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Abstract 
A case history from Offshore Israel is presented that describes the successful delivery of five (5) ultra high-rate gas wells 
(+250 MMscf/D) completed in a significant (10 TCF) gas field with 7 in. production tubing and an Open-Hole Gravel Pack 
(OHGP).  Maximizing gas off-take rates from a gas reservoir with high flow capacity (kh) requires large internal diameter 
(ID) tubing coupled with efficient sand face completions.  When sand control is required, the OHGP offers the most efficient 
as well as the most reliable, long-term track record of performance.  A global study of ultra high-rate gas wells was made to 
select and finalize the design concept after which the commensurate engineering rigor was applied.  This paper will highlight 
key accomplishments within various phases of a completion delivery process for critical wells.  The completions were 
installed with minimal operational issues (Average NPT 4%).  Production commenced on March 31, 2013 without incident 
thus far.  Each well is designed for production rates in excees of 250 MMscf/D. 
 
Introduction 
Operated by Noble Energy, the Tamar field was discovered at the Tamar-1 wildcat, by the Tamar co-venture group (Noble 
Energy Mediterranean Ltd., Isramco, Delek Drilling LP, Avner Oil Exploration LP, and Dor Gas Explorations LP) in 2009 in 
5505 feet (1678 meters) of water at a total depth of 14,967 feet (4,562 meters). Tamar is one of several recent gas discoveries 
made in the northern offshore deep waters of Israel in the Levant Basin (Figure 1). 
 

 
Figure 1 – Regional Location Map 
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With estimated reserves of ten (10) trillion cubic feet (TCF), the significance of the Tamar discovery to the state of Israel is 
enormous. Prior to the discovery of Tamar the next largest commercial hydrocarbon discovery in Israel was the one (1) TCF 
Mari-B gas field offshore in the southern waters of the Mediterranean. The Mari-B field, on production since 2004 is 
currently in depletion, making the Tamar discovery not only vast in terms of volume, but also very timely. The majority of 
Tamar gas is burned to generate about 40% of all electricity consumed in Israel and if Tamar gas were used to generate 
electricity for just residential customers, it would be enough to power every household in the country. 
 
After discovery in 2009, the Tamar project was put on a fast track for development to deliver first gas in time to replace the 
declining gas production from the Mari-B field. Tamar was designed as a subsea development with five (5) initial wells tied 
back 150 km to a new shallow water processing platform located near the existing Mari-B platform (Figure 2). As the 
world’s longest subsea tie-back, the Tamar field came online in March 2013 at gas rates in the 600-950 MMscf/D range 
(depending on daily swings in electricity demand) from the production platform capable of flowing up to 1,200 MMscf/D. 
 

 
 

Figure 2 – Tamar System Overview 
 
Geologic Overview1 
 
Structure.  The Tamar field consists of three (3) gas bearing sandstone layers separated by two (2) shaley units. The trap for 
the reservoir is a large four-way anticline, cross-cut by northwest bearing faults. There is a ~1500 m thick evaporate sequence 
in the shallow overburden above the field consisting of mostly halite, with interbedded anhydrite and clastics1. Figure 3 
shows a structure map of the top of the reservoir. 
 
Reservoir.  The Tamar reservoir section is an Oligocene-Miocene sequence of deepwater turbidite sandstones interbedded 
with minor siltstone and shales. Clean end-member sands are greater than 95% quartz arenite with minor amounts of feldspar 
and other minerals. Clean sands have porosities greater than 20% and permeabilities greater than 1000 mD. Sands are slightly 
to fairly consolidated with no significant change in reservoir quality across the gas water contact. 
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Figure 3 – Tamar Structure Map of Reservoir Top 
 
Stratigraphy from Logs and Cores.  Conventional cores were taken in the Tamar 2, Tamar 3, and Tamar 5 wells for a total 
of 143 meters of core. Routine and special core analysis was performed to understand and characterize the reservoir 
properties. Figure 4 illustrates the reservoir facies and the productive interval. 
 

 
 

Figure 4 – Tamar Reservoir Facies1 
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Project Statement of Requirements 
 
General.  The Tamar field is the only local source of natural gas to Israel, a country with a total population of ~7.9 million 
people.  With five (5) wells producing from the Tamar field, each well is required to provide gas to ~1.6 million people, 
roughly the population of the U.S. state of Hawaii.  With so many people depending on each Tamar well, delivering wells 
with the highest reliability and longevity became the key goal of the basis of design and all subsequent decision making. 
Phase I of the Tamar project was designed for a maximum flow rate through the subsea system and the platform of 1200 
MMscf/D.  To meet this flow rate, five (5) wells capable of producing 250 MMscf/D each were required with the 
completions to be finished by year end 2012.  To ensure the wells were cleaned up and had the necessary productivity to 
meet Phase I deliverables, it was required to unload and produce the wells up to 120 MMscf/D to the drilling rig immediately 
following the completion.   
 
Key Project Deliverables.  Drill and complete five (5) wells each capable of safely and reliably producing gas at rates of up 
to +250 MMscf/D for 25 years. 
 
Completion Guiding Principles 
 
A set of completion key performance indicators (Table 1) and guiding principles (Table 2) were developed to guide the 
decision making process for the completion design.  These principles were largely based on learnings from other successful 
high-rate gas well developments and the key project deliverables defined above. 

