Plover, Snow Plover, Topeka Shiner, and Whooping Crane. Over 100 bald eagles visit the lake
during winter. It is essential that any oil field activity near the lake adhere to strict
environmental protection requirements.
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2.3. Reservoir Characterization

The Viola Limestone reservoir at Hillsboro Field is variable in thickness based on a few modern
logs that fully penetrate the reservoir ranging from 0 to 30 ft. This is illustrated in a north-south
structural cross section that is within 1000 ft of the Penner # 12-1 at the southernmost well.
(Figure 7). A large north-south trending anticline is located about %2 mile east of the SE end of
the cross section. The Penner #12-1 well is located off the line of section near the west flank of the
anticline near the shore of Marion County Lake.

Porosity of the Viola in the area is typically between 12 to 14%. The Rempel #5 well on the
southeast end of the cross section (Figure 7) is around 20% porosity so is on the high end of
what has been recognized (Figures 8 and 9). Permeability in the Viola Formation is typically
between 15 and 55 md, and averages 25 md. Permeability is locally enhanced by fractures
(Newell, personal com., 2012).

The porosity profile of the Viola indicates two zones of higher porosity, an upper coarsely
crystalline dolomite layer that is approximately 8 ft thick and a lower zone that is a cherty
dolomite, approximately 10 ft thick (Figure 9). The pay is overlain by a thin layer of dense tight
dolomite providing a caprock that would help to ensure that a horizontal well would stay in the
reservoir.

The objective was to drill a 300 ft lateral updip to the east of the Penner well (Figure 10) to a
location that would provide additional oil column. O. Penner #12-1 was an open hole
completion reaching only 5 ft below the top of the Viola. No well logs were run, but cuttings
of a coarse crystalline dolomite and a strong oil show make it clear that it was productive (Figure
11). An eastward directed lateral going updip toward Weins #A-1 from O. Penner #12-1 could
potentially tap a thicker oil column. Weins #A-1, located 1250 east and an estimated 60 ft updip
on the north-south anticline (Figure 6) was a producing oil well before it was prematurely
abandoned with the placement of Marion County Lake. The climb rate would be a modest 2.7
degrees. Other wells northwest and updip from Penner #12-1 noted initial potentials of 77.5
BOPD (Shell Funk GW#2) and 400 BOPD (Empire Suderman #1). No production information is
available on the Weins #A-1.

2.4. Drilling Options

Several options were considered for recompletion including short and extended reach laterals.
2.4.1. Short reach — Option 1 — Water Jetted Lateral Technology

The original goal of the project was to apply and evaluate the effectiveness of the water jetted lateral
technology. Before moving forward, an extensive review of the technology was performed to
determine the best practices and to identify the optimum design for use at Unger Field.

Given a combination of limitations of the available technology suited to the type of reservoir,
consisting of a cherty dolomite, it was determined that the likelihood of success would be low using
the flexible hose option of the water jetting. The hard siliceous nodules would stop the advance of
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the jetting or divert the jetting limiting the effectiveness. More details of the tool are described
below to understand the sensitivity of the jetting process.

Water jetted laterals are designed to cut small diameter (~1 ‘2 inch) holes (laterals) in the
borehole wall though use of a relatively low volume water under high-pressure (~10,000+ psi). The
cutting of the rock is made possible through water jetted from small nozzles placed on a nozzlehead
at the tip of a small (1 inch diameter) flexible hose or small (2-7/8 inch diameter) coiled tubing. The
placement of the nozzles on the nozzlehead varies with patented designs that lead to changes in the
hole diameter, the rate and depth of penetration, removal of rock debris, and the trajectory of the
lateral. In all cases, the application requires very clean water due to the nature of the pumps and the
small nozzles that are used to jet the water. In some designs, jetting nozzles are placed to the back of
the nozzlehead to generate a theoretical accelerating force. The forward force of the jetted nozzle is
used to keep a tension on the flexible hose or tubing to control the rate of penetration. In principle, a
constant tension and an even rate of penetration will help keep the hole straight. The coiled tubing is
released straight into the borehole wall. The rigidity of the coiled tubing would appear to be better
able to keep the penetration straighter.

The jetted lateral extends from the sidewall of the wellbore out to distances of several feet to 300 ft
(100 meters) (as advertised). The mechanism of penetration as established in the laboratory is by
superficial erosion, hydraulic fracturing, elastic-tension failure, and cavitation leading to foliation of
the rock (Radcon Energy Services website, http://www.radcan.com/). The rock is pulverized into
very fine particles. In practice and based on documented information, the ideal rock for jetting has
moderate hardness and evenly distributed porosity such as found in many sandstone reservoirs.
Rock hardness, pore size and pore distribution control the ability of the water jets to cut the rock,
dictate pressure requirements, and ultimately determine the penetration rate. Variations in hole
diameter will vary according to formation strength, confining strength, and compressive loads, as
well as speed of penetration (Radcon Energy Services website, http://www.radcan.com/). Harder
tight rock will slow down the penetration due to the increased force needed to cut the rock. Rock can
be hard enough to effectively stop penetration. Reduced penetration rate can lead to “dwelling” of
the tool and enlargement of the area adjoining the water jets. This reduction in penetration rate can
also dissipate the accelerating forces due to an enlarged hole, thus reducing chances for additional
penetration.

Data on unfractured oil producing reservoirs indicate that water jets with pressures of 10,000
psi (69 MPa) will cut rock with permeabilities over one md (Kolle and Theimer, 2005). Rocks with
increasing permeability will require less pressure while rocks that tight will have threshold pressures
that are in excess of a 14.5 x 103 psi (100 MPa) up to levels of 25 x 103 psi (170 MPa).
Theoretically, the jet erosion of permeable rock depends on the diffusion of “jet stagnation
pressure” in the pore space to create tensile loads that will break out the particles of rock (Kolle and
Theimer, 2005).

An advertised length of laterals is a maximum distance, while the actual length can be considerable
less due to adverse reservoir heterogeneities encountered as the tool exits into the borehole.
Heterogeneities in the reservoir such as chert nodules, fractures and associated cements, or irregular

clay layers will tend to create erratic penetration rates and possibly change the trajectory of the hole
or impede or stop penetration. Large tight and hard nodules and lenses such as those comprised of
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chert can stop penetration all together, so these constituents must be avoided, if possible, by
carefully evaluating intervals to be jetted, to increase the chances that the water jetting will cut to
maximum depths. Alternatively, when a porous reservoir is bounded by hard layers, the jetting tools
will tend to stay within the confines of the more porous and easily-cut reservoir rock.

An added advantage of water jetting is that once the hole is created, acid can be used to remove
formation fines and enhance porosity and permeability in the rock cut by the lateral. However,
formations that have adverse water and acid reactions such clays might plug the pores through
caving and swelling. Thus, in general, penetration of soft formations can lead to the collapse of the
holes once drilling has been accomplished. Again, careful consideration of the physical properties
and reaction to drilling fluids of the candidate reservoir should be evaluated in advance of jetting.

In the flexible hose option, the hose is uncoiled from the surface or from the end of the coiled tubing
that is lowered into a completed, cased well or open hole. Casing must be milled away to create a
slot to gain access to the formation. This is accomplished by downhole milling or slotting
equipment. Access is then created for single or multiple (radial) jetted laterals.

Both flexible hose and coiled jetting technologies have a short turning radius; the latter is deployed
with a more rigid framework. Under the right reservoir conditions, the water jetted laterals are a
possible cost-effective alternative for horizontal drilling if the goal is to enhance or extend contact to
the immediate reservoir: 1) extend the effective drainage radius of the wellbore to reduce water
coning during pressure drawdown to encourage recovery of additional oil, 2) restore flow to extend
beyond the influence of wellbore/skin damage, 3) deliver fluids such as acid into the jetted hole to
enhance reservoir permeability, 4) eliminate perforation tunnel damage possible extant from the
time that well was completed, 5) extend fracture stimulation, and 5) reach untapped reservoir
compartments by deeper laterals extending from 10’s to 100’s of feet beyond the vertical borehole.
Jetted laterals are also suited for heavy oil reserves, reservoirs with low permeability or natural
fractures such as tight gas sands and coal.

2.4.2. Extended Reach Option 2 — Jetted Lateral with Coiled Tubing

As noted above, the initial plan to use jetted lateral drilling technology to create a relatively short
300 ft. lateral was deemed too risky using a flexible hose. The presence of scattered chert nodules
in the Viola Formation would likely stop forward penetration of the drilling tool or change the
direction of the jetted lateral. Accordingly, water jetted lateral delivered by coiled tubing was
considered a possible alternative to the flexible hose since the direction could be more clearly
defined.

It was also desirable that the direction of the jetted lateral be controlled and extend updip to the
east of the O. Penner #12-1 to contact possible higher oil saturations. However, the water jetting
with coiled tubing was limited to 10s of feet or at much more significant expense to go farther.
After an exhaustive search for alternatives for water jetting, it was decided that we would consider
cost effective options for more conventional horizontal drilling suited to the smaller targets in
nearly depleted oil fields such as Hillsboro Field. This decision was supported by finding a DOE
funded study in 1997 (DE-FC22-94BC14984) by Luff Exploration who tested water jetting lateral
technologies showing limited mechanical success and, in general, unpredictable and unreliable
performance. At that time, the only trouble free, adequately proven technology examined in their
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study was medium-radius steered motor/measurement while drilling (MWD) technology.
According, the team investigated alternative drilling systems and engaged in discussions on
hybrid coiled tubing with Advanced Drilling Technology out of Yuma, Colorado. This
technology with its smaller drilling diameter could utilize and existing borehole and drill a lateral
with a medium radius turn from vertical in under ~200 ft of drilling. This would also accommodate
the necessity of drilling a longer lateral.

2.4.2. Extended Reach — Option 3 - Coil-tubing Conveyed Lateral

The third option considered was to drill a longer lateral updip along the crest of the anticline to
intercept what is believed to be attic oil at an elevation of ranging from 40 ft to 70 ft above the O.
O. Penner #1-12 (Figure 12). The length of lateral required was estimated to be 600 to 1100 ft
extending north to south beginning along the crest of the anticline and then obliquely along the
eastern flank of the anticline. The porous interval at this location was estimated to be between 10-
25 ft thick and the main pay zone is a coarsely sucrosic/intercrystalline, moldic dolomite with
scattered dense chert nodules. Production data from the wells beneath the lake were not
available, but driller’s logs provided initial oil potentials that shown in Figure 13. The Darby
Nichols #1 well about 700 ft away and roughly 15 ft down from where this proposed lateral
would kick off had an IP of 400 BOPD. The Darby Nichols #3 farther south within a 100 ft of the
lateral and ~15 ft updip had an IP of 300 BOPD..

The well would need to stay in north-south trajectory due to limitations of fee acreage available
for the lateral and constraints of the Corp of Engineers land to the east. The well would require a
horizontal turn to the south to reach the north-south trending anticline (Figure 14). The well
would pass beneath a small inlet of Marion County Lake as it turned south to the target (Figure
15).

A hybrid coiled tubing (HCT) rig designed by Advanced Drilling Technologies (ADT) was
considered for this proposed option. The rig provides an option of a cost effective re-entry of an
old well since it can enter 4 2" casing using tubing as small as 2 % inch. However, the 2 7/8
inch coil could use up to an 8 % inch drill bit to allow for conventional coring and logging.
Even so, ADT’s rig is considered a microhole technology since is can drill a hole with less
than 6 inch diameter and offers the potential for lower cost, lower risk, and smaller footprint
(Figure 16).

R. Long at DOE-NETL compared microhole and slimhole in a 2005 presentation
(http://seca.doe.gov/technologies/oil-gas/publications/Presentations/SPE-ATCE-MHT-10-
10-05.pdf) where he quotes:

“Microhole builds on many of the Slimhole concepts and related technologies proven to
be sound and successful in the proper applications. Both Slimhole and Microhole focus
on technologies that attempt to reduce field development cost by decreasing the hole
size and hence the costs of all associated construction materials and time required for
exploration and development. From a technical perspective, Microhole might be thought
of as taking off where Slimhole ends. For example, Slimhole originally focused on tools
for 6-inch diameter holes, typically setting 4'%-inch casing. Microhole pushes that
envelope by focusing on tools for boreholes 4% inches and less in diameter, especially
those tools and technologies involved in drillling out of existing boreholes with 47>-
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inch casing (and smaller) set in the production interval.

Industry is fairly familiar with Slimhole technologies, and Microhole is often
misinterpreted as another Slimhole approach. However, Slimhole primarily focuses on
smaller downhole tools while still utilizing rotary rig technologies. In contrast, Microhole
takes what initially might be considered a counterintuitive approach by utilizing coiled
tubing drilling, which is typically associated with a higher daily cost. The rationale here
is that only coiled tubing rigs can be utilized with high penetration-rate drilling assemblies
that result in a “system” capable of achieving new levels of economic access from existing
wellbore infrastructure... --

The HCT rig of ADT is the technology recognized by Long in 2005 that could accomplish micro-
and slimhole drilling. ADT’s rig was built specifically for rapid mobilization/demobilization and
efficient small-borehole drilling operations and had many features that made it a good match for
the proposed location.

e The rig is contained in four highway-legal trailer loads that can be moved into locations
without the need for grading or other location preparation. Thus, the footprint is relatively
small and well suited for placement near public lands (Figure 17).

e Drilling the well on the existing well site would also lessen the environmental impact
and would be highly advantageous to the operator to help ensure future drilling if the well
is successful.

e The hybrid coil rig is fast, drilling up to 500 ft/hr, 2500 ft/day, and could drill a new hole
cost effectively and avoid mechanical problems of reworking and drilling out of old
casing.

e The HCT rig has a short downhole assembly to facilitate high angle turns if desired, and
since it is coiled tubing, logging-while-drilling (LWD) tools can be connected to
surface instrumentation by cable for real-time continuous data recording to monitor
rock penetrated and improve steering the lateral

Keeping in mind the advantages of the HCT drilling, the horizontal well was planned. At a
depth of about 2900 feet, the depth for the target horizon was well within reach of the HCT rig
of ADT. A kickoff point for the lateral at ~2600 ft in the dense Mississippian Compton
Limestone would avoid overlying water and gas in the very porous Mississippian brecciated
porous chert, often referred to as ‘chat’. The wellbore turn from vertical to horizontal
could be accomplished in about 200 - 250 feet of vertical depth and enter the ~20 ft thick porous
interval of the Viola Formation following the targeted north-south traverse along and near crest
of the anticline (Figure 18).

The build angle would be accomplished within the Early Mississippian Kinderhook and Late
Devonian Chattanooga Shale as depicted in Figure 9 and 18. The formations, particularly the
Chattanooga Shale, are known for their firmness. The Young’s Modulus is a measure of the
stiffness of the rock. The static Young’s Modulus was obtained from an equivalent interval in a
well located ~75 miles southwest of Hillsboro Field in Barber County (Figure 19). The
measurements ranged from 2.8 to 3.5 x 106 psi. Young’s Modulus for shale typically ranges from
1.4 to 4.9 x 106 psi (Figure 20). This comparison confirms that the shale is relatively firm, which
is an advantage for keeping the hole stable while drilling the build angle.
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2.4.4. Extended Reach — Option 4 — Horizontal Well With Conventional Rig

The 4" option of drilling a horizontal well with a conventional rig would be possible, but the
details were not investigated at this stage since the coiled tubing option was appeared to
best fit the restricted drilling environment with less environmental impact, fast drilling, and
short turning angle with the use of the hybrid coiled tubing drilling of ADT.

2.5 Simulation Modeling

Reservoir simulation was run using CMG black oil model (Figure 21). Since production data,
saturations, and reservoir property data were so limited, the base case used for simulation was
kept quite simple with two layers, averaging 25 md permeability, an initial pressure of 1200 psi,
the pressure observed at O. Penner #12-1, and 1100 ft long lateral. The well completed along the
entire lateral in the Viola. A conservative estimate of oil saturations between 0.46 and 0.53 was
used along the crest of the anticline over the course of the lateral. With no well logs it was
assumed that that oil saturation had been reduced.

The oil production over 10 years was estimated at 329,000 bbs from this single well while
pressure declined to a steady 800 psi assuming an effective water drive. The effectiveness of the
well was related through a comparison of the spatial distribution of the oil saturation over time
for the upper and lower layers (Figure 22). Various scenarios were run to examine changes in
permeability, relative permeability endpoints, and fracturing (Figure 23). Production ranged
from 208 to 495,000 bbls of oil recovery. The highest recovery was related to a reservoir with
fractures increasing the effective permeability from 25 to 80 md.

The simulation results conclusively show that the extended reach lateral along the anticline crest
would offer by far the largest economic gain, provided the reservoir conditions are similar to that
which was modeled. The extended reach needed to access the anticline could be accomplished by
the ADT coiled tubing rig while drilling with a minimum footprint in a short timeframe.

2.6 Discussion and Conclusions on Hillsboro Field Project

Detailed geologic field characterization and reservoir modeling of Hillsboro Field defined a
target for an extended reach lateral that would go beneath an existing surface water body and
along the adjacent wetlands to intercept remaining oil left behind beneath the crest of an
anticline. The oil was believed to remain as a result of the premature plugging of producing wells
before construction of the reservoir in the early 1960’s. Reservoir simulations indicate that a
1000 ft lateral placed along the north-south direct of the crest of the structure extending from the
original O. Penner #12-1 well could recover about 140,000 bbls of oil over 10

years.

To optimally attain this goal of extended reach lateral to the remaining oil, a new well, O.
Penner #12-2, was proposed to offset the initial producer. Drilling a lateral out from the
existing well was cost prohibitive due to the high expense of slimhole directional drilling
equipment. While these slimhole tools have a place in the industry such as in drilling
multilaterals in large fields with considerable reserves, the slimhole tools were deemed not cost
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effective in the application. Also, drilling a new hole with new casing avoids potential
unforeseen problems known to plague re-entry attempts in existing or cased wells. Originally, a
progressive cavity pump was to be used to substantially increase fluid production from the
Penner well. Because the extended reach lateral was subsequently demonstrated to be a better
option by the simulation exercise, a submersible pump solution was chosen. The pump was more
desirable since it could be placed downhole beyond the turn to near the heel of the horizontal
lateral and therefore be close to the reservoir to lift fluids to the surface. The pump would still
have a low-profile appearance on the land surface so would be less intrusive in the surface
environment near the water body.

It was proposed that a hybrid coil tubing rig be used on this new well, to accomplish several
objectives:

e Demonstrate that the rig could cost effectively drill a new borehole providing a more
gradual build rate to allow faster drilling and facilitate running standard 5 2 inch casing
for a targeted completion.

e Demonstrate precise landing and drilling of a 1000 ft lateral in the Viola Limestone
reservoir using less expensive conventional downhole directional tools and measurement
while drilling.

A low build rate would allow running modern wireline tools conveyed by drillpipe after drilling
to evaluate porosity and water saturation in the lateral section and to run production liners for
selective completion.

Deepening and Enhancing Water Disposal -- The other part of the original proposed work was to
deepen and stimulate a nearby Arbuckle disposal well using radial jetted laterals in order to handle
water disposal from the O. Penner #12-1 well and from other high water producing wells in the
neighborhood. The water cut from the new producing well was anticipated to exceed 400
barrels per day, and it was believed that deepening of the disposal well alone would substantially
increase the injection rate since the current completion is only in the upper few feet of this 900 ft
thick disposal zone. Therefore, stimulation of the Arbuckle well was abandoned as an unnecessary
part of the work.

2.7. Decision Not to Pursue Drilling the Lateral at Hillsboro Field

Drilling a horizontal lateral using coiled-tubing was earnestly pursued in Hillsboro Field. As
described earlier and also in the technology review in Appendix A, a hybrid coiled tubing rig
designed and operated by Advanced Drilling Technology (ADT) was used to cost effectively
drill shallow, ~1000 to 2000 ft gas wells in the Niobrara Gas Area in northwest Kansas and
northeastern Colorado. The ADT rig could rotate as well as use a downhole motor drill as needed.
The well completed in the shallow gas-bearing chalk demonstrated that minimal formation
damage was done to the reservoirs by this drilling, which became an important advantage to this
technology.

Coiled-tubing could be deployed by a hybrid rig to drill vertical portion and the curve or just the
curve and lateral. CT has good directional control due to ability to use continuous measurement
while drilling tools (MWD) using hardwire connection to surface to convey real-time azimuth and
inclination at or near the bit. This is contrasted with intermittent mud pulsing of information to
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the surface during pipe connections with conventional rotary rigs. A major contribution of fast
drilling and less rig time for CT drilling is that there are not connections and pauses to
transmit information to the surface. However, CT applications can have significantly higher
logging costs than conventional wells when the ~4.5 inch optional hole size is used. Discussions
with Weatherford International Oil Field Services in Houston and Baker Hughes in Oklahoma City
indicated ability and willingness to run the slimhole tools, but the cost became the biggest issue
against the slimhole drilling option.

The ADT rig that was considered at Hillsboro Field has a limitation of the length of the coil of
4700 ft due the height of the coil spool on its trailer. This length limitation was not an issue in
this shallow application at Hillsboro Field. Another consideration for use of CT is compatibility
issue resulting from switching from conventional to a coil-tubing rig. Even considering the
economic benefits, the CT poses some technological risks since there is a steep learning curve
for unfamiliar operators. Thus, an experienced drilling company would be essential when drilling
in a new area so that the team and respond when unforeseen circumstance occur.

For our particular application, this option was not cost effective because of the large travel
distance (400 miles) to bring the rig to central Kansas to drill one well. Originally a multiple well
drilling package was being considered overcome the mob-demob charges, but those plans changed.
With a sufficient drilling program, the hybrid coiled tubing could be both cost effective and
accomplish the objectives.

The loss of the option to use the CT rig at Hillsboro Field was accompanied by unfavorable results
in examined pressure and production data from adjoining leases near downdip from the proposed
drilling location. The production had been rising on a neighboring lease downdip from the anticline
and while pressures were being lowered. The suggestion of the lack of pressure support updip in
the areas plugged out beneath the lake and the increased oil production downdip strongly suggested
gravity drainage. The combination of these results did not support the assumptions in the
simulation for higher oil recovery; rather the oil recovery would likely be considerably less.

It was the conclusion of the team that we pursue a change request to RPSEA to move the study to
nearby Unger Field that has indications of incremental oil with increased withdrawal rates with a
steady reservoir pressure noted over the history of its production in the area identified by the
operator. The reservoir at Unger Field is a thin dolomite like Hillsboro Field and is draped over a
small anticline with crest and flank oil production. Variations in production and depletion indicate
that the reservoir is heterogeneous, which is supported by the relative low oil recovery of
approximately 15% OOIP.

2.8. Change Request to RPSEA to Move to Unger Field to Evaluate Feasibility and
Drill Cost-Effective Conventional Lateral

Enhancing Oil Recovery -- The original proposal called for utilization of radial jetted laterals to
extend the reach of a producing well, the O. Penner #12-1 in the 74-year old Hillsboro Field,
Marion County, Kansas to boost oil production. In order to accomplish this, the inefficient pump
jack was to be replaced with an efficient, high-volume progressive cavity pump. Several
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developments in this project warranted a change. A thorough review of the geology and reservoir
simulation indicated that a 1000 ft lateral with tight directional control was necessary to drain
remaining reserves located updip southeast of the well. Secondly, a review of on-the-shelf radial jet
technologies at the time (late 2008) found that both orientation and reach of the lateral could not be
controlled with precision.

