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Abstract - g

I . -
The Mangahewa Gas Programme involves the exploratlon appralsal and potential development of gas-
condensate reserves trapped in the Mangahewa Structure in northem Taranaki. The structure is a large north-
trending inversion anticline and gas is reserv01red in Eocene Mangahewa Formatxon sandstones at depths of
3300 m and greater, sealed by mtraformattonal shales. Reserv01r sandstones have been more deeply buried than
at present and hence have low porosnty and permeablllty ; S

Early wells that penetrate the reservoxr formatlons mdlcated that the sandstones will not y1eld hydrocarbons at
commercial rates w1thout appllcatlon of enhanced recovery techmques ‘The Mangahewa-2 well was spudded at
the end of 1996 in a crestal location to fest the viability of hydraullc fracturmg as_a'method of recovering
hydrocarbons at economic rates. The well penetrated a thick sequence of Mangahewa Formatlon sandstones,
shales and coals'below 3300 mi TVDSS. The sandstones were “txght” as predxcted and gas and condensate were

— Y - - -

indicated over a gross interval.of 840 m. . ~ ~ T -

Provisional hydraulic fracturing designs were finalised before drilling commencéd to determine materials and
equipment requirements.. Mobilisation of fracturing-equipment and materials began before drilling had ceased
with equipment and materials coming from United States, Brunei and Malaysia. Fracturing expertise was drawn
from Canada; Australia and the local workforce.. Three intervals were selected for fractunng, Wthh began onl
May and was concluded within 30 days Each fracturmg _]ob was preceded by a num-frac to gather data Imtlal
job designs were modlfied based on this data T - A e o
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The three intervals weére sub_|ected to short-term testmg between June and August before the top tho zones were
commingled and put on long-term test from September 1997. This testmg is likely to last until the end of July
1998 and is mtended to demonstrate well productivity and drainage volume. .o S _~;' e

“ ’,

" P L b el BRIV Al k
An apprarsal prograrnme desrgned to evaluate the field extent and in the event of contmued success, to allow
early development and production from the fi€ld, is-in progress:' The initial phase of the programme comprises

two appralsal wells? which ‘will be drilled-in -1998,:and a large-area, sparse-gnd 3D seismic’ survey, which i 1s

bemg acqmred in two phases Future apprarsal well locatlons and selsmrc acqmsmon w1ll depend on the’ results

of the current programme ST
.l".s Lo
Introduction_ , "' 't
ey E '
The Mangahéwa Gas Programme involves the exploratmn,
appraisal and potenual development of the gas resources
trapped in the Mangahewa Structure in northern Taranaki
(Figure 1). The programmé:was developed aftér the
successful . drilling, hydraulic fracturing and long-term
testing of the Mangahewa-2 gas dis¢overy well. This well
was the product’of a reglonal in-house smdy, whlch was
intended to investigate the' potentxal of the Kapum Group of

the onshore Taranaki Basin. - ** .
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This paper gives details of “the - operatxons at the

Mangahewa-2 wellsite that “led to- the long-term
commercial flow that i is ‘set to continue unul August 1998
The- results of drilling are reviewed before ‘the’ hydrauhc
fracturing ‘operations are discussed in some detail.
Sustainable commercial flow rates’ in-short-term” testmg at
Mangahewa—2 led to installation of production testmg

facilities, whlch enabled long-term testrng to continue

without the need to ﬂare large volumes of gas to the
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Figure 1. Mangahewa _Structure (red) location map.

Following sucGessful testing an'appraisal programme was
formulated to. enable'.the rapid ‘ and . cost-effective
production establishment of reserves® volumes and
geographic . dtsmbutlon, which will lead to first
commercial gas 'sales potenttally as early as the end of the
year 2000. The details and rationale for this appraisal

programme  are dtscussed as_are the criteria for the

~

selectxon of seismic survey “and well locations.

I
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Mangahewa-2 AN

The Mangahéwa-2 exploration well was the produict of ‘an

internal . Petrocorp “t(now" :Fletcher . Challenge!” Energy .
Limited (FCE)) review, entitled the “Deep Gas Project”.

