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The planning and developmental decisions succeeding the discovery of an unconventional oil and gas
ﬁeld is of utmost importance in attaining successful exploitation and production from these tight reservoirs. The development and production of hydrocarbon from these unconventional reservoirs require
requires adequate planning and execution which could be challenging, due to the sequence of heterogeneous lithologies of these formations. In this study, we designed and presented a comprehensive ﬁeld
development and production program that is representative of the unconventional oil and gas development in the Central sub-basin of the Permian Basin. To design and achieve optimal ﬁeld development
and production for unconventional reservoirs in the Central sub-basin of the Permian Basin, New Mexico,
we utilized ﬁeld data from an oil and gas well that was drilled to a TVD/MD of 2290 m with a PBTD of
2270 m. Subsequently, we conducted the petrophysical evaluation of the logs and utilized a decline curve
analysis for reservoir evaluation of all the members of the formation. We also designed and developed
comprehensive drilling, completions, and facilities programs. Lastly, we incorporated an economic
analysis of our optimized ﬁeld development and production design. Our results provide a valuable plan
and critical decision-making insight for optimizing ﬁeld development and production of unconventional
reservoirs in the Permian Basin and across the world.
© 2020 Chinese Petroleum Society. Publishing Services by Elsevier B.V. on behalf of KeAi. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:
Unconventional reservoir
Carbonate
Permian basin
Field development
Hydrocarbon production

1. Introduction
The United States is the largest global crude oil producer according to the U.S Department of Energy report (EIA, 2018), and the
unconventional formations in the Permian Basin contributed
majorly to this accomplishment. In 2008, the unconventional reservoirs accounted for 12% of U.S. total crude oil production and 16%
of total U.S. gas production; but as recent as 2018, they contribute
60% of U.S. total oil production, and 70% of total U.S. gas production
respectively (EIA, 2019). The Permian Basin (Fig. 1) is composed of
three smaller regions known as the Delaware Basin, Central Basin
Platform, and the Midland Basin (Tang, 2015). The Central Basin, the
western sub-basin of the Permian Basin, is located in West Texas
and Southeast New Mexico. The Central Basin is rich in resources
with a mix of carbonate, and sandstone reservoirs.

* Corresponding author.
E-mail address: doyin.kolawole@ttu.edu (O. Kolawole).

Since unconventional reservoirs are heterogeneous and have
low permeabilities, these wells cannot produce hydrocarbon
economically without adopting matrix stimulation techniques,
such as hydraulic fracturing (Kolawole et al., 2020; Kolawole and
Ispas, 2020) and matrix acidizing (King, 1986). In unconventional
carbonate reservoirs, there is non-uniform compaction with depth,
same as with shales, and this leads to its high heterogeneous
characteristic. In unconventional carbonate reservoirs, core measurements show low values of porosity ranging from 0.6% to 39%,
and permeability in the range of 0.0009e0.90 mD (Elmahdy et al.,
2018; Radwan et al., 2020). The permeability and porosity heterogeneity, pore pressure variations, fracture distribution, and diagenetic evolution of unconventional carbonate reservoirs in the
Permian Basin has been established (Dou et al., 2009a, 2009b,
2011).
The post-exploration planning and developmental decisions of
an unconventional oil and gas ﬁeld are of ultimate importance in
attaining successful exploitation and production from these tight
(ultra-low permeability) reservoirs. Major economic decisions are

https://doi.org/10.1016/j.ptlrs.2020.10.003
2096-2495/© 2020 Chinese Petroleum Society. Publishing Services by Elsevier B.V. on behalf of KeAi. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Google Earth© satellite image of the Permian Basin, showing the Abo-Yeso Unconventional Formations in the Central Sub-Basin.