After multiple meetings with potential vendors and analysis with AEC, it was decided that
directional drilling using ADT’s technology of hybrid-coiled tubing drilling, and use of logging
while drilling tools in conventional borehole size were the best options. However the costs of
mobilizing and domobilizing the CT rig were high because of the distance and the concerns about
low reservoir pressure in the drilling location led to the decision for a change request to move the
project to Unger Field.

Although the details of the project changed significantly, the objective was still to improve oil
recovery for small producers in midcontinent reservoirs using concepts and technologies that were
not often employed by producers in the regions. The goals were to prove that additional oil could
be recovered in a cost effective and low risk fashion acceptable to small producers. No additional
cost was to be incurred by this change.

Modern conventional horizontal drilling, using standard sized drilling and logging equipment and
completion materials, was also determined to be most cost effective and presented minimal
technical risk due to employment of a mature technology that is used world-wide. Tight directional
control and the low incremental cost of tools such as measurement while drilling (MWD) using an
azimuthal gamma ray can greatly assist geosteering and detection of basic lithology being drilled.
Thus, real-time changes to drilling can be made to stay within thin reservoirs. Due to the thin pays
(< 25 ft) present in both the Viola Limestone at Hillsboro Field and the Hunton Dolomite at Unger
Field, it was argued that these locations would provide an excellent test of optimizing the lateral to
the conditions to minimize costs.

The ease in adapting a conventional rig that is routinely used and available in the area leads to low
mobilization costs and close familiarity with the drilling conditions, key to the success of a lateral.
The conventional horizontal also brings generally lower cost, standard directional tools, drilling
supplies, and post-drill tool pushed logging tools. The learning curve is also not as steep as
working under constraints of slimhole drilling. Very importantly, while the cost is higher, post-
drilling tool- pushed logging is routinely done in conventional horizontal wells and is deemed
important here in demonstrating its use in quantifying production potential and establishing
completion strategy.

3. UNGER FIELD, MARION COUNTY, KANSAS -DEVONIAN HUNTON
DOLOMITE RESERVOIR

3.1. Background

Unger Field was selected by all parties as a viable alternative to Hillsboro Field. Unger Field was
also operated by the industry partner and the Hunton dolomite reservoir was believed to be
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underproduced by the existing vertical wells. A total of 8.7 million bbls oil has been produced,
estimated to be only 15% of the original oil in place. This low recovery has occurred even with a
strong water drive that has maintained a steady bottom-hole pressure across the field.

Based on recommendations of AEC, the project team undertook a study of a square mile in this
field (Section 19 of Township 21 South, Range 3 East). The section encompasses an anticline in an
area where the operator had noted that when attempts were made to pump down producing wells,
even those wells located near the original oil:water contact often responded with small increases in
oil cut. A lower pressure near the wellbore extends the drainage area and apparently taps into less
well drained areas, even after 58 years of production. This was the compelling reason that the
operator of the field was interested in a horizontal well — investigating the interwell areas in this
nearly depleted field in hopes of finding areas that have been inefficiently drained.

The team assembled and digitized well logs cuttings and well completion data to characterize the
new study area. All of the wells in the section were completed in either 1956 or 1957 with logs
either uncalibrated gamma ray and neutron counts or SP-resistivity-microlog. One downdip water
wet well had core analysis and a written summary of the reservoir and along with cuttings indicting
that the main pay is a crystalline dolomite with abundant intercrystalline porosity. The microlog is
well suited to distinguishing this type of matrix porosity. The normal and inverse resistivity tools of
the microlog show separation when a flushed zone is developed. The separation is also an indirect
indicator of permeability so this was an appropriate log to have run in this era to provide maximum
delineation of the reservoir.

3.2.  Field History

Unger Field is located in Marion County Kansas about 12 miles south of Hillsboro Field (Figure
24). Unger Field was discovered in 1955 and has produced nearly 8.7 million barrels of oil.
Seventeen producing wells remain of the original 76 wells drilled in the field (Figure 25). The
existing wells average 2.6 BOPD, a fraction of the 100s and 1000s of BOPD that wells in this field
averaged upon initial development. Remaining wells have a high water cut, over 97%. Bottomhole
pressure has remained constant at ~1000 psi at a depth of around 2850 ft below the surface. While
underpressured (0.35 psi/ft) with respect to expected hydrostatic (0.43 psi/ft), this pressure is with
the regional underpressuring common to lower Paleozoic reservoirs in the upper Midcontinent.
This underpressuring is indicative of the lack of connection of the brine aquifer system with
surface aquifers. Well spacing is 40 acres, common for water drive fields in the area. Pore volume
estimates by the operator indicate that oil recovery is less than 15% of the hydrocarbons believed to
be in place, indicating poor performance for a water drive reservoir.

3.3.  Geologic Setting

Unger Field is located on the northernmost edge of the Sedgwick Basin along the subcrop of the
Hunton Group (Figures 24 and 26). The Hunton Group in Kansas consists of undifferentiated
Silurian and Devonian age strata that are primarily dolomite lithology (Figure 27). The Hunton
Group is bounded by regional unconformities separating the Hunton from the underlying Upper
Ordovician Maquoketa Shale and the overlying Devonian Chattanooga Shale. In addition, one or
more unconformities are present within the Hunton Group. It is clear that the Hunton can be
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complex both internally and in its distribution due to multiple erosional events and accompanying
truncations.

Work by Taylor (1946) on extensive sample description of the Hunton indicated that in northern
Marion County the Hunton strata contain comparatively little chert and variable limestone and
dolomitic lithologies that vary spatially and stratigraphically making it difficult to predict. Some
areas are completely limestone and other completely dolomite. Also, an oolitic facies are locally
present in the basal portion of the Hunton in areas that were believed to be preserved in
topographic lows. Taylor found no evidence of an unconformity within the Hunton strata of
northern Marion County and all preserved strata are either in or below the middle cherty zone
(Figure 26). The uppermost Hunton strata in Marion County vary in age beneath the major
unconformity along which the entire Hunton Group is locally truncated. This truncation is part of a
regional uplift and erosion along a structural saddle that separates the Sedgwick Basin from the
Salina Basin. Unger Field lies near the northern truncation of the Hunton as it progressively thins to
the north along the rim of the Sedgwick Basin. The strata beneath the Hunton Group in Marion
County are the Maquoketa shale. This relationship is also noted elsewhere in north-central Kansas.
This shale formation provides a lower seal and does not serve as a source of brine that has
recharged the oil reservoir as it has been produced. Thus, the water support is ultimately from an
updip lateral encroachment through the Hunton Group itself.

The structure on top of the Hunton Group at Unger Field indicates two distinct and offset northwest
trending anticlines including what is referred to as the “Section 19 anticline” (Figure 28). Local
relief of the Section 19 structure is 45 feet, while the original oil column is ~40 ft at this location.
The oil column extends to near the base of this anticline. It is this location where oil production
increases slightly when attempts are made to pump off the wells, even those near the original
oil:water contact.

Two scenarios considered for placement of the lateral relative to the structural setting are shown in
Figure 28, one on the west side of the crest of the anticline and the other on the east side. The west
side of the anticline is believed to be faulted and could be a source of brine from below or the
faulting could interfere with the drilling of the lateral. The flank positions were considered
more promising than the crest due to concerns about 1) greater potential for karst development and
shale fill beneath the unconformity in the higher reaches of the anticline, and 2) occlusion of pore
space by weathering in general along the crest of the anticline that may be more likely than along
the flank.

The isopach map of the Hunton Group in the southern portion of Unger Field shows local
northward thinning across the axis of the Section 19 anticline from over 60 ft thick in the southern
portion of Section 19 to less than 20 ft across the northern half of Section 19 (Figure 29). As noted
earlier, this thinning is due to regional truncation along the unconformity (Figure 26).

Sample descriptions of the reservoir interval in the southern portion of Unger Field indicate
predominately dolomite with varying fractured, cherty and vuggy lithofacies. Porosity varies from
marginal porosity to very porous, finely crystalline dolomite with intercrystalline porosity.

The Hunton dolomite is overlain by a thick (~130 feet), relatively hard Kinderhook-Chattanooga
Shale (Figures 30 and 31). Based on other studies of this shale, it was deemed sufficiently hard
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rock and minimally water reactive to safely make the turn of the lateral. However, with this thick
shale in the turn of the lateral, it was deemed necessary to run casing to the top of the Hunton
Group before drilling ahead to eliminate concerns about hole collapse during or after drilling the
well.

Besides older vintage of well logs, many of the wells only penetrate the uppermost couple of feet
of porous Hunton reservoir. Also, some wells were not logged, as conveyed in the structural well
log cross section in Figure 31. The cross section illustrates the thick Chattanooga Shale overlying
the relatively thin Hunton Group. Thin limestone layers and color changes in the Chattanooga
Shale can also serve as excellent markers to estimate the additional drilling that is needed to reach
the top of the Hunton. The figure also shows the location of lateral to be drilled, lying between the
Rood #4 and Slocombe #6.

The wells used in the study are listed in Figure 36 including sea level and Kelly elevation top of the
Hunton, DSTs, perforations, and initial well production. Producing wells vary from a marginal 5
BOPD to over 2000 BOPD as estimated from swab tests. In general, new wells produced no water
while other offsetting wells did have considerable water production. This dichotomy indicates
while some wells tapped a reservoir that was at irreducible conditions, other found a water-bearing
interval.

3.4.  Wireline Log Analysis and Flow Unit Mapping

Wireline log analysis is limited with the availability of only older suites of log. However, as noted
earlier, the logging tools that are available do provide a useful means to identity porous reservoir
rock and resolve stratigraphic detail necessary in establishing flow units. The microlog- SP-caliper
combination was one of the best logging tools available in the 1950’s and together confirm the
presence of reservoir quality rock.

The L.D. Slocombe #2 well, located ~500 ft south of where the lateral entered the Hunton
reservoir, is limited to 3 ft of low gamma ray porous reservoir rock judged by the unscaled gamma
ray and neutron log (Figure 33). This well had an initial potential of 109 BO and 46 barrels of
water on a location that is structurally high (Figure 30). The well penetrated only the upper portion
of the reservoir so that the presence of high initial water cut suggests that fractures may be
delivering the water to the wellbore or, this well encountered a low quality reservoir that requires a
longer oil column to get to irreducible conditions. In contrast, the initial potential of wells in the
central structural closure centered around the Rood #4 well (Figure 30) have experienced limited or
no water cut when they were tested. Since both areas are structural crests, it is inferred that the
central region of the anticline near the center of Section 19 is less fractured. This finding supported
the location of the lateral near the center of the anticline.

Wells penetrating more complete sections of the Hunton reservoir reveal an alternating
succession of porous and non porous units as illustrated in several cross sections (Figures 34-38). A
northwest to southeast structural cross section extends down the axis of the anticline and reveals
the localized structural high in the vicinity of the Rood #4 well (Figure 34). The spontaneous
potential, caliper, and microlog are used to define the porous interval. The general trend is a
thinning of the reservoir to the north and locally over the smaller structural highs. The same
structural cross section (Figure 34) reveals more detail of the northward thinning of the reservoir
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and local thinning over the highest structure captured in the Rood #4. While thinning on the high
structure, the SP deflection is higher and the reservoir appears to be better developed. Also note
that the location of the lateral is about 35 ft above the original oil:water contact. In addition, note
that the upper several feet of the Hunton reservoir are tight carbonate at the location of the Rood
#4.

A structural cross section extending from the south to the northeast compliments the previous cross
section by crossing the Section 19 anticline showing the probable faulted, more steeply dipping
west side and the more gentle east side (Figure 36). The lateral intersects the cross section near
Rood #4. The suit of well logs include SP, neutron, and micrologs and again show that the best
reservoir rock, SP deflection in particular, is located at Rood #4. Adjoining areas have lesser
quality reservoir rock. Initial state drawdown test for Rood #4 was 252 BOPD and no water. Also
note that the wells in the crestal area and down the northeast flank had no water cut during initial
flow testing. This contrasts with variable water cut in wells to the southeast including those located
at higher elevations (Slocombe #2, Figure 30).

More detailed review of the well logs defines an internal stratigraphy of the Hunton reservoir
consisting of a succession of porous and non porous intervals (Figure 37). Rood #4 well is used
again to show three flow units, H1, H2, and H3, defined primarily by the microlog. The high
resolution of this logging tool easily distinguishes the units. Each apparent flow unit has a separate
microlog response that further resolves their properties.

The Slocombe #6 well, located ~600 ft east and southeast of the Rood #4 well, tested for 252 BO
and 36 BW, at 12.5% water cut and similar oil volume to its neighbor, Rood #4. The SP-caliper-
microlog well log profile is similar to the Rood #4 with high SP deflection, mudcake, and microlog
separation. The reservoir interval is also divided into multiple stratigraphic units that have contrasts
in the curve separation (Figure 38). The difference in the reservoir between these two well resides
in an element that is not detected by these logs, possibly fractures.

The Rood #7 well lies approximately 800 ft northwest of Rood #4 and near the northwest end of
the lateral. Rood #7 had an initial test of 219 BO and no water. The caliper and microlog clearly
indicate permeability with mudcake buildup and microlog curve separation (Figure 39). The
number of flow units is reduced to two and the reservoir is thinner than to the south. The combined
thinning and loss of flow units suggests truncation along the upper unconformity of the Hunton as
the unit progressively thins to the north.

The flow units were correlated through Section 19 using this concept. Total thickness of all of the
flow units of the Hunton reservoir is greatest on the southwest side of the anticline (Figure 40).
The thickness is highlighted as color levels along with structural contours and dip vectors. The
trajectory of the lateral is also shown in the figure. The porous strata undergo thinning to the
southeast and to the north off of on the main structure. The lateral crosses the narrow band of
thickening as illustrated on the map and on a structural cross section in Figure 41. The cross section
shows the locally thickened flow units that have been correlated as H1, H2, and H3. These flow
units thin to the north and south. The upper H3 flow unit was targeted for the lateral. The highest
flow unit has favorable indications of porosity and is highest above any water. The H3 unit is the
interval of interest of the operator who requested that the lateral stay within 5 ft of the top of this
porous interval.
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The porosity was estimated from the microlog using the equation,

e PHIml=0.614 (RMF@FT * KML) » 0.61) / (R2 » 0.75)

Where:
KML = correction factor for mud cake effect (fractional)
PHImI = porosity from microlog (fractional)
RES1 = shallow microlog (1 inch) reading (ohm-m)
RES2 = deep microlog (2in) reading (ohm-m)
RMF@FT = mud filtrate resistivity (ohm-m)

The goal of computing porosity is to obtain a relative comparison of reservoir quality between
wells. The maps of thickness and average porosity of each of the three flow units is provided in
Figure 42. The lowest unit, H1, is uniformly thin, ~ 5 ft, in the mapped area and in the vicinity of
the lateral. Porosity is a steady 15% in the vicinity of the lateral. The middle flow unit, H2, clearly
thickens along the east flank of the Section 19 anticline. Average porosity of H2 also is highest
where the thickness is greatest along this NW-SE trend. In contrast, the H3 flow unit, the target for
the lateral well thickens to the southeast, also corresponding to an increase in porosity in the same
direction as thickening. The lateral enters the thickest and most porous location of the H3 and then
experiences a loss in both thickness and porosity toward the northern end of the lateral.

A slightly smaller scale view of the H3 thickness compared to structure shows the highest porosity
cut SW-NE across the Section 19 anticline (Figure 43). The lateral intersects the thickest H3 of 12
ft.

It is of geological interest to note that a higher flow unit, H4, is present on the southwest flank of
Section 19 (Figure 44). While not a reservoir here since it lies beneath the oil:water contact, the
pinchout of the layer could represent a stratigraphic trap at some other structurally higher
location. The variation of the H3 on structure suggests that the H4 was not eroded off of the top of
the structure, but the relatively thick wedge of sediment is believed to represent a stratal onlap.

The L.D. Slocombe #3 well was cored and the core analysis was examined to evaluate the
robustness of the porosity estimate using the microlog described earlier. This well lies below the
oil:water contact. The well highlighted in Figure 44 is located in an area of H4 flow unit as
indicated on this map that is not present updip on the structure. The correlated well profile in
Figure 45 also indicates an even higher carbonate unit, HS, which is a tight interval based on the
log response. The microlog profile shows correlation of stratal units HI thorough HS. The core
analysis derived porosity and permeability for the H3-H4 interval is displayed along the
microlog. The figure also shows the average porosity estimate using the microlog, allowing
comparison with the core analysis. The log estimated porosity is on the low end range of porosity
of the core and is deemed as an acceptable estimate for general comparison. In this correlation
scheme, the highest H5 unit oversteps H4 as it has extended higher up on the structure.

The core porosity vs. permeability plot from the Slocombe #3 and the Suderman #1 is shown in
Figure 46. The permeability is generally low and the Slocombe #3 core analysis shows a wide
scatter of porosity and permeability. The samples of high porosity and relatively low permeability
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suggest that the analyses represent pore space that may not be connected. The decision was made to
use the low porosity-moderate permeability trend that is shown in Figure 46. The pore type that
appears to dominant the main portion of the field over the Section 19 anticline is intergranular and
while the core analysis does not reveal the pore type of the rock that is analyzed, an attempt was
made to map the permeability variation with this correlation between porosity and permeability. In
the vicinity of the lateral, the lower H1 has a relatively high permeability, ~40 md that increases to
the southeast. Average permeability of the H2 layer is in the same range and increases to the east
and downdip off of the flank of the anticline (Figure 47). The H3 layer, the target zone of the
lateral, increases in permeability to the southwest, but falls noticeably to the northwest through the
course of the lateral.

The mapping of the matrix pore system as described in this section provides a rationale and guide
for drilling the lateral — 1) locations that are structurally high and above the original oil:water
contact; 2) areas with good reservoir quality and originally low water cut; and 3) areas not expected
to cut faults and fracture systems such as the west side of Section 19 anticline. However, ina field
that is nearly depleted, but original reservoir pressure maintained, the question arises is
whether this is the correct strategy. The attempt to pump off wells and then see an increase in oil
cut suggests that there are poorly drained areas, a characteristic of this field that is supported by its
low oil recovery efficiency.

The field water production data was not available to develop an accurate simulation, but it was
clear from the reservoir characterization study that many locations in the reservoir that are
marginal, with thin pay zones, low porosity, or high initial water cuts that suggest existence of
natural fracturing.

Hydraulic fracturing has been a strategy that has been commonly practiced in horizontal wells in
Mississippian reservoirs in Kansas. While marginal tight reservoir rocks are present, Unger Field
has a conventional reservoir. Intentionally focusing on the marginal portions of the reservoir
would require additional costs for fracking, but with a dolomite reservoir and the evidence
above, it is highly likely that fractures are already common in the marginal reservoir rock and
additional fracturing was unnecessary. For this project, the addition of more fractures would not
solve the problem. Rather, the objective is to use the mapped matrix properties to target the better
reservoir and to target the lateral to contact more of this reservoir to drain these intervals less
inefficiently drained by the producing vertical wells. The reason for the inefficacy is probably the
presence of high fracture permeability that is leading to the bypassing of the oil held in the matrix
pores.

3.5. Pre-Spud Analysis

3.5.1. Structural Analysis

While stratigraphy, lithofacies, and pore classification were addressed in some detail in the
previous section, the question of fractures, fracture clusters/sets, and small faults that might not be
recognized in this mapping present potential challenges for horizontal drilling that without 3D
seismic, could jeopardize the drilling or completion of the lateral. While the inferred larger fault
was avoided on the west flank of Section 19 anticline, the question is whether smaller faults and
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fracture sets are present to the east and their potential impact on horizontal drilling.

Unger Field resides on the west flank of the Nemaha Uplift within ~10 mi west of the crest this
large structure (Figure 48). The Nemaha Uplift is the most prominent structure in Kansas with
several thousand feet of throw on the faults that bound its east flank. While the west flank of the
Nemaha Uplift is less complexly faulted, a series of NW-trending faults do cross cut the area and
bound the north and southern edges of Unger Field (Figure 49). These NW-trending faults are
concentrated along the boundary between the Sedgwick Basin to the south and the Salina Basin to
the north. The Nemaha Uplift is notably different north and south of Unger Field area further
indicating an area of notable structural change. This location of change is further established when
comparing the field site on the statewide structural map (Figure 48) and with a corresponding
magnetic map (Figure 49). The strong northeast grain in central Kansas corresponds with the
Proterozoic Midcontinent Rift System (MRS). The Nemaha Uplift represents a reactivated fault
system along the eastern edge of the rift that occurred during a regional compression event in the
late Paleozoic (Berendsen et al., 1988; Serpa, et al., 1984). The westward extension of the Nemaha
Uplift in the vicinity of Unger Field is closely correlated to a major change in basement along the
central portion of the MRS. To the south the NE-trending magnetic anomalies that characterize
the MRS are more abundant and widespread. The Arbuckle structure overlay indicates a
strong correlation between the Paleozoic structures and the magnetic lineaments, the latter
attributed to changes in lithology in the basement rocks. Late Paleozoic structural deformation
simply involved reactivation of the basement structure with the stress direction coincided with
properly oriented weakened crust. It is clear at this point that both NE- and NW-trending structural
grain serves as a widespread template for the region that clearly includes Unger Field.

Looking more locally around Unger Field, a larger scale map of the tilt angle magnetics,
Arbuckle structure, and regional surface lineaments indicate that Unger Field corresponds to a
predominantly NW-trending basement feature that does correspond to the grain of the current
structure (Figure 50). Although surface lineaments are only available up to the southern portion of
Unger Field, one NW-trending lineament is clearly developed linked to a surface drainage feature
close to that corresponding to the inferred basement fault that borders the west side of Section 19
anticline. Surface lineaments to the south continue to be approximately correlated to the basement
as noted on a regional scale in Figure 50 and give a sense of the influence of basement on the later
structural deformation.

Accompanying the dominant NW-structural trend and secondary northeast trending structural
segmentation of the Section 19 anticline, coincident changes occurred in the stratigraphy and
reservoir properties as previously discussed including thickness of the porous reservoir rock and its
average estimated porosity and permeability. The correspondence between a structure and it
influence on the stratigraphy and sedimentology is not unlike other oil fields in Kansas where
decidedly, episodic structural movement has occurred that has been concurrent with deposition.
Episodic reactivation of basement faults is evident in Paleozoic strata (Adler et al., 1971; Anderson
et al, 1982; Baars and Watney, 1991; Cole, 1962, 1975; Berendsen and Blair, 1986; Denison, et al.,
1984; Gay, 1995, 1999, 2003a, 2003b, Gerhard, 2004; Gerhard et al., 1982, 1992; Kruger, 1997,
Newell and Hatch, 1999; Rascoe and Adler, 1983; Lee, 1939, 1940; Merriam,1963; McBee, 2003;
Sims, 1987; Watney, 1985; Watney et al., 1997, 1999, 2001, 2003, 2008).

