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Optimal Horizontal Well Placement Technology to

Improve Heavy Oil Production
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Abstract: Optimal horizontal well placement and production
optimization have been highly scrutinized. Development
adjustments, such as drilling new infill wells and changing the
injection/production rates of wells, can improve the performance
of mature fields and leading to incremental oil recovery. Infill
wells are new wells added to an existing field within original well
patterns. Infill drilling can hasten oil production in
heterogeneous reservoirs. If well patterns alter, fluid flow paths
and sweep to areas with high oil saturations would be increased.
Of course, this plan is difficult to be examined because reservoir
performance is affected by many different parameters. Compared
to vertical or low inclination wells, horizontal wells can deliver
higher production rates, higher recovery factors and more
efficient use of steam in thermally enhanced recovery projects for
heavy oil. Maximum oil production is achieved when horizontal
wells are placed near the bottom of the reservoir. In addition,
cumulative steam to oil ratio is lowest when wells are near the
bottom of the reservoir, meaning that the least volume of steam
will need to be generated to produce a particular volume of oil. In
this paper, the optimal horizontal well placement technology to
improve heavy oil production has been studied.
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Production.

I. INTRODUCTION

Gas and/or water coning encountered in many oil wells

is a serious problem which results in lower oil production
rates, lower oil recovery, increased lifting cost and
ineffective solution-gas drive mechanisms. The main forces
acting on the reservoir fluids besides capillary forces are
gravity and viscous forces. Gravity forces are due to the
density differences of reservoir fluids such as water-oil and
gas-oil and viscous forces are due to fluids production and
wellbore drawdown pressure. The pressure gradient forces,
which depend on the oil production rate, tend to lift the
water- and/or gas- oil interface in a direction perpendicular
to the formation bedding plane, whereas the gravity forces
tend to separate the oil, gas and water phases.
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When the viscous forces overcome the gravity forces the
gas-oil and water-oil interfaces start to move toward the
production well until they reach the producing well. This
phenomenon is referred to as coning or cresting in vertical
or horizontal wells, respectively, and the time at which the
unwanted fluid (water or gas) reaches the producing well is
termed breakthrough time. Traditionally, due to
technological restrictions and economic considerations,
wells were drilled mainly vertical to the oil bearing
formation. However, due to recent advances in oil-well
drilling technology and a decrease in drilling cost, horizontal
wells are now being drilled routinely to drain oil reservoirs.
One of the main advantages of the horizontal wells
compared to vertical wells is that it reduces pressure
depression in the well's neighborhood due to the smaller
flow rate per unit length of the well for a given production
rate.

Therefore, horizontal wells tend to attract the fluid contacts
more uniformly over a larger area than vertical wells and,
therefore, decrease the tendency of the water and gas to
"cone" into a producing well. Especially in thin oil zones,
located between the bottom water and gas cap, horizontal
wells have substantially reduced the coning effects. The
intensity of the coning phenomenon generally depends on
the pressure drawdown in the neighborhood of the
producing well, the viscosity and density of the water and
gas compared to the oil phase, and the vertical and
horizontal formation permeability. The time at which water
or gas reaches the producing well can be delayed by
increasing the offset of the well with respect to the WOC or
GOC, respectively. In this case, however, because the oil
zone exists in between a water and a gas zone, the water and
gas coning times generally will be different if the horizontal
well is designed so that the offset of both WOC and GOC is
maximized, i.e., the well is placed at the center of the oil
zone.

This is because the mobilities and densities of the water and
gas phases are significant different. It is intuitively apparent
that there would be a location within the oil zone at which
both water and gas fluids cone simultaneously into the
horizontal well; at this location the pre-breakthrough time,
cumulative oil production is maximize. Knowledge of the
breakthrough time is very significant for effective oil well
management and for extending the oil production time of the
well without the presence of water or free gas. [T.
Wagenhofer ; D.G. Hatzignatiou, SPE-35714-MS, 1996].
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Il. MATERIALS AND METHODS

Generally, optimal horizontal wells placement as one in
injector at the top and one producer both as close as possible
at the bottom of the heavy oil reservoir can help for
incremental oil recovery. of course if the length and also the
vertical distances of the pair wells be optimized. The
existence of as much as vertical fractures can also be
helpful. In this study the used method would be by means of
reservoir simulation.