Yeso Formation is the Abo Formation. A stratigraphic chart shown
in Fig. 2 illustrates the intervals of interest for the Hawk 5A#3 well.
The Hawk 5A#3 well is located on the Northwest edge of the
Central Basin Platform of Permian Basin, which lies between the
Midland and Delaware Sub-basins. The Central Basin Platform is
uplifted and has a signiﬁcant amount of carbonate reservoirs. Other
well-known productive carbonate reservoirs in the Permian Basin
are the Grayburg and San Andres formations. The Permian Basin
was formed as a result of a marine deposition during the Permian
Period. The Permian Basin contains a signiﬁcant amount of clastic
sediments, shales, and carbonates. The Midland Sub-Basin is
composed of sandstones with interspersed carbonate intervals, the
same composition as the Delaware Sub-Basin. The Yeso Reservoirs
(Blinebry, Tubb, and Drinkard) were believed to be primarily
shallow marine depositional environments formed on the Central
Sub-Basin Platform (Broadhead et al., 2004).

made based on the drilling, completions, productions, and facilities
engineering programs. These ﬁeld development and engineering
design programs are incorporated in proposing an authorization for
expenditure (AFE) to achieve maximum economic recovery from
these unconventional reservoirs.
Over the last decade, more studies have focused on the Midland
sub-basin of the Permian Basin in terms of ﬁeld development and
production techniques and procedures. However, the development
and production techniques and procedures for the oil and gas ﬁelds
located in the Central Sub-basin of the Permian Basin to economically achieve an optimum recovery have not been fully addressed.
The heterogeneity and anisotropy are some of the major factors
impeding the development of unconventional resources, and as
such, the development and production techniques and procedures
applied across the Permian Basin vary by wide margins.
Considering these sequence of heterogeneous lithologies and its
associated challenges in unconventional reservoirs, such as the
Permian Basin, this study aims to design a comprehensive ﬁeld
development and production program that is representative of the
unconventional oil and gas development in the Central sub-basin of
the Permian Basin. We also reveal economic recovery procedures
and potentials for the unconventional reservoirs.
For this study, we utilized data from Hawk 5A#3 well data
located in the Central sub-basin, Permian Basin, New Mexico,
United States. Our well of interest is in Leonard Restricted Platform
Carbonate play, in the Yeso Formation. The Yeso Formation contains
the Blinebry, Tubb, and Drinkard members; and underlying the

2. Methodology and ﬁeld data
In order to design and achieve optimal ﬁeld development and
production for unconventional reservoirs in the Central Sub-Basin
of the Permian Basin, New Mexico, we utilized ﬁeld data from an
oil and gas well (Hawk 5A#3 well) that was drilled to a TVD/MD of
2290 m with a PBTD of 2270 m. Subsequently, we conducted the
petrophysical and reservoir evaluation of all the formations, and we
later designed and developed comprehensive drilling, completions,
and facilities programs. Lastly, we performed an economic analysis
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Table 3
Petrophysical Properties of Formations in the Hawk 5A#3 Well. The results of the
petrophysical analysis for formations where our well is located are presented in
Table 3.
Formation

Avg. Depth

Avg. Porosity

Water Saturation

Blinebry
Tubb
Drinkard
Abo

1734
1905
2012
2094

12.8%
4.9%
6e14%
15%

40%
54%
60%
70%

m
m
m
m

known as the Leonard Restricted Platform Carbonate.
3. Optimal ﬁeld exploration and development
3.1. Petrophysical characterization
The type log of the Yeso and Abo formations in the Northwest
shelf of the Central Sub-Basin Platform of Permian Basin. Using a
resistivity-shale baseline of 70 Um and a porosity cutoff of 4%, we
determined regions in the Yeso and Abo formations with the
highest potential for hydrocarbons and subsequently selected
speciﬁc formation intervals to perforate. These cutoffs were
selected based on the log data, offset well data, and by interpreting
the formation over the entire logged interval.
We utilized Archie’s method (Archie, 1952) for estimating water
saturation (Sw) as shown in Eq. (1). The formation evaluation parameters and results are presented in Table 1 and Table 2,
respectively.

Fig. 2. Stratigraphic chart of leonard restricted platform carbonate (Engler et al., 2012).

