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Infill Well Completion Technologies Mitigates
Fracture Driven Interactions in Unconventional
Reservoirs.
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Presenter
Presentation Notes
Good afternoon, everyone, 
My name is Foluke Ajisafe, I currently work for Liberty Energy, located in Houston, TX.
I have about 16 years in the industry specializing in completions and stimulation in unconventional and conventional plays. 
I currently perform reservoir stimulation modeling and technology application for optimized production performance.

I will be talking about how we‘ve been able to mitigate FDI’s in the form of frac hits in plays like the Bakken and Permian.
And some of the initiatives we are taking to improve on RT pressure diagnostics, and technology improvement to provide more insight into understanding FDI’s 
to maximize production potential.



PARENT/CHILD WELL CHALLENGES
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The picture to the left shows top view of wells in Delaware basin in the Permian from 2015 to 2024. Child wells in red.. Parent wells in green and co-completed wells in cyan and standalone wells in white.

The top right plot shows well count on the Y-axis and completion time period from 2015-2024 on the X-axis. In red shows, the increased number of child wells with time and reduced number of parent wells.

The bottom right plot shows the same info but with well count % on the y-axis . With less parent well drilling

We see that parent/child wells are existent everywhere in the basin. This picture replicates most basins in NA.

Fracture driven interactions between parent and child wells is likely to be an increasing problem.


Hence, why we are all here at this workshop



FDI (FRACTURE HIT) MITIGATION
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OBJECTIVE

» Mitigate frac hits to parent wells

» Prevent wellbore sanding in parent
wells

» Maintain parent well production post
stimulation of child wells

\_/;—f:\

Reservoir
Pressure



Presenter
Presentation Notes
--To shed some light on the matter at hand, the graphic to the right shows a well drilled, stimulated and already on production for a number of years, as hydrocarbon is produced, the original reservoir pressure is altered/reduced from original virgin conditions, which can cause a pressure sink around the well.

--A few years later, another well which we call a child well is drilled, while the previous well will now be called a parent well. 
The child well is designed to be stimulated with 6 clusters per stage with a predetermined job volume per cluster.

However, in reality, due to formation heterogeneity and other factors, the number of cluster taking in the job volume can be 2,3,4, clusters only out of 6 clusters, which can lead to super clusters with a larger job volume footprint, causing fracture hits to the parent well, potentially pushing sand or proppant to the parent wellbore, requiring a wellbore clean out, and possibly loss in production etc. 

Hence our objective is to mitigate frac hits to the parent wells, prevent wellbore sanding, as well as maintain production post stimulation of the child wells.



TECHNOLOGY: VALUE-ADDED SOLUTIONS
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To address the challenges and achieve our objectives, we applied a couple of solutions successfully;
1.The job design and diversion strategy was optimized for hydraulic fracture geometry using our modeling tools.
2. Pressure gauges were placed on the parent wells for real time frac hit identification and real time diverter optimization, to be able to execute contingency plans if needed during the job.
3. NWB Diverter_ A proprietary blend of degradable particles with tetramodal size distribution and fiber to improve cluster efficiency in the child wells for more uniform distribution of fluid and proppant.
4. Far Field Diverter_A blend of proppant and fiber to constrain the fracture growth and mitigate run away fracture growth into the parent wells.

*********************************************
Mechanism of Action for Near wellbore diverters
• Large particles are intercepted at fracture entrance. Smaller particles reduce permeability and deliver temporary isolation 
• Fibers ensure integrity of the blend from surface to near-wellbore area and enhance the bridging mechanism 


Far-field diverters aim to stop propagation of the fracture at the tip so the flow is diverted into secondary fractures. Far-field diverters must be transported to the tip of the fracture, where they bridge and generate a low-permeability plug (Fig. 1)



MIDDLE BAKKEN EXAMPLE-DUNN COUNTY
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Here’s a Middle Bakken Pad example where we implemented NWB and Far Field Diverters and RT pressure monitoring to help control fracture geometry to mitigate frac hits to the parent well.
The parent well was producing for 7 years already, produced significant amount of hydrocarbons, so depletion was definitely existent.

