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Abstract

Analysis of pressure and production data from the McKee Field, arecently drilled well, plus re-interpretation of
seismic and geological data has resulted in major changes to the originally assigned reservoir and geological
parameters.

Thefield wasinitially defined asasteeply dipping, reasonably homogeneous sandstone reservoir producing under
gascap expansion with little or no aquifer support. The up-dip limit of the field was defined by amagjor thrust fault.
The down-dip limits were determined using the oil-water contact and/or sealing back-thrust faults running
approximately parallel to the main thrust fault. A recently installed waterflood may have improved oil production
inthe central portion of thefield. Sixty percent of thedrilled in-fill wells missed their original reservoir target and
had to be plugged back and sidetracked.

Based on proven compartmentation, aquifer support and communication between various sections of the reservoir
it became obviousthat the original reservoir management plans needed to be modified or in some cases completely
revised.

Introduction e

McKee is the largest Fletcher Challenge Energy-operated
field in New Zealand. It is structurally complex, contains
reasonably good quality reservoir rock and at present
produces 3000 bopd with 25 mmscf/d of associated gas. The
oil isshipped viapipelineto the Omata Tank Farm near New
Plymouth for export and the gasis compressed for gas-lifting
the oil wells or for export to the gas reticulation infra-
structure. Refer to Figure 1 for the location of the McKee [
Field and the surrounding infrastructure. i

=

Discovered in 1980 with the drilling of the McKee-2 well
thefield now containsforty threewells, oil and gas production iy o
facilities and a small waterflood in the central portion of the
field. Refer to Figures 2 and 2A for awell location map and
across-section through atypical well (ToeToe—6). Thefield
is made up of five distinct areas (Tuhua, Pukemai, Pouri,
Central McKee and ToeToe) which appear to have varying ..
degrees of pressure and fluid communication. From aninitial
average reservoir pressure of 3415 psi the pressure has

declined to the current level of approximately 2000 psi. The
majority of down-dip producing oilwells require gadlift to
continue flowing while wells located near the gas-cap area
are cycled to minimise gas coning problems.

The interpretation of reservoir, geological, production and
pressure data from the McKee Field has been continuously

Figure 1: McKee Field location and existing infrastructure.

modified as additiond informetion becomes available. With the
benefit of recently gathered dataiit is easy to question some of
the original interpretations applied to the M cK ee structure and
reservoir characterigtics. Thefollowing summary highlightsthe
major actionsand decisionstaken during thelife of the McKee

2000 New Zealand Petroleum Conference Proceedings ¢ 19 - 22 March 2000



L i
s Wt O
S . i
S —
! din ]
i R RTET
S i
e -
= PO
i -
CEATRAL MW
-
= Ty
F. =
S 7 -
- e ___ . & ¢
i
Figure 2: McKee well location map
A Toeloe-6 a
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Figure 2A: McKee cross-section in ToeToe-6.

Field. Datesfollowed by a# symbol (eg. 1995#) are shown for
historical interest but do not contribute to reservoir complexity
issues. Where applicable the history includes the impact that
these actionsand decisionshave had on McKee's performance.

Historic field development highlights

1979 - Firstwell drilled. TheMcKee-1 well did not encounter
commercia hydrocarbons, but it did confirm their presence.
The McKee-2A follow-up well discovered theMcKeeField
in 1980. Refer to Figure 3 for a plot of cumulative wells
drilled by year.

1984 — Based on the results from the first reservoir model it
was concluded that there was no aquifer support and that oil
recovery would be between 40-50%.

1984 # - First commercial oil production.

1987 - An injectivity test on McKee-1 indicated that the
reservoir would not readily accept large volumes of water.

1989 # - Qil production peaked at 12,000 bopd.

1989 - Drilled the first of two horizontal wells. McKee-12
wasdrilled in November, 1989 closeto the oil-water contact
and very quickly watered out. The Tuhua-4 well was drilled
in January, 1990 and has produced 225,000 barrels of oil with
no water production to date.

1991 # - Reduced the operating pressure at the production
station from 440 psi to 180 psi to increase production.

