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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION COMMISSION

APPLICATION OF GOODNIGHT

MIDSTREAM PERMIAN LLC FOR APPROVAL

OF A SALTWATER DISPOSAL WELL,

LEA COUNTY, NEW MEXICO. COMM. CASE NO. 24123

APPLICATIONS OF GOODNIGHT

MIDSTREAM PERMIAN LLC FOR APPROVAL

OF SALTWATER DISPOSAL WELLS,

LEA COUNTY, NEW MEXICO. DIV.CASE NOS. 23614-23617

APPLICATION OF GOODNIGHT

MIDSTREAM PERMIAN, LLC TO AMEND

ORDER NO. R-22026/SWD-2403 TO INCREASE

THE APPROVED INJECTION RATE IN ITS

ANDRE DAWSON SWD #1,

LEA COUNTY, NEW MEXICO. DIV. CASE NO. 23775

APPLICATIONS OF EMPIRE NEW MEXICO LLC
TO REVOKE INJECTION AUTHORITY,
LEA COUNTY, NEW MEXICO. DIV. CASE NOS. 24018-24020, 24025

EMPIRE NEW MEXICO LLC’S
NOTICE OF SUPPLEMENTAL EXHIBITS

Empire New Mexico, LLC, through its undersigned counsel, submits the following
supplemental exhibits that were admitted into the record during the hearing in these matters on

April 11, 2025.
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cviudence of Communication Between San Andres & Grayburg
Page 1001 — Dr. Robert Lindsay PhD

In a few well locations in Arrowhead there was also a problem with Upper San
Andres Formation bottom-water production that ascended up into the Grayburg
Formation strata via vertical plumes of water along swarms of narrow, short-spaced
fractures (Figure 9.15).

L .8 Page 1004 — Dr. Robert Lindsay PhD
g L7
|
: * ARROWHEAD \ These plumes of vertically-oriented Upper San Andres Formation bottom-water onl
' GRAYBURG p Y- PP - Y
“n 2 affected small areas in the unit and in most cases only affected one well, though
1

mapped as if the bottom-water was affecting a larger area (Figure 9.15). Similar

V4

vertically-oriented plumes of Upper San Andres Formation bottom-water were also
encountered in individual wells further north in Eunice Monument South Unit (EMSU)
and Eunice Monument South Unit Expansion Area B (EMSUB).

Figure 9.15. Grayburg Formation Arrowhead Grayburg Unit (AGU) with bottom water and
four beds of high porosity-permeability dolograinstone that are each 0.5 m (1.5 ft) thick.
These high perm streaks pulled water up-dip into the reservoir by a drop in reservoir pressure Empire Exhibit N-24

durina field production. To avoid high water production these beds were not utilized as part of
Releaseyd ’({,I{"(‘gj{l;{ 75/! 2{2()25 8:40:55 AM
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I. INTRODUCTION

This report presents the information that Working Interest
Owners charged the Technical Committee to develop concerning
unitization and waterflooding of the Arrowhead Gravburg Pool
(Figure 1). It includes: (1) recommended Unit boundaries,
(2) a secondary recovery plan of action and performance
prediction, and (3) parameters for use in negotiating Unit
participation.



1)

2)

3)

4)

5)

II. CONCLUSIONS

Secondary recovery potential is sufficient to
economically Jjustify unitizing and waterflooding the
Arrowhead Grayburg Pool for the purpose of increasing
ultimate recovery.

The proposed Unit has produced 30.8 MMSTBO as of
January 1, 1989, which is 17.6% of the estimated 175.4
MMSTBO OOIP. Ultimate primary oil production is
expected to reach 36.1 MMSTBO, or 20.6% OOIP.

Incremental reserves for waterflooding are estimated
to be 15.0 MMSTEO. This value represents a secondary
to ultimate primary recovery ratio of 50% for the
"swept" portion of the Unit, and an overall S/P ratio
of 41.6%.

A total investment of $28.2 MM will be required to
install surface production and injection facilities,
drill and equip new and replacement wells to develop
the recommended waterflood pattern, perform remedial
work on existing wells, and install new pumping
equipment,

Incremental economics of the secondary recovery case
to the base case of continued primary recovery indicate
a discounted cash flow rate-of-return of 20% with a 10%
discounted present-worth-profit of $24.6 MM.
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III. RECOMMENDATIQONS

The 5,922 acre area outlined in Figures 2, 3, and 4
should be unitized for the purpose of increasing
ultimate recovery.

A waterflood proiject should be initiated in the
proposed Unit.

