A & M Engineering and
Environmental Services, Inc.
Consulting - Design - Construction - Remediation

May 24, 2026

Ms. Hillary Young, P.E.

Chief Engineer

Land Protection Division

Oklahoma Department of Environmental Quality
P. O. Box 1677,

Oklahoma City, Oklahoma 73101-1677

RE: Response to Notice of Deficiency (NOD) Letter Dated March 5, 2026
Class I Non-Hazardous Injection Well Operating Permit Renewal Application
Well ID: MES #1
Mid-Way Environmental Services, Inc.
Lincoln County, Oklahoma
Operating Permit No. IW-NH-41001-OP

Dear Ms. Young:

On behalf of Mid-Way Environmental Services, Inc. (MES), A & M Engineering and
Environmental Services, Inc. (A & M) respectfully submits this letter and attachments in response
to the Notice of Deficiency (NOD) letter dated March 5, 2026, regarding MES’s Class | Non-
Hazardous Injection Well Operating Permit Renewal Application.

The format utilized in responding to the NODs includes a citation of the individual NOD and the
prepared response. For convenience of review and where applicable, revised figures and tables
are included with the individual NOD response.

In order to provide a re-assessment of certain calculations and interpretations previously submitted
to DEQ, Mid-Way contracted the services of Evren M. Ozbayoglu, PhD, a Professor of Petroleum
Engineering and the Director of Drilling Research Project at the University of Tulsa (TU).

The deficiencies cited in the March 5, 2026-letter have been addressed in sufficient detail with
respect to the general conditions and operation of the Mid-Way Class | Non-Hazardous Injection
Well and believe approval of the renewal of Operating Permit is appropriate.



If you have any questions on this matter, or if you require any additional information, please do
not hesitate to call me on (918) 665-6575 or email me at omohammad@aandmengineering.com.

Sincerely,
A & M Engineering and Environmental Services, Inc.

Orphius Mohammad, PhD., P.E.

Senior Environmental Engineer

cc: Tolga Ertugrul, P.E., President, MES
Evren M. Ozbayoglu, PhD, TU

Enclosed: NOD Response
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DEFICIENCY NO 1

In Deficiency No. 2 of DEQ's May 19, 2025 NOD, DEQ asked Mid-Way to provide evaluations
and methods used to determine the fixed Area of Review (""AOR"), including calculations for
the zone of endangering influence ("ZEI'"). In response, Mid-Way provided the injectant front
calculation by volumetric calculations. Please include dispersion into the volumetric calculations in
order to evaluate its effect. Please also provide a calculation of the ZEI, as previously requested,
using the Modified Theis equations in 40 C.F.R. § 146.6(a)(2).

RESPONSE:

The Zone of Endangering Influence (ZEI) using the Modified Theis equation in 40 C.F.R. §
146.6(a)(2) as adapted in the “Underground Injection Control (UIC) Program Water Quality
Division — Guidance Document Number 1, Permitting of Class I Injection Wells”, developed by

the Wyoming Department of Environmental Quality (see Appendix A) is calculated as shown:
_ |225KHt
"= s

w
x:4nKH(?—B)

230Q

r = Radius of endangering influence from injection well (length)
K = Hydraulic conductivity of the injection zone (length/time) = k (%)

k = formation permeability
p = Density of the fluid in the injection zone
u = Viscosity of the fluid in the injection zone
H = Thickness of the injection zone (length)
t = Time of injection (time)
S = Storage coefficient (dimensionless) = ¢ C; H
¢ = Porosity
C; = Compressibility
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Q = Injection rate (volume/time)
B = Observed original hydrostatic head of injection zone (length)
W = Hydrostatic head of underground source of drinking water (length)

G = Specific gravity of fluid in the injection zone (dimensionless)

The Modified Theis equation assumes a constant injection rate over the evaluated period. In this
case, the projected future injection rates are substantially higher than the historical injection rates.
Consequently, applying the projected future injection rate retroactively from the onset of injection
activities in 2015 would produce an unrealistically large Area of Review (AoR) and would not be
valid since over a decade of operational data exists. To address this limitation, one must first
estimate the recent average formation pressure in the vicinity of the well using static pressure
measurements. The Pressure Falloff Test (PFT) conducted at the end of 2024 was selected for this
purpose since the pressure gauge was set at depth of 5,340 ft, which is consistent with historical
events. Please note, material obstruction was encountered above a depth of 5,340 ft during the
2025 PFT event so the pressure gauge was set to a depth of 5,228 ft. Maintenance was conducted

following the 2025 PFT event and this obstruction was cleared.

The formation pressure reported from the November 2024 PFT (provided in Appendix E) was
2,518.6 pound per square-inch (psi) at a depth of 5,340 feet (ft.). This value was independently
validated through the calculations presented below, which yielded a formation pressure of 2,518.2
psi at the same depth.

As shown in the Schlumberger Transient Analysis Report for the October 2010 PFT event
(Appendix B), the reservoir pressure at a depth of 5,300 ft was 2,495 psi. As thoroughly explained
(and accepted by DEQ) in Midway Environmental Services’ (MES) Deficiency Number 6 answer
in Response to Notice of Deficiency Letter Dated October 9, 2013 (Appendix C), the average of
the static pressure gradient measurements taken on May 7, 2010 and October 11, 2010 between a
depth of 5,000 and 7,000 ft, corresponding to the Arbuckle injection zone of MES-1, was 0.486
psi/ft. It should be noted that this gradient is not the average pressure gradient for the entire well
length but corresponds specifically to the injection formation fluid pressure gradient. Applying
this gradient between a depth of 5,340 ft and 5,300 ft and then adding a reservoir pressure of 2,495
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psi measured at 5,300 ft, the initial formation pressure at a depth of 5,340 ft from the October 2010
“virgin” well condition is calculated to be 2,514.4 psi.

The static formation pressure obtained immediately prior to injection during the December 2024
PFT indicated a bottomhole pressure of 2,522.3 psi at 5,340 ft. Because the well had been injecting
wastewater for an extended period, the pressure in the vicinity of the wellbore was elevated above
the original reservoir pressure. Therefore, to estimate the average formation pressure, a
representative pressure profile within the formation was developed and averaged. The pressure
distribution within the formation is dependent on both reservoir and fluid properties; accordingly,
superposition-based pressure modeling was utilized to estimate the pressure profile.

From the PFT data, the pressure increases at the wellbore relative to the initial formation pressure
was determined as follows:
AP = 2522.3 —2514.4 = 7.8 psi
At the wellbore radius (r,, = 0.5 ft), the pressure profile was assumed to follow the exponential
relationship:
AP(r) = Aeb™

where r represents the radial distance from the well. Assuming line-source behavior, the coefficient
A was taken as 7.8 psi. Based on the superposition pressure profile calculations, the exponential
decay coefficient was determined to be b = —0.0002316. The resulting superposition calculations

estimated a pressure increase of 17.3 psi at r = 10 ft and 5.3 psi at r = 5,000 ft.

To estimate the average reservoir pressure within a radial distance of r < 5,000 ft, the pressure
profile was integrated over the region of interest. The average pressure increase was calculated as

fSOOOr AP(r)dr ~ fSOOO r (7.8 e (=0.0002316 T))dr

0 0
rdr

AP = 5000 5000 =38 pSl
J J

o T dr 0
The resulting average pressure increase within the 5,000-ft radius was determined to be
approximately 3.8 psi. It should be noted that selecting an outer radius greater than 5,000 ft would
yield a smaller average pressure increase because the pressure distribution decreases with radial

distance from the wellbore. Accordingly, the average formation pressure at a depth of 5,340 ft was
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estimated as 2,514.4 + 3.8 = 2,518.2 psi. This is only 0.4 psi less than the 2,518.6 psi reservoir

pressure reported in the November 2024 PFT analysis, which validates the PFT value.

Using this validated formation pressure, the reservoir pressure at the end of 2024 was adopted as
the average formation pressure for determination of the parameter B in the Modified Theis equation
used to estimate the ZEI.

For the ZEI analysis, the base of the Underground Source of Drinking Water (USDW) was
approximated to occur at a depth of 50 ft based on actual monitoring well observations at the site.
Accordingly, the value of W was taken as 50 ft. To estimate the value of B, the formation pressure
at 50 ft was calculated by referencing the validated formation pressure of 2,518.6 psi at 5,340 ft
and adjusting it to the shallower datum using the measured formation pressure gradient. The
resulting calculation is shown below:

. 2518.6 + (50 — 5340)(0.486) _ 191 1
- (0.433) B f

Because both hydraulic heads, B and W, are defined relative to freshwater conditions, the

parameter G, representing the specific gravity of the fluid within the injection zone, was also
referenced to freshwater conditions. Using the measured “virgin” formation fluid pressure gradient
prior to injection in 2010, the equivalent specific gravity, unadjusted for temperature, was
estimated as 0.486,/0.433 = 1.122. As previously mentioned, the analysis for the evaluation of
the specific gravity of the Arbuckle formation fluid, prior to initiating commercial activities at
MES-1, was performed in MES’ Deficiency Number 6 answer in Response to Notice of Deficiency
Letter Dated October 9, 2013 and can be found in Appendix C.

The injection rate (Q) of injectate has been taken as 462 gallon per minute (gpm) (slightly above
the 450 gpm maximum injection rate in the existing UIC permit) prior to being normalized to the
specific gravity of freshwater. Substitution of the remaining parameters into the Modified Theis
equation yielded the calculated radius of the ZEI as 4,904 ft at the end of 2035, corresponding to
11 years after the end of 2024. Therefore, the ZEI calculated in accordance with the requirements
of 40 C.F.R. § 146.6(a)(2) is 4,904 ft at the end of 2035. Since the calculated radius is less than 1
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mile (5,280 ft) for timeframe being considered, the previously considered 1-mile AoR fixed radius

was conservative.

The ZEI calculation using the Modified Theis Equation in 40 C.F.R. § 146.6(a)(2) is not a
volumetric analysis. In MES’ Deficiency No. 2 response to DEQ from the Response to Notice of
Deficiency Letter Dated May 19, 2025 (submitted December 7, 2025), volumetric calculations
accounting for dispersion were provided. This is because effective sweep efficiency was accounted
for in the analysis, which considers both macroscopic (percentage of reservoir rock volume), and
microscopic (percentage of pore volume) sweep efficiencies. In a homogeneous reservoir, sweep
efficiency captures the macroscopic displacement behavior, and dispersion effects are negligible
at the field scale because the flow is convection-dominated since the Peclet Number, Npe is

relatively high. To elaborate on this, consider the definition of Npe:
v, L

NPe = ;

where v, is the radial velocity at radial distance of interest, L is the longitudinal distance (can be

assumed similar to radial distance), D is the dispersion coefficient. D can be expressed as the
combination of mechanical dispersion, Dmechanical, and molecular diffusion, Dmolecular, SUCh that:
D = Dmechanicat + Dmotecuiar = &L Vr + Dmotecutar
Here, Dmolecutar Will be very small for field scale systems. Thus, D can be approximated as:
D= a; v,
where oy is the longitudinal dispersivity (in length units), and for field scale, it can be assumed

between 1 and 10 ft. Inserting D into Npe yields:
L vl L

Ne D auv a

Considering L is approximated as the radial distance of interest, Npe can be approximated as a
function of L and o only. Assuming o is 5 ft and L is 4,904 ft (radius of the ZEI), Npe is
approximately equal to 1,000. If Npe is much larger than 1, this indicates a convection dominated
system, and dispersion is small compared to advective transport. Thus, dispersion effects can be
neglected, and a piston-type Bulkley-Leverett front-end can be safely assumed. Please refer to the

aforementioned previously submitted response for more specific details concerning this analysis.
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DEFICIENCY NO 2

In response to Deficiency No. 3 regarding an evaluation of wells within 1 mile of the Mid-Way
injection well (""MES-1""), Mid-Way provided updated information on wells within the 1-mile
AOR and indicated the Twin Cities saltwater disposal well was the only well penetrating the
Arbuckle injection zone. Mid-Way also provided an estimate of the pressure increase at this well
due to MES-1 injections and monitoring of reservoir pressures at MESA for the period of 2013 to
December 2025, and concluded the potential for fluid movement into underground sources of
drinking water is negligible. However, the evaluation did not include potential effects of injection at
the maximum allowable rate for 24 hours/ day, 7 days / week, and 365 days / year for 10 years
and assumed the Twin Cities injection was zero, discounting the potential interference effects
from the Twin Cities injection well on pressure increase. Please update, as necessary, the
previous assessment of the pressure calculations addressing the potential interference by the
Twin Cities injection well conducted as part of Mid -Way's January 10, 2014 NOD Response
#7. Please include a citation and the reference for that assessment.

RESPONSE:

MES recently discovered that the Twin Cities Saltwater Disposal Well (TCSDW) located within
0.85 miles of MES-1 was altered. As shown in Appendix D, in November 2024, the TCSDW was
plugged back above the Arbuckle Formation and now terminates in the Wilcox Formation
preventing all communication with the Arbuckle Formation. More specifically, at 5,003 ft bgs, a
Cast Iron Bridge Plug was installed over the Arbuckle formation and 10 ft of concrete was
installed. The well passed a MIT on November 27, 2024.

In light of the plugback of the TCSDW, interference effects from this well on future injection
activities at MES-1 will not exist. The latest, 2025, PFT results at MES-1 take into account any
pressure or other system impacts from TCSDW at MES-1. This is inherent to the PFT analysis.
Since injection into the Arbuckle formation at TCSDW has occurred since at least 2004 and ended
in November of 2024, any pressure interference from TCSDW on MES-1 would have been
observed by now and if it did exist, it certainly wouldn’t increase in the future since TCSDW is
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not longer in communication with the Arbuckle Formation. During the initial UIC permitting
process of MES-1, only one PFT was conducted following the acidizing of MES-1. Therefore, due
to the existence of a singular PFT dataset, MES, as a conservative precaution, conducted a
superposition radial pressure analysis accounting for possible interference effects from TCSDW
assuming continuous injection at TCSDW and using the maximum injection rate available in
Oklahoma Corporation Commission records for this well of 13 BBL/minute. The necessity for this
analysis was questionable at the time especially given the fact that, as stated in MES’ response to
NOD #7 of the Response to NOD Dated October 9, 2013:

To date, no increase in pressure has been observed at MES #1 since 2010 thereby
indicating that either the injector is located on the other side of a possible no-flow
boundary and therefore not impacting MES #1, or that the effect of the injector is very
limited due to the high permeability of the reservoir. Despite the possibility that the Twin
Cities injector may not be hydraulically connected to MES #1, Dr. Ozbayoglu does
consider the possible interference of the injector in his hydraulic calculations.

This type of conservative analysis is no longer justified because MES has 11 years of annual PFT
data to rely on that would have any interference from TCSDW on MES-1 built-into the modeling.
From a pressure transient analysis perspective, any sustained interference from the Twin Cities
SWD well would be expected to manifest in the fall-off test response as late-time deviations from
infinite-acting radial flow, such as boundary-dominated behavior or pressure derivative anomalies.
However, none of the pressure fall-off tests conducted since 2017, including the most recent tests,
show evidence of boundary effects or external interference. Instead, the reservoir behavior is
consistently interpreted as infinite-acting within the radius of investigation (on the order of several
thousand feet), which is comparable to the distance between the two wells. Furthermore, the
absence of a long-term increase in reservoir pressure, despite years of concurrent injection
operations, indicates that any potential pressure contribution from the Twin Cities well has been

either negligible or effectively dissipated within the permeable Arbuckle formation.

Furthermore, the existence of interference on MES-1 from TCSDW is negligible not only due to
the observations quoted above between 2010 and 2014 but also because the bottomhole reservoir
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pressures and bottomhole pressures at the end of shut-in in MES-1 have not steadily increased
during the past decade that measurements have been recorded during PFT events. In fact, if
anything, the static reservoir pressures have decreased. Please refer to Table 8 of MES’ Response
to NOD Letter Dated May 19, 2025 (Appendix I) for a summary of the bottomhole pressures
measured at the end of shut-in and bottomhole reservoir pressures recorded during annual PFT.
When considering static bottomhole reservoir pressures at the same depth, this table shows that
the reservoir pressure tended to decrease each year and has certainly decreased between the present
time and the commencement of commercial activities at MES-1 over a decade ago. This is strong
evidence that the interference on MES-1 from TCSDW has been negligible.