In well 2 and 3, near wellbore diverter was pumped in all stages. In well 2, 800ft away from the parent wells, select stages were pumped with far field diverter. In well 3, 1300ft away, far field diverter was not pumped. 


1. NWB Diverter_ improve cluster efficiency in the child wells for better job size uniformity.
2. Far Field Diverter: to mitigate run away fracture growth into the parent wells
3. Pressure gauges were placed on the parent wells for real time frac hit identification and real time diverter optimization, to be able to execute contingency plans if needed during the job.




OFFSET PARENT WELL DIAGNOSTICS

Frac Hit Poroelastic Weak Communication
L
e > 250 psi for 30 min e > 60 psi for stage
or and Not Found

e > 5 psi/min e > 3 psi/min
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When we started acquiring Real Time Pressure Data for parent offset wells. We had to identify the different types of FDI’s, by looking at some simple diagnostics parameters such as pressure magnitude, pressure change with time, and volume to first response. This enables us to categorize the nature of the FDI, either as a frac hit, poroelastic or weak communication.



MIDDLE BAKKEN RESULTS-DUNN COUNTY

Stages Experiencing Frac Hits, %

0/20
Stages

0%

Well 3 : All Stages pumped Well 2: Stages w/o Far Well 2: Stages with Far
w/o Far Field Diverter Field Diverter Field Diverter



Presenter
Presentation Notes
The pressure monitoring results show
In Well 3, 61% of stages pumped without far field diverter experienced frac hits (remember this was the well, 1300ft away that we didn’t pump far field diverter yet frac hits were observed)
In Well 2, 41% of stages pumped without far field diverter experienced frac hits
In Well 2, 0% of stages pumped with far field diverter experienced frac hits

Also, after the stimulation of the child wells, the parent well didn’t require a cleanout.
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The second trial was also in Dunn county, a bit more complicated with multi pads.
Parent wells were landed in the Bakken, and child wells landed in the Three Forks.

One additional parent well parallel to the child  wells was of most concern to us, just about a year old and was a great producer, so we decided to place a pressure gauge on offset well#1 for RT pressure monitoring. 


-To mitigate frac hits to the parent wells, far field diverter was pumped in all stages on well 2 , 800ft away. And far field diverter was pumped on the other child wells in stages that interject the parent wells.
- NWB diverter was pumped on all stages.


RT INFILL WELL OPTIMIZATION-DUNN COUNTY
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The top plot is showing the treating pressure for the child wells.

Here’s a snapshot of the real time pressure data from the parent well from stage 12 to stage 18 where we pumped the base far field diverter design, we observed pressure increase due to frac hits, flagged in red . 

As a result, we made the decision to ramp up the far field diverter mass, and we didn’t see pressure increase as the pressure stabilized.

Only two out of the seven parent wells required a clean out. An average of 118% positive uplift in production was observed for all the parent wells.

Again these results were very encouraging to us. It was evident that our strategy was working.
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FULL IMPLEMENTATION-STUDY AREA
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Once we were able to prove that the value-added solutions were effective. In 2021, we deployed the near wellbore and far field diverter on all relevant child wells with parent wells at risk. All the pads were located across three different counties.

Top plot shows the average diversion pressure for each well. The target pressure indicative of diversion of the stimulation treatment from the initial open perfs to the newly opened perforations is about 600-800psi in this project.

