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Completion Effectiveness

• Challenges to analyze unconventional Shale reservoirs
• Multifracture Horizontal well MFHW - Flow regimes
• Rate Transient Analysis fundamentals
• Diagnostic Plots - Linear flow Specialized plot 

indicator of completion effectiveness
• SPE references



Challenges to analyze unconventional shale reservoirs

• Flow regimens stay in transient flow for a long period of time
• Difficulties to estimate the ultimate recovery, XF, Permeability, 

Fracture conductivity and drainage area
• DCA assumptions used for conventional reservoirs not valid
 Existence of boundary dominated flow
 Constant flowing bottom-hole pressure

• Evaluation of unconventional Shale reservoirs requires rate, 
pressure and other reservoir parameters to determine the flow 
capacity in linear flow.



Flow regimes in a MFHW
Schematic (SPE 162647)

SRV

Log t

Lo
g 
∆

P/
Q

o

1
2

3 4
5

6

1/4
1/2

1/2

1

Compound / SRV Linear Flow

Bi-Linear Flow Formation Linear Flow

Boundary Dominated Flow
1. Bi-Linear Flow

2. Formation Linear Flow

3. Transition Period

4. Compound / SRV Linear 
Flow

5. Transition Period

6. Boundary Dominated Flow



Rate Transient Analysis fundamentals
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Good indicator of “completion 
effectiveness” based on early 
well performance data



Diagnostic Plot – Linear flow Specialized plot 
Normalized pressure vs SQR time

• Use of linear flow tendency over predict 
EUR……..however, Good correlation between 
Norm.AQRT vs Norm.EUR

Source: SPE 177293

• Can be used as “Completion Effectiveness” tool  if 
limited variation in reservoir properties

• Good indicator of “Completion Effectiveness” 
based on early well performance data

• Plot identifies transient lineal flow and quantifies 
total connected fracture area and square root of 
SRV permeability.
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INTRODUCTION
 2 wells in the same PAD

o Well A => Pinpoint
o Well B => Plug & Perf

Both wells targeting Vaca Muerta

Comparison of completion methodology, RTA 
analysis and costs

Presenter
Presentation Notes
The development of unconventional resources has had a tumultuous and disruptive influence on global energy markets.  The excitement and promise of previously untapped and unrecognized resources has led the energy industry to often rely upon the “tried-and-true” methods that brought unconventional production to the forefront in north America, in hopes that similar results could be achieved in other basins around the globe.  In many cases, proving the economic viability of a new play is considered “good enough”, with optimization of the resource recovery left for some future date.

The presented case study will document one operator’s early steps towards well and reservoir performance optimization through the application of pinpoint completion technology in the Vaca Muerta shale.  The resulting impacts on well completion costs, field operations, logistics, and forecasted ultimate reserve recovery will be presented.   Finally, an overview of the theory regarding the impact of stress shadows and potential completion options that are entirely unique to the pinpoint completion method will be presented.  The application of these new methods may hold the potential to redefine the asset values of many of the world’s largest untapped hydrocarbon energy reserves.  It is crucial that the custodians of those assets are well informed of all the technologies and techniques available to them, and can reach optimized completion designs early in the life of the reservoir, when those impacts are capable of greatest effect. 




COMPLETION: Methodology

PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY

WELL A - PINPOINT
 60 coiled tubing shifted sleeves 

installed - RECLOSABLE
o 58 stimulated

 Average spacing ~24.9m between 
sleeves

 Isolation inside casing with resettable 
bridge plug on CT BHA

 Annular frac
 No frac plug drillout
Pinpoint frac isolation tool (see 
schematic)

WELL B - PLUG & PERF
 18 frac stages / 54 entry points
 3 perforation clusters per frac stage

o Isolated by bridge plugs
 10 perforations per cluster / 0.5 m
 Average spacing ~24.5m between 

clusters
 Required frac plug drillout

Presenter
Presentation Notes
There was one major difference the completions of the BCeCf-101h and BCeCf-102h well; the 102h well utilized the more traditional plug and perf methodology while the 101h well utilized a pinpoint completion via coil tubing shifted sleeves.  

The plug and perf completion on the 102h consisted of perforating three (3) clusters, or entry points, per frac stage.  These clusters were comprised of 10 perforations placed over 0.5 meters.  The average spacing between the clusters averaged ~24.5 meters.  With eighteen frac stages, a total of fifty-four clusters were perforated for the treatment.  Isolation between frac stages was accomplished with composite bridge plug set by wireline.