Table 1
Archie’s parameters for water saturation evaluation of carbonates reservoirs.
Archie’s Parameters for Clean Carbonates
a
m
n

Archie0 s Equation Sw ¼

1
2
2



a Rw
Fm Rt

1=n
(1)

where: F is porosity, Rw is formation water resistivity, Rt is true
resistivity (uninvaded), a is tortuosity factor, m is the cementation
exponent, and n is the saturation exponent.
The Blinebry member is a carbonate reservoir with certain thin
sandstone intervals and layers of anhydride. For the most part, the
Blinebry unit has an average thickness of approximately 305 m
(Wasson et al., 2017), however, the average production thickness is
about 13 m (Jenkins, 1987). It has an average permeability of 1.8
mD, average porosity of 12.8%, and the average total water saturation of 40%. The depth of the Blinebry formation in the Hawk
5A#3 well was at 1740 m. The Blinebry interval has a photoelectric
factor (Pe) within a range of 3.15e3.5, thereby conﬁrming the Blinebry is dolomite.
The Tubb member is primarily a carbonate reservoir but may
contain dolomitic sandstone intervals based on location within the
Permian Basin. The Tubb member is found between 1860 and
2230 m and has an average production thickness of 10.2 m. Also,
the Tubb member has an average permeability of 27.6 mD, average
porosity of 4.9%, and water saturation of 54% (Jenkins, 1987). The
Tubb interval has a Pe factor very near 3.15e3.2, conﬁrming the
Tubb is dolomite.
The Drinkard member is also a carbonate reservoir. The Drinkard member is found around 2040e2090 m in the Hawk 5A #3

of our optimized ﬁeld development and production design.
The Hawk 5A#3 well is in Lea County, New Mexico, United
States, and approximately 4.5 miles North of Eunice. The
geographic coordinates for this well are Latitude: 32 300 05.3600 N
Longitude: 103 100 53.27” W at an elevation of 3502’. The location
of the Hawk 5A#3 is as follows: Southeast New Mexico, Lea County,
T-21S R-37E, Section 5, Unit O, 3300 from the South line and 1650’
from the East line.
The Hawk 5 #3 is in a relatively level location within the
Querecho Plains, and the well location consists of sandy soil and has
a slope ranging from 0 e5 . There is also a signiﬁcant number of
wells on beam pumping units within the surrounding area.
The well is 2290 m deep, and the maximum bottomhole temperature was measured at 117  F at 2283 m during the well-logging
process. It is important to note that the Hawk 5A#3 well comingles
four different formations and the reservoir pressures are different
in each formation. The Blinebry Oil and Gas, Tubb Oil and Gas, and
Drinkard pools are known for oil and gas production. The Central
Basin Platform, and especially Lea County as a whole, has been one
of New Mexico’s most proliﬁc oil and gas plays. This play is also

Table 2
Formation evaluation results.
Depth of water zone (ft)

Depth of Water Zone (m)

Porosity (F)

Rt (U.m)

Rw (U.m)

Sw

5360
6260
6774
7040

1634
1908
2065
2146

0.2
0.1
0.13
0.1

8
14
8
10

0.05
0.05
0.05
0.05

0.39528
0.59761
0.60813
0.70711
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Fig. 3. Detailed Log Calculations and Cutoffs for Blinebry member. (From left to right: black solid line-gamma ray, short dashed line-caliper, long dashed line-tension, depth/ft, black
solid line-microguard, long dashed line-shallow resistivity, short dashed line-deep resistivity, depth/ft, short dashed line-density correction, long dashed line-PE, short dashed lineNEU porosity, long dashed line-XPL porosity, black solid line-DEN porosity).

around 15% and a water saturation near 70% based on Archie’s Sw
calculations. The Abo interval in the well has a Pe factor of almost 5,
which shows that the Abo interval is mostly a carbonate limestone.
Other evidence supporting this assumption is the ‘stacking’ of our
porosity values within this region. The density porosity log is based
on a limestone matrix where r ¼ 2.71 g/cm3.