1992 # - Began using GOR (gas oil ratio) control to regulate
wells that showed gas coning tendencies. This operating
practise was removed in 1993. Refer to Figure 4 for a
comparison of production versus wells drilled over time.

1993 - Ran a 3D seismic survey over the entire field. The
expected results of improved geol ogical/fault interpretations
were not realised due to the steep dip along the flank of the
reservoir and the short length of the shot lines.

1993 - Performed core studies that changed the reported
values of the Sor from 38% to 32%. The same study indicated
that awaterflood would further reduce the Sorw to 29% while
gas injection would reduce the Sorg to approximately 11%.

1994 - Drilled four Tuhua Hill infill wells. The Tuhua-6, 8A
and 9 wells exhibited increasing GORs almost immediately
after initial production and are currently either shut-in or
cycled. The Tuhua-7 well was isolated by a down dip back
thrust fault and has produced in excess of 310,000 barrels of
oil. Refer to Figure 5 for a summary of wells drilled versus
estimated ultimate oil recovery.

1995 - The McKee-1 and 14 wells were placed on injection
and it was felt at the time that they were isolated from the
remainder of the field by a north-south trending back thrust
fault. Injectivity pressures approached the reservoir fracture
gradient. The need for a constant supply of injection water
resulted in the construction of a 11,000 bwpd plant to treat
fresh water from the nearby Mangaone Stream
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Figure 3: Cumulative wells drilled by year.
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Figure 4: Production versus wells drilled.
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Figure 5: Wells drilled versus oil reserves.

1997 - Drilled the ToeToe-4D well into the same isolated
fault block that ToeToe-5A was located in. These two wells
define the southern extent of the McKee field.

1997 # - Extended the waterflood to the Central McKee area
using the McKee-2A, 4 and 5A wells that had watered out.
Refer to Figure 6 for the production history of a typical
McKee well (McKee — 2A). Expanded the capacity of the
Mangaone fresh water facilities to 21,000 bwpd.

1997 # - Expanded the waterflood to the Pouri areaby drilling
Pouri-2A and placing it on injection.

1998 # - Completed a catalogue of the water salinities from
most wellsinthefield. Thisdataisuseful intheidentification
of produced water in thewellsand helped in theidentification
of scale recovered from the Tuhua-8 well.

1998 - Returned ToeToe-3A to production following an
extended shut down after the well had gassed out. Refer to
Figure7 for detail sof thewell history. Therearethreepossible
explanations for the behaviour of this well: 1) a partially
sealing back thrust fault located updip from thewell allowed
a secondary gas cap to develop. This gas cap bled off over
time. 2) The gas channelled directly from the gas cap or 3)
the agquifer became active as the reservoir pressure declined
and the previously expanded gas cap moved back updip. The
well is currently producing with increasing water volumes
and this appearsto favour the active aquifer case. However,
thegasoil ratio isalso increasing and the lack of updip wells
|eaves both options concerning the gas cap open to discussion.

1999—A pressuresurvey runinwell Tuhua-1indicated cross-
flow from the deeper Mangahewazoneto the shallow McK ee
formation.

1999 - Completed aWOR (Water Oil Ratio) and GOR (Gas
Oil Ratio) derivatives study that indicated that many of the
wells had watered or gassed out due to channelling rather
than by the uniform sweep of water or gas cap expansion.
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Figure 6: Typical production history of a McKee well.
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Figure 7: ToeToe-3A production history.

1999 - Sidetracked the ToeToe-6 well tolook for: 1) possible 1999 - Used coiled tubing to remove scale build up blocking
production in the shallow Tikorangi formation, 2) locate the accessto the McKeeformation in the Tuhua-8 well. The scale
top of the McKee reservair, 3) evaluate the productivity of compositionindicated that it was most likely formed by water
theMangahewaformation and 4) intercept the main thrust fauilt. from the underlying Mangahewa formation.
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Declining bottom hole pressures
and interference test results

The initial reservoir pressure measured at the time of
discovery was 3415 psia and it has declined to the current
level of approximately 2000 psia. There are local pressure
variations across the field but it is doubtful that any portion
of the field is totally isolated from the other areas. Refer to
Figure8for ahistory of the available pressure datain various
parts of thefield. It isapparent from several interferencetests
that communication is either along very torturous paths or
through partially sealing faults. The pressure data for wells
McKee-4, -10 and -12 shown in Figure 9 illustrates that the
wells are obviously not in direct communication with the
McKee-6A and -8 offset wells. The length of time required
for this pressure difference to equalise is not yet known.