As it relates to the pressure increase analysis DEQ references in this question, all future year
reservoir pressure analysis and injectant front analysis by volumetric calculations submitted in
MES’ Response to NOD Letter Dated May 19, 2025 and MES’ response presented in this submittal
(Response to NOD Letter Dated March 5, 2026) consider continuous injection for 24 hours/day, 7
days/week, and 365 days /year for at least 10 years at 11 BBL/minute (or 462 gpm), which is
slightly higher than the 450 gpm maximum allowable injection rate in MES’ current UIC permit.
Actual injection rate and volume data exists through present so this information was naturally used
for all prior year analysis, especially since these “operating conditions” are reflected in PFT

analysis.
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DEFICIENCY NO 3

In response to Deficiency No. 4:

a.  Regarding pressure buildup over time within the Arbuckle injection zone, please also
show an example calculation for one of the reservoir pressure profiles provided in
Figure 1 of Mid Way's NOD response, at the ZEI calculated radius identified in Item
1 above, after ten (10) years of injection at the requested maximum allowable
injection rate and at 24 hours/day and 7 days/week. Please also provide a summary
explanation of how the increases in reservoir pressures around MES-1 due to
injection supports the use of a 1-mile AOR.

b. Please provide an evaluation of the maximum allowable injection pressure (""MAIP"")
for injectate with a specific gravity of 0.95, similar to what Mid-Way provided for
fluids with specific gravities of 1.0 and 1.2. Also, please provide the calculations of the
MAIP for injectates with specific gravities of 0.95, 1.0 and 1.2 using the procedure in
OAC 252:652-9-1(1).

c. Regarding the formation pressure and fracture pressure gradient noted in Tables 6A
and 7A, please provide a citation and the reference for the values 0.472 psi/ft and
0.639 psi/ft, respectively. For Table 6B, please show example calculations for Row 1
with citations and references for the parameters used, along with an explanation of
why the calculated maximum allowable pressure is greater with increased injection
time (see Column 16).

d. On page 14 of Mid-Way's response, it is stated that ""When a wellhead pressure is
observed when injection is not occurring at MES-1, this is due to the formation
pressure being greater than the hydrostatic pressure of the fluid inside the well (not
artesian conditions).” Please provide a summary explanation of why this situation is
not considered artesian (both within the well bore and adjacent to the well); and
include a citation and the assessment referenced in Mid -Way's January 10, 2014
NOD Response #6. That assessment provides the details and includes the corrected
estimate of the specific gravity of the Arbuckle reservoir fluid (S.G. 1.135). Also,
please ensure this value is used in any calculations utilizing the Arbuckle reservoir

fluid specific gravity.
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RESPONSE 3(a):

As provided in Response 1, the ZEI calculated using the Modified Theis equation is 4,904 ft at
the end of 2035, corresponding to 11 years after the end of 2024.

The pressure response of an injection well in a cylindrical reservoir can be described using the
radial diffusivity equation, which relates pressure change to both time and radial distance from

the well. The following equations describe the Diffusivity approach:

AP(r,t) Z (141 29K Py (rp, tD)>

j=1 J

1 T2
Pp(rp, tp) = ——Ei(——)
DADrED 2 4t
r
TD:r—
w
. _0.000267 kt
P P ucCery,

Here,

0]

Ei(x) = Z}% +In(x) +y

j=1
where y = 0.5772156649

g = Injection rate (volume/time)

u = Viscosity of the fluid

k = formation permeability

¢ = Porosity

C, = Total compressibility
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h = Formation thickness
rw = Wellbore radius

r = Radial distance from the wellbore

The governing equation assumes that pressure propagates outward through the reservoir as fluid

is injected, with the rate of propagation controlled by reservoir properties such as permeability,

porosity, fluid viscosity, compressibility, and formation thickness. For a constant injection rate,

the pressure increase is largest near the wellbore and decreases with distance as the pressure

disturbance spreads radially through the formation. Because average injection rates may vary from

year to year, the total pressure increase can be estimated using the superposition principle; each

yearly injection rate is treated as a separate constant rate pressure contribution that begins at its

corresponding time, and the total pressure increase at any radial distance is calculated by summing

the individual pressure responses from all prior injection periods. Diffusivity equation combined

with superposition provides a time-dependent pressure profile that accounts for changing injection

history while preserving the radial nature of flow in a cylindrical reservoir.

Table 3-0: Waste volume injection at MES Class I Injection Well

Year Number Year (end) Total VVolume, in bbl, Injected in that Year (Vin))
Year-1 2015 128,983
Year-2 2016 135,979
Year-3 2017 143,635
Year-4 2018 535,095
Year-5 2019 362,545
Year-6 2020 134,984
Year-7 2021 298,225
Year-8 2022 180,744
Year-9 2023 245,330

Year-10 2024 376,610
Year-11 2025 742,032
Year-12 2026 5,781,600
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Year-13 2027 5,781,600
Year-14 2028 5,781,600
Year-15 2029 5,781,600
Year-16 2030 5,781,600
Year-17 2031 5,781,600
Year-18 2032 5,781,600
Year-19 2033 5,781,600
Year-20 2034 5,781,600
Year-21 2035 5,781,600
Year-22 2036 5,781,600

Input:

k =250 md

h = 300 ft

r, = 0.329 ft

p=1cp

C, =7.3x107° psi'

$ =014

1= Vigj65 day\ o

(1 year) ( 1 yeary) 365

0.000267 k¢ 0:000267 (250) ¢ <3f ieda?ry) (%2;)

b= e T (014 (D) (73 <106 (0320)2  >286x10°¢

r
0.329

p =

Thus;
N

B 1412q(1) [ 1 [ n?
AP(r,t) = Z (m l_EEl <_E>DJ

Jj=1
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1) Sample calculations for Row-1 at the ZEI (r = 4,904 ft):

4904

L§))

Year-1 (end of 2015);
Flow rate (for V;,,; = 128,983 bbl):

Vi 128983
1= 365~ 365

= 353.38 bbl/d

t = 1 (for end of 2015):
tp =5.286 x 10° t = 5.286 x 10° (1) = 5.286 x 10°

2 (14905.8)2 001051
4t,  4(5286x10°)

141.2(35338) (1) 1 1

AP(4904,1) = (250) (300) _EEL(O'O]'OS]') = 1.853 psi

t = 2 (for end of 2016):
tp =5.286 x 10° t = 5.286 x 10° (2) = 1.057 x 101°

2 (14905.8)2 5 255 x 103
4t,  4(1057x1010)  —

1412(35338) ()1 1 1
250y (300) |~ 2Fi(-5:255x107%) + 5 Ei(-001051)

= 0.2302 psi

AP(4904,2) =

t = 3 (for end of 2017):
tp =5.286 x 10° t = 5.286 x 10° (3) = 1.586 x 10°
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2 (14905.8)2 3502 x 103
4t,  4(1586x101)

141.2 (353.38) (1) [ 1 N
_ o ) - +_E. _ 2 1 _3
(250) (300) 5 Ei(=3502 x 107%) + 5 Fi(-5.255 x 107%)

= 0.1348 psi

AP(4904,3) =

t = 4 (for end of 2018):
tp =5.286 x 10° t = 5.286 x 10° (4) = 2.114 x 10?°

2 (14905.8)? 0 628 x 10-*
4t,  4(2114x10w0)  ©

141.2(353.38) (1) [ 1 N
_ o ) - +_E. -3 2 1 _3
(250) (300) 5 Ei(~2.628 x 107%) + 5 Ei(~3502 x 10%)

= 0.0956 psi

AP(4904,4) =

Similar calculations are conducted until t = 22 (end of 2036).

Year-2 (end of 2016);
Flow rate (for V;,,; = 135,979 bbl):

Vi 135,979
1= 365~ 365

= 372.54 bbl/d

t = 1 (for end of 2016):
tp =5.286 x 10° t = 5.286 x 10° (1) = 5.286 x 10°

2 (14905.8)2 001051
4t,  4(5286x10°)

141.2 (372.54) (1)

AP(4904,1) = (250) (300)

1 .
~5Ei(0.01051) | = 1.3945 psi
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t = 2 (for end of 2017):
tp =5.286 x 10° t = 5.286 x 10° (2) = 1.057 x 10?°

2 (14905.8)2 5 255 x 103
4t,  4(1.057x1010)

1412 (37254) (1) [ 1 1
250) (300) |~ 2Ei(-5:255x107%) + 5 Ei(-001051)

= 0.2412 psi

AP(4904,2) =

t = 3 (for end of 2018):
tp =5.286 x 10° t = 5.286 x 10° (3) = 1.586 x 10°

2 (14905.8)2 3502 x 103
4t,  4(1586x1010)

141.2 (372.54) (1) 1 B 1 .
(250) (300) —EEL(—3.502 x1073) + EEL(_S'ZSS x 103)

= 0.1416 psi

AP(4904,3) =

t = 4 (for end of 2019):
tp =5.286 x 10° t = 5.286 x 10° (4) = 2.114 x 10?°

2 (14905.8)? 0 628 x 10~
4t,  4(2114x1010)  ©

1412 (37254) (1) | 1 N )
(250) (300) |~ 2 £i(-2628 x 107%) + 7 Ei(~3502 x 107%)

= 0.1006 psi

AP(4904,4) =
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Similar calculations are conducted until t = 21 (end of 2036).

Year-3 (end of 2017);
Flow rate (for V;,,; = 135,979 bbl):

Vi 143635
1= 365~ 365

= 393.52 bbl/d

t = 1 (for end of 2016):
tp =5.286 x 10° t = 5.286 x 10° (1) = 5.286 x 10°

2 (149058)2 001051
4t,  4(5.286x109

141.2(39352) (1) 1 1

AP(4904,1) = (250) (300) _EEL(O'O]'OS]') = 14730 psi

t = 2 (for end of 2018):
tp =5.286 x 10° t = 5.286 x 10° (2) = 1.057 x 101°

2 (14905.8)2 5 255 x 103
4t,  4(1.057x1010)

1412 (37254) (1) [ 1 1
250) (300) |~ 2Ei(-5:255x107%) + 5 Ei(-001051)

= 0.2548 psi

AP(4904,2) =

t = 3 (for end of 2019):
tp =5.286 x 10° t = 5.286 x 10° (3) = 1.586 x 10°

2 (14905.8)2 3502 x 103
4t,  4(1586x101)

m A & M Engineering and 19 Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



141.2 (372.54) (1) 1 B 1 .
(250) (300) —EEl(—3.502 x1073) + EEL(_S'ZSS x 103)

= 0.1495 psi

AP(4904,3) =

t = 4 (for end of 2020):
tp =5.286 x 10° t = 5.286 x 10° (4) = 2.114 x 10?°

2 (14905.8)? 0 628 x 10~
4t,  4(2114x1010)  ©

1412 (37254) (1) | 1 N )
(250) (300) |~ 2 £i(-2628 x 107%) + 7 Ei(~3502 x 107%)

= 0.1062 psi

AP(4904,4) =

Similar calculations are conducted until t = 20 (end of 2036).

This process continues until Year-22 (end of 2036). Then, superposition principle is applied such
that for a particular year are summed up. For example, for Year-3 (2017), the differential pressures
fort =1 (1.47 psi),t =2 (0.24 psi) and t = 3 (0.13 psi) are added, and 1.84 psi is calculated.
The results of such calculations for all years are tabulated in Table 3-1. Similar calculations have
been conducted at the wellbore wall (considering the skin), 0.5 mile from the wellbore, 1 mile
from the wellbore, and 2 miles from the wellbore. Results are tabulated in Tables 3-2, 3-3, 3-4 and
3-5, respectively.

m A & M Engineering and 20 Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



Table 3-1 Pressure calculation summary for Row-1 (r = 4904 ft). Units are in psi.

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-9 Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 | Year-18 | Year-19 | Year-20 | Year-21 | Year-22
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
2015 1.32(t=1) | 0.23 (t=2) [ 0.13 (t=3) | 0.10 (t=4) | 0.07 (t=4) 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2016 1.39 (t=1) | 0.24 (t=2) | 0.14 (t=3) | 0.10 (t=3) 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2017 1.47 (t=1) | 0.25 (t=2) | 0.15 (t=3) 0.11 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02
2018 5.49 (t=1) | 0.95 (t=2) 0.56 0.40 0.31 0.25 0.21 0.18 0.16 0.15 0.13 0.12 0.11 0.10 0.10 0.09 0.08 0.08 0.07
2019 3.72(t=1) 0.64 0.38 0.27 0.21 0.17 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2020 1.38 0.24 0.14 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
2021 3.06 0.53 0.31 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2022 1.85 0.32 0.19 0.13 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03
2023 2.52 0.44 0.26 0.18 0.14 0.12 0.10 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2024 3.86 0.67 0.39 0.28 0.22 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08
2025 7.61 1.32 0.77 0.55 0.43 0.35 0.29 0.26 0.23 0.20 0.18 0.17
2026 59.29 10.26 6.02 4.28 3.32 2.71 2.29 1.99 1.75 1.57 1.42
2027 59.29 10.26 6.02 4.28 3.32 2.71 2.29 1.99 1.75 1.57
2028 59.29 10.26 6.02 4.28 3.32 2.71 2.29 1.99 1.75
2029 59.29 10.26 6.02 4.28 3.32 2.71 2.29 1.99
2030 59.29 10.26 6.02 4.28 3.32 2.71 2.29
2031 59.29 10.26 6.02 4.28 3.32 2.71
2032 59.29 10.26 6.02 4.28 3.32
2033 59.29 10.26 6.02 4.28
2034 59.29 10.26 6.02
2035 59.29 10.26
2036 59.29
Superposition 1.32 1.62 1.84 5.98 4.99 2.83 4.27 3.26 3.85 5.29 9.34 61.87 71.34 76.98 81.02 84.18 86.77 88.98 90.89 92.58 94.10 95.48
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Table 3-2 Pressure calculation summary for Row-1 (r = 10 ft), which represents wellbore wall. Units are in psi.

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-9 Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 | Year-18 | Year-19 | Year-20 | Year-21 | Year-22
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
2015 5.44(t=1) [ 0.23 (t=2) | 0.13(t=3) [ 0.10 (t=4) | 0.07 (t=4) 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2016 5.74(t=1) | 0.24 (t=2) | 0.14 (t=3) | 0.10 (t=3) 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2017 6.06 (t=1) [ 0.26 (t=2) | 0.15 (t=3) 0.11 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02
2018 22.57 (t=1)| 0.96 (t=2) 0.56 0.40 0.31 0.25 0.21 0.18 0.16 0.15 0.13 0.12 0.11 0.10 0.10 0.09 0.08 0.08 0.07
2019 15.29(t=1)] 0.65 0.38 0.27 0.21 0.17 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2020 5.69 0.24 0.14 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
2021 12.58 0.53 0.31 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2022 7.62 0.32 0.19 0.13 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03
2023 10.35 0.44 0.26 0.18 0.14 0.12 0.10 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2024 15.89 0.67 0.39 0.28 0.22 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08
2025 31.30 1.33 0.78 0.55 0.43 0.35 0.29 0.26 0.23 0.20 0.18 0.17
2026 243.89 10.34 6.05 4.29 3.33 2.72 2.30 1.99 1.76 1.57 1.42
2027 243.89 10.34 6.05 4.29 3.33 2.72 2.30 1.99 1.76 1.57
2028 243.89 10.34 6.05 4.29 3.33 2.72 2.30 1.99 1.76
2029 243.89 10.34 6.05 4.29 3.33 2.72 2.30 1.99
2030 243.89 10.34 6.05 4.29 3.33 2.72 2.30
2031 243.89 10.34 6.05 4.29 3.33 2.72
2032 243.89 10.34 6.05 4.29 3.33
2033 243.89 10.34 6.05 4.29
2034 243.89 10.34 6.05
2035 243.89 10.34
2036 243.89
Superposition 5.44 5.97 6.44 23.07 16.58 7.15 13.80 9.04 11.69 17.32 33.04 246.47 256.02 261.68 265.73 268.90 271.50 273.70 275.62 277.32 278.84 280.21
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Table 3-3 Pressure calculation summary for Row-1 (r = 2,640 ft = 0.5 mile). Units are in psi.

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-9 Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 | Year-18 | Year-19 | Year-20 | Year-21 | Year-22
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
2015 1.73(t=1) | 0.23 (t=2) [ 0.13 (t=3) | 0.10 (t=4) | 0.07 (t=4) 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2016 1.83(t=1) | 0.24 (t=2) | 0.14 (t=3) | 0.10 (t=3) 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2017 1.93 (t=1) | 0.26 (t=2) | 0.15 (t=3) 0.11 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02
2018 7.19 (t=1) | 0.96 (t=2) 0.56 0.40 0.31 0.25 0.21 0.18 0.16 0.15 0.13 0.12 0.11 0.10 0.10 0.09 0.08 0.08 0.07
2019 4.87 (t=1) 0.65 0.38 0.27 0.21 0.17 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2020 1.81 0.24 0.14 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
2021 4.01 0.53 0.31 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2022 2.43 0.32 0.19 0.13 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03
2023 3.29 0.44 0.26 0.18 0.14 0.12 0.10 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2024 5.06 0.67 0.39 0.28 0.22 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08
2025 9.97 1.32 0.77 0.55 0.43 0.35 0.29 0.26 0.23 0.20 0.18 0.17
2026 77.65 10.31 6.04 4.29 3.32 2.72 2.30 1.99 1.76 1.57 1.42
2027 77.65 10.31 6.04 4.29 3.32 2.72 2.30 1.99 1.76 1.57
2028 77.65 10.31 6.04 4.29 3.32 2.72 2.30 1.99 1.76
2029 77.65 10.31 6.04 4.29 3.32 2.72 2.30 1.99
2030 77.65 10.31 6.04 4.29 3.32 2.72 2.30
2031 77.65 10.31 6.04 4.29 3.32 2.72
2032 77.65 10.31 6.04 4.29 3.32
2033 77.65 10.31 6.04 4.29
2034 77.65 10.31 6.04
2035 77.65 10.31
2036 77.65
Superposition 1.73 2.06 2.31 7.68 6.15 3.26 5.22 3.84 4.63 6.49 11.70 80.23 89.75 95.41 99.46 102.63 105.22 107.43 109.34 111.04 112.56 113.93

m A & M Engineering and 23 Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



Table 3-4 Pressure calculation summary for Row-1 (r = 5,280 ft = 1 mile). Units are in psi.

