Remnant Oil Operating LP
CAPROCK & NON-CAPROCK PROPERTIES
Chaves, Eddy, & Lea Counties, NM
PROPERTY OVERVIEW & PLANS
INTRODUCTION
Remnant Oil Operating LP (“Remnant” or “Remnant Oil”) is an oil and gas exploitation and
production company headquartered in Midland, Texas. Remnant is a Texas Limited Partnership
with Remnant Oil Operating LLC as its General Partner (a Texas Limited Liability Company).
Remnant’s field operations and management are conducted under Remnant Oil Operating LLC,
which serves as its Operating Company.
From its Midland, Texas headquarters, Remnant is geographically focused in the Permian Basin
of Southeastern New Mexico and West Texas, the most prolific oil and gas production region in
the U.S. Geographically, Remnant is focused in the Northwest Shelf area of the Delaware Basin
and the Artesia Platform in Eddy, Lea, and Chaves counties of New Mexico.
Geologically, Remnant primarily targets the shallow Permian-age Guadalupian reservoirs along
the Northwest Shelf, principally the Yates, Seven Rivers, Queen, Grayburg, and San Andres
zones with well depths ranging between approximately 1,800’ to 4,000’.
Remnant Oil Operating owns and operates 480 wells within a leasehold portfolio of approximately
47,960 gross acres in Eddy, Lea, and Chaves counties, New Mexico. Remnant subdivides this
leasehold and well portfolio into 2 groups of properties: Caprock Properties and Non-Caprock
Properties.
Remnant’s Caprock Properties cover approximately 13,980 gross acres, contain 174 wells and
are comprised primarily of 2 large Queen Sand units, the 96-well Rock Queen Unit (“RQU”), the
49-well Drickey Queen Sand Unit (“DQSU”), plus 29 other wells in the West Caprock Queen Unit
and the North Caprock Celero Unit and other miscellaneous Caprock Area leases. The 96 wells
in the RQU includes 8 monitor wells used to monitor CO2 movement along the edges of the flood.
The Rock Queen Unit is a tertiary-recovery CO2 Flood Unit and the Drickey Queen Sand Unit is
a conventional secondary-recovery Waterflood Unit. All of the Caprock Properties are in Chaves
and Lea Counties of NM. This report will focus on these Remnant Oil – Caprock Properties.
The Remnant Non-Caprock Properties cover approximately 33,980 gross acres, contain 306 oil,
gas, and injection wells in Eddy, Lea, and Chaves counties, NM on the Northwest Shelf of the
Delaware Basin. The Non-Caprock Properties contain 6 Core Areas: 5 – oil producing areas and
1 – gas producing area. These 6 Core Areas contain over 85% of the total wells (261 of 306
wells) in the Non-Caprock Properties. Five (5) conventional Waterflood Projects, all in the 5 oil
producing Cores Areas, make up the Remnant PDNP Work Program & Development Plan in the
Non-Caprock Properties. The gas producing Core Area contains 94 Abo gas wells that are not
candidates for waterflood projects. The remaining 45 Non-Caprock wells are in Non-Core Areas
and many of these wells will be evaluated for potential divestiture at a future date.
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REMNANT OIL OPERATING – CAPROCK PROPERTIES
GEOLOGICAL & GEOGRAPHICAL FOCUS
The Remnant Oil Caprock Properties are located in the Artesia Platform Sandstone Play area to
the north of the Northwest Shelf and the Capitan Reef in Southeastern New Mexico. The Caprock
Properties are all within the Caprock Queen Field in Chaves and Lea Counties in New Mexico
and is designated by the red circle on the following locator map from the New Mexico Bureau of
Geology and Minerals.

New Mexico Bureau of
Geology and Minerals,
Open file 479, 2004
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The Caprock Queen Field was discovered in November, 1940 with the drilling of the Geo. P.
Livermore #1 D discovery well. Field drilling continued and many of the wells were drilled in the
1950’s with most wells completed as open-hole completions in the Queen Sand at an average
depth of approximately 3,000’. This drilling defined the limits of the Caprock Field and lead to the
unitization of several areas within the field in the 1950’s with the plan to reverse the fast oil
production decline rates observed during primary oil production by the installation of conventional
secondary waterfloods. The Rock Queen Unit and the Drickey Queen Sand Unit were unitized
with initial waterflood injection in 1956 with a successful pilot waterflood project that was quickly
expanded within the RQU and DQSU.
The location of the Remnant Oil’s Rock Queen Unit, Drickey Queen Sand Unit, North Caprock
Celero Queen Unit, and West Caprock Queen Unit leaseholds are shown on the following Queen
Formation Structure Map. The oil-producing column of the reservoir is shown between the downdip Oil-Water Contact to the southeast and the updip Gas-Oil Contact to the northwest.

3

The Caprock Queen Field is over 23 miles long and up to 3 miles wide. The Caprock Queen
structure is a bounded stratigraphic trap along a NNE-SSW axis, dipping from WNW to ESE with
oil production bounded between up-dip Gas-Oil Contact (+1,405’ ss) down to an Oil-Water
Contact (+1,310’ ss). Formation dip is low, only 1/2-degree/mile. The average depth of the Queen
formation is 3,000’, ranging from 2,700’-3,110’ across the structure. The reservoir drive during
primary oil production in the Queen Field was solution gas drive. The Queen Sand formation is
regionally extensive and highly productive.
In the area of the Northwest Shelf in New Mexico, reservoirs are principally sandstones and
dolostones deposited in restricted shallow-marine shelf or back-reef environments. Carbonates
and evaporites are deposited when sea level rises, and clastics (sandstones) are deposited when
sea level falls. The Queen is a Permian-age (Guadalupian) sandstone formation, composed of
arkosic, feldspathic (feldspar-rich) shallow shelf to aeolian sand, deposited north of or landward
to the regional shelf edge. The sand is mainly angular fine-grained quartz with lithic fragments
and feldspars, cemented by anhydrite and dolomite, radioactive with high gamma ray counts.
The Queen Sand is well bounded with a thick impermeable anhydrite layers above and bounded
below by siltstone and anhydrite layers. These impermeable seals above and below make the
Caprock Queen Sand an excellent enhanced secondary and tertiary recovery candidate,
effectively trapping all fluids injected within the Queen Sand – not allowing leak-off into other
formations – what is injected into the Queen stays in the Queen Sand.
See the following Northwest Shelf Stratigraphic Column and Caprock Type Log:

The QUEEN Formation within
the shallow Permian-age
reservoirs is the producing
formation in the Remnant Oil
CAPROCK PROPERTIES.
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The Rock Queen Unit and Drickey Sand Queen Unit are located adjacent and contiguous to one
another with the RQU north of the DQSU. The Queen Sand formation is continuous and crosssections across RQU and DQSU show the Queen to be correlatable and the same sandstone
formation across both units. Reservoir and fluid properties are the same for both units.
This continuity of the Queen Sand formation is shown in the following north-south stratigraphic
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cross-section across the Rock Queen Unit and Drickey Queen Sand Unit hung from the Seven
Rivers Marker datum.

6

CAPROCK PROPERTIES: RECENT OPERATING HISTORY
Celero Energy II, LP
Celero Energy II, LP (“Celero”) purchased the Caprock Properties in 2006. Members of the Celero
Management Team came from Whiting Petroleum, the company that purchased the North Ward
Estes Field from Chevron after the successful installation of the North Ward Estes Field CO2 Flood
project in 6 sections of this large oil field in Ward and Winkler Counties, Texas. Whiting continued
development of the CO2 Flood Tertiary Project in the Yates and Queen reservoirs with great
success. As a result, Celero was looking for a similar field that would be a candidate for a CO2
Tertiary Recovery Project, and determined the Rock Queen Unit and Drickey Queen Sand Unit to
be excellent candidates. Celero always intended to move the RQU from a Secondary Waterflood
Project to a Tertiary CO2 Recovery Project as soon as engineering, operationally, and regulatorily
possible. The model for the Tertiary CO2 Project was based on the analogue of the North Ward
Estes Field CO2 Flood for pattern design, development plan, well design, utilizing CO2 and water
in the flood, and use of CO2 for gas-assist lift below a packer in the oil wells.
At the time of the acquisition in 2006, the Rock Queen Unit was producing an average of 2 BOPD
from only 10 active wells. Celero initiated a drilling program which doubled the number of
producing wells to 20 oil wells in 2008, which combined with water injection, increased RQU
average oil production to 212 BOPD in October-2008. Celero drilled 24 wells and re-activated,
temporarily abandoned (TA’d), or plugged & abandoned (P&A’d) a total of 130 wells during their
time of ownership.
From the peak oil production in October-2008, oil production from the RQU Waterflood declined
steadily to an average of 135 BOPD in June-2010, before experiencing a rapid decline to an
average of 41 BOPD in December-2010, and an annual average of 113 BOPD in 2010.
Beginning in 2008, Celero designed and began working on a pilot tertiary recovery CO2 flood for
the RQU with an initial 17 Active CO2 Patterns, installed new facilities, converted producing wells
to CO2 injectors, laid new flowlines and injection lines, and installed an 18.1-mile 6” diameter CO2
supply line into the Unit from the Kinder Morgan Cortez CO2 pipeline north of the Caprock
Properties with a design capacity of 60 MMCFD of CO2. In February-2011, CO2 injection was
initiated in the RQU by Celero. Both Oil Wells and Injector Wells in the RQU are drilled on 40acre spacing per well. The CO2 Pattern used in the RQU is a 5-Spot Pattern, meaning a producing
Oil Well in the Pattern is surrounded by 4 Injector Wells, resulting in an 80-acre CO2 Pattern.
Purchased CO2 at the RQU is delivered to the field from the CO2 supply pipeline at pressures
sufficient for injection into the Queen Sand. To inject the recycled CO2 recovered from the
production stream at the RQU, Celero installed a series of compressors based on need, which
resulted in the installation of 3 electrically-driven rental compressors totaling 2,000-Hp.
Electrically-driven compressors were used due to lack of sufficient natural gas supply to fuel a
gas-driven compressor. Reservoir response to the CO2 flood was observed very quickly and was
very positive, with oil production increasing to 24,460 BOPM (800 BOPD avg) in October-2013.
In early 2014, a total of 17 Active CO2 Patterns were producing in the RQU. Based on this
success, Celero sold the Caprock Properties in April-2014 to Legacy Reserves.
Legacy Reserves LP
Legacy Reserves LP (“Legacy”) purchased the Caprock Properties from Celero in April-2014.
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During its 3-year ownership of the Caprock Properties, Legacy drilled and added 10 CO2 Patterns
in the RQU, bringing the total number of CO2 Patterns in the RQU to 27 Patterns. With increased
oil production, Legacy began to upgrade and expand the CO2 handling facilities at the RQU
beginning in 2014. In order to handle the compression of the increased volume of recycled CO2
into the Queen Sand, Legacy replaced the 3 small rental compressors installed by Celero with a
single larger 4,500-Hp electrically-driven compressor in August-2016. This 4,500-Hp compressor
has a maximum capacity of 44 MMCFD of CO2.
The RQU was Legacy Reserves’ first tertiary recovery CO2 Flood project, and Legacy soon faced
the oil price crash in mid to late 2014 and the effects that high operating costs of a CO2 Flood had
on the economics of the Rock Queen Unit. Legacy quickly began a cost-cutting austerity plan to
reduce lease operating expenses which included reductions in purchase make-up CO2 volumes
for the flood, and reductions and/or suspensions of downhole chemical treatments needed to
inhibit corrosion, and control paraffin and asphaltenes in tubulars, wellbores, and flowlines.
Necessary repair job workovers to restore wells to production or injection were deferred, reducing
the number of active producer and injector wells. This resulted in dramatic oil production declines
in 2015, 2016, and 2017. With no restoration of lost production from inactive wells, RQU oil
production fell from a CO2 Flood peak of approximately 640 BOPD in mid-year 2015 down to only
200 BOPD in May-2017 at the time of the Remnant Oil acquisition. Legacy had P&A’d 1 Injector
Well, eliminating 1 CO2 Pattern. In May-2017, the Rock Queen Unit had 18 active producing wells
and 29 active injection wells within a total of 26 active CO2 Flood Patterns, with an average daily
CO2 Injection Rate of 30-35 MMCFD CO2 into the Queen Sand.