Moreover, strike-slip, compressional faults and related elements such as conjugate tensional faults
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along features such as restraining bends in close proximity to one another add an additional
complexity that could affect the transmissivity of faults and fractures (McBee, 2003; Ohlmacher
and Berendsen, 2005; Watney, 2013). This kind of structural framework with the current day
compressional stress becomes a serious challenge to evaluate perspective sites for horizontal
drilling (Cooper et al., 2001).

While considerably larger in dimension (10s of mi?) and structural relief (100s of ft), and located in
an active Laramide tectonic region, the simple forced fold that dominates the Teapot Dome in
Wyoming resembles the small Section 19 anticline in Unger Field (Figure 51). The NW-trending
structure is bounded by a reverse fault and the fracture sets are hinge parallel and oblique to the
hinge line (Wilson, 2013). The Teapot Dome anticline is asymmetric as is Unger with the steeper
flank near the fault and the highest portion of the anticline located adjacent to the fault. Both
anticlines are compartmentalized by antithetic oblique-strike slip to normal faults (Figure 51,
Chiaramone et al., 2006). A 3D seismic survey was used to develop a grid model of the reservoir
compartments of Teapot Dome that show fracture density trending northeasterly and oblique to the
axis of the anticline (Figure 52, left, Wilson and Smith, 2013). Importantly, characterization of
fracture sets at Teapot Dome by Scott et al. (2005) recognized three sets of fractures at Teapot
Dome, including a penecontemporaneous set that occurred near the time of deposition of the
reservoir and hinge-parallel older and hinge-perpendicular older fractures (Figure 52, right).

Based on this comparison, it is possible that the three main segments/compartments of the Section
19 structure that created reservoir partitioning are either bounded by faults or fracture sets. The
extended history of structural development at Teapot dome (Figure 54, right, Scott et al., 2005) is
likely comparable to the episodic reactivation of the basement in the Midcontinent, in this case
along the Midcontinent Rift. Growing evidence of reverse faulting and compressional strike-slip
deformation in Kansas further reinforces this analog relationship (as per references listed in
preceding paragraph).

In summary of the structural analysis — Fracture production has not been clearly established at
Unger Field, outside the high initial volume (2544 BOPD, NW) of the well, the Anderson- Prichard
Rood #3 in Section 19 (Figure 30). The well is on the crest of the northwest edge of the Section 19
anticline. The well also resides immediately north of a NE- trending compartment boundary that
structurally resembles a left lateral offset with the northside downthrown (Figure 30). This
lineament continues to the northeast forming a southeastern boundary of Unger Field to the north
(Figure 28).

In terms of reservoir properties, the Rood #3 is on the far northern edge of the Hunton reservoir
(cross sections on Figures 34 and 35, isopach map in Figure 40). It is possible that the degraded
reservoir was augmented by fractures to account for the high initial productivity. The field isopach
(Figure 29) indicates that the same isopached thin occupied by the Rood #3 well extends
northeastward along eastern edge of Unger Field to a location where the reservoir is missing
entirely. The zero line trends northeast along a narrow band and another narrow segment trends
northwest along the north side of another anticline that parallels the Section 19 anticline (Figures
28 and 29). It is possible that the structural, stratigraphic, and reservoir properties are
representative of a compressive structural deformation on a more complexly block-faulted structure
that underwent episodic structural deformation (Figure 53) and is deemed important when
considering the location of a lateral. In this case, the proximity of Rood #3 to the block boundary
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may have contributed the fractures that enhanced its performance relative to the other nearby wells.
3.5.3. Well Planning

Well planning for the lateral was carefully done over the course of several months. Tres
Management from Oklahoma City worked with team to initially form the team who would
participate in the operation. The goal was to be as cost effective as possible, utilizing local
companies familiar with drilling and completion conditions around Unger Field.

The team that would work with AEC, KGS, and Tres Management, was assembled —

Contractor:  C & G Drilling Rig 2
Eureka, KS
Tim Gullick

Mud Services: Mud-Co / Service Mud Inc.
Wichita, KS

Cement Services: Consolidated Oilwell Services
Larry Storm, KS

Open Hole Logging: Weatherford
Oklahoma City, OK
Mark Houpe

Directional Services: Pan American Drilling Services
Oklahoma City, OK
Mark Greene

Rental Drill Pipe: Patterson Rental Tool
Oklahoma City, OK
Mark Tayar

Electronic Monitoring: Pason Systems USA
Lafe and Chase Coldwater

The drilling plan, scheduling, and safety policies were reviewed through a pre-spud meeting
involving operating, rig, and key vendor personnel. The chain of command, contact information,
and notification was established. Details were reviewed on equipment to make certain all was
compatible. The construction of the drilling location, reserve pit, working pits, and road to
accommodate rig and 3 additional living quarter trailers was established.

The well was located in the ne se nw se quarter of Section 19 (Figure 54).

API: 15-115-21419-0100
KID: 1043239044
Lease: Slocombe-Rood
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Well 1-19

Original operator: American Energies Corp.
Current operator: Trek AEC, LLC

Field: Unger

Location: T21S R3E, Sec. 19

NE SE NW SE

1873 North, 1444 West, from SE corner
Longitude: -97.1388353

Latitude: 38.2088201

The initial drilling plan was prepared by Pan American Drilling using the coordinates conveyed to
them by AEC (Figure 55). The well was slated to build the angle starting at 2113 ft vertical depth.
The well was to reach horizontal at 2822 ft within the Hunton reservoir at a distance of 600
northwest of the spud location. The well was to be cased after entering the Hunton to insure that the
lateral portion to be drilled could be controlled — keeping the hole clean, pressure suited to that of
the formation, use of mud additives to keep drillpipe from sticking and efficiently removing
cuttings.

The proposed casing plan included:

The casing program allows for the standard 6 1/8” hole size in the lateral so that standard tools can
be used to drill and evaluate the well.

A summary of the drilling record as reported by Tres Management team is found in
Appendix B.

3.5.2. Logging While drilling — Focus Gamma

During the drilling of the well, Pan American Drilling Services provided vital information that
assisted the geologists in locating the drill bit as the build angle from vertical to horizontal was
established. The azimuthal gamma ray was vitally important in this portion of the geosteering,
helping immensely to locate stratigraphic markers as the well was drilled. The azimuthal gamma
ray was located approximately 30 ft behind the drill bit and the gamma ray record was
transmitted to surface by mud pulses. Pan American’s gamma ray tool was focused so that signal
could be directed to a portion of the tool by placement of the detector window (Figure 56). The
probe can face upward so that the gamma radiation is coming from the shale layer above the tool
easily enter the detector or the tool window can face down to obtain a ratio between “high-side”
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and “low-side” counts. The tool specifications are included in Figure 57. The actual device is
shown in Figure 58.

Pason measurement while drilling (MWD) information was used by the directional driller to
determine the location of the drill bit and the trajectory (azimuth and inclination) and other
information about the drilling progress (Figures 59 and 60). Information is accessed on the rig floor
or remotely via the internet.

3.6.  Dirilling Results

During the build of the curve the geologists examined well cuttings every 10 ft to help correlate the
stratigraphic section that was being drilled. The output from the Pason MWD data panel in the
geologist’s trailer was closely monitored and correlated with the well logs from nearby wells to
establish a reference and anticipate a landing for the this phase of drilling. The penetration of the
Mississippian Limestone was recorded in the Pason MWD output in Figure 61.

The top of the Hunton reservoir was reached at 3396 ft measured depth, or 2824 true vertical depth
(TVD). This is a sea level elevation of -1393 ft (Figure 62). This entry point was about 10 ft below
what had been estimated and for that reason the last part of the build to horizontal was extended
until the solid Hunton reservoir was reached and a casing point could be established. Well cutting
and correlation of the thin carbonate and silt beds in the Chattanooga Shale with the focused
gamma ray provided considerable confidence on where the drill bit was and an estimate of the
inclination needed to properly land the well. Because of the low tolerance for a relatively angled
entry, the build angle was kept near 90 degrees above the Hunton so as to not pass through the thin
reservoir. The entry angle was 88.05 degrees (3.4 ft/100 ft) with a goal of 89 degrees (1.75 ft/100
ft). Obviously, with the formation running deeper than anticipated, this could lead to extended
drilling above the pay zone. In a detailed look at the landing of the well in the Hunton reservoir in
Figure 63, the gamma ray, rate of penetration, and weight on the bit combine to clearly indicate the
top of the Hunton. The information is readily output as a LAS file so it can be uploaded into
mapping software or other programs used for geosteering.

Drilling reached the Hunton reservoir in mid January (Figure 64). The photo in Figure 64 shows
the compact drill site and the small rig that was used. The rig was one normally contracted by AEC
for vertical wells. C&G rebuilt the duplex pump to decrease the noise to maximize data
transmission from the bottom hole drilling assembly. Otherwise, the rig and crew adapted on the
fly to successful accommodate the needs of the directional driller. The geotrailer was standard
issue, but included the installation of Pason Control software in the trailer’s computer (Figure 65).
The drilling was monitored through the use of cuttings and the drilling trajectory and gamma ray
information provided by the Pason software (Figure 66-69). Geologist Doug Davis is shown
running the cuttings (Figure 66), cups and aluminum trays (Figure 67) used to wash and extract
cuttings to examine under the binocular microscope (Figure 68) and observe under the ultraviolet
light for any hydrocarbon show (Figure 69).

It was very clear that the Hunton reservoir the lateral landed was highly oil saturated. The very
porous and friable, fine to medium crystalline dolomite had abundant intercrystalline pore space,
and all of the samples initially fluoresced. Oil also appeared on the mud pits, another indication of
a significant show of hydrocarbon. The casing point was reached and the stage was set for what
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hoped would be more oil shows (Figure 74).

A field trip was led for members of the oil and gas industry and students from nearby schools
(Figures 71 and 72) and the crew also hosted the Wichita newspaper, the Wichita Eagle who ran a
story on the attempt to revitalize this old field (Figure 73). This trip actually occurred before the oil
zone was reached.

The actual drilling of the lateral varied from the original plan due to the well coming in around 10
ft low relative to the reservoir. The trajectory on a small scale sectional and plan view show minor
deviation (Figure 74), but at a more exaggerated scale of the profile of the lateral used in the
geosteering (Figure 75), the inclination of the well was clearly raised to stay in the reservoir,
moving updip from the entry point and then to a lower the inclination in an attempt to stay within
the reservoir on reaching the north side of the local high. Close interaction with the directional
driller allowed the geologists to make minor adjustments to the azimuth and the inclination.

The shows of oil continued as the crest of the structure was reached with the lateral estimated to
have been maintained within 5 ft of the top of the pay (Figures 75 and 76). As the top was reached
the lateral was slated to be drilled downdip at 88 degrees until will was roughly 4800 measured
depth. After the turn was made the drilling rate slowed and then it was determined that the
inclination needed to flatten as the drag on the drill string increased. After the inclination was
flattened, the well continued to rise because of the increased drag and an abrupt change from
porous dolomite into a hard cherty limestone. The loss of the tight control that was previously
realized and the drag on the tool stopped forward progress on 1-21-11. The location of the lateral
on the structure map on top of the Hunton pay zone is provided in Figure 76.

The drilling is further compared to the measured depth (MD) versus true vertical depth (TVD), and
MD versus focused gamma ray and rate of penetration (Figure 77). The full view of the lateral in
the combined presentation shows three basic areas; pre turnover, near the anticline crest, and the
northside as the lateral headed downdip. The total relief of the lateral is 12 ft from the low at the
start of the lateral to the crest of the anticline. The gamma ray averages 30 API through the porous
dolomite and drops abruptly to between 10 and 20 API in a new lithology, a tight, cherty dolomite
that was encountered north of the anticline.

This new lithology was observed when the well inclination increased and could be argued that the
lithology changed as the well penetrated more deeply in the reservoir. However, the underlying
flow units remain porous, but the porosity as mapped decreased northward. Thus, the change is
believed to be related to lateral changes in the flow unit. The increase in chert is perhaps related to
silicification along possible fractures. The rate of penetration is steady averaging 40 ft/hr until the
cherty tight dolomite is encountered when drilling rate falls to around 20 ft/hr. Moreover, the
drilling rate is quit variable with a few spikes in ROP, one up to over 100 ft/hr around 4370 ft MD
(Figure 77).

3.6.1. Log Analysis
Weatherford’s Compact Well Shuttle System (CWS) was used to log the well at TD. The CWS

transports the tool inside the drill pipe, operates in battery-memory mode without wireline, and
runs into the well at tripping speed. The tools are pumped into the open hole when the CWS is
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close to total depth, while the top of the tool string is retained in a collar. Data is acquired as the
pipe is tripped from the hole and is downloaded after the tools are recovered at surface
(http://www.weatherford.com/weatherford/groups/web/documents/weatherfordcorp/ WFT033179
.pdf). The CWS saved rig time and allowed the tool to be protected and conveyed into the lateral.
The 6.5 inch hole allows the 6 inch tool to be used (Figures 78 and 79).

The CWS provides standard logging output (Figure 79) that can quickly adapted to logging
programs for analysis of hydrocarbon pay. The LAS file was analyzed with a freeware log analysis
package developed by the KGS called PfEFFER -- http://www.kgs.ku.edu/software/PfEFFER-
java/index.html. The applet is one of several http://www.kgs.ku.edu/Gemini/Tools/Tools.html log-
analysis based software tools that are part of GEMINI. The GEMINI suite of software has been
recently supported by DOE-NETL (DE- FE-0002056) and the current version of PfEFFER
provides multiple functionality to zone the reservoir, import sample descriptions, analyze, and save
and export results (Figure 80). The georeport or core description can be integrated with the well
logs to be able to compare the rock and logs data together (Figure 81).

The entire logged section of the lateral is depicted in an interpreted well log profile with tracks for
the logging color and patterned graphic lithology column, water and oil saturation, bulk volume
water, and pay as hydrocarbon pore volume. In addition, stratigraphic markers and the sample
descriptions as transcribed from the georeports are incorporated in this output (Figure

82).

The triple combo log suite is excellent for resolving the matrix pore, rock type, and fluids that are
present. The logs as plotted and interpreted by the logging software indicate, confirm the extended
oil shows of the sample descriptions and the more highly porous interval dominated by uniform
sucrosic dolomite with relatively high oil saturation (60%) noted in the mid portion of the lateral.
More specific observations include:

1. 40 to 60% water saturation and variable porosity near the heel of the lateral -- The neutron-
porosity vary considerably at less than 3750 ft MD near the entry point or heel of the
lateral. The gamma ray is also quite variable compared to the middle lateral, which is
designated as pay. Water saturations for this upper interval are variable, but high,
upwards of 80 to 100%. Lithology is similar to the pay zone, with fine sucrosic dolomite,
but the oil stain is less, corresponding to the log analysis. The high water saturation
suggests that this portion of the lateral is probably near residual oil saturation. The
irregular nature of the porosity and gamma ray indicated the shaly zones that have highest
water saturation. These zones may be water filled fracture clusters.

2. Pay zone in middle of the lateral — The interval from 3880 to 4080 ft is the most porous
interval of the lateral with values remaining very steady from 12-18%. The water
saturation is near constant, averaging 40%. Sample shows with free oil and mud pit oil
indicate that this is a viable reservoir interval and a likely target for completion.

3. Toe of lateral is tighter, more siliceous with highly variable water saturation — Beyond the
pay zone, the lithology abruptly changes to a cherty calcareous dolomite. The chert is
dense with no porosity with pores limited again to intercrystalline. No free oil is noted.
Thin zones with higher gamma ray and porosity again suggest fracture systems that are
crossed by the lateral. In particular, the interval at 4340-60 ft had a large drilling break to
over 100 ft/hr, caliper shows enlarged hole, and porosity is high, probably due to the

Document #07123.04.Final Page 42


http://www.weatherford.com/weatherford/groups/web/documents/weatherfordcorp/WFT033179
http://www.kgs.ku.edu/software/PfEFFER-java/index.html
http://www.kgs.ku.edu/software/PfEFFER-java/index.html
http://www.kgs.ku.edu/Gemini/Tools/Tools.html

washout. This is definitely related to a fracture or fault zone. Beyond that fracture zone
the toe of the lateral encountered finely crystalline moderately porous (ave. 12%)
dolomite accompanied again by fluorescence, cut, and odor. Water saturation remains a
steady 40% similar to the mid lateral pay zone, but there is no free oil.

The well profile is further analyzed by the use of a series of Pickett cross plots (Figures 83-86). The
log of the porosity is plotted against the resistivity and water saturation and bulk volume water
contours are mapped onto the plot. In these examples, the color of the points is tied to depth
generated with the PfEFFER web application as described earlier. In addition, the Pickett cross
plots are organized and presented by depth constrained cluster groups that are based on a
classification related to neutron and density porosity.

The Pickett cross plots located at the heel of the lateral (Figure 82) include the First Hunton (3529-
3569.5 ft MD), encountered as the well entered the reservoir. This zone was not included in the
cluster analysis. The data points plotted by depth indicate an initial grouping of lower water
saturation (50%) increasing to 70% at the end of the interval. Bulk volume water contours indicate
an increasing BVW, which suggests finer pores that could explain the higher water saturation with
more bound water.

The Group 1 (3570-3628.5 ft MD) interval starts with water saturations (Sw) of approximately
60% and increasing to near 100% while the BVW goes as low as 0.06 in the low Sw range up to
0.09 in the higher Sw. While some of this variation appears to be due to changes in pore type, the
fluctuating gamma ray (GR) is also affecting porosity and is not factored into this analysis. The
erratic variations in the GR were attributed to fracture fill, the latter likely contributing to the
fluctuation of the Sw in this interval.

Group 2 (3629-3663 ft MD) exhibits Sw values that jump between 70 and 100%. This interval has
a sustained 100% water saturated interval with no indication of residual oil. It is possible that this
interval was not charged with oil as an isolated pocket or has been more efficiently drained.

Groups 3 and 4 (Figure 84) identified on the depth plot with porosity and separately plotted in
Pickett cross plots illustrate the best potential reservoir intervals of the lateral. Both are
comprised of finely crystalline, sucrosic dolomite and had oil shows during drilling. Group 4 is
more porous and coarser crystalline and had free oil during drilling so it was chosen as the better
reservoir. Group 3 has the lowest Sw that decreases from the heel side to the toe side of the later,
ranging from 50% down to 35% near Group 4 boundary. The BVW of Group 4 falls below 0.04 on
the toe side along with a low Sw. This is an indication of a larger pore size than Group 4. The
caliper does show a small amount of hole enlargement (up to 7 in) in Group 3 (Figure 84) in
contrast to being in gauge (6.25 in) in Group 4. It is possible that Group 4 has some mud cake
buildup or the granular nature of the dolomite might have led to a small amount of washout. Sw in
Group 4 falls between 40 and 70% with a BVW ranging from 0.06 to 0.09, relatively high
compared to Group 3 indicating smaller pores. This free oil in Group 4 and strong odor and
fluorescence and higher porosity leant support for this interval as being the best reservoir.
Additional factors are considered with when fractures are confirmed and identified with using the
additional logging tool that was run, the microresistivity imaging log.

Group 5 and 6 are adjacent to the main pay interval and farther toward the toe of the lateral have
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higher Sw and lower porosity that noted earlier (Figure 85). Group 5 is also contains dense chert
and abruptly appears following drilling through the sucrosic porous dolomite.

Group 7 is a marginally low porosity zone that appears to be wet and little hydrocarbon present
(Figure 86). The remaining groups toward the end of the lateral resemble those defined above
including wet to marginal oil shows. The actual cluster analysis dendogram itself would reveal
similarities between the groups that might be useful in classifying intervals along the lateral.

As previously mentioned, the log analysis can be saved as a LAS 3.0 archive file for later reference
and continued analysis (Figure 87). In this study the file contains the triple combo logs, log
analysis using PfEFFER (as shown above), depth-constrained cluster groupings (flow units),
stratigraphic correlations, and the georeport of the geologist.

3.6.2. Microresistivity Imaging

Weatherford’s Compact Microresistivity Imaging Log (CMI) was run in the lateral to provide
images of the borehole and to identify and characterize fractures. In particular, the goal was to find
open fractures that could be conduits for water and to confirm what appeared to be from previous
information the presence of fractures (Figure 88). The tool was conveyed via the drillpipe,
separately from the triple combo well log.

The CMI standard output was used to examine what were inferred to be fractures in the Hunton in
the heel of the lateral (3530 to 3580 ft MD shown in Figure 89). The image is difficult to interpret
at this compressed scale, but open fractures as pink lines on the right side image and pink dots on
the potato plot track next to it on the inside. In addition numerous partial open fractures (red lines
and red dots) are also noted. Dips on these features are all 90 degrees to the borehole.

Partially open fractures and two open fractures are identified in what has been designated as the
pay interval (Group 4, 3,875.5 to 4,083 ft MD) described above (Figure 90). While the zone is
“quieter” relative to fracturing than other intervals, two open and eight partial fractures are
interpreted from this data.

The major disrupted interval in the CMI log corresponds with the washout and drilling break at
4,340-60 ft MD, and is actually 4,346-4,358 ft based on the CMI (Figure 91). The borehole is
enlarged and the pads on the logging tool appear to have become disengaged with the borehole in
this interval. This is confirmed to be a large fracture or possibly a fault zone.

The CMI and triple combo were uploaded into Petrel, a high-end software that is offered by
Schlumberger. Petrel is made available via discount to academia and can be rented by small
operators and consultants to make it affordable. The analysis tools within the software are
extensive and permit analysis that goes beyond what is provided by the service company. The
combined log presentation and with a radar plot of the orientation of fractures clearly defines that
the open fractures in the Hunton pay interval (Group 4) are oriented northeast, consistent with the
fracture direction in heel of the lateral (Figures 92-93). The fracture orientation in the interval
beyond the pay zone changes to predominantly a north-northeast direction. This change precisely
coincides with 1) an abrupt decrease in the drilling rate (from 50-65 ft/hr to around 30 ft/hr), 2) an
abrupt change in lithology, and 3) notable increase in fractures (Figures 92-94). The interval with
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the washout and drilling break is also oriented north-northwest.

Stress-strain relationships are established when maximum horizontal compressive stress is known.
In Kansas, the regional maximum horizontal compressive stress is east-northeast corresponding
with a dominant orientation of open fractures in the lateral. Typically, induced fractures are
recognized in image logs in vertical wells, but they were not recognized in the lateral. The
northeast and the north-northwest sets of fractures may be conjugate sets that are part of a stress-
strain relationship (Figure 95). Tensional fractures are parallel to maximum horizontal compressive
stress and are most likely to be open. Open fractures can also occur along a shear direction that is
oblique to the maximum horizontal compressive stress direction as shown in Figure 95.

The dichotomy the orientation of open fractures in the heel and the pay zone compared to the
interval beyond the pay zone may represent a lateral change in the stress regime, e.g., crossing an
individual structural block or the contrast in orientation is simply due to the change in the
dominance of a conjugate system of fractures. A third explanation may be that one or both fracture
sets are part of an inherited set of fractures and are unrelated to the current stress regime and that
the east-northeast orientation is a coincidence with the maximum horizontal compressive
stress direction.