 

Table 1 - Completion Key Performance Indicators 

Priority Category Description 
1 HSE No harm to people, the environment or property 
2 Productivity  Safe and highly reliable well design capable of +250 MMscf/D 
3 Reliability  Field Proven 
4 Schedule Production start date: No later than 1Q2013 
5 Flawless Execution  

(Operational Efficiency) 
Avoidance of train wrecks and major NPT events 
Actual Costs vs. AFE Estimate within +15% 

 
Table 2 - Completion Guiding Principles 

Priority Description 
1 Build on successful designs of past ultra-high rate gas well completions 

2 

Simplicity of design: 
 Operational excellence 
 Avoidance of major NPT events 
 Achieve well integrity and reliability 

3 
Field Proven Equipment 

 Select equipment with a track record in the field 
 Preference towards equipment qualified and deployed by Major Operators 

4 
Qualified Equipment 

 Interrogate Supplier’s qualification and testing documentation 
 Endeavor to have all critical equipment qualified 

5 

Rigorous QA/QC Program (Critical Equipment) 
 Design Reviews 
 Manufacturing QA/QC Plans 
 Factory Acceptance Test and Stack-ups 
 Shop Inspection, Assembly, and Test QA/QC Plans 
 Third Party Witness 

6 

Bona Fide Contingency Plans & Equipment 
 Equipment and services field proven and/or qualified 
 Equipment, tools, services purchased and readily available 
 Detailed procedures written for implementation 
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Completion Delivery Process 
 
The completion guiding principles were coupled to a completion delivery process (Figure 5) which was originally published 
in 2012 and is comprised of four (4) sequential phases.2  Each phase identifies key tactics considered imperative to the 
successful delivery of the completion.  This process diagram is useful for: identifying / prioritizing / assigning completion 
team responsibilities; supplier engagements; and peer / partner / management reviews. 
 

 
 

Figure 5 - Completion Delivery Process for “Critical” Wells 

This paper will highlight and briefly expound on one or more of the key tactics accomplished within each of the phases 
(Table 3).  Future papers are envisioned that will detail other project specific aspects and accomplishments of the completion 
delivery process not covered in this paper. 
 

Table 3 – Highlighted Key Tactics of the Completion Delivery Process 

Right Design Detailed Engineering Equipment Integrity Flawless Execution 
 Ultra High Rate 

Completion Study 
 Tamar #1 Replacement 
 Tamar #2 SET 

 Completion BOD 
 Completion Key Design 

Parameters 
 Completion Statement of 

Requirements (SOR) 
 Fluid Plant 

Equipment Qualification: 
 Fluid Loss Control Valve 
Equipment Qualification: 
 Interface of liner hanger 

(PBR) and tie-back seals 

General Discussion of 
Key Tactics 

 
 
Right Design 
 
Feasibility Study.  A study was undertaken to support and underpin the selection of the right design for the upper completion 
and lower completion (sandface).  The primary scope of the study was to review existing developments to understand field 
proven designs.  The study focused on a global review2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 of ultra high-rate gas wells which included 
nine (9) areas and over 130 wells (Figure 6).  This study, combined with the experiential knowledge of the team, resulted in a 
design that integrated the field proven lower completion (sandface) design of the OHGP (Figure 7) as demonstrated in 
Trinidad (Amherstia, Mahogany, Kapok, and Cannonball) and Ormen Lange17 with a simplified deepwater upper completion 
design.  The design concept selected is represented by the as-built schematic presented later in the paper. 
 
 

Right

Design

Detailed

Engineering

Equipment

Integrity

Flawless

Execution

• Fit-for-purpose
• Field proven
• Simplicity
• Standardization
• Well Integrity
• Well Reliability

• Basis of Design (BOD)
• Risk Analysis
• Erosion/Corrosion Study
• Hydrate Study
• Scaling Study
• Tubular Analysis
• Sandface Study

• Equipment Reliability
• Equipment Qualification
• Equipment SOR
• Design Reviews
• Manufacturing QA/QC
• Shop Assembly QA/QC

• Execution Plan
• Risk Assessments
• Selection of “Key” Personnel
• CWOP
• Procedure Standardization
• On-site Supervision
• MOC process
• After Action Reviews
• Post Well Analysis
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Figure 6 – Global View of Ultra High-Rate Gas Wells 

 

 
Figure 7 – Sandface Completion Options17 
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Tamar #1 Replacement.  A detailed technical and commercial assessment of the proposed Tamar #1 completion (Figure 8) 
resulted in a recommendation to replace the Tamar #1 with a new well (Tamar #6).  Tamar #1, the discovery well in 2009, 
was cased & perforated (C&P) and tested (DST) after which it was temporarily abandoned for future re-entry and 
completion.  The completion of Tamar #1, as originally envisioned, was a cased holed frac pack (CHFP) inside of 7 in. 
casing.  While CHFPs are common in the GOM, most ultra high rate gas wells (>150 MMscf/D) in the world (requiring sand 
control) are completed with an OHGP.  As the Completion BOD was progressed following project initiation, a more detailed 
technical analysis was undertaken to examine the deliverability (gas rate), reliability (mechanical integrity) and longevity 
(design life and reserve recovery) of ultra high rate gas wells completed with a CHFP.  The key findings of the study (GOM 
focused at modern era high rate gas developents) revealed that very few wells have ever produced at sustained rates greater 
than 100 MMscf/D (Figure 9).  Of those wells only one (1) well produced at a sustained rate over 150 MMscf/D and only for 
3 months.  The maximum cumulative gas recovered by any well was +263 BCF.  These findings led to a concern that the 
well requirements (deliverability and reliability) stated in the project’s design premise might not be achievable with a high 
degree of certainty.  Another downside was the requirement to run a smaller (4½ in.) SCSSV because of the 9⅝ in. 
production casing; all other Tamar wells (except Tamar #2) were designed with a tapered string (10¾ in. x 9⅝ in.) which 
allowed the use of a 5½ in. SCSSV.  A new [replacement] well would allow for the engineered Tamar fit-for-purpose design:  
tapered production casing string with an OHGP.  The incremental cost of the replacement well was determined to be nominal 
with all considerations enfolded including the operational risk of a one-off CHFP and the requirement to contract a 
stimulation vessel for work in a remote region.  The principle benefits of the replacement well were viewed as the delivery of 
a higher rate well (+250 MMscf/D) with higher reliability and longevity. 
 