Rock Queen Unit facilities and equipment.
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Remnant Oil Operating, LP
Remnant Oil Operating LP (“Remnant”, “Remnant Oil”) acquired the Caprock Properties from
Legacy in May-2017. Low oil prices at the time of the Remnant acquisition made continuing the
Rock Queen Unit CO2 Flood uneconomical due to the high cost of the take-or-pay contract with
Kinder Morgan to purchase make-up CO2 for the flood. As part of the acquisition negotiations,
Legacy Reserves paid off and canceled the Kinder Morgan CO2 take-or-pay contract. No new
purchased CO2 has been injected into the RQU since April 1, 2017. Remnant Oil’s plan for the
RQU was to inject only the 30-32 MMCFD of CO2 gas recycled from production while increasing
water injection volumes to replace the lost CO2 volumes in the reservoir with no additional makeup purchases, in an attempt to maintain reservoir pressure. Remnant also re-organized the
Caprock Properties field operations, reducing staff and lowering operating costs. Remnant Oil
inherited the 4,500-Hp electrically-driven compressor installed by Legacy in August-2016 to inject
recycled CO2 into the Queen Sand in the Rock Queen Unit. As a result, the major share of the
operating cost for the RQU was the cost of electricity associated with this compressor. Remnant
re-negotiated the compressor rental agreement to a rental-purchase agreement, making a portion
of the monthly rental fee apply to purchase, but still had no control over the high cost of electricity
provided by the local New Mexico electric cooperative.
Cash flow constraints forced Remnant to leave wells shut-in when they went off line, performing
only a limited number of repair job workovers on both producer and injector wells. A pilot project
of well clean-out workovers with chemical treatments to remove paraffin and asphaltene damage
in well completions showed promise and success in restoring well productive capability, but the
capital was not available to continue the program.
Remnant Oil elected to shut-down the 4,500-Hp Compressor at the RQU on October 24, 2018
due to economic operating conditions. Since this date, Remnant has continued to intermittently
flow the oil wells in the RQU relying on residual reservoir pressure in the Queen. Production from
the RQU has averaged 25-30 BOPD and 600-800 BWPD from the Queen during this intermittent
flowing program, with 5,500-6,000 BWIPD of water injection. The largest electricity cost in the
RQU is currently for the 2 H-Pumps used for water injection.
Remnant Oil plans to leave the 4,500-Hp CO2 Compressor shut-down until a joint Baker
Hughes/Remnant Oil program can be undertaken in the 3rd Quarter of 2019 to clean-out and
chemically-stimulate a select number of test wells, purchasing the 4,500-Hp field compressor to
eliminate the monthly rental-purchase payments, re-start the injection of approximately 32
MMCFD of recycled CO2 into the reservoir, optimize water injection volumes and injection
locations, upgrade and modernize surface production equipment – main production battery,
satellite batteries, test facilities, compression facilities, and pumping units. The initial goal for this
program is to restore RQU production to 500 BOPD.

RESERVE STUDIES: ORIGINAL-OIL-IN-PLACE & RECOVERY FACTORS
Celero Energy II, LP / Netherland Sewell & Associates Study – 2013
As part of the divestiture plans for the Caprock Properties, Celero commissioned Netherland,
Sewell, & Associates (“NSAI”) to complete a 2013 Mid-Year Reserve Report. A major portion of
this Reserve Report focused on the Original-Oil-In-Place (OOIP); recoverable secondary and
tertiary reserves and recovery factors for the Caprock Properties, which include the Rock Queen
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Unit and the Drickey Queen Sand Unit.
Across the entire Queen Sand structure in the Caprock Properties, NSAI determined the following
reservoir properties based on their evaluation and previous work completed by Celero:
• Gross Queen Sand Thickness: Average of 20’
• Queen Sand Net Pay: Average of 10’
• Porosity: Average of 17%
o Celero Porosity of 12%-24%, average Porosity of 19%
• Water Saturation: Average of 35%
o Celero Water Saturation of 26%-40%, average Sw of 33%
• Permeability: 5md – 500md
• Oil Gravity: 37.7o API (sour)
• Initial Gas-Oil-Ratio (GOR): 160-200 SCF/STBO (low-GOR)
• Formation Volume Factor, Bo: 1.09 RB/STB
• Oil Viscosity: 3.37 CP
• Original Bottomhole Pressure (BHP): 1,049 psi
• Minimum Miscibility Pressure (MMP): 1,069 psi
• Frac Gradient in Queen Sand: 0.78 psi/fit
o Frac Pressure = 2,340 psi @ 3,000’
o Window between MMP & Frac Pressure = 1,271 psi (at 3,000’)
From this data, the NSAI Mid-Year 2013 reserves evaluation determined total Queen Sand OOIP
within the Caprock Queen Field (in which the Caprock Properties are located), as the following:
Original-Oil-In-Place (entire Queen structure) (P1+P2) = 126.0 MMBO
• Oil Recovery Factors:
o Primary Recovery + Secondary Recovery = 30% of OOIP = 37.8 MMBO
o Tertiary (CO2) Recovery = 10-20% of OOIP = 12.6 MMBO - 25.2 MMBO
o Total Primary + Secondary + Tertiary (CO2) Recovery = 40-50% of OOIP
= 50.4-63.0 MMBO.
Legacy Reserves LP Study – 2016
Legacy Reserves drilled and added 10 CO2 Patterns at the RQU, resulting in a total of 26 Active
CO2 Patterns in the Unit. Legacy also upgraded field compression with the installation of the
rental 4,500-Hp electrically-driven compressor unit and upgraded facilities to handle the increased
volumes of produced CO2 for recycled injection into the flood.
During their drilling program in 2014, Legacy took a full core across the Queen Sand interval while
drilling the RQU #320 in June-2014 from 3,057.6’-3,078.7’. From the Core Analysis the following
data was obtained:
• Overall Core Interval: 3,057.8’-3.078.7’ = 21.1’ of core
• Queen Sand Intervals:
o Main Pay Sand – Thick, Massive, Continuous Sandstone
§ Log Depth: 3057’-3,062’ – 5’ thick
§ Porosity = 25.5%; Permeability = 768 md; Core Oil Saturation = 9.6%
o Intermediate Zone – Anhydrite Cement in Sandstone
§ Log Depth: 3,062’-3.067’ – 5’ thick
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•
•

§ Porosity = 27.2%; Permeability = 517 md; Core Oil Saturation = 5.9%
o Lower Pay Zone – Massive with Minor Anhydrite Cement
§ Log Depth: 3,067’-3,070’ – 3’ thick
o Lower Porosity Zone – Anhydrite Interbeds in Sandstone
§ Log Depth: 3.070’-3,073’ – 3’ thick
Average Gross Sand Thickness = 16’
Average Net Pay = 10’

Legacy engineers and geologists also worked to add to the reservoir data and evaluation
completed by Celero. Where the Celero/NSAI evaluation in 2013 evaluated the entire Queen
Field structure at Caprock, Legacy focused exclusively on the future development and redevelopment of the Rock Queen Unit and Drickey Queen Sand Unit. Legacy forecast this total
development would call for 88 Active CO2 Patterns across both the RQU and DQSU. The results
of the Legacy Reserves study were contained in a sales brochure published by Legacy Reserves
and Ten Oaks Energy Advisors in 2016. The data and evaluation results are as follows:
•

•
•
•
•
•
•
•
•

The Queen Sand extends laterally across all of the Caprock Structure and lies under
both the RQU and DQSU with no faults or low permeability baffle areas within the
sandstone. This provides for excellent horizontal sweep efficiencies for both Waterflood
and CO2 Flood operations.
The Queen pay zone is capped by a regional 80’ thick anhydrite layer and underlain by
a regional 50’ thick tight (low permeability) siltstone and anhydrite layers, providing
excellent containment seals for Waterfloods and CO2 Floods.
Legacy used Core Data from the RQU #320 well and Core Data from 11 earlier wells to
construct detail structure and isopach maps on 1’ intervals across the entire field.
Gross Queen Sand Thickness: Range of 12’-22’ – Average Thickness of 20’
Queen Sand Net Pay: Range of 8’-18’ – Average Net Pay of 16’
Porosity: Range of 10%-28% – Average Porosity of 15.8%
Water Saturation: Average of 30%
Permeability: Range of 10 md-768 md – Average Permeability of 172 md
Original-Oil-In-Place (OOIP) under RQU and DQSU
o Proved OOIP (P1)
88.8 MMBO
o Probable OOIP (P2)
20.2 MMBO
o Total OOIP under RQU & DQSU 109.0 MMBO (P1+P2)
o Remaining Caprock OOIP
o Total Caprock Structure OOIP

•

•

17.2 MMBO
126.0 MMBO (confirms NSAI OOIP)

Oil Recovery Factors:
o Primary Recovery =
18% of OOIP
o Secondary Recovery =
18% of OOIP
Primary + Secondary = 36% of OOIP
o Tertiary (CO2) Recovery = 12.5%-15.0% of OOIP
Total Primary + Secondary + Tertiary (CO2) Recovery
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= 19.6 MMBO
= 19.6 MMBO
= 39.2 MMBO
= 13.6-16.4 MMBO
= 48.5%-51.0% of OOIP
= 52.9-55.6 MMBO

Melzer Consulting Study – July 2017
In July 2017, Remnant Oil commissioned Stephen Melzer of Melzer Consulting to study the effects
on production and reservoir conditions in the Rock Queen Unit that would result from reducing or
eliminating injection of new make-up CO2 volumes, and injecting only recycled CO2 from
production operations. The goal of the study was also to make recommendations on how to use
increased water injection with recycled CO2 injection to minimize production declines.
Melzer’s analysis initially focused on the Legacy-imposed austerity programs and operating cost
reduction measures necessitated by the oil price collapse in mid-to-late 2014 and the detrimental
impact on oil production in 2015 that was followed by large production declines in 2016. Melzer
illustrated these impacts in the following graph:

Late Stage Rock Queen Unit Performance & Austerity Phases imposed in 2015 and 2016
~ Melzer Consulting, 2017

The 1st Austerity Phase by Legacy imposed reductions in operating expenses by deferring well
workover costs, reducing chemical treatments for paraffin and asphaltenes in wells, flowlines, etc.
These actions impacted oil production, falling from approximately 640 BOPD to 480 BOPD during
2015. However, the austerity measures did not achieve the goals for reducing operating expense
and Legacy imposed their Extreme Austerity Phase reductions in January 2016. These Extreme
Austerity measures implemented cuts to expensive make-up CO2 purchases, deeper reductions
and some eliminations of monthly well paraffin chemical treatments, deferral of more well
workovers for wells, many of which were failing due to paraffin accumulations downhole, salt
blocks, and asphaltene accumulations which shut off production, and deferred maintenance of
water pipeline pumps and lines. The graph above shows the resulting RQU oil production falling
to less than 200 BOPD in early 2017. With reduced CO2 injection, the water pump problems
resulted in lower water injection rates and efficiencies, and the loss of reservoir pressure in some
northern portions of the RQU to sub-miscible or near-miscible pressures, at or below the Minimum
Miscibility Pressure (“MMP”) in the Queen.
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With no purchases of make-up CO2 for the RQU, the following operations were recommended by
Melzer to increase oil production from the Unit.
•
•