This study was commtsstoned in 1994 w1th the remtt to

evaluate the deep ‘gas potentlal within"the Kapum Group
of the Taranaki Basin. To date the vast majority of gas
and oil production in the Taranaki Basin has come from
the Kapuni Group, which is the productive gas-
condensate reservoir interval in the Maui and Kapuni
ﬁelds and the productrve orl and gas reservorr in the
McKee_Freld Much of the Tar_anakr Basin is underlat_n
by Kapuni Group sedimentary rocks, although, in_some
areas, these are too deep for current mterest for
hydrocarbon exploration. ;oL o
The Deep Gas Study revrewed the hydrocarbon potenttal
of the Kapuni Group and a. focus developed .on its

potential in the onshore area of northern Taranaki. A -

number of well penetrations had encountered the Kapuni
Group, although few of these penetrations were extensive.
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Gas 'shiows had ‘béen ericotintered in some of these wells
but no commercial production had been established. The
principal reasons for this lack of commerciality were:

. b R M

1 Current depth of reservorrs

PO LAY e i o

2 Maxn_nur_n depth pﬁbgpal of reservoirs

3 Deltaié reservoir facies

- R SRV A 4 -

4 Suboptlmal dnlhng and completron practlces
e

-

* Most ‘of the Kapuni Group-interval in the horthein part of
»(Taranaki lies at current depths in excess of 3 km. The only

srgmﬁcant exceptrons to this are m the Tarata Thrust Belt,
" which contains thé McKee Thrust which traps the McKee
Oil Field. The majority of reservoir penetrations in the
area penetrate Kapuni Group reservoirs in a deltaic
environment. Sandstones in this environment have a
higher shale content than the relatively clean quartzose
sandstones of the laterally equivalent coastal and shallow
marine facies Maui C Sands in the Maui Field. As a result
the deltatc sandstones have pdorer 1mt1al Teservoir quahty,
whtch is exacerbated by Miocene. bunal to depths about 1
km greater than the present day depths

The Kapum Group mterval in northem Taranaki
comprises “tlght" gas reservoirs, ie, low.porosity and
permeability sandstones.. Such tight reservoirs have been
the focus of significant attention .in the hydrocarbon
industry since the early 1970s, particularly in the United
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States, where considerable research and technological
development has taken place. As a result the United States
currently has significant reserves in “tight gas” reservoirs
and has developed significant expertise in rendering
hydrocarbons in such reservoirs available for commercial
production. It was one conclusion of the Deep Gas Study
that the deep Kapunit Group sandstone reservoirs should be
the subject of these new technologies.

The study also identified the Mangahewa Structure, which
is a large 20 km (N-S) by 10 km (E-W) inverted anticline
located about 20 km east of New: Plymouth (Figure 1).
The structure is'a simple, low-relief anticline, created by
Miocene inversion on a north-trending regional fault to the
west of the structure called the Lepperton Fault.. The
structure comprises in situ Kapuni Group sedimentary
rocks, including potential sandstone reservoirs in the
Kaimiro, Mangahewa and McKee formations. The in situ
structure underlies the overthrust McKee Structure, which
thrusts Mangahewa and McKee formations over the in situ
TEServoirs. Coa
.The Mangahewa-2 well was proposed in early 1996-and.a
site (Mangahewa-A)- was ,selected on Otaraoa Road,

Tikorangi about 3 km_north of the McKee Production
Station (Figure 1). The site was chosen because it lies
above the crest of the in situ Mangahewa Structure to
minimize the risk of geological failure and to penetrate
sandstones with maximum gas saturations. -The site is
close to an existing well, Mangahewa-1, which had been
plugged and abandoned with subcommercial gas shows by
Shell-BP-Todd in 1961. It is also adjacent to an existing
but redundant 4" gas_export pipeline (between McKee
Production Station and the McKee . Mixing , Station at
Tikorangi), which could be used for gas export in the event:
of success. . : .