The vertical 1limits of the unitized interval should
extend from -150 £t from sea level or the top of the
Grayburg formation, whichever is shallower, to a depth
of ~-1,500 ft from sea level. The top of the Grayburg
formation for unitization purposes is defined as that
point at 3,671 ft in the Chevron Harry Leonard (NCT-C)
No. 20 (located 660 ft FNL and 990 ft FWL of Section
36, T-21-S, R-36-E, Lea County, New Mexico) as recorded
by the Gearhart Compensated Neutron Log measured from
the Kelly Drive Bushing elevation of 3,532 ft and dated
February 25, 1985,

The parameter tables (Appendix A) should be used by
the Working Interest Owners for negotiation of an
equitable participation formula.

A wellbore dedication incentive method, such as
wellbore penalties or a wellbore inventory adjustment,
should be adopted by the Working Interest Owners. The
value of each useable wellbore should be set at
$80,000 for use in the wellbore dedication incentive.



IV, RESERVOIR INFORMATION

POOL HISTORY

The Arrowhead Pool, 1located in Lea County, New Mexico
(Figure 3), was discovered on May 24, 1938 by Continental's
#1 State J-2 well (located in Section 2, T-22-S, R-36-E).
Original reservoir pressure as reported by the Annual Report
of the New Mexico Engineering Committee was 1,460 psi. The
pool was subsequently developed on 40-acre spacing, with the
majority of the wells being drilled and completed during the
late 1930's and early 1940's. Completions were typically
open-hole and included both the Queen and Grayburg
formations. The wells initially flowed, but by the late
1940's and early 1950's, reservoir pressure had dropped, and
artificial 1lift was installed. Peak oil production rate for
the pool was 172,300 barrels per month in March of 1944.

In 1953, the New Mexico 0il Conservation Commission created
the Eumont and Arrowhead Gas Pools. These pools overlie
the existing Arrowhead and Penrose Skelly 0il Pools. The
Commission defined the vertical 1limits of the Eumont and
Arrowhead Gas Pools to include the Yates, Seven Rivers, and
Queen formations, and contracted the vertical limits of the
Arrowhead and Penrose Skelly 0il Pools to include only the
Grayburg formation (Figure 5).

In 1956, the Commission subsequently ordered that wells
which had completion intervals open across the top of the
Grayburg formation (open in both the Arrowhead and Eumont
Pools) be identified to the Commission for reclassification.
As a result of this action, only a few wells within the
proposed Unit were reclassified from the Arrowhead Pool to
the Eumont Pool. The Commission did not order remedial work
to isolate the two pools but did order that future wells be
completed in such a manner as to prevent communication
between the o0il and gas pools. It is estimated that 40 to
50 of the wells in the proposed Unit have completion
intervals which currently or  Thistorically have been
simultaneously open in both the Queen and Grayburg
formations.

GEOLOGY

The Arrowhead Pool 1is located on a northwest-southeast
trending structural high (Figure 6), adjacent to and on
strike with the Eunice Monument South Unit (EMSU). The
productive interval, which is comprised of the Penrose
(lowest member of the Queen formation) and the Grayburg
formation, 1is similar in the two areas and consists of
interbedded carbonates and siliciclastics deposited during a



period of overall sea 1level regression. These carbonates
have been extensively dolomitized and form the primary
reservoir in the Arrowhead Pool. There are a limited number
of modern wireline logs and no core data available for the
Arrowhead area.

Due to the similarities between these logs and those of
the EMSU, the reservoirs are believed to be very comparable,
and many of the ideas and conclusions generated from studies
of the EMSU can be cautiously applied to the Arrowhead.

There has been a large gquantity of data gathered and
evaluated for the EMSU. Fifty-four new wells have been
drilled, 17 were cored and 19 had Repeat Formation Test
(RFT) data taken. Over 230 of the existing wells have also
been relogged with modern porosity tools. These data are
being used to characterize and evaluate the reservoir.

When the Arrowhead project is implemented, data acquisition
will proceed with a program similar to that of the EMSU.
There will be over 50 wells redrilled, of which six will be
cored, and several will have RFT data taken. Existing wells
without modern logs will be relogged using modern porosity
tools. Once implementation is completed, the Arrowhead will
have an extensive data base for reservoir characterization
and management,

From the ongoing EMSU study, it was determined that the
dolomites range from mudstones to oolitic grainstones

indicating a wide range of depositional energies. The
majority of the pay in the EMSU consists of packstones and
grainstones with intercrystalline, intergranular, and
moldic porosity. The six Grayburg zones that have been

defined in the EMSU are also recognized in the Arrowhead
(Figure 7).

Dolomite porosity development in the Arrowhead, based on
wireline logs, is similar to that of the EMSU and is typical
of a progradational depositional environment. On the
western flank of the structure, reservoir-quality dolomite
porosity extends into the upper Grayburg formation and
Penrose. Moving updip to the east, the Penrose becomes
sandy, and the dolomites in the upper Grayburg become tight.
In the eastern portion of the pool, reservoir-quality
dolomite porosity is found in Grayburg Zones 5 and 6.