•
•

•

Evaluate chemical treatments for downhole paraffin and asphaltenes, plus surface
paraffin problems and re-start treatments where possible.
Clean-out shut-in producing wells for paraffin and salt plugs and asphaltenes, chemically
treating for stimulation and inhibitors, and repairs to lift equipment. Focus first on the
historically better-producing CO2 Patterns working out to lower-producing patterns as
capital is available. Repair and treat injection wells where needed based on observed
injection rates – both water injection and CO2 injection wells in the focus Patterns.
Repair surface facilities and equipment associated with the Patterns, removing paraffin
and salt clogging in lines to eliminate restrictions, repair/replace water injection pumps,
repair/replace water injection lines, etc.
Increase balanced Water Injection throughout the RQU with injection of recycled CO2 in
order to begin raising the Reservoir Pressure in the Queen Sand above Minimum
Miscibility Pressure of 1,069 psi. Once again, focus first on the better performing CO2
Patterns for injection. Any CO2-starved injection wells can be converted to Water
Injection, with 3 objectives in mind during this program:
o Returning / maintaining the unit Pattern areas to original or greater bottomhole
reservoir pressure
o Providing containment of recycled CO2 in nearby CO2 Injection Wells
o Returning the CO2 Pattern areas to Minimum Miscibility Pressure of 1,069 psi,
ensuring greater flood success of the CO2 flooded Patterns of the RQU.
Realize that produced CO2 volumes will decline at 1%-2%/month with no make-up CO2
volumes. Be prepared to increase Water Injection to account for losses in reservoir
volumes of CO2.

The production forecasts included in the Melzer Consulting report are somewhat dated at the
present time from the original report date of July-2017. However, the forecast volumes can be
evaluated based on daily oil production volumes relative to program start up:
•
•
•

4 months after completion of the steps above, RQU Oil Production = 400 BOPD.
12 months after completion of the program, RQU Oil Production = 360 BOPD.
24 months after completion of the program, RQU Oil Production = 330 BOPD.

Baker Hughes (BHGE) Evaluation & Study – 2019
Analysis & Evaluation
Remnant Oil engaged Baker Hughes Oilfield Operations LLC (“BHGE”) in January-2019 to study
and analyze the Rock Queen Unit in Chaves County, New Mexico. The purpose and scope of
this study was to analyze the historical RQU datasets in order to identify the high and low
performing producer and injector wells within the RQU CO2 Flood, and identify the producer and
injector candidate wells for remediation workovers to mechanically clean-out and chemically treat
the Queen completions to remove damage in the completion intervals. BHGE was also charged
to create a plan to re-allocate CO2 and water injection within the RQU with the highest potential
for increasing Unit oil production. Another objective of the study was to better understand the oil
cuts and total production volume (oil + water) for the producer wells and where was best to focus
the rejuvenation of the oil production in the RQU through mechanical and chemical cleanouts of
injector and producer wells.
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One immediate concern of BHGE was the lack of water injection volumes after purchase of new
make-up volumes of CO2 had ended April 1, 2017, and injection of recycled volumes of CO2 had
been stopped by Remnant at the RQU on October 24, 2018. These conditions were exasperated
by the decision of the State Water Board to cease Remnant’s access to its fresh water rights and
the State Land Office cancelling of Remnant’s water injection pipeline rights-of-ways across the
RQU and DCQU. The reduced water injection volumes resulted in the Queen reservoir pressure
falling to very near or below the require Minimum Miscibility Pressure (MMP) in the reservoir. At
pressures below the MMP, CO2 in the reservoir will behave like a “gas” instead of as a “liquid”,
greatly decreasing the effectiveness of Tertiary Enhanced Oil Recovery (EOR) efforts. BHGE
concluded that the drastic decreases in oil production is related to reservoir pressures at or below
the MMP in conjunction with the lack of available water for increased water injection and pressure
maintenance – and not related to Rock Queen Unit reservoir quality or remaining reserves.
After having its water rights returned by the State Water Board and water line rights-of-ways reestablished by the State Land Office, Remnant is working to return RQU daily water injection to
16,000-18,000 BWIPD, and the Queen reservoir pressure is rising in the RQU. Current water
injection is 5,500-6,000 BWIPD. Water injection line repairs and water booster pump repairs are
underway which will lead to reaching the goal of 16,000-18,000 BWIPD at the RQU.
BHGE and Remnant decided on a “significantly significant” sample of RQU wells to be included
in the Pilot Phase to be evaluated and analyzed by the BHGE study: approximately 25% of the
RQU 88 total wells (net of 8 monitor wells), a total of 20 Wells – 10 Producer Wells and 10 Injector
Wells, to be chosen across the RQU and representing all ranges of productivity and injectivity.
BHGE determined that the Queen Sand in the RQU and DQSU is an excellent reservoir for
secondary and tertiary EOR projects. With impermeable seals above and below the Queen Sand
with an average Porosity of 16.5-20% and an average Permeability of 172 md, the reservoir
efficiently trapped injected fluids within the Queen Sand and allowed for greater well spacing of
40 acres/well than in most Permian Basin reservoir. As a result, producer wells and injector wells
in the RQU and DQSU were drilled mainly on 40-acre well spacing for all producer and injector
wells, operationally allowing Injector and Producer well pairs to be more spread out than in other
EOR units. With 5-Spot Injection Patterns in both Units – 1 Producer Well is surrounded by 4
Injector Wells that are shared between offset Producers. Therefore, the Injection Patterns for the
RQU and DQSU each cover approximately 80 acres.
The Data Analytics technique employed by BHGE for the RQU is based on a continuity governing
equation, Capacitance Resistance Modelling or CRM, to analyze inter-well communication using
only injection and production data. This analytic work flow is suitable to understand and determine
a potential time response between Injectors and Producers, and simultaneously calculates the
connectivity between each pair of wells. This workflow guides reservoir operations including
injection fluid allocations across the RQU, well performance monitoring, surveillance, and
production/injection optimization within the RQU. History matching is used to calibrate the
predictive models by matching production history for select individual wells within the RQU. These
models can then be used for various predictive scenarios. The product of this workflow is suitable
for the study of different CO2 and water injection plans, constraints (well, reservoir, facility, etc.),
performance monitoring, anomaly alerts, flood break-through occurrences, and constraints due to
injection fluids supply and equipment.
The BHGE selection of the 20 Pilot Phase Candidate Wells, 10 Producer & 10 Injector Wells, was
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in collaboration with Remnant Oil to select a representative sub-set of RQU wells which could be
scaled-up from the Pilot Phase to Full-Field Remediation once the Pilot Phase was successfully
completed.
The 10 Producer Well Candidates were selected from the 2 bar graphs below prepared by BHGE,
which is on the top 31 RQU Producer Wells based on Cumulative Tertiary EOR Oil Production.
The graphs show the relationship of these wells based on Cumulative Tertiary EOR Oil Production
(bottom) and by Cumulative Tertiary EOR Produced Oil/Liquid Ratio (top). The 10 Candidate
Producer Wells are shown in purple on these 2 graphs.

Selection of 10 Producing Wells distributed across the Cumulative Oil Production for the RQU.
The selection of the 10 wells in purple will allow for upscaling from pilot phase into field
development scale. The Cumulative Oil, and Oil/Liquid Ratios are over the Tertiary EOR
Recovery Phase of the RQU.
~ Baker Hughes – Executive Summary Report

BHGE carried similar work and analysis on the RQU Injector Wells to identify the best Candidate
Injector Wells for mechanical and chemical clean-outs based on connectivity, performance, and
wells with demonstrated good injectivity in order to allow for rapid production increases in the
offset Production Wells near the Injectors in the RQU. In Tertiary EOR Projects, it is essential
that Injector Wells drive oil from parts of the Injection Pattern to the Producer Well in the Pattern
for project performance, which is the objective of EOR operations.
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The following figure contains the list of the 20 RQU Candidate Wells along with the accompanying
RQU map to illustrate the location of each within the Unit.

Initial 10 Production Wells & 10 Injection Wells Candidates within the RQU for the Pilot
Program of the Remnant – Baker Hughes Project. Map shows the location of both the
Injection Wells and Production Wells within the Rock Queen Unit.
~ Baker Hughes – Executive Summary Report

BHGE Pilot Phase Wellsite Execution Plan for the Rock Queen Unit
The Rock Queen Unit has endured several operational challenges over the past 5 years that have
adversely impacted oil production and allowed the reservoir pressure in the Queen Sand to drop
to near or below the Minimum Miscibility Pressure (MMP). As a result, the data modeling of
production and injection data is not as clear as in CO2 floods with a more traditional history.
Remnant Oil is working to raise reservoir pressure by increasing water injection volumes in the
RQU by 16,000-18,000 BWIPD.
The BHGE Pilot Phase Program plan for remediation of the selected 20 Candidate Wells in the
RQU consists of 4 basic steps or wellsite operations:
1. Mechanically clean-out and/or drill-out the Wells in order to mechanically remove any
scale, paraffin, asphaltenes and/or chemical build up from the wellbore tubulars,
perforations and/or open-hole completion intervals.
2. Remove wellbore debris and solids with the use of a downhole pump or circulation where
possible to insure a clean wellbore prior to chemical treatment.
3. Test and analyze the solid material removed at the wellsite to determine the optimum
chemical treatment cocktail to be pumped into the well the following day. The make-up
of the chemical treatment will be uniquely designed for each well based on the material
recovered during clean-out operations.
4. Pump the chemical treatment blend mixture downhole via tubing under a dual-set packer.
The targeted four-step plan for the Pilot Phase Program well treatments allows for the
quantification of the amount and composition of the solid material in each wellbore, and ensures
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that the chemical treatment is designed to treat the specific wellbore problem in each well.
Pumping the treatments downhole under a packer allows for monitoring downhole injection
pressures, surface pressures, and treatment rates. The data being collected throughout the
various steps is important in determining the effectiveness of the Pilot Phase Program, allowing
for informed decisions to be made on whether to continue or pivot the technique to be more
effective for oil production increases and operations execution during the field development phase
of operations in the RQU.
BHGE sees a clear upside potential from incremental RQU oil production resulting from
mechanical clean-out and chemical treatment operations in the Pilot Phase Program and the
following full Unit Remediation Program across the RQU. However, at this early stage of
evaluation prior to execution of the Pilot Phase Program, a reasonable projection at this time is to
project how production increase uplift curves of 10% (low case), 50% (mid case), and 90% (high
case) at this time, as indicated in the graph shown below. BHGE believes it is unclear if the
program will result in a 10% production enhancement of a 1,000% production enhancement at
this point in time based on the data-driven modeling that was performed.