I11. RESULTS AND DISCUSSION

Maximum oil production is achieved when horizontal wells
are placed near the bottom of the reservoir. In addition,
cumulative steam to oil ratio is lowest when wells are near
the bottom of the reservoir, meaning that the least volume of
steam will need to be generated to produce a particular
volume of oil. Infill wells should be located at non-
intersected areas of the reservoir other injection-production
wells streamlines paths which are un-swept zones of oil. Of
course if the length and also the vertical distances of the pair
wells be optimized. In following the heavy oil reservoir
simulation scenarios has been achieved:
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Figure: 1. FOPR & FOPT-Time in thermal recovery
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Figure: 2. FOIP-Time in thermal recovery process
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Figure: 3. Matrix oil saturation in thermal recovery
process with such a horizontal wells placement

If huff-puff wells were used, the results would be as the
following:
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Figure: 6. Matrix oil saturation in huff-puff thermal
recovery process with such a horizontal wells placement

The well placement configuration of injectors are above the
producers all horizontal and parallel with each other
producing heated heavy oil (high mobility oil). Horizontal
wells are placed near the bottom of the reservoir. the more
vertical fractures between the two wells and higher
permeability anisotropy, the better that the vertical distance
of the two well be greater and vice versa. As well the longer
the horizontal section, the more recovery would be gained.

Figure: 7. Example reservoir with water injection &
production wells after water flooding process

Figure: 8. Streamlines with water injection & production
wells during water flooding process

According to what has been shown in figure 7-8, in the
example reservoir that water flood has been applied in it, the
location with lack of drainage area intersection of all the
injection and production wells, the un-swept (red) location
can be a good candidate for infill drilling another production
well for incremental oil recovery in this reservoir.
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IV. CONCLUSIONS

1. In this paper, the optimal horizontal well placement
technology to improve heavy oil production has been
studied.

2. Maximum oil production is achieved when horizontal

wells are placed near the bottom of the reservoir. Infill
wells should be located at non-intersected areas of the
reservoir other injection-production wells streamlines
paths which are un-swept zones of oil. Of course if the
length and also the vertical distances of the pair wells
be optimized. In other words, the well placement
configuration of injectors are above the producers all
horizontal and parallel with each other producing
heated heavy oil (high mobility oil). Horizontal wells
are placed near the bottom of the reservoir. The more
vertical fractures between the two wells and higher
permeability anisotropy, the better that the vertical
distance of the two well be greater and vice versa. As
well, the longer the horizontal section, the more
recovery would be gained.

3. In the example reservoir that water flood has been

applied in it, the location with lack of drainage area
intersection of all the injection and production wells,
the un-swept (red) location could be a good candidate
for infill drilling another production well for
incremental oil recovery in this reservoir. Development
adjustments, such as drilling new infill wells and
changing the injection/production rates of wells, could
promote the performance of mature fields and resulting
in more oil recovery. Infill wells are new wells added to
an existing field within original well patterns. Infill
drilling can hasten oil production in heterogeneous
reservoirs. If well patterns alter, fluid flow paths and
sweep to areas with high oil saturations would be
increased because well spacing is decreased. Of course,
this plan is difficult to be examined because reservoir
performance is affected by many different parameters.

DECLARATION STATEMENT

Funding/ Grants/

Financial Support No. I didn't receive any funding.

No conflicts of interest to the best of our
knowledge.

No, the article does not require ethical
approval and consent to participate with
evidence.

Conflicts of Interest/
Competing Interests

Ethical Approval and
Consent to Participate

Availability of Data
and Material/ Data
Access Statement

Not relevant.

All authors having equal contribution

Authors Contributions for this article.

REFERENCES

1. Amirkabir university of technology educational sciences.2010.

2. Andrei Popa, Sean Connel, "Optimizing Horizontal Well
Placement Through Stratigraphic Performance Prediction Using
Artificial Intelligence". SPE-195887-MS, 2019.

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijpe.latticescipub.com


https://doi.org/10.54105/ijpe.B1913.052122
http://www.ijpe.latticescipub.com/

Optimal Horizontal Well Placement Technology to Improve Heavy Oil Production

3. Gayatri P. Kartoatmodjo, "Optimizing Horizontal Well Placement
and Reservoir Inflow in Thin Oil Rim Improves Recovery and
Extends the Life of an Aging Field", SPE-122338-MS, 20009.
https://doi.org/10.2118/122338-MS

4. ). Cuadros, "optimal well placement
production”. Schlumberger. April 2010.

5. Mabkhout A. Al-Harthi, "Comprehensive Reservoir Vertical
Interference Testing to Optimize Horizontal Well Placement
Strategy in a Giant Carbonate Field". SPE-178013-MS, 2015.
https://doi.org/10.2118/178013-MS

6. Priya Maraj, et al. "Optimal Wellbore Placement of a Penta-Lateral
Well in the Schrader Bluff Reservoir, North Slope, Alaska", SPE-
204468-PA, 2021. https://doi.org/10.2118/204468-PA

7. T. Wagenhofer, D.G. Hatzignatiou, "Optimization of Horizontal
Well Placement". SPE-35714-MS.1996.
https://doi.org/10.2118/35714-MS

8.  Xiaodong Han, et al. "Well Placement and Control Optimization of
Horizontal ~ Steamflooding Wells  Using  Derivative-Free
Algorithms",SPE-203821-PA, 2021.

