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1.0 Executive Summary - SHCT-1

One of the Departmentof Energy's (DOE) Strategies and Objectives in the NaturalGas Programis
to conduct activities to transfertechnology from R&D programsto potential users. The Slant Hole

, Completion Test has achieved exactly this objective.

Quoting directly from the June 1993 issue of _'_ We_ern Oil _ Gas _orld "Success on a U.S.
" Department of Energy (DOE) contract sparked action by other operators and gave DOE and CER

Corp. of Las Vegas, Nev., the Best Well Award in our Best of the Rockies competition."

The real significance of this award is that it recognizes the efforts of the DOE in helping industry
unlock the vast resources in the low permeability sands in the Western United States through new and
developing technology.

The Slant Hole site is essentially the same as the MultiweU site and is located in the southeastern
portion of the Piceance Basin near Rifle, Colorado. The Piceance Basin is typical of the Western low
permeability basins that contain thick sequences of sands, silts and coals deposited during the
Cretaceous period. These sequences contain vast amounts of natural gas but have proven to be resistant
to commercial production because of the low permeability of the host rocks.

Using the knowledge gained from the DOE's earlier MultiweU experiment, the SHCT-1 was drilled
to demonstrate that by intersecting the natural fractures found in these "tight rocks." commercial gas
production can be obtained.

From the data collected on the MultiweU Experiment, it was determined that the direction of the natural
fracture system and the maximum principle stress was north 80° west. The initial well, SHCT-1, was
drilled in essentially a north direction to intercept the maximum number of natural fractures. The well
was drilled at a 60° angle (from vertical) through the Paludal section of the Mesaverde and then turned
to enter the Cozzette interval horizontally.

The well was spudded in April 1990 and reached a total depth of 9,466 ft (7,981 ft TVD) on August
5, 1990. The well had penetrated 476 ft of Cozzette sandstone in the horizontal section of the hole.
Mechanical problems that occurred while cementing the liner through this portion of the hole resulted
in sticking the drill pipe and eventually losing the lower portion of the hole. Approximately 30 days
were spent washing over and recovering the stuck drill pipe down to 5,335 ft. At that point, the rig
was released and the well was temporarily abandoned.

The decision was made to re-enter the SHCT well and recover as much of the 7-in. casing as possible;
then, the hole would be sidetracked and a second well would be drilled essentially parallel to the first
well but 1,000 ft to the east.

The sidetrack operations were initiated on April 26, 1991, and the well was drilled to a total depth
of 9,407 ft (7,948 ft TVD). Seven-inch casing was set through the 60° portion of the hole to a depth
of 8,588 ft. The horizontal portion of the hole penetrated approximately 300 ft of pay in the Cozzette

, interval. The 819 ft of hole below the 7-in. casing was completed open hole. The Cozzette was briefly
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flow tested at rates up to 15.0 MMCFD during a 3-hour test prior to setting a temporary plug and
releasing the rig. The rig was released August 24, 1991.

The SHCT-1 Sidetrack was completed into the Cozzette Formation during December 1991, and the
Cozzette cleaned up, tested and put on production on January 16, 1992. The zone was tested at various
flow rates until June 3, 1992. The well began making water in February and the water rates increased
through the testing period. The well produced a little over 200 MMCF of gas during this period.
The produced water during this same period was 12,646 bbl. The gas flow rate demonstrated during
this 5-month test was significantly higher than from any vertical completion in this same interval.

The source of the water is unknown; the MWX-1 well has been producing from the Cozzette interval
since December 1990 with very little associated water production. Because there was some belief
that the water might be coming from the Rollins Formation behind the 7-in. casing, after the Cozzette
was shut in, logs were run to attempt to pinpoint the source of the water. The logs indicated that there
was water movement behind the casing, so the casing was perforated below the Rollins Formation
and squeeze cemented. This was an attempt to shut off any water flow down into the Cozzette, if the
Rollins indeed was the source.

The next phase of this experiment was to stimulate the Paludal section of the Mesaverde in the 60°
portion of the hole. A retrievable bridge plug was set above the Rollins in the 7-in. casing, and the
Paludal 2 sands and surrounding coals in the 600 hole were hydraulic-fracture stimulated through 16
perforations between 7,732 and 7,734 ft using 5,000-1b 100 mesh sand, 76,500-1b 20/40 sand, and
30,000 lb of resin-coated 20/40 sand carded in 1,036 bbl of crosslinked gel. The average treating
rate was 30 BPM at a surface treating pressure of 8,200 psi. The well was fractured on June 23, 1992,
and then cleaned up by flowing to the pit through July 8, 1992.

The Paludal 2 interval was produced into the gas sales line from July 1992 until January 1993.
Production rates during this period ranged from 35 to 50 MCFD.

On January 13, 1993, the Paludal 2 zone was temporarily abandoned and work was initiated to fracture
stimulate the Paludal 3 and 4 zones and the surrounding coals. The well was perforated from 7,386
to 7,388 ft with 16 jet shots oriented top and bottom.

The fracture treatment consisted of pumping 5,000-1b 100 mesh sand, 160,000 lb of 20/40 Ottawa sand
and 30,000 lb of resin-coated sand (tail-in) in 1,790 bbl of crosslinked gel at a rate of 30 BPM and
a maximum proppant concentration of 5.0 parts per gallon (ppg).

The well was flowed to clean up from January 22 to January 30, 1993, and then produced into the
gas sales line until March 25. Gas flow rates of 145 MCFD were measured in February and gradually
dropped off to approximately 100 MCFD before the well was shut in for recompletion in March.

The well was recompleted back into the Cozzette interval. It is configured such that the Cozzette could
be produced up the tubing and the two Paludal intervals could be commingled and flowed up the
casing-tubing annulus.
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The previous water shut-off work did not appearto reduce the produced water whcn flowing the
Cozzette. In fact, the water/gas ratio has increased since the initial Cozzette testing. There is still
a lot of conjecture as to the source of the water. Meridian Oil Company has drilled a horizontal well
directly offsetting the SHCT well in Section 33. They also experienced high water production from
the Cozzette. However, they believe the horizontal borehole crossed a fault in the last 300 ft of their

. horizontal leg.

CONCLUSIONS AND RECOMMENDATIONS

• The Slant Hole Completion Test has been successful in providing good technology transfer
to the oil and gas industry. A number of industry people made frequent visits to the site while
the well was being drilled and tested In addition, frequent phone conversations and meetings
were held to provide information t ,l the progress of the project. Technical papers have been
presented on the subject. Probably the greatest measure of successful technology transfer is
the horizontal drilling programs that have been initiated in the genera] area by Barrett Energy,
Meridian Oil Company, Mobil Oil Company and Oryx Energy Co.

• Another indication of the excellent technology transfer of this project is that the well was
selected as the "Best Well of 1992" by a panel of six industry judges as part of "Best of the
Rockies" competition sponsored by Western Oil and Gas World, an industry journal. This
award was given primarily because of the industrial interest as seen in plans for at least five
high-angle/horizontal wells being planned in the immediate area of the SHCT..1.

• The SHCT-1 has a significantly improved initial production potential when compared to vertical
wells completed in the Cozzette Sand of the Mesaverde Group in the Rulison Field. This
improvement is due to intersection of natural fractures which trend in a general east-west
direction at the SHCT-1 site. The initial potential of the SHCT-1 is a minimum of two to three
times higher than initial potentials of surrounding vertical wells.

• The presence of euhedral quartz and calcite crystals in the natural fractures in the cored
Mesaverde and Cozzette intervals are good indications of open apertures in the subsurface.
Therefore, drilling a well perpendicular to these open fractures should insure contacting the
maximum number of fracture systems and consequently provide the greatest production
potential for the well.

• Drilling the naturally-fractured intervals underbalanced (i.e., pore pressure greater than the
hydrostatic column pressure) has the advantage of providing better indication of gas shows,
more specific location of the fractures and also reduces the chance of damaging the natural
fracture systems due to drilling mud invasion.

• The well can be safely drilled in an underbalanced condition, but care must be taken to have
adequate surface facilities such as BOPs, gas busters, mud volume sensors, etc. It is also
important that care is taken to insure that gas is not swabbed-in during tripping of the drill

' pipe.
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• Stimulation in a high-angle, cemented wellbore, such as the Paludal interval in the SHCT-1,
is more difficult because of high near-wellbore stresses resulting in higher treating pressures.

• Comparing the results of the two very similar hydraulic fracture treatments in the SHCT-1 and
the MWX-1 wells indicate that there is no advantage in treatment in a slant wellbore as
compared to a vertical wellbore. In fact, because of the higher treating pressures in a slant
wellbore, the fracture treatments are very likely to be more expensive.

• It is believed that a high-angle well drilled perpendicular to the natural fracture system and
comrJle_ing open h01e .gr with an uncem,ented liner may exhibit excellent production
characteristics. During the drilling of the 60° portion of the hole, good gas kicks were noted.
Sloughing coals and shales may preclude completing this interval open hole. However, in areas
where the coals are not present, the high-angle open hole may provide good natural
completions.

• The SHCT-1 produces water from the Cozzette Sand at rates significantly greater than
surrounding vertical wells. The source of this water production is not presently understood.
A diagnosis of this water production mechanism is vital to the economic exploitation of gas
from the Cozzette Sand via horizontal drilling.

• Future work should focus on diagnosing the water production mechanism in the Cozzette Sand.
This work could entail:

- Open-hole logging of the horizontal lateral to assess possible intervals of water incursion.

- A geologic study to determine the distribution of water in the Cozzette Sand within the
Rulison Field and the effects of potential faulting on water distribution.

- Core analysis of the Cozzette Sand to verify the relationship between existing and
irreducible water saturations. The core analysis work should include capillary pressure
determinationsat variousconfiningpressures.

- Detailed reservoir modeling using a multi-phase model to determine the viability of water
production from the rock matrix of :3,e Cozzette sandstone.

• Similar demonstrations of the horizontal well technology need to be performed in other low-
permeability basins where natural fracturing may exist. It is essential that good geological
data be obtained prior to drilling a horizontal well in order to drill the horizontal leg in the
direction to maximize the penetration of the natural fracture system.
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2.0 Introduction and Background
i

The basinsintheRockyMountainscontaina vastamountofnaturalgasinthelowpermeability
formations.Therecognitionofthegreatpotentialintheselowpermeabilityformationsledthefederal

. governrnentintoresearchintechniquestoimprovetherecoveryofnaturalgasfromthesetightintervals.

Threeoftheearlyindustry-governmentplowshareexperimentswereperformedtounlockthesevast
" resources.The threenuclearexplosiveexperimentswereProject"GasBuggy"in1966,Project

"Rulison"in1969,andProject"RioBlanco"in1972.Two ofthethreeplowshareexperimentswere
conductedinthePiceanceBasin.Infact,Project"Rulison"was detonatedabout7 milestothe
southwestofthecurrentsiteoftheMultiwellandSlantHoleprojects.Figure2-ishowsthelocation
ofthepresentSHCT andMWX siteinSection34,T6S,R94W, GarfieldCounty,Colorado.

When itbecameclearthattheuseofnuclearexplosiveswasnotaviableoracceptable:echniqucfor

stimulatingtheselowpermeabilitygassands,thefederalgovernmentjoinedwithanumberofindustry
partnerstofindothertechniquesforimprovinggasrecovery.Effortsthenfocuseduponmassive
hydraulicfracturingandanumberofgovernment-industryprojectswereconducted.Theresultswere
disappointinganddidnotresultineitherimprovedtechnologyorprovencommercialproduction.The
basicshortcomingwasthatthesepastfieldtestsdidnotprovidesufficientdatatodefinethecritical
factorsaffectinggasproductionfromthislow-permeabilityresource.

The DOE's MultiwdlExperiment(MWX) was conceivedasa fieldlaboratorytoobtainsufficient
informationonthegeologicandtechnicalaspectstounlockthisvaluableresource.A keyfeatureof
theMWX was threewellsdrilledon closespacing(between110 and 215 ftapart)toallow
determinationofdatanotavailablefromasinglewell.Detailedcore,logandwelltestdatafromsuch
closespacingsprovideda detailedcharacterizationofthereservoirandproductionmechanisms.A
broadspectrumofactivitieswcrccarriedoutintheMWX fieldexperimentsuchas:geophysical
surveys,sedimcntologioalstudies,coreand loganalysis,in-situstressdeterminations,various
stimulationtechniques,fracturediagnostics,and welltestingusinguniquedown-holeandsurface
instrumentation.ThisworkwasperformedaspartoftheDOE's WesternGasSandsProgram.The
MWX workwas initiatedin1980andcompletedin1988.Section12.0isa bibliographyofreports

andpaperspublishedon theMultiwellandSlantHoleExperiments.

One oftheresultsoftheMWX workwasa betterunderstandingofthegeologyandnatural-fracture

networkfoundintheselow-permeabilitysandsandcoalsoftheMcsavcrdcGroupinthePiccanc¢Basin
of Colorado. As an alternatedevelopmentstrategy,the DOE fundedthe drillingof a
directional_orizontalwellattheMWX sitetointersectthenaturalfracturesysteminthePaludaland

MarineportionsoftheMcsaverdeGroup.Thisprojectwas calledtheSlantHoleCompletionTest
(SHCT).

The firstwellwasdrilledtodeprJaof9,466ftmeasureddepth(MD) withthelast410ftbeingclose

tohorizontalintheupperCozzetteinterval.The wellwasspuddedonAprilI0,1990,andreached
totaldepthonAugust4,1990.Mechanicalproblemsfollowingthecementingoftheproductionliner
resultedinlossofthecompletionintervalandthedrillpipebeingstuckintheholefrom7,822ft.
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Wash-over operations were conducted from August 9 until operations were suspended on September
5, 1990. At this point, the drill pipe had been washed over and recovered to a depth of 5,335 ft.

In early 1991, DOE decided to sidetrack the hole to permit production testing of the lost interval.
The sidetrack was designed to parallel the original weUbore, but to be drilled 1,000 ft to the east to

• minimize the chances of encountering formation damage from the original hole. The sidetrack, like
the original hole, was to intersect the Paludal lenticular sands and coals at 60° and to penetrate the
underlying Cozzette sand horizontally. The sidetrack was spudded May 12, 1991, and reached °,407

• ft MD on August 19, 1991. Three hundred feet of horizontal highly fractured Cozzette interval had
been penetrated when drilling was shut down at 9,407 fi MD. The well was completed "open hole"
from 8,588 to a TD of 9,407 ft. The bottomhole packer assembly was run and set in the 7-in. casing
at 8,453 ft with the "R" plug installed, and the rig was released on August 24, 1991. Details of the
drilling operations will be found in the "As Built" Reports 1'2.