The completion on the 101h well consisted of coil tubing shifted sleeves.  The average spacing between each of these sleeves was ~24.9 meters; consistent with the entry point spacing utilized on the 102h.  Isolation between frac stages was accomplished of a resettable bridge plug on the coil tubing conveyed bottomhole assembly used for opening the sleeves.  A total of sixty full drift ID sleeves were placed as an integral part of the casing string and cemented.  While sixty sleeves were placed, only fifty-eight were opened and treated; one sleeve failed to open and another was skipped due to concerns related to casing deformation issues.  




COMPLETION: Methodology
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Presenter
Presentation Notes
There was one major difference the completions of the BCeCf-101h and BCeCf-102h well; the 102h well utilized the more traditional plug and perf methodology while the 101h well utilized a pinpoint completion via coil tubing shifted sleeves.  
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COMPLETION: Frac Design

Well WELL A WELL B
Entry Point Spacing (m) 24.9 24.5
Slickwater (bbls) 1,636 1,172 
Gel (bbls) - 20 
Crosslink (bbls) 915 1,210 
Total Fluid (bbls) 2,551 2,403 

100 mesh (lbs) 16,144 12,315 
40/70 sand (lbs) 45,121 47,220 
40/80 Sinterlite (lbs) 40,937
30/50 sand (lbs) 35,739 
30/60 Sinterlite (lbs) 26,418 35,433 
20/40 Wanli (lbs) 29,028 29,980 
Total (lbs) 157,648 160,687 

Injection Rate (bpm) 23.3 17.3

Some differences
 Fluid volumes and distribution of fluid type
 Injection Rate
 Proppant size distribution
 Lateral length

Similar treatments
Hybrid fluid design
Increasing proppant size 100 mesh to 20/40

Average per entry point

+35%

-24%

Presenter
Presentation Notes
The treatments on both wells consisted of a hybrid fluid design beginning with a slickwater fluid and transitioning to a crosslinked fluid as the treatments progressed to aid in transporting the higher density, larger proppant at higher concentrations.  The proppant started with 100 mesh sand progressing to 40/70 - 40/80 mesh proppants, on to 30/50 – 30/60 mesh proppants, and finishing with 5 ppa 20/40 mesh proppant.  There was a minimal amount of proppant bridging during the treatments of both wells.

As can be seen from Table 1, the BCeCf-101h well had more lateral coverage which, given the consistent spacing between entry points, resulted in more entry points for this well than the BCeCf-102h well.  This accounts for the greater fluid and proppant volumes being utilized for the 101h well as compared to the 102h.  The average spacing was slightly greater for the 101h than for the 102h, but the overall entry point spacing between the two wells was very similar.  

The treatments performed on the two wells were similar in nature when viewed from an average proppant volume standpoint. As can be seen in Table 2, the BCeCf-101h well was treated with slightly less proppant volume per entry point than was the BCeCf-102h well.  There was about 14% more fluid injected during the treatment of the 101h well as compared to the 102h well.  One considerable difference was the increased injection rate per entry point (~35%) on the 101h well over the 102h.  

While the total average volumes were similar, there were some differences in the composition of those average volumes.  Most notably, the amount of slickwater and crosslinked fluid varied with the 101h well utilizing ~40% more slickwater and ~24% less crosslinked fluid than that on the 102h well.  In addition, the 102h well averaged a greater amount of the proppant in the larger mesh sizes (30/50, 30/60, and 20/40) than was used during the treatment of the 101h well.




COMPLETION: Instantaneous Shut-In Pressure

WELL B
 Only ISIP data available (surface)
 Shows some variability even with

“averaging” effect of 3 clusters

WELL A
 Individual entry point ISIPs (BH data)
 Show end of job pressure variability
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PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY

