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Abstract.

Developing marginal fields or extending the life of mature fields becomes significantly more interested
when technology is available that can enhance cost efficiency and reduce operational and environmental
risks. To support the above needs, a major oilfield equipment supplier has introduced an intervention less
technique for setting production packers downhole that provides an alternative to conventional zonal
isolation which commonly lead to highly intervention cost.

Production carried out in typical multiple thick reservoir at shallow sections have the economic problem
of selective cement cost in offshore environment. A method of reducing this cost is to install multiple
packers to isolate interest zones and eliminate the zonal isolation with costly high cost of conventional
annular cementing isolation typically in the marginal reserves that currently being available and interested
at Pertamina Hulu Mahakam. Gas production has been forecasted in as many as three intervals selectively
by the use of multiple packers above the three main gravel pack and no necessary annular cement
isolation so then direct perforation could be executed to access the reservoir. This method has the
advantage of eliminate annular cementing process and reduce the intervention operation cost prior to well
cleanup without incurring the expense of conventional coil tubing zonal isolation.

This alternative solution is the main driving factor as a new way to install selective shallow reservoir and
enables the delivery of typical marginal wells economically at the Mahakam Delta swamp area. This has
resulted in potential significant well cost saving up to 82% compared to conventional annular zonal
isolation.

Post upper completion operation, all packers pressure tested for integrity test and the packers has no
pressure from both annular and string through punched tubing between packers. This new frontier
solution can be considered as the first successful of multiple packers installation at offshore areas
worldwide with no NPT and safety issue.
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1 Introduction

Mahakam Delta is located on the east side of Borneo Island (East Kalimantan, Indonesia). Both Bekapai
and Sisi Nubi fields are situated in relatively shallow waters 200-262 ft (60-80 m).
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Fig.1 Mahakam Field Map

Bekapai Field:

Bekapai is an established field over 50 years old. The main productive sequence of sandstones down to
4,921 ft (1500m) subsea (SS) are unconsolidated so typical gravel pack sand control is standard
completion plan. The lower sequence from 6,234 ft (1900m) SS to TD presents many (10-20) thin-layered
reservoirs, which make it difficult for GP completion. But, a risk of moderate sand production is expected
after considerable depletion or upon water breakthrough. In the event of maginal well were available,
shallow reservoir would be interest to be access selectively to gain more gas production. Therefore, low
cost selectivity at shallow zones is required on the upper completion without jeopardizing standard
intervention program; see Figure 1.

Sisi and Nubi Fields:
Sisi and Nubi are newly developed gas condensate fields situated 15.5 miles (25 km) east and down
structure of the modern offshore Mahakham Delta. Consequently, the unconsolidated sandstones start at a
depth of 5,906 ft (1,800 m) SS and occur as deep as 8,202 ft (2,500 m) SS. In addition, a series of
consolidated gas sands reach a depth of 12,467 ft (3,800 m) SS. The gross interval requiring sand control
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ranges from 820 to 3,609 ft (250m to 1,100m) and the deepest GP packer is at 12,795 ft (3,900m) MD.
Normally, the well completion program requires sand control on five zones; see Figure 1 - Type I. For
wells with deeper consolidated gas zones, a liner with equivalent ID as the upper completion allows
production options of the deeper and shallower reservoirs (simultaneous or sequentially). For a same
reason as stated on Bekapai completion, in the event of maginal well were available, shallow reservoir
may have required zones selectivity as low as cost effectively.
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Figure 2. Type | Completions Options
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2 Methodology

Well Data and Challenges

The first application of Single Trip Multiple Packer was commenced in SS-2xx well, located in Sisi Nubi
Field. This well was completed with Gravel Pack completion to produce gas from the lower reservoir
zones. Gas production is also expected from several reservoir targets in the shallow zone that will be
perforated in the future.

At the initial plan, after the Gravel Pack assembly was set, the operation was continued by installing the
upper completion string, consisting only one permanent production packer to provide zonal isolation
between the lower reservoir interval and future shallow reservoir interval. Then, after the production of
lower zone has reached its depletion, annular cementing will be performed on top of production packer
with coiled tubing as the preparation prior to perforate future shallow reservoir interval.