Drilling

The well was spudded with the Parker 188 rig' on 15
December 1996 and reached final TD of 4376. m MDBRT
(4246 m TVDSS) on 10 February 1997. The rig was
released on 25 February 1997 after 72 days on_location.
The well penetrated the Kapuni Group interval at a depth
greater than 3300 m TVDSS and penetrated a gas-bearing
interval of approximately 840 m, of which about 65% (546
m) were sandstones of varying qualities. ,- Four-cores were
taken in the Mangahewa Formation interval, together with
an extensive wireline logging programme, including the
first use in New Zealand of the NUMAR MRIL-C nuclear
magnetic resonance tool. This tool was used'to address
issues of water saturation and permeability in the tight gas
"TESErvoirs.

Geological and petrophysical evaluauon of the sandstones
penetrated in the Mangahewa Formatlon conﬁrmed that
hydrocarbons were present Deta11ed w1relme log
evaluauon including saturauon and permeablhty
interpretation of the MRIL log, were combined with

information derived from core plugs from the 4 cores
taken within the sandstones. ~ Detailed .core analysis was
,undertaken to  confirm reservoir. characteristics.
'Sandstone reservoir quality was within the expected
ranges of porosity (8-12%) and permeability (0.01 to 10
mD). A number of reservoir intervals were identified for
perforation and hydraulic fracturing .and three were
chosen for treatment. The lowest candidate zone was
perforated on 25 February 1997 by tubing-conveyed
perforating guns whilst the rig was on still on location:
The zone flowed but disappointingly on initial test. Rates
of less than 0.2 MMSCFD were estimated for the gas
flow. A coiled tubing unit was used on 19 March 1997 in
an attempt.to.enhance flow by nitrogen._lift but this_was
ineffective and the well was shut in pending the arrival of
hydraulic fracturing equipment.

Hydrauhc fracturlng . ; L

Hydraulic fracturmg "is 5" production enhancement
technique, now commonly used to stimulate tight and
fractured oil and gas reservoirs. Its use is well-
established, partrcularly in the onshore Umted States, but
it has had limited applxcatlon in New Zealand Petrocorp
used the technique in the Kaimiro-1 well in 1993. The
Kaimiro-1 well is, located about 20 km southwest of
Mangahewa—2 The Ka1m1r0-1 well was stimulated by
hydraullc fractunng but the "well never achieved
commercral flow, rates,. although lthere is, some debate
over the causes for the lack of commercial ﬂows (Yang et
al 1996) Sheli Todd Oil Services have also used
hydraulic fracturmg as a stimulation techmque in wells in
‘the Mangahewa Formation of the Kapum Fleld '
Stated simply the hydrauhc fracturing process involves
the pumpmg of fluids at hrgh pressure into a target
_reservoir perforated 1nterval to exceed the fracture strength
of the reservoir and cause an artificial hydrauhc fracture
to ,,form Once thls fracture has been mmated a
“medium, called proppant (usually‘ some kmd of medlum-
grained sand) is pumped into the fracture to prop it open
when the pumpmg is stopped (Figure 2). The placement
of proppant 1n the fractures is assisted by the Juse of cross-
linked gels These are usually starch- basedJ solutrons,
which are liquid at the surface but with” time and
temperature, form long-cham polymer .bonds and. thus
become _like gels just before enuy into the formauon
Once in the formatron these gels “break” back toa hqurd
state, so that they can. be ﬂowed Lback to surface wrthout
drsturbmg the, proppant wedge, trapped m “the hydraullc
fracture. With contmued ﬂow, formatron ﬂurds should be
drawn into the fracture through the perforanons mto the
wellbore ‘and thence to surface N i

- i
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The decrsron to use hydrauhc fracturmg as a- productron
enhancement technique on Mangahewa—2 reservorrs was
made before the well was spudded. FCE * engmeers
worked in conjunction ‘with hydraulic fracturmg experts
from” Hallrburton (the equrpment contractor) “and
Resources Engmeenng, Systems " of |, Cambridge,
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HYDRAULIC FRACTURING

.{ FORMATION
- FLUID

FRACTURE FRACTURE

N \ WELLBORE

Formation fluid flows along propped fracture
into wellbore and up to surface

Figure 2.

Massachusetts, the fracturing consultants. Together they
modelled the likely hydraulic’ fracturing requirements for
the anticipated reservoirs by computer simulation.