well. The Drinkard member has an average porosity is in the range
of 6%e14%, and calculated water saturation of 60%. The Drinkard
interval in the Hawk 5A #3 well has a Pe factor is in a range of
3.5e5.0, which conﬁrms the Tubb is dolomite with a limestone
interval.
The Abo Formation is primarily a carbonate reservoir. The Abo
Formation lies below the Yeso formation and is found below
2103 m in the Hawk 5A#3 well. In addition, the Abo formation has
an average permeability of 5 mD and an average porosity of 15% (Hu
et al., 2019). In the Hawk 5A#3 well, the Abo interval has porosities

3.2. Reservoir characterization
We used the volumetric method to determine the reserves of all
69
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Fig. 4. Detailed Log Calculations and Cutoffs for Tubb member. (From left to right: black solid line-gamma ray, short dashed line-caliper, long dashed line-tension, depth/ft, black
solid line-microguard, long dashed line-shallow resistivity, short dashed line-deep resistivity, depth/ft, short dashed line-density correction, long dashed line-PE, short dashed lineNEU porosity, long dashed line-XPL porosity, black solid line-DEN porosity).

Fig. 5. Detailed Log Calculations and Cutoffs for Drinkard member. (From left to right: black solid line-gamma ray, short dashed line-caliper, long dashed line-tension, depth/ft, black
solid line-microguard, long dashed line-shallow resistivity, short dashed line-deep resistivity, depth/ft, short dashed line-density correction, long dashed line-PE, short dashed lineNEU porosity, long dashed line-XPL porosity, black solid line-DEN porosity).

the formations (Blinebry, Tubb, Drnkard, and Abo). The OOIP volume in bbls was estimated from the volume measured in acre-ft
using Eq. (2) as:

OOIP ¼

7758  A  H  F  ð1  Sw Þ
½bbls
Bo

(2)

where: A is the reservoir area (acre), H is the thickness of the pay
zone (ft), F is the porosity, Sw is the water saturation, and Bo is the
oil formation volume factor (bbl/STB).
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Fig. 6. Detailed Log Calculations and Cutoffs for Abo member. (From left to right: black solid line-gamma ray, short dashed line-caliper, long dashed line-tension, depth/ft, black
solid line-microguard, long dashed line-shallow resistivity, short dashed line-deep resistivity, depth/ft, short dashed line-density correction, long dashed line-PE, short dashed lineNEU porosity, long dashed line-XPL porosity, black solid line-DEN porosity).

Table 4
Estimated Reservoir Volume Result for the Blinebry, Tubb, Drnkard, and Abo members.
Member Area [acre] Top [ft.] Top [m] Payzone Thickness [m] Porosity (F) Water Saturation (Sw) Oil Formation Volume Factor (Bo) Original Oil In Place (OOIP) [bbls]
Blinebry
Zone A
Zone B
Zone C
Zone D

12
12
12
12
12

5714
5862
5904
6010

1742
1787
1800
1832

26.8
7.6
9.1
5.5
4.6

0.04
0.05
0.06
0.03

0.458
0.458
0.458
0.458

1.2
1.2
1.2
1.2

169,588
42,081
63,122
45,448
18,937

Tubb
Zone A
Zone B
Zone C

12
12
12
12

6296
6332
6371

1919
1930
1942

10.4
3.7
1.5
5.2

0.09
0.1
0.09

0.598
0.598
0.598

1.25
1.25
1.25

93,202
32,366
14,984
45,852

Drinkard
Zone A
Zone B
Zone C
Zone D

12
12
12
12
12

6759
6798
6815
6836

2060
2072
2077
2084

16.3
5.2
3.4
3.4
4.3

0.07
0.1
0.14
0.06

0.649
0.649
0.649
0.649

1.25
1.25
1.25
1.25

121,974
31,081
28,730
40,223
21,940

Abo
Zone A
Zone B

12
25
12

6980
7014

2128
2138

10.4
5.5
4.9

0.15
0.04

0.837
0.837

1.25
1.25

40,631
32,846
7786

Total OOIP (All members)