Depths are bottom of equipment
unless specified otherwise
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XIO 43" 13.5% 13Cr TBT x 34" 9.24 13Cr TBT

334" fow couplng
+-380 281 | 281" SP-ENH TR-DHSV (Hallburon), RQ profile
1.03 SG NaCl Packer Fluid ~ —— w/ ¥ control line (self equalizing)
334" fow cowping
0815 Base Ol - —
Estimated TOC 7" casing - — ————1 292 |3% 9.2413CrRE5 TSH-Blue Tubing

@1028 mMD
PipTag4 @ +/- 1389 MMD=- — — — — — — —

9-5/" 47# Casing Shoe @ 1,328 mMD / 1,207 mTVD

Ll
N
2
2
&
N
@
®

2.81" R Landing Nipple

Pip Tog 1 @ +/- 2718mMD — — — — — — — — — — — b
Top 7" CSHP Il Packer (ID=4.00in) _ o
M

TBA 291 | Top 4" Pop Loc Assembly
TBA 291 | 4" MST Indexing Muleshoe

TBA 3.878 | 45" 13.5¢ JFE Bear 13Cr Blank Pipe
Top 4" Superior Proweld Screen 12 GA, Top MSV
TBA 283 profiie 1@ 27752 m (3ar down to open)

ZONE 1 (63 deg Inc.)
Res 1: 2774-2777 mMD
Top 7" Isolation packer (1D =2.75 in) |
@ 2781 mMD ————1————|-RupuwreDisc
[ Futre Perforations Fs22 ] ———— 3.92 | 4%"13.5% 13CrR95 TSH-Blue Tubing
Top 7 Isolation packer (ID = 2.75 in)
@ 2917 mMD

TBA 3.878 | 4.5"13.5# JFE Bear 13Cr Blank Pipe

Top 4" Superior Proweld Screen 12 GA, Top MSV.
TBA 283 | profile 2 @ 2983 m (3ar down to open)

ZONE 2 (64 deg Inc.)
Res 2 : 29815 -2985 mMD
Top 7" Isolation Packer (ID = 2.75 in)

@ 2987 mMD
Pip Tag 2 @ +/3031MMD - — — — — — — — — — —
ture Perforation FS3-3 : 30915 ~ 3095 mID

5= mf - =T -—-—- [~ - Tubing Punch at 3093 mGR
Fiire Perforalion FS33 7 3098 = 31005 WD —————1-392 | 4% 135¢13CrR95 TSH-Blue Tubing

Top 7" Isolation Packer (ID = 2.75 in)
@ 3111 mMD
FS3% a1

————1————|-Tubing Punch at 3146 MGR

Top 7" Isolation Packer (ID = 2.75 in)
@ +3160 MMD

[ Future Perforation F§3-5 - 3290 5 ~ 3304 mMD 1 ————1————|-Tubing Punch at 33015 mGR

Top 7" CSHP Il Packer (D = 4.00 in)
@ 3360 mM:

@ 2360 mAID TBA 291 | Top 4 Pop Loc Assembly

TBA 291 | Bottom of 4.000" Indexing Muleshoe
Pip Tag 3 @ +/- 3897 MMD = — — — — — — — —
TBA 3.878 | 4.5"13.5# JFE Bear 13Cr Blank Pipe
ZONE 3 (62 deg Inc.)

Res 3: 3457.5 - 3462mMD
Top 7" Isolation Packer (ID = 2.75 in)

Top 4" Superior Proweld Screen 12 GA, Top MSV
Profile 3 @ 3460 m (Jar down to open)

Future Perforation D 3553 - 355 mMD ————+————[-RuptureDisc
Future Perforation E : 3583 — 3585.5 mMD. - 3.92 4 %" 13.5# 13Cr R95 TSH-Blue Tubing
Future Perforation F:3652.5 - 365 5 mMD. TBA 291 | Top 4" Pop Loc Assembly

TBA 291 | Bottom of 4.000" Indexing Muleshoe

Top 7~ SUPERIOR Sump Packer (D = 400 )
0%5
365 —_———_——tr—-—- Top Pup Joint Casing @ 3660 mMD

[euu 3661 - 3662 5 mMD. ]t

[srr orwschonesmes sair iz | 18a | - |top ot 520 P10 Lancing cotr

o ||

Figure 3 Initial Completion Schematic

“Kebijakan, Strategi dan Teknologi Tepat Guna untuk Meningkatkan
Pengurasan Lapangan Minyak dan Gas di Indonesia“