On December 10, 1991, work was initiated to install tubing and begin testing of the Cozzette interval.
The Cozzette Interval was tested for approximately six months, and then the zone was temporarily
plugged while the Paludal sands and coals were stimulated and tested. Two Paludal intervals were
separately fractured and tested. The testing details are found in the Topical Report3.
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3.0 Geological Summary

The Piceance Basin is a Laramide structural and sedimentary basin covering about 3,000 square miles
in northwestern Colorado. The basin is bounded on the north by the Uinta and White River Uplifts,

, and on the south by the Sawatch Mountains Uplift, the San Juan volcanic field and the Uncompahgre
Uplift. The Piceance Basin is separated from the Uinta Basin to the west by the Douglas Creek Arch
and is highly asymmetric, be,ng very steep on the west and gently inclined on the east. Most of the

• gas production is from low-permeability sediments that were deposited along the Western Interior
seaway that persisted throughout the Cretaceous period•

Regional overpressuring is present in the deeper parts of the Piceance Basin. The present-day active
gas generation is interpreted to be the cause of the abnormally high pressure found in these tight gas
sequences of the lower Mesaverde. The organic-rich dark shales and coals of the Cretaceous and
Tertiary ages are the source of the gas4• Figure 3-1 shows the paleoenvironmental depositional units
at the MWX site as well as the regional stratigraphic nomenclature.

At the MWX and SHCT site the pressure gradient starts increasing from normal (0•43 psi/ft) at about
5,600 ft and increases with depth to about 0.78 psi/ft in the Cozzette interval at approximately 8,000
ft TVD. Figure 3-2 illustrates the pressure gradients determined at the MWX sites.

The principal objective of the project is the upper Cozzette Sandstone which is approximately 65 ft
thick at the MWX site. The upper 22 to 24 ft of this unit contain pyrobitumen, resulting in poor
reservoir quality. Accordingly, the final build of the horizontal section was designed to penetrate the
upper Cozzette below the pyrobitumen.

Secondary targets include the Mesaverde sandstones and coals within the Paludal depositional interval.
The sidetrack wellbore slants through the Paludal Mesaverde interval at approximately 60° and then
builds to nearly horizontal through the upper half of upper Cozzette Sandstone. Regional structural
studies using surrounding well control in adjacent sections show that the local strike and dip in the
north-central portion of Section 34 is N75"W, 1.8"NNE.

Although the sidetrack wellbore trajectory through the Cozzette interval is approximately 1,000 ft east
of the original SHCT-1 wellbore, regional correlation studies and mud log descriptions suggest that
the character of Cozzette in the sidetrack well is similar to the Cozzette in the MWX and SHCT-1
wells.

Natural fracture permeability is known to be an important gas production mechanism for Mesaverde
wells in the area. For example, in the MWX-1 well in Section 34, T6S, R94W, formation permeability
is at least an order of magnitude higher than core or log calculated permeability. Many natural fractures
were noted in the core taken in the original wellbore °, and it may be inferred from mud log gas shows
that the Cozzette in the sidetrack wellbore is also I.aturally fractured. In the SHCT-1 well nearly 400
ft were cored, which included 276 ft in the Paludal interval and 118 ft in the upper Cozzette.

• Numerous natural fractures were noted in both core intervals. Most natural fractures were cut at about
900•
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The natural fractures are mineralized with euhedral quartz and calcite crystals indicating the fractures
have open apertures in the subsurface. The fractures are oriented N80°W; this direction is also the
direction of maximum horizontal stress as determined from hydraulic fracture orientations, borehole
breakouts, drilling-induced fractures, and anelastic strain recovery of cores performed during the MWX
project. These data were the primary reasons for drilling the SHCT well in a northerly direction.
The sidetrack wellbore was not cored; however, the presence of natural fractures could be inferred
by the numerous strong gas kicks encountered while drilling the well.

Regional geologic work in the vicinity of SHCT-1 showed that a correlatable marker exists
approximately 100 ft above the Cozzette. This marker is apparently a volcanic ash fall bentonite.
The marker is characterized by a higher gamma ray and a higher neutron porosity than is otherwise
exhibited by the Mantes Tongue. This marker was used as the key correlation point during the
drilling of the SHCT-1 sidetrack well. A gamma ray/neutron log was run through drill pipe to facilitate
this correlation. The shale marker provided excellent control to determine the precise depth for
initiating the second build.

The Paludal Mesaverde interval was successfully logged in the sidetrack well using drill pipe-conveyed
logging. The log analysis results are detailed in a CER log analysis report7.
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4.0 SHCT-1

4.1 DRILLING OPERATIONS SUMMARY

. 4.1.1 Drilling Rig

The drilling rig chosen to drill the Slant Hole was Adcor Rig No. 44 with a depth capacity of 11,500
• fi with 5-in. drill pipe. This diesel electric rig was equipped with a 131-fi mast having a 357,000-1b

hook-load capacity using 10 lines. The rig was equipped with an 18-fl substructure and had a 300,000-
lb set back capacity to efficiently rack 9,600 fi of 5-in. drill pipe and 5-in. heavy-weight drill pipe.

4,1.2 Surface Hole (17.1/2.in.)

A 17-1/2-in. hole was drilled with a small service unit to 115 ft and 13-3/8-in., 54.5-1b/ft, K55 casing
was run to total depth and cemented to surface with 470 sacks of cement. JAil depths are Measured
Depths (MD) unless specified as True Vertical Depth (TVD)].

4.1.3 Intermediate Hole (12.1/4.in.)

The drilling rig was moved in, and a 12-1/4-in. hole was drilled throughthe Wasatch and 200 fl into
the Mesaverde. A 9-5/8-in., 36-1b/fl, K55 casing string was run to 4,130 ft and cemented back to
surface with 835 sacks of cement to isolate majorcaving and lost circulation zones in the Wasatch.

4.1.4 Production Hole (8-3/4-1n.)

An 8-3/4-in. hole was then drilled to the first kickoff point at 6,365 ft. Hole angle was built in the
8-3/4-in. hole using a 6-3/4-in. diameter angle-build motor having a design build rate of 8.7°/100 ft.
The hole angle was built from 0° at 6,365 ft to 55.2 ° at 7,010 fl for an effective build rate of 8.6°/100
ft. Conventional rotary coring operations were undertaken in the Paludal Mesaverde between 7,324
and 7,581 ft. A pressure core, co-funded by the Gas Research lmdtute, was taken in a coal between
7,371 and 7,380 fl to directly determine the methane content and to compare it with conventional coal
coring and desorption in the same interval. Drilling then proceeded in the tangent interval at a hole
inclination of 59.1 ° using both steerable motors and conventional rotary methods to 8,667 ft in the
Mantes shale, below the base of the Rollins sand. Mud weight was raised gradually from 13.3 to
15.0 PPG while drilling the tangent in an effort to stabilize caving in the over-pressured coals. The
high mud weight required to stabilize the coals, in turn, aggravated lost circulation problems in the
Rollins sand, Subsequent caving in of the overpressured coals and siltstones between 7,350 and 7,400
ft and lost circulation in the Rollins at 8,200 ft necessitated running the 7-in. casing early to isolate
these intervals. The 7-in., 29-1b/fl N80 casing was run to 8,489 fl, where it became stuck, and was
cemented in place with 770 sacks cement. At this time, the 5-in. drill pipe and handling equipment
was changed out to 3-1/2-in. equipment.

-13-



4.1.5 Cozzette 8&1° Lateral (6-in.)

A 6-in. hole was then rotary drill, to the second kickoff point at 8,834 ft. The second build was
drilled from 8,834 to 8,949 ft with 4-3/4-in. diameter, 19.4°/100 ft angle-build motors. Inclination
was built from 62.5° to 81.50 for an effective build rate of 15.3°/100 ft. Extreme difficulty was
experienced uniformly sliding the 4-3/4-in. bottomhole assembly while drilling the second angle-build
portion of the hole. It is strongly suspected that the lead stabilizer on the 19.4°/100 ft fixed angle-build
motor dragged, not allowing the bottomhole assembly to continuously slide in the high-angle hole.
This inability to continuously slide the fixed angle motor and bottomhole assembly in the high-angle
hole resulted in sudden downward movement of the bottomhole assembly which would instantaneously
increase the weight on the bit, bury the bit face and cause the mud motor to stall. At 8,994 ft, it was
not possible to slide the fixed angle.build motor in the 80.9° hole to continue motor drilling the second
angle build to 87° as planned. The last 40 ft of the second build, to 8,990 ft, was drilled with a
conventional rotary angle-build assembly and the hole angle was built to 83.4°. At the end of the
second build, the wellbore azimuth was due north, with the Cozzette dipping 1.7° to the north northeast.
The effective hole angle in the Cozzette at the end of the second build was 85.1° at 8,990 ft.

The well was conventionally rotary cored from 8,990 to 9,108 ft. The hole was then rotary drilled
to 9,466 ft TD, and the open-hole section was successfully logged using drill pipe-conveyed logging
techniques. A number of gas kicks were recorded while drilling and coring this final section of the
hole, indicating that the wellbore had traversed a number of gas-filled natural fractures.

A 4-1/2-in., 13.5-1b/ft, N80 liner was run to 9,466 ft (top liner tieback at 8,200 ft) and cemented with
300 sacks of cement. Mechanical problems that developed following liner cementing operations
resulted in a major washover operation. Figure 4-1 illustrates the "As Built" wellbore configuration
while Figures 4-2 and 4-3 present the wellbore profile and plan views.

4.2 DIRECTIONAL DRILLING SUMMARY

4.2.1 First Build

An 8-3/4-in. diameter hole was drilled out from under the 9-5/8-in., 36-1b/ft intermediate casing at
4,130 ft to the first kickoff point at 6,365 ft. A gyroscopic survey run at 6,365 ft indicated the hoie
angle to be 0.57° and determined the bottomhole location to be 65.83 ft east and 26.30 ft north of
the surface location on an azimuth of N68*E. The eastward drift of the hole is attributable to

intersecting and tracking a minor fault scarp initially encountered at 2,622 ft.

The entire first build interval was drilled with one 8.7°/100 ft angle-build motor assembly. The first
build interval was completed at 7,010 ft with an inclination of 55.2° on an azimuth of N4.3°W for
an effective build rate of 8.6°/100 ft.

An 8-3/4-in. Christensen Z437 mosaic bit was used to initiate the build and drilled from 6,365 to 6,423
ft, but was pulled, severely worn, when penetration rates did not exceed 3.9 ft_r. One 8-3/4-in., Smith
F3HL bit with heel buttons and stabilizer lugs drilled the remainder of the fn'st build interval to 7,010
ft at an average penetration rate of 10.3 R/hr.
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4.2.2 Tangent

8.314.tn. Tangent Section to 8,667 ft

The first tangent section was startedwith a steerable motor assembly. This assembly drilled295 ft to
the first core point at 7,305 ft while increasing the hole angle to 59.3°. A Smith F3HL bit with heel
buttons andstabilizer lugs drilled this intervalat an averagepenetrationrateof 8.1 ft/hr. At this point,
a wiper run was made with an 8-3/4-in. hole opener prior to initiating coring operations.

After completing coring operations at 7,581 ft, drilling of the 8-3/4-in. hole in the tangent section
resumed, wkh the hole being drilled to 8,667 ft. Nine bottomhole assemblies were employed in this
interval including both rotaryand steerablemotor assemblies. Nine bits, one re-runChristensen Z437
mosaic bit andeight Smith F3HLbits with heel buttonsandstabilizerlugs wereused to drillthis interval.
Penetration rates for the various bits ranged from 3.2 ft/ht to 7.7 ft/hr and averaged about 4.8 ft/hr.
The mosaic bit averaged3.6 ft_ for 86 ft, priorto being pulled. The eight Smith F3HL bits averaged
5.0 ft/hr over a distance of 995 ft.

Fishing Operations

Two separate fishing operations occurred while drUling in the tangent section. The first at 7,829 ft
resulted from losing two cones from a Smith F3HL bit while drilling with a steerable motor to raise
hole angle. The second fishing operation occurredat 8,270 ft with the loss of one cone, two nose cones
and bearings from a second Smith F3HL bit; again, the cones were lost while drU_g with a steerable
downhole motor and MW'D.

i

Hole Caving and Lost Circulation

After building mud weight to 15 PIG in an attempt to stabilize the caving coals and after drilling the
Rollins sandstone toppedat 8,199 ft, lost circulationcaused the drill pipe to become differentiallystuck
while drilling at 8,270 ft. The overpressuredcoals and fractured siltstones above the Rollins then kicked,
unloading gas into the wellbore and causing the hole to cave. The drill pipe was worked loose, and
the Rollins was successfully treatedwith lost circulation material to mitigate lost circulation. Drilling
operations in the tangent continued with frequent tight spots to 8,667 ft. On a short trip to clean the
hole, the drill pipe became stuck at 7,414 ft. Circulation with full returns was maintained even though
the drill pipe could not be rotated or reciprocated. The drill pipe was backed off in the tangent section
at 7,196 ft. A fishing assembly consisting of a cut lip screw-in sub, bumperjars and oil jars was run
to the top of the fish and screwed into the fish. Following 1-1/2 hoursjarring and circulating, the fish
came free. Large, angular pieces of coal and siltstone were then circulated from the well while
conditioning the hole. With the frequency of hole caving in the Paludal coals and occurrence of stuck
drill pipe steadily increasing, it was decided to run and cement the 7-in. casing at 8,667 ft. Due to the
threat of further caving, no open-hole logs were run in the 8-3/4-in. weilbore. It was felt that a lot of
the hole problemsmay have been the result of frequent tripsrequiredfor the coring operationsand not
the result of drilling in the high-angle hole.