425,395

the bold-colored boxes on the depth column show the perforated
intervals. Since we observe a solution gas drive reservoir, the
perforated intervals are at the bottom of the pay zone. The solid red
vertical lines indicate the Resistivity and Porosity cut-offs.
An oil formation volume factor (Bo) in the range of 1.2e1.25 bbl/
STB was used for the reservoir volume evaluation according to the
previous study by Svec and Grigg (2000) where a Bo value of 1.2 was
used for OOIP estimations of reserves in the Blinebry Field.
The total original oil in place (OOIP) estimated was approximately 614 Mbbls. Although the OOIP value may seem high,
nevertheless, this is a mature ﬁeld with many offset wells draining
from the same reservoirs. Additionally, this reservoir is a solution
gas drive with estimated recovery factors with a range of 5e30%. A
summary of the reservoir OOIP estimation results is presented in
Table 4.
Using a decline curve analysis, we model the expected

To determine the drainage area of our study well, we used a
mapping approach and incorporated data from nearby offset wells
that also drain from the Yeso and Abo formations. To determine the
productive intervals within each perforated unit, we considered the
resistivity and porosity logs. After setting a resistivity baseline of
approximately 70 U m and a porosity baseline of 4%, we evaluated
the formation intervals to be perforated. At each perforated interval, the thickness of the oil zone was estimated and incorporated in
evaluating the OOIP. The porosity at each perforated interval was
evaluated by taking the average porosity values of the Density and
Neutron porosity logs. We adopted a limestone assumption for the
density porosity log.
The potential hydrocarbon zones used in the volumetric calculations and the perforated intervals for the Blinebry (Fig. 3), Tubb
(Fig. 4), Drinkard (Fig. 5), and Abo members (Fig. 6) are presented.
The shaded and dashed outline regions show the pay zones, while
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Fig. 7. Plot showing Result of Decline Curve Analysis and Production Rate Forecasting.

Fig. 8. Designed wellbore diagram for drilling and completions programs.

In our production rate forecast, we used an initial production
rate of 45.93 BPD (1378 barrels per month), and an economic limit
of 1 BPD. The result from our decline curve analysis and production
rate forecast shows (Fig. 7) that it would take approximately 166
months (13.8 years) to reach an economic limit of 1 BPD with a EUR
of 22,155 bbl.

hydrocarbon production from the Hawk 5A#3 well. We made
certain assumptions about the types of decline and economic limits
based on data from nearby offset wells. One of the off-set Hawk
wells used an economic limit of 1 BPD, a decline rate of 20.8% per
month, and a hyperbolic decline exponent of b ¼ 0.91. Also, data
from off-set wells show a EUR of 20,800 barrels.
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Fig. 9. Plot showing Hole Depth Vs Time.

4.1. Drilling engineering
The Hawk 5A#3 well is an oil and gas well that was drilled to a
TVD/MD of 2290 m with a PBTD of 2270 m. After correlating bit
records from offset wells, we designed our drilling program to drill
the surface casing hole down to 411 m using a 12.2500 Ulterra PDC
bit with 8e15 nozzles. The production hole will use a 7.875” Baker
Hughes PDC bit with 3e15 nozzles. The drilling depth versus time
taken for the drilling operation is shown in Fig. 9.
For our drilling program, we used a pendulum Bottom Hole
Assembly (BHA) design (Fig. 10) with drill collars and a stabilizer
between the bit and drill pipe. Based on data offset wells, we may
have washouts while drilling through the salt section around
396 m, mud losses while drilling through the San Andres formation
at 1240 m, and differential sticking in the Glorietta formation
around 1603 m. However, our optimal drilling bit design will help
maximize ROP while maintaining a straight hole.
Our casing design (Table 5) consists of 2 strings: an 8.62500
surface casing set at 411 m, and a 5.500 production casing set at
2290 m. The two strings are cemented back to the surface. The
surface casing will be drilled with a 12.2500 Ulterra PDC bit to 411 m.
The intended casing will be 8.62500 J55 STC 24 lb/ft with an ID of
8.097”. The production hole will be drilled with a 7.87500 bit and
cased with 5.500 J55 LTC 17 lb/ft with an ID of 4.892”.
This casing design was based on many successful offset wells in
the area. Our casing design uses available and cost-effective casing
strings that can withstand any collapse, burst, and yield failures.
The casing program and design factors (SF.1) for our casing design,
the cementing program designed (SF.2), and the complete drilling
prognosis for the entire drilling operation are presented in Supplementary Data. In the absence of pore and fracture gradients, the
mud window (Fig. 11) shows an estimated pore and fracture pressures (with margins) based on offset well and their mud programs.
The actual mud program utilized for this drilling design is indicated
by the blue line in Fig. 11.