9.  Wael Fares, et al. "A New Collaborative Workflow to Optimize
Well Placement in the First Unconventional Horizontal Well in the
United Arab Emirates", SPE-192898-MS, 2018.
https://doi.org/10.2118/192898-MS

10. Xiang Wang, et al. "Optimization of Well Placement and
Production for Large-scale Mature Oil Fields". 2015.

11. Dr. V. R. Naik*, V. B. Magdum, and A. P. Borkar, “Guide Bracket
Optimization and Manufacturing Using Rapid Prototyping,”
International Journal of Innovative Technology and Exploring
Engineering, vol. 8, no. 11, pp. 161-165, Sep. 30, 2019. doi:
10.35940/ijitee.k1266.0981119.
https://doi.org/10.35940/ijitee.K1266.0981119

12. Dr. V. R. Naik*, V. B. Magdum, and A. P. Borkar, “Guide Bracket
Optimization and Manufacturing Using Rapid Prototyping,”
International Journal of Innovative Technology and Exploring
Engineering, vol. 8, no. 11, pp. 161-165, Sep. 30, 2019. doi:
10.35940/ijitee.k1266.0981119.
https://doi.org/10.35940/ijitee.K1266.0981119

13. J. J. Hilda* and C. Srimathi, “Coupling Factor and Cost Based
Task Clustering Method to Optimize Task Clustering For Scientific
Workflows in Cloud Environment,” International Journal of
Engineering and Advanced Technology, vol. 8, no. 6., pp. 4136-
4143, Aug. 30, 2019. doi: 10.35940/ijeat.f9288.088619.
https://doi.org/10.35940/ijeat.F9288.088619

14. “Optimization Method for Delay and Power Using Enhanced CSS
FLIP FLOP with 24 Transistors,” International Journal of Recent
Technology and Engineering, vol. 8, no. 6S., pp. 116-119, Mar.
18, 2020. doi: 10.35940/ijrte.f1022.0386s20.
https://doi.org/10.35940/ijrte.F1022.0386S20

improves heavy oil

AUTHOR PROFILES

Dr. Mehrdad Alemi, Goal oriented engineer, with
about 3 years of industrial work experience within the
petroleum engineering industry. Member of SPE since
2007, and EAGE since 2006, as well as The Tehran
University Faculty of Engineering Graduated Students
Association since 2007. Fluent in Persian, English.
Amirkabir university of technology, tehran- iran
(09/2009 to 08/2015)

v Phd in petroleum reservoir engineering
Shahid bahonar university of kerman-iran (09/2007 to 06/2009)

v" Msc. In petroleum production and drilling engineering
University of tehran-iran (09/2003 to 06/2007)
Mining engineering- bachelor’s degree

e Teacher Assistant of Multiphase Fluid Flow in Pipes and Well

e  Teacher of PERFORM software used in well completion

optimization
e  Teaching Analytical & Numerical analysis of well testing with
both Saphir &Weltest200 software.

The design of a unique software for the Optimum Artificial Lift System
Selection for oil wells based on Mutli Critera Decision Making
methods and Industrializing my MSc. Research project in PEDEC under
the supervision of Iran Petroleum Ministry.
SOFTWARE SKILLS:
GENERAL:
A) Office, Visual Basic.net Programming (VB.net).
PROFESSIONAL:
B) Saphir,Weltest200, E500, E300, E100, FrontSim, PVTi, VFPi, Office,
Floviz ,
PERFORM, Prosper. Petrel.

Retrieval Number: 100.1/ijpe.B1913113223
DOI:10.54105/ijpe.B1913.052122
Journal Website: www.ijpe.latticescipub.com

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Lattice
Science Publication (LSP)/ journal and/ or the editor(s). The
Lattice Science Publication (LSP)/ journal and/or the
editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions or
products referred to in the content.

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijpe.latticescipub.com


https://doi.org/10.54105/ijpe.B1913.052122
http://www.ijpe.latticescipub.com/
https://onepetro.org/search-results?f_AllAuthors=Gayatri+P.+Kartoatmodjo
https://doi.org/10.2118/122338-MS
https://doi.org/10.2118/178013-MS
https://onepetro.org/search-results?f_AllAuthors=Priya+Maraj
https://doi.org/10.2118/204468-PA
https://onepetro.org/search-results?f_AllAuthors=T.+Wagenhofer
https://onepetro.org/search-results?f_AllAuthors=D.G.+Hatzignatiou
https://onepetro.org/SPEWRM/proceedings/96WRM/All-96WRM/SPE-35714-MS/58422?searchresult=1
https://onepetro.org/SPEWRM/proceedings/96WRM/All-96WRM/SPE-35714-MS/58422?searchresult=1
https://doi.org/10.2118/35714-MS
https://onepetro.org/search-results?f_AllAuthors=Wael+Fares
https://doi.org/10.2118/192898-MS
https://doi.org/10.35940/ijitee.K1266.0981119
https://doi.org/10.35940/ijitee.K1266.0981119
https://doi.org/10.35940/ijeat.F9288.088619
https://doi.org/10.35940/ijrte.F1022.0386S20