Historical production and forecasting of results based on an uplift range of 10% (low case),
solid forecast line at 50% uplift (mid case), and upper bound at 90% uplift (high case). These
ranges are shown for illustrative purposes – BHGE is not certifying that these will the ranges at
this time.
~ Baker Hughes – Executive Summary Report

Under these forecast scenarios, the 10% low case would raise RQU oil production to
approximately 10,500 BOPM (~350 BOPD), the 50% mid case would raise oil production to
approximately 11,600 BOPM (~387 BOPD), and the 90% high case would raise RQU oil
production to approximately 14,500 BOPM (~483 BOPD) by mid-year 2020.
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CAPROCK PROPERTIES: FIELD DATA, CURRENT STATUS & PLANS
Rock Queen Unit (RQU)
•
•
•
•

Location:
Leasehold:
Pay Zone(s):
Avg. Well Depth:

•

Current Well Status
o Active Oil Wells
41 Producers
TOTAL of 88 RQU
o Active Injection Wells 37 Injectors
Oil Wells & Injector Wells
o Shut-In Oil Wells
2 Producers
o Shut-In Injection Wells 8 Injectors
o Monitor Wells
8 Monitor Wells
o Total Wells
96 Wells

•

Current Production:
o The RQU recycled CO2 Injection is currently shut-in until Phase I of the Strategy
& Plans (below) is implemented in 3rd Quarter 2019.
o Oil Wells are currently intermittently flowed relying on residual reservoir pressure.
o Daily Average Production for intermittent flowing
§ 25-30 BOPD
§ 600-800 BWPD
§ Water Injection: 5,500-6,000 BWIPD

•

Cumulative Production
o Oil:
o Water:
o Water Injection:
o CO2 Injection:

•

Chaves & Lea Counties, NM
4,920 acres
Upper Queen Sandstone
3,100’

17.2 MMBO
149.1 MMBW
64.3 MMBWI
19.5 BCF CO2

Strategy & Plans:
o Increase RQU Waterflood Injection to goal of 16,000-18,000 BWIPD of make-up
water in order to re-repressure Queen reservoir above MMP of 1,069 psi and reestablish reservoir CO2 injection miscibility.
o Re-start injection of recycled CO2 volumes from production of approximately 33
MMCF/day of CO2.
o Purchase existing leased 4,500-Hp compressor to reduce monthly operating
costs.
o Clean-out and workover 10 RQU wells identified by the Baker Hughes Dash
Model.
o Upgrade and modernize unit surface equipment: Main Production Battery, Unit
Satellite Batteries, Compressor facilities, Field production line compression,
Pumping Units, etc.
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•

•

Estimated Costs:
o Well Workovers (10 wells):
o 4,500-Hp Compressor Purchase:
o Surface Facility Upgrades:
o Total Costs:

$1,500,000
$2,000,000
$1,500,000
$5,000,000

RQU Drilling Inventory
o 46 Oil Wells
o 32 Injection Wells

Drickey Queen Sand Unit (DQSU)
•
•
•
•

Location:
Leasehold:
Pay Zone(s):
Avg. Well Depth:

•

Current Well Status
o Active Oil Wells
13 Producers
o Active Injection Wells 25 Injectors
o Shut-In Oil Wells
8 Producers
o Shut-In Injection Wells 3 Injectors
o Total Wells
49 Wells

•

Cumulative Production
o Oil:
o Gas:
o Water:
o Water Injection:

Chaves County, NM
7,000 acres
Upper Queen Sandstone
3,100’

17.0 MMBO
2.25 BCF Gas
104.4 MMBW
43.2 MMBWI

•

Current Production:
o DQSU gross oil production currently averages approximately 41 BOPD
o Down from 83 BOPD.

•

Strategy & Plans:
o Clean-out and workover inactive oil wells and water injection wells (“WIW’s”) in
the DQSU
o Increase and balance water injection across the DQSU to increase the efficiency
of the waterflood and increase oil production.
o Implement additional costs savings programs to further reduce monthly operating
expenses.
o Future development and re-development of additional waterflood patterns within
the DQSU by down-spacing to 20-acre well spacing for both oil producing wells
and WIW’s – increasing unit oil production rates.
o Plan to implement tertiary recovery CO2 flood in the DQSU when oil prices rise to
sufficient levels.
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•
•

Estimated Costs:
o Well Workovers (11 wells):

$300,000

DQSU Drilling Inventory
o 148 Oil Wells
o 118 WIW’s
o D&C Costs
§ $350,000 per oil well & $350,000 per WIW.

CONCLUSION
The Remnant Oil Operating Caprock Properties are valuable assets with millions of barrels of
recoverable oil remaining within the Rock Queen Unit and Drickey Queen Sand Unit from
Secondary and Tertiary Enhanced Oil Recovery projects in the Caprock Queen Field.
The Queen Sand at a depth of 3,100’ is an ideal reservoir for both Secondary and Tertiary
Enhanced Oil Recovery projects. With an overlaying 80’ thick impermeable anhydrite seal and
an underlaying 50’ thick impermeable layer of siltstone and anhydrite layers, all injected fluids will
be contained within the reservoir with no leak-off to other zones, resulting in the energy injected
in the reservoir will remain in the Queen Sand. Reservoir parameters of 16% porosity, water
saturation of 30-35%, average permeability of 172 md, and no internal faults or flow barriers
further enhance the sweep efficiency and flood effectiveness of Secondary and Tertiary Enhanced
Recovery flood projects in the Queen Sand of the RQU and DQSU.
Over the past 13 years, the Remnant Caprock Properties have been extensively evaluated,
analyzed and studied by numerous companies and organizations including:
•
•
•
•
•
•
•

Celero Energy II, LP
Netherland, Sewell, & Associates, Inc.
Tudor Pickering Holt & Co.
Legacy Reserves LP
Ten Oaks Energy Advisors
Melzer Consulting
Baker Hughes Oilfield Operations LLC

These evaluations confirmed the excellent reservoir characteristics and reserves of the Queen
Sand across the Caprock Queen Field structure and within the Remnant Oil Rock Queen Unit and
Drickey Queen Sand Unit:
•

Excellent Reservoir Characteristics:
o Gross Sand
Average 20’
(Range 12’-22’)
o Net Pay
Average 10’-16’
o Porosity
Average 16%-17% (Range 10-28%)
o Water Saturation
Average 30%-35%
o Permeability
Average 172 md
(Range 5-768 md)
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•

Caprock Queen Field Structure (Celero, NSAI)
o P1+P2 OOIP
126.0 MMBO
o Primary Recovery
18.9 MMBO (15.0% of OOIP)
o Secondary Recovery
18.9 MMBO (15.0% of OOIP)
o Tertiary Recovery
12.6 – 25.2 MMBO (10.0-20.0% of OOIP)
o Primary + Secondary + Tertiary 50.4 MMBO – 63.0 MMBO

•

Rock Queen Unit & Drickey Queen Sand Unit (Legacy)
o P1+P2 OOIP
109.0 MMBO (P1 = 88.8, P2 = 20.2)
o Primary Recovery
19.6 MMBO (18.0% of OOIP)
o Secondary Recovery
19.6 MMBO (18.0% of OOIP)
o Tertiary Recovery
13.6 – 16.4 MMBO (12.5-15.0% of OOIP)
o Primary + Secondary + Tertiary 52.8 – 55.6 MMBO (48.5-51.0% of OOIP)

Remnant Oil is currently working to increase RQU Queen Sand reservoir pressure by increasing
water injection from 5,500-6,000 BWIPD to an initial goal of 16,000-18,000 BWIPD. This
increased water injection is intended to raise the Queen reservoir pressure above the Minimum
Miscibility Pressure of 1,069 psi, which will insure that injected CO2 volumes will behave as a
liquid instead of a gas in the reservoir, dramatically increasing the effectiveness and sweep of the
RQU CO2 Flood.
Remnant and BHGE have entered into an agreement that provides Remnant Oil with the funding,
technical support, evaluation planning support to begin the Pilot Phase 4-step well remediation
project in the RQU to mechanically clean-out and chemically treat 20 Candidate Wells, with the
initial goal of increasing RQU oil production to 350-480 BOPD by mid-2020. Once the Pilot Phase
is proven successful, this program can be pivoted to a remediation of the entire Rock Queen Unit.
Secondary Waterflood operations in the Drickey Queen Sand Unit will also be expanded and
improved by performing workovers on shut-in producer and water injection wells to return them to
active status, repairing and expanding facilities, and increasing daily water injection volumes.
Producing from the same Queen reservoir and in the same field as the Rock Queen Unit, the
Drickey Queen Sand Unit is an excellent candidate for future full development and a Tertiary CO2
Flood Enhanced Recovery Project to produce an additional 12.5%-15.0% of OOIP under the
Drickey Sand Unit.
Remnant Oil Operation’s future for its Caprock Properties is bright. Comprehensive plans are in
place to restore and increase production from the RQU and DQSU. Remnant has owned and
operated these properties since May-2017. With funding for the initial work secured, Remnant is
ready to “hit the ground running”, working to increase oil production and revenues from the RQU
and DQSU, while continuously monitoring and managing project costs and controlling lease
operating expenses.
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REMNANT OIL OPERATING – NON-CAPROCK PROPERTIES
The Remnant Oil Operating Non-Caprock Properties leasehold portfolio contains approximately
34,980 gross acres in Eddy, Lea, and Chaves counties, NM. Within the Non-Caprock Properties
Remnant has designated 6 Core Areas. Of these Core Areas, 5 Core Areas are oil-producing
and 1 Core Area is gas-producing. The Remnant PDNP Work Program & Development Plan
contains 5 Waterflood Projects that are all located within the 5 oil-producing Core Areas of the
Non-Caprock properties.
The Remnant Oil Non-Caprock Properties are located on the Northwest Shelf of the Delaware
Basin and contain 306 oil, gas, and injection wells. Average production from these properties is
153 BOPD of oil, 1,633 MCFGPD of gas, 4,342 BWPD of water, plus 5,071 BWIPD of water
injection (April 2018). All produced water is injected into either company-operated water injection
wells (“WIW’s”) or salt water disposal (“SWD”) wells. Most of the wells produce from Permianage reservoirs: Yates, Seven Rivers, Queen, Grayburg, San Andres and Abo.
The 6 Core Areas represent over 85% of the total wells (261 of 306 wells) in the Non-Caprock
Properties. The gas-producing Core Area contains 94 Abo gas wells that are not candidates for
waterflood projects. The remaining 45 wells in the Non-Caprock Properties are scattered wells in
Non-Core Areas, many of which will be evaluated for potential divestiture at a future date.
As an exploitation and production company, the goal of Remnant Oil is to enhance oil and gas
production through the use of proven waterflood secondary-recovery technology in existing
producing leases and shallow conventional wells by:
•

Re-development of under-developed and/or under-utilized waterflood projects by:
o Initially performing workovers to clean-out existing oil wells and water injection
wells, running new cased-hole well logs, and completing all productive zones in
each well.
o Improving the conformance between oil producing wells and water injection wells
by ensuring that both producing and injection wells are completed in the same
productive zones.
o Converting current oil wells to water injection wells in strategic locations to provide
waterflood pressure support and reservoir energy to offset producing oil wells that
have experienced either little or no pressure support in the past.
o Expansion, modification, and repair of existing waterflood station and oil production
battery facilities and equipment in order to handle increased future water injection,
oil production, and water production volumes.
o Drilling new producing oil wells and water injection wells to fully develop the
productive acreage in the waterflood Units by adding new waterflood patterns.