Fig. 10. Pendulum Bottom Hole Assembly design.

4. Optimal ﬁeld exploitation and production
The wellbore diagram is designed for efﬁcient drilling and
completion of this well presented in Fig. 8.

Table 5
Casing program.
Hole Size
00

12.25
7.87500

Casing OD
00

8.625
5.500

Casing ID
00

8.097
4.89200

Grade

Weight

Setting Depth

Setting Depth

J55 STC
J55 LTC

24 lb/ft
17 lb/ft

1350 ft
7500 ft

411 m
2290 m
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Fig. 11. The mud window designed for the drilling program.

Fig. 12. The schematic diagram of the Facilities Design.

involves running in hole, setting a plug, discharging the perforating
guns, then pumping 15% HCl acid followed by an over-ﬂush of
slickwater. Once all stages have been perforated and acidized, the
well will be turned over to ﬂowback until dead. Then, a coiled
tubing unit will move-in and drill-out the plugs and turn the well
over to production.

4.2. Completions engineering
The well has perforations in the Yeso (Blinebry, Tubb, Drinkard
units) and Abo members as shown in Fig. 8. Therefore, we comingled this well to optimize production. The Hawk 5A#3 well is in a
mature ﬁeld, and the reservoir pressures are relatively low
depending on the formation. Due to the very high potential for
hydrocarbon production from the Abo Formation, we designed our
completions to perforate this interval in addition to the Yeso
formation.
The Blinebry, Tubb, Abo, and Drinkard members are all primarily
carbonate reservoirs. Hence, to achieve optimum production from
these reservoirs, we utilized a matrix acidizing method (using a 15%
HCl solution) for the completions. Since 4 members will be perforated, there will also be 4 stages of acidizing. The general completion prognosis (procedure) presented in the Supplementary Data,

4.3. Facilities engineering
Due to the relatively low Gas/Oil Ratio (GOR) and the abundance
of liquids in this well, it will be placed on this well should be placed
on an artiﬁcial lift (rod pump). The anticipated surface unit will be a
Lufkin Gen 2 Conventional Beam unit (C640D-305-144) with a
pump off controller set to minimize gas interference and maximize
pump ﬁllage. This pump unit will be monitored remotely. Additionally, the downhole pump will be an insert pump (as opposed to
74
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our well is located on the northwest corner of the Central Basin
Platform in Lea County, therefore, we may incur slightly higher
transportation costs.
The authorization for expenditures (AFE) is an estimate of potential drilling, completion, and facility costs. As shown in Fig. 13,
our designed well has an estimated cost of $2.24 MM with 52% of
the costs being spent on completion, 46% on drilling, and 2% on
facility construction. This AFE was modeled after Oil & Gas Operations and Consulting, Inc. (Rhodes, 2020). Using a $3500/month
operating expense for the life of the well, 13.8 years, a workover
budget of about $350,000, and a contingency of 15%; the total expenses for this well are estimated to be $3.503 MM. Likewise, using
a EUR of about 425,395 bbls, a high revenue estimate ($50/bbl) is
$21.3 MM and a low estimate ($30/bbl) is $12.8 MM over the life of
the well. Overall, the high-end proﬁt estimate is $17.8 MM and the
low-end estimate is $9.3 MM. The total expenses for operations,
workovers and maintenance, and contingencies over the life of the
well are estimated at $3.5 MM.

Fig. 13. The Estimated Cost Breakdown for drilling, completions, and facilities
operations.