The bottom plot shows the average mass of far field diverter pumped in each stage for each well. You will notice the amount of far field diverter used is not exorbitant, less material is required with the use of the near wellbore diverters to improve cluster/perforation efficiency.
Far Field Diverter Mass– Less Material (Complement/ Cost Effective)



e Production uplift observed in parent wells

* Good child well production performance

Key Takeaway

 Complete Middle Bakken (MB) and Three
Fork (TF) wells at the same time to optimize

production

PAD A-PRODUCTION GAIN
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We will take a look at different pad scenarios
The bottom left plot shows the well locations with the parent wells in red and child wells in blue. 
Parent well A was completed in 2011, and Parent well B in 2014, and both child wells in 2022.
Top plots show daily oil production versus production days for the parent wells, 
Shut in where production is zero (is the time where the child wells were stimulated)

Average production 6months before and after the time the child wells were stimulated was analyzed to quantify the production change.
-The table shows the production change, production uplift observed in parent well A

The bottom plot shows a semilog plot of daily rate and cum production to compare the rate of decline for both the parent and child wells.
The parent wells production is in red and the child wells in blue.
-The child wells are performing on par with parent well A
-Its also evident here that completing both the MB and TF wells at the same time will likely optimize production performance.



PAD B-PRODUCTION GAIN

* Production uplift observed in parent wells
e Good child well production performance

Key Takeaway

* Influence of depletion and well spacing
observed in production performance.
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The bottom left plot shows the well locations with the parent wells in red and child wells in blue. 
Parent wells were completed within 3 years, 2012, 2013, and 2014, and child wells in 2022.

Average production 6months before and after the time the child wells were stimulated was analyzed for production change
-The table shows significant production uplift observed in all wells.

The bottom plot shows a semilog plot of daily rate and cum production to compare the rate of decline for both the parent and child wells.
The parent wells in red again and child wells in blue.
-The child wells are performing on par with parent well A
- -Its also evident here that completing both the MB and TF wells at the same time will likely optimize production performance.



13

SUMMARY

Parent Well Production Performance
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* Overall ~ 75% of parent wells show uplift in oil production.
* 80% of child wells show comparable well performance with parent wells.

* Fewer parent wellbore cleanout performed in Dunn and McKenzie counties.
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Presentation Notes
More wellbore cleanouts done in Mountrail county due to the presence of more natural fractures and larger area of depletion
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PERMIAN EXAMPLE
STAGE LEVEL SUMMARY NEAR OFFSET
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* For the near offset well, stages pumped with no FFD show a wider range of pressure response with pressure
change up to 500 psi, as compared to stages with FFD with maximum pressure change around 100 psi.




PERMIAN EXAMPLE .
Stages with no Far Field Diverter Stages with Far Field Diverter
150 150
140 140
130 130
120 120 /ﬁ\
1104 110
100 100
2 90 z w //’%;_’___7—-——
80 80
% 70 ————%= g 70-
2 60 £ 60—
50 50
40— 40+
30 30
20 20
104 10|
90 0 20 30 40 50 60 70 8 % 100 110 120 130 140 150 160 170 180 190 200 Gu 0 20 30 40 50 60 70 80 9 100 10 120 130 140 150 160 170 180 190 200
Treatment time - min Treatment time - min

* For the far offset well, pressure responses are lower in magnitude when compared to the near offset well.
e Overall, stages pumped with FFD show a wider range of pressure response both in number and in magnitude as
compared to stages with no FFD, also evident of frac symmetry.
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Frac symmetry is great, which indicates we don’t have the frac preferentially growing to one side.
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CONCLUSION

Bakken

e Optimizing far-field diverter design and real-time pressure monitoring will help mitigate
more severe fracture driven communication (frac hits).

* Fewer parent wellbore cleanouts were performed in Dunn and McKenzie counties
compared to Mountrail.

* Completing the Middle Bakken and Three Fork wells simultaneously resulted in improved
production.

Permian

* Optimizing far-field diverter design and real-time pressure monitoring will help mitigate
more severe fracture driven communication (frac hits).
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More wellbore cleanouts done in Mountrail county due to the presence of more natural fractures and larger area of depletion



WAY FORWARD

S Two step pill:

* Sand particles bridge at narrow points
In a fracture

* Fibers create an efficient diversion pill
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OFFSET WELL PRESSURE DIAGNOSTICS
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WAY FORWARD

Solution | _
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Thank You!
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