Thedgtart of continuouswaterflood injection resultedinincreased
pressure differentials across parts of the Centra McKee area
and severd major differencesfrom accepted theory werequickly
evident. Refer to Figures 10 for the pressure history of the Pouri
area and Figure 11 for results of an interference test between
the McKee-14 injector and McKee-9 ail well. Figures 12 and 13
are geologica cross-sections between the Pouri and McKee
wells respectively. In the Pouri area where the injection well
and offset producer arelessthan 200 m apart thereisno apparent
communication after two years of injection. Six hours after
starting injectioninto the McKee-14 well, whichis300 m from
theMcK ee-9 producer, McK ee-9 showed aragpid pressureincresse.

The McKee-1 well, which had served asaMcKeeformation
disposal well and eventually as an injector, was found to be
in communication with the ToeToe-2D well but the offset
McKee-6A well was not in communication with either well.
McK ee-6A also appearsto beisolated from other offset wells
inthe area. Refer to Figure 14 for details of the wellslocated
inthisarea.

Pressure and temperature surveysrecently identified amajor
probleminvolvingtheMcKee-2A, -5A and -14 injectionwells
and the McKee-9 shut in oil well. As mentioned earlier, the
communication between McKee-14 and -9 was clearly
established in October of 1999. In January, 2000 following
several weeks of being shut in atemperature survey wasrun
in McKee-14. The aobjective of the test was to determine if
expected wax precipitation caused by the injection of cold
water was acting as an insulator in the reservoir. The pour
point temperature of the McKee crudeis 86 degreesF. The
temperature measured in McKee-14 was 75 degrees F versus
an expected temperature of 175 degrees F. A subsequent
interferencetestin McKee-2A, -5A and -14 confirmed direct
communication between all three wellsthrough either natural
or induced fractures. Pressure communication between
McKee-14 and -9 was not present during theinitial injection
tests conducted in early 1995 but may have been established
during an acid job in October, 1995. Figure 15 shows that
McKee-9 watered out much faster than expected and thisis
attributed to an induced fracture.
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Figure 8: Pressure history.

2000 New Zealand Petroleum Conference Proceedings ¢ 19 - 22 March 2000



g

——
b T

il 3

el g )

00 W 2
— —— Mk st njeciing
Mok 4 st njeciing

R prassuredd dadum 2 100m TVES] [ =]

g

B0 T T T T T T T T T T T T T T
Jarddd JerR1 el JanER Jw-d gl JaeBG Jan ST Janr @ Jee-EE Jandl JeerE Jan 0 Janrd) Janbd JoneEG Jen B Jan B 3 JsnBE )

Figure 9: McKee-4, -10 and -12 pressure data.
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Figure 10: Pouri area pressure history.

Dri||ing results location of the thrust fault. Newly drilled wells usually
resulted in an increase in the number of identified faults in
The steeply dipping McKee reservoir and the narrow ail the area. The presence of an aquifer or the waterflood may

column resulted in most wells being aligned parallel to the also have pushed oil past the last producing well. The
main thrust fault, with a subsequent lack of updip wells to increasing complexity requires additional wellsto bedrilled
monitor pressure decline, fluid movements and to define the to confirm the presence of “attic or bypassed oil”. Drilling,
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Figure 12: Pouri cross-section.

which is expensive and possibly uneconomic, appearsto be
the only way to determine the nature of the fluids that may
be located updip. Future drilling locations will be based on
individual well performance.