6. Conclusions
a tubing pump) due to the ease of repair. To aid in downhole gas
separation, we designed the pump to incorporate a poor boy gas
separator, and we set the pump below the perforations at 2176 m.
The insert pump will be sized according to a tubing OD of 2.87500
and ID of 2.441”. The rod string will be a 76 string with a 1 ½”
polished rod. Although this is primarily a non-directional well, it
would be prudent to include rod guides every 4 rods to preserve the
life of the rod string. There will be a few pup joints to properly space
out the downhole pump.
The facilities designed for this well are presented in Fig. 12. This
well produces a signiﬁcant amount of liquids relative to gas. The
water/oil ratio (WOR) ranges between 3 and 5 bbl/bbl, while the
Gas/Oil ratio (GOR) ranges between 4 and 10 Mcf/bbl. The well will
ﬂow to a manifold from nearby wellheads on the Hawk 5A lease.
From the manifold, the produced ﬂuids will travel to a horizontal 3phase separator or a test separator, depending on the valve
conﬁguration. Since multiple wells ﬂow to this facility, we must
include a test separator for regulatory compliance. The separated
oil will be sent to two 400 bbl storage tanks where it will be trucked
off. Similarly, the water will be collected in a large water tank and
occasionally trucked to a saltwater disposal well. As a result of a
large amount of water to oil produced in this well, future modiﬁed
facility designs should be considered to aid in the separation of
water and oil emulsions. A few options available are: to use a gun
barrel, install a heater treater, allow longer residence time, or use
chemicals. The gas produced will be compressed to pipeline pressures and sent to a centralized gas processing plant. In the gas
processing facility, the gas will be compressed after leaving the
separator to get it up to line pressure. To comply with regulatory
requirements and safely protect the surrounding environment, the
storage tanks and truck connections will be equipped with
methods to contain spills. The storage tanks will have a berm surrounding the tanks that could hold the volume of oil contained in
the tanks.

In this study, we designed and presented a comprehensive ﬁeld
development and production program that is representative of the
unconventional oil and gas development in the Central sub-basin of
the Permian Basin in the United States. To design and achieve
optimal ﬁeld development and production for unconventional
reservoirs in the Central Sub-Basin of the Permian Basin, New
Mexico, we utilized ﬁeld data from an oil and gas well (Hawk 5A#3
well) that was drilled to a TVD/MD of 2290 m Subsequently, we
conducted the petrophysical and reservoir evaluation of all the
members of the formation, and we later designed and developed
comprehensive drilling, completions, and facilities programs.
Lastly, we performed an economic analysis of our optimized ﬁeld
development and production design.
The designed well comingles the Blinebry, Tubb, Drinkard, and
Abo carbonate formations. The Blinebry pay zone was found at
1743 m, the Tubb at 1905 m, the Drinkard at 2012 m, and the Abo at
2094 m. The reserves of the comingled Blinebry, Tubb, Drinkard,
and Abo formations were estimated to be approximately 425,400
bbls. The total expenses are estimated at $3.5 MM. We project a
high revenue estimate ($50/bbl) of $21.3 MM, and a low estimate
($30/bbl) of $12.8 MM over the life of the well. Overall incorporating the total expenses and the market price as of May 2020, we
expect a high-proﬁt estimate of $17.8 MM and a low estimate of
$9.3 MM.
Our results provide a valuable plan and critical decision-making
insight for optimizing ﬁeld development and production of unconventional reservoirs in the Permian Basin and across the world.
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Appendix ASupplementary data

5. Economic analysis

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ptlrs.2020.10.003.

Due to the market volatility, we used a high estimate of $50/bbl
and a low estimate of $30/bbl for the subsequent economic analyses. The U.S. Energy Information Administration (EIA) estimated
that operational expenditures (OPEX) for wells in the Permian Basin range between $13.32 to $33.78/boe. Since our well is a vertical
well in a well-known and mature ﬁeld, we estimate that our OPEX
would be on the lower side of the EIA estimate. We also noted that
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