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-9 Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 | Year-18 | Year-19 | Year-20 | Year-21 | Year-22
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
2015 1.27(t=1) | 0.23 (t=2) [ 0.13 (t=3) | 0.10 (t=4) | 0.07 (t=4) 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2016 1.34 (t=1) | 0.24 (t=2) | 0.14 (t=3) | 0.10 (t=3) 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2017 1.42 (t=1) | 0.25 (t=2) | 0.15 (t=3) 0.11 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02
2018 5.29 (t=1) | 0.95 (t=2) 0.56 0.40 0.31 0.25 0.21 0.18 0.16 0.15 0.13 0.12 0.11 0.10 0.10 0.09 0.08 0.08 0.07
2019 3.58 (t=1) 0.64 0.38 0.27 0.21 0.17 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2020 1.33 0.24 0.14 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
2021 2.95 0.53 0.31 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2022 1.79 0.32 0.19 0.13 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03
2023 2.42 0.43 0.26 0.18 0.14 0.12 0.10 0.08 0.07 0.07 0.06 0.05 0.05 0.05
2024 3.72 0.67 0.39 0.28 0.22 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08
2025 7.33 1.31 0.77 0.55 0.43 0.35 0.29 0.26 0.23 0.20 0.18 0.17
2026 57.12 10.24 6.02 4.27 3.32 2.71 2.29 1.99 1.75 1.57 1.42
2027 57.12 10.24 6.02 4.27 3.32 2.71 2.29 1.99 1.75 1.57
2028 57.12 10.24 6.02 4.27 3.32 2.71 2.29 1.99 1.75
2029 57.12 10.24 6.02 4.27 3.32 2.71 2.29 1.99
2030 57.12 10.24 6.02 4.27 3.32 2.71 2.29
2031 57.12 10.24 6.02 4.27 3.32 2.71
2032 57.12 10.24 6.02 4.27 3.32
2033 57.12 10.24 6.02 4.27
2034 57.12 10.24 6.02
2035 57.12 10.24
2036 57.12
Superposition 1.27 1.57 1.79 5.78 4.85 2.78 4.16 3.20 3.76 5.15 9.06 59.69 69.15 74.78 78.82 81.98 84.57 86.78 88.69 90.38 91.90 93.28
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Table 3-5 Pressure calculation summary for Row-1 (r = 10,560 ft = 2 miles). Units are in psi.

Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-9 Year-10 | Year-11 | Year-12 | Year-13 | Year-14 | Year-15 | Year-16 | Year-17 | Year-18 | Year-19 | Year-20 | Year-21 | Year-22

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036

2015 0.83(t=1) | 0.22(t=2) | 0.13 (t=3) | 0.09 (t=4) | 0.07 (t=4) 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2016 0.87(t=1) | 0.23(t=2) | 0.14 (t=3) | 0.10 (t=3) 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2017 0.92 (t=1) | 0.25 (t=2) | 0.15 (t=3) 0.11 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02
2018 3.42 (t=1) | 0.92 (t=2) 0.55 0.39 0.30 0.25 0.21 0.18 0.16 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07
2019 2.32(t=1) 0.63 0.37 0.27 0.21 0.17 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2020 0.86 0.23 0.14 0.10 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02
2021 1.91 0.51 0.31 0.22 0.17 0.14 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05
2022 1.16 0.31 0.19 0.13 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03
2023 1.57 0.42 0.25 0.18 0.14 0.11 0.10 0.08 0.07 0.07 0.06 0.05 0.05 0.05
2024 2.41 0.65 0.39 0.28 0.21 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08
2025 4.75 1.28 0.76 0.54 0.42 0.35 0.29 0.25 0.22 0.20 0.18 0.17
2026 36.99 9.97 5.92 4.23 3.29 2.69 2.28 1.98 1.75 1.56 1.41
2027 36.99 9.97 5.92 4.23 3.29 2.69 2.28 1.98 1.75 1.56
2028 36.99 9.97 5.92 4.23 3.29 2.69 2.28 1.98 1.75
2029 36.99 9.97 5.92 4.23 3.29 2.69 2.28 1.98
2030 36.99 9.97 5.92 4.23 3.29 2.69 2.28
2031 36.99 9.97 5.92 4.23 3.29 2.69
2032 36.99 9.97 5.92 4.23 3.29
2033 36.99 9.97 5.92 4.23
2034 36.99 9.97 5.92
2035 36.99 9.97
2036 36.99
Superposition 0.83 1.09 1.29 3.90 3.56 2.28 3.10 2.54 2.88 3.82 6.45 39.51 48.73 54.29 58.28 61.42 63.99 66.18 68.09 69.77 71.28 72.65
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The pressure distribution as a function of radial distance from the wellbore at the end of year 2035
(i.e., 10 years of continuous injection with the maximum allowable injection rate) is shown in
Figure 3-1. Considering ZEI (r=4,904 ft), the expected pressure at this point is 94.1 psi. ZEI
calculation methodology reveals a head difference of 185.79 ft for the formation fluid density of
1.122 g/cm?®, which states 90.3 psi. Thus, ZEI and diffusion calculation methodology reveals a
similar pressure increase for the considered conditions at the end of year 2035, which is a
conservative case, since the injection rates and durations will not reach such levels during the

operation period.

300.00
250.00
200.00
150.00

94.1 psi
100.00 fg P

50.00

Pressure Increase at Year-2035 (psi)

4904 ft
0 2000 4000 6000 8000 10000 12000
Radius (ft)

0.00

Figure 3-1  Pressure increase as a function of radial distance from the wellbore

In Figure 3-2, the pressure increase at ZEI, r = 4,904 ft, is presented as a function of time. In this
plot, the injection rates are also shown for 2025 and earlier, and the maximum allowed injection
rate is considered after 2025. The pressure increase estimations using both diffusivity approach
and Theis model are compared. The differences for pressure increase are reasonably low, and
indicates a good agreement (at the end of year 2035, pressure increase estimations are 94.1 psi and
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80.45 for diffusivity approach with superposition and Theis model, respectively). More

conservative conditions are used in diffusivity approach, which leads to higher values.

ZE|I=4904 ft
100 18000
Py
2 AAAA‘.”AA 16000
7 80 .‘xxxxx’“ 14000 __
- [¢] o
g 70 R 12000 =
T 60 b 2
0 10000 2
© 50 ) @ Diffusivity
= 8000 %
o 40 o X Theis
2 6000 =
g 30 = Flow R
(a8
10 é s 2000
0 ‘.. .,.'.. 0

2010 2015 2020 2025 2030 2035 2040

Year

Figure 3-2  Pressure increase at ZEI (r=4,904 ft) as a function of time, with flow rate data
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RESPONSE 3(b):

Equations and Nomenclature:
Fluid velocity in the tubing, v:

__Q
"~ 2.448 (2

v in ft/s, injection flow rate,Q, in gpm, tubing ID, d, in inches

v

Reynolds number:
_928vpd
Re =
Density, r, in Ib/gal, viscosity, u, in cp
Critical Reynolds number for the decision of laminar or turbulent flow (simplified approach):
Ng, = 2100
Fanning friction factors for laminar and turbulent flow conditions, respectively:
16
N

fr

1 6.9
—=-36 Iog( )

N7 Nre
Frictional pressure loss, AP, inside the tubing:

2

frpv
255d

APf: Lt

APy in psi, tubing length, L, is in ft
Hydrostatic pressure, Pp,,q:
Pyyq = 0.052p L,
Ppyq in psi
Pressure loss in the reservoir is estimated by the transient pressure distribution estimation
methodology.

Expected bottomhole pressure, Pphgpectea’

=AP+ g, L,

bhexpected

Pphpectea in psi, formation pressure gradient, g, in psi/ft

Estimated wellhead injection pressure, P,,

hestimated®
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— Prya + AP;

Whestimated — thexpected
in psi

WHhestimated

Maximum allowable bottomhole pressure at top of the injection zone, Py, :

Pphax = 91 Ltinj
Pyp,... in psi, formation fracture pressure gradient, g, in psi/ft, depth of the top of the injection
zone, Ly, ., in ft

Maximum possible injection pressure at surface, P,

hmax-

PWhmax = thmax - Phyd + APf

P, in psi

hmax

Design factor for injection pressure based on fracture pressure, SFp P

PWhmax
Sprf = —

WHhestimated

Design factor for injection pressure based on Table 5 (Existing MES-1 UIC Permit - maximum
allowable injection pressures for various specific gravities of injectate) (Appendix J), SFpy,; -

Pin'
— Jmax

WHhestimated

Design factor for maximum bottomhole pressure, SFthmax:

SFp,, = Pohoar
bhexpected
Sample Calculations:
Input data Used:
Fluid injection rate: 11 bbl/min
Fluid density: 1.0 sp.gr
Tubing ID: 3.958”
Tubing length: 5,203 ft
Top of injection zone: 5,175 ft
Fluid viscosity: lcp
Formation permeability: 250 md
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Formation porosity: 14%

Formation thickness: 300 ft
Effective wellbore diameter: 21.8 ft

Total compressibility: 5.46x10°® psi
Formation pressure gradient: 0.472 psi/ft
Fracture pressure gradient: 0.639 psi/ft

(Effective wellbore diameter is determined based on the 2025 PTA report, indicating a -3.5 skin
factor.)
Fluid velocity in the tubing:

(11)(42)

V= 2418 (30s8)r 2 TS

Reynolds number:

No. = 928 (12) (1.0 x 8.34) (3.958)
Re — (1)

= 369,036

Critical Reynolds:
Ng, = 2100

Flow is “turbulent”. Fanning friction factor for turbulent flow conditions:
2

1
fr= 55 ) = 0.00345

~36 109 (575072
Frictional pressure loss inside the tubing:

_ (0.00345) (8.34) (12)?
r- 25.5 (3.958)

(5203) = 215.4 psi

Hydrostatic pressure:

Pyyq = 0.052 (8.34) (5203) = 2256.4 psi
For injection of 1 year, 5 years and 10 years, pressure loss in the reservoir are calculated using the
transient pressure distribution methodology as 251 psi, 275 psi, and 286 psi, respectively.
Expected bottomhole pressures for 1 year, 5 years and 10 years of injection period:
= (251) + (0.472) (5203) = 2707 psi

bhexpected—l year

= (275) + (0.472) (5203) = 2731 psi

bhexpected—s years
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= (286) + (0.472) (5203) = 2741 psi

bhexpected—lo years
Estimated wellhead injection pressures for 1 year, 5 years and 10 years of injection period:
= (2707) — (2256) + (215) = 666 psi

WHhestimated—1 year

= (2731) — (2256) + (215) = 690 psi

WHhestimated—s years

= (2741) — (2256) + (215) = 700 psi

WHhestimated—10 years
Maximum allowable bottomhole pressure at top of the injection zone:
Pyp, .. = (0.639) (5175) = 3307 psi
Maximum possible injection pressure at surface:
Pyn,... = (3307) — (2256) + (215) = 1265 psi

In the previous report, a typo was detected on the equation for maximum possible injection

pressure, and it is corrected in this version.

Design factors for injection pressure based on fracture pressure for 1 year, 5 years and 10 years of
injection period:

_ (1265) _
SFrfssyear = (o65) — L

_ (1265) _
SFPff—Syears - W - 183

_ (1265) _
SFr s sayears = (700) = 181

Design factor for injection pressure for 1 year, 5 years and 10 years of injection period based on
Table 5 (maximum allowable injection pressures for various specific gravities of injectate)
(Appendix J); for 1.0 sp.gr fluid, it is 1260 psi:

_ (1260) _
SFPinj—l year W =189

_ (1260) _
SFPinj—Syears - (690) =183

_ (1260) _
SFPinj—lO years W =180

Design factor for maximum bottomhole pressure for 1 year, 5 years and 10 years of injection
period:
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_(3307) _

SFth—lyear - W =122
_(3307) _

SFth—Syears - (2731) =121
_(3307) _

SFth—lyear - m =121

Considering Okla. Admin. Code § 252:652-9-1 with the assumption that overburden pressure is
known (i.e., calculated as 0.979 psi/ft), the document states “The maximum total pressure gradient
(applied injection pressure plus fluid pressure) shall not exceed sixty-five percent (65%) of the
established overburden pressure gradient, expressed in pounds per square inch per foot (psi/ft) of
depth from ground surface to the top of the disposal zone.” Considering the top of the injection
zone, 65% of the overburden pressure is

Oob—65%s17s pe = (0.65)(0.979)(5175) = 3293 psi

Design factor for 65% of the overburden pressure at the top of the injection zone for 1 year, 5 years
and 10 years of injection period:

SE, _ 8299 _ 15
Oob—1vyear (2707) -
SE, _8299)_ o
Oob—5year (2731) -

3393
SF, = ( ) =120

Oob—10 year (2741) -

Considering Okla. Admin. Code 8§ 252:652-9-1 with the assumption that overburden pressure is
not known, the document states “If the effective overburden pressure gradient is not established,
the maximum total pressure gradient shall not exceed 0.65 psi/ft of depth from ground surface to
the top of the disposal zone.” Considering the top of the injection zone, 0.65 psi/ft pressure gradient
corresponds to

Po s psisfteyss ;o = (0.65)(5175) = 3,364 psi

Design factor for 65% of the overburden pressure at the top of the injection zone for 1 year, 5 years
and 10 years of injection period:
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_ (3364) _

SFO'ob—lyear - W =124
SF, = (3364) =1.23
Oob—5year (2731) -

3364
SF, = ( ) =1.23

Oob—10 year (2741) -

These results are summarized in Table 3-7 in the first 3 rows, just to provide an example how the

calculations are conducted.
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Table 3-6

Specific gravity = 0.95

Environmental Services, Inc.

Stroud, Oklahoma

Okla. Admin. Code §
Frictional Bottomhole Maximum | niection | Injection 252:652-9-1 Okla. Admin. Code
. Frictional Injection Expected | Estimated R | ) Overburden §252:652-9-1
o Velocity " ) Pressure ) ) o Fracture | Possible | Pressure | Pressure [ Bottomhole X
Injection R ] : Critical | Fanning | Pressure Hydrostatic| Formation | Injection | Pressure |Bottomhole | Wellhead . - Pressure Gradient Overburden
Inside | Viscosity | Reynolds - Loss . - ; o ~ " |Pressureat| Surface | Design Design Pressure )
Rate . Reynolds | Friction Loss . Pressure | Permeability Time Minus Injection Injection . - . Known (0.979 Pressure Gradient
R Tubing (cp) Number X Inside X . Casing Injection Factor Factor (for | Design Factor X K
(bbU/min) Number Factor Gradient X (psi) (md) (year) Reservoir Pressure | Pressure . . psi/ft), <65% of itat | not known, <0.65
(ft/s) . Tubing . . Shoe (psi) | Pressure (for P_inj_max | (P_frac/P_bh) I . .
(psi/ft) . Pressure (psi) (psi) R injection zone psi/ft, Design
(psi) X (psi) P_frac) Table-5) .
(psi) (5175 ft) = 3293 psi, Factor
Design Factor
1 251 2707 770 3307 1369 1.78 1.75 1.22 1.22 1.24
11 12.0 1 350584.3 2100 0.00348 0.040 206.5 2143.6 250 5 275 2731 794 3307 1369 1.72 1.70 1.21 1.21 1.23
10 286 2741 804 3307 1369 1.70 1.68 1.21 1.20 1.23
1 368 2824 903 3307 1386 1.54 1.50 1.17 1.17 1.19
11 12.0 1.5 233722.8 2100 0.00376 0.043 222.9 2143.6 250 5 404 2860 939 3307 1386 1.48 1.44 1.16 1.15 1.18
10 419 2875 954 3307 1386 1.45 141 1.15 1.15 1.17
1 310 2766 829 3307 1369 1.65 1.63 1.20 1.19 1.22
11 12.0 1 350584.3 2100 0.00348 0.040 206.5 2143.6 200 5 340 2796 859 3307 1369 1.60 1.57 1.18 1.18 1.20
10 353 2809 871 3307 1369 1.57 1.55 1.18 1.17 1.20
1 453 2909 988 3307 1386 1.40 1.37 1.14 1.13 1.16
11 12.0 1.5 233722.8 2100 0.00376 0.043 222.9 2143.6 200 5 498 2954 1033 3307 1386 1.34 1.31 1.12 1.11 1.14
10 518 2974 1053 3307 1386 1.32 1.28 1.11 1.11 1.13
1 429 2885 1289 3307 1711 1.33 1.05 1.15 1.14 1.17
18.8 20.6 1 599180.4 2100 0.00316 0.105 547.8 2143.6 250 5 470 2926 1330 3307 1711 1.29 1.01 1.13 1.13 1.15
10 488 2944 1348 3307 1711 1.27 1.00 1.12 1.12 1.14
1 530 2986 1274 3307 1595 1.25 1.06 1.11 1.10 1.13
15.85 17.4 1.5 336773.4 2100 0.00351 0.063 432.0 2143.6 250 5 582 3037 1326 3307 1595 1.20 1.02 1.09 1.08 1.11
10 604 3060 1348 3307 1595 1.18 1.00 1.08 1.08 1.10
1 491 2947 1282 3307 1641 1.28 1.05 1.12 1.12 1.14
17.45 19.1 1 556154.1 2100 0.00321 0.092 478.2 2143.6 200 5 539 2995 1329 3307 1641 1.23 1.02 1.10 1.10 1.12
10 560 3015 1350 3307 1641 1.22 1.00 1.10 1.09 1.12
1 591 3047 1264 3307 1524 1.21 1.07 1.09 1.08 1.10
14.35 15.7 1.5 304902.1 2100 0.00358 0.069 360.7 2143.6 200 5 650 3106 1323 3307 1524 1.15 1.02 1.06 1.06 1.08
10 675 3131 1348 3307 1524 1.13 1.00 1.06 1.05 1.07
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Table 3-7

Specific gravity = 1.0

Environmental Services, Inc.

