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Abstract
This paper describes the design and construction of the subsea wells in Shell/BP’s ultra
deep water Na Kika field development in the Gulf of Mexico. This project for the first
time brought together several technologies that have previously been used separately in
other applications.
The economic drivers for the selection of multizone intelligent completion in a complex,
stacked reservoir, the design of the fluid loss devices from the point of well control and
intervention, and the use the interval control valve as well suspension barriers will be
discussed. The operations during completions will be discussed to illustrate the benefit of
intelligent well functionality during installations.
Intelligent completions that provide the ability to remotely monitor and control inflow
from different zones were utilized in two of the five fields. Intelligent completions were
installed to reduce well intervention costs, accelerate production, reduce CAPEX/OPEX,
and increase ultimate recovery. The operational flexibility offered by intelligent
completions helped mitigate reservoir uncertainty and enabled economic development of
the fields
The final development plan for Na Kika featured four intelligent wells that would
develop reserves from a total of eleven discrete reservoirs. This paper will discuss the
economic drivers for the intelligent well completions at Na Kika, design challenges in
fluid-loss control and zonal isolation during installation, and novel use of the interval
control valves as well suspension barriers.
Introduction
The Na Kika Development is located 144 miles southeast of New Orleans, Louisiana, in
water depths ranging from 5,800 to 7,000 feet in the US Gulf of Mexico. 1, 2 The project is
a subsea development of five small- to medium-sized independent fields tied back to a
permanently moored floating development and production host facility, centrally located
in Mississippi Canyon Block 474 in 6,340 feet of water. Na Kika is the first deepwater
application of the concept of a dispersed subsea development tied back to a centrally
located deepwater host that does not depend upon a single large accumulation of oil and
gas.
The core Na Kika development is comprised of five moderately sized (20 to 100
MMBoe) fields, containing both oil and gas reservoirs (Fig. 1). Individual reservoirs in
each of the fields contained recoverable reserves as small as 2 MMBoe. The play type
can be characterized as amplitude supported, structural-stratigraphic traps in the middle
to upper Miocene of the Eastern Gulf of Mexico. The moderate size of the average Na