•

Development of new waterflood projects to increase oil production rates and ultimate
recovery of oil reserves, currently unrecoverable by primary production:
o Identification of existing producing leases with
§ Good primary cumulative oil production volumes
§ Good reservoir porosity and permeability
§ Good impermeable sealing zones above and below the waterflood
producing/injection reservoirs, such as anhydrites, siltstones, shale, etc.
that will prevent leak-off of water injection volumes and energy
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Sufficient unproduced but recoverable remaining oil reserves
Exhibit a lack of reservoir pressure and drive to recover additional oil by
primary recovery alone.
o Obtaining necessary Regulatory approvals to develop a new waterflood project on
the acreage.
o Performing geological and engineering evaluations to design the waterflood project
§ Select proper waterflood pattern type and orientation
§ Design project water injection station facilities and equipment
§ Design oil production batteries equipment and locations, and
§ Engineer oil well and water injection well drilling and completion procedures.
o Implementation of new waterflood project and start-up.
§
§

Remnant has owned and operated the Non-Caprock properties for more than 3-1/2 years.
Engineering and geological evaluations have yielded detailed exploitation and development
plans for 5 Waterflood Projects, including identification of necessary well workovers, water
injection well conversions, detailed cost projections, oil and gas production forecasts, water
injection forecasts and requirements, lease operating expenses, revenue forecasts, project
economics, etc. Initial development work in these waterflood projects is ready to begin once
funding is secured, i.e. no time will be required to evaluate the acquisition and plan what to do
and when, thereby eliminating the usual 1+ year delay for evaluations, speeding up production
increases and returns from the projects.
All Non-Caprock Properties are Remnant-operated with almost all having a Working Interest
(“WI”) of 100.0% and a Net Revenue Interest (“NRI”) of 75.0%. One exception is the North Square
Lake Unit in Core Area 2 which currently has a WI of 100.0% and NRI of 61.0%. Remnant plans
to buy back ORRI interests in this Area to increase the NRI to 70% or greater.

Equipment typical of Remnant’s Non-Caprock Properties
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Due to depth-severance terms in the Remnant Oil leases, which is common on the Northwest
Shelf, the leases share the surface with the larger operators currently drilling the deep horizontal
wells to the Wolfcamp, Bone Spring, and Yeso plays. As a result, the infrastructure is extensive
and very well developed in all of the Core Areas as well as Non-Core Areas. Roads are wellmaintained, gas lines for both gas wells and casinghead gas production are present insuring sale
of gas production, oil purchasers are present with sufficient trucks to haul oil sales to terminals,
and the electrical grid is continually being expanded and updated.
The 5 Waterflood Projects in the Non-Caprock Properties identified by Remnant represent 3 active
waterfloods with water injection permits, 1 in-active waterflood with an expired injection permit,
and 1 project area with an active salt water disposal permit which Remnant plans to convert to a
Waterflood Pilot Project, leading to a waterflood project.
Remnant plans an initial PDNP (Phase I) Workover Program to develop PDNP (proved developed
non-producing) oil reserves in the 5 Waterflood Projects, utilizing the existing wells in each
Waterflood Project area. When fully implemented, this PDNP Workover Program is forecast to
increase gross oil production by an incremental 550 BOPD (+16,500 BOPM) within 2-3 years
when the waterfloods reach peak rates. This incremental production will be achieved by restoring
reservoir energy through the improvement of the 3 existing waterfloods, the reactivation of the
inactive waterflood, and the installation waterflood pilot project to justify a new waterflood. The
cost of these initial 5 PDNP projects is estimated to be 10.0 MM$, and will add incremental net oil
reserves of 3.1 MMBO and net gas reserves of 2.5 BCFG (3.5 MMBOE).

Non-Caprock Properties – Waterflood Project Advantages:
•

Oil Production in the Non-Caprock Properties is proven and low risk with established stable
decline rates of 3-4% per year from well-known prolific oil reservoirs.

•

Oil producing wells and WIW’s are vertical and shallow (1,800’ – 4,000’), keeping workover
costs and drilling & completion costs low.

•

Most of the Non-Caprock wells (261 wells - 85.3%) are concentrated in 6 Core Areas – 5
oil-producing and 1 gas-producing. These Core Areas have good contiguous acreage
footprints, ranging in area from just under 1 section to 10 sections. The 45 non-Core Area
wells (14.7%) are generally scattered 1-2 wells on small leases and will be evaluated at a
later date for possible divestiture.

•

Field PDNP workover operations can begin immediately in the 3 Core Areas which
currently have Waterflood Authority for Injection permits. Workover operations in the
remaining 2 Core Areas will require working with the New Mexico NMOCD to obtain
waterflood injection permits. Remnant’s engineering and operations personnel have
experience in preparing the required data, plans, and exhibits for NMOCD hearings to
obtain these waterflood injection permits, working with the NMOCD and State Land Office.

•

Waterfloods in these same Permian-age reservoirs have historically shown very good
Secondary-to-Primary Oil Recovery Ratios in the range of 1:1 to 2:1, which means that
secondary oil recovery due to waterfloods equals to 1 to 2 times the primary oil production
in the field. Geologically this recovery results from the fact that the oil-producing sandstone
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reservoirs are “sandwiched” between impermeable seals of anhydritic dolostone layers
above and below that confine or trap injected water within the reservoirs, preventing leakoff of injected water into non-productive zones, increasing waterflood efficiency.
•

Existing Wells in the 5 oil-producing Core Areas are multi-pay, containing numerous
stacked sandstone reservoirs and dolomite pay intervals. Modern cased-hole porosity logs
have been shown to effectively identify 30-50% more pay than that seen by the original old
open-hole electric logs run in these wells when they were drilled. Remnant will run modern
cased-hole porosity logs in every oil and injection workover well.

•

Due to the large number of wells in each Core Area, the PDNP waterflood operations will
utilize existing wells: workover of all oil producing and injection wells, plus the conversion
of oil producing wells to water injection wells in strategic locations to add new waterflood
reservoir energy to the offset producing oil wells. The only wells planned to be drilled are
2 water injection wells in the inactive waterflood project. This greatly reduces the costs of
the 5 PDNP Waterflood Projects.

•

The 5 oil-producing Core Areas all have historical water injection and/or water disposal.
The producing oil wells in all 5 Core Areas have demonstrated increased oil production in
response to water injection, significantly de-risking the concept of the proposed PDNP
Waterflood Projects.

•

Detailed geological and engineering work shows that conformance between historical
water injectors and oil producers completion intervals is quite poor in all of the 5 Waterflood
Project areas. Response to water injection will be greatly enhanced by improving
conformance between oil wells and WIW’s by perforating all pay zones in both WIW’s and
oil producing wells.

•

Engineering analysis of numerous Queen, Grayburg and San Andres waterflood projects
in Eddy and Lea counties has shown that for every incremental 100 barrels of water
injected per month, an incremental 6-12 barrels of oil production per month can be
expected with current down-hole configurations in water injection wells. Waterflood
efficiency can be markedly increased by determining the injectivity rates of the individual
injection zones, dividing the overall injection interval into 3-4 completion interval groups,
and then dividing these injection interval groups with injection packers and downhole flow
controllers to ensure that all zones are re-pressurized by increased injected water volumes.

•

The recent increase in horizontal drilling for the Wolfcamp, Bone Spring, and Yeso plays
in the Northwest Shelf area has resulted in a dramatic increase of produced water available
in the area. This produced water is available for make-up water injection into the shallow
reservoir waterfloods and is compatible with the shallow reservoirs with only minimal
chemical treatment. The larger horizontal operators have to dispose of this produced water
and in most cases will pay to have this water taken for make-up water in order to lower
their disposal costs.

•

Geological studies and mapping indicate that there is tremendous potential to aerially
expand the 5 Core Areas Waterflood Projects by drilling after response to waterflooding
has been demonstrated by the PDNP Workover Program.

25

•

Larger operators in the Non-Caprock Core Areas include Cimarex, Concho, Chevron,
Devon and Oxy. These companies are concentrating on deep horizontally-developed
reservoirs such as the Wolfcamp, Bone Spring and Yeso. The shallow reservoirs targeted
by Remnant Oil for development are not of interest to these companies.

The “Waterflood Renaissance” of Southeastern New Mexico
During the 1950’s, a large number of waterfloods were begun in the Northwest Shelf area,
focusing on the same Permian-age reservoirs now targeted by Remnant Oil. These waterflood
projects were initially successful at the time, but since these shallow oil reservoirs initially
produced little formation water, these waterflood projects depended on large volumes of
additional “make-up water” in order to have sufficient water injection volumes to replace
produced volumes and add the reservoir energy and drive needed in these reservoirs for
enhanced secondary recovery.
The primary source of the make-up water in these early waterfloods was fresh water from the
shallow and very prolific Ogallala Aquifer which is present across this area of New Mexico and
Texas. In the 1970’s and 1980’s, however, new Federal and State Regulatory & Environmental
regulations denied oil and gas companies access to this fresh water, reserving the fresh water
for irrigation and human consumption, forcing the oil industry to find other sources of the makeup water the waterfloods required. The oil production operations in the Northwest Shelf area at
that time did not produce enough formation water to adequately supply the number of waterflood
projects with make-up water. As a result, most of these waterflood projects were curtailed, shutdown, or became what are known as “disposal-flood” projects – utilizing only a few of the water
injection wells (“WIW’s”) to dispose of the produced water from the production operations in
these Units. As a result, a great many of the WIW’s were prematurely plugged and abandoned
as inactive wells.
After 2008, these conditions in the Northwest Shelf area dramatically changed with the drilling
of large numbers of deep horizontal wells into the Wolfcamp, Bone Spring, and Yeso plays by
many of the larger oil & gas companies. With this deeper oil production came an abundance of
produced water which is compatible with the shallow formation fluids, requiring only minimal
chemical treatment in most cases. Additionally, since these deep-well operators must dispose
of the large volumes of produced water, they are usually willing to pay another operator to take
their water for waterflood make-up, if the price paid is less than their disposal cost.
The time is right for a “Waterflood Renaissance” on the Northwest Shelf of southeastern New
Mexico. The shallow Permian-age reservoirs are compatible with this new abundant source of
make-up water. Many of the wells and infrastructure are still in these once very productive
waterflood projects, ready for repair and reactivation. There are hundreds of millions of barrels
of recoverable oil in these reservoirs still waiting to be recovered using time-tested and proven
waterflood secondary-recovery technology. Plus, in most cases the make-up water is also an
additional source of revenue for the Operator of the waterflood project.
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Geographic Focus
Remnant Oil Operating is geographically focused on the Permian Basin of West Texas and New
Mexico, the most prolific oil and gas producing region in the United States. Since 1920, the
Permian Basin has produced over 30 Billion Barrels of Oil (30 BBO) and 75 Trillion Cubic Feet of
Natural Gas (75 TCF). The Permian Basin currently produces over 2 Million Barrels of Oil per
day (2 MMBO/day) which is over 20% of the world’s daily crude oil production, making it the
second largest “oilfield” in the world, behind the legendary Ghawar Field in Saudi Arabia.

Northwest Shelf
Outline of area containing all
Remnant oil & gas properties
in southeastern New Mexico.

Outline of the area containing the
Remnant 5 Core Areas and the
5 Waterflood Projects.