Stroud, Oklahoma

Okla. Admin. Code
Frictional Bottomhole Maximum | Injection | Injection §252:652-9-1 | Okla. Admin. Code
Velocity Frictional Pressure Injection | Expected | Estimated Fracture | Possible | Pressure | Pressure [ Bottomhole Overburden §252:652:9-1
Injection R ) : Critical | Fanning | Pressure Hydrostatic| Formation | Injection | Pressure |Bottomhole | Wellhead - X Pressure Gradient Overburden
Inside | Viscosity | Reynolds L Loss " - : o " |Pressureat| Surface | Design Design Pressure X
Rate . Reynolds | Friction Loss . Pressure | Permeability Time Minus Injection Injection . - . Known (0.979 Pressure Gradient
R Tubing (cp) Number ) Inside X . Casing Injection Factor Factor (for | Design Factor X .
(bbU/min) Number Factor Gradient X (psi) (md) (year) Reservoir Pressure | Pressure . . psi/ft), <65% of it | not known, <0.65
(ft/s) . Tubing . . Shoe (psi) | Pressure (for P_inj_max | (P_frac/P_bh) R . .
(psi/ft) . Pressure (psi) (psi) R atinjection zone psi/ft, Design
(psi) X (psi) P_frac) Table-5)
(psi) (5175 ft) = 3293 Factor
psi, Design Factor
1 251 2707 666 3307 1265 1.90 1.89 1.22 1.22 1.24
11 12.0 1 369036.1 2100 0.00345 0.041 215.4 2256.4 250 5 275 2731 690 3307 1265 1.83 1.83 1.21 1.21 1.23
10 286 2741 700 3307 1265 1.81 1.80 1.21 1.20 1.23
1 368 2824 799 3307 1282 1.60 1.58 1.17 1.17 1.19
11 12.0 1.5 246024 2100 0.00372 0.045 232.3 2256.4 250 5 404 2860 835 3307 1282 1.54 1.51 1.16 1.15 1.18
10 419 2875 851 3307 1282 1.51 1.48 1.15 1.15 1.17
1 310 2766 725 3307 1265 1.75 1.74 1.20 1.19 1.22
11 12.0 1 369036.1 2100 0.00345 0.041 215.4 2256.4 200 5 340 2796 755 3307 1265 1.68 1.67 1.18 1.18 1.20
10 353 2809 767 3307 1265 1.65 1.64 1.18 1.17 1.20
1 453 2909 885 3307 1282 1.45 1.42 1.14 1.13 1.16
11 12.0 1.5 246024 2100 0.00372 0.045 232.3 2256.4 200 5 498 2954 930 3307 1282 1.38 1.35 1.12 1.11 1.14
10 518 2974 949 3307 1282 1.35 1.33 1.11 1.11 1.13
1 429 2885 1200 3307 1622 1.35 1.05 1.15 1.14 1.17
18.8 20.6 1 630716.2 2100 0.00314 0.110 571.4 2256.4 250 5 470 2926 1241 3307 1622 1.31 1.02 1.13 1.13 1.15
10 488 2944 1259 3307 1622 1.29 1.00 1.12 1.12 1.14
1 530 2986 1181 3307 1502 1.27 1.07 1.11 1.10 1.13
15.87 17.4 1.5 354945.6 2100 0.00348 0.087 451.5 2256.4 250 5 582 3038 1233 3307 1502 1.22 1.02 1.09 1.08 1.11
10 605 3061 1256 3307 1502 1.20 1.00 1.08 1.08 1.10
1 492 2948 1192 3307 1550 1.30 1.06 1.12 1.12 1.14
17.48 19.1 1 586431.8 2100 0.00318 0.096 500.3 2256.4 200 5 540 2996 1240 3307 1550 1.25 1.02 1.10 1.10 1.12
10 561 3016 1260 3307 1550 1.23 1.00 1.10 1.09 1.12
1 595 3051 1175 3307 1430 1.22 1.07 1.08 1.08 1.10
14.44 15.8 1.5 322962.5 2100 0.00354 0.073 380.4 2256.4 200 5 654 3110 1234 3307 1430 1.16 1.02 1.06 1.06 1.08
10 680 3135 1259 3307 1430 1.14 1.00 1.05 1.05 1.07
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Table 3-8 Specific gravity = 1.05

Okla. Admin. Code
Frictional Frictional B:)r]t}gcn:ir;r;le Expected | Estimated Maximum | Injection | Injection 533:;5551:”1 Okla. Admin. Code §
- Velocity - ) Pressure ) . — Fracture | Possible | Pressure | Pressure | Bottomhole ) 252:652-9-1
Injection R . . Critical Fanning | Pressure Hydrostatic| Formation | Injection Pressure |Bottomhole | Wellhead . K Pressure Gradient
Inside | Viscosity | Reynolds - Loss . X . - . Pressure at| Surface Design Design Pressure Overburden
Rate A Reynolds | Friction Loss . Pressure | Permeability Time Minus Injection Injection . . . Known (0.979 .
) Tubing (cp) Number ) Inside . . Casing Injection Factor Factor (for | Design Factor h | Pressure Gradient
(bbU/min) Number Factor Gradient X (psi) (md) (year) Reservoir Pressure | Pressure . - psi/ft), <65% of it
(ft/s) . Tubing . . Shoe (psi) | Pressure (for P_inj_max | (P_frac/P_bh) — notknown, <0.65
(psi/ft) (psi) Pressure (psi) (psi) (psi) P_frac) Table-5) atinjection zone psi/ft, Design Factor
(psi) - (5175 ft) = 3293 ’
psi, Design Factor
251 2706 561 3307 1161 2.07 2.05 1.22 1.22 1.24
11 12.05 1 387488 2100 0.00342 | 0.0431 224 2369 250 5 275 2730 585 3307 1161 1.98 1.96 1.21 1.21 1.23
10 285 2741 596 3307 1161 1.95 1.93 1.21 1.20 1.23
1 367 2823 695 3307 1179 1.69 1.65 1.17 1.17 1.19
11 12.05 1.5 258325 2100 0.00369 | 0.0465 242 2369 250 5 403 2859 731 3307 1179 1.61 1.57 1.16 1.15 1.18
10 418 2874 747 3307 1179 1.58 1.54 1.15 1.15 1.17
1 309 2765 620 3307 1161 1.87 1.85 1.20 1.19 1.22
11 12.05 1 387488 2100 0.00342 | 0.0431 224 2369 200 5 339 2795 650 3307 1161 1.79 1.77 1.18 1.18 1.20
10 352 2808 663 3307 1161 1.75 1.73 1.18 1.17 1.20
452 2908 780 3307 1179 1.51 1.47 1.14 1.13 1.16
11 12.05 1.5 258325 2100 0.00369 | 0.0465 242 2369 200 5 497 2953 825 3307 1179 1.43 1.39 1.12 1.12 1.14
10 517 2972 845 3307 1179 1.39 1.36 1.11 1.11 1.13
1 424 2879 1091 3307 1518 1.39 1.05 1.15 1.14 1.17
18.55 19.2 1 587102.8 2100 0.00317 0.096 580.5 2369.3 250 5 464 2920 1131 3307 1518 1.34 1.02 1.13 1.13 1.15
10 481 2937 1149 3307 1518 1.32 1.00 1.13 1.12 1.15
1 526 2982 1076 3307 1400 1.30 1.07 1.11 1.10 1.13
15.74 17.2 1.5 369639.9 2100 0.00345 0.089 462.9 2369.3 250 5 578 3033 1127 3307 1400 1.24 1.02 1.09 1.09 1.11
10 600 3056 1149 3307 1400 1.22 1.00 1.08 1.08 1.10
486 2942 1082 3307 1447 1.34 1.06 1.12 1.12 1.14
17.27 18.9 1 608355.9 2100 0.00316 0.098 509.5 2369.3 200 5 534 2989 1130 3307 1447 1.28 1.02 1.11 1.10 1.13
10 554 3010 1150 3307 1447 1.26 1.00 1.10 1.09 1.12
1 590 3046 1066 3307 1327 1.24 1.08 1.09 1.08 1.10
14.31 15.7 1.5 336057.7 2100 0.00351 0.075 389.4 2369.3 200 5 648 3104 1124 3307 1327 1.18 1.02 1.07 1.06 1.08
10 674 3129 1149 3307 1327 1.15 1.00 1.06 1.05 1.07
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Table 3-9

Specific gravity = 1.2

Okla. Admin. Code
Frictional Bottomhole Maximum | Injection | Injection §252:652-9-1 |Okla. Admin. Code
. Frictional Injection Expected | Estimated . Overburden §252:652-9-1
- Velocity . n Pressure . . - Fracture | Possible | Pressure | Pressure Bottomhole .
Injection . . . Critical Fanning | Pressure Hydrostatic| Formation | Injection | Pressure |Bottomhole | Wellhead . . Pressure Gradient Overburden
Inside | Viscosity | Reynolds . Loss - R . N - Pressure at| Surface Design Design Pressure .
Rate . Reynolds | Friction Loss . Pressure | Permeability Time Minus Injection Injection . . . Known (0.979 | Pressure Gradient
. Tubing (cp) Number . Inside . . Casing Injection Factor Factor (for | Design Factor A .
(bblU/min) Number Factor Gradient N (psi) (md) (year) Reservoir Pressure Pressure . - psi/ft), <65% of it | not known, <0.65
(ft/s) . Tubing X . Shoe (psi)| Pressure (for P_inj_max | (P_frac/P_bh) N . .
(psi/ft) (psi) Pressure (psi) (psi) (psi) P frac) Table-5) atinjectionzone psi/ft, Design
(psi) - (5175ft) =3293 Factor
psi, Design Factor
1 251 2707 249 3307 849 3.41 3.29 1.22 1.22 1.24
11 12.0 1 442843.3 2100 0.00334 0.048 250.0 2707.7 250 5 275 2731 273 3307 849 3.11 3.00 1.21 1.21 1.23
10 286 2741 284 3307 849 2.99 2.89 1.21 1.20 1.23
1 368 2824 385 3307 868 2.25 213 1.17 1.17 1.19
11 12.0 1.5 295228.8 2100 0.00360 0.052 269.4 2707.7 250 5 404 2860 421 3307 868 2.06 1.95 1.16 1.15 1.18
10 419 2875 437 3307 868 1.99 1.88 1.15 1.15 1.17
1 310 2766 308 3307 849 2.76 2.66 1.20 1.19 1.22
11 12.0 1 442843.3 2100 0.00334 0.048 250.0 2707.7 200 5 340 2796 338 3307 849 2.51 243 1.18 1.18 1.20
10 353 2809 351 3307 849 2.42 2.34 1.18 1.17 1.20
1 453 2909 471 3307 868 1.84 1.74 1.14 1.13 1.16
11 12.0 1.5 295228.8 2100 0.00360 0.052 269.4 2707.7 200 5 498 2954 516 3307 868 1.68 1.59 1.12 1.11 1.14
10 518 2974 535 3307 868 1.62 1.53 1.11 1.11 1.13
1 408 2864 761 3307 1204 1.58 1.08 1.15 1.15 1.17
17.86 19.6 1 719016.4 2100 0.00306 0.116 604.9 2707.7 250 5 447 2903 800 3307 1204 1.51 1.03 1.14 1.13 1.16
10 464 2919 817 3307 1204 1.47 1.00 1.13 1.13 1.15
1 510 2966 747 3307 1087 1.46 1.10 1.11 1.11 1.13
15.27 16.7 1.5 409831.3 2100 0.00339 0.094 488.6 2707.7 250 5 560 3016 797 3307 1087 1.36 1.03 1.10 1.09 1.12
10 582 3038 819 3307 1087 1.33 1.00 1.09 1.08 1.11
1 470 2926 753 3307 1134 1.50 1.09 1.13 1.13 1.15
16.7 18.3 1 672316.6 2100 0.00310 0.103 535.1 2707.7 200 5 516 2972 799 3307 1134 1.42 1.03 1.11 111 1.13
10 536 2991 819 3307 1134 1.39 1.00 1.11 1.10 1.12
1 575 3030 737 3307 1013 1.37 1.11 1.09 1.09 1.11
13.94 15.3 1.5 374135.5 2100 0.00344 0.080 414.0 2707.7 200 5 632 3087 794 3307 1013 1.28 1.03 1.07 1.07 1.09
10 656 3112 818 3307 1013 1.24 1.00 1.06 1.06 1.08
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RESPONSE 3(¢):

Surface porosity, ¢,, decline constant, k, average brine density, p., formation grain and injection

depth, D, are considered by using the historic data available as:
¢, = 16.265 %
k =0.000177 ft~1!

pr =1.09sp.gr
pg = 2.4sp.gr
D = 5200 ft

Overburden pressure, a,,, is calculated by:

(g — Pr) g b0

Tob = Pg g D — - [1—e7®P]
= 0.052 (2.4)(8.33)(5200)
_0052(24 (_010831(787;2' 3)(0.163) [1 — e=(0:000177) (5200)] = 5092 psi
Overburden pressure gradient, g,,, at injection zone estimated:
(5092) .
9ob = (5200) 0.979 psi/ft

Using Biot’s Model, effective matrix stress gradient in vertical direction, g,:
g, = 0979 —-0.472 = 0.5 psi/ft
Formation pressure gradient, g,,, from PFT data:

gp = 0.472 psi/ft

Using Bottomhole Reservoir Pressures from the 2024 and 2025 PFT analysis presented in Table 8
of MES’ Response to NOD Letter Dated May 19, 2025 (Appendix 1), which were taken directly

from the PFT reports, the formation pressure gradient in 2024 was 0.47165 psi/ft and the formation

pressure gradient in 2025 was 0.4733 psi/ft. Therefore, the formation pressure gradient considered

for this analysis as 0.472 psi/ft is reasonable, since it is the approximate average of these two

numbers as well.
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Fracture pressure gradient, g s, using Hubbert & Willis method at injection zone:

VA 05 .
drr = Ggp + ‘% = (0472) + % = 0.639 psi/ft
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RESPONSE 3(d):

The observed wellhead pressure at MES-1 under non-injection conditions should not be considered
artesian flow because it results from the difference between the formation pressure and the
hydrostatic pressure of the fluid column inside the well, rather than from the formation naturally
flowing to the surface. The formation pressure at 5,203 ft is estimated to be 2,456 psi using a
pressure gradient of 0.472 psi/ft (using 2024 and 2025 PFT data as explained in the previous
paragraph), while the hydrostatic pressure depends entirely on the specific gravity of the fluid
present in the wellbore. A fluid with a specific gravity of 1.09 or greater is sufficient to balance
the formation pressure, resulting in O psi wellhead pressure under static conditions. Therefore, any
positive wellhead pressure observed is simply due to the well containing a lighter fluid column
with insufficient hydrostatic head, not because the formation itself is artesian. As mentioned and
supported in the response to Deficiency Number 1, the fluid in the Arbuckle formation has specific

gravity greater than 1.09.
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DEFICIENCY NO 4

In response to Deficiency No. 6 regarding updates to Mid-Way's Seismic Contingency Plan:
a. Mid-Way provided an updated revised Hall Plot inclusive of the Hall derivative to account
for recent injection data. On the Hall Plot Figures provided in Appendix D, it appears
the full range of the X-axes are not shown on the graphs (Figures 1-1, 1-2, and 2-1);

please provide graphs showing the complete range of values.

b. For Figure 1-1, please provide a sample calculation for rows before and after the
discontinuity occurring on the Analytical Hall Derivative around January 3, 2025.
Please also provide a more detailed explanation for the several discontinuities
appearing on Figures 1-1 and 2-1, most notably the extreme difference in Analytical
Hall Derivative values between 2024 and 2025.

c. Thesecondary vertical axis scales are compressed on the graphs and reduce the utility
of the graphs. Scales should be consistent with the range of the data being presented.