Copyright © 2004, AAPG

AAPG International Conference: October 24-27, 2004; Cancun, Mexico

Kika field is a direct function of the geologic setting and nature of the channel/levee
systems encountered. A wide variety of sub-facies is found in these systems, with an
associated wide range in reservoir quality/type.
Two of the five fields at Na Kika featured multiple stacked pay sequences, requiring
stacked completions to enable an economic development concept. Stacking multiple
completions in a single wellbore carries risks such as differential depletion and crossflow,
or early water breakthrough from one of the zones, requiring costly well intervention.
Intelligent well technology was employed in four of the ten Na Kika wells to manage the
production uncertainties associated with commingling and to avoid well intervention.
Economic Case for Intelligent Well Completion System
Out of the five individual fields in Na Kika, the Ariel and Fourier fields are characterized
by multiple stacked, discontinuous reservoirs, as shown in Fig. 2
The generally accepted means to produce multiple pay sections in a single wellbore are
listed below in order of decreasing capital investment over the well life:
1. Single-zone completion with future uphole recompletions
2. Multizone “selective” completion, requiring future through-tubing intervention
3. Multizone intelligent well completion3, 4,5
4. Uncontrolled commingled completion of multiple zones.
In the extreme water depths at Na Kika, 1,2 drilling and completion costs on the order of
$50 MM per well for a single-zone completion provided a significant argument for
simultaneously completing multiple zones in a well. While uncontrolled commingling
requires the lowest investment over time, a single intervention to isolate one of the
producing intervals increases the well cost beyond that of an intelligent completion that
has the capability to shut in zones remotely. In addition, the uncontrolled commingled
completion usually lacks the pressure/temperature monitoring capability of individual
zones and is subject to crossflow between zones, as different zones will deplete at
different rates causing large production losses.
In the Ariel and Fourier fields, subsurface studies indicated potential issues, such as
differential depletion between zones, fluid incompatibilities, and different timing of water
breakthrough. There is also a certain amount of inherent uncertainty in depletion and
water breakthrough forecasting. An intelligent completion with permanent downhole
gauges and surface controlled downhole valves provides the capability to remotely
monitor the individual zones and remotely control in-flow from the individual zones. The
zone that produces excess water or gas can be closed-in downhole without expensive well
intervention while production can be continued from the remaining zones. The zones may
also be sequentially produced till the pressures in the zones equalize and then the zones
can be commingled without crossflow. Simulations on the Fourier fields (Fig. 3)
indicated that the capability to commingle zones in a controlled manner could yield an
increase in ultimate recovery of approximately 12%. The operational flexibility offered
by intelligent well completions at Na Kika allows the risk of reservoir uncertainties to be
mitigated without the cost and risks associated with well interventions. The downhole
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valves in conjunction with the permanent downhole gauges also provide the capability for
pressure build-up tests on one zone to be conducted while producing the remaining zones.
Therefore, reservoir management capabilities are enhanced while disruptions to
production are limited.
Intelligent Well Design-Overview
One of the governing design principles for the relatively shallow, unconsolidated
sandstone formations at Na Kika was that all zones would require competent sand
control. The geometry of the frac-pack completions and the requirement for 3 1⁄2”
Interval Control Valves, (ICV) necessitated the ICVs6 to be placed above the sand control
equipment and be run as part of the upper completion as shown in figure 4, This design
allows fluid from the lower zone(s) to produce up the 3 1/2” inner concentric “tubular”
flow path to the lower ICV, which is run inside a shroud to isolate flow between the two
ICVs. Production from the upper zone(s) follows an “annular” flow path around the
shrouded lower ICV and into the upper ICV, where production from both zones is
commingled. The permanent gauge with three sensors is placed directly above the upper
ICV and has the ability to monitor the pressures at the lower annulus, upper annulus and
the commingled tubing pressure.
The configuration of the intelligent completions selected for the wells limited the number
of zones that can effectively be controlled to two per well. In a triple-zone completion,
either the upper two zones or the lower two zones must be allowed to commingle in an
uncontrolled fashion but to remain isolated from the third zone
Lower Completion Design
Lower-Zone(s) • Mechanical Fluid-Loss Control. The deepest zone in all of the
intelligent wells used a ball-and-seat arrangement for fluid loss. At the conclusion of the