PROFESSIONAL TECHNICAL PAPER

ONLINE PRESENTATION
24 - 25 OCTOBER 2020

However, based on the reservoir assessment, water production is expected from each of future reservoir
target that leads to water breakthrough risk. Zonal isolation between the reservoir is required to prevent
cross flow that might kill production from other reservoir. At this point, addition of 3 (three) production
packers along the reservoir is considered to be more effective to have selective isolation than performing
annular cementing.
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Figure 4 Proposed Completion Schematic

Hydraulic-set permanent production packer was utilized to provide the isolation means in the upper
completion and is commonly used for PHM well completion. The packer can be set by applying certain
pressure until start-to-set value (STS) to shear the pins This start-to-set (STS) value can be adjusted by the
addition or deletion of pins in the piston housing. When the pins sheared, the piston travels upward and
extend the lower slips. When minimum setting pressure is achieved, the piston loads the packer elements
and slip anchor system with sufficient force to contain working pressure differentials.
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Figure 5 Hydraulic-set Permanent Production Packer

This packer includes a one-piece mandrel and sealbore, which eliminates a potential leak path. It has a
low profile for greater running clearance to help reduce problems that might occur when running in
typical highly deviated wells like in SS-2xx. Premium metal-to-metal (MTM) thread connections help
enhance packer dependability. Ease of use is proven in single-trip completions common during offshore
operations. This packer sets with low pressure, major components are rotationally locked, and materials
are suitable for milling. No tubing manipulation is required to set the packer, and the hydraulic-set. An
upper polished bore receptacle or overshot tubing seal divider can be connected to the top of the packer at
any case intervention should be performed to retrieved the packer.

However, in PHM itself, setting multiple packer in one trip is outside our technical envelope. The
common practice is only incorporating one production packer in one trip of upper completion. The
associated risk foreseen from running multiple packer in one trip are:

e Packer premature set due to hammer effect, friction, or solids obstruction during run in hole

packer to target setting depth

o Damage on tubing due to movement of each packer slips when setting the packer simultaneously.
In order to mitigate the aforementioned risks, tubing movement simulation and packer setting sequence
was reviewed and analysed.

Defining Risk and Functionality

The use of multiple hydraulic-set packer exposes the operation to several risks that may not be apparent.
These possibilities must be considered during the planning stage of the development and include the
following:

* premature set of the packer

* un-expected mandrel movement

« tubing collapse due to multiple tubing movement
* Insufficient hydrostatic pressure

The process of set multiple permanent packers used to test the packer during the installation was
conducted to ensure that the three packer were pressure tested. However, to further assure success of the
operation, it is critical that knowledge of the actual bottomhole conditions such as hydraulic pressure and
temperature must be available when preparing the packer assembly for each installation.
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Prior to running a multiple hydraulic-set packer, structured reviews were undertaken with operators to
identify potential tubing movement at typical well conditions that could be encountered. Moreover,
completion continuity was required to ensure intervention could be performed when accessing each for
target zones. Understanding these conditions and structuring the design and test program to verify proper
operation was seen to be paramount.

Top Packer: THT Initial AtSTS FinalSet After Set
NO PROBLEMS PREDICTED Thg. Surface Pressure » 000 3000.00 4000.00 0.00
Shear Force on PBR pins 11 1918337 4804675 6108834 3385332
y DIff. P Acrass Packer s 000 3000.00 400000 0.00
=t Thg. Movement Change 3.00 0.68 050 0.00
Middle Packer: THT Initial AtSTS FinalSet After Set
Thg. Surface Pressure o5 0.00 3000.00 4000.00 0.00
Shear Force on PBR pins o1 13699.62 42563.00 5560458 28369.57
Diff. P Across Packer s 0.00 3000.00 4000.00 0.00
Thg. Movement Change 1 256 0.68 050 0.00
Bottom Packer: THT Initial AtSTS FinalSet After Set
Tha. Surface Pressure o5 0.00 2250.00 4000.00 0.00
Shear Force on PBR pins o1 1095933 32606.87 50755.02 2352000
Diff. P Across Packer ps 000 225000 4000.00 0.00
Tbg. Movement Change it 234 051 0.50 0.00
THT: 3608.92 ft
Sign Conventions