RESPONSE 4(a):

Figure 1-1, 1-2, and 2-1 as provided in Appendix D in December 2025 NOD response has been
updated showing complete range of values as follows. Figure 1-1, 1-2, and 2-1 have been re-
numbered to Figure 4-1, 4-2 and 4-3 to match the current document.
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Hall Plot for MES Class 1 Injection Well
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Figure 4-1: Hall Plot for Mid-Way Class I Injection Well [(a) Hall Integral (Primary Vertical Axis) (b)
Analytical Hall Derivative (Secondary Vertical Axis)]
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Figure 4-2: Hall Plot for Mid-Way Class I Injection Well [(a) Hall Integral (Primary Vertical Axis) (b) Revised
Hall Derivative using the graphical calculation for the slope of the Hall integral (Secondary Vertical Axis)]
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Hall Plot for MES Class 1 Injection Well
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RESPONSE 4(b):

Sample Calculation for rows before and after the discontinuity occurring on the Analytical Hall

Derivative around January 3, 2025 are as follows.

Hall Derivative is calculated using the following Hall Derivative equations (1, 2).

Where,

o1

B

Parameters, |, kh, re, Pe and s* were used from the 2015 to 2025 Schlumberger Pressure Fall Off
Test (PFT) Reports [Submitted annually to DEQ with the PFT Reports as an attachment] and are

Dni

= ausWi[In(re/rw) - 0.5 + s*]

:Reservoir Factors
ay = 141.2 B p/ (kh)

: Formation VVolume Factor

summarized in the following table.

[Generally 1 for Water]

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Skin S* -4.56 4,98 153 2.1 9.82 0.93 55 23 16.6 19.8 -4.47
Radial Distance to Pe Ie ft 6810 7980 6810 9640 8380 3200 3400 5760 3000 4269 3743
Permeable Thickness kh md-ft 540000 263000 38800 199000 133000 37740.0 49965 119700 79330.1 | 762103 | 65198
Reservoir Factors ('} 0.000261 0.000537 0.003639 0.000710 0.001062 0.003741 0.002826 0.001180 0.001780 |0.001853| 0.002166
Reservoir Pressure Pe psig 2516.3 2556.3 2509.3 2490.3 1852.3 2649.3 2518 2522 251457 | 2503.93 2460
Depth ft 5300 5300 5300 5300 5300 5650 5340 5340 5340 5340 5228
Reservoir Pressure @5127 ft Pe psig 2434 2473 2427 2409 1792 2404 2418 2421 2414 2404 2412

Wi : Cumulative Injection [from daily injection historical data in barrels]

I'w : Wellbore radius [0.328 ft]

Hall Derivative calculation for row, 12/30/2024:

D,; = 0.001853 x 2452088.67 x [| (4269
hi =0 67>1Inl5328

=130722.34

) —05+19.8]
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Hall Derivative calculation for row, 1/3/2025:

D,; = 0.002166 x 2451422.88 x [| (3743
hi =0 88> 1[Inl5328

=23236.85

Apparently, the Hall Derivative exhibits different segments corresponding to each year of data
from 2015 to 2025 and this is consistent as previously provided analysis (approved by DEQ in
2021). The segmentations are due to differences between datasets from each year PFT model
(most notably the Radial Distance to P and Skin data).

In the above example calculation, the data variation between 12/30/2024 and 1/3/2025 are

summarized in the following table:

) — 05+ (~4.47)]

2024 2025
Skin S 19.8 -4.47
Radial Distance to Pe re 4269 3743
Permeable Thickness kh 76210.3 65198
Reservoir Factors a1 0.001853 | 0.002166
Reservoir Pressure | Pe 2503.93 2460
Depth, ft 5340 5228
Reservoir Pressure @5127 ft Pe 2404 2412
12/30/2024| 1/3/2025
Cumulative Volume, Wi (BBLS) 2452088.67| 2454122.88

The difference in data set used from PFT analysis contributes to a different staring point of Hall
Derivatives in the plot (Figure 4-1). Although the Hall Derivative plot is segmented, the slope of

all the segments is quite consistent.
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RESPONSE 4(¢):

The secondary axis scale in Figure 4-1 (previously Figure 1-1) has been updated (see Response

4(a)).
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DEFICIENCY NO 5

In response to Deficiency No. 8 regarding pressure fall-off tests (""PFTs™):

a. Please include the 2024 and 2025 PFT full reports.

b. Please provide a brief summary of the assessments in Mid -Way's previous January
10, 2014 NOD Response #7 addressing no-flow boundaries observed in the initial
PFTs for the MES-1 injection well (see Item 2 above). Please include a citation and
the reference.

c. Please indicate if features of no-flow boundaries (and / or interferences from the Twin
Cities saltwater disposal well) are reflected in the current PFT data. If not, what
changes 1 conditions have occurred since the initial tests such that no-flow boundary
features are no longer present.

d. Please also address any changes in injection conditions that would explain the drop
in permeability between the first and second PFTs (in 2015 and 2016, respectively) as

shown on Table 8.

RESPONSE 5(a):

2024 and 2025 PFT Reports are attached in the Appendix E
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RESPONSE 5(b):

The following is a summary of the assessments in Mid -Way's previous January 10, 2014, NOD
Response #7 addressing no-flow boundaries observed in the initial PFTs for the MES-1 injection

well:

The second pressure fall-off test conducted for MES #1 has been subject to multiple professional
interpretations, each of which is technically supportable based on the available data. Dr.
Ozbayoglu, consistent with EPA’s assessment, originally applied a finite homogeneous reservoir
model with two possible perpendicular no-flow boundaries and used that framework to evaluate
reservoir response, fracture pressure, anticipated pressure buildup, and wastewater front migration.
Schlumberger, on the other hand, interpreted the data as supporting a dual porosity reservoir model
characterized by a transition between two radial flow regimes. Schlumberger’s re-evaluation
further noted that the later-time pressure derivative response may reflect either the limited injection
duration or the presence of reservoir boundaries but nonetheless continued to support the dual

porosity interpretation based on the observed radial flow behavior.

Mid-Way has also identified additional factors that may have influenced the pressure fall-off test
results and their interpretation, including the use of large volumes of fresh water during testing.
Differences in density and viscosity between the injected fresh water and native formation fluids
may have affected the observed pressure response. In addition, published literature has shown that
injection of fresh water into saltwater-bearing fractured dolomite formations similar to the
Arbuckle may establish convection currents driven by salinity-related density gradients. While the
specific effect of such processes on the MES #1 short-term test cannot be quantified with certainty,
they represent reasonable considerations in evaluating the variability in reservoir model

interpretations.

Notwithstanding these differing interpretations, the available analyses consistently indicate that
conservative, worst-case assumptions were used to assess anticipated operating conditions at MES
#1. Under the proposed injection scenario, projected formation pressure increase, pressure
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distribution, and wastewater front advancement remain within acceptable limits and do not indicate
exceedance of formation fracture pressure or initiation of fractures. Accordingly, the results
support the conclusion that the Arbuckle Group is suitable for the safe injection of wastewater at
MES #1, consistent with its long-standing and widespread use as a disposal interval for fluids
associated with oil and gas exploration and production activities.

Citation/Reference (Appendix F, G, and H)
1. Ozbayoglu, E.M., “Analysis on Hydraulics during Injection Process, and, Pressure Distribution
within the Formation”, Report, Mid-Way MES#1, December, 2013.
2. Gonzalez, Y., “A & M Engineering and Environmental Services, Inc., Well: MES#1 (October
2010) Pressure Fall Off Review”, Report, January, 2014.
3. Response to Notice of Deficiency Letter Dated October 9, 2013 - Response to Deficiency
Number 7
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RESPONSE 5(C):

The 2010 PFT identified a reservoir system influenced by two perpendicular no-flow boundaries
located approximately 1,200 ft from the well, along with possible interference from the nearby
Twin Cities disposal well. These features were inferred from late-time deviations in the pressure
derivative response, which is typical when a pressure transient reaches a boundary or interacts with
external disturbances. The 2010 interpretation also relied on a dual-porosity conceptual model with
strong fracture contribution and stimulation effects, which enhanced the detectability of such

structural or external influences.

The October 2025 PFT shows no diagnostic signature of boundaries or interference. The pressure
transient behavior is well matched using a radial composite reservoir model with infinite boundary
conditions, explicitly indicating that the reservoir is behaving as a system that is effectively
unbounded within the time and spatial scale of the test. The interpretation identifies wellbore
storage, a short duration near wellbore response, and a clear infinite acting radial flow (IARF)
regime between approximately 59 and 68 hours, from which permeability and reservoir pressure
are reliably estimated. There is no reported late-time derivative upturn or stabilization
characteristic of boundary effects, which would normally indicate the presence of impermeable

barriers or pressure interference.

The radius of investigation is approximately 3,743 ft for the 2025 test. This radius extends well
beyond the ~1,200 ft boundary distances inferred in the 2010 analysis. If those boundaries were
still hydraulically significant, they would be expected to be observed in the late-time pressure
derivative. Their absence indicates that either the originally inferred boundaries are no longer
acting as effective no-flow barriers, or their influence has been overwhelmed by broader pressure

equilibration within the reservoir system.

PFT interpretation since at least 2017, including 2025 PFT, consistently supports the assumption

of “infinite boundary” conditions and the explicit exclusion of other wells from the model,
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meaning that no measurable interference from the Twin Cities well is required to match the data.
This shows that any pressure effects are either negligible within the timeframe of the test or have
become sufficiently uniform that they no longer produce a distinct transient signature.

From a pressure transient analysis perspective, any sustained interference from the Twin Cities
disposal well would be observed as late-time deviations in the pressure derivative, such as
boundary effects or non-radial flow behavior. No such features are observed in the 2025 PFT or
other recent tests. Additionally, the radius of investigation for the 2025 test extends beyond the
distance to the previously inferred boundaries and is comparable to the distance to the Twin Cities
well, yet no interference signature is detected. This indicates that any interaction between the wells
is negligible. Since 2010, long-term injection has expanded and stabilized the reservoir pressure
field and introduced radial composite behavior, resulting in a more uniform pressure distribution

that further reduces the detectability and significance of boundary and interference effects.

The absence of no-flow boundary signatures in the 2025 PFT indicates that the previously
interpreted boundaries are no longer hydraulically effective, or were not true impermeable
boundaries. The 2010 interpretation relied on a dual-porosity/fractured model and late-time
derivative behavior that may have reflected transient heterogeneity or limited test duration rather
than true sealing boundaries. Also, sustained injection since 2015 has likely increased reservoir
connectivity through fracture dilation or reactivation, reducing the effectiveness of any semi-
sealing features. Long-term pressure buildup has led to a more uniform pressure field, diminishing
localized gradient effects and the detectability of boundaries in pressure derivatives.
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RESPONSE 5(d):

Permeability estimation in a cylindrical reservoir from a pressure fall-off test is based on the
interpretation of pressure decline following an injection period, typically analyzed using radial
flow theory and superposition principles. During injection, fluid is introduced at a known rate, and
upon shut-in, the pressure response is recorded as the reservoir equilibrates. For a homogeneous,
isotropic reservoir with radial flow geometry, the late-time pressure behavior during the fall-off
period exhibits a semilog straight-line trend when plotted against Horner time. The slope of this
straight line is directly related to the formation permeability—thickness product (kh), as derived
from solutions to the diffusivity equation under radial flow conditions. By identifying the
appropriate infinite-acting radial flow regime and applying the Horner method, permeability can
be calculated using the measured pressure change per logarithmic cycle, fluid properties (viscosity
and formation volume factor), and test conditions (flow rate and thickness of the producing
interval). In cases where reservoir boundaries or heterogeneities exist, deviations from ideal radial
flow behavior may occur, requiring more advanced interpretation methods such as type-curve
matching or numerical modeling. In all cases, the reliability of the permeability estimate depends
on correctly identifying the dominant flow regime and accounting for near-wellbore effects such
as skin, which can significantly influence the pressure response.

The pressure fall-off tests conducted in 2015 and 2016 for the MES #1 injection well exhibit a
clear and substantial reduction in interpreted permeability, accompanied by a fundamental shift in
near-wellbore behavior. In 2015, the interpreted permeability ranged approximately from 1140 to
1800 md depending on the selected analytical model, while the 2016 results indicate a lower
permeability range of approximately 620 to 877 md. At the same time, the skin factor transitioned
from negative values in 2015 (approximately —2.9 to —5.2) to positive values in 2016
(approximately +5 to +10), indicating a shift from enhanced injectivity conditions to near-wellbore

flow restriction.

The 2015 test exhibited an early-time linear flow regime, which is characteristic of high-

conductivity channel flow and suggests that injectivity was enhanced by near wellbore existing
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high conductivity pathways that were active during the test. The 2016 test did not show any
evidence of linear flow, indicating that high conductivity channel dominated flow was no longer
present or no longer contributing significantly to the pressure response. The disappearance of this
flow regime would lead to a significant reduction in the apparent permeability derived from the
test, as pathway conductivity can dominate the pressure response in permeable systems.

The 2015 analysis indicates the absence of near-wellbore flow restriction, while the 2016 analysis
identifies the presence of near-wellbore flow restriction with a positive skin factor. In permeable
carbonate systems such as the Arbuckle Formation, relatively minor pore plugging or mobility
reduction in the near-wellbore region may produce increase in pressure drop and corresponding
decreases in interpreted permeability. Such damage may arise from several mechanisms, including
fines migration, precipitation of scale or other solids, or similar. The injection of fluids with
differing densities and salinities relative to the native formation fluids can lead to mixing, mobility
contrasts, and complex flow behavior, including convective processes within the reservoir. These
effects can enhance the potential for particle transport, chemical reactions, and localized plugging,
all of which contribute to a reduction in effective permeability near the wellbore.

The 2015 PFT was conducted after a prolonged period of minimal or no injection activity, and the
report notes that the pressure response may have been affected by this limited injection history.
The 2016 report further confirms that the late-time behavior observed in the 2015 test was
influenced by the relatively short injection history preceding that test. Under such conditions, the
2015 results may reflect transient cleanup effects or temporarily enhanced injectivity associated
with initial injection into a relatively undisturbed formation. As injection operations continued, the
system would be expected to evolve toward a more representative long-term condition, which is

more likely captured in the 2016 test.

The available evidence indicates that the apparent reduction in permeability between the 2015 and
2016 PFTs is primarily the result of changes in near-wellbore conditions and injection dynamics
rather than a fundamental degradation of the bulk reservoir properties. The 2015 test reflects a
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condition in which injectivity was enhanced by high conductivity channel-dominated flow and the
absence of flow restriction, whereas the 2016 test reflects a system in which pathway effects are
no longer evident and the near-wellbore region has been impaired by restriction mechanisms. This
transition is manifested quantitatively in the increase in required injection pressure, the shift from

negative to positive skin, and the reduction in interpreted permeability.

The observed reduction in permeability between the 2015 and 2016 pressure fall-off tests reflects
a change in permeability rather than a fundamental deterioration of the reservoir. The 2015 results
were influenced by high conductivity channel-dominated flow and limited prior injection history,
which enhanced the measured response, whereas the 2016 results reflect a more stabilized system
with increased near-wellbore resistance and the absence of conductive pathway contribution. As a
result, the lower permeability estimated in 2016 is primarily attributable to near-wellbore flow
restriction and changes in flow regime, rather than a change in the intrinsic properties of the

formation.
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APPENDIX A

WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY
GUIDANCE DOCUMENT NUMBER 1
PERMITTING OF CLASS | INJECTION WELLS
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UNDERGROUND INJECTION CONTROL PROGRAM
WATER QUALITY DIVISION
WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY

GUIDANCE DOCUMENT NUMBER 1

PERMITTING OF CLASS I INJECTION WELLS

May 11, 1994

THIS GUIDANCE DOCUMENT WAS PREPARED BY THE WATER QUALITY DIVISION
OF THE WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY TO PROVIDE
GUIDANCE IN THE PREPARATION OF PERMIT APPLICATIONS FOR CLASS I
INJECTION WELLS. THIS DOCUMENT IS MEANT TO EXPLAIN THE TECHNICAL
ASPECTS OF THE PERMITTING PROCESS BUT THIS DOCUMENT SHOULD NOT BE
QUOTED IN APPLICATIONS. IF THERE ARE ANY CONFLICTS BETWEEN THIS
DOCUMENT AND THE REGULATIONS, THE REGULATIONS WILL PREVAIL.



Guidance Document #1 Permitting of Class I Wells
Underground Injection Control Program

Section 1.0 The Area Of Review Calculation

Chapter XIII, Section 5(b) (iv) states that:
"(b) A complete application for a Class I well shall include:

(iv) A calculation of the area of review, which requires
the calculation of the cone of influence and the area of
the ultimate limit of emplaced waste."