Petrel 3D geomodeling was used to project the lateral along the structure (Figure 96). The figure
shows the NW trending well trajectory along the upper portion of the Hunton dolomite reservoir.
Open fractures shown in blue are prominent at heel and near the toe of the lateral beyond the pay
zone indicated by the water saturation. Water saturation shown in this perspective demonstrates
considerable lateral variability that is at least partly related to the frequency of fractures. Water
saturation is particularly high near the heel where numerous fractures are noted. It is possible that
the fracture clusters such as in the heel in the lateral in the immediately vicinity of the Slocombe #6
well may have contributed to the initial high productivity of the wells or provided access to more
water as appears to have been the case with the Slocombe #6 well that had an IP of 252 BO and 36
BW, a 12% oil cut.

A cross sectional view in Petrel (Figure 97) provides the same presentation for the lateral as in
Figure 96, but the vertical and horizontal scales can be more precisely defined. Based on the
mapping and projection of the top of Hunton surface in Petrel, the lateral in the toe area beyond the
pay (leftward), the well elevation falls increasingly below the top of the Hunton. This may
account, at least in part, for the higher water saturation in this location, but does not account for the
abruptness of the change in lithology and marked increase in open fractures or change in their
orientation. It is more likely that a structural anomaly occurs at this juncture and increased
fractures contribute to the rise increases in water saturation.

3.6.3. Well Completion

The combined information about the lateral lead to the decision to install a 200 ft slotted liner to
produce oil from the most porous, most uniformly porous, least fractured, with low water saturation
and excellent oil shows, referred to above as the pay. This completion zone is in Group 4 of the
depth-constrained clustering of porosity. The team believed that the fewer the fractures, the greater
the ability to produce the remaining oil from the matrix. The nearby wells residing high on the
structure have long produced over 97% water cut, probably because fractures benefiting early oil
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production led to bypassing matrix-contained oil. The strong water support is likely edge water and
the fractures have apparently directed water to the highest reaches of the field. The area of higher
oil saturation along this lateral (up to 60% So) are definitely above levels expected for residual oil
saturation for this type of intercrystalline pore type (typically closer to 20% So).

The installation of the slotted liner was carried out on March 28, 2011 (Figure 98). A workover rig
was used to run the 4 2 in tubing with the slotted lines. Packers were set to isolate the pay zone for
production. The diagram of the slotted liner deals the configuration (Figure 99). On 7-15-11 a
progressive cavity screw pump was installed near the turn above the lateral. This screw pump was
deemed to be most cost efficient in lifting large volumes of fluid. The well was completed without
stimulation other than an acid cleanup. The well’s completion report provided to the state was 6
BOPD and 78 BWPD. This was only twice the production of the average well in Unger field, but
according to the operator, the well has led to increases in the production in nearby wells. The oil
response in nearly wells is described in more detail below, but the higher oil production suggests
that the lateral is resulting in a slight pressure drawdown that may be sufficient to reduce the
pressure along the fracture system enough to allow a small amount oil to drain from the matrix into
nearby wells.

On December 2011, AEC reported that the leases in the vicinity of the lateral had a combined total
of 1965 BOPM (64 BOPD) and 16,600 BWPD. The total lease oil production was up 45% since
January 2011 (Figure 100). Even with the higher withdrawal rates, the fluid level had not declined
in this area, remaining ~300 ft from surface. Thus, the water drive remains strong. The high rates of
fluid withdrawal overall are probably a clear indication that even with the attempt to produce from
the matrix porosity in the lateral, fractures are overall the main contributor of water, probably edge
water since there is shale below the reservoir that would contribute little fluid.

The response as reported again by the operator includes the nearby Rood leases which have shown
decreased both water and oil production. However, the Slocombe #5, an offset well near where the
horizontal well entered the Hunton, has increased oil production from 212 BOPM (6.8 BOPD) and
35,403 BWPM (1180 BWPD) to 375 BOPM (12 BOPD) and 43,298 BWPM (1443 BWDD);
double oil production and 23% increase in water. The Rood #4, the key reference well in this
project on the crest of the Section 19 anticline and immediately west of the lateral noted an increase
in oil (+4 BOPD) when the lateral began producing. The best response is from the Lowen C #9 and
#10 wells that increased from 92 BOPM (4.38 BOPD) to 458 BOPM (14.77 BOPD). They also had
an increase in water production from 24,000 BWPM in

Jan. 11 to 92,000 BWPM in Dec. 2011.

A comparison of oil and water production in the Section 19 area show increases in both, but a
water:oil ratio that has fallen (Figure 102). This along with the response suggests that while the
fluid level has apparently not fallen within the margin of error, some dewatering is indicated.

3.6.4. Alternative Actions to Improve Oil Recovery

Alternatives to the current production scenario have been considered --

e Increasing the fluid production from the lateral to further draw down the fluid level and
increase the fractional flow of oil from the matrix.
e Restricting the slotted liner to an interval where there are no fractures in an attempt to drain
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more oil.

e Fracture stimulating the lateral to significantly increase the contact area.

e Simulating fluid flow to help evaluate the completion options — However, well
production history is limited. A practical solution would be to estimate the contribution of
production coming from fractures using well testing.

e The progressive cavity pump currently installed in the lateral could also be replaced with a
submersible pump with more power to further lower the water level and potentially aid in
the dewatering effort. The operator indicated another disposal well would be needed at a
cost of $180,000 or $200k or alternatively, to wash down existing well.

e The operator currently has $80,000 invested in the liner and packers and has indicated that
another packer could be employed to limited the portion of the liner that is open fractures
can be further isolated from the producing face. Fractures may also be plugged off with
polymer injection.

e Another option would be to acquire a 3D seismic survey over Section 19 at a cost of about
$40,000. Lithofacies including porous rock bodies and fractures could be delineated with
seismic attributes (Watney et al., 2008). The Hunton reservoir is ideal for the seismic
processing since the reservoir resides between thick shales.

e Additional laterals could be drilled in the field including other anticlinal features. Also, an
additional lateral could be drilled in porous reservoir rock parallel to natural fractures. This
may be difficult since different portion of the structure apparently have different dominant
fracture trends — NE-SW at heel of the lateral vs. NW-SE trend near the toe of the lateral.

The lateral was located in Unger field after a thorough characterization of well log, cuttings, and
production data. It was found that production has been variable throughout the field due to
considerable vertical and lateral variability in the Hunton dolomite reservoir. Four flow units were
recognized and mapped. The flow units are meter-scale in size, and are comprised of variations of
porous or non- porous finely crystalline dolomite and dense cherty limey dolomite separated by
thin tight dense carbonate beds. The flow units subcrop across the Section 19 anticline and gently
dip to the south. It appears from their increase in thickness and porosity over the structure that the
feature may have been active contemporaneous with the deposition of these strata. This link
between structure, stratigraphy, and lithofacies is repeated in many other fields in the Midcontinent
where the structures are closely linked to basement heterogeneity and clearly defined older
structure that were reactivated episodically during the Paleozoic. Current day maximum horizontal
compressive stress trends east-northeast in the upper Midcontinent. Observed open fractures in the
lateral parallel this stress direction and suggest that their orientation is dictated by this stress field.
A conjugate open fracture set trending northwest was dominant in the toe of the lateral. This
change in orientation may indeed be a conjugate shear fracture or may be inherited from an earlier
structural episode.

The fractures appear to be grouped in clusters and their presence appears to have brought water to
the upper reaches of the structure as the field has been produced. The higher permeability of the
fractures has apparently allowed that water to be produced at nearby vertical wells and
consequently, some of the oil in the matrix pores has not been produced at these wells.

The completion of the lateral in the interval with the least fracturing, highest porosity, and lowest
water saturation was an attempt to preferentially produce the oil from the matrix pores. To some
extent this was successful with the lateral producing nominally more oil. However, the larger
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impact was the positive response in nearby leases where additional oil production has occurred.
This increase has been attributed to a slight pressure drawdown produced by the lateral changing
the flow pattern slightly to allow other wells to tap into more matrix oil. This kind of pressure
perturbation and oil production is analogous to what was described by the operator where wells
responded with more oil cut when attempts were made to pump off the wells. This is an
encouraging response that strongly supports further efforts to increase oil production in the field
and improve the percent OOIP that has been recovered to date.

Additional findings include:

e Slocombe-Rood 1-19 was considered a technical success in reviving an old field in terms of
cost and benefit and defining additional options to improve oil production in the future.

e The study characterized the Hunton dolomite reservoir and identified a location to drill a
lateral suited to maximize matrix porosity, structural elevation, and minimize intersecting
larger fracture and fault systems.

e The lateral was completed in a less fractured, marginally or undrained compartment in a
sucrosic dolomite lithofacies using a slotted liner.

e As aresult of the lateral completion, nearby lease production increased from 29 BOPD +
8,400 BWPD in Jan. 2011 to 64 BOPD and 16,600 BWPD in December 2011.

e Logging program consisting of triple combo and CMI log suite permitted recognition of pay
and optimize completion design. The CMI log was able to characterize the fracture systems
present that were inferred from the triple combo logs. In addition, a possible fault zone was
encountered that was clearly expressed on the CMI and triple combo — hole washout with a
large drilling break.

e The utility of running the focused gamma ray during drilling, close monitoring of the
drilling cuttings, and the subsequent logging of the borehole provided confirmatory
information about the reservoir heterogeneity that is key understanding for the revitalization
of the field.

4. GENERAL CONSIDERATIONS FOR HORIZONTAL DRILLING IN
KANSAS

At the time this work was performed, horizontal drilling technology was underutilized in Kansas,
with only 8% success of the approximately 300 conventional laterals drilled in Kansas up to
October 2010 (Figure 104). The location of the horizontal drilling through October 2010 and
primary reservoir objectives are illustrated in Figure 105. New more cost-effective and proven
technologies to drill and complete laterals, and the rising price of oil, has made horizontal drilling
more attractive, particularly in exploration in new plays, while marginal mature oil fields with
conventional reservoirs remain targets using horizontal drilling that is appropriately scaled. The
later includes the work being conducted in this study.
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Large independent oil companies have leased large tracts of land in Kansas and began drilling long,
>5,000 ft, laterals to exploit low permeability reservoirs using new fracture technology. The
companies were focused on the tight, unconventional reservoirs that were part of Mississippi Lime
Play (MLP) of Kansas and Oklahoma. Many wells have high water cuts exceeding 90% and
combined drilling and completion costs have posed challenges with only 25% of the wells
projected to recover costs in two year period (Newell et al., 2014) (Figure 106). MLP is complex,
but improvements should come with more detailed geological assessments. A vast majority of the
smaller companies have not entered into drilling these expensive wells and some have continued to
operate alongside the program drilling, operating within their own margin of expense and profit.
Many other reservoirs in Kansas could be potential targets for drilling but it will require careful,
targeted approaches in dealing with nearly depleted conventional oil reservoir as addressed in this
project. Possible future reservoir targets for horizontal drilling in Kansas are numerous (Figure
106).

5. CONCLUSIONS - ENTIRE PROJECT

1) A variety of options were examined for improving recovery in a mature midcontinent oil
field. The first field under consideration was Hillsboro field but various reasons dictated
a change of focus to nearby Unger field.

2) Three (or maybe it was four?) options were considered: short reach jetted laterals, longer
jetted laterals, coiled tubing, and conventional horizontals. The pros and cons of each of
these options were considered and are summarized in the Appendix. Eventually
conventional horizontal drilling was found to be the most attractive alternative.

3) It was apparent from both fields that there are opportunities for additional oil recovery.
However, the complexities of structural and stratigraphic variation make it necessary to
have a good understanding of field geology.

4) Lithologic variations may have more of an impact in certain fields. If the lateral wells
can intercept more porous zones that may not have been effectively drained in initial
production, there may be significant chances to produce more oil. Natural fractures
appear to dominate water production in fields and may prevent serious increases in oil
production unless some method is found to limit their influence either through packers
and liners to limit exposure to the wellbore, or through drilling parallel to known
fracture patterns.

5) Evidence from Unger field shows that perturbations in the pressure fields through
changing water production patterns through addition of new producing wells or efforts
at pumping off existing wells can enhance production.

6. TECHNOLOGY TRANSFER

Technology transfer was accomplished through presentations and short courses at regional and
national venues. The Unger Field project was a technical and modest economic success. The project
successfully demonstrated that use of the azimuthal gamma ray combined with drill time and rock
cuttings to improve the accuracy of drilling in thin reservoirs and evaluating and isolating intervals
of hydrocarbon pay and fracture zones. Running drillpipe conveyed logs before well completion was
strongly recommended as part of technology transfer to reduce risk and uncertainty of location and
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property of pay interval and adding in understanding the geology so that information could be used
to target new locations.

While other lateral drilling technologies were considered, a standard rotary rig was the choice to
drill the horizontal well. Coiled-tubing drilling could be a good option for shallower holes under
4500 ft measured depth (limited by the size of the circular spool of tubing that is transported
between locations) and when mobilization costs are minimized by the proximity of the rig.

Slimhole drilling, another option considered but not recommended in this specific case, had higher
costs in part to due to special downhole tools that are required. Also, logging tools and completion
and producing practices are limited in slimholes (<5 7/8 in).

Casing of the lateral to the top of the reservoir, while adding notably to the cost, is considered a best
practice to minimize lost circulation or gas zones and eliminate sticking of drillpipe. A casing shoe
can be designed to keep cement out of openhole completions. Balanced or slightly underbalanced
mud relative to the formation pressure is another good practice to minimize borehole damage. A
good mud system that is closely monitored can minimize the introduction of foreign material that
can damage the downhole mud motor. Removing sand and solids with desilters and desanders is
strongly recommended.

Horizontal wells from drilling, testing, completing provide many options even to the smaller
producers with limited experience. The technology and support are a maturing technology.

The thin carbonate Hunton reservoir studied here is very typical of those encountered in the
midcontinent, including its stacked flow units and lateral variations in the porosity and thickness.
Moreover, the dolomitic reservoir is fractured with orientation of fracture clusters that appear to be
closely following basement lineaments. Drilling and completion directed toward minimizing water
should isolate these fractures from the completion to optimize producing oil that in this example
remains in the matrix pores.

A web site conveys much of the work accomplished in the project,
http://www.kgs.ku.edu/PRS/Unger/reports.html.

Presentations have been made in numerous workshops and symposia related to horizontal drilling
including:

¢ Invited presentation at Kansas Bar Association-Kansas Independent Oil and Gas Association
in October 2010

Invited technical meeting of Kansas Geological Society in Wichita on March 2011
Invited TORP Horizontal drilling symposium in Wichita Kansas in April 2011

Invited Kansas Nextstep Oil and Gas Seminar in Hays, KS in August 2011

Exhibit at Annual Meeting of Kansas Oil and Gas Association, Wichita, KS, August 2011
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AAPG Midcontinent Section Meeting, Oklahoma City, October 2011

Invited RPSEA Small Producer Workshop, Bakersfield, CA, October 2011

Invited RPSEA Small Producer Workshop, Golden, CO & Lawrence, KS, November 2011
Invited AAPG Geoscience Technology Workshop, “New Directions in Carbonates”, Ft.
Worth, TX, March 2012

Invited TORP Technology Transfer Workshop: Horizontal Drilling and Completion in the
Mississippi Lime Revisited, Wichita, March 2012

Invited Next Step Oil and Gas Conference, August, 2012

AAPG Continuing Education Short Course, Integrated Studies of Carbonate Reservoirs,
April, 2013

Invited AAPG MLP Forum, February 2014

Technology transfer of knowledge gained from this project will continue to assist opperators
evaluate and tailor horizontal wells to their particular reservoir conditions and solving problems that
are hampering improving hydrocarbon production.

A typical and widespread problem faced by many KS operators can be addressed with horizontal
wells directed toward addressing those problems --

- Mature fields producing with high water cut under strong water drive (such as Unger Field)
- Current production practice relies on conventional vertical wells (such as Unger Field)

- Limited lateral drainage — reservoir compartments and truncation of flow units can be
overcome with laterals

- Residual pockets of oil are located in the inter well area outside the drainage reach of
vertical wells (results from Unger Field clearly show this result of bypassed pay due to
selective production along fractured fairways

- Often reservoirs are compartmentalized due to karstification and sub-cropping strata

- Significant variation in producibility between adjacent wells

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

- Wells located (by chance) in large compartments — long production life (the alternative is
also true and may not be understood when relying on only vertical wells

- Effective pay zones are thin (less than 20 ft) are very common yet important to small
producers who generally rely on these type of reservoirs

- Limited resource-reach of operators — financial and technical requires these demonstration
projects

Three options were considered for laterals in this project and covered in the early technology
transfer meetings --

Extended Reach — Option 1 — Lateral jetting
e New technology — high technology risk
e Some vendors have demonstrated their technique in field
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Application unproven in thin heterogeneous hard rock (dolomite) reservoirs

Has no directional control

Difficult to know lateral length — depends on rock hardness

No vendor could provide confirmation about well length, placement, and direction
No post-drilling test data available

Industry partner American Energies has had a bad experience with a local vendor in a
well outside the RPSEA project

Extended Reach — Option 2 — Coil-tubing conveyed horizontal lateral

New technology for Kansas

Vendors have applied it in many places in the world

Not cost-effective

High mobilization costs

Requires either a) hybrid rig or b) combination of conventional and coil tubing rig
Conventional rig — drill vertical well and curve

Coil tubing rig — drill lateral

Good directional control

Limitations of lateral length due to length of coil that can be transported under high-
way over pass (= 4700 ft)

Logging costs higher than conventional — slim hole logging

Slim hole tools significantly more expensive than conventional logging tools

Tool compatibility issues during switching from conventional to coil-tubing rig
Has some technological risks — steep learning curve for operators

Extended Reach — Option 3 —Horizontal lateral with conventional rig

Relatively new technology for Kansas in spite of long use of technology
Residual oil pockets in high water cut fields with thin effective pays
Simultaneous production from multiple karst compartments
Minimal technical risk — mature technology used world wide
Tight directional control
Our proposed plans at Unger field will demonstrate the field application of a new
LWD tool Azimuthal Gamma Ray Sensor, measurement while drilling
At-bit azimuthal gamma ray with inclination survey is cost effective and safe
0 Halliburton tool specifically designed to steer the lateral within a thin pay
zone
0 Tool placed 10 ft behind bit — rapid geosteering especially where thin pay is
overlain by cap rock with significantly different gamma signature
0 Unlimited lateral length — to drain multiple karst compartments
Cost-effective in mature field environment
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e FEasy to get conventional rigs — lower mobilization costs

e Easy to get directional tools, drillers, and, tool push logging tools from OK

e Highest operator comfort — least steep learning curve

e Post-drilling tool-push logging will help quantify production potential of the infill
well and assess level of success
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9. APPENDIX A. CURRENT STATE OF TECHNOLOGY

TECHNOLOGY STATUS ASSESSMENT
NOVEMBER 19, 2008 (UPDATED DECEMBER 2012)

Project: Enhancing Oil Recovery from Mature Reservoirs using Radial Jetted Laterals and High-
Volume Progressive Cavity Pumps

Contact No: IND0061186/RPSEA 07123-04

Contact: W. Lynn Watney, Kansas Geological Survey, 1930 Constant Avenue, The University
of Kansas, Lawrence, KS 66047; ph: 785-864-2184, fax: 785-864-5317, lwatney@kgs.ku.edu

A. Summary of Background of Industry/Sector —

Precise: The remaining domestic oil resource is primarily distributed over a large number
of small- to moderately-sized mature fields operated by small independents. To recover
incremental reserves from these known accumulations, it is best if the selected
technology leverages existing infrastructure (numerous vertical wells), and is within
resource reach (both technical and financial) of small independent operators. Thus, the
most cost-effective and reliable drilling and completion technology is essential to tap
remaining reserves in a timely, efficient, reliable, and environmentally sound manner.

Radial Jetted, Water-Jetted Laterals, and Microhole Technology:

Radial jetted, or water-jetted laterals is an emerging technology that is being used to
cut very small diameter short laterals using high-pressure water jetting accomplished
using small diameter flexible hose or small diameter coiled tubing. Both technologies
have a short turning radius, the latter is deployed with a more rigid framework. Water jetted
laterals were developed as a cost-effective alternative for horizontal drilling to: 1) extend
the drainage radius of the wellbore to reduce water coning during pressure declines
encouraging recovery of additional oil, 2) restore flow with the horizontal penetration to
extend beyond the influence of wellbore damage, 3) deliver fluids such as acid into the
jetted hole to enhance reservoir permeability, 4) eliminate perforation tunnel damage, 5)
replace fracturing, and 5) reach untapped reservoir compartments by deeper laterals
extending from 10’s to 100’s of feet beyond the vertical borehole. Jetted laterals are also
suited for heavy oil reserves, reservoirs with low permeability or natural fractures such as
tight gas sands and coal.

Similar drilling technologies use a mechanical drill bit and rods that extend horizontally
through the casing out to several feet. Use of water in these applications removes rock
residue, but pressures are insufficient to actually cut rock. A closely related technology to
the water jetted coiled tubing is microhole drilling that utilizes small diameter coiled
tubing (less than 4 ' inch) to mechanically drill a lateral with a small downhole motor
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rather than cut rock with high-pressure water jetting.

A hybrid technology is microhole jet drilling using a downhole intensifier to boost
hydraulic pressure to either assist the mechanical drilling with a conventional downhole
steerable motor to jet erode the rock or alternatively, to use a jet rotor to drill the lateral.
This technology is still under development. And is currently be used in hole cleaning and
milling, eg., tempresstech.com/tools/jet-rotor/.

Progressive Cavity Pump

A progressive cavity pump is a high volume, high efficiency, surface, motor-driven pump
that rotates shaped rods in tubing to pull fluid to the surface. The progressive cavity pump
consumes less energy and has a lower surface profile, which helps conceal operations
adjoining public use or urban areas. Progressive cavity pumping is a well established
technology that is commonly utilized in wells where large volumes of fluid need to be
moved. These pumps are less commonly used in marginal domestic oil wells, but the
increasing costs of electricity coupled with higher commodity prices warrant the more
consideration of this technology.

B. Technologies/Tools Being Used -

i. Water-jetted lateral.
a. Description

Water jetted laterals are designed to cut small diameter (~1 ‘2 inch) holes (laterals)
in the borehole wall though use of a relatively low volume water under high-pressure
(~10,000+ psi). Cutting of rock is made possible through water jetted from small
nozzles placed on a nozzlehead at the tip of a small (1 inch diameter) flexible hose or
small (2-7/8 inch diameter) coiled tubing. The coiled tubing used in this application is
limited to the length of the lateral.

The placement of the nozzles on the nozzlehead varies with patented designs that lead to
changes in the hole diameter, the rate and depth of penetration, removal of rock debris, and
the trajectory of the lateral. In all cases, the application requires very clean water due to
the pumps and the small nozzles that are used to jet the water. In some designs, jetting
nozzles are placed to the back of the nozzlehead to generate a theoretical accelerating
force. The forward force of the jetted nozzle is used to keep a tension on the flexible hose
or tubing to control the rate of penetration. In principle, a constant tension and an even
rate of penetration will help keep the hole straight. The coiled tubing is released straight
into the borehole wall. The rigidity of the coiled tubing would appear to be better able to
keep the penetration straighter.