7-in. Casing Set Through the Rollins

One-hundred-ninety-eight joints of 7-in., 29-1b/ft,N80 LT&C casing were run in the hole to 8,489 ft,
290 ft below the Rollins and into the Mancos shale. One-hundred-twelve centralizers were placed on
20-ft centers through the tangent and build sections of the hole. Difficulty was experienced running

-18-



the casing between 7,287 and 8,489 ft. The casing was worked and washed down through this interval.
Full returns were experienced while washing the casing down to 8,489 ft. The casing became stuck
completely at that point, 178 ft off bottom. The casing was then cemented in one stage with 340 sacks
of premium cement containing light weight additives and retarder followed by 430 sacks of premium
cement containing silica flour and retarder, plus additives to control cement weight and water loss, Full

, returns were experienced throughout the job. A cement bond log run 5 days after completion of
cementing operations indicated the cement top at 6,405 ft, approximately 40 ft below the top of the first
build and 2,900 ft below the designed cement top at 3,500 ft. This was probably due to loss of cement

• into the Rollins and the enlarged hole through the coaly interval.

6.in. Tangent Section to 8,834 ft

The 5-in. drill pipe, heavy-weight drill pipe, and the associated handling equipment were replaced with
3-1/2-in. drill pipe and 3-1/2-in. heavy-wei_t drill pipe and handling equipment prior to drilling out
from under the 7-in. casing. The shoe joint, 178 ft of 8-3/4-in. open hole, and 16 ft of new hole were
drilled out with a conventional rotary drilling assembly to a depth of 8,683 ft. A 6-in. Christensen R433S
PDC bit was then run on a rotary angle-hold assembly and drilled to the second kickoff point at 8,834
ft, a distance of 151 ft, at an average penetration rate of 9.7 ft/hr.

4.2.3 Second Build

The second kickoff point was determined using detailed structural mapping in conjunction with well-to-
well correlador, to stratigraphic markers as the well was being drilled. These stratigraphicmarkers include
the major Palu,'lalcoals, Rollins sandstone, Mantes Tongue, a thin geologic marker 84 ft into the Mantes
Tongue characterized by a high gamma ray and a high neutron porosity, and the top of the upper
Cozzette interval. A gamma ray log was run through drill pipe to fine tune this correlation prior to
reaching the second kickoff point. This was combined with MWD survey information to successfully
project the expected depths of the markers. This procedure resulted in an accurate determination of
the second kickoff point at 8,834 ft.

The 6-in. diameter hole in the second build interval was drilled with 19.4"/100 ft angle-build motors
using one Christensen R433S PDC bit and one Christensen D331 natural diamond bit. Nine fixed angle-
build assemblies were run between 8,834 and 8,949 ft.

The penetration rates were very low in the second build interval dueto difficulty in sliding the 4-3/4-in.
fixed angle-build motor and the 4-3/4-in. MWD in the high-angle hole. It is strongly suspected that
the integral lead stabilizer on the 19.4°1100 ft fixed angle-build motor dragged, not allowing the
bottomhole assembly to continuously slide in the high-angle hole. This inability to continuously slide
the fixed angle-build motor and bottomhole assembly in the high-angle hole resulted in sudden downward
movement of the bottomhole assembly, which, in turn, would instantaneously increase weight on bit,
bury the bit face and cause the mud motor to stall. At 8,949 ft, it became impossible to further slide
the 4-3/4-in. angle-build motor and MWD. The penetration rates through this interval ranged from 0.3
ft/hr to 4.3 f't/lu"while using the fixed angle-build motor assembly, and averaged slightly less than 1.0
ft/hr. At this time, it was decided to run a rotating angle-build assembly to increase penetration rate
and to complete drilling the second build. A rotating angle-build assembly was run at 8,949 ft and drilled

. to the end of the second build in the upper Cozzette at 8,990 ft. Inclination was built from 62.5° at
8,834 ft to 83.4" at 8,990 ft for an effective build rate of 13.4"/100 ft.

-19-



4.2.4 Horizontal Section

Detailed structuralmapping has determined thatthe Cozzette sandstone dips to the north northeastat
1.7° in the areaimmediate to the Slant Hole Completion Test. Further,the wellbore azimuthat the top
of the 40-ft (vertical thickness) upper Cozzette target interval is essentially due north. Consequently,
the effective angle of penetrationof the upperCozzette is 85.1°.

e

After completing coring operation in the upper Cozzette between 8,990 and 9,108 ft, a rotaryangle-
buildingassembly was runin thehole with a ChristensenD331 naturaldiamondbit. The entirehorizontal
section of the hole was drilled using surface rotation. Numerous naturalfractureswere encountered
drilling from 9,108 to 9,398 ft, the base of the upper Cozzette interval. Progressive penetrationof
fractures was indicated by loss of 16.6 PPG drilling fluid andrecurring,sporadic increases of gas on
the chromatographwhile drilling. The hole was bottomed at 9,466 ft, approximately 68 ft into the
sikstone below the base of the upper Cozzette.

Drilling the 476 ft of 85.1° lateral between 8,990 and 9,466 ft in the upper Cozzette requiredone
ChristensenD331 andone DiamantBoartTB603 naturaldiamondbit. The penetrationratesvariedfrom
4.8 ft_ to 5.7 ft/hr and averaged slightly less than 5.5 ft/hr.

4.3 DRILLING TIME SUMMARY

Figure 4-4 presents the drilling time versus depth versus cost information. Table 4-1 shows the
cumulative time distributionin hours for drilling the SHCT-1.

4.4 FORMATION TOPS, CASING DEPTHS AND TOTAL DEPTH

Table 4-2 presents the formationtops, casing depths and total depths for the SHCT-1.

4.5 MUD SYSTEM

A low solids, non-dispersed (LSND) mud systemwas chosento drill the Mesaverde sandstone, siltstone,
shale and coal sequence. This highly shear-thinning system was chosen because it has a minimum of
solids for improved penetrationramalong with minimum viscosity at the bit, and provided for maximum
annular velocity for hole cleaning. This LSND mud system had the following properties:

• pH at 9.0 to 9.5,

• 30-minute filtrates at5 ccto6 cc,

• mud weights maintained with barite to 16.6 PIG, and

• 8 percent diesel and a non-hydrocarbonlubricant used to increase lubricity.

The rig was equipped with a fine-screen shale shaker,desander, desilter, mud degasser, and a gas buster.
This mud system was chosen over an off-base mud due to the excellent results with a LSND mud at
MWX-3 and for environmental reasons.

4.6 CORING PROGRAM

4.6.1 Pressure Core in Paludal Coal

The objective of the pressurecore of a Paludal coal seam, cooperatively funded by the Gas Research
Instituteas an add-on activity, was to accuratelymeasure the original gas content and coal mechanical
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Table 4.1 Drilling Time Summary, SHCT.I
I II II • I I II I I

Cumulative Time Distribution Hours
III I II I IIIIII I I I I I I IIIII I

Drilling 1,206.75
Deviation Surveys 26.25 .
Trips 566.00
Reaming 122.00
Circulate & Condition Mud 211.25 .
RU & Run Casing & Liner 26,00
Install & Test BOP's, Casing, Remove, etc. 37.75
ControlPressure 46.25
Lost Circulation 76.00
Rig Maintenance 49.75
Rig Repair 107.50
WirelineLogging & Coring 109.25 .
Fishing 25.00
Washover Operations 457.50
PU, Lay Down Drill Collars, Pipe, Change BHAs 188.00
Wait On Orders, Equipment 34.00
Other 142.75
TOTAL 3,432.00
i ill i ,i,lu i ill

Table 4.2 Formation Tops, Casing Depths and Total Depths, $H6_-1
i iii ii ii i iii ii i11, i 1,,1

Measured TVD MSL
Depth, ft Depth, ft Elevation, ft

J i I I I I |1 IIII

FORMATION TOPS
Mesaverde 3,946 3,946 1,480
Rollins 8,199 7,553 -2,127
Cozzette 8,858 7,907 -2,481

CASING DEPTHS
' 13-3/8-in. Surface 115 115 5,292

9-5/8-in. Intermediate 4,130 4,130 1,296
7.in. Production 8,489 7,720 -2,294
4-1/2-in. Liner 9,466 7,981 -2,555

TOTAL DEPTHS
Drillers' TD 9,466 7,981 -2,555

Loggers' TD 9,468 7,981 -2,555

Note: SHCT No. 1 Elevation: 5,407 ft GL, 5,426 ft KB

l
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properties.Basedon geologicprojections,two 10-ftpressurecoreswerecutinsiltstoneandcoal
stringersbetween7,305and7,324ft,some 30ft(vertically)abovewherethecoalwasultimately
encountered.Followingareamingruntoopentheholefrom6-I/2to8-3/4in.,47ftofconventional
corewasthencut(inthreeruns)andthe10-ftcoalseamatthetopofthePaludal4 sandwasfinally
locatedat7,366ft.Fivefeetofcoalwascutwiththeconventionalcorebarrelandwasimmediately

. loadedincanistersforlowpressuregasdesorptionmeasurements.A successfulpressurecorewas
thentakeninthe60"inclinedwellborefrom7,371to7,380ftwith9 ftofcoalrecoveredunderfull
pressure at the surface. Subsequent desorption of the pressure core indicated a methane content of

• 765 SCF/ton (not corrected for ash content).

4.6.2 Conventional Core in the Paludal Mesaverde

Conventional 4-in. diameter core was cut from 7,324 to 7,371 ft and from 7,380 to 7,581 ft in the
60* inclined wellbore. A 6-3/4-in. by 4-in. by 60-ft core barrel with a brass studded (centralized) inner
barrel, and an 8-3/4-in. by 4-in. Christensen ZC476 PDC core bit was used to obtain core in the Paludal
interval.

The first two core runs, taken to locate the pressure core target coal, from 7,324 to 7,341 ft and from
7,341 to 7,358 ft, were prematurely terminated by core barrels jamming due to the highly-fractured
nature of the coal stringers, siltstones and shales encountered. The third core from 7,358 to 7,371
ft was terminated 5 ft into the target coal to inifate pressure coring operations. The fourth conventional
core taken from 7,380 to 7,418 ft encountered 5 natural fractures and was terminated when the core
barrel jammed in a minor coal. The fifth core taken between 7,418 and 7,478 ft encountered 9 natural
fractures in 39 ft of fine- to medium-grained sandstone. The sixth core taken from 7,478 to 7,538
ft encountered 24 fractures in 29 ft of fine-grained sandstone. A swarm of 21 of these fractures within
a 3-ft interval were not mineralized and contained residual guar gels assumed to be from a hydraulic
fracture stimulation conducted in the Paludal 3 sand haMWX-1 during 1984. The seventh core taken
from 7,538 to 7,581 ft encountered 5 natural fractures in 24 ft of fine-grained sandstone, 10 ft of
mudstone and 7 ft of coal. The coal recovered between 7,571 and 7,579 ft was loaded into canisters
for low pressure gas desorption. Core recovery included the coal above the Paludal 4 sand, the Paludal
3 and 4 sands, and the coal below the Paludal 3 sand. Mud weight during coring operations was
maintained at 13.3 PPG.

A total of 43 fractures were observed in the Paludal Mesaverde core, of which 22 were mineralized
and open, while a swarm of 21 non-mineralized fractures over a 3-ft interval represented the hydraulic
stimulation of the Paludal 3 sand in MWX-1.

4.6.3 Cozzette Core

Conventional 2-5/8-in. diameter core was cut from 8,990 to 9,108 ft in the 85.1° Cozzette lateral.
A 4-3/4-in. by 2-5/8-in. by 30-ft conventional core barrel with brass wear pads at the midpoint position
on the inner barrel for stabilization was used with a 6-in. by 2-5/8-in. Christensen C201 natural
diamond core bit to cut 118 ft of Cozzette core.

The eighth core taken from 8,990 to 9,020 ft recovered 30 ft of sandstone containing 5 natural fractures.
. The ninth core taken from 9,020 to 9,050 ft recovered 30 ft of sandstone with 12 natural fractures.
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The tenth core taken from 9,050 to 9,080 ft recovered26 ft of sandstone containing il natural fractures.
The eleventh core taken from 9,080 to 9,108 ft recovered 26-1/2 fi of sandstone containing 7 natural
fractures. Gas entry during coring operations caused the drilling fluid weight to drop from 16.6 to
16,4 PIG while cutting the last core.

A total of 35 mineralized, mostly open natural fractures were observed in 118 ft of core taken in the
Cozzette. Table 4-3 is a summary of the coring operation. Figure 4-5 iUust_ates the location of the
natural fractures encountered in the cored intervals.

4.7 LOGGING PROGRAM

Two logging suites were run in the SHCT-1. The fast suite was wireline conveyed from 4,130 ft back
to surface, while the second log suite covered the 6-in. open hole from 9,466 to 8,489 ft.

4,7.1 Wireline-Conveyed Logging (115 to 4,130 It)

A Folmation Compensated Density Log with Gamma Ray Log was run in the 12-1/4-in. hole from
4,130 ft back to the 13-3/8-in. surface casing prior to running the 9-5/8-in. intermediate casing.

Table 4.3 Coring Summary, SHCT.I
ii i i ii ii iii i i i iiii i i

Mineralized

Core Depth Depth Percent Natural
Number Cut, ft Recovered, ft Recovered Fractures

ii ,i i,i iml i i i i i

,_'essure Core 1 7,305.0 - 7,314.0 7,305.0 - 7,313.5 94 Not Examined
Pressure Core 2 7,314.0 - 7,324.0 7,314.0 - 7,323.8 98 Not Examined
Core 1 7,324.0- 7,341.6 7,324.0- 7,341.6 100 2
Core 2 7,341.5 - 7,358.0 7,341.5 - 7,357.8 98 1
Core 3 7,358.0- 7,371.0 7,358.0- 7,370.9 99 2
Pressure Core 3 7,371.0 - 7,380.0 7,371.0 - 7,380.0 100 Not Examined
Core 4 7,380.0 - 7,418.0 7,380,0 - 7,415.4 93 5
Core 5 7,418.0 - 7,478.0 7,418.0 - 7,4467.9 83 6
Core 6 7,478.0- 7,538.0 7,478.0 - 7,528.0 100 7
Core 7 7,538.0- 7,581.0 7,538.0- 7,579.0 95 5
Core 8 8,990.0- 89,020.0 8,990.0 - 9,020.3 101 5
Core 9 9,020.3 - 8,050.3 9,020.3 - 9,050.1 99 12
Core 10 9,050.01 - 9,080.1 9,050.1 - 9,076.6 88 11
Core 11 9,090.1 - 9,108.4 9,080.1 - 9,106.5 93 7

_ i ___J i H
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4.7.2 Drill Pipe-Conveyed Logging (8,489 to 9,466 ft)

The log suite for the Cozzette consisted of the Dual Induction Spherically Focused Log, the
Lithodensity, Compensated Neutron, Gamma Ray, and Caliper. The open-hole section was logged
from 9,461 ft, below the upper Cozzette, to the 7-in. casing seat in the Mancos Tongue at 8,489 ft.
The Compensated Neutron Log was run through casing to the cement top at 6,405 ft. The logs were
run in triple combination using drill pipe-conveyed logging techniques. The side-door entry sub was
attached after running 6,400 ft of 3-1/2-in. drill pipe. The logging operation went smoothly, and log
quality was good.