;I‘Ilpg/;:‘:;?rfe: Movement:  {+)Elongation  {-)Contraction Force:  (+)Tension  (-)Compression

Residual Tension:
33853.32 b

THT: 4921.26 ft
Slip/Elem Force:
30979.55 (bf
Residual Tension:
28369.57 It

THT: 6233.59 ft
Slip/Elem Force:
33088.83 b
Residual Tension:
23520 I

Figure 6 Tubing Movement Simulation

Based on tubing movement simulation result, the best option is to perform the following scenario:
e Limitrun in hole speed to 10 joint/hour to avoid packer premature set.

e Provide bigger separation distance between each packer to accommodate tubing stretch during
setting the packer.

o Packer #3 will be set first at 2250 psi STS pressure.
o Followed by Packer #1 and Packer #2 that will be set simultaneously at 3000 psi STS pressure.
e Tubing will be pressured up to 4500 psi to final set the packer sealing elements and slip.
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Table 1 Packer Setting Configuration

Packer No. Setting Depth STS Pressure No. of Pin
Packer #1 1097 mMD 3000 psi 4
Packer #2 1501 mmD 3000 psi 4
Packer #3 1905 mMD 2250 psi 3

In order to ensure the integrity of the packer after it is set, tubing was punched between each packer. This
is intended to allow pressure communication from tubing to the annulus between each packer during the
pressure test operation. Moreover, the packer integrity was ensured by pressure tested packer from the
annulus side as well at end of upper completion step.

In addition to ensure well continuity and mitigation to potential excessive tubing movement, 2.5m of seal
assembly length at end of upper completion were designed to sting-in into top packer lower completion.
Operationally, space out 1.5m recommended to be performed after tagging to top of lower packer
assembly to provide room for potential tubing movement during packer setting process and thermal
expansion along production process.

3 Result and Discussion

The upper completion installation was commenced after the Gravel Pack assembly in the lower zone has
been set. The upper completion was made up with accurate tally to ensure the packer setting depth to be
as per completion program. By applying mitigation to limit the RIH speed, the upper completion can be
successfully run inside the well and sting in to the previous Gravel Pack assembly without any restriction.

The operation was continued to set the 3 (three) permanent production packers. The standing valve was
set at the nipple profile below the bottommost production packer. Tubing string was then pressurized to
4500 psi in stages. The packer setting indication was observed at 3200 psi and 3800 psi.

To ensure the integrity of the packer, the annulus behind the tubing was pressurized to 3000 psi and held
for 10 minutes. During the pressure monitoring, no pressure build-up nor pressure losses were observed.
This indicated that the uppermost packer integrity was good.

The standing valve was then retrieved and operation continued to run tubing puncher to punch tubing
between each production packer to allow communication between tubing string and annulus of each
production packer. The tubing was pressurized to 3000 psi and held for 10 minutes. The pressure was
holding, indicating all of the packer integrity were good.
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The single trip multi packer initiative was successfully delivered without any NPT or incident. This
initiative yields to cost saving up to 82% compare to initial plan to perform annular cementing with coiled
tubing.

4 Conclusion

The developmental alternative zones isolation concept, which used a series of structured reviews both
internally and externally with packer’s providers, and representative lower completion provider, resulted
in a successful installation of multiple production packer in lead to level of confidences in accessing
potential shallow reservoir to gain more hydrocarbon. It is proven as a new cost effective solution to
allow isolation for selective shallow reservoir and enables the delivery of typical marginal wells
economically in Mahakam. This initiative eliminates annular cementing requirement thus reducing the
well intervention cost especially in typical highly deviated well. This has resulted in potential significant
well cost saving up to 82% compared to conventional annular zonal isolation or approximately equivalent
to one third million USD along the completion phase. This new frontier solution can be considered as the
first successful of multiple packer’s installation at offshore areas worldwide with no NPT and safety
issue. The case history has shown that successful installations can significantly reduce field
developmental cost. Currently, this best practice was extending to swamp operation with similar case to
isolate shallow reservoir and eliminate conventional cementing cost and intervention will easily unlock
the reservoir and accessing all target zones for optimum well recovery.
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