Tamar #2 Solid Expandable Tubular.  The Tamar #2 was drilled as an appraisal well.  Due to various downhole conditions 
during the drilling of the production interval, the 9⅝ in. casing was set 44 m above the top of the reservoir.  A key Statement 
of Requirement (SOR) enumerated in the Completion BOD was to set the production casing within (+5 m) the reservoir as to 
avoid any exposure to the overlying shale.  The exposure of 44 m (144 ft) of reactive shale was considered a significant risk 
both operationally (plugging of sand screens during gravel pack pumping) and from a completion efficiency (intermixing of 
shale in gravel pack proppant) and completion reliability (plugged screens causing high flux) standpoint. A series of options 
were developed and assessed (Figure 10) to mitigate the potential risk.  Ultimately, the decision was made to install a Solid 
Explandable Tubular (SET) across the exposed shale.  The SET was installed without issue and a successful OHGP was 
installed. 
 
 
Detailed Engineering  
 
The next phase in the completion delivery process is detailed engineering.  This is arguably the most important phase of the 
completion delivery process.  Without detailed engineering, it is very difficult to execute a right design.  Detailed engineering 
is where the project engineers, equipment Subject Matter Experts (SMEs) and the Supplier’s technical experts make a 
considerable difference.  A peer review for this phase is paramount.  Four (4) examples of the key tactics accomplished in 
this phase are as follows: 
 

 Completion Basis of Design (BOD) 
 Completion Key Design Parameters 
 Completion Statement of Requirements 
 Fluid Plant 

 
Completion Basis of Design (BOD):  A summary of the key completion design parameters are presented on page 12 in 
Table 4. This table is taken from a comprehensive document which is sourced, supported and underpinned by numerous 
project and technical (engineering studies) documents. 
 
Completion Key Design Parameters.  The key design parameters for the new wells were identified as: 
 

 Well Design Life: 25 years. 
 Target Rate:  +250 MMscf/D 
 Sand Control Required. 
 FLUX BP “C Value” ≤ 40. 
 Solids Production (on a continuous basis) must be negligible (< 0.1 lbs / MMscf) and particle size must be < 50 µm. 
 Erosion Tolerant (given typical erosion assumptions). 
 Real-time Downhole Surveillance Required.  
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Figure 8 – Original Proposed Completion Tamar #1 
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Figure 9 – Gulf of Mexico CHFP Study of High Rate Gas Wells 

 
 

 
 

Figure 10 – Tamar #2 Option Analysis for Lower Completion (Sandface) 
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Completion Statement of Requirements.  Based on the front-end engineering studies, several operational completion 
statement of requirements (SOR) were also identified.  They included the following: 
 

 The 9⅝ in. casing to be set +5 meters inside the reservoir section. 
 The reservoir interval must be under-reamed to 12¼ in. 
 The reservoir interval must be vertical to low angle (≤ 20o). 
 Only +40 meters (131 ft) of reservoir interval will be drilled / completed. 

 
Fluid Plant.  A detailed engineering study was undertaken for the mixing of completion fluids (brine and RDIF).  This study 
resulted in the decision to build a fit-for-purpose completion fluid plant (Figures 11, 12 and 13) in-country.  Key factors 
beyond fluid quality (the preeminent concern) which influenced the decision included: 
 

 9 different fluids 
 9 different displacements (in a 12 day period) 
 Significant volumes (> 20,000 bbls per well) 
 expensive fluid: ≈ $300 / bbl 

 
 

 

 
 

Figure 11 – Aerial View of Proposed Fliud Plant Location  
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Figure 12 – Completion Fluid Plant – Before  

 
 

 
 

Figure 13 – Completion Fluid Plant – After 
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Table 4 - Completion Design Parameters 

 
Parameter 

 
Units 

T-P1-N-A1 T-P1-S-C1 T-P1-N-B1 T-P1-NC-C1 T-P1-C-C1 

Tamar #2 Tamar #3 Tamar #4 Tamar #5 Tamar #6 
Existing Well Yes / No Yes No No No No 

Well Type --- Producer Producer Producer Producer Producer 

Design Gas Rate MMscf/D 250 250 250 250 250 
Condensate CGR bbls/MMscf 1.5 1.5 1.5 1.5 1.5 

Condensate Rate BCPD 375 375 375 375 375 

Condensed Water bbls/MMscf 0.35 0.35 0.35 0.35 0.35 
Condensed Water bbls/day 88 88 88 88 88 