The operation requireda carefulcoordination of drilling and logging crews since logging was performed
while tripping drill pipe into and out of the hole. Tripping into the hole took approximately 14 hours
and required some working of the drill pipe to get through the second build and to total depth at 9,466
ft. As weU as providing logs on measured depth, the MWD survey was input to provide logs on true
vertical depth for correlation with offset wells. A detailed reporton the well log analysis was published
January 13, 1992.7

4.7.3 Deviation Survey and Directional Survey

An Eastman Christensen SeekerSurvey instrument (gyroscopic) was used to survey the vertical portion
of the SHCT No. 1 weLlborefrom the surface to 6,360 ft.

WeUbore inclination and azimuth information in the 8-3/4-in. hole between 6,300 and 8,667 ft was

obtained using the Eastman Christensen 6-3/4-in. Accu-Trak Directional MWD System. Wellbore
inclination and azimuth information in the 6-in. weUbore between 8,667 and 8,990 ft was obtained

us'.mgthe Sperry Sun 4-3/4-in. Slimhole MWD System. Detailed survey data can be found in the "As
Built" Report.1

4.8 DRILL BIT AND COREHEAD SUMMARY

Conventional coring in the 60° slant portion of the 8-3/4-in. weUbore in the Paludal Mesaverde was
undertaken using the Christensen ZC476 PDC core bit. Conventional coring in the 85° portion of
the 6-in. hole in the upper Cozzette sa_,d,'toneutilized the Christensen C201 natural diamond core bit.

The 12-1/4-in. intermediate hole was drilled to 4,130 ft using 5 miUtooth and 2 insert bits. The 8-3/4-
in. hole from 4,130 to 8,667 ft was drilled with 13 Smith journal bearing insert type bits and one
Christensen 7_,437PDC bit with mosaic cutters. The insert bits in the angle build and tangent sections
were equipped with heel buttons and stabilizer lugs for gauge protection.

The 6-in. hole from 8,667 to 9,466 ft was drilled with one Christensen D331 natural diamond bit, one
Christensen R433S PDC bit, and one 5-7/8-in. Diamant Boart TB603 natural diamond bit. The 5-7/8-
in. Diamant Boart bit was used to driU the last 66 ft of the wellbore to avoid making a reaming run
as the previous bit was puUed 1/8 in. undergauge.
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4.9 MECHANICAL PROBLEMS RESULTING IN LOSS OF WELL

Twenty-nine joints of 4-1/2-in., 13,5-1b/ft, N80 LT&C liner were run on drill pipe to 9,466 ft. The
top of the liner tieback sleeve was landed at 8,200 ft, and the liner was centralized at 20-ft intervals
throughout its length. At the recommendation of the Mountain States Oil Tool representative the liner

. packoff was not run in conjunction with the rest of the liner assembly, as originally planned, because
(1) of the possibility of high pressure during cement displacement prematurely setting the hydraulic
set liner packoff, and (2) had the plugs not landed properly, it would have been impossible to set the
liner packoff. A mechanically set liner top packoff was not used due to a pressure rating of 5,000
psi, which was deemed insufficient. The liner was then cemented with 300 sacks of premium cement
containing silica flour and a cement retarder, plus additives to control cement weight, water loss and

ir 'lost c culatlon. The cement slurry weight was 16.8 PPG.

Following 12 hours waiting on cement, a rerun 6-in. bit and a casing scraper were run in the well to
7,822 ft, approximately 400 ft above the liner tieback, to clean out the expected 200 to 300 ft of fill
and polish the liner tieback sleeve prior to running an external liner packoff.

Circulation was established and continued until heavy mud cut cement and practically straight unset
cement was circulated from the hole. The drill pipe was worked until returns were too thick to pump.

Attempts to pull out of the hole, to reverse circulate down the casing-drill pipe annulus, and to pump
straight water down the drill pipe to move the mud, all proved unsuccessful. Recovery operations
with wash over pipe were initiated at 346 ft on August 9, 1990. Initially, washover operations
recovered 300 to 400 ft of fish per day. Then, even though this part of the well is very straight and
vertical, the fish began laying against one side of the casing. Pipe recovery became slower and slower,
since every tool joint had to be milled with washover shoes. Finally, after recovering a total of 5,335
ft of fish, progress essentially stopped. At that point, pipe recovery operations were halted due to
budget considerations and the lack of progress. Figure 4-6 illustrates the position of the fish in the
7-in. casing at the time operations were suspended. On September 5, 1990, when operations were
stopped, 2,487 ft of fish remained in the well.

Mechanical problems following liner cementing were probably the result of a combination of factors.
These included not running a liner top packer and subsequent gas influx resulting in mud contaminated
cement, as well as poor sweep during cement displacement and an optimistic hole volume from a
caliper survey that resulted in overstating cement requirements.

[llII I Illl _ II I II I I Illll I Illlfl Ill H Ill[I I I I II I llll I I II I I
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5.0 SHCT-1 Sidetrack
IlrllllIIIIm mile _ "..... 11 II II I I II II I I III I I I 1 IIIIIII - :__ l[lllI Ilnl I £ III I I -r--:: _l_ _

$.1 KICK.OFF OPERATIONS FROM SHCT-1 WELLBORE

. $.1.1 Drilling Rig

Veco Rig 10, the drilling rig chosen to drill the sidetrack, had a depth capacity of 15,000 ft with 5-in.
• drill pipe, This diesel electric rig was equipped with a 142-ft mast having a 960,000 lb hook load

capacity with 10 lines, The rig was equipped with a 30-ft substructurerated at 1,200,000-ib capacity
sufficient to rack 10,000 ft of 5-in. drill pipe and heavy-weight drill pipe,

5.1.2 Opening a Window

The sidetracking plan originally called for pulling of about 5,300 ft of the 7-in. casing from the old
well, so that the lower hole could be redriUed with 8-3/4.in, bits, Pipe recovery operations were
initiated on April 26, 1991, using a well service unit andcasing jacks, Operations came to a halt 10
days later at 4,100 ft when no more joints came free. A stuck pipe log was run at this time which
indicated that the 7-in, casing was tight from 4,180 to 4,215 ft. It became evident that approximately
140 ft of tightly held 7.in. casing would have to be washed over to provide a 100-ft open-hole window
below the 9-5/8-in. intermediatecasiag shoo,

The well directional plan was adjusted to the shallower than expected kickoff point from which to
sidetrackthe hole. It was behoved that washovor operations could be performedmore efficiently with
the dril/ing rig. Consequently, the service unit was moved off and the drilling rig was moved on the
hole on May 12, 1991. A pilot mill was run, and 2 ft of the casing stub was milled to 4,102 ft to
smooth the top of the cut. An 8-5/8-in. washover shoe and 5 joints of 8-5/8-in. wash pipe were then
used to wash-over the 7-in. casing stub from 4,100 to 4,239 ft. The casing was chemically cut at4,237
ft; 136 ft of casing was recovered from the well. A Class O cement plug was set in the 7.in. casing
stub from the cut-off at 4,237 ft to 5,087 ft to seal off the lower portionof the old hole. An additional
Class G plug containing 2 percent CaCl2 was set from 4,237 to 4,019 ft to serve as the actual kickoff
plug.

$.i.3 Kicking Off at 4,160 ft

The kickoff plug was dressed off to 4,160 ft. A bottomhole assembly, consisting of an 8-3/4-in. IADC
Code D8X5 sidetrackbit, a steerable mud motor with a 2o bent sub, and eleven 6-1/4-in. drill collars
were used to kick off the sidetrack. At 4,254 ft, the kickoff bottomhole assembly (BHA) was pulled
after drilling a distance of 92 ft. The hole inclination had been built to 6°, while the hole azimuth
was $88°E. The sidetrack bit was replaced with an 8-3/4-in. IADC Code 537 insert bit, and a 1.5°
bent sub was run with the steerable motor. Drilling continued to 4,504 ft at which time the motor
and the sidetrack drilling assembly were laid down. At 4,504 ft (4,499 ft TVD), the hole inclination
was 12° and the azimuth was $78°E.
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$.2 DRILLING THE SIDETRACK

$.2.1 First Build

The upper part of the new hole was rotary drilled using conventional surface rotation, single-shot
surveys for position control, and an 8-3/4.in. IADC Code 517 insert bit on a packed hole assembly.
The well was drilled away from the old hole on a more or less straight tangent, at an inclination of
12° to 15° and a southeasterly azimuth. Over this section, from 4,504 ft to the first kickoff point at
6,550 ft, the average penetration rate was 6.81 _, while rotary dfllling 2,046 ft of hole.

The kickoff point was reached at 6,550 fl at a hole inclination of 15.8% on an azimuth of $67.7°E.
Drilling of the first build proceeded satisfactorily, completing the compound turn at 7,309 ft with a
hole inclination of 56° on an azimuth of NI3.3°E. A 10.4 PPG mud weight was carded throughout
the first build to 7,309 ft.

$.2.2 Redrill at 6,475 ft

At 7,309 fl, a packed hole rotary assembly was run in the hole to begin drilling the tangent section.
The assembly became stuck at 6,708 ft in a portion of the build having a 15°/100 ft dogleg. On jarring
loose, the bit and a near-bit stabilizer were left in the hole but were subsequently recovered. Efforts
to ream out a second 15°/100 ft dogleg between 6,803 and 6,833 ft in a coaly section ultimately
resulted in the hole being sidetracked at 6,833 ft. It was then decided to plug back to 6,450 ft and
attempt a second kickoff. The first cement plug failed to set and was circulated from the hole. The
second plug was satisfactory and a second kickoff was undertaken at 6,475 ft.

Redrtlling of the first build proceeded slowly to 7,358 ft. The mud weight ultimately was raised to
12.5 PPG to stabilize sloughing shales and coal stringers. Extreme care was taken to hold dogleg
severity below 8°/100 ft while drilling through the fractured interval where the 15°/100 ft doglegs
occurred in the original hole. At the end of the build at 7,358 ft, the wellbore inclination was 57.1°
and the hole azimuth was N14.6°E. The averagepenetrationrate while drilling the 823 ft of the first
build was 6.11 _.

$.2.3 Tangent

The first 208 ft of the tangentto 7,566 ft were drilled with both motor andsurface rotation. An 8-3/4-
in. insert bit was utilized with the steerable and rotatable motor to hold the hole inclination at 57.3°
while turning the azimuth to N9.7°E. The remainder of the 1,230 ft tangent section to 8,588 ft was
rotary drilled using an insert rock bit beefed up with heel buttons and stabilizer lugs. At 8,588 ft,
the hole inclination was 60.4 ° and the hole azimuth was N9,7°E. While drilling the tangent section,
it was necessary to steadily increase the mud weight to 14.3 PPG at 8,588 fl in the Mancos Shale to
maintain wellbore stability. The lost circulation zone in the Rollins sand, where over 1,000 bbl of
mud had been lost in the original slant hole, was drilled without incident.
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5.2.4 FishingOperations

Two separate fishing operations had to be conducted while drilling the tangent section. The first
problem began while tripping out for a bit change after drilling to 8,422 ft, when the pipe got stuck
part way out of the hole. Circulation with full returns was maintained even though the drill pipe could

. not be rotated or reciprocated, Apparently, hole caving occurred at a major coal encountered at 7,280
ft. The drill pipe was backed off at 7,283 ft and pulled, and a fishing assembly consisting of a cut
lip screw.in sub and bumper and oil jars was run to the top of the fish. After screwing into the fish,

' it came free following several minutes of down-jarring. The fish was then washed and reamed through
the caving rough hole area around 7,280 ft and pulled from the hole.

Afterdrillingto8,588ft,thesecondfishingoperationalsooccurredonatripoutofthehole.The top
stabilizerinthedrillingassemblybecamekeyseatedat%645 ftinashaleabovea coalseam.The
drillpipewasbackedoffat7,602ft,andtheholewascirculatedclean.Thepreviousfishingassembly
was runinthewelltothetopofthefishandscrewedin,Thefishwasjarreduptheholejust10ft
when itstuckagain.A secondbackoffwasperformedat7,622ft.The fishingassemblywasrerun
andscrewedintothefish,whichwasFinallyjarredfreeandpulledfromthewell.

Withtheincreasedfrequencyofholeinstability,particularlycavinginthePaludalcoals,itwasdecided
torundrillpipe-conveyedlogsacrossthePaludalMesaverdecompletiontarget,andthentorunand
cementthe7-in.casingatthepresentTD of8,588fttostabilizethewellbore,

S.2.$ Setting the 7-In. Casing

Two.hundred.onejointsof7.in.,29-1b/ftN80 LT&C casingwererunintheholeto8,588ft,459 ft
belowtheRollins,andintotheMancosShale.Fifty-onecentralizerswereplacedwithonecentralizar
aboveeverycollarthroughthetangentandbuildsectionsoftheholetothestagetoolat6,364ft.
Ten additionalcentralizerswereplacedaboveeverysecondcollarabovethatpoint.Some difficulty
wasexperiencedrunningthecasingbelow8,083ft,butitwasworkedandwasheddown tobottom
at8,588ft(7,780ftTVD). Fullreturnswereexperiencedthroughoutthewashdownoperation.The
stringweightwas!65,000Ib,andthecasingwaslandedintensionwith205,000Ibsettingontheslips.

The casing was cemented in two stages. The first stage consisted of 385 sacks of Class G cement
containing silica flour and additives to control cement weight and water loss. The well was circulated
through the stage collar for ten hours prior to cementing the second stage. The second stage consisted
of 285 sacks of Class G cement containing additives to control weight and water loss. Full returns
were experienced while cementing both stages.