Determining the area of review is important and should be done as
soon as information can be gathered about the site of the
injection. It is recommended that this calculation be done before
land work is done and before extensive effort is made to accumulate
information about adjacent wells. The area of review will
determine how much work is required in both of these areas.

1.1 The Cone of Influence.

There are three separate calculations required. The first of these
calculations is called the cone of influence. Section 5(b) (iv) (A)
states that the cone of influence is calculated as:

"(A) The formula for determining the cone of
influence is:

r = (2.25 KHt | % (EQUATION 1)
S10*

where: x = (L B ) (41rKH ) (EQUATION 2)
G 2.30

Radius of the cone of influence of an
injection well (feet)

Hydraulic conductivity of the injection zone
(feet/day)

Thickness of the injection zone (feet)

Time of injection (days)

Storage coefficient (dimensionless)

Injection rate (cubic feet/day)

Original hydrostatic head of injection =zone
(feet) measured from the base of the injection
zone

Hydrostatic head of wunderground source of
drinking water (feet) measured from the base
of the injection zone

Specific gravity of fluid in the injection
zone (dimensionless)

3.142 (dimensionless)"
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The abovg calculgtion would be easily done, except that most of the
1pformatlon ajallable is likely to be in different units. The
?1rs§ conversion .that usually has to be done is to convert
intrinsic per@eablliyy in millidarcies to the permeability in
ft{day whlchlls required by the above formula. The formula for
this conversion is as follows:

K = K (pg/u) (EQUATION 3)

where: K = Permeability in cm/sec

K; = Intrinsic Permeability in millidarcies

p = .999099 gm/cm® - the density of water

g = 980 cm/sec? - the acceleration of gravity

U = .011404 gm/ (sec cm)
and: there are 9.87 x 10?° cm?/darcy
and: there are 2835 ft/day per cm/sec

EXAMPLE: An applicant finds that the receiver has a reported
intrinsic permeability of 107 millidarcies.

K; = 107 millidarcies = .107 darcies

K; = (.107 darcies) (9.87 X 10®° cm?’/darcy)

K, = 1.056 X 10° cm?

K = (1.056 X 10° cm?) (.999099 gm/cm’) (980 cm/sec?)
.011404 gm/ (sec cm)

= 90.665 X 10° cm/sec
K = (90.665 X 10° cm/sec) (2835 ft/day / cm/sec)
K = .2570 ft/day

The thigknegs.of the injection zone is the entire thickneés of the
zone being injected into which is hydrologically continuous. This
is regardless of the interval actually perforated.

EXAMPLE: An applicant wishes to inject into the Minnelusa
Formation at a depth of 8596 feet. The perforated interval is
8586 to 8596. The Minnelusa Formation itself extends from
8586 to 8603. The thickness of the injection zone is
"therefore, 8603 - 8586 = 17 feet.

The pumping time is the duration of the permit being sought,
usually 10 years or 3650 days. This value is entered in days. The

Guidance Document #1 Permitting of Class I Wells

Underground Injection Control Program

pumping time used should be the total planned duration of the
project. If you intend to inject for 25 years, then that should be
what is used. The permit itself must be reissued every 10 years,
but the duration used should be the project duration, not the
permit duration. These permits allow for injection continuously,
there is no provision for limiting injection to working days. For
this reason, the pumping time should be based on 365 day years.

EXAMPLE: The applicant wishes to inject for only 10 years and
then plans to shut in the well. 10 years X 365 days = 3650
days.

The Coefficient of Storage is the thickness of the injection zone
multiplied by 10%/ft. This is per the EPA Guidance Document on
Area of Review calculations on page V-14. The coefficient of
storage is a dimensionless number.

EXAMPLE: The Minnelusa Formation is 17 feet thick at this
location. The coefficient of storage is therefore 17 X 10°.

There are two terms in equation 1 which now must be determined.
B, the original hydrostatic head of injection zone (feet), and W,
the hydrostatic head of underground source of drinking water (USDW)
(feet). The important point in determining these values is that
they must both be measured from the same datum. In the
regulations, it states that they should both be measured from the
base of the injection zone. By measuring them from the base of the
injection zone, one is always subtracting one positive number from
another positive number. The most troublesome number to determine
may be the static head in the overlying USDW. Some assumption is
usually necessary. The applicant can look to USGS water supply
papers, for estimates of water levels in wells, or one can make the
assumption that the USDW is under artesian head at the location, or
one can make the assumption that the deepest USDW is a water table
aquifer with no artesian head. The most conservative assumption
that can be made is to assume that the head on the USDW exactly
equals the head in the receiver. If this assumption is made, the
entire equation reduces to the radius within which there will be
any increase in reservoir pressure.

EXAMPLE: The reservoir pressure in the Minnelusa Formation at
this location is 2000 psi. Converting this to a static
pressure will yield a pressure in feet of water as measured
from the base of the injection zone.

2000 psi / .433 psi/ft = 4615 feet
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Underground Injection Control Program )
The pressure in the overlying USDW in this case has been
approximated by the land surface. At this location, well
within the boundaries of the Powder River Basin, most aquifers
are under artesian head, but not a great deal of artesian
head. Assuming that the head is just great enough to bring
the water to the surface from the deepest USDW means that the
depth to the base of the receiver becomes the head in the
USDW. In this example the head is 8603 feet.

W - B = 8603 - 4615 = 3988 feet

The next step in the example is to convert the Q or discharge rate
into the units required by the equation. If you are using barrels
per day (bbl/day) or gallons per day (gal/day), which are the
normal units, you must convert to cubic feet per day. There are 42
gallons per barrel and 7.48 gallons per cubic foot.

EXAMPLE: The applicant wishes to inject 2000 bbl/day.
Q = 2000 bbl/day = (2000 bbl/day) (42 gal/bbl)/7.48 gal/ft?
0 11,229 cubic feet per day -

The next step is to determine the specific gravity of the fluid in
the injection zone. Fresh water has a specific gravity of 1.00.
The most concentrated brine, with a TDS of 280,000 mg/l has a
specific gravity of 1.1. It may be possible to find measured
specific gravity numbers. The so called API standard water
analyses for produced water many times has the specific gravity
determined. 1If these numbers are not available, one can assume a
straight line relationship exists between specific gravity and TDS.
The following example shows how this calculation would be done.

EXAMPLE: The fluid in the injection zone has been shown to
contain 200,000 mg/l in Total Dissolved Solids.

G -1 = 1.3 = 1 (EQUATION 4)
200,000 280,000
G -1 = .0714

G = 1.0714

Guidance Document #1
Underground Injection Control Program

Permitting of Class I Wells

At this point in the example, we are ready to calculate the
exponential term (EQUATION 2) which goes in the denominator under
the radical. The equation for this exponential term is, in itself,
quite complex. The equation is:

x=|_W_ _p 47KH ) (EQUATION 2)
G 2.30
EXAMPLE :
X =

( 8603 ft _4m5ﬁ) 4(3.14) (.257ft/day) (17 ft )
1.0714 (2.3) (11,229 ft?*/day)

b d (3414) (.0021) = 7.2589"

The final calculation is then made into equation 1 as follows:

r = (2.25 KHt | “ (EQUATION 1)
S10*
r = ( 2.25) (.257ft/day) (17ft) (3650 days)| *
(17 X 10%) (107*®)
r = 32 feet

The above equation will generally yield a larger number as the
difference between W and B becomes smaller. For example, in the
above calculation, if the difference had been 2500 feet instead of
the 3,414 which was calculated, then r would have been 78 feet
instead of 32 feet. This should not be surprising. From an
environmental point of wview, the best receiver will be one which
has a very low initial reservoir pressure, especially compared to
any overlying USDW. Applicants will find that played out oil
producing zones, particularly those zones which have had large
volumes of fluid removed and not replaced.

The regulations do not preclude injecting into a zone which may be
overpressurized prior to injection. However, this department will
look at these applications very carefully in terms of plugging of
existing wells, and the quality of construction. In the event that
the zone to be injected into is already at a pressure higher than
the USDW, the above equation would yield infinity. Applicants
should use the assumption that the pressure in the USDW exactly
equals the pressure in the receiver. This will yield the total
radius .of any increased pressure in the receiver as a result of the
injection. This assumption is likely to yield an area of review of
several miles.
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TEST DATE:
15-Oct-10

STAR Schiumberger

Schlumberger Transient Analysis Report

Based on Model Verified Interpretation
Of Well Test Data

COMPANY : A& M EN

GINEERING

WELL.: MES WD #1

TEST IDENTIFICATION

WELL LOCATION

Test Type coovveeiiiii INJECTION / FALLOFF  [Field ......ccooiuiiiiiiiiieeee,

TestNO. oo, ONE County v LINCOLN
Formation .............ocoii. ARBUCKLE State ..o OK

Test Interval (ft) ................c..c..e. 5,170 - 6,900 Location ..........cccoveiiiiiiiiiininn. SEC 9-14N-5E
COMPLETION CONFIGURATION TEST STRING CONFIGURATION

Casing / Liner Size (in) ............... 8 5/8 Tubing Length O.D. (in) ............ 41/2
Perforated Interval (ft) .............. OPEN HOLE Packer Depth (ft) ............ccoeeeininis 5,115
Perforated Interval (ft) .............. Gauge Depth (ft) / Type ................. 5300/ SLSR
Perforated Interval (ft) .............. Downhole Valve (Y/N)/ Type .......... N/A

t
t) ......
Perforated Interval (ft) ......

Perforated Interval (ft) ......
Net Pay (ft) ....................

(
(
Perforated Interval (f
(
(

........... 180 (5,100 - 5,518)

TEST CONDITIONS
Tbg / Wellhead Pressure (psi) .......

INTERPRETATION RESULTS

Model of Behavior ...........

........... TWO POROSITY

Fluid Type Used for Analysis ........ WATER

Ext. Reservoir Pressure (psi) ........ 2,495 @ GAUGE
Transmissibility (md.ft/cp) ............ 96,600

Effective Permeability (md) ........... 537

SKIN oo -7.8

Radius of Investigation (ft) .......... 10,373
P@Deltat=0 (pSi)...ccccovvenvnnnnnn 2,527

Storativity Ratio..................... 0.088
Interporosity Coefficient .............. 9.30E-08

ROCK / FLUID / WELLBORE PROPERTIES

Gas Gravity (API) ....ccoviiiiieien. N/A
VisCOSIty (CP) «vveeeieieiiieiiieieenenen 1
Total Compressibility (1/psi) ......... 3.E-06
Porosity (%) ..eovvvieiiiiii 13.5
Reservoir Temperature (deg F) ........ 130

INJECTION RATE DURING TEST: 11,520 STB/D

SUMMARY:

shut in and a pressure

gauge depth.

fall-off test was conducted.

This report contains the analysis of the data acquired during an injection - fall-off test conducted on the
A & M Engineering MES WD #1 well in Lincoln County, Oklahoma. This test was performed by
Schlumberger’s Oklahoma City Testing District (405 745 2796). The data was taken using slickline
conveyed, electronic pressure gauges. The gauges were run in the wellbore and fluid was injected at step
rates according to the pumping schedule. Once the final step rate injection was completed, the well was

The data was modeled using a two porosity reservoir model with changing wellbore storage and skin.
The radial flow regime was reached after approximately 20 hours of fall-off and continued until test
termination. Both the log-log (diagnostic plot) and semi-log analysis techniques were used to interpret this
data with an excellent agreement from both result sets. The permeability was calculated to be 537 md,
using a thickness of 180 feet at a gauge depth of 5,300 feet (last gauge station). The skin was calculated
to be negative 7.8. The reservoir pressure was extrapolated from the reservoir model to be 2,495 psi at

For further discussion of this analysis, please refer to the interpretation discussion on page two of this
report. If you have any questions, please call Victor Abu at 405 840 1621.
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A & M Engineering MES WD #1 BHP Analysis and Interpretation Discussion:

This report contains the analysis of the data acquired during an injection - falloff test conducted on
the A & M Engineering MES WD # 1 well in Lincoln County, Oklahoma. This test was performed by
Schlumberger’s Oklahoma City Testing District (405 745 2796) and the data was provided to
Schlumberger's Data and Consulting Services, Oklahoma City (405 840 1621) for interpretation.

The data was taken using slickline conveyed electronic pressure gauges. The gauges were run in
the wellbore and fluid was injected at step rates according to the pumping schedule. Once the final
step rate injection was completed, the well was shut in and a pressure fall-off test was conducted.
Static gradient stops were taken as the gauges were retrieved from the wellbore.

The data was modeled using a two porosity reservoir model with changing wellbore storage and
skin. A two porosity model assumes the reservoir consists of two permeability systems, one with a
much greater permeability than the other. The fluid is stored in the lower permeability matrix system
and flows through the higher permeability to the wellbore.

The radial flow regime was reached after approximately 20 hours of fall-off time and continued till
the end of the fall-off test. The radial flow regime is indicated by the constant pressure derivative on
the plot of log-log pressure and pressure derivative versus shut in time (using the psuedopressure
function). Both log log type curve matching techniques and semi log analysis techniques were used to
interpret this data. Agreement between the two methods was excellent. A comparison of the results of
the two techniques is presented in the table below.

Permeability Skin Res. Pressure
Semi Log 537 md -7.76 2,494 psi
Log Log 537 md -7.84 2,495 psi

Based on the log-log diagnostic plot, the total system permeability was calculated to be
approximately 537 md, using a thickness of 180 feet and a gauge reference depth of 5,300 feet. This
permeability calculated from a two porosity model is a measure of how easily the reservoir fluid moves
from the lower permeability system (matrix) to the higher permeability (fracture) system and then to the
wellbore. The skin was calculated to be negative 7.8. Due to the higher permeability system being the
primary conduit to the wellbore, a two porosity reservoir in it's natural state, has a skin of negative 3.5.
The additional (negative) skin calculated on this test would then indicate a stimulated wellbore due to
the matrix acidizing job conducted prior to this test. The reservoir pressure was extrapolated from the
type curve to be 2,495 psi at the gauge depth of 5,300 feet.

In order to validate the results of this analysis, a simulation of the test sequence was made using the
model constructed from this interpretation. The measured data was then plotted on the same scale as
the simulated data. Agreement between the measured data and simulated data is excellent. This plot
is presented in the body of this report.

If you have any questions, please call Victor Abu at 405 840 1621.
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Flow Period
Duration (hrs)

Flow Period
Injection Rate (STB/D)

11520

* shut-in / fall-off period

0

schlumberger

All interpretations are opinions based on inferences from electrical or other measurements and
Schlumberger does not guarantee the accuracy or correctness. Schlumberger shall not, except in the
case of gross or willful negligence, be liable or responsible for any loss, costs, damages or expenses
incurred or sustained resulting from any interpretations made by any Schlumberger officer, agent or
employee. This interpretation is subject to all of the General Terms and Conditions as presented in
Schlumberger's current price schedule.
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DEFICIENCY NUMBER 6

Static Arbuckle reservoir pressure is identified as 200 psi at the surface in the Mid — Way
report document titled “Analysis Reports for Injection Well MES #1.” This data indicates that
the reservoir is essentially “artesian”, already capable of flowing at the surface, without
considering any additional injection from the proposed Mid — Way disposal well. Additional
injection into the interval would result in an increase in the “artesian” pressure conditions,
providing a potential pathway through area wells not properly plugged or constructed into
underground sources of drinking water (USDW). The current area of review (AOR) radius of
one mile is likely insufficient to address the infinite radius of pressure influence concern.
Mid — Way should reassess the appropriate size AOR needed to protect the USDW.

Response:

The natural surface pressure attributed to the static Arbuckle reservoir pressure at MES #1 is
not 200 psi and the fluid in the Arbuckle Group in the area of MES #1 is not capable of flowing
to the surface. The pressure at the surface of MES #1 is 0 psig (gauge) or about 16 psia
(absolute), which is approximately one U.S. Standard Atmosphere. It is true that approximately
200 psia has been observed at the wellhead of MES #1 at times (implying an artesian condition),
but the observed pressure occurs only after a significant amount of fresh water has been
injected into the formation through the well.

During each of the injection and pressure fall-off testing events conducted in May and October
of 2010, Mid-Way injected an average of about 11,000 barrels of freshwater through MES #1,
essentially causing the entire length of the injection tubing to be filled with fresh water having a
density less than that of fluid within the Arbuckle Group. Although not preferable, fresh water
was utilized in the injection testing due to regulatory limitations on using locally available salt
water from oil production and the availability of large volumes of fresh water from local surface
water impoundments. The difference in density between the natural formation fluids and the
fresh water in the tubing results in the observed surface pressure.

Downhole measured pressure data indicates that the static “formation pressure” near the end
of the injection tubing at 5,203 ft below ground surface (bgs) remained essentially unchanged
before and after injection fall-off testing. The pressure observed at the surface of MES #1 is the
static “formation pressure” minus the hydrostatic pressure of the column of fluid in the tubing.
The pressure observed at the wellhead of MES #1 is dictated by the density of the column of
fluid in the injection tubing.