Formation Water bbls/day 500 500 500 500 500 

Water Salinity ppm 25,600-55,000 25,600-55,000 25,600-55,000 25,600-55,000 25,600-55,000 
Water Depth ft [meters] 5528 [1685] 5476 [1669] 5532 [1686] 5591 [1704] 5505 [1678] 

Seafloor Temp oF [oC] 57 [14] 57 [14] 57 [14] 57 [14] 57 [14] 

Wellhead Tempmax 
oF [oC] 150 [66] 150 [66] 150 [66] 150 [66] 150 [66] 

Wellhead Tempmin 
oF [oC] -11 [-24] -11 [-24] -11 [-24] -11 [-24] -11 [-24] 

Subsea Tree type Horizontal Horizontal Horizontal Horizontal Horizontal 

Max SITP psig 7200 7200 7200 7200 7200 
Flowing WHPmax psig 7100 7100 7100 7100 7100 

Flowing WHPmin psig 5000 5000 5000 5000 5000 

Well Geometry --- Vertical Vertical Vertical Vertical Vertical 
Production Csg --- 9⅝ 10 ¾ x 9⅝ 10 ¾ x 9⅝ 10 ¾ x 9⅝ 10 ¾ x 9⅝ 

Production Tbg  7” 7” 7” 7” 7” 

Completion 
Interval 

Sand A ●     

Sand B    ●  

Sand C  ● ●  ● 
Sandface Type --- OHGP OHGP OHGP OHGP OHGP 

Sandface Deviation --- Vertical Vertical Vertical Vertical Vertical 

Sandface Length 
MD 

meters 31 40 32.5 34 43.5 
feet 102 131 107 112 143 

BHP initial psia 8261 8263 8262 8240 8249 

BHP abandonment psia 5000 5000 5000 5000 5000 
BHT oF [oC] 172 [78] 172 [78] 172 [78] 172 [78] 172 [78] 

 
 
Equipment Integrity 
 
The next phase in the completion delivery process is equipment integrity.  The importance of this process cannot be 
overstated. Even if the right design is selected and the detailed engineering is rigorous; unqualified or improper equipment 
can lead to operational execution issues and / or equipment failure.  As experienced industry veterans move-up and out of 
operations or retire, new and inexperienced talent comes into the industry.  Thus, it is imperative that constant supervision 
and verification is performed on-site (in the supplier shops) during the inspection, assembly and testing of critical equipment 
assemblies in order to ensure that procedures, processes and standards are rigorously followed.  “Trust but Verify.” 
 
Given that reliability is one of the primary design parameters for these completions, validating equipment design and 
functionality play a critical role.  Two (2) examples of this validation process are detailed below. 
 

 Equipment Qualification:  Fluid Loss Control Valve 
 Equipment Qualification:  Interface of liner hanger polished bore receptacle (PBR) and tie-back seals 

 
Equipment Qualification – Fluid Loss Control Valve.  Considerable engineering effort was dedicated to the design, 
selection and qualification of the fluid loss control valve (FLCV) which is installed in the lower completion (to prevent fluid 
loss after gravel packing).  The initial FLCV selected was of a design type that operated by nitrogen charge.  Following 
contract award, a design review (a key process of the operator’s Quality Management System) was undertaken.  It was during 
this review that it was discovered that the FLCV nitrogen chamber was not designed nor qualified to the required charge 
pressure (which is based on the downhole service conditions).  Ultimately, following the supplier’s successful re-design 
(primarily material changes) and qualification, the FLCV was purchased as a contingency (in the event of a systemic failure 
mode with the primary FLCV).   The primary FLCV was selected after the design review.  The findings of the design review 
catalyzed an effort to review other FLCV type devices which did not rely on a nitrogen pressure.  A detailed analysis of these 
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other FLCV types and there run histories resulted in a different supplier being selected as the primary FLCV.  All FLCVs 
were run and operated (closed and opened) without issue. 
 
Equipment Qualification – Interference Test.  The original production casing design of the new wells (Tamar #3, 4, 5 & 6) 
was a tapered (10¾ in. x 9⅝ in.) long string.  Following Mocando, the production casing design was changed to a 9⅝ in. liner 
with a tapered tie-back (10¾ in. x 9⅝ in.).  This configuration resulted in a “gap” at the interface between the liner hanger 
polished bore receptacle (PBR) and tie-back seals.  This gap was identified as a concern.  It is generally known that 
completion equipment will occasionally hang-up on ledges or other unusual well features.  An informal search resulted in 
three case histories (Table 5) that were similar in nature to the issue identified above.  As a result, a field trial in a test well 
was proposed that would deploy several of the planned completion assemblies (Figure 14). 
 

Table 5 – Case Histories of Completion Issues related to a Tie-back “Gap” 

Case Well Synopsis 

1 Example 1 
Production Packer stuck while POOH. 
NPT = 42 days ($27 million). 

2 Example 2 Stuck Perforating Packer while POOH 

3 Example 3 
Stuck Perforating Packer while POOH                   
NPT = 11 days ($11 million) 

 
The purpose of this field trial was to identify any issues that may exist with regard to the running of the planned Tamar 
completions equipment past the as-installed 9⅝ in. tieback x PBR interface.  The scope of this test was to simulate, at field 
scale, the planned and contingency completion equipment and running operations in an onshore test well that was equipped 
with the same equipment (9⅝ in. casing, PBR, seals and liner hanger packer) as the Tamar new drills.  In addition, all 
completion equipment and assemblies to be run in the test well were to be identical to the planned actual equipment. 
 