5.2.6 Second Build

The second kickoff point was determined as the well was King drilled, using detailed structural
mapping of the Cozzatte sand target in conjunction with well-to-well correlation of geologic markers.
These markers include the major Paludal coals, Rollins Sandstone, Mancos Tongue, a thin geologic
marker in the Mancos Tongue characterized by high gamma ray and neutron porosity signatures, and
the top of the Upper Cozzette Sandstone. A gamma ray log was run through drill pipe to fine tune

, the geologic correlation points and to accurately select the second kickoff point.
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A 6-in. diameter hole was drilled out from underthe 7-in. casing shoe at 8,588 ft to the second kickoff
point at 8,660 ft, using surface rotation and an angle building BHA with an insert bit,

The ftrst part of the second build interval, from 8,660 to 8,812 ft, was drilled with 5°/100 ft steerable
motors and 2 insert bits. The average penetration rate was poor at 3,61 R/hr. Three different fixed
angle-build assemblies were run over this 15£-ft interval attempting to build angle. These BHAs
seriously underperformed and only built 7° of hole angle over the distance. The remainder of the
second build, from 8,812 to 9,020 ft, was drilled with an 11.6°/100 ft fixed angle-build motor and
3 insert bits. The average penetration rate was 4.17 ft/hr, and the build rate improved. The overall
build rate through the second build interval averaged6.9°/100 ft. At this point, the weUboreinclination
was 85.9°, and the Cozzette was reached.

$.2.7 Cozzette Horizontal Section

The top of the upper Cozzette target interval was encountered at a depth of approximately 9,006 ft
(7,928 ft TVD), where the hole azimuth was N10,9°E. Detailed structural mapping indicated that the
Cozzette dips to the north northeastat about 1.7°. The intent was to gradually drop through the 60-ft
thick Cozzette sand over a plannedcourse length of 500 ft. Consequently, the requiredaverage angle
of penetration of the Cozzette was 87.6°.

The Cozzette lateral from 9,006 to 9,289 ft was drilled using an IADC Code D2R2 natural diamond
bit on a rotaryangle hold assembly. Surveys from 9,050 to 9,112 ft indicated that the hole inclination
was locked on 87.7°; unexpectedly, the bit tended to remain parallel to bedding, and the borehole
was not cutting across the sand's thickness as planned. This problem did not occur in the original
slant hole; in fact, the hole had dropped out of the sand a little ahead of schedule. An attempt was
made with a steerable motor to increase the drop angle, but with marginal results. The diamond bit
run averaged a penetration rate of 4.04 ft_. The lateral to 9,308 ft was rotarydrilled ahead with an
insert bit at an average penetration rate of 2.5 ft/hr.

The mud weight was held at 14 PPG to drill the naturally-fractured Cozzette pay. By design, this
weight underbalanced reservoir pressureto minimize the loss of drilling fluid to the fracture system,
as experienced in the original slant hole, as well as to minimize suppression of gas shows. The mud

r 'log indicated at least 10 majorgas shows with chromatograph readings angmg from 190 to 800 units
between 9,138 and 9,308 ft. The produced gas was successfully handled throughthe rig's gas bvster.

5.2.8 Explosion and Fire

While tripping out of the hole for a bit change and with the bit at 5,200 ft, a very heavy gas kick
threatenedto blow out the well. The BOP was closed with 2,100 psi on the kelly, and an attempt
was made to check the annular pressure. At that point, the 4-in. return line from the BOP stack rup-
turedjust upstream of the choke manifold house. The released gas pressurepulled loose some electrical
wiring and ignited. The resulting flash fire was quickly extinguished by closing the lower pipe rams
on the BOP stack. Two rig site employees were injured. Only minor damage was done to the choke
manifold house, but the 4-in. Lineto the choke manifold house had to be replaced.
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As a result of the gas kick, the retrievable MWD tool was blown up the inside of the drill pipe
approximately 1,000 ft, before it wedged in a tool joint andplugged the drill string. Since it was not
possible to circulate dwing subsequent well control efforts, a hole volume (250 bbl) of 16 ppg mud
was bull-headed down the drill pipe-casing annulus to kill the well. After a short quiet period, the
well resumed flowing gas. Finally, 250 bbl of 18.7 ppg mud were pumped down the annulusto control

• the well. The pipe trip out was completed, and the MWD tool was located and recovered. A cleanout
trip was made to 9,234 ft to circulate out the 18.7 ppg kill mud and replace it with 16.3 ppg mud prior
to drilling the remainder of the Cozzette lateral.

5.2.9 Drilling the Cozzette to 9,407 ft

An IADC Code D2R2 natural diamond bit was selected to drill the remainder of the hole to TMD,
projected at 9,500 ft, using an angle dropBHA and surface rotation. Seventy-five barrels of mud were
lost while drilling from 9,308 to 9,358 ft. The presence of natural fractures was indicated by calcite
and quartz crystals in cuttings samples. The mud weight was sufficiently overbalanced to suppress
most of the gas shows. An additional 60 bbl of mud were lost as more fractured intervals were inter-
sected between 9,376 and 9,407 ft. Three hundred feet of horizontal, highly-fractured Cozzette pay
had been cut. At that point, it was decided to stop drilling operations at 9,407 ft TMD, 7,948 ft TVD,
to minimize further mud loss to the fracture system. Approximately 400 bbl of drilling mud were
lost into the Cozzette natural fracture system as a result of drilling and the post-fu'e well control opera-
tions. Figure 5-1 presents a diagram of the slant hole sidetrack weUboreat the end of drilling. Figure
5-2 presents a profile and plan view of the sidetrack wellbore. Figure 5-3, the wellsite plat, illustrates
the relationship between the well path and lease boundaries.

$.3 COZZETTE FLOWBACK TESTING

The initial Cozzette bottomhole completion assembly is illustrated in Figure 5-4. A permanent
production packer with one 6-ft joint of 2-7/8-in. tubing and an "R" nipple was run on drill pipe and
set at 8,453 ft. The mud in the drill pipe was displaced with 2 percent KCL water, and the seal
assembly was stung into the packer. The Cozzette was allowed to flow back to the bum pit through
a choke manifold. Gas began arriving at the flare after 40 minutes while KCL load water slowly
flowed from the well. Gas, water, mud and clouds of steam continued to flow at rapidly increasing
rates, until approximately 200 bbl of water and drillingmud were recovered. After recovery of liquids
stopped, up to 15.8 MMCFD of gas production were tested over a 3-hour period.

Following the brief flow test, a plug was set in the packer's "R" nipple to isolate the Cozzette open
hole, a retrievablebridge plug was set in at 8,372 ft as a safety precaution, and the hole was displaced
with 2 percent KC1water. The drilling rig was released on August 24, 1991.

5.4 DRILLING TIME SUMMARY

Figure 5-5 presents the drilling time versus depth versus cost information for drilling the SHCT No.
1 sidetrack. Table 5-1 shows the cumulative time distribution in hours.
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Table 5.1 Drilling Time Summary, SHCT.i Sidetrack
I Iii ii i ii I I iii _ IIIIIIIII iiii _ III I I iiiii iiiiii iii ii

Cumulative Time Distribution Hours
II H iiii i1_1 I i ]lllfl i IHI iiiiii i ii ii i ii - iiiiiiii i i i ii1 i

Drilling 1,041.25
. Deviation Surveys 75.25

Trips 519.25
Reaming 160.00

. Ctreulate& Condition Mud 147.25
RU and Run Castng and Liner 18.25
Install and Test BOP's, Casing, Remove, etc. 61.00
Control Pressure 79.25
Lost Circulation 0.00
Rig Maintenance 8.00
Rig Repair 3.75
WtrelineLogging 40.50
Fishing 29.75
Washover Operations 10.75
PU, Lay Down Drill Collars,Pipe, Change BHAs 146.50
Wait On Orders,Equipment 0.00
Other 155.25
TOTAL 2,496.00

ii I II i ii I I ii i iii I I I iiiillll i

5.$ FORMATION TOPS, CASING DEPTHS AND TOTAL DEPTH

Table 5-2 presents the formation tops, casing depths and total depth of the SHCT-1 sidetrack.

Table 5.2 Formation Tops, Casing Depths and Total Depths, SHCT.1 Sidetrack

Measured TVD MSL
Depth, Depth, Elevation,

ft ft ft
i

FORMATIONTOPS
Mesaverde 3,946 3,946 1,480
Rollins 8,120 7,550 -2,111
Cozzette 8,863 7,901 -2,462

CASING DEPTHS
13-3/8-in. Surface 115 115 5,292
9-5/8-in, Intermediate 4,130 4,130 1,296
7-in. Production 8,588 7,780 -2,341

TOTAL DEPTHS
Drillers' TD 9,407 7,948 -2,509

Note: SHCT No. 1 Elevation - 5,407 ft GL, 5,439 ft KB
t,
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$.6 MUD SYSTEM

A low solids, non-dispersed(LSND) mudsystem was chosento drill the sidetrackhole. This system was
chosen over an oil.base mud basedon the excellent resultswith that mudwhile drillingthe original slant
hole. Thishighly.shearthinningsystemcontainedaminimumof solids forimprovedpenetrationratealong
with minimumviscosity at the bit, resultingin maximum annularvelocity for hole cleaning. The mud
system had the following properties:

• pH at 9.0 to 9.5;

• 30-mtnum filtrates at 5 cc to 6 ce;

• mud weights maintainedwith bariteto 16.4 PPO; and

• 8 percent diesel and a non-hydrocarbonlubricantto increase lubricity.

The rig was equippedwith a fine-screenedshale shaker,desander,desilter,mud cleaner,vacuumdegasser,
and a high capacity mud/gas separator(gas buster).

Figure 5-6 presents a plot of mud weight versus true vertical depthfor thesidetrackand for the original
slant hole.

$.7 DRILL PIPE-CONVEYED LOGGING PROGRAM

The log suite for the Paludal Mesavordeinterval consisted of phasorinduction sphericallyfocused log,
lithodensity, compensated neutron,gamma ray, and caliper tools. The first logging runfor the SHCT-1
was attemptedJuly 9, 1991, using wireline conveyed logging techniques. Problemswith the logging tool
malfunction andthickeningof drillingfluid due to calcium contaminationandheat precludedcompletion
of wlrelin¢ logging operations.

The secondlogging runwas performedJuly 23, 1991,using drillpipe-conveyed logging techniques. The
following services were providedby Schlumberger:

Service Interval, ft

LithoDcnsity/CompensatedNeutronLog
with Gamma Ray and CaliperLogs 6,582 to 8,230

Phasor Dual Induction/Spherically
Focused Log 6,582 to 8,230

The entire pipe-conveyed logging operation took approximately 18 hours; no major problems were
encounteredduring either logging run,and log quality was excellent for thehole conditions. Thisoperation
requiredcareful coordinationbctwe,cn the rig and logging crews, since logging was performedwhile tripping
drill pipe into and out of the hole.
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MWD survey informationwas input to generatelogs on truevertical depthfor correlationpurposes with
offset wells; logs were also printedin measureddepth format.

$.8 DIRECTIONAL SURVEY

Wellbore inclination and azimuth informationInthe build sections of the 8-3/4-in. hole between 6,450 and
8,588 ft was obtained using the Eastmm Christensen 6.3/4-in. Accu-Trak Directional MWD System,
Wellbore inclination and azimuth information in the 6-in. weUborebetween8,588 and 9,407 ft was obtained
using the Eastman Christensen fully-retrievable4-3/4-in, DMWD System.

$.9 DRILL BIT SUMMARY

The 8-3/4-in.hole from4,160 to 8,588 ft was drilledwith 20 insertbits and1 naturaldiamondsidetracking
bit. The inserttype bits in the angle build and tangentsection of the 8-3/4-tn,hole were equippedwith
heel buttonsand stabilizer lugs for gauge protection,

The 6-in, hole from 8,588 to 9,407 ft, throughthe second buildandin theCozzette horizontalsection, was
drilled with 7 insert type bits and 2 naturaldiamond bits.
_,, ....... i i i i i i i l, ii i iillmll Hii i i i -- i i . ,iH,, i,i,),
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6.0 SHCT-1 Sidetrack Completion Operations
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6,1 INITIAL COZZETTE COMPLETION

, At the completion of the brief flow test of the horizontalportionof thehole in the Cozzette Formation,
a plugwas setinthe "R"nipplelocatedbelowthe model"DB" packer.A retrievablebridgeplug
wasalsosetinthe7-in.casingat8,372ftasasafetyprecaution.Thedrillingrigwasthenreleased

' onAugust24,1991.

OperationstopreparetheslantholefortestingandproductionoperationswereinitiatedDecember
10,1991.A HaUiburtonacousticcementbondlogwas runDecember12from8,210to5,600ft.
The CBLNDL generallyshowed60 to80 percentbondbetween7,200and8,210ftwithoutany
pressureon thewellbore,Theadditionof1,500psipressureonlymarginallyimprovedthequality
ofthecementbondlog.

On December12,1991partiallydehydrateddrillingmud wascirculatedoutdown totheretrievable
bridgeplugat8,372R.Theplugwas retrievedwithoutincidem.Mud wasthencirculatedfromthe
holefrom8,372fttothetopofthemodel"DB"packerat8,456ft.A 2.in.flushjointstingerassembly

waspickedupandrunintheholeon2.7/8-in.tubingtocirculatemud fromthe6.1-ftpupjointbelow
theModel"DB" packerdown tothetopofthe"R"plug.

A sealassemblywasrunon2-7/8-in.tubingandstungintothemodel"DB"packer.Thesealassembly
was run in 6,500 Ib compression, the tree was installed and successfully pressure tested, and the flare
line was connected in preparationfor flow testing the well,

Following an unsuccessful attempt on December 20, 1991, to wireline retrieve the "R" plug, a coiled
tubing unit was moved on the well the following day; 16O°Fwater was used to circulate out the last
6.1 ft of mud in the 2-7/8-in. tubing tail below the model "DB" packer. The equalizing pin was
retrieved without incident using wireUne.conveyed tools. This allowed the capability of flowing gas
to surface through two 3/16-in. diameter equalizing ports in the "R" plug. Attemptsto recover the "R"
plug itself, with wireline.conveyed tools, were unsuccessful.

The remainderof December 1991 was occupied with construction of the 3-in. Schedule 40 lateral to
the existing gas collection system and to install the 2-in. produced liquidsdump line from the separator
pad to the 400-bbl tank.