The ToeToe-4D well was the fifth well drilled/sidetracked
from the same wellbore. The ToeToe-4A well produced

significant volumes of oil before being sidetracked. Three
of theinitial four wellboreswere abandoned due to missed
geological picks from the seismic, mechanical problems
or drilling into downthrown wet fault blocks. These
geological/drilling problems help account for the low rate
of success when picking the correct location on the first
attempt.
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Figure 14: Central McKee location map.
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Figure 15: McKee-9 production history.
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Figure 16: Mangahewa pressure decline.

The ToeToe-6B well, which was recently completed asagas
well, has provided another magjor “surprise’. The well was
originally designed to test the productivity of the upper zones,

confirmthe possibility of structural rollover against the major
thrust fault, check the type of fluid in the Mangahewa zone
and definethe location of the major thrust fault inthe ToeToe
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Figure 17: Oil and gas reserves history.

area. The well came in 200 m high to prognosis and was
separated from theimmediate downdip areaby amajor fault.
The exact location and direction of this fault was defined by
the ToeToe-6A well, which was plugged back dueto drilling
problems, and the ToeToe-6B well.

The pressure data from the McKee formation in ToeToe-6B
proves conclusively that this areais in communication with
the rest of the field. The upper zones and the Mangahewa
Formation did not have any hydrocarbon shows while being
drilled and appear wet and tight on the well logs.

All wellsdrilled into the Mangahewa Formation were either
plugged back with cement or wireline plugs and compl eted
in the McKee Formation. Testing of the Mangahewa zone
was minimal and pressure datais sparse. Using wireline to
pull isolation plugs, the Tuhua-1 well was recently surveyed
to obtain pressure data from the Mangahewa Formation. As
shown in Figure 16 the pressure has been declining over time
and, at least in the Tuhua area, matches the pressure decline
in the McKee Formation. Communication appears to be
through either existing well bores or along natural or induced
fractures. Analysis of the scale from the Tuhua-8 well
indicates that the source of the water depositing thisscaleis
from the Mangahewa Formation. Tuhua-8 did not penetrate
the Mangahewa Formation.

Reserves history

The calculated amount of oil in place hasremained relatively
constant considering the large number of wells drilled since

initial production. The field has produced in excess of 42
mmbo. Gas reserves have varied but considering the limited
number of wells available to define the location and nature
of the main thrust fault they have remained surprisingly
consistent. Figure 17 shows the historical figures for the il
and gas reserves starting in 1980 through 1999.

Thereisan ongoing debate among various Engineering staff
concerning theresults of recent Material Balance cal culations.
To get agood history match it was necessary to “move’ gas
from various portions of thefield to the Central McKee area.
Datafrom interferencetestsand currently mapped faults, that
apparently separate these portions of the field, do not appear
to support the movement of large volumes of gas. However,
the same data fails to supply an alternative source for the
required gas volumes. The recent data indicating that the
Mangahewa Formation may be cross-flowing gas to the
McKeg, inthe Tuhuaarea, complicatesthe debate. Thedebate
continues.

Summary

Use of bottom hole pressures and well test data used in
isolation can be misleading and result in decisionsthat require
constant updating. Back thrust faults may result in the
formation of secondary gas caps and lead to the assumption
that anincreasing GOR isdueto the expansion of the primary
gascap. Thepresence of alarge primary gas cap aso dampens
the pressure pulses that are required for a successful
interference test. Injection of cold water may result in the
formation of fracturesin areasthat were previously confirmed
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as free from fractures and lead to the rapid watering out of
wells. The impact of cold water injection into a reservoir
containing waxy crude may result in an insulting layer
(tunnel) being formed that allows cold water to move long
distances before reaching reservoir temperature. Seismic
surveys must take into account all existing data that may
impact the design of the survey. The current approach for
Field Management planning, as adopted by FCE, is the
formation of an Integrated Multi-discipline Team. Theteam
is composed of Engineers, Geoscientists, Operational
personnel and Technicians who meet frequently to discuss
the available data, review the impact of any new data on the

Author

existing plan, request specific data gathering activities and
recommend future actions.
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