The field trial was successfully completed at a test well (Figure 15) in Lafayette, Louisiana over the course of approximately 
five (5) days.  In most cases, a noticeable indication was observed on the weight indicator when running equipment past the 
gap.  In no case, however, did a significant hang-up occur.  The test did result in one design change.  The wireline re-entry 
guide was modified from a flat bottom design to a tapered design. 
 

 
 

Figure 14 – Interference Test Scenarios 
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Figure 15 –Running of Cross-Coupling Protectors at Test Well Site 

Flawless Execution 
 
To achieve flawless execution on a completion installation, one must first understand exactly what flawless execution is. At 
first glance, the meaning may seem obvious, but to understand what is flawless execution one must fully understand the 
meaning of each word. For something to be flawless, it must have no defects or faults, especially none that diminish its’ 
value; i.e., it must be perfect. Execution is the act or process of executing or doing something. Therefore, to flawlessly 
execute a completion installation on a well site, you must perfectly perform every task required to deliver the desired result – 
a competent completion done in the minimal time at the optimal cost. Upon understanding the meaning of flawless execution, 
the importance of it becomes obvious, as it is what enables a completion team to deliver a competent completion in the 
minimal time at the optimal cost.  Even with the right design, detailed engineering, and equipment integrity in place, a single 
human act peformed improperly during the execution phase can negate all of the hard work performed prior to this critical 
phase. With that common understanding, the completion team identified several key elements of the phase that must be 
rigorously addressed in order to achieve flawless execution, and they are: 
 

 Execution Plan 
 Risk Assessments 
 Selection of “Key” Personnel 
 CWOP – Complete Well On Paper 
 Procedure Standardization 
 On-site Supervision 
 MOC Process 
 After Action Reviews 
 Post Well Analysis 

 
Execution Plan.  A very thorough plan for executing a completion installation is imperative to delivering flawless execution. 
Much time and effort was spent toward developing comprehensive execution plans. The operator’s completion team 
developed job procedures, contingency procedures, decision trees, and plans of action, all done with the intent to clearly 
communicate the intended path to a flawless execution.  These procedures were further refined between each Tamar well. 
The job procedures were expanded upon and broken down into smaller sections called Plans of Action (POA) either 
addressing a 24-hour long operation or a specific phase of the operation. The POA’s were compiled by the on-site completion 
engineer and distributed to the various key stakeholders for their review and input into each phase of the operation. Once all 
feedback was received, the POA’s were revised and then issued to all personnel involved in the upcoming operation. This 
process worked very well helping to eliminate potential issues due to operating in an unfamiliar environment for some. 
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Risk Assessments.  A comprehensive assessment of all risks associated with a completion installation is essential to 
delivering flawless execution.  Risk assessment tools provide a mechanism for identifying risks, and for distinguishing which 
risks represent opportunities versus which represent potential pitfalls.  To achieve flawless execution, it is important to 
review every step in an execution plan and critically evaluate it for possible pitfalls.  Done properly, a risk assessment gives 
an operational team a clear view of the many obstacles to which they may be exposed; and, to effectively negotiate the way 
through a difficult operation, an operational team must clearly know what obstacles may be encountered along the way, and 
they must proactively put in place appropriate mitigation measures.  Toward this end, the operator’s completion team met 
internally on several occassions and with the affected service companies when needed.  Each operation of the completion 
installation was critically reviewed for both safety and service quality concerns early in the planning stage, during the 
preparation stage, and continually during the execution stage.  The information gathered during these engagements was used 
to draft contingency plans as required and to put necessary service equipment and personnel on standby in the event 
something went wrong.  Since the Tamar wells were batch drilled and then batch completed, risk assessments had to be 
repeatedly reviewed and revised along the way. 
 
Selection of “Key” Personnel.  Correct selection of key personnel is critical to the overall success of the completion 
installation, especially for an operation that takes place in a location that is considered remote.  When operating remotely, it is 
difficult, costly, and time consuming to change out personnel. The operator’s completion team recognized this fact early in 
the planning stage and thus set their expectations in writing during the tender phase.  Each service company vying for the 
work was expected to propose their selected personnel who they felt met the operator proposed criteria for the key positions. 
The operator’s completion team stipulated in general that they required qualified, competent and experienced completions 
personnel with at least ten (10) years of relevant experience.  Various key positions had additional constraints imposed, such 
as they must have supervised the successful execution of at least five (5) jobs of the same type. 
 
As a part of the selection process, service companies were required to submit their organizational diagrams and the 
corresponding resume’s for the personnel proposed for key positions.  The operator’s completion team reviewed each resume 
and selected the personnel whom they felt could help in deliverying flawless execution.  Since the project was delayed 
several months due to schedule changes, this same process had to be redone several times as personnel were changed out for 
assignment to other projects of the operator.  The option to put selected personnel on retainer was available, but it was not 
seen as an economically viable solution for meeting the project objectives.  As a result, some of the originally selected 
personnel did not participate in the project due to their unavailability or reassignment at the time of job execution.  This 
prompted the operator’s completion team to staff up its on-site supervision. 
 