Decisions were made about the type and number of
pumping units that would be required, the choice and
specifications of proppant and - gels "and manpower
requirements were established. '

The final ordering of materials’ and equipment did not
occur until after dnllmg had been completed and FCE was
confident that the hydraulic fracturing was warranted.
Orders were placed in mid-February 1997 for 400,000 b
of proppant (a corundumm-based artificial’ sand, called
Carbolité was selected). Orders were also made for
appropriate volumes of spacer’ sand (to isolate zones
between fracturing operations) and sufficient chemicals to
pump the two projected fracturing jobs. This led to a
three-month delay before the fracturmg operatlons could
occur. This delay had been factored into the programme
and the “interim penod was used for a revision of the
computer mmulanons of fractunng in lrght of the newly
available data from the well. Further, the’ delay allowed all
logistical issues involved in assembling a' hydraulic
fractu'ring “spread” inh a remote location such as New
Zealand to be addressed. Halliburton’s’ equipment came
from the United States, Brunei, and Malaysra, whilst the
matenals came from the USA and Australia. """
[N -L Fy

Hydrauhc fracturing is' an expenswe acnvrty and‘a decision
to lrmrt cost by expedlent use of the’ equipment was taken,
The need for pre- and post-frac flows of perforated zones
was compromrsed to ~ avoid havmg the fracturing
equlpment and ,Ccrews on standby. “As a’ consequence thiere

_ was a su‘ong operatlonal focus dnvmg early use and

84

d1scharge of the equipment and crews. This focus is
understandablé in'light of the expenmental nature of the
fracturing operations. The operational plan required
hydrauhc fractunng equlpment and creWS to be on location

for 31 days

A target dite of 1 May '1'9"‘9'8'was set*for the ‘start of
hydraulic fractunng All the fractunng equrpment was
assembled’at the site durmg the last two ‘weeks of April

together with test separators and product storage tanks.
Equipment checks delayed the start of operations until 3
May.

Each fracturing job comprises an initial *“mini-frac”
(sometimes called a “data frac”), during which various
pumiping tests are conducted to gather information about
the reservoir and its likely performance under full
fracturing conditions. A small, initial fracture is created at
the end of the mini-frac and is packed with a small volume
of proppant. Information gathered from the mini-frac is
then evaluated in computer simulation and the final
programme " is revised accordingly. This information
review generally takes about 1-2 hours, where historical
data is available. At Mangahewa no historical data was
available so the review and simulations generally lasted
about 24 hours. The final pumping job for each reservoir
zone therefore generally occurred 48 hours after the mini-
frac for that zone. -

The deepest zone (perforated whilst the rig was still on
site) underwent a mini-frac on 3 May 1997. The main frac
in-this zone was conducted on 5 May with 140,000 Ibs of
proppant pumped. The well was flowed from 8 May to 14
May. - The well demonstrated poor post-frac flow
performance during this period with peak flow achieved at
a rate"of 1.57 MMSCFD of gas at'a flowing pressure of
600 psia on a 24/64" choke. The zone also produced 36
BCPD é&nd 216 BWPD.

Whilst this flow test was in progress rigorous examination
of the results and comparison with original computer
simulations led to the view that the remaining proppant
could better be distributed between two further fractured
zones than one. This would increase the chances of a final
commingled flow rate achieving economic thresholds.

Accordingly the second (middle) zone was perforated by
wireline-conveyed through-tubing perforating guns on 14
May 1997. This perforated but unfractured zone was then
commingled with the lower fractured zone and achieved
high initial rates on clean-up. The lower zone was then
sanded off (to isolate the lower perforations) on 18 May.
The middle zone was subjected to mini-frac treatment on

'19 May and again results were incorporated into revision

of the main fracturing schedule. The main fracture
treatment was pumped successfully on 21 May and the well
was flowed briefly on clean-up but no rates were recorded.

The well was cleaned out to below the lowest perforations
using the Coiled Tubing unit to enable the top zone to be
perforated by wireline-convéyed through-tubing guns on
24 May. Following this perforation the well was allowed
to flow from all three zones (the upper zones still in clean-
up phase) and an instantaneous flow of about 8 MMSCFD
of gas a day was achieved. The well ‘was then shut i in to
enable three sand plugs to be pumped to isolate the lowest
and middle perforated intervals, prior to hydrauhc
fracturing of the top zone.
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The top zone was subjected to rmm—frac treatment on 30
May and the main fracture treatment was pumped on 31
May after which the hydraulic fracturing equrpment was
rigged down and demobilised to Australia.