The hole that is cut by the water jetted lateral is small (< 2 inch diameter for flexible hose
and up to 4 inches using coiled tubing). The jetted lateral extends from the sidewall of
the wellbore out to distances of several feet to 300 ft (100 meters) (as advertised). The
mechanism of penetration as established in the laboratory is by superficial erosion,
hydraulic fracturing, elastic-tension failure, and cavitation leading to foliation of the rock
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(Radcon Energy Services website, http://www.radcan.com/). The rock is pulverized into
very fine particles. In practice and based on documented information, the ideal rock for
jetting has moderate hardness and evenly distributed porosity such as found in many
sandstone reservoirs. Rock hardness, pore size and pore distribution control the ability of
the water jets to cut the rock, dictate pressure requirements, and ultimately determine the
penetration rate. Variations in hole diameter will vary according to formation strength,
confining strength, and compressive loads, as well as speed of penetration (Radcon
Energy Services website, http://www.radcan.com/). Harder tight rock will slow down the
penetration due to the increased force needed to cut the rock. Rock can be hard enough to
effectively stop penetration. Reduced penetration rate can lead to “dwelling” of the tool
and enlargement of the area adjoining the water jets. This reduction in penetration rate can
also dissipate the accelerating forces due to an enlarged hole, thus reducing chances for
additional penetration.

Data on unfractured oil producing reservoirs indicate that water jets with pressures of
10,000 psi (69 MPa) will cut rock with permeabilities over one md (Kolle and Theimer,
2005). Rocks with increasing permeability will require less pressure while rocks that tight
will have threshold pressures that are in excess of a 14.5 x 10° psi (100 MPa) up to levels
of 25 x 10° psi (170 MPa). Theoretically, the jet erosion of permeable rock depends on
the diffusion of “jet stagnation pressure” in the pore space to create tensile loads that
will break out the particles of rock (Kolle and Theimer, 2005).

An advertised length of laterals is a maximum distance, while the actual length can be
considerable less due to adverse reservoir heterogeneities encountered as the tool exits
into the borehole.

Heterogeneities in the reservoir such as chert nodules, fractures and associated cements, or
irregular clay layers will tend to create erratic penetration rates and possibly change the
trajectory of the hole or impede or stop penetration. Large tight and hard nodules and
lenses such as those comprised of chert can stop penetration all together, thus the size and
distribution of these hard drilling constituents must be avoided, if possible, by carefully
evaluating intervals to be jetted, to increase the chances that the water jetting will cut to
maximum depths. Alternatively, when a porous reservoir is bounded by hard layers, the
jetting tools will tend to stay within the confines of the more porous and easily-cut
reservoir rock.

Another attribute of the water jetting is that once the hole is created, acid can be used to
remove formation fines and enhance porosity and permeability in the rock cut by the
lateral. However, formations that have adverse water and acid reactions such clays might
plug the pores through caving and swelling. Thus, in general, penetration of soft
formations can lead to the collapse of the holes once drilling has been accomplished.
Again, careful consideration of the physical properties and reaction to drilling fluids of
the candidate reservoir should be evaluated in advance of jetting.

In the flexible hose option, the hose is uncoiled from the surface or from the end of the
coiled tubing that is lowered into a completed, cased well or open hole. Casing must be
milled away to create a slot to gain access to the formation. This is accomplished by
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downhole milling or slotting equipment. Access is then created for single or multiple
(radial) jetted laterals.

In the coiled tubing option, the coil that is used is limited to the length of the lateral to
be jetted in order to limit the fluid loss through the tubing joints. Casing is also milled
away, but the hole must also be underreamed at the depth of interest to accommodate the
turning radius of the coiled tubing of less than a meter.

Mutiple laterals can usually be run from a single entry into the well, which is
accomplished by proprietary downhole drilling assemblies. The flexible hose and
nozzlehead are used to drill a hole. Then the hose is withdrawn into the well and rotated to
accommodate additional holes. The tool can be moved to other depths to permit
additional laterals to be jetted into different stratigraphic levels of the reservoir.
Ultimately, the result might be the creation of a radial pattern around the wellbore. The
azimuth of the lateral can be defined by some vendors, which becomes important if the
desired length of the lateral is in excess of 10s of feet. Subsequent laterals can be drilled
relative to the position of the initial lateral to create the radial pattern. Knowledge of
fracture distribution or the min/max stress field would aid placement of the laterals to
either avoid fractures or maximize penetration of open fractures.

Water-jetted laterals can be drilled quickly in a matter of a day or two. The rapid
penetration rates and use of workover equipment to deliver the lateral offers the
opportunity to make water-jetted laterals very cost effective in reviving production
from existing marginal oil production.

b. Benefits and inadequacies of water-jetted lateral.

Benefits -- Water-jetted laterals are potentially a cost effective means to increase
production in wells in mature domestic oil fields. Extending the reach of old wellbores
beyond zone that have formation damage, to reach an untapped pocket of hydrocarbon,
and/or extend the effective radius of the borehole are possible goals to improve
production rates and perhaps increase oil cuts in high-water cut wells. The longer the reach
of the lateral, the greater the opportunity is to tap new reservoir compartments. However,
this objective can be quickly ended upon encountering hard or impermeable lenses and
nodules. Costs to implement water- jetted laterals are on the order of well treatments such
as gelled polymer and are a fraction of the cost to drill conventional horizontal wells.

Inadequacies — The direct measurement of the trajectory and distance that the
lateral has traveled beyond the borehole wall has not been accomplished outside the
laboratory, so there is uncertainty whether the jetting tool maintains a straight or prescribed
path upon exit from the vertical wellbore. While guidance in theory is driven by the
forward force and tension on the tool, heterogeneities will affect the forward motion and
direction. The coiled tubing drilling option provides more rigidity behind the nozzle and,
in concept, will help deliver the lateral to the desired location in the reservoir. Crucial
to design of a lateral is knowledge of and inbuilt flexibility to handle an uncertain geologic
environment particularly in front of the lateral, namely avoiding hard impermeable rock.
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The success and consistency in the application of the water-jetted laterals also depends on
quality, functioning, and upkeep of the jetting equipment, personnel administering the
tools, and what steps are taken to tailor the laterals to the reservoir conditions. Varying
reservoir types that exhibit different strengths, porosity, and heterogeneities would be
expected to affect the length and direction of the lateral that is being cut. Operational
insight based on experience in similar rock conditions and analogous drilling environments
would aid in delivering a consistent result. The outcome and resultant success and risks of
water-jetted laterals can be best defined by close coordination of the operator and vendor.

In absence of published data regarding actual distances over which the laterals have
been hydrojetted without mechanical assistance, the risk of not reaching a desired length
of the lateral is high since experiments show and vendors indicate that forward progress of
the tool will end when a hard impervious rock is reached. Azimuth of the jetted lateral
cannot be predetermined with current on-the-shelf technology with the exception of
services offered by Radial Jet Services. No published data has evaluated the success in
placing the lateral along planned trajectory and/or azimuth. In many applications, multiple
radials are sought such that their orientation and trajectory is not critical because a
significant number of these wells have been drilled in coal-beds or heavy oil reservoirs.

ii. Microhole Coiled Tubing
a. Description

Microholes are less than 4 %2 inches in diameter, the size of the surface or completion
casing or tubing or holes sizes that is commonly used in industry. Holes between this and 6
inches are considered slimholes. Slimholes typically use a rotary rig to drill a vertical
borehole, while microholes (as identified by the DOE) utilizes coiled tubing to drill both
vertical and lateral boreholes, rapidly and cost efficiently. These characteristics are key
ingredients in the considerations of using microhole drilling. DOE demonstrated the use
of  microholes to drill new wells to efficiently develop  mature,
complex/compartmentalized reservoirs in the U.S. (DOE Microhole Drilling Conference,
2005). The lower cost and rapid drilling of the microhole could led to a “Walmart
approach” to infill drilling, thereby resulting in multiplying the reservoir contact area
to tap remaining resource beyond the reach of existing infrastructure (wells).Microhole
technology is used by international companies to create digitate smart laterals in a pinnate
fashion from a single vertical borehole. The laterals radiate out into a thick reservoir or
multiple pays to optimize recovery from a single location due to environmental (e.g.
Alaska’s North Slope) or logistical limitations (offshore platform) on drilling. Microholes
allow more holes to be drilled with a smaller footprint and when used in conjunction
with cost effective, high resolution imaging of the reservoir it becomes a powerful
technique to enhance production from existing fields or find and/or delineate new
fields cost- effectively. The smart nature of the laterals is that fluid produced from
individual laterals is monitored and used to control flow rate.

Coiled tubing jet drilling is a hybrid version of the microhole. The design of Tempress
Technologies calls for a 3 1/2 inch hole drilled with 2-inch coiled tubing. Testing by
Tempress has included: 1) steerable positive displacement downhole motor assisted by
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high pressure water jets and 2) a high pressure jet drilling rotary tool where pressures
of 10,000 psi pressure provides sufficient force to cut rock.

A new application of microholes being considered in this study is to recomplete an
existing vertical borehole to revitalize oil production. A window will be milled into casing
or the open hole be used to access the reservoir. The lateral will then be drilled with
coiled tubing that fits inside the production casing using a short turning radius bottom
hole assembly including a steerable mud motor.

b. Benefits and inadequacies of microhole coiled tubing

Benefits — Microhole drilling is been offered as a means to drill holes quickly and cheaply
in order to drill more tests to maximize tapping pockets of reserves left untapped due to
reservoir heterogeneity. Microholes, by design, involve less surface footprint, thus impact
on surface environmental lower. Microholes are drilled quickly and thus have the potential
to minimize formation damage which are especially beneficial for underpressured reservoir
conditions.

In comparison to water jetted laterals, this application substantially lowers the risk of reduced
penetration of laterals into the reservoir due to changes in rock properties. In this study
the reservoir contains moderately hard but porous dolomite and scattered chert nodules.
The risk is moderate to high of encountering an impenetrable hard rock which would
impede or stop forward progress of the water jetted lateral. The microhole also can be
oriented and steered using MWD tools and therefore the direction and length of the lateral
will be known. The microhole is best suited to reach a greater distance in the
direction of the remaining oil that is believed to remain in an area updip (attic oil) to the
well of interest Moreover, the long lateral length will enable production of higher fluid
volumes under less drawdown and may result in reduced water cuts. Equipment needed for
the microhole can be easily obtained in the Midcontinent for this practice to gain currency if
proved successful in this application. The “recompleted” microhole lateral will have
considerable advantages over drilling new infill wells, particularly if surface conditions
preclude doing so, such as the surface reservoir now located in the updip areas of the field.
3D seismic imaging may show locations of remaining pay that can likely be in reach if a
microhole lateral is drilled from an existing or new infill well. As an alternative to today’s
high AFE’s on new wells, recompletion microholes can reduce costs and be more effective
than vertical wells in contacting additional oil.

Inadequacies — The microhole and associated laterals are small enough to preclude
using most conventional wireline logging tools for formation evaluation, testing, and coring.
Downhole seismic surveys, e.g. VSP, have been offered as a method to characterize the
formation being drilled by the lateral. For long laterals this approach to resolve the formation
character can be problematical. Alternatively, transient well testing as the lateral is drilled
or following drilling can provide information on reservoir properties.
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iii. Progressive Cavity Pumps
a. Description

Progressive cavity pumps are in wide use by the petroleum industry at large, but have not
been typically used on older mature domestic oil wells. Rather pump jacks (sucker rod
pumping) and electric submersible pumps have been chosen due to familiarity.
Weatherford (weatherford.com) describes progressive cavity pumps as:

“typically consist of a surface drive and a downhole progressing cavity pump with a
single helical-shaped rotor that turns inside a double helical elastomer-lined stator.
The stator is attached to the bottom of a production tubing string and, in most cases,
the rotor is attached to a rod string suspended and rotated by the surface drive.

Pump operation is simple. The shapes of the rotor and stator form a series of sealed
cavities within the stator. As the rotor is turned, the cavities progress to move fluid
from the intake to the discharge end of the pump.

The resulting continuous positive-displacement flow provides the highest

volumetric efficiency of any conventional artificial-lift system. And the elastomer
surface in the stator helps the pump handle abrasive and viscous fluids better
than most other pump technologies.

Advantages include: low-capital investment, high-system efficiency, low- power
consumption, pumps oil and water with solids, no internal valves to clog or gas
lock, continuous smooth operation helps in preventing and controlling production of
undesired reservoir fluids and particles, minimal maintenance costs, simple
installation, low-surface equipment profile for visual- and height-sensitive areas,
portable, lightweight surface equipment, compatible with diverse types of prime
movers (electric, gas, fuel oil)”.

b. Benefits and Inadequacies of this tool or technology

The benefits are described above. The simple design and ability to handle solids and
viscous fluids without creating emulsions or gas locking add additional benefits of
using progressive cavity pumps. The inadequacies of this pump design are more limitations
including being ill-suited for high GOR conditions and there are depth limitations. Starting

torque is also high. The pump selection must be tailored to depth and flow rate desired,
while keeping the internal velocity at the lowest levels to reduce frictional forces.

Il. Development Strategies
A. Justification for new research or technology

Water-Jetted Laterals

Radial-jetted lateral drilling has been applied dating back to technologies developed in
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the 1970 and 80’s. Patented technologies for water-jetted laterals have been filed since
the late 1980’s to present and research and developed have been continued by several
companies to improve this technology. New companies have been established since the
late 1990’s and more recently have practiced variations of the technology based on the
patented techniques — including mechanical cutting, jetting with coiled tubing, and
adding sleeves over the flexible hose to aid in guidance.

However, success of the technology has been varied in the last 20 years and no recent
scientific/engineering evaluation of performance of this technique is available in the
published literature, yet the technology continues to be implemented. Luff Exploration
reported on an evaluation for DOE in 19970f lateral drilling and completion technologies
for shallow-shelf carbonates of the Red River and Ratcliffe Formations in the Williston

Basin (DOE contract, DE-FC22-94BC14984). At that time, the only trouble free, adequately
proven technology examined in the study was medium-radius steered motor/MWD
technology. Testing of lateral jetting technologies in this study by Luff Exploration showed
limited mechanical success and, in general, unpredictable and unreliable performance.
Moreover, the technology appeared to be limited to jetting short laterals and use in limited
reservoir rock types.

Microhole Drilling

Microholes have proved successful in developing shallow low pressure gas plays in the
western U.S. such as the Niobrara Gas Chalk (namely, the Beecher Island Formation) (DOE,
2005). Coiled-tubing microholes are also being used in Alaska by BP and ConocoPhillips
and other locations worldwide including offshore to boost oil production. The use of
microholes as a means to workover a vertical well with a short radius lateral through
existing production casing would be a new application to recover unproduced oil in a
mature marginal oil field in the Midcontinent. The consideration of the microhole coiled
tubing lateral using a directional steering and a mud motor operating with a short turning
radius is a new application and needs to be tested for technical success and cost-
effectiveness. The objectives of working over the candidate producing well with the
microhole lateral is to 1) substantially increase total fluid production to recover more oil in
a high water cut reservoir, 2) reduce water coning and improve the oil cut, and 3) drain
untapped attic oil that lies updip. The candidate well has positively responded to
increased pumping and the decline rate of oil production is minor over the past 20 years.
Conditions for success of the lateral are good. Transient well testing before and after the
drilling of the microhole will provide quantitative assessment of the degree of enhanced oil
recovery in addition to providing additional aspects of reservoir properties. A positive result
will help to stimulate interest in and use of the microhole to produce residual reserves
trapped in pockets of marginal mature fields prevalent in the Midcontinent and elsewhere.

Progressive Cavity Pumps

Progressive cavity pumps have had limited use in Kansas and elsewhere in the
Midcontinent. Submersible pumps and pump jacks (sucker rod pumps) dominate the market
in shallow, marginal wells that typify this area. Successful application of this easily
available technology at the test site will demonstrate to marginal operators the effectiveness
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(energy usage and maintenance costs) of using cavity pumps to move high fluid volumes, as
is the case in many Midcontinent wells from mature fields.

B. Problems Addressed in this Research Project

Primary problems addressed by this research project include: 1) producing more oil
barrels by extracting higher fluid volumes from an existing vertical well fitted with
inexpensive laterals in a strong water drive reservoir; 2) disposing additional produced
water at no or minimal increased costs; 3) multiply disposal well injectivity; 4)
objectively and quantitatively test the use of short-radius laterals in a carefully designed study
to develop methodology and provide findings that can be generalized for future
application in other marginal fields.

I1l. Future

A. Barriers imposed by current state of technology

Barriers currently imposed in the use of water-jetted laterals include mixed or uncertain
results regarding establishing the distance of the lateral has penetrated, straightness and
direction of the lateral, and the varied approaches to employing this technology. There is
also a lack of published results related to either case studies and/or testing of the
technology. In this particular project, questions remain about the appropriateness of
water-jetted laterals to the objectives of this demonstration and testing, namely to drill a
sufficiently long lateral in a preset designed direction and constrained within a pay that is at
most 8 ft thick in a moderately heterogeneous, hard formation. It was therefore decided to
select and employ microhole drilling to sufficiently penetrate the pay zone over more than
150 feet along a predetermined trajectory without suffering the risk normally associated
with hydrojetting, i.e., lack of directional control and premature termination of the lateral
length due to presence of chert bodies or hard nodules in the path of jet.

Use of microhole drilling in an existing wellbore is a new approach particularly in a mature
marginal field in the Mid-continent. Issues specific to old wells will be addressed for
optimal completion of this workover. The assembly, staging, testing, and evaluation will be
important steps in technology transfer to measure success and determine use in other
reservoirs.

Barriers in use of progressive cavity pumps are mainly due to lack of familiarity with this
technology, initial costs, and design needed to adapt this technology to shallow marginal
wells.

B. Impact on U.S. Domestic Oil and Gas Supply.

Mature oil and gas fields may be revitialized on a well-by-well basis using proven cost-
effective water-jetted laterals. Over 400,000 marginal wells contribute 18% of the oil and
9% of the domestic oil and natural gas supply. An extra barrel of oil per well per month
would result in more than 5 million barrels of extra oil per year. Each year over 10,000 of
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these wells are plugged (IOGCC, Marginal Wells: Fuel for Economic Growth, 2007
Report). The older marginal water-drive fields typically have in excess of 97% water cut
and resulting high costs of production and disposal of water has suppressed this production.

C. Likely Environmental Impacts.

The positive impacts include reducing the height of surface pumps would improve the
aesthetics of the wells operated near a public lake. Fewer wells may be needed to drain
remaining reserves if laterals are selectively targeted. Higher water volumes are expected to
be pumped and disposed at no or little incremental costs (and energy) with the use of
progressive cavity pumps and an existing disposal well in the neighborhood whose
injectivity would be enhanced by targeted laterals. Produced water can be handled onsite in
the enhanced disposal well, eliminating the need to truck the water to another location that
would contribute additional energy costs, pollution, and road traffic problems. The pump
used can handle higher viscosity fluids and solids so downhole workovers needed to
maintain high volume production will be minimized.

The negative aspect of this project is that more surface activity in the field would
temporarily create noise and emissions. In case of hydrojetting, use of high pressure water
for jetting the laterals would pose a temporary potential for water leaks.

D. Path to Application.

The careful implementation and documentation of the project will in general be needed to
convey sufficient detail to the operators so that the technology can be readily implemented.
The quantitative testing prior to and after implementation of the lateral and workflows will
provide the basis to design and modify the technology for other appropriate applications.

Presentations, workshops, trade articles, and scientific papers will be used to convey results
to the operators and consultants who work with them. PTTC, RPSEA, and professional
societies will be used to co-sponsor and advertise the presentations. If successful operators
plans to workover other wells in the field and others using microhole laterals and will
continue to participate in technology transfer.

IV. Deliverables — Tools, Methods, Instrumentation, Products, Major Reports, etc.
1. Monthly status reports.
2. Final report on the results of the define effort.
3. Create and maintain a project website with relevant information and progress reports.
4

. Work with regional PTTC or other appropriate producer organization to present at least
one short course or workshop on study results.
. Publish at least one relevant article in a trade journal.
Prepare/present at least one technical article for SPE or similarly peer-reviewed journal.
7. Provide technical progress report at the conclusion of Task 5, discussing the results
obtained by this task.

SN L
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V. References (relevant and used in the assessment report) Water-Jetted Laterals:
Vendors and website:

Direct Slotting-Fracturing (DSF) technology of Hydroslotter Corporation, www.hydroslotter.com

MaxPEREF (formally Penedrill, Penetrators), www.maxperf.ca

Petrojet Canada Inc., Wellbore Extender System including Ninety Degree Exit Tool and Gradual
Exit Tool with multilaterals drilled using limited length of coiled tubing and water jetting
nozzle attached to rigid working string, www.petrojet.ca

Radcan Energy Services, Inc., www.radcan.com and Radial Drilling Services, high pressure
flexible hose from surface attached to water jetting nozzle delivered through deflector shoe,
www.radialdrilling.com

H.J. Schellstede and Assoc. Inc., ultra-short radius lateral drilling system using ultra high-
pressure jet cutting system (20k psi pumping system) using small diameter tubulars and
jetting nozzle, www.schellstede.com

Tempress Technology, rotary jetting tools for well stimulation, motor gas separator, water
jet drills with ultra-short radius laterals (field trials), acoustic well stimulation, pulse
drilling, www.tempresstech.com

Downhole mudmotors and geosteering

Sperry-Sun Multilateral Systems, laterals drilled with coiled tubing and downhole motors and
geosteering, www.halliburton.com

Baker Oil Tools, multilateral systems, downhole motors, coiled tubing, MWD, wellbore surveys,
www.bakerhughesdirect.com

Microhole Technology, a systems approach to mature resource development developed by
US-DOE,
www.netl.doe.gov/technologies/oilgas/publications/brochures/Microhole2006 Mar.pdf

SelectedPatents on high-pressurewaterjetted laterals:

Hydraulic jet method of drilling a well through hard formations, United States Patent 3324957,
Goodwin, Robert J., Mori, Ernest A., Pekarek, Joseph L., Schaub, Paul W., Zinkham,
Robert E, Publication Date: 06/13/1967

Hydraulic Jet Drill Bit, United States Patent 3576222, Acheson, Willard P. (Pittsburgh, PA),
Gardner, Gerald H. F. (Pittsburgh, PA), Messmer, Joseph H. (O'Hara Township, Allegheny
County, PA), Torcaso, Michael A. (Arnold, PA), Application Number: 04/811820, Publication
Date: 04/27/1971, Filing Date: 04/01/1969
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Method and apparatus for water jet drilling of rock, United States Patent 4119160, Summers, David
A. (Rolla, MO), Mazurkiewicz, Marian (Wroclaw, PL), Bushnell, Dwight J. (Corvallis, OR),
Blaine, James (Rolla, MO), Publication Date: 10/10/1978, Filing Date: 01/31/1977

Lateral jet drilling system, United States Patent 6189629, Mcleod, Roderick D. (5104 -125 Street,
Edmonton, Alberta, CA), Loree, Dwight N. (758 Woodpark Road S.W., Calgary, Alberta, CA),
Application Number: 09/153089, Publication Date: 02/20/2001, Filing Date: 09/14/1998

Method of and apparatus for horizontal well drilling, United States Patent 5853056, Landers, Carl
W. (141 S. Union St., Madisonville, KY, 42431), Application Number:
08/624438, Publication Date: 12/29/1998, Filing Date: 04/01/1996

Earth drilling method and apparatus using multiple hydraulic forces, United States Patent 4763734,
Dickinson, Ben W. O. (2125 Broderick St., San Francisco, CA, 94115), Dickinson, Robert
W. (Marin County, CA), Rabb, David T. (Alameda County, CA), Application Number:
06/811577, Publication Date: 08/16/1988, Filing Date: 12/23/1985

Well penetration apparatus and method, United States Patent 4640362, Schellstede, Herman J. (342
Duperier Ave., New Iberia, LA, 70560), Application Number: 06/721848, Publication Date:
02/03/1987, Filing Date: 04/09/1985

Publications:

Al-Hady, A.F., LaPrad, D., and Sadi, A.A., 2003, Ultra short radius drilling trials in PDO: SPE
81410, 10 p.