CWOP.  The CWOP or Complete Well on Paper exercise is the process of analyzing each step of the well completion 
operation to generate ideas for improving the execution plans and procedures to enable successful performance of each task 
and thereby reduce costs. The old proverb, "measure twice, cut once," is a good analogy for the CWOP process, as it is much 
better to review the plans and procedures multiple times and catch potential errors on paper rather than to improperly execute 
and endure the error in actuality.  A mistake made in reality can be much more costly than the cost of several people 
assembling for a few hours or days.  But the real value of a CWOP is to identify opportunities where nonproductive time can 
be eliminated or health, safety and environmental risks can be reduced by a diverse group of people sharing their experiences.  
When a group of experienced people from each service company come together in one room to critically review the proposed 
execution plans and procedures, many years of experience are brought to bear on the task and what comes out at the end is a 
highly refined work product that can be trusted.  A typical CWOP group contains many years of experience, possibly well in 
excess of several hundred years.  Drawing from this experience is important not only because it improves work performance, 
but also because it passes along various learnings and experiences, and it imparts unique knowledge to everyone involved  
 
Several CWOP exercises took place in preparation for the Tamar completion installation.  The operator’s completion 
engineers facilitated CWOP sessions and detailed procedure reviews with key personnel from each of the suppliers involved 
in the completion installation.  CWOP sessions were held in Israel in the operator’s conference rooms, at offsite venues, and 
even on the rig. It is imperative that every key stakeholder have a chance to have their input into the well delivery plans.  
 
Procedure Standardization. When executing a series of well completions in a batch completion mode, procedure 
standardization is paramount to achieving operational efficiency.  In a batch completion mode there is very little time for 
detailed engineering between wells, so standardizing on a set of procedures is necessary.  For the most part, the operator’s 
completion team did standardize on a set of procedures on all phases of the operation except for the wellbore cleanout phase, 
as it was tweaked between each well, in an effort to continuously improve. 
 
On-site Supervision.  Significant effort was put into the inspection, assembly and test of the completion equipment.  A Shop 
Quality Plan (QP) was developed and implemented which required witness by the operator’s completion engineers and / or 
completion coordinators.  Quality Assurance / Quality Control (QA/QC) procedures and plans were not only developed for 
tangible and rental items, but also for the completion fluids.  The operator’s completion engineers were involved in every 
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step of the preparation and execution stages.  During the completion equipment assembly in the supplier’s shops, the operator 
provided a QA/QC Inspector, a completion engineer, and a completion coordinator to oversee every step of the inspection, 
assembly, and test process.  These people were also involved in the equipment loadout at several different supplier shops.  
The operator’s QA/QC inspectors also oversaw all completion fluid mixing and loadout.  The operator’s completion 
coordinators also oversaw each completion equipment loadout from the shore base to the boat, and every offload from the 
boat to the shore base.  On the rig site, the operator’s completion team consisted of one (1) completion engineer and two (2) 
completion coordinators.  The operator’s completion engineer oversaw matters pertainig to service quality while the 
completion coordinators oversaw all matters pertaining to service delivery.  This organizational structure worked very well. 
 
MOC Process.  The Management of Change (MOC) process was employed by the operator’s completion team for any 
deviation from the approved procedure.  Throughout the completion campaign, there were seventeen (17) changes to the 
procedure that required an MOC. These changes ranged from test pressure and procedural step modifications to TD changes.  
A MOC process was enacted to include the necessary management personnel into the decision making process. This process 
helped the operator’s completion team to continue to work toward its original set of objectives. 
 
After Action Reviews.  Even with the most careful and detailed planning, problems often occur.  Usually these problems are 
a result of poor communication.  Even the simplest things can jeopardize the execution.  Learning from mistakes and 
successes (yours and others) is one of the most important tactics of flawless execution; this includes during and after the job. 
A register was kept to record items the operator’s team felt were opportunites for improvement or issues that needed to be 
handled differently for delivering flawless execution.  This register was used to capture and share the lessons learned. The 
purpose of the after action review is to review, agree to, and share lessons learned in order to immediately improve on 
subsequent operations and / or improve future designs, procedures and operations.  A detailed review of all the lessons 
learned captured during the Tamar completion campaign is outside the scope of this paper. 
 
Post Well Analysis.  After each well was completed the various lessons learned collected during the completion installation 
were reviewed amongst both operator and service company personnel in order to pass along the learnings and to prevent a 
reoccurrence of the issues.  Due to the rapid pace of the batch completion campaign, post well analysis was done only on 
specific areas of concern for each well and was not done for the overall completion operation. 
 
Operations 
 
Completion Phases.  The completion operations were broken down into sequential phases (Table 6) to drive focus in the pre-
job planning, detailed procedures and contingency plans. Actual rig operations were performed, tracked and evaluated in 
phases. An after action review was held with key supplier personnel to determine potential improvements and key lessons 
learned.  An action tracker and lessons learned log were used to capture results and reduce potential NPT on the next well. 
 

Table 6 – Completion Operational Phases 

Phase Operation 
1 Mobilize & Run BOPs 
2 Wellbore Clean-out  
3 Dispalcement from WBM to RDIF 
4 Drill Reservoir Section 
5 Under-ream Reservoir Section 
6 Displace from RDIF to SF-RDIF & Completion Fluid 
7 Run and Pump OHGP 
8 Run Upper Completion 
9 Run TH & SSTT 

10 Well Test  
11 Secure Well 
12 Demob 

 
As-Built Completion.  The as-built completion schematic for Tamar #4 (Figure 16) is representative of Tamar #3, 4, 5 and 6. 
 