~ gt

Testing

The testing programme envisaged a period of short-term
testing of each zone followed by longer-term testing to
establish commercial v1ab111ty of each zone. The use of
sand plugs to isolate zomes prevents the testmg of
individual zones (except the top zone) and thus
commingling of the lower zones is -necessary. Testing
occurred in reverse order to fractunng

Short-term testmg

Short-term testing of the top zone extended from 1 t 30
June during which flow reached a peak of 3.3 MMSCFD at
a flowing pressure of 2750 ,psia on a114/ " choke. The
.well also produced 60 BCPD’ (45-47° API) and 180
BWPD. The zone was then shut in for a bu11d up during
July but failure of down-hole gauges requtred a further
flow and build up from 17-31 July 1997. '
The sand covering the middle . zone perforations was
removed using coiled tubing lift and the upper and middle
zones were flowed in a commmgled state.
commingled test lasted from 18 August until 13 September °

1997 and finally achieved attractive flow rates (thure 3). -
The two zones were flowed commingled at three dtfferent -

choke settings and.- the results for each -is- summansed in’
Table 1. . : !

' s oan b
During these tests a total of 0.2 BCF of gas, 2942 BBLs -,
of condensate and 473 BBLs of water were produced
The condensate-gas ‘ratio was 12.60 BBLs/MMSCF
and the water-gas ratio was 2.30 BBLs/MMSCF. Gas

““This "

Table 1. M1dd1e and Upper Zones short-term testing.
FI‘HP ﬂowmg tubing head pressure
composmon was dommantly methane w1th about 3 5%
CO, and 0.5% N,. -Condensate gravity .was 47° API. -The,
gas was ﬂared condensate trucked to McKee Productlon
Station and water trucked to an approved disposal well.
Y I
The well was shut in on 13 September for a build- up,
which lasted until. 29 September,. after, which. testmg
equipment was ngged down. . .

Lt B A |

Long-term testing
The success of short:term testing . of the two. zones»led to
the decision to put the well on long-term productron test.
FCE staff worked to a very .tight timetable to. design,
fabricate, install ; ahd commission a .semi-permanent
production facility that would enable the two upper zones
to be tested without the réquirement to flare. gas but rather
to pipe it to an end-user. With the help of local contractors
facilities were fabricated, from redundant Iand _rental
equipment and commissioned on 5 December 1997.

The facilities include three separators and two. gas heaters,

Gas .FTHP .| Choke | Condensate Water
MMscfd psia inches BCPD BWPD | .-

7.4 4930 14/64 82 12

114 4750 18/64 |. - 140, . . 25

175 4450 24/64 230 45

(Flgure 4)., Long-term testing began on 5 December 1997 :
and continues up..to;thé .time of thé conference (ie, ;

approxrmately four months continuous ﬂow) The - test
results are conﬁdemJal but the well has flowed consxstently
at rates of approxrmately 17 MMSCFD with about 225
BCPD and 36 BWPD. The gas and condensate
compositions remain stable and pressure decline has been
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Figure 3. Middle and Upper Zones short-term testing. \ R h
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slight. The long-nerm t-c;ts or‘e sched-u_lea to continue until
at least August 1998: '

Appralsal Programme

After the successful conclusion of the short-term testing,

decisions were taken

programme to appraise the Mangahewa-2 discovery and

the potential reserves in the Mangahewa Structure.

The appralsal programme was devxsed with the followmg

obJectwes o

. Dctermme the ﬁeld extent and estabhsh a field core

II. .

. 'Acqmre-a 3D seismic survey ‘over the structure and
define the internal geometry of the Mangahewa
Formation interval

e "Drill uip to eight appraisal/dévelopmént wells

e Optimise production enhancement techniques (such
as hydraulic fracturing or deviated wells)
. Minin'lise lorig-ter'm iesting e

° Early submxssmn of a Petro]eum Mmmg Pemut'

apphcatlon

The appraisal programme was devised in conjunction with
the obligatory work programmes for the PPL‘38705, PEP -

38459 and PEP 38711, A new permit, PEP 38726, was

applied for under the Acceptable Frontier Offer schenie, fo "
enable the eastward extensxon of the proposed 3D seismic" -

survey.