Presenter
Presentation Notes
The advantage of the pinpoint completion is the knowledge that the entire frac treatment volume is placed into each of the entry points in the casing.  Since the pinpoint completion treats each entry point individually, the actual injection rate, fluid volume, and proppant volume for each entry point is known.  The alternative multi-cluster plug & perf completion methodology does not share the ability to ascertain these parameters for each individual entry point.  The simplest and easiest way to try to evaluate a multiple entry point treatment is to assume that the treatment is equally distributed into all the entry points. There is significant published information to the contrary (Algadi et al, Maxwell et al, Carrasco et al, Holley, et al).  While it is known that two of the entry points were not treated during the pinpoint completion, there is no way to know how many of the entry points in the 102h well were not treated.  In addition, there is no way to know how much of the treatment was distributed in each of the entry points that were treated.  If everything is equal, then the premise that the treatment is equally distributed into each entry point might have some validity.  However, if one looks at the breakdown pressure (only captured on BCeCf-101h) as well as ISIPs for the wells (Figures 6, 7, and 8) there appears to be a reasonable indication that all is not equal.  The breakdown pressure for the BCeCf-101h shows differences in excess of 1,500 psi.  While the ISIP data doesn’t indicate variations of the same magnitude, there are still differences observed in the data.  While ISIPs for the BCeCf-102h appear to be less drastic, the variability may be masked by an “averaging” effect of having 3 entry points open at one time or may be a result of higher breakdown clusters not being treated, which would tend to reduce the magnitude of the observed pressure data.




COMPLETION: Breakdown Pressure (BH gauge)
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WELL A Formation Breakdown 
Pressure

 Individual entry point breakdown 
pressures

 Show early job pressure variability
 Deadstring data (BH)
 58 of 60 zones treated (~96.7%) 

on WELL A
 NO DATA ON EFFICIENCY ON 

WELL B

PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY
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The breakdown pressure for the BCeCf-101h shows differences in excess of 1,500 psi.  While the ISIP data doesn’t indicate variations of the same magnitude, there are still differences observed in the data.  While ISIPs for the BCeCf-102h appear to be less drastic, the variability may be masked by an “averaging” effect of having 3 entry points open at one time or may be a result of higher breakdown clusters not being treated, which would tend to reduce the magnitude of the observed pressure data.




COMPLETION: Bottom Hole Gauge Data Evaluation

PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY

Only available on WELL A
 Near wellbore restriction

o Indication of fracture 
complexity

o Relatively moderate and 
declines during the 
treatments

 Proppant distribution
o Interpreted as being good
o Minimal proppant bridging

 Real time net pressure indication
o CT deadstring
o Avoid screen out

WELL A

Presenter
Presentation Notes
An additional benefit to the coil tubing shifted sleeve completion is the ability to deploy a bottomhole pressure/temperature memory gauge in the bottomhole assembly (BHA) utilized for shifting the sleeves open.  This data coupled with coil tubing deadstring pressure and frac data (surface treating pressure, injection rate, proppant concentration, etc) allows for evaluation of zonal isolation outside of the casing as well as near wellbore restriction.   The use of the deadstring pressure allows a reliable method to evaluate actual bottomhole treating pressure during the treatments free from effects of changing hydrostatic head and changing friction in the wellbore.  This is especially true given the changing treatment fluids, proppant concentrations, and proppant density during each stimulation.  Not only does this apply during the evaluation phase, but it is beneficial during the actual treatment in allowing for quicker real time decision making.

In the evaluation of near wellbore restriction and more specifically near field fracture complexity, the bottomhole treating pressure proxy, deadstring pressure, is utilized.  Ideally, a rate step down test would be employed to determine the makeup of the near wellbore restriction (fracture complexity vs port/perf restriction).  However, now rate step down tests were utilized during the treatment of either well.  However, the principal of the rate step down test can be applied since we have a reliable indication of bottomhole treating pressure throughout the completion of BCeCf-101h.   Any change in the deadstring pressure due to rate change is generally a function of a near wellbore restriction.  If the pressure changes occur at higher injection rates, the near wellbore restriction is going to have a fracture complexity component in it.  If the pressure changes at lower injection rates, the near wellbore restriction is going to be more dominated by port/perf restriction. This is highlighted in Figure 10.




COMPLETION: Bottom Hole Gauge Data Evaluation

Communication between stages - Only available on WELL A

 Zonal pressure isolation evaluation
o Reasonable with most communication being slight in nature
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To evaluate the pressure isolation, the primary tool is the pressure that is recorded on the memory gauge that is situated below the resettable bridge plug of the BHA.  In the instance of good pressure isolation, the recorded memory gauge pressure will tend to decline at least marginally.  When compared to the deadstring pressure (indicating pressure above the resettable bridge plug or bottomhole treating pressure) it allows for a better understanding of the potential cause of the zonal communication.  This in turn aids in optimizing entry point spacing and/or adjusting other processes such as cementing practices. An example of good pressure isolation is shown in Figure 9. 