On January 2, 1992, a second attempt was made to retrieve the "R" plug using a coiled tubing unit.
A 1-1/4-in, continuous coiled tubing was used to wash down to the top of the "R" plug at 8,472 ft.
During this period, the well was flowed to the pit on an adjustable choke to allow easier access to
the well with the coiled tubing. After pulling out of the hole in preparation for running the fishing
tool on coiled tubing to retrieve the "R" plug, the choke seat and stem on the tree were checked for
wear. A piece of the fishing neck from the "R" plug was found inside the choke rccoiver, At that

• time, it was decided to release the coiled tubing unit and flow test the well to see ff the "R" plug had
eroded away and, if present, how much its presence restricted flow from the Cozzette open hole.
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On January 3, the well was flow tested on various size positive chokes, and an isochronal flow test
was conducted in theCozzette. The well was flowed from January 3 to January 9. Pipeline installation
was also underway during this time. The results from this testing were inconclusive, primarily because
the well had not sufficiently cleaned up at that time. The flow tests were hampered with line freeze-off
and other problems. The decision was then made to cut off the tubing pup just above the "R" nipple
to eliminate any conjecture about downhole restriction and the validity of future isochronal test
information,

On January 9, 1992, PomrenkeWireltne Services rigged up under a 10,000 psi wp lubricator and ran
a 2-1/4.in. diameter jet cutter, a casing collar locater, and 33 ft of sinker bars on wtreline to the top
of the "R" plug at 8,472 ft. The operator picked up 1 ft off the "R" plug, and cut off the 2-7/8-in.
tubing just above the top of the "R" nipple, The operatorpicked up immediately, but the cutterhead,
CCL, and sinker bars were stuck. The wireUnewas worked, came free, and moved up the hole about
40 ft where it again became stuck. After working the wirellne several times, the wireline pulled out
of the rope socket. On the way out of the hole, the wirellne became hung up in the grease _jector,
jammed and parted, leaving approximately 3,000 ft of 7/32-in. diameter line hanging from the top of
the lubricator,through the master valves, and into the weB. The wireline BOPs would not sufficiently
hold to allow removing the lubricator to replace the grease head and restring the wireline so that it
could be pulled from the well.

It was decided to do a ;,,,.,_lheadfreeze to isolate wellbore pressure below the lower master valve;
remove the lubricator;replace the grease injector;andrestring the wireline preparatoryto its recovery
from the wellbore. The placement of the bentonite gel plug and actual wellhead freezing operations
were undertaken January 11, 1992. The wtreline was successfully recovered the next day.

The SHCT-1 was turned into the pipeline at 4 p.m. January 16, 1992, at 3,048 MCFD, OBOPD, 0
BWPD at 4,750 psi FTP. Production from the Cozzette zone in the SHCT.1 for January 1992 was
17,030 MCF (14.73 psia) and 100 BW,

About February 10, the well startedproducing water while producing at the rate of 3 MCFD, The
initial waterrate was around 80 BPD but graduallyincreased during the month until it was producing
over 300 BPD at the 3.0 MMCFD rate. When the rate was dropped back to 2.0 MMCFD, the water
production rate decreased to about 140 BPD.

The water analysis run on the samples coUected during the month appear to be consistent. At this
time, it was not sure if the water was from the Cozzette Formation or possibly from the Rollins
Formation and channeling behind the casing.

Production from the Cozzette zone in SHCT.1 for February 1992 was 66,537 MCF (14.73 psia) and
3,154 BW,

The well was produced at rates between 2.5 and 3.0 MMCFD and 350 to 380 BWPD until 9 a.m,
March 16, 1992, at which time the well was shut in for pressure buildup. The well was returned to
production at 1 p.m. March 27, 1992, at a rate of 1.0 MMCFD and 38 BWPD.
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Productionfrom the Cozzene zone in SHCT.1 for March1992 was 40,385 MCF gas (14.73 psia) and
5,264 BW.

The SHCT-1 was shut in at 8 a.m, April 13, 1992, for a pressure buildup prior to conducting an
isochronal test to determineopen flow potential. The four point test was initiated at 8 a.m. April 17,

, 1992, and was completed at 2 a.m. April 22, 1992.

Production from the Cozzette zone in SHCT-1 for April 1992 was 25,055 MCF gas (14,73 psia) and
" 325 BW,

Production from the Cozzett¢ zone in SHCT-1 for May 1992 was 47,750 MCF gas (14.73 psia) and
3,597 BW.

The test data and deliverability plots are presented in Section 7.0 of this report.

6.2 WATER SHUT-OFF OPERATIONS

During the early partof June 1992, a tubing plug was run and set in the 2-7/8-in. tubing stub below
the model "DB" packer. This isolated the Cozzette Formation below the packer. The tubing string
was stung out of the packer and pulled. A retrievable bridge plug was set at 8,420 ft.

Because it was hypothesized that the produced water might be migrating into the Cozzette from
formations above, it was decided to run several logs to determine ff there was channeling and water
movement behind the 7-in. pipe. The Cement Evaluation Tool (CET), TDT and Oxygen Activation
Logs were run from 8,420 to 6,400 ft. The CET log indicated severe channeling behind pipe
throughout the logged interval. The ACT log also indicated water movement behind pipe.

The lower Rollins interval was perforated from 8,274 to 8,276 ft and squeeze cemented in an attempt
to shut off any water flow behind the 7-in. casing into the Cozzette from above. Two squeeze jobs
were required before a satisfactory squeeze pressure was a_ed.

6,3 PALUDAL 2 STIMULATION OPERATIONS

After the squeeze cementing work to attempt to shut off the water above the Cozzette interval, work
was initiated to stimulate productionfrom the Paludal 2 interval. Because of the poor cement behind
the 7-in. casing, it was necessary to block squeeze above and below the Paludal 2 interval before it
could be hydraulically fractured.

The Paludal 2 interval was block squeezed through perforations at 7,761 to 7,762 ft and at 7,730 to
7,731 ft. Through each set of perforations, 8 to 9 bbl of class O cement slurry were successfully
squeezed. A satisfactory squeeze pressure was achieved on both squeeze jobs.

On June 23, 1992, a hydraulic fracture treatmentwas performed in the Lower Cameo Coal section
of the SHCT-1 Sidetrack well through perforations in the Paludal 2 sand between Coals 7 and 8.
Schlumberger perforated at 7,732 to 7,734 ft (7,340 ft TVD) with 8 SPF for a total of 16 holes. The
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37-gramchargesproducedan averagehole size of 0.47 in. and a total penetrationdepthof 6 to 9 in.
The gun was orientedto shoot top and bottomonly,

FoUowingperforating,the 7.in. casing waspressuredup to 4,000 psi with the rigpumpin an attempt
to breakdown the perforations.No breakdownwas achieved, and minimal leakoff was observed
indicating that the perforationswere surroundedby good cement.

The decisionwas madeto run in witha 3-1/2.in. frac worgstringand a treatingpackerto isolate the
majority of the 7-in. casing fromthe anticipatedhigh treatingpressures.The treatingpackerwas set
with the bottom at 7,701 ft and 40,000 lb of slack off. Calculateddisplacementto the top perfwas
68 bbl.The annulus was pressuredup to 3,500 psi priorto pumpingthe injectiontests and fracture
treatment.

Extensivequalitycontrolmeasureswereperformedonthefracfluidsonthedayprecedingthefracture
treatment. Western Companyutilized its mobile lab van to test the rheologyand breaktimes of its
crosslinkedgel using chemicalsandwateron location.An aggressivebreakerschedulewas designed
to breakthe crosslinkedgel in 1 hourfollowing shut in.

A mtni-fracwas performedprior to pumping the main frac. The well waspressuredup to 5,500 psi
withoutbreakingdownthe perforationsandthe pumps wereshut downto observeleakoff.Thepumps
werethenengaged,andthe pressureincreasedto approximately6,400psi wheretheperforationsbegan
taking fluid, No traditional"breakdown"was observed.It appearedmore like a fracturethat was re-
opening. Injectionrateswith 2 percentKCIwaterwere increasedto 20 BPMat 7,500psi. The decision
was made not to pump the 7-1/2-percentHCIsince the perforationswere taking fluid at reasonable
rates andpressm'es.Priorto starting the delayedcrosslinkedgel, 20 bbl of 2-percentKC1waterwas
pumped.Once crosslinkedgel hit the perforations,the injectionrate was increased to 25 BPM (@
7,900 psi). The pumpswereshutdown afterapproximately25 bbl of gel had passed the perforations.
A 3,000 psi frictionpressuredrop was observedat 25 BPM. About 1,900 psi is atwibutedto pipe
frictionwhile the frictionat the perforations(and near-wellbore)is estimatedat 1,100 psi. Another
25 bblof crosslinkedgel was pumpedat 30 BPM (@ 8,400 psi) followed by a secondshutdown,A
frictionpressuredrop of about3,600 psiwas observedat 30 BPM(2,350 psi pipefrictionand1,250
psi at the perforations),

TheISIPfollowingeachshut-inwas approximately5,000psi whichcorrespondsto afracture gradi¢:nt
of 1.12 psi/ft. The anticipatedminimumstress gradientaroundthe 60° deviatedwellborewas 1.14
psi/ft basedon an in-situstressgradientof 0.85psi/ft, Since the stressesobservedweresimilarto _hose
whichwereestimated and the nearweUborefrictionwas not extremelyhigh, the decisionwas made
to pumpthe fracturetreatmentas designed.

The job was pumpedaccordingto the design. The total load water to recoverincluding the 67 bbl
flush and the mini-fracwas 1,192 bbl.

The Paludal 2 sand and surroundingcoals in the 600 hole was hydraulic-fracturestimulatedthrough
16 perforationsbetween 7,732 and7,734 ft using5,000-1b100 meshsand,76,500-1b20/40 sand,and
30,000 lb of resin-coated20/40 sandcarriedin 43,512 gal of crosslinkedgel. The averagetreating
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rate was 30 BPM at a surfacetreating pressure of 8,200 psi. The well was fractured on June 23, 1992,
and then cleaned up by flowing to the pit through July 8, 1992.

On July 8, 1992, a Stop Work Order was issued by DOE to conserve remaining funds until it could
be determined if FY 1993 funds would be available to complete the upper Cameo (Paludal 3 and 4

• sands and surroundingcoals) stimulation andtesting activities. At this time, all field activities ceased.
The wellhead was installed, the service unit and all rental equipment was released, and the well was
reconnected to the pipeline for flow testing.

The test data and analysis are presented in Section 8,0 of this report.

6.4 PALUDAL 3 AND 4 STIMULATION OPERATIONS

Work was initiated on January 13, 1993, to complete the stimulation of the Paludal 3 and 4 intervals.
A bridge plug was set above the Paludal 2 perforations at 7,520 ft, and the Paludal 3 and 4 interval
was block squeezed. The squeeze intervals were 7,510 to 7,511 ft and 7,385 to 7,386 ft. Each interval
was squeezed with 8 bbl of class G cement with a satisfactory squeeze pressure obtainedon each set
of perforations.

A hydraulic fracturetreatment was performedin the Paludal 3 and 4 zones of the SHCT-1 Sidetrack
on January 22, 1993. The well was perforatedacross the Paludal 4 sand at 7,386 to 7,388 ft (7,154
ft TVD) with 8 SPF for a total of 16 holes (34 gram, 0.5-in. diameter). The perforations were phased
at 180° and oriented to the high and low side of the wellbore (0° and 180°) using spring decentralizers.

A 3-1/2-in. frac workstring and a 7-in. treating packer were utilized during the fracture treatment to
isolate the 7-in. casing from the expected high treating pressures. The packer was set at 7,345 ft, and
2,800 psi was applied to the annulus using the rig pump.

f

Western Company utilized its mobile labvan to test the crosslink times and breaktimes of its gel using
chemicals and water on location. An aggressive breakerschedule was designed to break the cross-link
gel in 1 hour following shut-in.

A breakdownand injectiontest (mini-frac test) using 25 bbl of 2 percent KC1waterwas pumped ahead
of the main fracturetreatment. The perforations brokedown at 5,700 psi and the remainderof the KCI
water was pumped at 15 BPM at about7,100 psi surface pressure. The instantaneous shut-in pressure
(ISIP) following the breakdown was 3,600 psi (0.94 psi/ft). Based on the pressures observed, the
decision was made to pump the main fracture treatment as designed.

The fracture treatment consisted of pumping 5,1300lb 100 mesh, 160,000 lb of 20/40 Ottawa sand and
30,000 lb of resin-coated sand (tail-in) in 1,%o bbl of crosslinked gel at a rate of 30 BPM and a
maximum proppant concentration of 5.0 ppg.

A radioactive tracer (Iridium 192 beads) was included during the sand stages to help evaluate the
effectiveness of the fracturing treatment (i.e., the placement of the proppant).
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There was a total of 1,964 bbl of fluid to recover; at the end of January, 1,158 bbl had been recovered.
The well was flowed and swabbed to cleanup until January 30, 1993.

The SHCT-1 was produced 4.03 MMCF of gas into the sales line during February. As of the end of
February, 1,158 of the 1,964 bbl of frac fluid had been recovered. The Paludal 3 and 4 interval
produced at a rate of 100 to 150 MCFD. On March 3, 1993, a service rig was moved in and the tubing
was pulled. A gamma ray log was run over the interval from 7,375 fi to 7,200 ft. The only indication
of radioactive tracer was at the perforations and about 10 ft above. The hole was run in with a
perforating gun and was perforated from 7,442 to 7,462 ft with 4 JSPF. Tubing was rerun with a
packer, and the packer was set at 7,364 ft. The well was put back on production March 4, 1993. No
significant increase in production was noted from the additional perforations.

The Paludal 3 and 4 zone was produced to the gas sales line until March 17 at which time it was shut
in for a pressure buildup test. The shut-in tool was unable to reach bottom, so the well was flowed
until 7 a.m. the next day and shut in again. The bottomhole pressure gauge was landed at 7,235 ft
because the seating nipple was unreachable at 7333 ft. The well was shut-in until March 24 at which
time it was blown down to start work to re-enter the Cozzette interval.

The test data and analysis are presented in Section 8.0 of this report.

6.$ RECOMPLETION TO THE COZZETTE

A workover rig was moved on March 25, 1993. The wellhead was nippled down, BOPs were installed
and work began on drilling out cement retainers, cement and bridge plugs. There are three sets of
retainers, cement and bridge plugs to be drilled up before getting to the retrievable bridge plug above
the Cozzette.