stimulation, a ball is dropped into a seat creating a positive plug to stop fluid loss to the
formation. The fluid-loss ball is held on its seat by gravity and differential pressure from
above. If differential pressure develops from below the ball, it will lift off its seat and
allow the well to flow. In triple stacked wells, where the two “lower” zones that would
later be commingled and produced through a common ICV, the lower-zone fluid-loss ball
is expended when the middle-zone gravel-pack assembly is landed, and middle zone
treatment pressures are isolated from the lower zone with washpipe seals and fullbore
fluid loss isolation valves that hold pressure from both directions. These valves may be
opened by pressure cycles when the well is ready for production
Upper Zone(s) Mechanical Fluid Loss Control
The intelligent well geometry as
shown in figure 4, requires that the lower zone(s) produce up a “tubular” flow path to the
shrouded lower ICV. An isolation tube is set inside the upper-zone screens to provide a
flow path for the lower-zone fluids, while the upper-zone fluids flow up the outside of the
isolation tube to the upper ICV. The upper-zone MFLD sealed off the top of the annulus
between the isolation tube and the upper-zone screens. As the upper zone MFLD was run
in the closed position during gravel-pack operations, it would have to be activated open
for production. This was accomplished by applying pressure down to the valve through
the upper ICV to a predetermined value and then bleeding back to zero. In the event that
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any of the valves could not be opened hydraulically, a back-up mechanical override was
incorporated into the design.
Intelligent Completion equipment -Interval Control Valves (ICV). The ICV uses a
tungsten carbide choke with a metal-to-metal sealing surface that is rated to 7,500 psi.
differential in either direction and contains a locking mechanism to lock the choke on
close position and prevents inadvertent functioning due to downhole conditions. In case
of any damage to the hydraulic control lines, the ICVs are “fail as-is”. As a backup to the
hydraulic operating system, the ICV has a built in shifting profile to allow the ICV to be
shifted using coiled tubing or slickline. The tool also has polished surface areas on either
side of the ICV to allow the placement of an isolation tube across any damaged choke.
The shrouded lower ICV operates like the upper ICV and meets the same specifications.
The ICVs are operated using a direct hydraulic system where hydraulic force is applied
on either side of a piston inside the ICV to move the valve to the “open” or “closed”
position. There are three hydraulic lines in the well to control the two ICVs. The
hydraulic system is a closed system, where the volume of fluid pumped down to function
a valve is returned to the Subsea Control Module (SCM) through the remaining control
line and is never exposed to the production fluid. By varying the sequence of hydraulic
pressure applied to the three control lines, each of the ICVs may be functioned without
affecting the other. With the pressure supply at the Na Kika field, 14,000 lbs of force is
applied at the piston seals to move the ICVs and this is beneficial in over coming the
friction caused by scales and debris
Splice Sub. The splice sub enables the entire intelligent completion assembly to be made
up and tested onshore in an enclosed and controlled assembly area to ensure system
integrity prior to installation offshore. The assembly is ready to run in hole as soon as the
hydraulic lines are made up above the splice up and the electric line is connected to the
gauge. The capability to assemble and test this equipment onshore significantly reduces
the potential for nonproductive time on the wellsite and ensures the installation of a fully
functional system.
Downhole Pressure, Temperature Gauges. The mandrel that houses the threepressure/temperature sensors is located between the production packer and the upper
ICV. The three sensors in the mandrel record the lower zone annulus pressure, upper
zone annulus pressure and the combined flow stream pressure inside the tubing at the
mandrel. The downhole gauge signals are multiplexed on a single TEC line, terminated at
the gauge on the bottom end, and at the tubing hanger on the upper end. The signal is
read by a sensor interface card in the Subsea Control Module (SCM), located on the
subsea tree. The sensor interface card communicates with a second interface card
supplied by the SCM manufacturer. Data is then transmitted via a common field
umbilical back to the Master Control Station (MCS) on the host platform.
Production Packer. The retrievable production packer is a hydraulically set packer with
bypass ports for the hydraulic control lines and the TEC line. The bypass ports allow the
control lines and the TEC to be pulled through the packer. Pressure isolation is provided
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by fittings at the top of the bypass ports, and the packer is rated for a 7,500-psi pressure
differential from above and below.
Intelligent Well Completion Assembly Installation- Following the completion of the
upper gravel pack and the placement of the fluid loss devices, the intelligent completion