Timeline of Freshwater Injection and Back Flow at MES #1

To prove that the “artesian” condition observed at the surface of MES #1 is not due to the
natural static Arbuckle reservoir pressure but rather is a result of injecting freshwater into the
system, a general timeline of when fresh water was pumped into MES #1 (causing pressure
buildup) and when it was allowed to back flow (cessation of “artesian” condition) is a necessary
reference. Following is a timeline of such events and is entirely based on information presented
in the April 2012 MES Construction Completion Report and Application for Operating Permit.

Drilling of MES #1 was completed on April 18, 2010. After drilling was completed, a work
over rig was mobilized to the site on May 4, 2010. Utilizing rented tubing, the well was
cleaned out by reverse circulating (pumping down the casing to evacuate drilling mud
through the tubing) 550 barrels of freshwater and evacuating drilling mud and fluids.
After the drilling mud was evacuated, the well started back-flowing. The well stopped
back-flowing after approximately 2 hours. The tail-pipe of the temporary injection
tubing was set at 5,108 ft bgs during this process.

The first injection and pressure fall-off test was conducted on May 7 — 10, 2010. Neither
pressure buildup nor flow was observed at the wellhead between the well cleanout
activities and the start of this testing event. Prior to injection on May 7, 2010, the static
pressure at MES #1 was atmospheric pressure because the well was allowed to back
flow in May 2010. During this testing event roughly 10,000 barrels of freshwater was
injected into MES #1.

Based on the pressure and temperature log data collected during the first injection and
pressure fall-off test, a decision was made to stimulate (acidize) the injection zone with
the intention of opening the lower portion of the injection zone. Mid-Way developed a
three-stage Stimulation Procedure that called for the injection of a dilute hydrochloric
acid (HCl) solution into targeted portions of the injection zone followed by the injection
of freshwater to flush the tubing. Mid-Way submitted the procedure to DEQ for review.
After receiving DEQ’s approval, the well Stimulation Procedure was executed on July 6-
7, 2010. Following testing, the well was shut in overnight and a pressure of 50 — 100 psig
was observed at the wellhead the following day. The pressure was relieved by allowing
the well to back flow. Flow ceased after approximately 30 to 40 minutes. All of the
discharged back flow consisted of fresh water. After the pressure was relieved, the
rental tubing and packers were pulled out and laid down. MES #1 was then completed
with the permanent 4-1/2” injection tubing and packer on July 12, 2010. The tail-pipe of
the permanent injection tubing extends to 5,203 ft bgs.

The second injection and pressure fall-off test was conducted on October 11 — 15, 2010.
Pressure buildup was not observed at the wellhead between July 12, 2010 and the start
of this testing event. Prior to injection on October 11, 2010, the static pressure at MES
#1 was atmospheric pressure because the well was allowed to back flow in July 2010.
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During this testing event more than 12,000 barrels of freshwater was again injected into

MES #1.

In response to the seismic events in Lincoln County in late 2011, a series of tests were
performed in February of 2012 to verify the integrity of MES #1. It is estimated that an
additional 330 barrels of freshwater was injected into MES #1 during these testing

procedures.

Evaluation of Static Pressure and Temperature Measurements Prior to Injection and

Pressure Fall-Off Tests at MES #1

Table 6-1, shown below, contains the static pressure and temperature readings in MES #1
before conducting the injection and pressure fall-off tests on May 7, 2010 and October 11, 2010
as measured by Schlumberger Testing Services. This table is identical to Table 2-1 on page 30 of
Mid-Way’s April 2012 Construction Completion Report and Application for Operating Permit.

TABLE 6-1: MES #1 Injection Well Static Pressure Measurements Prior to Injection
and Pressure Fall-Off Testing

May 7, 2010 Measurements October 11, 2010 Measurements
Depth Pressure Gradient | Temperature Pressure Gradient | Temperature
(psia) (psia/ft) (°F) (psia) (psia/ft) (°F)

0 15.37 - 68.1 16.97 - 60.75
100 55.91 0.405 68.75 53.30 0.363 60.85
500 228.56 0.432 71.02 224.52 0.428 62.10
1,000 44484 0.433 73.9 439.38 0.430 64.53
1,500 661.02 0.432 76.87 656.29 0.434 67.60
2,000 885.14 0.448 80.13 884.34 0.456 71.89
2,500 1,129.40 0.489 84.59 1,129.78 0.491 77.20
3,000 1,373.60 0.488 89.22 1,372.90 0.486 83.64
3,500 1,617.99 0.489 94.35 1,616.68 0.488 88.77
4,000 1,862.32 0.489 100.27 1,860.57 0.488 97.23
4,500 2,106.40 0.488 106.26 2,105.68 0.490 104.50
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5,000 2,350.31 0.488 111.56 2,347.22 0.483 112.96
5,500 2,593.77 0.487 117.08 2,589.17 0.484 119.39
6,000 2,836.94 0.486 120.92 2,833.29 0.488 123.84
6,500 3,080.06 0.486 124.05 3,077.85 0.489 125.62
7,000 3,322.81 0.486 132.80 3,319.61 0.484 130.80

Considering the measurements taken on both May 7, 2010 and October 11, 2010, the data in
Table 6-1 indicates that the average static pressure gradient between a depth of 5,000 and
7,000 ft, which is Mid-Way’s targeted injection zone, is 0.486 psia/ft and that the average
temperature for the same interval is approximately 125° F. It should be noted that the pressure
gradients shown in the table are not cumulative; they report the change in gradient based on
each 500 ft interval.

For example, consider the October 11, 2010 pressure gradient shown for a depth of 5,500 ft.
The reported pressure gradient of 0.484 psia/ft is actually the change in pressure gradient

between the depth of 5,000ft and 5,500 ft or 258919 psi - 2,347.22 psi
5,500 ft—5,000 ft

gradients shown for depths of 5,500 ft, 6,000 ft, 6,500 ft and 7,000 ft in Table 6-1 correspond to
the pressure gradients between a depth of 5,000 ft and 7,000 ft.

. Therefore, pressure

Water at 125° F has a specific weight of 61.63 Ib/ft> and a density of 1.9155 slugs/ft3, which
corresponds to a freshwater hydrostatic pressure gradient of 0.428 psia/ft. Using this
information, the specific gravity of the formation fluid in the targeted injection zone can be
calculated by taking the average of the static pressure gradient measurements taken on May 7,
2010 and October 11, 2010 between a depth of 5,000 and 7,000 ft (0.486 psia/ft) and dividing it
by the freshwater hydrostatic pressure gradient of 0.428 psia/ft. Consequently, the calculated
specific gravity of the formation fluid between a depth of 5,000 ft and 7,000 ft is 1.135.

As indicated in the timeline of when freshwater was pumped into MES #1 and when it was
allowed to back flow, the static pressure measurements in Table 6-1 were taken after fresh
water was allowed to back flow and naturally cease. This process has never taken more than
approximately 2 hours. Significantly, the static pressure readings in Table 6-1 reveal that
following the back flow of fresh water, the static pressure at the surface of MES #1 was 0 psig
or about 16 psia. Furthermore, the static pressure gradients between a depth of 100 ft and the
ground surface on May 7, 2010 and October 11, 2010 were calculated to be 0.405 psia/ft and
0.363 psia/ft respectively. Freshwater between 60° F and 70°F should have a pressure gradient
of 0.433 psia/ft. The fact that the static pressure gradients based on measured data between a
depth of 100 ft and the ground surface on May 7, 2010 and October 11, 2010 were calculated
to be less than the pressure gradient of fresh water, indicates that the column of fluid in the
tubing was less than 100 feet in thickness and did not reach to the ground surface. This means
that after freshwater is allowed to back flow and naturally cease in MES #1, the wellhead

12




pressure is 0 psig and an artesian condition does not exist. If a naturally occurring artesian
condition existed at MES #1, back flow would not cease in a relatively short period of time.

It should also be noted that the static pressure gradients in Table 6-1 are not representative of
the natural potentiometric conditions in MES #1, despite the fact that these measurements
were taken after the well was allowed to back flow. As previously mentioned, freshwater
between 60°F and 70°F should have a pressure gradient of 0.433 psia/ft. Consequently, the 500
ft interval static pressure gradients in Table 6-1 clearly reveal that approximately the upper
2,000 ft of the column of fluid in the injection tubing did not consist of natural formation water
but was freshwater. This conclusion is significant for the following reasons:

e Asdiscussed, since the specific gravity of the formation fluid is 1.135, the natural
potentiometric surface of the Arbuckle Group at MES #1 is far below the ground surface.
This assessment is consistent with the findings of Oklahoma State University Professor
James O. Puckette’s dissertation for his doctorate degree, dated December 1996. The
findings presented in this document, entitled Evaluation of Underpressured Reservoirs
as Potential Repositories for Liquid Waste, indicates that the potentiometric surface of
the Arbuckle referenced to a Mean Sea Level (msl) datum (NGVD 1929) in the vicinity of
MES #1 is at an elevation of 500 to 600 ft msl or 274.5 to 374.5 ft below the ground
surface.

e September 29, 2010 analytical testing of fluid back flowing from the MES #1 well yielded
a specific gravity of 1.05. The analyzed fluid was collected after the well had back flowed
for approximately 2 hours on May 5, 2010 and, based on visual criteria, was initially
believed to be formation water. However, the tested fluid is now believed to have been
a mixture of fresh water and formation water. This is supported by the fact that the
chloride levels in the sampled fluid were approximately 45,000 ppm, while available
information on the chloride levels in the Arbuckle Group within the area of MES#1
shows concentrations to be in the range of 120,000 to 140,000 ppm (see Figure 1-12 in
Attachment 1). Testing of a mixture of freshwater and formation water results in the
discrepancy between the 1.05 specific gravity from the September 29, 2010 analytical
testing and the 1.135 specific gravity calculated from the pressure gradients in Table 6-
1.

Evaluation of Static Pressure and Temperature Measurements After Injection and
Pressure Fall-Off Tests at MES #1

Table 6-2, shown below, contains static pressure readings and pressure gradients based on
measured data collected by Schlumberger Testing Services in MES #1 on May 10, 2010 after the
injection and pressure fall-off testing event was completed. This data is significant because it
provides static pressures at uniform depths below the ground surface during the observed
“artesian” condition caused by injection of fresh water and indicated by a pressure of 204 psi at
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the surface of MES #1. The original data used to create Table 6-2 is taken directly from page 11
of Schlumberger’s Testing Services Report, dated May 10, 2010, and is available in Appendix O
of Mid-Way’s April 2012 Construction Completion Report and Application for Operating Permit.
Table 6-2 does not include static pressures measurements following injection and pressure fall-
off testing on October 15, 2010 because Schlumberger did not record any such measurements

above a depth of 5,700 ft during this test.

TABLE 6-2: MES #1 Injection Well Static Pressure Measurements from May 10, 2010
Following Injection and Pressure Fall-Off Testing

Depth (ft) Pressure Gradient Depth Interval
(psia) (psia/ft) Used to
Calculate
Gradient (ft)
6,100 2,880.917 - -
7,000 3,303.073 0.469 6,100 - 7,000
6,000 2,821.274 0.482 6,000 - 7,000
5,000 2,358.848 0.462 5,000 - 6,000
4,000 1,928.010 0.431 4,000 - 5,000
3,000 1,495.989 0.432 3,000 - 4,000
2,000 1,063.524 0.432 2,000 - 3,000
1,000 631.169 0.432 1,000 - 2,000
500 415.252 0.432 500 - 1,000
100 242.441 0.432 100 - 500
0 204.064 0.384 0-100

The pressure gradients in Table 6-2 show a clear distinction between freshwater and formation
fluid. The pressure gradients between the surface and a depth of 5,000 ft are almost uniformly
0.432 psia/ft. This pressure gradient corresponds to freshwater with a specific weight of about
62.165 Ib/ft?, which is the specific weight of freshwater at 85° F. Coincidentally, the weighted
average of all of the actual static temperature data in Table 6-1 between the surface and a
depth of 5,000 ft is 84.0° F.

In Table 6-2, the static pressure gradient of 0.462 psia/ft between a depth of 5,000 and 6,000 ft
indicates that there was a transition from fresh water to a mixture of fresh water and denser
formation fluid below a depth 5,000 ft. Using an average gradient of 0.475 psia/ft for the
mixture between freshwater and formation fluid based on the gradients measured between a
depth of 6,000 ft and 7,000 ft in Table 6-2, and the pressure gradient of 0.431 psia/ft measured
between a depth of 4,000 ft and 5,000 in the same table, simple weighted averaging reveals
that there was transition from freshwater to a mixture of freshwater and denser formation
water below a depth of 5,100 ft. Consequently, the measured data indicates that the entire
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column of temporary injection tubing (5,108 ft) contained freshwater following the May 10,
2010 injection and pressure fall-off tests. Based on the data presented in Table 6-1, this clearly
was not the case before injection began.

The data provided conclusively proves that the “artesian” condition observed at MES #1 is a
direct result of injecting a significant amount of freshwater into the well and the density
differences between the freshwater and natural formation water. It is also noteworthy that
there are marginal differences in the static pressures near the end of the injection tubing (5,203
ft bgs) in Tables 6-1 and 6-2 despite the fact that the surface pressure at MES #1 was 0 psig on
May 7, 2010 and October 11, 2010 and 204 psia following injection and pressure fall-off testing
on May 10, 2010.

Additional Testing Conducted by Mid-Way on October 25, 2013

After receipt of the October 9, 2013 Notice of Deficiency letter, a Testing Plan designed to
collect sufficient information to prepare a response to Deficiency No. 6 was submitted to DEQ .
The Testing Plan called for opening the valve located at the top of the injection well, allowing
the water to drain into a frac tank; sampling of the back flowing water, as well as collection of
the following information:

1. The duration of the back flow drainage into the frac tank.
2. Pressure, temperature, and the volume of the backflow.
3. The Specific Gravity and Chloride levels of back flow water collected at regular intervals.

4. Observe the system to identify any pressure buildup at the surface of the well following
the cessation of the backflow.

On October 25, 2013 Mid-Way implemented the approved Testing Plan and collected samples
and data in accordance with the Testing Plan. The field and laboratory sampling results are
summarized in Tables 6-3A and 6-3B below. The project Field Sampling and Analysis Data
Sheet, Chain of Custody Form, and Laboratory Report are provided in Attachment 3 of these
responses.
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TABLE 6- 3A: MES #1 Injection Well — Summary of Field Sampling and Laboratory

Results from October 25, 2013 Testing Event

Flow Pressure at Specific Chloride
Meter Wellhead Gravity In
Sample Reading Water
ID Time | (gallons) (psig) (glcc@4°C) | (mg/L) Comments
- 0 226,168 204 - - Prior to Opening Valve
MES 1 | 12:31 | 226,168 204 1.002 29.0 Initial Sample Before Opening Valve
- 12:36 | 226,168 - - - Opened Valve
MES 2 | 12:41 | 226,753 22 1.002 34.9 Clear-Slight Odor
MES 3 | 12:46 | 227,428 11 1.002 108 Grayish - Slight Odor
MES 4 | 12:51 | 227,990 6 1.002 412 Clear
MES 5 | 12:56 | 228,080 4 1.002 237 Clear
Flow Stopped. Pressure at Wellhead
Attributed to Head From Discharge
- 12:58 | 228,083 4 - - Line.
- 1:00 | 228,083 - - Left Valve Open and Went to Lunch
- 2:09 | 228,083 0 - - After Lunch
After Suction of 55 Gallons Using
MES 6 | 2:30 | 228,138 0 1.002 182 Vacuum Truck

TABLE 6-3B: SUMMARY OF FIELD DATA COLLECTED OCTOBER 25, 2013

Sample | Temp pH Sp. Cond. Salinity
ID (°C) | (std units) | (units as noted) (pNa)*
MES 1 15.1 8.9 396 uS > 1
MES 2 22.5 8.8 404 uS > 1
MES 3 26.2 9.0 2.32 mS > 1
MES 4 26.7 9.0 873 uS >1
MES 5 26.5 9.4 424 uS > 1
MES 6 19.5 9.4 242 uS > 1

*pNa = measure of Na ion activity. >1 pNa=<5.85g/L NaCl

As shown in Table 6-3A, after the valve at the top of the injection well was opened, 1,915
gallons of water, equivalent to approximately a 3,000 LF column of fluid in the injection tubing,
back flowed during a 22 minute period before naturally stopping. Laboratory results for
samples MES 1 — MES 5, reveal that all of this fluid was fresh water with a specific gravity of
1.002.
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After flow ceased, the sampling crew left the valve open and went to lunch. During this period,
no additional flow was recorded by the flow meter; which again supports the fact that the MES
#1 well is not a naturally occurring artesian well.

Following lunch, the crew removed 55 gallons from MES #1 using a vacuum truck and a final
sample, MES 6, was collected. The laboratory results of sample MES 6 reveal that it was also
fresh water with a specific gravity of 1.002. This result supports the measurements in Table 6-1,
which as previously discussed, clearly indicate that after the well was allowed to back flow, the
upper 2,000 ft of the column of fluid in the injection tubing still consisted of freshwater.