The plugs were drilled up, the retrievable bridge plug was recovered and a new bottomhole assembly
was run. The bottomhole assembly consisted of the model "D" seal assembly to sting into the existing
model "DB" packer at 8,456 ft, an "R" nipple, hydraulic set packer, an "EF" nipple, "On/Off" tool,
and a sliding sleeve. Figure 6-1 is a diagram of the new bottomhole assembly. This assembly was
run on 2-7/8-in. tubing. The seal assembly was stabbed into the model "DB" packer and the hydraulic
set packer was set. The tubing was then unlatched from the On/Off tool and the well was blown dry
using nitrogen. The tubing was then reset in the On/Off tool and the tubing landed in tension in the
wellhead. The tubing stub was perforated over a two-foot interval just above the plug in the bottom
of the tubing below the model "DB" packer. The tubing was perforated under 2,300 psi surface
pressure. After perforating, the pressure dropped to approximately 2,150 psi. On April 10, 1993, the
Cozzette was put on production at approximately 2.0 MMCFD. The remainder of the month was spent
testing the Cozzette for water and gas production.

Work has been completed on the well. The well has been configured to allow production of both the
Paludal intervals up the tubing/casing annulus and the Cozzette up the tubing. The Cozzette interval
continues to produce large volumes of water along with the gas. Figure 6-2 is a drawing of the present
wellbore configuration.

The test and production data analysis are presented in Section 7.0 of this report.
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7.0 Cozzette Testing and Analysis

7.1 COZZETTE INITIAL FLOW TESTING

• The SHCT-1 Sidetrack was completed into the Cozzette in December 1991 and testing was initiated
in January 1992. The fh'st test was a modified flow test was performed on January 3, 1992. Initial
shut-in tubing pressure was 4,800 psi. Since the produced gases were to be flared, rates in excess

. of the proposed pipeline production rates were possible. Figure 7-1 is a deliverability plot of this
production test data and includes the measured surface tubing pressure and calculated surface gas rates
through a series of fbced chokes. It is felt that the calculated Absolute Open Flow (AOF) value of
15.3 MMCFD is too high, primarily because the flow was not stabilized; also there is reason to believe
the initial bottomhole pressure that was used may also have been too high.

The presence of liquids during testing precludes extensive analysis of this data. It is clear, however,
that the production potential was substantially higher than that experienced with vertical Cozzette
completions in the Rulison Field.

An initial Cozzette bottornhole pressure of 6,250 psi had been measured during extensive well testing
operations involving the adjacent MWX wellss. The 5,350 psi wellhead pressure measured at SHCT-1
on December 31, 1991, converts to 6,189 psi at Cozzette depth (7,925 ft TVD) using a static dry gas
gradient. This calculated pressure is in good agreement with the MWX measurement for original
Cozzette pressure. The validity of the December 31, 1991, wellhead pressure measurement is
questionable; however, since all subsequent maximum static wellhead pressure measurements were
in the range of 4,800 to 4,850 psi. These pressures are consistent with the estimated reservoir pressure
measured in the Apiii 1992 Cozzette buildup.

A second flow test was conducted on January 13, 1992, following the tubing cutoff operation. Initial
shut-in tubing pressure was 4,800 psi. Figure 7-2 is a deliverability plot of this production test data
and includes the measured surface tubing pressure and calculated surface gas rates through a series
of fixed chokes. Again it is felt that the AOF value of 12.3 MMCFD is too optimistic, again for the
same reasons sighted above. This test does confirm that SHCT-1 is highly productive and capable
of producing at gas rates in excess of 5 MMCFD. It should also be noted that both the initial and
supplementary flow tests began to show water production at wellhead pressures below 4,000 psi.

The SHCT-1 was turned into the pipeline at 4 p.m. January 16, 1992, at 3,048 MCFD, 0 BOPD, 0
BWPD at 4,750 psi FTP. Production from the Cozzette zone for the month of January 1992 was
17,030 MCF (14.73 psia) and 100 BW, The well was shut-in on January 31, 1992, for an upgrade
to separation equipment.

The Cozzette was put back on production on February 2, 1992. Flow was maintained at approximately
2.0 MMCFD at a wellhead pressure of 4,450 to 4,500 psi until February 5, 1992. Flow rates were
increased and ranged from 3.0 to 4.2 MMCFD. Wellhead pressures ranged from 3,800 to 4,300 psi

' during flows. Water production was first measured in significant quantity during this flow period.
On February 5, 1992, 24 BW was metered during 14 hours of flow at rates between 3.0 and 3.5

• MMCFD. Water production subsequently increased to 80 BPD on February 10, 1992. Gas rates on
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this date fluctuated between 2.8 and 4.2 MMCFD, and wellhead pressures fluctuated between 3,800
and 4,200 psi. Gas flow rates were then maintained at 3.0 MMCFD. Wellhead pressures declined
steadily to 3,350 psi, and water rates increased steadily to 258 BPD on February22, 1992, Gas flow
ratewas then decreased to 2.0 MMCFD. Wellhead pressures rose to 3,700 psi, and waterratesdeclined
steadily to 134 BPD on February27, 1992.

t

Productionfrom theCozzette zone in SHCT-1 for themonth of February1992 was 66,537 MCF (14.73
psia) and 3,154 BW,

During early March 1992, flow rate was increased to between 2.5 and 3.0 MMCFD. Wellhead
pressures dropped to 3,100 psi by March 15, and water rates increased steadily to 406 BPD on the
same date.

On March 15, the well was shut-in and allowed to build up. Surface shut-in pressure on March 26
was 4,680 psi. A gradient survey was attempted on March 26; however, the pressure bomb could
not be lowered past 7,590 ft. An analysis of the gradient survey data did not indicate the presence
of a liquid column in the weilbore above 7,590 ft. Maximum bottomhole pressure measured was 5,366
psi at 7,590 ft.

From March 27 throughApril 13, 1992, gas flow rate was maintained at approximately 1.0 MMCFD.
Flowing tubing pressure stabilized at 4,140 psi. Waterrates were stable at 10 to 20 BPD at the end
of the test period.

Production from the Cozzette zone in SHCT-1 for March1992 was 40,385 MCF gas (14.73 psia) and
5,264 BW.

7.2 MODIFIED ISOCHRONAL TEST (April 14 through April 20, 1992)

A modified isochronal test was performed on April 17 to 18, 1992. The datawas taken with Kuster
gauges located at 7,250 ft. Prior to the flow tests, the well was shut-in for 4 days from April 14
throughApril 17. Initial shut-in bottomhole pressure was 5,415 psi. Flow andshut-in periods during
the test were six hoursin length. Figure7-3 is a deliverability plot graph of the test data. All pressures
were measured at 7,250 ft. Based on the modified isochronal test, the absolute open flow potential
of SHCT-1 was estimated to be 10.0 MMCFD,

7.3 COZZETTE BUILDUP (April 21 through April 28, 1992)

A shut-in buildup test was recorded with Kuster gauges located at 7,250 ft. Maximum bottomhole
buildup pressure at 7,250 ft was 5,500 psi after 177 hours. Figure 7-4 is a plot of the buildup in
Homer time. Although the data quality is poor, some observations can be made.

Qu',ditatively, the pressure derivative appears to behave in a manner consistent with dual porosity
reservoirs. If it is assumed that combined radial flow is effective at the end of the buildup, the
extrapolated Homer buildup pressure would be 5,550 psi. Assuming a dry gas gradient, this is
equivalent to a wellhead pressure of 4,830 psi. Analysis of this data is complicated by the fact that
the depletion patternin the Cozzette at SHCT-1 is probably not uniform due to the anisotropy of the
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naturalfracturesystems. Analysisis furthercomplicatedby an unknownsourceof waterproduction
and the mechanics of multiphase flow,

WeUborepressuregradientsmeasuredafterthebuildupdonot indicatea liquidcolumnin the wellbore
above the pressurebombat the end of the test.

7.4 COZZETTE PRODUCTION TESTING (April 28 through June 2, 1992)

' Afterthe builduptest,gasproductionwas maintainedat a rateof 2.0 MMCFD. Wellheadpressures
duringthis test perioddeclinedslowlyto 3,899psi. Waterproductionratesstabilizedat 62to 67 BPD
by May 7.

Productionfromthe Cozzette zone in SHCT.1 for April 1992was 25,055 MCFgas (14.73psia) and
325 BW.

Gasproductionrateswereincreasedto 3.0 MMCFD. Waterproductionratesimmediatelyincreased
to 187 BPD and continuedto rise duringthe test period. Waterproductio,rate on May 11 was 397
BPD. WeUheadpressureshad decreasedto 2,948 psi over the same period,

Gasproductionrateswerereducedto approximately2.0 MMCFD. Waterratesrangedbetween348
and 355 BPD. Wellheadpressurestabiliz,_dat 3,180 psi.

On May 13, gas production rateswerereducedto approximately1.0 MMCFD. Waterproduction
ranged from27 to 62 BPD. Wellheadpressuresincreasedto approximately3,800 psi by the end of
the flow period. Productionfrom the Cozzettezone in SHCT.1for May 1992was 47,750 MCFgas
(14,73 psia)and3,597 BW. Figure7-5 is aplot of daffyCozzettegas and waterproductionfor 1992,
and Figure7-6 is a plot of averagedaily wellheadpressuresfor that period.

On June 3, 1992, a tubing plug was run and set in the 2.7/8.in. tubing stub below the model "DB"
packer, This isolatedthe CozzetteFormationbelowthe packer. The Cozzettezone wouldnot be re.
entered until after the completion of the stimulatedand testing of the two Paludal intervals. The
Cozzettewas put backon productionon April 12, 1993.

7.S COZZETTE TESTING (April 12, 1993 through June 3, 1993)

On April12, 1993,theCozzettewas puton productionat approximately2.0 MMCFD.Rates between
Apriland June generallyrangedfrom 1.0 to 1.7 MMCFD. Waterproductionratesincreasedto 140
to 180BPD by April26 with correspondingwellheadpressuresof 3,200to 3,300psi. Water/gasratios
deterioratedduringMay despite attempts to keep gas rates below 1.0 MMCFD. On June6, 1993,
gas flow rates were350 to 425 MCFDat a wellheadpressureof 2,650 psi. The correspondingwater
rate was 251 BPD. Figure%'/is a plot of daily Cozzettegas and waterproductionfor 1993,and
Figure '7-8is a plot of averagedaffywellheadpressurescoveringthe same period,
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7.6 COZZETTE WATER PRODUCTION

Recent horizontal wells drilled in the Rulison Field have experienced significant waterproduction as
well as significant gas production. The CER SHCT-1 Sidetrack in Section 34, T6S, R94W produced
as much as 600 BWPD. The Meridian 43-33 QuarterCircle well in Section 33, T6S, R94W produced
as much as 1,800 BWPD. This water production is a very serious problem and threatens the viability
of horizontal drilling as a mechanism for enhancing gas production from low-permeability reservoirs
in the Rulison Field.

It is not known for certain whether the water produced from the Rulison Field horizontal wells is being
sourced from the Cozzette. Another possibility is that water is being sourced via mechanical
communication with water reservoirs which overlie the Cozzette. The nature of the water production
mechanism is not clearly understood, particularly in view of the fact that nearby vertical Cozzette
completions have produced for many years without significant water production.

RelationshipofGas and WaterTrappingtoStructure

It is well known that the Piceance Basin traps gas downdip of water. This style of gas trappinghas
analogy to the San Juan Basin in New Mexico, the Deep Basin in Alberta, Canada, and the majority
of Rocky Mountain basins. Trapping gas downdip of water is a specialized type of stratigraphic
trapping mechanism and in general requires low.permeability so the buoyancy effect is minimized.
In the Piceance Basin, gas is presently being generated in downdip areas of the basin.

In theRulison Field, the Cozzette andCorcoran Sandstones and adjacent strata are actively generating
gas. Gas trapping is fairly efficient and results in significant overpressuring, with pressuregradients
up to 0.78 psi/ft. The Rollins Sandstone and underlying Mancos Tongue are also actively generating
gas; however, the depositional character of this sand is relatively more homogeneous and much of
the gas that is being generated moves laterally through the Rollins, escaping updip. Consequently,
reservoir pore pressures within the Rollins, while stiU overpressured,are significantly lower than in
the Corcoran and Cozzette.

Vertical gas wells completed in Corcoran and Cozzette reservoirs in the Rulison Field have not
experienced significant waterproduction. The MWX-I well in Section 34, T6S, R94W has significant
overpressuringin the CorcoranandCozzette anddid not produce significant water from the Cozzette.
Because of this overpressuredcondition and the failure to produce water, until the last few years, it
was commonly believed that the water saturation of these reservoirs is at or is near irreducible.
Occasional water productionproblems, such as from the Clough 21 well in Section 20, T6S, R94W
were thought to be related to mechanical communication with otherreservoirs. In any case, there was
no clear relationship of water production to structure.

Possible sources of water production from the SHCT-1 include:

• Water migration via one or more faults penetrated by the horizontal wellbere.

• Water migration behind pipe from zones above the Cozzette.

• Water production into the Cozzette fracture system from the rock roan'ix.
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8.0 Paludal Testing and Analysis

8.1 PALUDAL 2 STIMULATION

• The Paludal2 sandandsurroundingcoalsinthe60°holewashydraulicfracturestimulatedthrough
16perforationsbetween7,732and7,734ftusing5,000Ib100meshsand,76,500ib20/40sand,and
30,000Ibresin-coated20/40sandcarriedin1,036bblofcrosslinkedgel.The averagetreatingrate

• was 30BPM ata surfacetreatingpressureof8,200psi.The wellwas fracturedonJune23,1992,
andthencleanedupbyflowingtothepitthroughJuly8,1992•

On July8,1992,a StopWork Orderwas issuedbyDOE toconserveremainingfundsuntilitcould
bedeterminedffFY 1993fundswouldbemade availabletocompletetheupperCameo (Paludal3
and4 sandsandsurroundingcoals)stimulationandtestingactivities.Atthattimeallfieldactivities
ceased,The wellheadwas installed,theserviceunitandallrentalequipmentwasreleased,andthe
wellwasreconnectedtothepipelineforflowtesting.

8.2PALUDAL 2 TESTING (July9,1992throughJanuary13,1993)

Initialflowratesrangedfrom20 to80 MCFD. Initialflowingwellheadpressurewas 500 psi.
Wellheadpressuresaveraged250to450psiduringthisflowperiod.By January13,1993,1,305bbl
oftheinitial1,570bblfluidloadhadbeenrecovered.

Figure8-IisaplotofdailyPaludal2gasandwaterproductionfromJune1992throughJanuary1993,
andFigure8-2includesaveragedailywellheadpressures.