assembly was made up above the PBR-telescoping joint assembly and production stinger.
The control lines were connected to the intelligent completion assembly and tested prior
to running in hole. 4 1⁄2” tubing was used above the intelligent completion assembly to the
tubing hanger, with the subsurface safety valve at 3600 ft. The control lines were
connected to the bottom of the tubing hanger and the tools were operated through the
tubing hanger running tools and the BOP spanner joint. The production string was
lowered till the seals at the bottom of the string enter the sealbores in the gravel pack
assemblies. The tubing hanger is then landed and tested. 110 bbls of Mono Ethylene
Glycol was placed in the upper annulus by reverse circulating through the upper ICV.
The production packer was set by applying 4000 psi in the tubing and tested for integrity
from above and below the element. The isolation valves in the lower zones were opened
by applying pressure cycles through the lower zone ICV and the upper zone fluid loss
device was opened by applying pressure through the upper zone ICV. All the zones are
now open and the ICV is the barrier that stops the zones from flowing. The ICVs can be
remotely opened from the platform when the flowlines are layed and ready for
production.
ICV in Well Suspension Barrier Application- The Na Kika project was designed so
that a separate installation vessel could be used to install the vertical guidelineles subsea
trees after each completion was finished. The savings in rig time, by utilising this method
was estimated to be seven days per well. In order to do achieve this, the ICV was
specially tested to 7500 psi. differential to qualify it as the primary barrier and the
SCSSV was used as the secondary barrier.
Production Operations of the Intelligent Wells- Following the end of well completion
operations in February 2003, the wells were suspended with the downhole valves closed.
The production systems were commissioned in November 2003, and the wells were
unloaded to the host platform and brought onto production between December 2003 and
April 2004 by opening the downhole valves remotely from the Na Kika floating platform.
Commissioning the wells included unloading the completion brine in the production
tubing, cleaning up of the individual zones, and pressure-transient testing of the
individual zones.
Conclusions
• The Na Kika intelligent well completions were designed to produce from multiple
zones in individual wellbores while monitoring and maintaining full control of inflow
from each zone.
• The capability to commingle multiple zones in select Na Kika wells significantly
reduced the well count and potential for intervention, enabling an economic development
project.
• The capability to commingle zones in a controlled fashion was shown to increase
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production rates and ultimate recovery from the individual zones.
• Intelligent well systems provide operational flexibility and reservoir management
capability in multizone completions.
• Intelligent well design from the sandface to the surface must be approached from a
system perspective, taking into consideration installation and operational requirements,
limitations, and desired functionality.
Acknowledgements
The authors wish to express our gratitude to the management of Shell, BP, Halliburton
and WellDynamics for granting permission to present this work.
References
1. Stair,C.D. Bruesewitz, E.R., Dawson, M.E.P., Rajasingam, D.T., Shivers, J.B.: “Na
Kika Completions Overview: Challenges and Accomplishments,” paper OTC 16228,
presented at the 2004 Offshore Technology Conference, Houston, 3-6 May 2004.
2. Dawson, M.E.P., Malbrough, Fitzpatrick: “Extensive Preplanning Enables Six
Different Types of Na Kika Completions,” Petroleum Economist, 2002
3. Jackson, V.B., Piedras, J., Stimatz, G. P., Webb, T. R.: “Aconcagua, Camden Hills
and Kings Peak Fields, Gulf of Mexico Employ Intelligent Completion Technology
in Unique Field Development Technique,” paper SPE 71675 , presented at the 2001
SPE Annual Technical Conference and Exhibition held in New Orleans, Lousiana, 30
September – 3 October 2001.
4.
Simonds, R., Navarro, J., Skinner, N., Schneller, T.:
“State-of-the-Art
Interventionless Completion Technology Provides Key to Greater Cost Reduction
and Completion Efficiency,” paper SPE 63006 presented at the 2000 SPE Annual
Technical Conference and Exhibition held in Dallas, Texas, 1–4 October 2000.
5. Jackson, V.B., Tips, T.R. “Case Study: First Intelligent Completion System Installed
in the Gulf of Mexico,” paper OTC 11928, presented at the 2000 Offshore
Technology Conference held in Houston, Texas, 1-4 May 2000.
6. Williamson, J.R., Bouldin, B., Purkis, D. “The Development of an Infinitely Variable
Choke for Intelligent Well Completions,” paper OTC 11934, presented at the 2000
Offshore Technology Conference held in Houston, Texas, 1-4 May 2000.

Figure 1 – Na Kika Field
Layout

Copyright © 2004, AAPG

Figure 2 – Fourier Field
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Figure 3 – Fourier Field
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Fig. 4 • Na Kika Intelligent Well Completion • Lower 2 Zones Commingled

Copyright © 2004, AAPG