Midland, Texas

The current shale horizontal drilling boom in the Permian Basin has kept the area extremely active
with drilling and completion of new wells continuing at a furious pace, while other producing areas
of the United States have slowed down over the past 2-3 years. These horizontal-shale well
operators are focused on the deeper Wolfcamp, Bone Spring, Yeso, and Spraberry reservoirs,
however, and are not interested in pursuing the shallower reservoirs targeted by Remnant Oil.
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Geological Focus
Remnant Oil primarily targets the shallow Permian-age (Guadalupian) reservoirs (Yates, Seven
Rivers, Queen, Grayburg, and San Andres) producing along the Northwest Shelf in southeastern
New Mexico for waterflood expansion and development. The depths of these reservoirs range
between approximately 1,800’ to 4,000’.
These Permian-age (Guadalupian) reservoirs account for approximately 54% of the historical
Permian Basin cumulative oil production of over 30 Billion Barrels of Oil. The initial 5 Waterflood
Projects planned by Remnant Oil are in these producing zones on the Northwest Shelf.

Shallow Permian-age
reservoirs targeted by
Remnant Oil.

Remnant Oil – PDNP Workover Program – 5 Waterflood Projects (Phase I)
Remnant Oil Operating plans to implement a PDNP Workover Program in 5 Waterflood Projects
located in the 5 oil-producing Core Areas of the Non-Caprock Properties. All of these 5 Core
Areas have had some amount of historical water injection and/or water disposal during their
respective production histories. In each case, the oil wells in the areas have demonstrated
increased oil production in response to water injection, significantly de-risking the concept of the
proposed PDNP Waterflood Projects.
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The initial PDNP Workover Program in the 5 Waterflood Projects is actually Phase I of a much
larger overall development plan for these waterflood projects:
• Phase I – PDNP: Workover Program designed to enhance development and
expansion of waterflood operations using existing wells in the 5 Waterflood
Projects to increase oil production by returning all shut-in wells to production and
restoring reservoir pressure and energy through increased focused water
injection. Adding new WIW’s by converting oil wells to WIW’s in strategic
locations to benefit current offset oil wells.
• Phase II – PUD: Program to drill new oil wells and WIW’s to complete waterflood
patterns on all productive current acreage in the 5 Waterflood Projects. Expand
oil production batteries and water injection facilities.
• Phase III: Expansion of the waterflood projects by the acquisition of adjacent
contiguous acreage around the 5 Waterflood Project leaseholds. Development
of this new acreage by drilling new oil wells and WIW’s for to complete additional
waterflood patterns.
The Unit names of the 5 Waterflood Projects and locations in Core Areas #1-#5 are shown in the
table below along with current well counts, current Unit status, and Remnant plans. The gasproducing Core Area #6, the Pecos Slope Area, is included in the table, but the 94 Abo gas wells
in this area are not suitable for waterflood operations and no waterflood project is planned.
Core Area

Current
Wells

Waterflood Project

Current Status & Plans

Core Area #1

Turkey Track Sec. 3 Unit
Eddy County, NM

28 Wells

Waterflood Project planned.
Active Waterflood Unit.

Core Area #2

North Square Lake Unit
Eddy County, NM

90 Wells

Waterflood Project planned.
Active Waterflood Unit.

Core Area #3

South Red Lake II Unit
Eddy County, NM

18 Wells

Waterflood Project planned.
Active Waterflood Unit.

Core Area #4

Lusk Seven Rivers Unit
Eddy County, NM

6 Wells

Core Area #5

Hackberry WF Project
Eddy & Lea Counties, NM

25 Wells

Waterflood Pilot Project planned.
Active SWD permit in Area.
Initial Waterflood Pilot Project.
Requires Regulatory Approval.

Core Area #6

Pecos Slope Area
Chaves County, NM

94 Wells

Abo Gas Wells – No Waterflood
Project planned.

Waterflood Project planned.
Inactive Waterflood Unit – WIW’s
lost due to mechanical problems.
Requires Regulatory Approval.

261 Wells
During the initial PDNP Workover Program (Phase I) development plans in the 5 Waterflood
Projects, the large number of existing wells will allow Remnant Oil to complete the PDNP
Workover Program to re-pressure the Unit reservoirs by adding new WIW’s, converting select oil
wells in strategic locations to WIW’s, and drilling only 2 new WIW’s in the Lusk Seven Rivers
Unit (Core Area #4) – dramatically lowering the total PDNP Workover Program Costs.
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Detailed geological and engineering work completed by the Remnant Oil Management Team has
shown that greater than 50% of the time, the pay zones completed in existing WIW’s do not match
or correlate to the pay zones completed in offset oil wells, and vice versa. This means that the
“Conformance” between WIW’s and oil producing wells is generally very poor in the 5 Waterflood
Projects. Without “conforming” perforations in both WIW’s and offset oil wells in a waterflood
pattern, the waterflood energy from the WIW’s cannot effectively “push” the oil in the injection
zones to be produced by the offset oil producing wells in the pattern and the waterflood in those
zones would be non-existent. Correcting the Conformance between all WIW’s and oil wells in the
5 Waterflood Projects, along with adding previously non-completed behind-pipe pay intervals will
dramatically improve waterflood efficiency and add significant amounts of previously by-passed
oil reserves and daily oil production in the 5 Waterflood Projects.
Long term, Remnant Oil Operating may employ an additional method to markedly increase
waterflood efficiency and effectiveness by ensuring that all injection zones completed in a given
WIW are taking their appropriate amount or share of the total water injection into the WIW. This
can be accomplished by determining the injection pressure required for each injection zone in the
WIW and then grouping the zones into 2, 3, or 4 injection zone group intervals. Water injection is
then mechanically diverted into these group intervals using downhole flow controllers and isolation
packers. This will better ensure that all reservoir injection zones are being re-pressured in each
WIW within the 5 Waterflood Projects.
Engineering analysis of numerous Seven Rivers, Queen, Grayburg, and San Andres waterflood
projects in Eddy and Lea counties along the Northwest Shelf indicates that for every 100
Incremental Barrels of Water Injection per month (“BWIPM”), an incremental 6-12 Barrels of
Incremental Oil Production per month (“BOPM”) can be expected with standard single injection
packer downhole completion configurations in WIW’s. These response ratios have been
calculated in numerous waterfloods based on actual oil production increases resulting from
increased water injection at specific times over a waterflood’s production/injection history.
The initial PDNP Workover Program (Phase I) development work planned by Remnant Oil
Operating is designed to energize and effectively increase waterflood oil production from the
existing wells in the 5 Waterflood Projects by:
• Performing workovers on 108 wells (92 Oil Wells & 16 existing WIW’s)
o Clean-out wells to total depth, run modern cased-hole porosity logs.
o Perforate additional new pay zones & re-perforate existing zones.
o Acidize and stimulate all pay zones.
o Oil Wells – Run new downhole pump and rods as needed, and check production
tubing (replace as necessary).
o WIW’s - Run injection well packer on internally plastic-coated injection tubing.
o Return wells to production / injection.
• Converting 16 current oil wells to new WIW’s where strategically needed
o Clean-out wells to total depth, run modern cased-hole porosity logs.
o Perforate new injection zones & re-perforate existing zones.
o Acidize and stimulate all water injection zones.
o Run injection well packer on internally plastic-coated injection tubing.
o Initiate water injection.
• Drilling & Completing 2 WIW’s in the Lusk Seven Rivers Unit to replace WIW’s lost due to
mechanical failures.
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•

•

Adding new field facilities as needed & repairing existing facilities where possible
o Add new oil production tanks, water tanks, water injection tanks.
o Add new water injection pumps where required to meet increased injection.
o Add new water injection lines and repair old lines where needed.
o Check and repair field oil production lines.
Estimated Cost of PDNP (Phase I) Waterflood Project work: 10.0 MM$.

Remnant Oil Operating forecasts that this initial PDNP Workover Program in the 5 Waterflood
Projects will add an estimated 560 BOPD (16,800 BOPM) of incremental gross oil production
within 2-3 years when the waterfloods reach peak oil production rates. In-House economic
analyses of these Workover Projects indicate very favorable economic results:
• Incremental PDNP Reserve Additions
o Gross: 4.7 MMBO oil & 3.9 BCF gas
o Net:
3.2 MMBO oil & 2.9 BCF gas (3.7 MMBOE oil equivalent)
• Net Cash Flow
o Undiscounted: 118.0 MM$
o PV-9%:
36.0 MM$
o PV-10%:
32.5 MM$
• Return on Investment: 5.00 (Disc’d) / 13.19 (UnDisc’d)
• Internal ROR: 48.5%
• Payout: 2.9 years
• Net Incremental Development Cost (10.0 MM$) = $2.64/BOE
Once the PDNP Workover Program (Phase I) development work in the 5 Waterflood Projects has
been completed and demonstrated successful results, the PUD Development Program (Phase II)
can begin, probably in 2020, once adequate funding is secured. The PUD Development Program
plans for the 5 Waterflood Projects will begin the full development of new waterflood patterns
across the productive acreage within the current Unit leaseholds. This will include the drilling of
new oil wells and WIW’s plus the installation of additional production batteries and waterflood
station facilities. At the present time, Remnant Oil plans to fully develop 4 of the Waterflood
Projects: Turkey Track Sec. 3 Unit, South Red Lake II Unit, Lusk Seven Rivers Unit, and the
Hackberry WF Project. In the large 6,200-acre North Square Lake Unit, full development will
require drilling 156 oil wells and 156 WIW’s. Only 16% of the NSLU (drilling 25 oil wells and 25
WIW’s) is currently planned for development in the PUD Development Program.
The Remnant PUD Development Program work plans call for the drilling & completion of 146 new
wells (83 oil wells and 63 WIW’s), at an estimated total gross cost of 69.3 MM$. The distribution
wells to be drilled and estimated drilling & completion costs among the 5 Waterflood Projects are
as follows:
Waterflood Project
Turkey Track Sec. 3 Unit
North Square Lake Unit
South Red Lake II Unit
Lusk Seven Rivers Unit
Hackberry WF Project
TOTALS

New Drill Wells
D&C
Oil WIW Total Cost-MM$
14
25
15
6
23
83

7
25
7
3
21
63

21
50
22
9
44
146

10.5
32.5
6.2
5.2
14.9
69.3
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Scope of PUD Program
Full Development of Unit
16% Development of Unit
Full Development of Unit
Full Development of Unit
Full Development of Est’d Unit

Remnant Oil Operating forecasts that completion of the PUD Development Program in the 5
Waterflood Projects as currently designed will add an estimated 1,790 BOPD (53,730 BOPM) of
incremental gross oil production from these project areas when the waterfloods reach their peak
oil production rates. In-House economic analyses of these PUD Development projects indicate
very favorable economic results:
• Incremental PUD Reserve Additions
o Gross: 12.3 MMBO oil & 6.5 BCF gas
o Net:
8.5 MMBO oil & 4.9 BCF gas (9.3 MMBOE oil equivalent)
• Net Cash Flow
o Undiscounted: 308.4 MM$
o PV-9%:
63.9 MM$
o PV-10%:
54.1 MM$
• Return on Investment: 2.08 (Disc’d) / 5.45 (UnDisc’d)
• Internal ROR: 21.9%
• Payout: 6.0 years
• Net Incremental Development Cost (69.25 MM$) = $7.44/BOE
For a review of detailed summaries for each of the 5 Waterflood Projects, including location, size,
depth, Remnant interests, producing intervals, cumulative and current production, PDNP work
plans and results, and future expansion potential, please see Appendix A “Remnant Oil NonCaprock Core Areas & Waterflood Project Summaries”, attached to this report.
While the PUD (Phase II) development is underway, Remnant will begin working on Phase III,
focusing beyond the currently-held leaseholds in the 5 Waterflood Projects and the expansion of
these projects with the addition of adjacent surrounding leases. Geological study and mapping
indicate that the extension of producing zones beyond the current leasehold boundaries is very
prospective. This has been confirmed by researching wells and deeper penetrations on these
offset tracts to verify well tests, offset production, log porosity, drill stem tests, etc. This work
indicates that the 5 Waterflood Projects could potentially be offset by at least 19 sections (12,160
acres) that are oil and gas productive from the same Permian-age section reservoirs.