Operational Performance.  The completions were installed as designed with minimal non-productive time (NPT).  The total 
NPT for the 5 well campaign was 21 days (10%) which included a BOP stack pull (14 days) due to mechanical problems.  
Without the stack pull, the total NPT was 5 days (4%).  The results (operational performance) of the Tamar completions are 
considered an overwhelming success.  A summary of the completion time analysis is presented in Table 7. 
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Figure 16 – Tamar 4 As-Built Completion Schematic 



18  SPE 166368 

 
Table 7 - Completion Time Analysis 

 
 

Well 

Total 
Actual 
(days) 

Scope 
Change 
(days) 

Normalized 
Time (1) 

(days) 

 
NPT 

(days) 

BOP 
NPT 

(days) 

Completion 
NPT (2) 
(days) 

Completion 
NPT (3) 

(%) 
Tamar #4 61.2 15.8 45.4 15.6 14.0 1.6 5.1 
Tamar #3 34.8 3.6 31.2 2.2 1.5 0.7 2.4 
Tamar #5 31.2 2.6 28.6 1.5 0.0 1.5 5.1 
Tamar #6 28.3 2.4 25.9 0.6 0.0 0.6 2.3 
Tamar #2 49.8 24.4 25.4 0.8 0.0 0.8 3.2 

Total 205.3 49.1 156.2 20.7 15.5 5.2 3.7 
Note 1 - Normalized Time = (Total Actual) – (Scope Change) 
Note 2 - Completion NPT = (Total NPT) – (BOP NPT) 
Note 3 - Completion NPT (%) = (Completion NPT) / (Normalized Time – BOP NPT) 
 
Scope change is defined as any operation that was not planned for in the original AFE.  The major scope changes were: 1) the 
requirement for BOP maintence between the drilling and completion campaign, and 2) installation of the solid expandable 
tubular (SET) in Tamar #2.  None of these operations were planned for in the original AFE; thus, are considered out of scope 
and consequently not included in the time comparisons. 
 
The original plan was to keep the BOP stack on bottom throughout the entire completion campaign.  Post-Macondo, the 
operator made a corporate decision to pull the BOP stack every 120 days.  This resulted in a second BOP stack pull prior to 
initiating completion operations on Tamar #2 (the last well in the completion campaign). 
 
The overall improvement from the first well to the last well is ≈ 6 days; a 19% improvement in completion efficiency. 
 
Completion NPT ranged from 1.6 to 0.6 days.  More specifically stated, there were zero (0) downhole mechanical failures 
through the entire completion campaign.  This is a testament to the Completion Delivery Process (Figure 5) and the results of 
a rigourous QA/QC program. 
 
A more detailed review of the completion processes was performed by grouping like processes into completion phases.  The 
phases, as defined are  presented in Table 8 together with the percentage of time associated with each.  Once defined, all five 
(5) wells could be analyzed on a comparative basis as shown in Figure 17.  This level of grainular evaluation is used during 
each phase to identify and codify a best practice. 
 

Table 8 - Completion Phase Groupings 

Phase Operation Time (%) 
1 Mobilize & Run BOPs 5.0 

2 & 3 Wellbore Clean-out & Displacement 1 20.0 
4 & 5 Drill & Under-ream Reservoir Section 12.4 

6 Displacement 2: RDIF to SF-RDIF & Completion Fluid 14.7 
7 Run and Pump OHGP 10.3 

8 & 9  Run Upper Completion & TH / SSTT 16.4 
10 & 11 Well Test & Secure 15.7 

12 Demob 5.4 
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Figure 17 –Completion Time by Phase Grouping 

 
For example, the “Wellbore Clean-out (WBCO) / Displacement” phase had an overall improvement of ≈3.1 days (38% 
improvement).  Four (4) different displacement procedures were perfomed in an attempt to optimize this phase.  The 
procedures attempeted were as follows: 
 

1. Direct Displacement (WBM to Completion Brine) 
2. 2 Stage Direct Displacement (Riser Indirect / Wellbore Direct) 
3. Indirect Displacement (WBM to seawater to brine) 
4. Direct Displacement (Bump plug with Brine.  Brine to Brine Displacement) 

 
Procedure 4 (Direct Displacement – Brine to Brine), was the most efficient displacement procedure and posed the least 
operational risk.  All future development wells will utilize this procedure. 
 
Fluid displacements were approximately 35% of the entire completion time.  Based on the time required to perform these 
operations and the direct relationship of the fluid/ reservoir interface to productivity, fluids are considered the most critical 
component of an open-hole completion. A more detailed review of these displacement procedures and fluid testing is planned 
for a future SPE paper. 
 
Well Performance 
 
Initial Flow Back to the Drilling Rig.  Immediately following the completion of each Tamar well the FLCV was opened 
and the well put on production to the flow back equipment on the rig. A large portable well test equipment spread was 
carefully designed to separate, measure, sample, and flare wellbore fluids up to a gas rate of 120 MMscf/D (Figure 18). To 
eliminate the possibility of contaminating the natural gas condensate with a foreign hydrocarbon, the wells were 
underbalanced at the end of the completion with brine instead of mineral oil. This allowed the condensate to be sampled for 
detailed lab analysis without fear of contaminating the results. 