Blount, C.G., Gantt, L.L, Hearn, D.D., Mooney, M.B., Smith, B.E., Quinn, D., and Larson,

E.B., 1998, Development update of an MWD directional drilling package for 2-3/4”

openhole: Tiny Tools: SPE 46016, p. 79-89.

Cohen, J.H., Deskins, G., and Rogers, J., 2005, High-pressure jet kerf drilling shows significant
potential to increase ROP: SPE 96557, 8 p.

Deschamps, B., Desmette, S., Delwiche, R., Birch, R., Azhar, J., Naegel, M., and Essel, P., 2008,
Drilling to the extreme: the micro-coring bit concept: IADC/SPE 115187, 12 p.

Diaz, J.D., Espina, V., Guerrero, M., and Colmernares, O., 2007, Successful implementation of
coiled-tubing acid tunneling gives operator a viable alternative to conventional
stimulation techniques in carbonate reservoirs: SPE 107084, 9 p.

Dickinson, W., Anderson, R.R., and Dickinson, R.W., 1989, The ultrashort-radius radial system:
SPE Dirilling Engineering, p. 247-254.

Dickinson, W., and Dickinson, R.W, 1985, SPE 13949, Horizontal radial drilling system, p. 887-
892.

Dickinson, W., Pesavento, M.J., and Dickinson, R.W., 1990, Data acquisition, analysis, and
control while drilling with horizontal jet drilling systems: Petroleum Society of
CIM/SPE, Paper CIM/SPE 90-127, p. 127-1 to 127-10.

Feenstra, R., Pols, A.C., and van Steveninck, J., 1973, Rock cutting by jets: A promising method
of oil well drilling: SPE Publication 425, 31 p.

Haller, K.K., and Poulikakos, D., 2003, Shock wave formation in droplet impact on a rigid
surface: lateral liquid motion and multiple wave structure in the contact line region: J.
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Fluid Mech., v. 490, p. 1-14.

Hearn, D.D., Blount, C.G., and Kamowsky, P.E., 1996, Coiled tubing window milling:
IADC/SPE 35126, p. 669-684.

Hoang. S.K., Abousleiman, Y.N., and Al-Tahini, A., 2008, Multilaterals drilling and sustainable
openhole production in theory to field case studies: SPE 116138, 23 p.

Idiodemise, E.J., and Dosunmu, A., 2007, A model for completion selection for multilateral and
multibranched wells: SPE 111884, p. 21.

Iyoho, A.-W., Summers, D.A., and Ldecki, G., 1993, Petroleum applications of emerging high-
pressure waterjet technology: SPE 26347, p. 333-342.

Kolle, J.J., Otta, R., and Stang, D.L., 1991, Laboratory and field testing of an ultra-high pressure,
jet-assisted drilling system: SPE/IADC 22000, p. 847-857.

Koll¢ J., and Theimer, K., 2005, Microhole Jet Drilling-- System configuration and integration,
topical report #1, reporting period: 1 Feb 2005 through 30 June 2005, DOE Award
Number: DE-FC26-05NT15484-A001, Tempress Technologies, Inc.

Kolle, J.J., Theimer, K., and Teimer, A., 2008, Coiled tubing jet drilling with a downhole
intensifier: SPE 113725, 10 p.

Konopczynski, M.R., Hughes, J., and Best, J.E, 1995, A novel approach to initiating multi-lateral
horizontal wells: SPE/IADC 29385, p. 451-461.

Lee, D., Brandao, F., Sotomayor, G., Lucena, H., and Filho, P., 2003, A new look for an old field
— Multilateral, underbalanced, semi-short radius drilling case study: Installation of a
seven leg multilateral well: SPE/IADC 79857, 12 p.

Logan, T.L., 1968, Horizontal drainhole drilling techniques used for coal seam resource
exploitation: SPE Paper 18254, 6 p. + figures.

Logan, T.L., Schwoebel, J.J., and Horner, D.M., 1987, Gas application of horizontal drainhole
drilling technology for coalbed methane recovery: SPE/DOE 16409, p. 195-206.

Maurer, W.C., 1968, Novel drilling techniques, Pergamon Press, Inc., New York.

Maurer, W.C., and Heilhecker, J.K., 1969, “Hydraulic Jet Drilling,” paper SPE 2434, presented
at SPE Fourth, Conference on Drilling and Rock Mechanics, Austin, Tex., Jan, 14-15.

Moss, P., Portman, L., Rae, P., and Di Lullo, G., 2006, Nature had it right after all! —
Constructing a “plant root”-like drainage system with multiple branches and uninhibited
communication with pores and natural fractures: SPE 103333, 12 p.

Nasr-El-Din, H.A., Al-Habib, N.S., Al-Khamis, M., and Jemmali, M., 2005, A novel technique
to acidize multilateral open hole ER horizontal wells drilled in carbonate formations: SPE
93500, p. 10.

Parsons, R.S., and Fincher, R.W., 1986, Short-radius lateral drilling: A completion alternative:
SPE 15943, p. 239-250.

Peters, A.D., and Henson, S.W., 1993, New well completion and stimulation techniques using
liquid jet cutting technology: SPE 26563, p. 739-745.

Pustanyk, R.H., 1996, Short radius drilling system: SPE 35055, 7 p.

Rae, P., Di Lullo, G., Moss, P., and Portman, L., 2007, The dentritic well: A simple process
creates an ideal reservoir drainage system: SPE 108023, 5 p.

Retnanto, A., Frick, T.P., Brand, C.W., and Economies, M.J., 1996, Optimal configurations of
multiple-lateral horizontal wells: SPE 35712, p. 609-616.

Stanley, F.O, Serrano, F., and Knopp, S., 2004, Rotating jet technology improves stimulation
fluid placement to effectively treat horizontal and gravel packed wells — Lab model tests
and global results are reviewed: SPE 90174, 16 p.

Summers, D.A., and Henry, R.L., 1971, Water jet cutting of rock with and without mechanical
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tortuosities by means of hydrojetting: SPE 28761, p. 193-201.

Veenhuisen, S.D., Kolle, J.J., Rice, C.C., and O’Hanlon, T.A., 1997, Ultra-high pressure jet
assist of mechanical drilling: SPE/IADC 37579, p. 79-90.

Vestavik, O.M., Fidtje, T.H., and Faure, A.M., 1995, Casing window milling with abrasive fluid
jet: SPE 30453, p. 45-49.
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lateral drilling tool: SPWIADC 25748, 17 p.
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10. APPENDIX B. DRILLING REPORT FROM TRES MANAGEMENT

Interval: Surface to 250 ft —

Drill 12 1/4” hole to 250°. Bottom hole assembly; mill tooth bit, bit sub, and 6 "4 collars.
Spud with 35+ viscosity, pump hi-vis sweeps with cotton see hulls for hole cleaning. Maximize
pump flow rate (6 ¥4 x 14, 7.06 gal per rev,). Short trip to bit, condition hole for casing.

Run 9 5/8” 36# J-55 casing with 4 centralizers, utilizing landing joint. Strap weld bottom two
connections.  Wash casing to bottom and circulate minimum one casing volume prior to
cementing. Cement with 140 sx Regular, 2% gel, 3% CaCl, .5% flocele. Drop wiper plug and
displace to 220°+/-, shut in and WOC.

Interval: 250 ft to 2,100 ft — Straight hole

Take surveys at 500’ intervals. Desired pump rates in the 400-500 gpm range. At kickoff,
circulate hole clean and trip out for directional tools. If the hole conditions dictate, be prepared
to return to bottom to condition prior to running directional tools.

Interval: 2,100 ft to 3,100 ft MD — Build Section

Pick up 8 %4” insert bit, bent housing motor (1.8 — 2.12 deg bend), float sub, MWD with gamma ray,
monels, 900’ drill pipe, 12 drill collars, jars, 3 drill collars, and remainder of drill pipe. Trip in hole
taking directional surveys at 500’ intervals. Determine actual bottom hole location and make well
plan adjustments as needed. Initial build rate will be 8 degrees per 100°, increasing to 12 degrees
following a 100’ tangent at 45 degrees, all at a 313.7 deg. azimuth.

Maintain 300+ gpm and 45-55 viscosity for hole cleaning. Add LCM only as needed. Should it
be necessary to carry LCM through the curve, determine in advance with directional personnel
the preferred blend of LCM best suited for optimum tool performance. Difficulty sliding is often
related to hole cleaning. Monitor solids at the shaker in an attempt to determine if cuttings removal
is efficient for current P-rates. Hi- vis and/or lo-vis sweeps and short trips should help in hole
cleaning. Additions of soltex, powdered graphite, and various °‘lubricants in a drum’ are often
required to improve sliding performance.

Casing point target is at 3130° MD, 2815’ TVD at angle of 89.96 degrees. Condition hole for
casing. In the event of excessively tight hole conditions trip out, lay down directional tools, pick up
an under gauge reamer at 30’ and ream the curve. Lay down 4" drill pipe and collars. Run 7 23#
J-55 casing with guide shoe and float collar on top of first joint. Calculate cement for 1000’ fill, or to
kickoff point, plus 40% excess. Circulate minimum one casing volume prior to cementing. Cement
with 10 bbl fresh water spacer followed by 185 sx Thick Set, 8 1b/sx gypseal, 8 1b/sx salt, 4% gel, 2%
CaCl mixed at 14.8 ppg, 1.68 yield.. Displace cement with fresh water.

Pick up BOP, set slips with 7” in full tension. Install 5 2” pump liners. Nipple up BOP.
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Test BOP and casing to 500 psi with rig pumps
Interval: 3,130 to 4,915 ft — Lateral Section

Pick up 6 1/8” PDC, 4 3” - 1.8+/- slow-speed motor, float sub, MWD with focused gamma
ray, 2- flex monels, 1500 3 '%” 13.3# S-135 drill pipe, 34 joints 3 1/2” hevi- weight DP, jars, 6
joints HWDP, and remainder of 3 '4”. Drill cement and shoe

Drill lateral at 200+ gpm. Monitor solids removal versus P-rate and torque and drag changes
for indicators of improper hole cleaning. Directional plan is toTrip as necessary for pipe swap to
insure HWDP stays in the straight hole. Bit records from wells in Woods County indicate
relatively short bit runs in the lateral (50 hours in 8 %4” hole size) due to chert content. Expect 30-40
hour runs in 6 1/8” size under similar conditions with IADC 537 or 547 bits. Evaluate dull bit
condition for possible PDC run (especially in the front part of the lateral) or diamond enhanced gauge
row protection due to increased chert composition.

At total depth, condition hole for logging. If necessary, trip out, lay down directional tools, and
make additional conditioning trip prior to drill pipe conveyed logging operation.

Following logging operations, trip in hole with bit and drill pipe. Displace hole with clean fluid.
Trip out laying down drill pipe. Rig down, release rig.
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Figure 1. (Upper) well location map of Hillsboro Field located in Marion County in central Kansas. (Lower left) Map

of Kansas showing oil and gas fields and the location of Hillsboro Field. (Lower right) Index map of US showing
state outlines and location of Kansas.
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Figure 2. Stratigraphic position and age of the Viola Limestone in Kansas
(http://www.kgs.ku.edu/General/Strat/Chart/paleozoic_22.html).
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Figure 3. Annual and cumulative oil production and number of productive wells in Hillsboro Field since 1966. Prior
production back to the discovery date of 1928 are not shown.
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Figure 4. Annual and cumulative oil production from the O. Penner 12 #1 well since drilling in 1984.
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Figure 5. Regional subcrop map of the Viola Limestone in south-central Kansas (Newell, 1996).
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Figure 7. (upper half of Figure) Northwest-southeast structural cross section in vicinity of the Penner lease in

Hillsboro Field. (lower) Cross section index on structure map on top of the Viola Formation showing location of

wells.
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Depth = feet

\ 600-foot interval of

predominately limestone
and thin shales

Legend

hert

Limestone

Mississippian Limestone is ~80 ft of hard microporous chert
“chat” underlain by ~60 ft of tight limestone (Compton
Limestone)

Kinderhook

Shale | kinderhook-Chattanooga shale interval (~300 ft) -- caliper
log, light turquoise line in left track, indicates two softer
Chattanoogpshale intervals; Chattanooga shale is generally hard and

,/Shale organic-rich

— Target - porosity zone in upper Viola Ls.

Figure 8. Rempel #5 with modern log suite located 1/4 mile southwest of O. Penner #12-1 producing well
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VWell Daia: Rempel No. 5 (15-115-21154)
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Target Interval for Lateral: Porous zone in the
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Figure 9. Detail log of the Rempel #5. Interval shown extends from the top of the Mississippian chert to the Viola
Limestone. Neutron porosity displayed by the black colored profile in this diagram indicates porosity ranges from 10

to 20%.
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Southwest RPSEA-American Energies funded project. Northeast
. 4
0. PENNER
N A I S
1 O. Penner Well completed as
Subsesa 1o Subzes
Depth(ft] T e open hole Depth(ft)
-1200 3 ft below top of ViolaLs. in a -1200
1205 BOVOS'ttY ?]':[eak' R |45 1225
scoun | Jpper tight zone in Rempe -
-1250 INGERHDOKIL il likely has thinned due to 1 No dataon Weins A-1 | 1280
truncation. other than abandoned
1275  oil producer and - 127
4300 estimated top of Viola | ...
Base of porosity in Location of 300 ft lateral Ls. from structure map
1325 Rempel #5 is 32 ft Estimated dip = 2 degrees, provided by AEC. - 1325
4350 below top and top of 200 ft/mi or 11 ft over 4350
o 300 ft lateral
better lower porosity is

1375 / 1375

21 ft below top of Viola.

R

-1400 -1400
/ CGoU"k __,_...--'""'"—

1425 i P‘T‘“__,...- 425
— | =] 1250 ft between O. Penner #1

1450 fl — & Weins A-1 450
- 60 ft gain in elevation

-1475 — 2.7 degree dip overall 475

1500 = m 1500
= | | | |

-1525 |—— 1525

Estimated oil-water contact
=-1518 ft (maximum), -1464 ft (minimum = TD of Penner well) | ;55

~|: -1575
-1600 -1600
Empire Suder #1, 985 ft northwest of ,’has Viola at -1425 ft,'IP 400 BOPD
Shell Funk GW #2, 1040 ft southeast of O. Penner #1, Viola at -1415 ft, IP 77.5 BOPD

-1530

-1575

Figure 10. Southwest to Northeast structural cross section. Base of porosity in Rempel #5 is 32 ft below top and top of better lower porosity
is 21 ft below top of Viola. O. Penner #12-1, an open hole completion. 3 ft below top of Viola Ls. in a porosity break. Upper tight zone in
Rempel #5 likely has thinned due to truncation. Estimated oil-water contact = -1518 ft (maximum), -1464 ft (minimum = TD of Penner
well). 1250 ft between O. Penner #12-1 & Weins A-1, 60 ft gain in elevation, 2.7 degree dip overall. Empire Suderman #1, 985 ft northwest
of O. Penner #1, has Viola at -1425 ft, IP 400 BOPD and Shell Funk GW #2, 1040 ft southeast of O. Penner #12-1, Viola at -1415 ft, IP 77.5
BOPD. No data on Weins A-1 other than abandoned oil producer and estimated top of Viola Ls. from structure map provided by AEC.
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Figure 11. Drillers Log of the O. Penner #1-12 showing top porous Viola (open hole completion). Top Viola: 2825 ft.
(-1459 subsea). TD: 2830 ft (5 ft below top of Viola Ls.). Casing shoe: 2827 ft. Circulate at 2828: trace dolomite.

Circulate at 2830: coarsely crystalline dolomite good porosity and even oil show (est. 90% saturation).
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Figure 12. Structure contour map of the top of first porous zone in the Viola Formation. Contour interval is 1 ft. The
well control is primarily drillers logs. The yellow box shows the location of the lateral that would start on the north
and extend south following fee acreage that was confirmed by land department. The area to be simulated is 120 acres.

A 10-acre grid pattern is used in the simulation. Contour interval is 1 ft.

Document #07123.04 Final

Page 84



IP iola
]

I-iast half i West p:)ortion
Section 12 Sectign 7

1
. Penner #1.2-1
8 7 BO +200 BW : :
L _ } ,,,,,, . N Nl 7 5 S T B

Plug date:
== -'May 1957

- = T Plug date:
June 1968 |

Figure 13. Initial potential from wells near and on the anticline that is proposed to be the location of the lateral.
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HCT-directional
drilling corridor
on fee acreage

Figure 14. Location of proposed lateral in green when identifies where it is horizontal in the Viola Formation.
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Drill new well near location of
Penner producing well

Lateral drilled on fee acreage in
abandoned portion of Hillsboro
Field

Alternate surface location

X

—

Figure 15. A Google Earth view of the location of the course of the north-south lateral including the southerly bend
before the lateral reaches the Viola Formation in a horizontal position. HCT rig would be located on the exiting pad

of O. Penner #12-1 well.
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Microhole

* Hole Size
— Exit 4-1/2" casing
* 4%" or 3%" typical

* Rig: Hybrid CT
— Instrumentation CT
* Limitations
- — CTDrig cost
. — Shallow (5,000-7,000")
use to date
. — Limited small-motor use
« Strengths
— Small hole = Lower cost
— Lower cost = Lower risk
— Smaller footprint

Slimhole

» 2%," sidetrack & inst.

Hole Size
— 90% of hole < 7"
* Any ~6" prod. int.
typical

Rig: Rotary

— Special rotary: SHADS
Limitations

— Kick tolerance

— Variable economics over

conventional

— Industry paradigms
Strengths

— Small hole = Lower cost
— Lower cost = Lower risk
— Smaller footprint

Modified from original slide
from Roy Long, NETL (2005)

Advanced Drilling Technologies

- low cost —
- shallow depth limit just fine for upper
Midcontinent

Figure 16. A comparison of microhole and slimhole technology as noted by R. Long (2005). Advanced Drilling

Technologies hybrid coiled drilling rig is classified as a microhole since the coil can be as small as 2 % inch diameter.
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Figure 17. Photo of the ADT’s moble hybrid coiled tubing rig. This well was reported to have drilled 300,000 ft of
hole in seven months.
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0. Penner #1 FPSEA-American Energies funded project.
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Figure 18. Structural cross section showing the profile of the horizontal well drilled from the location of the O.
Penner #12-1 using proximal well control. The well enters the Viola in a 20 ft window. The kickoff for the non-
vertical portion of the lateral would be in the dense Mississippian Compton Limestone (blue interval).
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Figure 19. Young’s Modulus curve for the Kinderhook and Chattanooga shale intervals from a well in Barber

County, Kansas.
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http://www.engr.uconn.edu/~lanbo/G229L ect08031RockMech2.pdf

Figure 20. Table of bulk module for various rocks including Young’s modulus, Ex106 (psi).
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Figure 21. Reservoir Simulation Results — Base Case. Oil saturation after one year of production from north-south

lateral. Two layer model with initial pressure of 1200 psi, permeability equal to 25 md. Pressure during flow drop by
200 psi to 800 psi. 120-Acre Simulation Area, 10-acre grid pattern, SE Section 12 and SW Section 7 with lateral well
(thin red N-S line) located along the north-south section line separating Section 12 and 7.
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Figure 22. Oil saturation maps for the upper and lower layers over the course of 10 years of production of the 1100 ft

lateral.
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10-yr 10-yr
Cum Oil | Cum Wtr
MBO MMBW Comments
Base Case (K =25 md) 329.5 3.7 Swecrit = 0.3, Sorw = 0.204, Pr 2019 = 757 psi
Stronger Aquifer (Aq K =30 md, R = 1800 ft) 342.9 4.4 Swecrit = 0.3, Sorw = 0.204, Pr 2019 = 850 psi
Lower Permeability (K = 15 md) 256.1 2.7 Swecrit = 0.3, Sorw = 0.204, Pr 2019 = 867 psi
Lower Permeability (K = 15 md, Rel K end pts adj) 366.9 2.5 Swecrit =0.369, Sorw = 0.182, Pr 2019 = 868 psi
Fracture Permeability (K = 80 md) 494.6 6.4 Swecrit = 0.3, Sorw =0.204, Pr 2019 = 492 psi
_IFracture Permeability (K = 80 md, Rel K end pts adj) 295.6 6.6 |Swecrit = 0.169, Sowr = 0.221, Pr 2019 = 490 psi
{INet to Gross = 0.60 (K = 25 md) 208.4 2.7 Swecrit = 0.3, Sorw = 0.204, Pr 2019 = 869 psi

Figure 23. Simulation Results — Different Scenarios. Relative permeability table used is based on correlations
developed by Alan Byrnes based on Mississippian core analysis for lithofacies that is similar the Viola pay. Alan had
noted that correlations existed between end points such as Swcrit and Sorw with permeability. Future simulations
will investigate horizontal productivity using 3-layers to model the transition water saturation in the pay zone.
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Figure 24. Location of Unger Field in east-central Kansas on northern edge of Sedgwick Basin.
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Figure 25. Production history of Unger Field.
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Figure 26. Structure on top of the Hunton Group as preserved in north-central and northeast Kansas (Gerlach,
2012).
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Figure 27. Generalized stratigraphic column of the Silurian-Devonian Hunton Group in north-central Kansas (from

Taylor, 1946).
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Two possible trajectories of the lateral
Green dashed — SW flank of structurally high

closer to fault and possible vertical water
conduit (dropped from consideration)
Purple dashed — NE flank of structure

Section 19 — T21 South- R3 East

Cl.=10ft

Figure 28. The structure contour map on top of the Hunton Group in the southern portion of Unger Field. Outlined
in red in lower portion is a NE-trending anticline referred to as “Section 19 anticline”. Geology by Gerry Honas.
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|
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Section 19 e i

Figure 29. Isopach map of the Hunton Group in the southern portion of Unger Field. Areas of zero Hunton run
roughly west to east in the area north of Section 19. Geology by Gerry Honas.