Conclusion
Remnant Oil Operating LP is an exploitation & production company with an exciting future.
Remnant’s Non-Caprock Properties located along the Northwest Shelf in Eddy, Lea, and Chaves
counties in New Mexico contain 5 excellent Waterflood Project opportunities. These 5 Waterflood
Projects contain low-risk, shallow (1,800’-4,000’), conventional vertical wells which will lower
workover and development drilling costs. The PDNP Workover Program waterflood development
will include 108 well workovers, converting 16 oil wells to WIW’s, and drilling 2 WIW’s with an
estimated gross cost of 10.0 MM$. The PDNP project will re-energize oil producing zones within
the Units by increasing water injection rates and improving conformance between oil wells and
WIW completion intervals. The PDNP Work Program is forecast to increase oil production from
these 5 Waterflood Projects by 560 BOPD (16,800 BOPM) and add incremental PDNP reserves
of 4.7 MMBO & 3.9 BCF (3.2 MMBO & 2.9 BCF, net – 3.7 MMBOE), with an Incremental
Development Cost of $2.64/BOE.
The Remnant PUD Development Program is planned to add new waterflood patterns within the 5
Waterflood Projects to maximize secondary oil recovery and production by drilling 83 oil wells and
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63 WIW’s. The PUD Program is forecast to increase oil production by an incremental 1,790 BOPD
(53,700 BOPM), and add incremental PUD reserves of 12.3 MMBO & 6.5 BCF (8.5 MMBO & 4.9
BCF, net – 9.3 MMBOE), with an Incremental Development Cost of $7.44/BOE.
In total, the Remnant PDNP & PUD Work Programs are forecast to increase oil production from
the 5 Waterflood Projects by an incremental 2,350 BOPD (70,530 BOPM), adding incremental
PDNP & PUD reserves of 17.0 MMBO & 10.4 BCF (11.7 MBO & 7.8 BCF, net – 13.0 MBOE), with
total Incremental Development Cost of $5.93/BOE.
Remnant also plans to expand the initial 5 Waterflood Projects by acquisition of productive offset
acreage to expand waterflood development. Additionally, Remnant Oil has identified numerous
similar shallow under-developed waterfloods in Eddy & Lea counties that can be acquired,
developed, and exploited using the same work template as the initial 5 projects.
Remnant Oil has owned and operated these properties for the past 3-1/2 years and has
assembled detailed development plans ready for implementation without delay once funding is
secured. This will allow Remnant Oil Operating to be able to “hit the ground running”, working to
increase oil production and revenues, while continuously monitoring and managing project costs
and lease operating expenses.
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APPENDIX A
Remnant Non-Caprock Core Areas & Waterflood Project Summaries:

•
•
•
•
•
•

Core Area
Core Area #1:
Core Area #2:
Core Area #3:
Core Area #4:
Core Area #5:
Core Area #6:

WF Project
Turkey Track Unit (Oil)
North Square Lake Unit (Oil)
South Red Lake II Unit (Oil)
Lusk Seven Rivers Unit (Oil)
Hackberry WF Proj. Area (Oil)
Pecos Slope (Gas) No WF
Total:

Location
Eddy Co.
Eddy Co.
Eddy Co.
Lea Co.
Eddy & Lea
Chaves Co.
261 wells

No. of Wells
28 wells
90 wells
18 wells
6 wells
25 wells
94 wells

Three (3) Core Areas (#1, #2 & #3) are existing waterflood units with active injection authority
permits from the NMOCD and BLM for injection. Core Area #4 once had an authority to inject,
but it expired due to lack of injection and will need to be re-instated. Core Area #5 currently has
an authority for salt water disposal (SWD) into the reservoir zone in one well. The wells in Core
Area #6 are low rate Abo gas wells and are not candidates for waterflood operations.

Core Area #1: TURKEY TRACK SEC. 3 UNIT
•
•
•

Active Waterflood Unit with valid Waterflood Authority for Injection
Size: 1,040 Gross Acres
Average Well Depth: 3,100’

•

Remnant Oil Interests:
o WI = 1.000000
o NRI = 0.750000

•

9 Producing Intervals:
o Yates
o Seven Rivers
o Upper Queen, Middle Queen, Penrose
o Upper Grayburg, Loco Hills, Metex, and Premier.

•

Cumulative Production & Injection (08/31/2018):
o 1,060 MBO
o 1,424 MMCFG
o 2,596 MBW
o 4,415 MBWI.

•

Current Well Status:
o In Core Area #1 (Turkey Track area) – 28 Wells
§ 21 active oil wells
§ 3 active water injection wells (WIW’s)
§ 4 shut-in wells.
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o In Turkey Track Unit Waterflood Project – 16 Wells
§ 14 oil wells
§ 1 water injection well
§ 1 shut-in well.
•

PDNP Workover Program Plans:
o Convert 4 oil wells in Unit to WIW’s.
o Workover 12 Wells (11 oil wells and 1 WIW)
§ Add 19 PDNP completion zones to existing wells.
o Deepen 4 wells to complete in all Unit pay zones (open-hole).
o Upgrade Unit production battery and water injection facilities.

•

Current Production & Injection (avg Jan-Apr 2018):
o 277 BOPM
9.2 BOPD
o 855 MCFGPM
28.5 MCFD
o 4,630 BWPM
154.3 BWPD
o 4,154 BWIPM
138.5 BWIPD

•

PDNP Workover Program Forecast Results:
o Incremental Oil Production = 4,171 BOPM (139 BOPD)
o Peak Oil Production Rate = 4,430 BOPM (148 BOPD)
o Peak Water Injection Rate = 45,000 BWIPM (1,500 BWIPD) – 5 WIW’s.

•

Estimated PDNP Workover Program Cost:
o 2.5 MM$ (gross)
o 2.5 MM$ (net)

•

In-House Net Reserves – as of 03/01/2019:
PDP Reserves
PDNP Reserves
OIL
35.7 MBO
781.4 MBO
GAS
118.7 MMCF
2,610.2 MMCF
OIL EQ.
55.5 MBOE
1,216.4 MBOE

•

PDP+PDNP
817.1 MBO
2,728.9 MMCF
1,271.9 MBOE

Future Expansion Potential:
o Acquire 2 very low rate deep Pennsylvanian gas wells for plugging liabilities and
plug-back to complete in Turkey Track Unit pay zones as new oil wells.
o D&C 7 PUD oil wells and 5 WIW’s on current Unit leasehold.
o Lease shallow lease rights to the east, north and west of the Turkey Track Unit
leasehold, where mapping indicates development of reservoirs.
o Future PUD Drilling Program to fully develop Unit acreage:
§ 14 PUD oil wells
§ 7 WIW’s for new waterflood patterns
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Core Area #2: NORTH SQUARE LAKE UNIT (“NSLU”)
•
•
•

Active Waterflood Unit with valid Waterflood Authority for Injection
Size: 6,200 Gross Acres
Average Well Depth: 3,700’ currently (4,100’ through SA-Jackson)

•

Remnant Oil Interests:
o WI = 1.000000
o NRI = 0.610000

•

7 Producing Intervals:
o Loco Hills
o Middle Grayburg, Metex, Premier
o Upper San Andres and SA-Lovington SS
o Need to deepen wells in field approximately 300’ to access the San Andres
Jackson pay zone which is productive in Unit to the south.
§ SA-Jackson will add at least 20 MBO per well.

•

Cumulative Production & Injection (08/31/2018):
o 13,627 MBO
o 3,529 MMCFG
o 22,881 MBW
o 55,686 MBWI.

•

Current Well Status – 90 Wells:
o 54 active oil wells
o 4 active WIW’s
o 26 shut-in oil wells
o 6 shut-in WIW’s

•

PDNP Workover Program Plans:
o Negotiate deal for additional NRI and development acreage within the Unit.
o Convert 11 oil producers to WIW’s in 11 waterflood pattern areas.
o Workover 65 waterflood pattern area wells:
§ Return 24 shut-in oil wells to production
§ Return 4 shut-in WIW’s to injection, and
§ Workover 55 producing oil wells & 10 WIW’s to enhance production with
increased water injection and conformance.
§ When completed the 11 waterflood pattern areas will contain 56 oil active
oil wells and 20 active WIW’s.
o Upgrade and expand NSLU production battery and water injection facilities.

•

Current Gross Production Rate (avg Jan-Aug 2018):
o 2,012 BOPM
67.0 BOPD
o 0 MCFGPM
0.0 MCFD
o 21,330 BWPM
711.0 BWPD
o 25,760 BWIPM
858.7 BWIPD

•

PDNP Workover Program Forecast Results:
o Incremental Oil Production = 8,509 BOPM (284 BOPD)
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o Peak Oil Production Rate = 10,970 BOPM (366 BOPD)
o Peak Water Injection Rate: 120,000 BWIPM (4,000 BWIPD) – 21 WIW’s.
•

Estimated PDNP Workover Program Cost:
o 4.3 MM$ (gross)
o 4.3 MM$ (net)

•

In-House Net Reserves – as of 03/01/2019:
PDP Reserves
PDNP Reserves
OIL
123.0 MBO
1,558.0 MBO
GAS
0.0 MMCF
0.0 MMCF
OIL EQ.
123.0 MBOE
1,558.0 MBOE

•

PDP+PDNP
1,681.0 MBO
0.0 MMCF
1,681.0 MBOE

Future Expansion Potential:
o Deepen selected North Square Lake Unit wells approximately 300’-400’ for the
San Andres-Jackson Pay as an openhole completion.
o Evaluate future Down-spacing of NSLU to 20-acres
§ Full development will require drilling 156 oil wells and 156 WIW’s to a total
depth of 4,100’, deep enough to penetrate the SA-Jackson pay.
o Geological mapping indicates NSLU reservoirs development to both the east and
north of the NSLU.
o Future Initial PUD Drilling Program to develop approximately 16% of NSLU:
§ 25 PUD oil wells
§ 25 WIW’s for new waterflood patterns.

Core Area #3: SOUTH RED LAKE II UNIT (“SRL-II”)
•
•
•

Active Waterflood Unit with valid Waterflood Authority for Injection
Size: 1,040 Gross Acres
Average Well Depth: 1,800’

•

Remnant Oil Interests:
o WI = 0.99345900
o NRI = 0.74509425

•

5 Producing Intervals:
o Loco Hills
o Middle Grayburg, Metex, and Premier.
o The Penrose produces directly south of the Unit and excellent Penrose porosity
develops in many wells in the South Red Lake II Unit. Need to confirm Remnant’s
rights to the Penrose. The SRL-II Unit zones are designated as the “QueenGrayburg-San Andres” and the Penrose is a Queen sandstone interval.

•

Cumulative Production & Injection (04/30/2018):
o 1,371 MBO
o 123 MMCFG
o 8,093 MBW
o 12,856 MBWI
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o Early production for the South Red Lake II Unit are unclear. Wells date back to
early 1900’s and the only production data found is from 1970 forward with
cumulative production & injection as single prior to 1970 values that cannot be
verified. At this time – this is our best estimate.
•

Current Well Status – 18 Wells:
o 8 active oil wells
o 8 active WIW’s
o 2 shut-in oil wells
o 0 shut-in WIW’s.