Each stage of the BCeCf-101h well was analyzed for pressure isolation, near wellbore restriction/fracture complexity, and proppant placement.  This evaluation utilized the combined gauge data, frac data, and coil tubing pressure data as discussed.  As seen in Figure 11, the pressure isolation was not perfect during the treatment of this well, overall, the pressure isolation between stages was reasonable.  Most of the pressure communication occurred late in the treatment, most was slight in nature as indicated by a relatively large pressure differential between the zone being treated and the previously treated zones, and four stages regained pressure isolation during the treatments resulting in little to no proppant bridging.  These are all indications of new fracture growth during the treatment.




PRODUCTION EVALUATION: Basic Comparison
Comparison of production rate and 
calculated bottomhole flowing pressure 

 Similar lateral length (1500 m)
 Both wells navigate in the same 

section
 Both wells exhibit choke change at 

different times
 Pressures measured at surface (BH 

Calc)
 No tubing installed

Choke management
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PRODUCTION ANALYSIS: Basic Comparison

Comparison of oil and gas production volumes 

 Shows similar profiles with the WELL A performing slightly better 
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PRODUCTION EVALUATION: Rate Transient Analysis

Slope is inversely proportional 
to connected fracture area

Plug & Perf 
(102h)

Pinpoint 
(101h)

Linear flow specialized plot analysis 

 Slope is inversely proportional to 
connected fracture area (A√k)

 Geomechanical effects with choke 
changes

WELL A (pinpoint) 40% more 
connected area

Slope inversely 
proportional to 
contacted Area
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PRODUCTION EVALUATION: Rate Transient Analysis

Pinpoint 
(101h)

Plug & Perf 
(102h)

Geomechanical 
effects

Flowing material balance (FMB)

 Quantifying the contacted Original 
Oil in Place (OOIP)

 Extrapolation of this plot yields a 
rough estimate of SRV

 Geomechanical effects with choke 
changes

WELL A (pinpoint) 60% more SRV

Rough Estimate of SRV
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COMPLETION COST: Comparison

Comparison of bundled completion costs

 Include only those expenditures directly associated with the specific completion 
methodology employed

 The cost of proppant and other variable costs not associated specifically with the 
style of completion were not included in the totals

Savings of approximately 9% for the comparable Pinpoint costs vs the Plug&Perf 
completion costs

PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY

WELL A WELL A

Presenter
Presentation Notes
Comparative completion costs between the 101h and 102h wells were screened in order to include only those expenditures directly associated with the specific completion methodology employed.  This included the costs of coiled tubing, sleeves, BHA rental, pumping, wireline services and other items that were directly related to the completion method.  The cost of proppant and other variable costs not associated specifically with the style of completion were not included in the totals.  Bundled costs described above are presented in Table 3, indicating a savings of approximately 9% for the comparable pinpoint costs vs the MCPP completion costs.  




CONCLUSIONS
 Cost and production benefits were realized by the

application of the pinpoint completion method.

 RTA analysis of well performance suggests a greater
stimulated reservoir volume (fracture area) is produced by
the pinpoint completion method, and that a larger
hydrocarbon volume is contacted by the completion as a
result.

 Reclosable sleeves opens up a wide range of comletions
design, including refracturing and shuttle frac (non
secuential)

PINPOINT COMPLETION TECHNOLOGY IN THE VACA MUERTA SHALE: A CASE STUDY

Presenter
Presentation Notes
The two well comparison of MCPP and Pinpoint completion methods in the Vaca Muerta shale indicates both a cost and production advantage for the pinpoint style completion.  Rate Transient Analysis indicates that the production improvement is associated with a larger SRV generated by the pinpoint stimulation treatment.  This is presumably associated with the 100% cluster efficiency produced by the pinpoint completion, with an assumed lower cluster efficiency  in the MCPP completion.  The opportunity to realize additional SRV enhancements may reside in the application of frac sequencing, a process uniquely facilitated by the pinpoint completion method.  Greater pinpoint completion experience and data collection in the Vaca Muerta play will continue to improve well results, EUR, and optimal return on capital.




QUESTIONS
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