1

e

to commence an appraxsal

3D Seismic Survey

A 3D survey of the Mangahewa Structure was
commissioned in November 1997. A scoping design led to
the establishment of a “sparse-grid, wide aperture” survey
(Bouska 1997), which encompasses a surface area of 322

" km® with full-fold coverage over an area of 263 km’ (Table

The objectives of the 3D sei_smic' acquisition can be
summarised:

e Constrain the geological model for sand and thus
reservoir distribution

e Enable a detailed stratigraphic interpretatioh of the
Mangahewa F01_'mation reservoir interval

. Enab_le seismic aglriblfte'data to be tied to well data

. @  Better and earlier prediction of reserves

e  Earlier development decision

The survey was approved in early, November and land
access permitting began in mid—Noverhbe_r_._

- . Sources Receivers
Lin€ Spacing 720m 480 m
No. of Lines 26 39
No. of Shotpoints 8248 -
Receivers/Line - 300
No. of Receivers- - 10,872

Table 2. 3D se;iksmic survey parameters.

o+
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Figure 4. Schemanc of Mangahewa-2 test facilities.
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Because the width of the survey is 18 km, it is too large to
shoot in one pass. The survey was also commissioned

rather late in the scason, given that ground and weather

conditions prevent land access between May and August.
Therefore the survey was split into two halves. Although
this requires an area of overlap to be shot and recorded
twice, the benefit is that half the survey area could be
recorded in the 1997-98 season. The western half was
chosen to be shot first because topographic and land use
conditions are easier in the western area so the survey
should be recorded more quickly. The western area is also
the likely site of early appraisal wells so early 3D seismic
data could be tied with well penetrations from early wells.

Land access permitting for the western area began in late
November and was a major: exercise, given that 612
properties had to be permitted. . Both ¢omputer and GIS
databases had to be constructed and populated to enable
five permitting officers to go out in the field to gain land
access. -

Surveying began on 13 December 1997 and was completed
on 10 March.: GPS base stations were set up to avoid the
need for theodolite surveying. Four crews were employed
in open agricultural areas and two were employed on
surveymg in the bush. Two bush 1 cutting crews. were also
necessary to clear access in bush areas and lay ropes for
access in steep terrain.

Shot-hole drilling began in late December 1997 and was
completed on 24 February' with over 3700 holes- having
been drilled: The majority of shot-holes was- drilled to
depths of approxlmately 25 m and loaded with 2 Kg
charges. - L I S I
Recording began on 11 March 1998 and by the time of the
conference was 45% complete. Recording began in the
southeastern comer of the area with helicopter support to
enable cable laying. The recording phase was delayed due
to ‘weather downtime, technical problems with recording
equipment and vandalism and theft of equipment. These
last issues were not anticipated since little vandalism or
theft has. occurred - on . recent previous surveys.
Nonetheless, following the -Greenpeace protest on 16
March 1998, swhere equipment - was: removed by
Greenpeace protesters, - there has been pers:stent small-
scale vandalism to seismic equipment. ol -

At the time of writing with recording of the western half of
the 3D survey less than 50% complete, it is too early to
assess data quality accurately. However, another feature of
this survey is the use of in-field processing so that early
processing takes place overnight. Data quality (from
single shot records) appears to be moderate-to-good.
Stacked data from early shot records should be available
before the survey recording , -is complete.. In-field

processing .will alsobe used to assist the final processing- -

contractor in developing.and optimising :his - -processing ..:...
stream and it will: enable preliminary. interpretations to be:
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-being available -to assist in the choice of locations.

made ahead of the final processcd data volume bemg

available.