Document #07123.04 Final Page 101



Lateral end: Projected
@ 1650 ft FNL & 1750 ft FWL -~
-~ .
Open hole = 2100 ft _-" Location of
-~ g
_- Lateral
-
”~
-
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-
-
-
-
Rood #4 reference well }\‘ -
Lateral start: CNWSE
1878 ft FSL & 1750 ft FWL

= E DST data from:

‘5’ Slocombe 5, 6

=% Mellot 4

(o) Rood1,2,3,4,5,7

Z (steady/constant =

— Strong water drive)

Figure 30. Section 19 Anticline in Unger Field as shown on a structure map top Hunton Group. The map shows the
proposed well trajectory of the lateral on the upper east side of the anticline. Contour Interval =5 ft. A cross section
index is highlighted as a blue line. Each well is labeled with lease name, an upper blue number corresponding to

thickness of Hunton reservoir (feet) and the lower number with the subsea elevation on the top of the Hunton Group.

The original O/W contact is ~-1420 ft, with elevations below this highlighted in green and blue colors.
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Northwest Southeast

Rood 7 Rood 4 Sloc. 6 L.D. Sloc. 1 L.D. Sloc. 2 L.D. Sloc. 4

Top Mississippian Ls.

Top Kinderhook &ChattanoogaShales

@) Top Hunton

\‘ Proposed lateral 100 ft

Figure 31. NW-SE structural cross section with scanned wells in sec. 19-21s-3w, Unger Field extending along the
axis of the Section 19 anticline. Lateral is located between Rood 4 and Slocombe 6 off to east side of the anticline.
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19-21-3E Wells in study area Calculated from swab testing
Top DST DST Perf Perf B/d B/d B/d
Location Well Operator Completion Elev/KB |Hunton from to BHP From To 1P Qil IP Wtr IP Fluids
NE SE SW Allison 1 Red Drilling Co 1/17/1957 1477 2871
N2 N2 SE LD Slocombe 5 Anderson Prichard 7/15/1957 1421 2843 2810 2821 1035 117 22 139
NW NW SE L Slocombe 1 Anderson Prichard 3/26/1957 1423 2804 240 NW ' 240
SE NW SE L Slocombe 2 Anderson Prichard 4/12/1957 1421 2805 109 46 155
NW SW SE L Slocombe 3 Anderson Prichard 4/22/1957 1433 2825 2828 2844 1015 2830 2834 38.4 91.2 130
2859 2871 1400
SE NW NW Mellott 1 Anderson Prichard 3/15/1957 1443 2832 2836 2841 214 NW 214
NE NW NW Mellott 2 Anderson Prichard 3/16/1957 1442 2843 111 NW 111
NW NW NW NW |Mellot 3 Anderson Prichard 4/30/1957 1449 2848 112 4 116
NE SW NW Mellot 4 Anderson Prichard 5/15/1958 1453 2845 2845 2850 88 88
SW SE NW Rood 1 Wilton Pet 6/10/1988 1434 2814 2817 2818 3 38 41
NE SE SW Rood 1 Red Drilling Co 10/25/1957 1435 2871
NE NE NW Rood 1 Anderson Prichard 9/7/1956 1454 2854 2857 2884 1020 2858 2861 8 189 198
NE SE NW Rood 2 Anderson Prichard 2/1/1957 1439 2834 2844 2875 1025 2846 2851 189 NW 189
SW NE NW Rood 3 Anderson Prichard 2/22/1957 1441 2839 2840 2870 1010 2847 2852 2544 NW 2544
[SESENW ™~ Rood4 Anderson Prichard  2/11/1957 1436 2815 T T TT7°7 2832~ T 2837 252 NW T 252]
NWNENW ~ "~ TRood6 ~ ~ ~ ~ ~ T/ Anderson Prichard ~ |~ ~ 4/4/1957] ~ T 447~ T o847 T T T T T T T T T TTTTTTOTTTTTETTN 148TW T T T 148]
NE NE SW Rood 5 Anderson Prichard 3/9/1957 1440 2819 2845 2850 201 4 205
SE NW NE Slocombe 2 Anderson Prichard 8/21/1956 1454 2856 186 6 192
C N2 N2 NE Slocombe 3 Anderson Prichard 9/15/1956 1449 2849 77 64 141
C NW SE NE Slocombe 4 Anderson Prichard 9/23/1956 1434 2854 2865 2875 1040
NW SE SE Slocombe 4 Anderson Prichard 5/15/1957 1422 2827 5 175 180
NW SE SE Slocombe 4 Anderson Prichard 6/19/1957 5 250 255
SESENW ___|Rood4 __ ____|Anderson Prichard_ _|__ 2/11/1957_ _ 1436 _ _2815__ ____ ____|________ 2832 2837 _22NwW___ [ 2%
SW SW NE Slocombe 6 Anderson Prichard 3/1/1957 1434 2816 2816 2826 252 36 288
NW SW NE Slocombe 5 Anderson Prichard 1/13/1957 1418 2835 2838 2844 235 NW 235
NWSENW_ _ _Rood7 _ _____ Anderson Prichard _ _ _ _ 5/8/1958 _ _ _1435_ _ _ 2818 _ _ _ _ _ _ _ _ o ____. 2819_ _ 2824 _ _ _219NW_ _ _ ____219
NE NE SW Rood 5 Anderson Prichard 3/9/1957 1440 2819 2828 2834 201 4 205
SW SE NW Rood 1 Wilton Pet 6/10/1988 1434 2814 2817 2818 3 38 41
NW NW SE L Slocombe 1 Anderson Prichard 3/26/1957 1423 2804 240 NW 240
NE SE NW Rood 2 Anderson Prichard 12/31/1956 1439 2834 2844 2875 1025 2846 2851 189 NW 189

Figure 32. Key wells used in the study to map the distribution and structural configuration of the Hunton Group

reservoir.
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Figure 33. Anderson-Prichard L.D. Slocombe #2 with unscaled gamma ray and neutron log. Hunton pay zone is
limited to 3 ft thick.
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NW

100 ft

SE

Figure 34. NW to SE structural cross section along the axis of the Section 19 anticline.
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900 ft

Figure 35. Same NW-SE structural cross section as Figure 38, but with greater vertical exaggeration. Inset map, a
structure contour map of the top of the Hunton reservoir shows location of the cross section.
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South e Lateral passes through this cross section east of Rood #4 NE

Tight upper section -

of Hunton reservoir

Near fault zone \ /

~original O/W
Likely faulted zone Unscaled neutron log SP-Cal-microlog SP-Cal-microlog SP-Cal-Microlog
6655 BOPD, NW 17,800 BOPD, NW 212 BOPD, NW 141 BOPD, NW
Vertical Exaggeration = 3x State drawdown test State drawdown test 8 hrs. 8 hrs.

Figure 36. A south to northeast structural cross section that extends across the Section 19 anticline also includes the
Rood #4 reference well.
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Figure 37. Anderson-Prichard AEC Rood #4 located in se se nw Section 19. Effective ~14 feet thick. Upper H3 zone
~6 feet thick. Rmf equals 0.55 at 95 degrees. Rmc is equal to 1.45 at 95 degrees.
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Figure 38. Slocombe 6 CAL-SP-Microlog, sw sw ne Sec. 19, Effective pay ~25 ft. Upper flow unit/zone ~13 ft thick.
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Rood 7 nw se nw Sec. 19
NE end of lateral pelwmﬂs‘w" CAL-Microlog
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Figure 39. Rood #7 located near the end of the lateral and ~800 ft northwest of Rood #4.
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6 : 1
Rood . v Rood

Figure 40. Total thickness of Hunton pay (color fill) overlain by structure top of pay zone (contours & dip vectors).
Index line (purple dashes) correspond for cross section shown in Figure 45. Wells included in cross section are Rood

#7, Rood #2, Slocombe #5, Slocombe #6, Rood #4, and Rood #5.
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Figure 41. NW to SE structural cross section with correlated flow units. The project lateral is shown, intersecting the
upper flow unit H3.
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Thickness, H1 Thickness, H2

Ave porosity, H1 Ave porosity, H2

Trajectory of lateral

.
.

Thickness, H3

Ave porosity, H3

Figure 42. Comparison of the thickness of flow units H1, H2, and H3.
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Figure 43. Thickness of uppermost H3 layer (color fill) with structure top of pay zone (contours). Horizontal well is

high on east flank of NW-SE trending structure.
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Figure 44. Thickness of H4 layer (topmost porosity) with structure top of pay zone as contours. Slocombe #3 well that
was cored is highlighted on the map.
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Figure 45. The microlog suite of the Hunton reservoir interval showing correlation scheme for the flow units. H5 at
the top is not porous and is not considered a reservoir. Well was drilled below the oil:water contact. Average microlog
derived porosity is low when compared to the core porosity. The porosity and permeabilty are plotted in depth along

the middle right side.
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Figure 46. Phi-k plot of the Slocombe #3 and Suderman 1 cores are shown. The Suderman #1 is from a core taken
outside of Unger Field.
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Ave. Permeability, H1

Structure, Top Hunton Pay

Ave. Permeability, H2

trajectory of lateral

Ave. Permeability, H3

Figure 47. Average permeability maps for H1, H2, and H3 flow units estimated based on correlation of core porosity

and permeability from Slocombe #3
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Central Kansas Uplift

\.

50 miles
(80 km)

Unger Field

Nemaha Uplift

__—

Contour interval = 100 ft

Gerlach (2011)

Figure 48. Unger Field is located on the west flank of the Nemaha Uplift within ~10 mi from the crest. Base map is
the configuration of the top of the Lower Ordovician Arbuckle Group.
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Figure 49. Total magnetic field intensity reduced to pole overlain with a 2-10 mile tilt angle anomaly, the latter
recognized by a “zebra pattern” modifying broader color patterns of the total magnetic field intensity. Also, variable
color structural contours on top of the Arbuckle are provided. Unger Field outlined in yellow and yellow area. Scales

for the magnetic and Arbuckle structure are included in Figure 54.
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Figure 50. Unger Field, highlighted in yellow, is shown in the context of the total magnetic anomaly and its tilt angle
counterpart. Also shown are structural contours on the top of the Arbuckle Group that lies beneath the Hunton
Group dolomite reservoir. Also, regional surface lineaments are shown in the south half of the map for comparison
to the tilt angle anomalies. Scales for the tilt angle, total magnetic field reduced to pole, and Arbuckle structure are
provided in the Figure. Derivation of the tilt angle is also provided, artangent of the ratio of the 1st order vertical
derivative by the 1st order horizontal derivative.
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Figure 51. Teapot Dome, Wyoming possible analog with main NW-SE fault on west flank and secondary NE
trending faults and fractures cross cutting structure (Chiaramone et al., 2006).
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Figure 52. (Left) Model grid of Teapot Dome with producing area outlined in black showing potential reservoir
compartments with orange colors represent intermediate fracture intensity with blue colors defining intermediate to
high intensity (Wilson and Smith, 2013). (Right) Map of Teapot Dome illustrates anticline hinge zone, inferred NE-
trending faults, and the age relationship of the two dominant fracture sets based on an outcrop and core investigation

(Scott et al., 2005).
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Figure 53. Structural contour map on top of the Hunton reservoir showing location of the Rood #3 in the northwest
quarter section of Section 19 of Unger Field. Dashed lines indicated possible structural blocks that outline the key
producing anticlines. The high initial oil productivity may the proximity to a fault or fracture system that is related to

the boundary of the structural block in which it is situated.
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Figure 54. Well plat showing surface location.
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Actual length of
lateral

/ 1137 ft.

Figure 55. Horizontal drilling plan as prepared by Pan American Drilling Services.
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Figure 56. Azimuthal Gamma Ray tool used by Pan American Drilling Services used while drilling to assist
geosteering.
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Figure 57. Photograph of backup Azimuthal Gamma Ray tool used by Pan American Drilling Services.

Document #07123.04 Final Page 129



Figure 58. Specifications of the focus gamma ray of Pan American.
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Directional drilling with Pason controls

Figure 59. Directional driller has access to the azimuth and inclination of the well in addition to other vital
information about the drilling.
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Figure 60. Output from Pason Control to show well progress in real time. The curves on the right are rate of
penetration (ROP) shown in red and the focused gamma ray tool is the blue curve with scales noted at the bottom.
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overlying the Hunton
reservoir

Figure 61. Output from the Pason MWD highlighting drilling curves including the focused gamma ray though a key
correlation, the Mississippian Limestone.

Document #07123.04 Final Page 133



Figure 62. MWD for the landing of the lateral in the top of the Hunton reservoir.
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Figure 63. Pason’s Real Time Drilling Data with a soft landing on the Hunton Dolomite, 1-17-11.
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C&G Drilling Rig #2, Geo trailer, Tres Management,
Pan American Directional Drilling/MWD (January 2011)

Double stand rig (60 ft) with
duplex pump used for shallower
drilling in north-central Kansas

Figure 64. The drill rig, the C&G Rig #2 , geotrailer to the left and the Pan American directional drilling and Tres
Management trailers farther to the left. Mud pit is to the right of the rig.
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Figure 65. Geologist’s trailer with computer conveying drilling progress.
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Figure 66. Doug Davis, geologist, running well cuttings.
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Samples on Deck

Figure 67. Cups and aluminum tins used to wash and sample well cuttings.
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Strong show in Hunton - sucrosic, fine intercrystalline @ dolomite with light brown spotty
stain, free oil, fluorescence, cut, odor

Figure 68. Washed cuttings samples of the Hunton reservoir (light brown sugary dolomite), shale slough, and a mix
of water and light oil wetting the sample.
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Figure 69. Photo taken through the eyepiece into the ultraviolet light box showning strong white oil stained dolomite
crystals.
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Figure 70. Drilling on a cold night.
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Figure 71. Field trip to the well site by several industry members of the Kansas Geological Society and students.
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Figure 72. Alan Degood, President of AEC listens to a description of the azimuthal gamma ray tool during the field
trip to the well site.
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Tye Wichita Cagle

New life in old oil wells Wichita driller hopes new technique opens
oil fields

By DAN VOORHIS

The Wichita Eagle

Published Sunday, Jan. 16, 2011, at 12:05 a.m.

Updated Sunday, Jan. 16, 2011, at 12:56 a.m.

Read more: http://www.kansas.com/2011/01/16/1676580/ita-driller-
hopes-new-technique.html#ixzz1f7KOo7kp

Figure 73. Lynn Watney hosted to reporter and photographer for the Wichita Eagle who published a informative
story about drilling this well.
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American Energies Corp.
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Slocombe Rood # 1- Plan View
Marion, Kansas
aron. ¥ e o o e e e o e ot . o . m -
sy 2011
o
\
A
500 ft
\

Section View

L Lo American

Figure 74. Section and plan view of the original lateral and the actual in blue. Differences are in the 10s of feet and
appear minor in the overall well design.
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MD vs TVD with location of lateral with respect to top and bottom of Hunton Pay
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Figure 75. MD vs TVD with location of lateral with respect to top and bottom of Hunton pay interval. Index numbers
in red are located on map in Figure 80.
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FMTOPS - TOP_HUNTON_PAY [WYLW] - top hunton pay picked from las logs
i)

Mellett
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Section 19
Unger Field

Structure Top of Pay
Hunton dolomite
Contour Interval = 5 ft

Original O/W ~-1420 ft

* : -

8 : 1
Rood . Rood

18 T

330 ft lease offset
Stop point

Build angle to kick off lateral
(not in reservoir)

Figure 76. Structural contour at top of Hunton pay zone with depiction of the course of the lateral showing location

of building angle to horizontal, termination point, and projected stop point at 330 ft offset to lease line. Index
numbers in blue refer to locations shown in well profile in Figure 79.
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Figure 77. A comparison is made with between measured depth versus TVD, focused gamma ray, and rate of

penetration. Indications of fracturing and the pay interval are the result of post-drill logging with triple combo and

microresistivity imaging log.
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Figure 78. Post-drill logging was done using Weatherford’s Compact Well Shuttle Deployment (CWS).
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~Other Information

LS SOFTWARE VERSION 10.07.0791 USED.
ITOOLS RUN ON DRILLPIPE USING COMPACT WELL SHUTTLE DEPLOYMENT
ITECHNIQUE.

STRAP.
LOG DEPTH AND CORRELATION WAS SET TO STRAP.

ITOOLS DEPLOYED WITH MULE SHOE SITTING AT 4493 FT.
IAFTER DEPLOYMENT LOGGING TOOL WAS AT 4563 FT.

IOPERATORS: BABY FACE, HOOD
ITRAINEE: JASON WELLBROCK
S.0.# 3525751

Array

Induction

DEPTH MEASURED USING ADVANTAGE RIG DEPTH SYSTEM CORRECTED TO PIPE

4.5 INCH PRODUCTION CASING USED TO CALCULATE ANNULAR HOLE VOLUMES

25971.904 25971.904 25971.904 25971.904

2.484 10.756 0.132 0.038 26170.660 26170.660

RIG: C&G #2
~A DEPT CGXT GRGC NPRL CLDC DCOR
DEN PDPE DPRL CTAT R20T R30T
R40T R60T R85T RTAT

3450.000 97.913 21.545 0.257 6.519 -0.519
2.489 10.832 0.130 0.039 25971.904 25971.904

3450.500 97.982 22.471 0.249 6.519 -0.518

Figure 79.Post-drill logging with CWS include a triple combo logging suite (GR, array resistivity, neutron-density

porosity, photoelectric curves). The interval that is highlighted is the “sweet spot™ that was encountered by the

horizontal well, the sucrosic dolomite.
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(Petrofacies Evaluation of Formations for Engineering
R X
eﬁﬁb\/?/\;vs\k/w kgs.ku.edu/software/PfEFFER-java/HELP/

Figure 80. Latest modules in the log analysis applet, PFEFFER that utilizes standard LAS 2.0 files and enhanced
data compilation including adding log analysis to create LAS 3.0 files. The latter serve as archival data that can be

updated as the analysis continues.
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georeport

Figure 81. The georeport can be formatted into an ascii format that can be uploaded into PfEFFER log analysis and

used as part of the evaluation. The results can all be saved into an enhanced LAS 3.0 format.
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Sample

Description
GR, AHT30, N & D@ 6] Lithology Cluster
CAL AHT60 pe Res. Groups

Finely crystalline sucrosic,
intercrystalline @, poor light brown
spotty stain, trace free oil, good
fluorescence, cut, odor

Finely crystalline @, poor light
brown spotty stain, frace, no free
Group 3 oil, no fluorescence, cut, odor

Sucrosic, fine intercrystalline high @,
Group 4 light brown spotty stain, free oil,
Ls. fluorescence, cut, odor

Logs — high @ & high resistivity

Rt

Silica

Finely crystalline, cherty dolomite,
no visible porosity, no to poor
show, no free oil, fair fluorescence,
cut, odor

Figure 82. Well profile with triple combo log curves including gamma ray, caliper, array resistivity neutron and density
porosity, and photoelectric curve. Color image curves include lithology computed from logs, images of porosity and resistivity
values, followed by a track with Rt, apparent water resistivity and water wet resistivity. This is followed by a track with
apparent m, the cementation exponent in the Archie equation, water saturation, shale volume, and computed pay
(hydrocarbon pore volume). The highlights of the core description follow and the fine print on the right is the sample
description as it was taken from the geologist’s field report. The application used is a freeware Java application called
PfEFFER available from the KGS, http://www.kgs.ku.edu/software/PfEFFER-java/index.html. The application is part of a
suite of applications that are part of GEMINI -- http://www.kgs.ku.edu/Gemini/Tools/Tools.html.
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Figure 83. Pickett cross plots of depth constrained cluster groups near the heel of the lateral alongside a porosity

profile that served as the basis for the depth constrained clustering. Groups are identified in the depth plot of

measured depth.
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th-Constrained Clusier Analysis
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Figure 84. Pickett cross plots for Group 3 and 4 with measured depth profile of porosity with the depth constrained
clustered intervals identified.
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th-Consirained Cluster Analys
SLOCOM:BEROOD V19T (15.115.21419.00) T: 218 B: 3E : 19
Latitude: 38.211 Longitude: -97.1431
Flevation (GL): 1424.0 Total Depth: 4615.0.
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Figure 85. Depth constrained clustering divisions on a porosity log alongside Pickett cross plots of cluster groups 5

and 6.
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Depth-Consirained Cluster Analysis
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Figure 86. Depth constrained clustering divisions on a porosity log alongside Pickett cross plots of cluster group 7.
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ersion
#MNEM _UNIT
VERS .
ERSION 3.0
WRAP .