A percent dolomite map (Figure 8) of Grayburg Zones 1 thru 5
was constructed to demonstrate this decrease in dolomite
porosity to the east. It is an indirect way of determining
the limits of dolomite porosity development and productivity
of the reservoir, made necessary by the limited amount of



wireline porosity data available. A lower percentage of
dolomite indicates areas of relatively low wave energy.
Carbonate sediments in this environment tend to be
fine-grained muds, resulting in non-reservoir mudstones. A
higher percentage of dolomite indicates a higher energy
environment which is more prone to grainstone deposition,

As in the EMSU, the siliciclastics present in the Grayburg
formation are believed to be tight and nonproductive. The
total volume of siliciclastic material increases in an
easterly direction with an accompanying decrease in net
pay. These siliciclastics, for the most part, are not true
sandstones but sandy dolomites, usually consisting of less
than 50% siliciclastic material, predominantly quartz.
These quartz grains are subangqgular and very uniform in
size. They are believed to have been initially deposited
by eolian processes and subsequently reworked within the
marine shoreline environment. The porosity associated with
these siliciclastics 1is secondary and caused by the
dissolution of feldspar grains. This secondary moldic
porosity is poorly connected, resulting in non-effective
porosity. In the EMSU these siliciclastics intervals have
been found to be good vertical permeability barriers, and
they should act as barriers in the Arrowhead reservoir as
well,

The Arrowhead Pool is a predominantly solution gas drive
reservoir that consists of the lower Penrose and Grayburg
Zones 1 thru 5. Siliciclastics and tight mudstones which
act as vertical permeability barriers are found throughout
the reservoir, separating it from the active aquifer present
in the Lower Grayburg (Zone 6) and San Andres. Based on the
study of production data and individual well completion
intervals, the original gas-oil contact (GOC) in the
Arrowhead reservoir is believed to have been at
approximately =150 feet from sea level. This contact has
not changed significantly through time.

The original oil-water contact (OWC) in the Arrowhead is
not known. Recent analysis of drill cuttings and core data
on the western edge of the EMSU has resulted in an estimated
original OWC in Grayburg Zones 1 thru 5 of =550 feet from
sea level, After a vigorous well deepening and testing
program in the EMSU, o0il production has been established
below -500 feet in Zone 5, substantiating this contact. Due
to the close proximity of the Arrowhead to the EMSU, as well
as the similarities of the reservoirs, the Arrowhead should

have had a comparable original OWC in Grayburg Zones 1 thru
5.



The present OWC is also difficult to determine due to the
limited number of recent deep tests in the Arrowhead
reservoir, It is believed that the individual Grayburg
zones on the western edge have each developed their own
distinct OWC's because of different completion and
production histories,

PRODUCTION HISTORY

Cumulative o0il production for the proposed Unit was 30.8
MMSTBO on January 1, 1989. This value includes production
classified as Arrowhead Grayburg, Penrose Skelly, Eumont
0il, Langlie Mattix, and Eunice Southwest San Andres. A
total of 138 wells have produced from 134, 40-acre proration
units within the proposed Unit. The average cumulative oil
production has been 230 MSTBO per proration unit. Figure
9 indicates the historic production performance for the
proposed Unit. Figures 10 through 18 present contour maps
of cumulative and current production rates for o0il, gas,
water, water-oil ratio and gas-oil ratio for the proposed
Unit.

Remaining primary reserves, calculated from individual
tract decline curves, are 5.2 MMSTBO and 16.1 BCF gas.
Ultimate primary oil recovery is expected to total 36.1
MMSTBO, which is 20.6% of the estimated OOIP.

Sufficient modern log data are not available to calculate an
accurate volumetric OOIP for the Arrowhead Grayburg Pool.
However, log to core transforms and reservoir
characterizations developed for the EMSU can be applied to
the proposed Unit because of the similarities between the
two fields. Estimates of reservoir parameters utilizing the
EMSU similarities are: porosity = 8%, Hnet = 85 ft,
Swi = 25%, and Boi = 1.2 RB/STB. The OOIP calculated for
the 5,320 acres that have produced from the proposed Unit,
using the estimated reservoir parameters, is 175.4 MMSTRO.
A summary of pertinent reservoir data is shown in Table 1.

Although the Arrowhead Pool has produced a significant
volume of water, which could indicate a water-drive type
recovery, solution gas drive is believed to be the
predominant recovery mechanism. This conclusion is based
on the pressure depletion of the pool and on the lack of
an identifiable water production trend.

At discovery, reservoir pressure was reported to be 1,460
psi. In 1964, the last date pressure records were reported
to the State for the Arrowhead Pool, the reservoir pressure
had declined to 450 psi. Cumulative oil production at the