 
All five (5) Tamar wells came online in 2012 and cleaned up with productivities as expected or better. Using the reservoir 
properties determined from log and core analysis, the fluid properties from down hole sampling, and the well performance 
during the Tamar 1 drill stem test, the pre-production Nodal* analysis models matched reasonably well to the actual flow 
back performance. The only impactful issue that occurred during the completions was the inability to engage the down hole 
gauge electrical penetrator into the tubing hanger on the T-6 well. Due to a missing bolt on the extension shaft of the 
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penetrator engaging mechanism, the connector could not be plugged into the tubing hanger. The well performance of T-6 
must be performed using the pressure transmitter upstream from the tree choke. Table 9 below shows the key well 
performance parameters as seen during the initial rig flow backs. 
 

Table 9 – Tamar Wells Key Performance Parameters – Initial Rig Flow Back 
 

Parameter Units T-2 T-3 T-4 T-5 T-6 
Max Stable Gas Rate MMscf/D 120.5 124.3 123.4 121.0 122.6 
Condensate Yield BC/MMscf 1.2 1.1 1.2 1.0 0.7 
Condensed Water Rate BW/MMscf 0.3 0.3 0.3 0.3 0.3 
Flowing Wellhead Pressure Psig 6905 6940 6966 6976 6983 
Flowing Down Hole Pressure Psia 8029 8076 8108 8081 *** 
Drawdown at Gauge Psi 125 86 69 67 *** 
Mechanical Skin Unit less +10 +8 +31 +3.2 *** 
Productivity Index at Gauge MMscfd/psi 0.96 1.45 1.79 1.81 *** 

     *** Note: T-6 down hole gauge not connected 
 
After completing the flow tests on the drilling rig, each Tamar well was secured and made ready for the subsea 
commissioning team to complete the hookup and testing procedures. 

 

 
 

Figure 18 –Initial Rig (Transocean Sedco Express) Flow Back 
 
Flow Back to Platform.  After the Tamar jacket and platform were set and the subsea system was hooked up and 
commissioned, the field was ready to startup and sell gas to the Israeli market. The wells were brought online one at a time 
from the platform 150 km away and monitored closely. Because each well had previously flowed up to 120 MMscf/D to the 
rig, the production team was able to closely monitor the well performance and compare to the performance seen on the rig. 
When each well was ramped up past 120 MMscf/D, a conservative approach was taken to ensure the well performance was in 
line with Nodal analysis predictions. As the wells flowed at higher rates, the performance increased beyond what was seen on 
the rig flow backs as the sand face continued to cleanup with higher drawdown. The mechanical skin improved significantly 
from the lower rate of 120 MMscf/D to the higher rates. Because Productivity Index (PI) is affected by the non-Darcy skin 
(turbulent skin) the PI for the wells drops as the flow rate increases. Table 10 below shows the key well performance 
parameters as seen after field startup. 
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Table 10 – Tamar Wells Key Performance Parameters – After Field Startup 

 
Parameter Units T-2 T-3 T-4 T-5 T-6 

Max Stable Gas Rate MMscf/D 265.0 262.2 263.3 271.3 263.5 
Condensate Yield BC/MMscf Comingled Average = 1.35 
Condensed Water Rate BW/MMscf 0.3 0.3 0.3 0.3 0.3 
Flowing Wellhead Pressure psig 6168 6371 6459 6349 6437 
Flowing Down Hole Pressure psia 7814 7924 7998 7936 *** 
Drawdown at Gauge psi 340 238 179 212 *** 
Mechanical Skin Unit less +2 +0 +0 +0 *** 
Productivity Index at Gauge MMscfd/psi 0.78 1.10 1.47 1.28 *** 

     *** Note: T-6 down hole gauge not connected 
 
Conclusions 
 
Five (5) ultra high rate gas wells were successfully delivered as designed at Best-in-Class opeational performance (NPT 
4%).  The measured sand face efficiency is world-class. 
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Nomenclature 
 
AFE = Authorization for Expenditure NPT = Non Productive Time 
BCF = Billion Cubic Feet OHGP = Open Hole Gravel Pack 
BOD = Basis of Design PBR = Polished Bore Receptacle 
BOP = Blow Out Preventor PI = Productivity Index 
bpTT = BP Trinidad and Tobago LLC POA = Plans of Action 
BPV = Back Pressure Valve POOH = Pull Out of Hole 
C&P = Cased & Perforated ppge = pounds per gallon equivalent 
CFD = Computation Fluid Dynamics QA/QC = Quality Assurance / Quality Control 
CGR = Condensate Gas Ratio QP = Quality Plan 
CHFP = Cased Hole Frac Pack RDIF = Reservoir Drill-in Fliud 
CVP  = Captial Value Process SCSSV = Surface Controlled Subsurface Safety Valve 
CWOP = Complete Well on Paper SET = Solid Expandable Tubular 
DST = Drill Stem Test SME = Subject Matter Expert 
FLCV = Fluid Loss Control Valve SOR = Statement of Requirement 
GOM = Gulf of Mexico SSTT = Sub Sea Test Tree 
HSE = Health Safety & Environment TCF = Trillion Cubic Feet 
ID = Inner Diameter TD = Total Depth 
LPSA = Laser Particle Size Analysis TH = Tubing Head 
mD = Milli-Darcies WBCO = Well Bore Clean Out 
MOC = Management of Change WBM = Water Based Mud 
mpy = mils (thousandths of an inch) per year penetration   
 
* NODAL analysis is a mark of Schlumberger 
 
Conversion Factors and Units 
 
1 mm/yr = 39.4 mpy 
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