[TAB OR-COMMA)

~well
#MNEM _UNIT

STRT .F
k>

STOP .F
€F}

STEP .F
P>

[Town Raﬁge)
Locr .
(quarter calls)
LOC2
(footages)
COUN .
S}
STAT
S}
CTRY
S}
PROV
S}
SRVC
ICompany
Lic
s}
DATE
Date
API
S}
uwi
Number
LATI .DEG
{F}
LONG .DEG

L(FORMAT} | ASSOCIATION

VALUE : DESCRIPTION

3.0 : CWLS LOG ASCII STANDARD -

NO - ONE LINE PER DEPTH STEP
COMMA = DELIMITING CHARACTER (SPACE

VALUE

3450.0

4565.5

0.5

-999.25

AMERICAN ENERGIES CORPORATION

{s}
{s
{s»

{s»

}

{s}
{s}

{s»

SLOCOMBE ROOD 1-19H
WILDCAT

19

21S

3E

Sec 19 T21S R3E
NE-SE-NW-SE

1873 FSL & 1444 FEL
MARION

KS

USA

Weatherford

22/Jan/2011

{DD/MMM/YYYY}

15-115-21419-01

38.211

-97.1431

: DESCRIPTION
: START DEPTH
: END DEPTH
: STEP LENGTH
: NULL VALUE
: Company
: Well Name
: Field
: Section
: Township (e.g-
: Range (e.g.-
: Location (Sec
: Location 1
: Location 2
: County
: State
: Country
: Province
: Service
: License Number
: Completion
= API-Number
: Unique Well ID
: Latitude

: Longitude

Save flow unit analysis as LAS 3.0 file

~1Q_Flow_Data | 1Q_Flow_Definition
# KEY ZONE STRT STOP ROCK H20 A M N RW RSH PHISH L_RT L_VSH CLEAN
SHALE L_PHIT L_PHI1 L_PHI2 GRAIN FLUID PHI_VSH PHI_SH PHI_SH2 L_
2ND 2_GRAIN 2_FLUID 2_VSH 2_SH C_PHI C_SW C_VSH C_BVW P Q R V_THK
V_FT V_PAY V_PHI V_SW

"'110214164312","First
Hunton",3529.0,3570.0, " "Limestone",""Archie",1.0,1.8,2.0,0.2,0.0,0.
0,"AHT60™,"GR™,0.0,70.0, " AVERAGE","NPHI"","RHOB",2.71,1.0,"NO"",0.0
,0.0,"-999.25",-999.25,-

999.25,"N0O",0.0,0.0,1.0,1.0,1.0,8581.0,4.4,2.0,41.0,2.52,41.0,0.1
3,0.54

*110214161948_0","Group

1",3570.0,3629.0,"Limestone", ""Archie™”,1.0,1.8,2.0,0.2,0.0,0.0,"AH

T60","GR",0.0,70.0, " AVERAGE","NPHI"*,"'RHOB",2.71,1.0,"N0",0.0,0.0,
"'-999.25",-999.25, -

999.25,"N0O",0.0,0.0,1.0,1.0,1.0,8581.0,4.4,2.0,59.0,2.35,59.0,0.1
1,0.66

""110214161948_1","Group

2",3629.0,3663.5," "Limestone",""Archie",1.0,1.8,2.0,0.2,0.0,0.0,"AH
T60","GR",0.0,70.0, " AVERAGE",""NPHI"","'RHOB",2.71,1.0,"N0",0.0,0.0,
*'-999.25",-999.25, -
999.25,"NO",0.0,0.0,1.0,1.0,1.0,8581.0,4.4,2.0,34.5,0.6,34.5,0.1,
0.81

""110214161948_2","Group
3",3663.5,3875.5, "Limestone","Archie",1.0,1.8,2.0,0.05,0.0,0.0,"A
HT60","GR™,0.0,70.0,"AVERAGE", ""NPHI"*,""RHOB",2.71,1.0,"N0",0.0,0.0
,"'-999.25",-999.25, -

999.25,"N0",0.0,0.0,1.0,1.0,1.0,8581.0,4.4,2.0,212.0,14.86,212.0,
0.11,0.39

110214161948_3","Group
4",3875.5,4083.5, "Limestone"”, "Archie”,1.0,1.8,2.0,0.2,0.0,0.0,"AH
T60","GR™,0.0,70.0, "AVERAGE", "NPHI", "RHOB",2.71,1.0,"N0",0.0,0.0,

"'-999.25",-999.25, -
999.25,"N0",0.0,0.0,1.0,1.0,1.0,8581.0,4.4,2.0,208.0,14.64,208.0,
0.14,0.51

Figure 87. Log analysis conducted for this lateral can be saved as part of the archived LAS 3.0 file for the well that
includes triple combo logs, log analysis using PFEFFER (as shown above), depth-constrained cluster groupings (flow
units), other stratigraphic correlations, and the georeport of the geologist.
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Figure 88. Compact microimager (CMI) log was ran in the lateral to image the borehole and identify and classify

fractures.
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Figure 89. CMI log in the heel of the lateral along which open fractures (pink lines and dots) and partial fractures
(red lines and dots) identified in the two right-most tracks have been interpreted by Weatherford. Fractures in the

interval confirms what was inferred by the other information.
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Figure 90. The interval designated as pay (Class 4 depth-constrained cluster, 3875.5 to 4083 ft MD. Most of this
interval is shown here. Two open fractures interpreted in the middle region and eight partial fractures are noted in

this image.
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Figure 91. CMI log of the washout and drilling break (4346 to 4358 ft MD) near the toe of the lateral beyond the pay
zone interpreted as a fracture zone or fault.
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GR

Hunton
Pay

Figure 92. Triple Combo log suite with CMI, the Compact Microlmaging Log of Weatherford, was conveyed by
drillpipe through the lateral to evaluate lithology, porosity, fluid saturations, and characterize fractures. Note the
change in the orientation and frequency of the open fracture beyond the Hunton pay interval. (Petrel analysis done

by Jason Rush, KGS).
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Figure 93. Comparison of rate of penetration with the interpreted combined imaging log and triple combo. Blue box
identifies interval of lowest water saturation, which is compared with the drill time.
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Fracture
orientation

Figure 94. Image log (CMI) placed alongside well profile showing change in fracture orientation from northeast to
north-northeast.
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Figure 95. Expected fracture directions under maximum horizontal stress.
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Water Saturation and Conductive (Open) Fractures

Hunton Pay — _
in interval with fewer fractures
and low water saturation

5 SLOCOMBE- SLOCOMBE-2
4 KP_SLOCOMBE-4

¢ BEOSIIMERVEE -5

@ SLOCOMBE-4

Nearby vertical wells have depleted reservoir due to
proximal fracture sets leaving adjoining areas of reservoir
untapped.

» Oil on flank of structure may reflect updip truncation of
the pay

* Placing lateral oriented NE-SW along less fractured
fairway?

Figure 96. 3D perspective of the Hunton oil reservoir with a depiction of the lateral and water saturation (vertical
bars from low green representing lower water saturation to tall blue bars that represent high water saturation (scale
located in upper left). Also, the location of open fractures (blue disks) is shown.
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Hunton
pay

Figure 97. Petrel presentation along lateral in subsea elevation. Ran 4.5 tubing with slotted liners, set packers to

produce between 3880 — 4060’
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AMERICAN ENERGIES CORPORATION
COMPLETION RECOMMENDATION
Slocombe-Rood #1-19
LOCATION: NE SE NW SE Sec. 19-T21S-R3E ~ SURFACE CASING: 6 jts 9 5/87 set @ 256.01°
COUNTY: Marion PRODUCTION CASING: 78 jts 77 set @ 3470°
API: 15-115-21419-01-00 PROJECTED RTD: 2815, TVD: 4617°
CONTRACTOR: C & G Drilling, Inc. G.L.: 1421° K.B.: 14307
GEOLOGIST:  Doug Davis SPUD DATE: 01/06/11
COMPLETION DATE:
TOTAL VERTICAL DEPTH: 2820°
DST’S: None Taken TOTAL LATERAL DEPTH: 1137
SAMPLE TOPS: None Taken TOTAL HORIZONTAL DEPTH: 4613’
LOG TOPS: None Taken
LTD: 4613’
Monday., March 28, 2011
1. Rigup AEC’s Workover Rig #2.
2.  Pickup 3 %" tubing and reamer — ream to 4250°.
3. Come out of hole, lay down tubing and reamer.
4. Rigupand run 4 %7 LTC 11.6# new tubing with packers and slotted liners.
5. Set bottom packer with 30,000 1bs.
6. Pump fluid with ball to activate second packer to produce interval between 3880 — 4060°.
7. Setlinerin 77 casing @ 29007, 4 12" is between 2900" and 4060°. PBTD: 4060°.
8.  Fluid needed to set packer:
¢ 317 tubing @ 2900° @ .0090 bbls/foot= 26.1 bbls
o  4WTLTC, 11.6#, 1260° @ .0155 bbls/foot=19.53 bbls
Total 45.63 bbls KCL Water
* 4563 bbls of KCL water
9.  Weight of tubing:
o 417 (@ 11.60 Ibs/foot X 1260" = 14,616 lbs
s 317 (@ 8.50 lbs/foot X 2,900 = 24.650 lbs
39,266 lbs
10. We will need 30,000# to set the bottom packer.

Figure 98. Well completion for the lateral using slotted liner.
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Figure 99. Production Slotted Liner.
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Figure 100. Lease oil production as reported by the operator, American Energies Corporation.
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Figure 101. Lease water production as reported by the operator, American Energies Corporation.
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Figure 102. Leases operated by AEC that have responded to Slocombe #5 lateral completion.
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Figure 103. Statistics on horizontal wells drilled in Kansas through October 2010. Since January 2011 many new
horizontal wells have been drilled in the Mississippi Lime play that spans Kansas and Oklahoma.
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Figure 104. Distribution of horizontal wells drilled through October 2009 in Kansas and categorizing them to the
primary reservoir being sought from this drilling.
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Horizontal Wells In Kansas
Permitted wells in blue; wells drilled in red; 2014 wells circled
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Figure 105. Horizontal wells drilled in Kansas up through March 31, 2014.
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Figure 106. Oil and gas map of Kansas annotated with the main oil and gas producing provinces and possible main
reservoir targets for horizontal wells that will be in the future.
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	Figure 1. (Upper) well location map of Hillsboro Field located in Marion County in central Kansas. (Lower left) Map of Kansas showing oil and gas fields and the location of Hillsboro Field. (Lower right) Index map of US showing state outlines and loca...
	Figure 2. Stratigraphic position and age of the Viola Limestone in Kansas (http://www.kgs.ku.edu/General/Strat/Chart/paleozoic_22.html).
	Figure 3. Annual and cumulative oil production and number of productive wells in Hillsboro Field since 1966. Prior production back to the discovery date of 1928 are not shown.
	Figure 4. Annual and cumulative oil production from the O. Penner 12 #1 well since drilling in 1984.
	Figure 5. Regional subcrop map of the Viola Limestone in south-central Kansas (Newell, 1996).
	Figure 6. Structure contour map of the top of Viola Limestone reservoir at Hillsboro Field. Location of the O. Penner #12-1 well is shown located on the west flank of an anticline.
	Figure 7. (upper half of Figure) Northwest-southeast structural cross section in vicinity of the Penner lease in Hillsboro Field. (lower) Cross section index on structure map on top of the Viola Formation showing location of wells.
	Figure 8. Rempel #5 with modern log suite located 1/4 mile southwest of O. Penner #12-1 producing well
	Figure 9. Detail log of the Rempel #5.  Interval shown extends from the top of the Mississippian chert to the Viola Limestone. Neutron porosity displayed by the black colored profile in this diagram indicates porosity ranges from 10 to 20%.
	Figure 10. Southwest to Northeast structural cross section. Base of porosity in Rempel #5 is 32 ft below top and top of better lower porosity is 21 ft below top of Viola. O. Penner #12-1, an open hole completion. 3 ft below top of Viola Ls. in a poros...
	Figure 11. Drillers Log of the O. Penner #1-12 showing top porous Viola (open hole completion). Top Viola: 2825 ft. (-1459 subsea). TD: 2830 ft (5 ft below top of Viola Ls.). Casing shoe: 2827 ft. Circulate at 2828: trace dolomite. Circulate at 2830: ...
	Figure 12. Structure contour map of the top of first porous zone in the Viola Formation. Contour interval is 1 ft. The well control is primarily drillers logs. The yellow box shows the location of the lateral that would start on the north and extend s...
	Figure 13. Initial potential from wells near and on the anticline that is proposed to be the location of the lateral.
	Figure 14. Location of proposed lateral in green when identifies where it is horizontal in the Viola Formation.
	Figure 15. A Google Earth view of the location of the course of the north-south lateral including the southerly bend before the lateral reaches the Viola Formation in a horizontal position. HCT rig would be located on the exiting pad of O. Penner #12-...
	Figure 16. A comparison of microhole and slimhole technology as noted by R. Long (2005). Advanced Drilling Technologies hybrid coiled drilling rig is classified as a microhole since the coil can be as small as 2 ¾ inch diameter.
	Figure 17.  Photo of the ADT’s moble hybrid coiled tubing rig. This well was reported to have drilled 300,000 ft of hole in seven months.
	Figure 18. Structural cross section showing the profile of the horizontal well drilled from the location of the O. Penner #12-1 using proximal well control. The well enters the Viola in a 20 ft window. The kickoff for the non-vertical portion of the l...
	Figure 19. Young’s Modulus curve for the Kinderhook and Chattanooga shale intervals from a well in Barber County, Kansas.
	Figure 20. Table of bulk module for various rocks including Young’s modulus, Ex106 (psi).
	Figure 21. Reservoir Simulation Results – Base Case. Oil saturation after one year of production from north-south lateral. Two layer model with initial pressure of 1200 psi, permeability equal to 25 md.  Pressure during flow drop by 200 psi to 800 psi...
	Figure 22. Oil saturation maps for the upper and lower layers over the course of 10 years of production of the 1100 ft lateral.
	Figure 23. Simulation Results – Different Scenarios. Relative permeability table used is based on correlations developed by Alan Byrnes based on Mississippian core analysis for lithofacies that is similar the Viola pay. Alan had noted that correlation...
	Figure 24. Location of Unger Field in east-central Kansas on northern edge of Sedgwick Basin.
	Figure 25. Production history of Unger Field.
	Figure 26. Structure on top of the Hunton Group as preserved in north-central and northeast Kansas (Gerlach, 2012).
	Figure 27. Generalized stratigraphic column of the Silurian-Devonian Hunton Group in north-central Kansas (from Taylor, 1946).
	Figure 28. The structure contour map on top of the Hunton Group in the southern portion of Unger Field. Outlined in red in lower portion is a NE-trending anticline referred to as “Section 19 anticline”. Geology by Gerry Honas.
	Figure 29. Isopach map of the Hunton Group in the southern portion of Unger Field. Areas of zero Hunton run roughly west to east in the area north of Section 19. Geology by Gerry Honas.
	Figure 30. Section 19 Anticline in Unger Field as shown on a structure map top Hunton Group. The map shows the proposed well trajectory of the lateral on the upper east side of the anticline. Contour Interval = 5 ft. A cross section index is highlight...
	Figure 31. NW-SE structural cross section with scanned wells in sec. 19-21s-3w, Unger Field extending along the axis of the Section 19 anticline. Lateral is located between Rood 4 and Slocombe 6 off to east side of the anticline.
	Figure 32. Key wells used in the study to map the distribution and structural configuration of the Hunton Group reservoir.
	Figure 33. Anderson-Prichard  L.D. Slocombe #2 with unscaled gamma ray and neutron log. Hunton pay zone is limited to 3 ft thick.
	Figure 34. NW to SE structural cross section along the axis of the Section 19 anticline.
	Figure 35. Same NW-SE structural cross section as Figure 38, but with greater vertical exaggeration. Inset map, a structure contour map of the top of the Hunton reservoir shows location of the cross section.
	Figure 36. A south to northeast structural cross section that extends across the Section 19 anticline also includes the Rood #4 reference well.
	Figure 37. Anderson-Prichard AEC Rood #4  located in se se nw  Section 19. Effective ~14 feet thick. Upper H3 zone ~6 feet thick. Rmf equals 0.55 at 95 degrees. Rmc is equal to 1.45 at 95 degrees.
	Figure 38. Slocombe 6 CAL-SP-Microlog,  sw sw ne Sec. 19, Effective pay ~25 ft. Upper flow unit/zone ~13 ft thick.
	Figure 39. Rood #7 located near the end of the lateral and ~800 ft northwest of Rood #4.
	Figure 40. Total thickness of Hunton pay (color fill) overlain by structure top of pay zone (contours & dip vectors). Index line (purple dashes) correspond for cross section shown in Figure 45. Wells included in cross section are Rood #7, Rood #2, Slo...
	Figure 41. NW to SE structural cross section with correlated flow units. The project lateral is shown, intersecting the upper flow unit H3.
	Figure 42. Comparison of the thickness of flow units H1, H2, and H3.
	Figure 43. Thickness of uppermost H3 layer (color fill) with structure top of pay zone (contours). Horizontal well is high on east flank of NW-SE trending structure.
	Figure 44. Thickness of H4 layer (topmost porosity) with structure top of pay zone as contours. Slocombe #3 well that was cored is highlighted on the map.
	Figure 45. The microlog suite of the Hunton reservoir interval showing correlation scheme for the flow units. H5 at the top is not porous and is not considered a reservoir. Well was drilled below the oil:water contact. Average microlog derived porosit...
	Figure 46. Phi-k plot of the Slocombe #3 and Suderman 1 cores are shown. The Suderman #1 is from a core taken outside of Unger Field.
	Figure 47. Average permeability maps for H1, H2, and H3 flow units estimated based on correlation of core porosity and permeability from Slocombe #3
	Figure 48. Unger Field is located on the west flank of the Nemaha Uplift within ~10 mi from the crest. Base map is the configuration of the top of the Lower Ordovician Arbuckle Group.
	Figure 49. Total magnetic field intensity reduced to pole overlain with a 2-10 mile tilt angle anomaly, the latter recognized by a “zebra pattern” modifying broader color patterns of the total magnetic field intensity. Also, variable color structural ...
	Figure 50. Unger Field, highlighted in yellow, is shown in the context of the total magnetic anomaly and its tilt angle counterpart. Also shown are structural contours on the top of the Arbuckle Group that lies beneath the Hunton Group dolomite reserv...
	Figure 51. Teapot Dome, Wyoming possible analog with main NW-SE fault on west flank and secondary NE trending faults and fractures cross cutting structure (Chiaramone et al., 2006).
	Figure 52. (Left) Model grid of Teapot Dome with producing area outlined in black showing potential reservoir compartments with orange colors represent intermediate fracture intensity with blue colors defining intermediate to high intensity (Wilson an...
	Figure 53. Structural contour map on top of the Hunton reservoir showing location of the Rood #3 in the northwest quarter section of Section 19 of Unger Field. Dashed lines indicated possible structural blocks that outline the key producing anticlines...
	Figure 54. Well plat showing surface location.
	Figure 55. Horizontal drilling plan as prepared by Pan American Drilling Services.
	Figure 56. Azimuthal Gamma Ray tool used by Pan American Drilling Services used while drilling to assist geosteering.
	Figure 57. Photograph of backup Azimuthal Gamma Ray tool used by Pan American Drilling Services.
	Figure 58. Specifications of the focus gamma ray of Pan American.
	Figure 59. Directional driller has access to the azimuth and inclination of the well in addition to other vital information about the drilling.
	Figure 60. Output from Pason Control to show well progress in real time. The curves on the right are rate of penetration (ROP) shown in red and the focused gamma ray tool is the blue curve with scales noted at the bottom.
	Figure 61. Output from the Pason MWD highlighting drilling curves including the focused gamma ray though a key correlation, the Mississippian Limestone.
	Figure 62.  MWD for the landing of the lateral in the top of the Hunton reservoir.
	Figure 63. Pason’s Real Time Drilling Data with a soft landing on the Hunton Dolomite, 1-17-11.
	Figure 64. The drill rig, the C&G Rig #2 , geotrailer to the left and the Pan American directional drilling and Tres Management trailers farther to the left. Mud pit is to the right of the rig.
	Figure 65. Geologist’s trailer with computer conveying drilling progress.
	Figure 66. Doug Davis, geologist, running well cuttings.
	Figure 67. Cups and aluminum tins used to wash and sample well cuttings.
	Figure 68. Washed cuttings samples of the Hunton reservoir (light brown sugary dolomite), shale slough, and a mix of water and light oil wetting the sample.
	Figure 69. Photo taken through the eyepiece into the ultraviolet light box showning strong white oil stained dolomite crystals.
	Figure 70. Drilling on a cold night.
	Figure 71. Field trip to the well site by several industry members of the Kansas Geological Society and students.
	Figure 72. Alan Degood, President of AEC listens to a description of the azimuthal gamma ray tool during the field trip to the well site.
	Figure 73. Lynn Watney hosted to reporter and photographer for the Wichita Eagle who published a informative story about drilling this well.
	Figure 74. Section and plan view of the original lateral and the actual in blue. Differences are in the 10s of feet and appear minor in the overall well design.
	Figure 75. MD vs TVD with location of lateral with respect to top and bottom of Hunton pay interval. Index numbers in red are located on map in Figure 80.
	Figure 76. Structural contour at top of Hunton pay zone with depiction of the course of the lateral showing location of building angle to horizontal, termination point, and projected stop point at 330 ft offset to lease line.  Index numbers in blue re...
	Figure 77. A comparison is made with between measured depth versus TVD, focused gamma ray, and rate of penetration. Indications of fracturing and the pay interval are the result of post-drill logging with triple combo and microresistivity imaging log.
	Figure 78. Post-drill logging was done using Weatherford’s Compact Well Shuttle Deployment (CWS).
	Figure 79.Post-drill logging with CWS include a triple combo logging suite (GR, array resistivity, neutron-density porosity, photoelectric curves). The interval that is highlighted is the “sweet spot” that was encountered by the horizontal well, the s...
	Figure 80. Latest modules in the log analysis applet, PfEFFER that utilizes standard LAS 2.0 files and enhanced data compilation including adding log analysis to create LAS 3.0 files. The latter serve as archival data that can be updated as the analys...
	Figure 81. The georeport can be formatted into an ascii format that can be uploaded into PfEFFER log analysis and used as part of the evaluation. The results can all be saved into an enhanced LAS 3.0 format.
	Figure 82. Well profile with triple combo log curves including gamma ray, caliper, array resistivity neutron and density porosity, and photoelectric curve. Color image curves include lithology computed from logs, images of porosity and resistivity val...
	Figure 83. Pickett cross plots of depth constrained cluster groups near the heel of the lateral alongside a porosity profile that served as the basis for the depth constrained clustering. Groups are identified in the depth plot of measured depth.
	Figure 84.  Pickett cross plots for Group 3 and 4 with measured depth profile of porosity with the depth constrained clustered intervals identified.
	Figure 85. Depth constrained clustering divisions on a porosity log alongside Pickett cross plots of cluster groups 5 and 6.
	Figure 86. Depth constrained clustering divisions on a porosity log alongside Pickett cross plots of cluster group 7.
	Figure 87. Log analysis conducted for this lateral can be saved as part of the archived LAS 3.0 file for the well that includes triple combo logs, log analysis using PfEFFER (as shown above), depth-constrained cluster groupings (flow units), other str...
	Figure 88. Compact microimager (CMI) log was ran in the lateral to image the borehole and identify and classify fractures.
	Figure 89. CMI log in the heel of the lateral along which open fractures (pink lines and dots) and partial fractures (red lines and dots) identified in the two right-most tracks have been interpreted by Weatherford. Fractures in the interval confirms ...
	Figure 90. The interval designated as pay (Class 4 depth-constrained cluster, 3875.5 to 4083 ft MD. Most of this interval is shown here. Two open fractures interpreted in the middle region and eight partial fractures are noted in this image.
	Figure 91. CMI log of the washout and drilling break (4346 to 4358 ft MD) near the toe of the lateral beyond the pay zone interpreted as a fracture zone or fault.
	Figure 92. Triple Combo log suite with CMI, the Compact MicroImaging Log of Weatherford, was conveyed by drillpipe through the lateral to evaluate lithology, porosity, fluid saturations, and characterize fractures. Note the change in the orientation a...
	Figure 93. Comparison of rate of penetration with the interpreted combined imaging log and triple combo. Blue box identifies interval of lowest water saturation, which is compared with the drill time.
	Figure 94. Image log (CMI) placed alongside well profile showing change in fracture orientation from northeast to north-northeast.
	Figure 95. Expected fracture directions under maximum horizontal stress.
	Figure 96.  3D perspective of the Hunton oil reservoir with a depiction of the lateral and water saturation (vertical bars from low green representing lower water saturation to tall blue bars that represent high water saturation (scale located in uppe...
	Figure 97. Petrel presentation along lateral in subsea elevation. Ran 4.5” tubing with slotted liners, set packers to produce between 3880 – 4060’
	Figure 98. Well completion for the lateral using slotted liner.
	Figure 99. Production Slotted Liner.
	Figure 100. Lease oil production as reported by the operator, American Energies Corporation.
	Figure 101. Lease water production as reported by the operator, American Energies Corporation.
	Figure 102. Leases operated by AEC that have responded to Slocombe #5 lateral completion.
	Figure 103. Statistics on horizontal wells drilled in Kansas through October 2010.  Since January 2011 many new horizontal wells have been drilled in the Mississippi Lime play that spans Kansas and Oklahoma.
	Figure 104. Distribution of horizontal wells drilled through October 2009 in Kansas and categorizing them to the primary reservoir being sought from this drilling.
	Figure 105. Horizontal wells drilled in Kansas up through March 31, 2014.
	Figure 106. Oil and gas map of Kansas annotated with the main oil and gas producing provinces and possible main reservoir targets for horizontal wells that will be in the future.