•

PDNP Workover Program Plans:
o At least 5 of the South Red Lake II Unit’s 10 oil wells each have 2-3 behind-pipe
pay intervals that have not been perforated and completed.
o These same pay intervals have not been completed in most of the WIW’s.
Addition of these injection intervals in the WIW’s is needed in order to assure
waterflood conformance between WIW’s and oil wells in the waterflood.
o As part of the PDNP Project – will shut-in 4 of the Unit’s WIW’s that have no offset
oil wells nearby for production. This will allow all available waterflood water to be
sent to the 4 WIW’s with offset oil producers.
o Upgrade and expand Unit production battery and water injection facilities.

•

Current Production & Injection (avg Jan-Apr 2018):
o 160 BOPM
5.3 BOPD
o 80 MCFGPM
2.7 MCFD
o 197 BWPM
6.6 BWPD
o 5,113 BWIPM
170.4 BWIPD <Most going to wells w/o producers>
PDNP Workover Program Forecast Results:
o Incremental Oil Production = 1,085 BOPM (36 BOPD)
o Peak Oil Production Rate = 1,225 BOPM (41 BOPD)
o Peak Water Injection Rate = 18,000 BWIPM (600 BWIPD) – 4 WIW’s.

•

•

Estimated PDNP Workover Program Cost:
o 0.450 MM$ (gross)
o 0.447 MM$ (net)

•

In-House Net Reserves – as of 03/01/2019:
PDP Reserves
PDNP Reserves
OIL
10.3 MBO
231.6 MBO
GAS
13.3 MMCF
301.1 MMCF
OIL EQ.
12.5 MBOE
281.8 MBOE

•

PDP+PDNP
241.9 MBO
314.4 MMCF
294.3 MBOE

Future Expansion Potential:
o The Penrose Sandstone in this unit is part of a 5-mile long trend that has
significant recompletion and waterflood potential.
o With success of the PDNP Workover Project a large portion of the 1,040 acres in
the South Red Lake II Unit could be a good candidate for re-development of the
Unit.
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o Future PUD Drilling Program to develop Unit acreage:
§ 15 PUD oil wells
§ 7 WIW’s for new waterflood patterns.

Core Area #4: LUSK SEVEN RIVERS UNIT (“L7RU”)
•

•
•

The Lusk Seven Rivers Unit is an Inactive Waterflood Unit – the Unit’s Waterflood
Authority for Injection permit was cancelled due to a lapse in water injection.
o The L7RU was a Seven Rivers sandstone waterflood.
o The Unit previously had 2 WIW’s: the #4 WIW and #6 WIW. Both wells were
P&A’d due to Mechanical Problems. The #4 WIW last injection was in May 2009
and the #6 WIW last injection was in November 2001.
o Remnant will apply to have the canceled Authority For Injection re-instated by
hearing with the NMOCD in Santa Fe, New Mexico.
Size: 520 Gross Acres
Average Well Depth: 3,900’

•

Remnant Oil Interests:
o WI = 1.00000000
o NRI = 0.74609130

•

2 Producing Intervals:
o Seven Rivers Sandstone
o Yates
o The Yates pay zone was completed by Remnant in the Lusk Seven Rivers Unit #3
well and found to be oil productive. The well was only acid stimulated and
requires a frac job to achieve full productivity. The Yates is also present in the
other 5 L7RU wells and is very productive on offset leaseholds around the Unit.

•

Cumulative Production & Injection (04/30/2018):
o 450 MBO
o 350 MMCFG
o 96 MBW
o 564 MBWI (from 1960’s – 05/2009)

•

Current Well Status – 6 Wells:
o 6 active oil wells
o 0 shut-in wells.

•

PDNP Workover Program Plans:
o Finish the completion of the #3 Yates test well by fracking the Yates zone.
o Workover the other 5 oil wells in the Unit and add the Yates completion to each
well and frack.
o Drill 2 WIW’s to provide waterflood energy and reservoir pressure support to the
existing 6 producing oil wells in the Seven Rivers and Yates formations.
o Upgrade and expand the unit production battery and water injection facilities.
39

•

Current Production & Injection (04/30/2018):
o 554 BOPM
18.5 BOPD
o 0 MCFGPM
0.0 MCFD
o 228 BWPM
7.6 BWPD
o 0 BWIPM
0.0 BWIPD

•

PDNP Workover Program Forecast Results:
o Incremental Oil Production = 1,446 BOPM (48 BOPD)
o Peak Oil Production Rate = 1,825 BOPM (61 BOPD
o Peak Water Injection Rate = 9,000 BWIPM (300 BWIPD) – 2 WIW’s.

•

Estimated PDNP Workover Program Cost:
o 1.8 MM$ (gross)
o 1.8 MM$ (net)

•

In-House Net Reserves – as of 03/01/2019:
PDP Reserves
PDNP Reserves
OIL
47.2 MBO
292.6 MBO
GAS
0.0 MMCF
0.0 MMCF
OIL EQ.
47.2 MBOE
292.6 MBOE

•

PDP+PDNP
339.8 MBO
0.0 MMCF
339.8 MBOE

Future Expansion Potential:
o Drill 6 PUD oil wells and 5 WIW’s on the current Lusk Seven Rivers Unit leasehold
acreage – completing all wells in both the Seven Rivers and Yates pay intervals.
o Geological mapping indicates Seven Rivers and Yates reservoir development to
the west of the Unit.
o Future PUD Drilling Program to fully develop Lusk 7RU acreage:
§ 6 PUD oil wells
§ 3 WIW’s for new waterflood patterns.

Core Area #5: HACKBERRY WATERFLOOD PROJECT AREA
•

•
•

Area currently has 1 Salt Water Disposal Well (“SWD”) with a valid NMOCD permit and
Authority for Disposal.
o PDNP Workover Program is to obtain NMOCD approval for a 560-acre Waterflood
Pilot Project
o Convert current SWD well to Injection Well
o Convert 3 oil wells to WIW’s
Size: 1,040 Gross Acres
Average Well Depth: 2,300’

•

Remnant Oil Interests:
o WI = 1.000000
o NRI = 0.750000

•

2 Producing Intervals:
o Yates – primary pay interval in Area.
o Seven Rivers.
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•

Cumulative Production & Disposal/Injection (04/30/2018):
o 1,173 MBO
o 7 MMCFG
o 1,698 MBW
o 3,293 MBWI
§ Disposal volume is also from leases outside Hackberry WF Area.
§ Hackberry Disposal History:
Ø May 1995 – August 2010: Tennessee Fed. #1 SWD
ü Disposal into Seven Rivers formation – NOT the Primary Pay
Interval in the Hackberry WF Project Area.
ü 2,448.1 MBWI
ü Well Abandoned due to Casing Leaks.
Ø February 2011 – Present (Apr 2018): Amoco Fed #3 SWD
ü Previous Operator received NMOCD approval to convert
Yates oil well for disposal into Yates interval which is main
pay interval in Area.
ü 845.0 MBWI (thru 04/30/18)
ü Only 25.7% of water has been injected into Yates to-date.

•

Current Well Status:
o In Hackberry WF Pilot Project Area (560 acres) – 14 Wells
§ 7 active oil wells
§ 1 active SWD well
§ 6 shut-in wells.
o In Hackberry Waterflood Project Area (1,040 acres) – 25 Wells
§ 18 active oil wells
§ 1 active SWD well
§ 6 shut-in oil wells

•

PDNP Workover Program Plans – Hackberry WF Area Pilot Project:
o Workover 10 oil wells – return 6 shut-in oil wells to production.
o Add Yates pay in 12 wells.
o Seek approval from the NMOCD to convert SWD disposal permit to Waterflood
Pilot Project with Waterflood Authority for Injection. Proposed Waterflood Pilot
Project containing 560 acres in Sections 20, 21, & 22.
o Convert 3 oil wells to WIW’s for water injection into the Yates pay interval.
o Upgrade and expand Unit production battery and water injection facilities.
o With success of Pilot Project – seek NMOCD approval to convert to Waterflood
Project in the Hackberry Area which can be expanded to all Remnant current and
future leasehold acreage.

•

Current Production & Injection (avg Jan-Apr 2018):
o 486 BOPM
16.2 BOPD
o 0 MCFGPM
0.0 MCFD
o 2,693 BWPM
89.8 BWPD
o 7,608 BWIPM
253.6 BWIPD
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•

PDNP Workover Program Forecast Results:
o Incremental Oil Production = 1,551 BOPM (52 BOPD)
o Peak Oil Production Rate = 2,065 BOPM (69 BOPD)
o Peak Water Injection Rate = 24,000 BWIPM (800 BWIPD) – 4 WIW’s.

•

Estimated PDNP Workover Program Cost:
o 0.6 MM$ (gross)
o 0.6 MM$ (net)

•

In-House Net Reserves – as of 03/01/2019:
PDP Reserves
PDNP Reserves
OIL
96.0 MBO
319.0 MBO
GAS
0.0 MMCF
0.0 MMCF
OIL EQ.
96.0 MBOE
319.0 MBOE

•

PDP+PDNP
415.0 MBO
0.0 MMCF
415.0 MBOE

Future Expansion Potential:
o Geological mapping indicates Yates reservoir development both to the east and to
the west of the Hackberry Pilot Project acreage.
o Plan would be to acquire additional leasehold between and around existing
Remnant leases along the Yates trend and then develop the acreage by drilling oil
wells and WIW’s initially on 40-acre spacing per well. Drilling would be by
waterflood pattern – drilling both oil wells and WIW’s concurrently – energizing
each pattern from the start.
o Future PUD Drilling Program to develop Hackberry WF Project area acreage:
§ 23 PUD oil wells
§ 21 WIW’s for new waterflood patterns.

NON-CAPROCK PROPERTIES – WELL COUNT SUMMARIES
PDNP WORKOVER PROGRAM – WORK PROGRAM WELL COUNTS:
Waterflood
Project

Oil
W/O’s

WIW
WIW
W/O’s Conv’s

Turkey Track
NSLU
SRL-II
Lusk 7RU
Hackberry

11
55
10
6
10

1
10
4
0
1

TOTALS

92

16

WIW
D&C’s

S/I
Wells

4
11
0
0
3

0
0
0
2
0

0
14
4
0
0

16
90
18
8
14

18

2

18

146
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TOTAL
WELLS

WATERFLOOD PROJECT WELL COUNTS:
Waterflood
Project

CURRENT PDP WELL COUNTS
ACTIVE
SHUT-IN Total
OIL WIW OIL WIW Wells

Turkey Track 14
NSLU
54
SRL-II
8
Lusk 7RU
6
Hackberry
7
TOTALS
89

1
4
8
0
1
14

1
26
2
0
6
35

0
6
0
0
0
6

16
90
18
6
14
144

POST WOROVER PROGRAM
ACTIVE
SHUT-IN Total
OIL WIW OIL WIW Wells
11
55
10
6
10
92

5
21
4
2
4
36

0
14
0
0
0
14

0
0
4
0
0
4

16
90
18
8
14
146

Core Area #6: PECOS SLOPE – ABO GAS WELLS
•

Core Area #6 contains low rate gas wells producing from Abo siltstones.
o These wells are not waterflood candidates.
o Remnant plans to check wellbores for fill and/or fluid buildup in wells.
o Will evaluate the installation of rental compression in pilot area(s) to determine the
magnitude of incremental gas production rate increases with lower wellhead
pressures.
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