The eastern half of the survey will be acquired between
September 1998 and March 1999 so that the final
processed whole-survey data’ volume should be available
for interpretation by mid- 1999

i

Appralsal drilling programme .t

The appraisal programme env:sages the dnlhng of up to
eight appraisal/development wells over the next three years
(to end-2000).. At least two of these wells will-be located
and drilled without the benefit of the new 3D seismic data
The
purpose of the drilling programme is to establish the size
of the hydrocarbon accumulation, to determine the
distribution of producible hydrocarbons,and validate and
modify . the current geological model for _Teservoir
distribution. Secondary considerations are the testing and
selection of appropriate enhanced recovery techniques,
such as hydraulic fracturing, deviated wells or multi-lateral
wellbores.

Criteria for the selection of wellsites were developed from
the objectives of the appraisal programine and include both
surface and subsurface considerations. Wellsite-selection
is 1mportant given that most of the northwestern part of the
potential field area lies in good agncultural land:
Consideration has been. .given to;the, impact on Jocal
communities, although given the difficulty.in locatmg
sites, those that .are selected shouldl where poss1b1e be
available as multiple wellhead sites. -

The criteria for wellsite selection are:
. o,
° Value of information

e  Technical r-isk/rewa.trd trade-offs
. Locatlon of exlstmg seismic lmes (unul the 3D data
becomes avallable)
Existing llcence and perrmt work obllganons
YA
e  Negotiated land access
" 2 i v LK . "'.' Pl A
e Proximity to exxstmg gas pipeline mfrastructure

I ?. . .’- :.'-

By applying these criteria 10 wellsites were provisionally
identified, from which two were chosen as candidates for
dnllmg during 1998-99. To date consents for two of these
sites have been submitted and consent applications for a
third site are being prepared. The first of 'these-\w_ells is
described in some detail,
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-The Pohokura-A wellsite lies about 1 km due east-of the
‘Methanex:plant at Motunui. -The wellsite lies about 200 m

south of the coastline just behind the present-day-seacliffs. -
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The site is sheltered to the north and east by trees and is
accessible from the west by paved road and farm track. It
is relatively isolated from the sparse and dispersed housing
on the coastal plain. The site is favourable as it lies.on an
existing 2D seismic line and is close to the Motunui plant,
requiring only a short flow line in the event of successful
hydrocarbon testing. The site is close to sensitive pa and
urupa sites of Ngati Rahiri Hapu and extensive
consultation has and is still taking place with the hapu to
avord rmpact on these sites.

The well will be drilled as an S-shaped deviated well such
that the Mangahewa Formation reservoir section will be
penetrated-in vertical hole (to maximise penetration of the
flat-lying sandstones). The wellbore will be deviated 500 m
north-northeast of the surface location into the offshore
drea and the well will fulfil a work programme obligation
for the offshore permit, PEP 38459. As with Mangahewa-
2;-an extensive coring and wireline logging programme is
planned to maximise " information recovery from this
appraisal well.” Hydraulic fracturing, short—term and long-
term testing will be conducted as appropriate.

Summary

The Nia'néahewa—Z gas-condénsate discovery has led to the
establishment : « 6f -4ii~ -ambitious>- and- :¢omprehénsive
appraisal programme, including acquisition of one of New
Zealand’s+largest 3D surveys (and -certainly its first
appraisal 3D survey) together with a large-scale deep well
drilling programme To date the programme has involved
some-innovative approaches to the rapid and cost-effective
exploration and appraisal of this potentially large reserve
volume. These include: o

LI

1 Use of MRIL-C logging tool
2 Successful large-scale hydraulic fracturing

3 Rapid installation of semi-permanent productron
--- testing facilities "~ : . -t 4= )

4 Large—area, sparse grid 3D seismic survey
5 In-field processing of 3D data

6 Major emphasis on land access and community
, consultation- - _ SRR
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The future programme will involve the use of -further
innovative and cost-effective techniques as they become
appropriate. The Mangahewa Gas Programme is a large-
scale and ambitious programme to develop the Mangahewa
gas reserves for commercial production early in the
twenty-first Century to complement the decline in existing
New Zealand gas production.

The keys to successful appraisal and development of the
Mangahewa gas-condensate reserves are:

e Understanding the hydrocarbon distribution
e  Understanding the distribution of producible reservoirs

e  Minimising the need for and cost of production
enhancement techniques

e Access to latest technology
e  Access to land

e -Managing the expectations of shareholders, end-users
for products, Maori groups and local communities.
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