Becauseofthepoorproductionperformancefromthisinterval,(averagingapproximately40MCFD
duringtheentireflowperiod),thedecisionwasmadetodiscontinuetestingandmoveuptothePaludal
3 and4 imerval.No analysisoffracturelengthorconductivitywaspossible.However,basedon
theperformancedata,itisapparentthatthefracturetreatmentwasineffective.No dam isavailable
tocomparethisintervalintheSlantHoletothatinanearbyverticalwell.

8.3 PALUDAL 3 AND 4 STIMULATION

Work was initiatedonJanuary13,1993,tocompletethestimulationofthePaludal3 and4 intervals.
A bridgeplugwas setabovethePaludal2 perforationsat7,520ft,andthePaludal3 and4 interval
blockwassqueezed.Thesqueezeintervalswere7,510to7,511ftand7,385to7,386ft.Eachinterval
wassqueezedwith8 bblofclassG cementwithasatisfactorysqueezepressureobtainedoneachset
ofperforations.

A hydraulicfracturetreatmentwas performedinthePaludal3 and4 zonesoftheSHCT Sidetrack
No. IonJanuary22,1993.The wellwas perforatedacrossthePaludal4 sandat7,386to7,388ft
(7,154ftTVD) with8SPF foratotalof16holes(34gram,0.5-in.diameter).The perforationswere
phasedat180°andwereorientedtothehighandlowsideoftheweUbore(0°and180°)usingspring
decentralizers.
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The fracture treatment consisted of pumping 5,000 lb of 100 mesh sand, 160,000 Ib of 20/40 Ottawa
sand and 30,000 lb of resin-coated sand (tail-in) in 1,790 bbl of crosslinked gel at a rate of 30 BPM
and a maximum proppant concentration of 5.0 ppg. A radioactive tracer (Iridium 192 beads) was
includedduringthesandstagestohelpevaluatetheeffectivenessofthefracturingtreatment(i.e.,the
placementoftheproppant).

Flowbackwas initiatedthroughthe3-I/2-in.fracworkstringapproximately2-I/2hoursafterthe
fracturetreatmentwascompletedonJanuary22,1993.Thewellflowedonvariouschokesrecovering
1,000bbloffracfluiduntilitdiedonJanuary26,The 3.1/2-in.tubingandpackerwerepulled,and
2-7/8-in.productiontubingwasruninthewell(open-ended).Aftercleaningoutsandfrom7,370
to7,500ft,therobingwas landedat7,389ft(Iftbelowtheperfsat7,386to7,388ft,.The well
wasswabbedintermittentlyfortwodaysbeforeitbeganflowingcontinuously.

Therewas a totalof 1,964bbloffluidtorecover.At theendofJanuary,1,158bblhad been
recovered.The wellwas flowedandswabbedtocleanupuntilJanuary30,1993.

8.4 PALUDAL 3 AND 4 TESTING

The SHCT-I produced4.03MMCF ofgasintothesaleslineduringFebruary.As oftheendof
February,1,405ofthe1,964bbloffracfluidhadbeenrecovered.The Paludal3 and4 interval
producedata rateof100to150MCFD. Approximately75percentoftheloadwater(1,562/2,096
bbl)was recoveredbeforethe2-7/8-in.tubingwas pu_._edon March3,1993•Figures8-3and8-4
are the gas, water and flowing tubing pressur_ for the u)st period.

On March 3, 1993, a service rig was moved in and the tubing pulled. A post-frac gamma ray log
was run in the 7-in. casing (40 days after the frac) to observe the location of the radioactive tracer
(Iridium-192 beads) that was pumped with the sand. The ganuna ray survey was run from 7,200 to
7,475 ft at 20 ft per minute. The majority of the tracer was found across the perforationsin the Paludal
4 sand at 7,386 to 7,388 ft. However, significant amounts of tracer were observed at 7,372 to 7,374
ft and 7,380 to 7,382 ft. Small traces of Ir-192 were found as high as 7,328 ft (58 ft above the perfs)
while no tracer was observed below the perforations.

Although there was no indication from the ganuna ray survey that the hydraulic fracture created in
the Paludal 4 sand was in contac"with the Paludal 3 at the wellbore, the Paludal 3 was perforated from
7,442 to 7,462 ft with 4 SPF (19 gram, 120° phasing) in an attempt to increase gas production rates.
Following perforating, a packer and 2-7/8-in. tubing (with CER bottomhole shut-in nipple) were run
in preparation for a buildup test. No significant increase in production was noted from the additional
perforations. The well averaged50 to 120 MCFD during the 1D-dayflow period prior to the buildup.

8.5 PALUDAL 3 AND 4 BUILDUP TEST AND ANALYSIS

The well was shut-in at the surface on March 17, 1993, to begin a pressure buildup test. A bottomhole
shut-in could not be achieved for various reasons. Therefore, the bottomhole pressure gauge was left
hanging at 7,230 ft (92 ft TVD above the perforations). A gradient survey taken while going in the
well indicated scattered fluid at 4,500 ft and an approximate fluid level at 5,300 ft (±I 1 bbl in the
tubing).
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The objective of the buildup test was to evaluate the effectiveness of the hydraulic fracturetreatment
and determine the characteristics of the created hydraulic fracture. History matching of the buildup
data was performed using a single-layer, single-phase, single-porosity reservoir simulator. The
following reservoir characteristics were input in the simulator:

• Avg. Permeability -- 0.01 md
Matrix Porosity -- 10%
Water Saturation = 46%

' Reservoir Temp. = 2i0°F
Reservoir Press. = 5,300 psi
Gas Gravity = 0.626
Net Height = 60 ft
Depth = 7,i75 ft
Reservoir Size = 350 ft X 4,000 ft (32 acres)

These reservoir propertieswere obtained from previous DOE work done in this same interval during
the MWX Experiments7. The 20-ft thick Paludal 4 andthe 40-ft thickPalud ,13 were modeled in this
study as a single 60-ft layer. An average permeability of 0.01 md (10 times the matrixpermeability)
was used to simulate the presence of natural fractures. The reservoir simulator was produced at a
constant bottomhole pressureof 1,150 psi for46 days to simulate the productionperiod following the
hydraulic fracturetreatment.The actual production rates ranged from 250 to 50 MCFD and 10 BWPD
for the 46 days following fracture cleanup. These rates were similar to the post-frac production rates
observed in the MWX.1 well,

The length and conductivity of the hydraulic fracture were varied in the simulator until a reasonable
matchof thepressure buildupdata was achieved. Figure 8-5 is a plot showing the bottomhole pressure
versus shut-in time of the actual buildup data along with the reservoir model results. A log-log
diagnostic plot of the change in pressure versus the shut-in time and the derivative is given in Figure
8-6. Notice that a reasonably good match of the data is made after the first :f.24hours of shut-in time.

The hydraulic fracture parameters used in the simulator to obtain the pressure match are as follows:

Fracture Half-Length = 100ft
Fracture Width = 0.6 in.
Fracture Permeability = 2,000md

This fracture half-length compares with that of 340 ft which was predicted from a post-frac analysis
of the net fracturing pressuredata using a 3-D hydraulic fracture simulator. An analysis of the log-log
diagnostic plot shows that the well transitioned fairly quickly into formation linear flow (1/2 slope)
and remained in that flow regime for the duration of the test. This quick transition into linear flow
is characteristic of fractures which have a high dimensionless fractureconductivity (100 in this case).
The high dimensionless fracture conductivity in this case is a result of the short fracture length.
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A Homerplot of the buildupdatais presentedin Fi_ 8-7. This plotis characteristicof a typical
HomerPlotof a hydraulicallyfracturedverticalwell.Since the welldidnotreachpseudoradialflow
duringthe buildup,theHomerplot onlyservestoprovideaqualitativeassessmentof the extrapolated
reservoirpressure.

It shouldbenotedthat the size of thefracturingtreatmentin SHCT.1was similarto thatin MWX.17
as evidencedby the followingparameters:

SHCT-1 _-1 .
FluidVolume,gals 83,286 81,464
Total Sand, lb 200,780 193,000
MaximumProp.Con., ppg 5.0 5.5
Pump Rate, BPM 30 20

The Paludal 3 and 4 hydraulicfracture in MWX-1 had a modeled half length of 100 ft and a
conductivityof 104rod.ft. Thesimilarityof theseparametersto thePaludal3 and4 modeledfracture
parametersin $HCT-1wouldindicatethat the inducedfracturegeometrywas unaffectedby treatment
in a deviatedweUboreas opposedto a vertical wellboro.

As evidenced by Figure8.3, the post-fractureproductionperformancein SHCT-1was also similar
to the 150MCFDaveragepost-fractureproductionperformancein MWX-1priorto shut.inand re-
entry7. Thisobservationalso supportsthe conclusionthathydraulicfracturingresultsdo not improve
basedon stimulationfrom a deviatedcementedwellborewhencomparedto the verticalwellborein
MW-1.
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9.0 Conclusions and Recommendations

• The Slant Hole Completion Test has been successful in providing good technology transfer
to the oil and gas industry. A number of industry people made frequent visits to the ske while

• the well was being drilled and tested. In addition, frequent phone conversations and meetings
were held to provide information on the progress of the project. Technical papers have been
presented on the subject. Probably the greatest measure of successful technology transfer is

• the horizontal drilling programs that have been initiated in the general area by Barrett Energy,
Meridian Oil Company, Mobil Oil Company and Oryx Energy Co.

• Another indication of the excellent technology transfer of this project is that the well was
selected as the "Best Well of 1992" by a panel of six industry judges as part of "Best of the
Rockies" competition sponsored by Western Oil and Gas World, an industry journal. This
award was given primarily because of the industrial interest as seen in plans for at least five
high-angle/horizontal wells being planned in the immediate area of the SHCT-1.

• The SHCT-1 has a significantly improved initial production potential when compared to vertical
wells completed in the Cozzette Sand of the Mesaverde Group in the Rulison Field. This
improvement is due to intersection of natural fractures which trend in a general east-west
direction at the SHCT-1 site• The initial potential of the SHCT-1 is a minimum of two to three
times higher than initial potentials of surrounding vertical wells.

• The presence of euhedral quartz and calcite crystals in the natural fractures in the cored
Mesaverde and Cozzette intervals are good indications of open apertures in the subsurface.
Therefore, drilling a well perpendicular to these open fractures should insure contacting the
maximum number of fracture systems and consequently provide the greatest production
potential for the well.

• Drilling the naturally-fractured intervals underbalanced (i.e., pore pressure greater than the
hydrostatic column pressure) has the advantage of providing better indication of gas shows,
more specific location of the fractures and also reduces the chance of damaging the natural
fracture systems due to drilling mud invasion.

• The well can be safely drilled in an underbalanced condition, but care must be taken to have
adequate surface facilities such as BOPs, gas busters, mud volume sensors, etc. It is also
important that care is taken to insure that gas is not swabbed-in during tripping of the drill
pipe.

• Stimulation in a high-angle, cemented wellbore, such as the Paludal interval in the SHCT-1,
is more difficult because of high near-wellbore stresses resulting in higher treating pressures.

• Comparing the results of the two very similar hydraulic fracture treatments in the SHCT-1 and
the MWX-1 wells indicate that there is no advantage in treatment in a slant weUbore as
compared to a vertical wellbore. In fact, because of the higher treating pressures in a slant
wellbore, the fracture treatments are very likely to be more expensive.
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• Itisbelievedthata high-anglewelldrilledperpendiculartothenaturalfracturesystemand
c.omoletin_ovenholeor withan uncementedlinermay exhibitexcellentproduction
characteristics._g thedrillingofthe60°portionofthehole,goodgaskickswerenoted.
Sloughingcoalsandshalesmay precludecompletingthisintervalopenhole.However,inareas
wherethecoalsarenotpresent,thehigh-angleopen holemay providegood natural
completions.

• The SHCT-I produces water from the Cozzette Sand at rates significantly greater than
surrounding vertical wells. The source of this water production is not presently understood.
A diagnosis of this water production mechanism is vital to the economic exploitation of gas
from the Cozzette Sand via horizontal drilling.

• Future work should focus on diagnosing the water production mechanism in the Cozzette Sand.
This work could entail:

- Open-hole logging of the horizontal lateral to assess possible intervals of water incursion.

- A geologic study to determine the distribution of water in the Cozzette Sand within the
Rulison Field and the effects of potential faulting on water distribution.

- Core analysis of the Cozzette Sand to verify the relationship between existing and
irreducible water saturations. The core analysis work should include capillary pressure
determinations at various confining pressures.

- Detailed reservoir modeling using a multi-phase model to determine the viability of water
production from the rock matrix of the Cozzettc sandstone.

• Similar demonstrations of the horizontal well technology need to be performedin other low-
permeability basins where natural fracturing may occur. It is essential that good geological
data be obtained prior to drilling a horizontal well in order to drill the horizontal leg in the
direction tomaximizethe penetration of the natural fracture system.

| ill ill| i | i i i i ii
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10.0 Nomenclature

ACT Oxygen Activation Log
BBL 42 Gallon Barrel

. BHA Bottomhole Assembly
BOP Blow Out Preventors

BOPD Barrels of Oil Per Day
BPD Barrels per Day
BW Barrels of Water
BWPD Barrels of Water Per Day
CBL Cement Bond Log
CCL Casing Collar Locator
CET Cement Evaluation Tool
DMWD Directional Measurement While Drilling
FCP Flowing Casing Pressure
FTP Flowing Tubing Pressure
IADC International Association of Drilling Contractors
ISIP Instantaneous Shut-In Pressure
JSPF Jet Shots Per Foot
KOP Kick Off Point
LSND Low Solids Non Dispersed (Drilling Mud)
MCFD Thousand Cubic Feet per Day
MD Measured Depth
MMCF Million Standard Cubic Feet

MMCFD Million Standard Cubic Feet per Day
MWD Measurement While Drilling
PPG Pounds Per Gallon

PSI Pounds per Square Inch (pressure)
PSIA Pounds per Square Inch Absolute
PSIG Pounds per Square Inch Gauge
PU Pick Up
RU Rig Up
SCF Standard Cubic Feet (measured at 14.73 psia and 60° F)
SICP Shut-In Casing Pressure
SITP Shut-In Tubing Pressure
SPF Shots Per Foot
TD Total Depth
TDT Thermal Decay Time Log
TVD True Vertical Depth
VDL Variable Density Log
WP Working Pressure
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