Since completing the October 25, 2013 sampling and testing event, there has not been a
pressure buildup at the wellhead of MES #1. This is due to the fact that denser formation fluid
has replaced all of the fresh water in the injection tubing that was allowed to flow out of the
well and equilibrium with the natural formation pressure has been achieved. No additional
flow has been observed at the surface from MES #1.

Conclusion

It is believed that the information and discussion presented above, conclusively shows that
there is not a natural “artesian” condition present at MES #1. The static pressure at the surface
of MES #1 is 0 psig. The observed “artesian” conditions at MES #1 were a direct result of fresh
water injection through the well, and the density differences between the fresh water and
denser natural formation fluid with a specific gravity of 1.135.

Ultimately, the static pressure at the wellhead of MES #1 can be calculated by subtracting the
hydrostatic pressure of the column of fluid in the injection tubing from the static “formation
pressure” at the top of the injection zone. Assuming that the static “formation pressure” is
approximately constant within the injection zone, which the measurements in Tables 6-1 and 6-
2 support, then the pressure to be observed at the wellhead of MES #1 is dictated by the
density of the column of fluid in the injection tubing. The density differences between the
formation and tubing fluids results in the pressures observed at the surface.

Pressure increases resulting from injection of fresh water into formations containing brine has
been observed and documented previously. In fact, EPA Region 5 has a formally approved test
to determine the mechanical integrity of Class Ill injection wells called the Water-Brine
Interface Test (W-BIT) that is based on the same principles of classical mechanics discussed in
this response. In the EPA Region 5 internet publication entitled, Underground Injection Control
(UIC) Section Regional Guidance #5 - Determination of the Mechanical Integrity of Injection
Wells, the strategy governing the W-BIT test is described, in part, as follows:

a decrease in wellhead pressure will be observed in the event of loss of a fluid of lower
density filling a standpipe open to a reservoir filled with a fluid of higher density . . .
Because the cavern is pressurized sufficiently to cause the heavy brine to flow to the
surface, the pressure within the well filled with fresh water is greater than the hydrostatic
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pressures in any aquifer through which the well passes. Therefore, any leak will allow
fresh water to flow outward, to be replaced by dense brine flowing into the well from the
cavern. Because the liquid pressure gradient of the brine from the cavern which replaces
the leaked fresh water is greater than that of the freshwater, less pressure is transmitted
from the cavern upward through the well to the well head.

Finally, in accordance with 40CFR Part 146, Underground Injection Control Program; Criteria and
Standards, a fixed radius of % mile was chosen for the MES #1 Area of Review (AOR). For
purposes of active oil and gas well/plugged well evaluation however, the % mile AOR was
expanded to a one-mile radius from the proposed injection well.

The MES#1 well is not an artesian well. Anticipated pressure increases in the formation due to
injection are not anticipated to result in an artesian condition that potentially could rise to
underground sources of drinking water through improperly plugged wells. Of the 38 plugged
and 20 active wells within the one-mile radius of MES#1, only one well (the active Twin Cities #1
Salt Water Injection Well) penetrates into the Arbuckle Group. All other wells within one mile
are completed/plugged in shallower strata not hydraulically connected to the Arbuckle Zone.
The calculated water front after 50 years of normal facility injection operations is not
anticipated to extend beyond one mile from MES #1. Mid-Way Environmental Services, Inc.
believes the one-mile radius of review for the plugged/active wells is appropriate.
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Green Country Testing, Inc.

6825 E 38th Sreet

iy Gr_eenCountry
TEL: 918-828-9977 FAX: 918-828-7756 TESTINGE
Website: www.greencountrytesting.com

October 30, 2013

Altay Erturgrul
A & M Engineering
10010 E. 16th St.

Tulsa, OK 74128-4813
TEL: (918) 665-6575
FAX (918) 656-6576

RE: Mid-Way Environ Srvces 1706-003 Order No.: 1310328
Dear Altay Erturgrul:

Green Country Testing, Inc. received 6 sample(s) on 10/25/2013 for the analyses presented in
the following report.

In accordance with your instructions, Green Country Testing conducted the analysis shown on
the following pages on samples submitted by your company. The results relate only to the items
tested. Unless otherwise noted, all analysis were conducted using EPA approved
methodologies. Test reports meet all the NELAC requirements. All relevant sampling
information is on the attached chain-of-custody form. The initials SUB as the analyst designate
any testing sub-contracted by Green Country Testing.

Certifications/Accreditation: OK - 7604 - AR- ADEQ - KS-E-10232 - LA - 4002

A scope of Certified/Accredited parametersis available upon request. If you have any questions
regarding these tests results, please feel free to call.

Sincerely,

==

Brian Duzan cc:
. Gavin James
Laboratory Director

Origina


http://www.greencountrytesting.com

Green Country Testing, Inc.

6825 E 38th Sreet
Tulsa, OK 74145 @ Green Countr y
TEL: 918-828-9977 FAX: 918-828-7756 ITESTING

Website: www.greencountrytesting.com

Analytical Report

(continuous)
WOH#: 1310328

Date Reported:  10/30/2013

CLIENT: A & M Engineering Lab Order: 1310328
Project: Mid-Way Environ Srvces 1706-003

Lab ID: 1310328-001 Collection Date: 10/25/2013 12:31:00 PM
Client SampleID: MES-1 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 29.0 5.00

SPECIFIC GRAVITY - N

mg/L 1 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

Specific Gravity 1.002 0.0100 glcc @ 4°C 1 10/30/2013 2:01:00 PM
Lab ID: 1310328-002 Collection Date: 10/25/2013 12:41:00 PM
Client SampleID: MES-2 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 34.9 5.00

SPECIFIC GRAVITY - N

Specific Gravity 1.002 0.0100

mg/L 1 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

glcc @ 4°C 1 10/30/2013 2:01:00 PM

Qualifiers * Value exceeds Maximum Contaminant Level.
E Value above quantitation range

J Analyte detected below quantitation limits

N Non-NELAC Accredited Parameter

P Second column confirmation exceeds

R RPD outside accepted recovery limits

C Value is below Minimum Compound Limit.

H Holding times for preparation or analysis exceeded
M Manual Integration used to determine area response
ND  Not Detected at the Reporting Limit

PL Permit Limit

RL Reporting Detection Limit

Origina
Page 1 of 6


http://www.greencountrytesting.com

Green Country Testing, Inc.

6825 E 38th Sreet
Tulsa, OK 74145 @ Green Countr y
TEL: 918-828-9977 FAX: 918-828-7756 ITESTING

Website: www.greencountrytesting.com

Analytical Report

(continuous)
WOH#: 1310328

Date Reported:  10/30/2013

CLIENT: A & M Engineering Lab Order: 1310328
Project: Mid-Way Environ Srvces 1706-003

Lab ID: 1310328-003 Collection Date: 10/25/2013 12:46:00 PM
Client SampleID: MES-3 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 108 5.00

SPECIFIC GRAVITY - N

mg/L 1 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

Specific Gravity 1.002 0.0100 glcc @ 4°C 1 10/30/2013 2:01:00 PM
Lab ID: 1310328-004 Collection Date: 10/25/2013 12:51:00 PM
Client SampleID: MES-4 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 412 50.0

SPECIFIC GRAVITY - N

Specific Gravity 1.002 0.0100

mg/L 10 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

glcc @ 4°C 1 10/30/2013 2:01:00 PM

Qualifiers * Value exceeds Maximum Contaminant Level.
E Value above quantitation range

J Analyte detected below quantitation limits

N Non-NELAC Accredited Parameter

P Second column confirmation exceeds

R RPD outside accepted recovery limits

C Value is below Minimum Compound Limit.

H Holding times for preparation or analysis exceeded
M Manual Integration used to determine area response
ND  Not Detected at the Reporting Limit

PL Permit Limit

RL Reporting Detection Limit

Origina
Page 2 of 6


http://www.greencountrytesting.com

Green Country Testing, Inc.

6825 E 38th Sreet
Tulsa, OK 74145 @ Green Countr y
TEL: 918-828-9977 FAX: 918-828-7756 ITESTING

Website: www.greencountrytesting.com

Analytical Report

(continuous)
WOH#: 1310328

Date Reported:  10/30/2013

CLIENT: A & M Engineering Lab Order: 1310328
Project: Mid-Way Environ Srvces 1706-003

Lab ID: 1310328-005 Collection Date: 10/25/2013 12:56:00 PM
Client SampleID: MES5 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 237 5.00

SPECIFIC GRAVITY - N

mg/L 1 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

Specific Gravity 1.002 0.0100 glcc @ 4°C 1 10/30/2013 2:01:00 PM
Lab ID: 1310328-006 Collection Date: 10/25/2013 2:30:00 PM
Client SampleID: MES-6 Matrix: GROUNDWATER
Analyses Result RL Qual Units DF Date Analyzed
CHLORIDE IN WATER A4500-CL-E, 199 Analyst: KP

Chloride 182 5.00

SPECIFIC GRAVITY - N

Specific Gravity 1.002 0.0100

mg/L 1 10/30/2013 3:43:00 PM

A2710F, 1997 Analyst: KP

glcc @ 4°C 1 10/30/2013 2:01:00 PM

Qualifiers * Value exceeds Maximum Contaminant Level.
E Value above quantitation range

J Analyte detected below quantitation limits

N Non-NELAC Accredited Parameter

P Second column confirmation exceeds

R RPD outside accepted recovery limits

C Value is below Minimum Compound Limit.

H Holding times for preparation or analysis exceeded
M Manual Integration used to determine area response
ND  Not Detected at the Reporting Limit

PL Permit Limit

RL Reporting Detection Limit

Origina
Page 3 of 6


http://www.greencountrytesting.com

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

Green Country

QC SUMMARY REPORT

TEL: 918-828-9977 FAX: 918-828-7756 TESTING WO# 1310328
Website: www.greencountrytesting.com 30-Oct-13
Client: A & M Engineering
Proj ect: Mid-Way Environ Srvces 1706-003 TestNo: A2710F, 1997
Sample ID 1310328-001ADUP  SampType: DUP TestCode: SP_GR Units: g/cc @ 4°C Prep Date: RunNo: 9344
ClientID: MES-1 Batch ID: R9344 TestNo: A2710F, 1997 Analysis Date: 10/30/2013 SegNo: 119654
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Specific Gravity 1.00 0.0100 1.002 0.00998 20
Qual ifiers: Vaue exceeds Maximum Contaminant Level. Analyte detected in the associated Method Blank

*
E Value above quantitation range

M Manual Integration used to determine area response
P Second column confirmation exceeds

RL Reporting Detection Limit

nRzIw

Holding times for preparation or analysis exceeded
Non-NELAC Accredited Parameter

Permit Limit

Spike Recovery outside accepted recovery limits

C Vaueis below Minimum Compound Limit.

J Analyte detected below quantitation limits
ND  Not Detected at the Reporting Limit

R RPD outside accepted recovery limits

Original
Page 4 of 6
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Green Country Testing, Inc.

6825 E 38th Sreet

Tulsa, OK 74145

TEL: 918-828-9977 FAX: 918-828-7756
Website: www.greencountrytesting.com

Green Country

T ESTINGE

QC SUMMARY REPORT

WO#:

1310328

30-Oct-13

Client: A & M Engineering
Proj ect: Mid-Way Environ Srvces 1706-003 TestNo: A4500-CI-E, 1997
Sample ID MB-R9353 SampType: MBLK TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
Client ID: PBW Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119686
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride <5.00 5.00
Sample ID LCS-R9353 SampType: LCS TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
ClientID: LCSW Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119687
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride 186 5.00 200.0 0 93.2 80 120
Sample ID 1310328-001AMS SampType: MS TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
Client ID: MES-1 Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119689
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride 146 5.00 120.0 29.05 97.5 5 178
Sample ID 1310328-001AMSD  SampType: MSD TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
Client ID: MES-1 Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119690
Analyte Result PQL SPK value SPK Ref Val %REC  LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride 143 5.00 120.0 29.05 94.6 5 178 146.1 2.41 13.6
Sample ID 1310328-002AMS SampType: MS TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
Client ID: MES-2 Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119692
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride 151 5.00 120.0 34.86 96.9 5 178
Qual ifiers: * Vaue exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank C Vaueis below Minimum Compound Limit.
E Value above quantitation range H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limits
M Manual Integration used to determine area response N Non-NELAC Accredited Parameter ND  Not Detected at the Reporting Limit Ori g| nal
P Second column confirmation exceeds PL Permit Limit R RPD outside accepted recovery limits
RL  Reporting Detection Limit S Spike Recovery outside accepted recovery limits Page 50f 6
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Green Country Testing, Inc.

QC SUMMARY REPORT

6825 E 38th Sreet
M o ates Green Country wor 1310028
TEL: 918-828-9977 FAX: 918-828-7756 TESTING :
Website: www.greencountrytesting.com 30-Oct-13
Client: A & M Engineering
Proj ect: Mid-Way Environ Srvces 1706-003 TestNo: A4500-CI-E, 1997
Sample ID 1310328-002AMSD  SampType: MSD TestCode: CHLOR Units: mg/L Prep Date: RunNo: 9353
Client ID: MES-2 Batch ID: R9353 TestNo: A4500-CI-E, 1 Analysis Date: 10/30/2013 SeqNo: 119693
Analyte Result PQL SPK value SPK Ref Val %REC LowLimit HighLimit RPD Ref Val %RPD RPDLimit  Qual
Chloride 149 5.00 120.0 34.86 95.5 5 178 151.1 1.12 13.6
Qual ifiers: * Vaue exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank C Vaueis below Minimum Compound Limit.
E Value above quantitation range H Holding times for preparation or analysis exceeded J Analyte detected below quantitation limits
M Manual Integration used to determine area response N Non-NELAC Accredited Parameter ND  Not Detected at the Reporting Limit Ori g| nal
P Second column confirmation exceeds PL Permit Limit
S

RL Reporting Detection Limit

Spike Recovery outside accepted recovery limits

R RPD outside accepted recovery limits

Page 6 of 6
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APPENDIX D

WELL COMPLETION REPORT FOR TWIN CITIES SALTWATER DisPOSAL WELL
OKLAHOMA CORPORATION COMMISSION

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



Form 1002A
Oklahoma Corporation Commission
Oil & Gas Conservation Division
Post Office Box 52000
Oklahoma City, Oklahoma 73152-2000
Rule 165: 10-3-25

API No.: 35081235950001 Completion Report Spud Date: February 27, 2001
OTC Prod. Unit No.: Drilling Finished Date: March 19, 2001

1st Prod Date:

Amended
Completion Date: April 23, 2001

Amend Reason: PLUGGED BACK ARBUCKLE TO THE WILCOX
Recomplete Date: November 27, 2024

Drill Type: STRAIGHT HOLE

Well Name: TWIN CITIES SWD 1 Purchaser/Measurer:

Location: LINCOLN 5 14N 5E First Sales Date:
C SW SW SE
425 FSL 225 FWL of 1/4 SEC
Latitude: 35.710876 Longitude: -96.794972
Derrick Elevation: 0 Ground Elevation: 874

Operator: FREEDOM OPERATING COMPANY LLC 24073

2250 E 73RD ST STE 500
TULSA, OK 74136-6834

Completion Type Location Exception Increased Density

X |Single Zone Order No Order No
Multiple Zone There are no Location Exception records to display. There are no Increased Density records to display.
Commingled

Casing and Cement

Type Size Weight Grade Feet PSI SAX Top of CMT
SURFACE 135/8 225 260 SURFACE
PRODUCTION 95/8 5060 280 4200
Liner
Type Size Weight Grade Length PSI SAX Top Depth Bottom Depth

There are no Liner records to display.

Total Depth: 6600

Packer Plug

Depth Brand & Type Depth Plug Type

4611 ARROW SET 1X 5003 CIBP

Initial Test Data

February 02, 2026 1lof2



Test Date Formation Oil Oil-Gravity Gas Gas-Oil Ratio Water Pumpin or | Initial Shut- | Choke |Flow Tubing
BL/Day (API) MCF/Day Cu FT/BBL BBL/Day Flowing In Size Pressure

Pressure

There are no Initial Data records to display.

Completion and Test Data by Producing Formation

Formation Name: WILCOX Code: 202WLCX Class: DISP
Spacing Orders Perforated Intervals
Order No Unit Size From To
There are no Spacing Order records to display. 4674 4790
Acid Volumes Fracture Treatments
There are no Acid Volume records to display. There are no Fracture Treatments records to display.

Recycled Water

Source Percentage Used |Complete Volume Date Of Frac Qualifies For Gross
(Barrels) Production Tax

There are no Recycled Water records to display.

Formation Top Were open hole logs run? No

WILCOX 4674| Date last log run:

Were unusual drilling circumstances encountered? No
Explanation:

Other Remarks

PLUGGED BACK THE ARBUCKLE TO WILCOX (UIC PERMIT #2400402503) WITH CIBP OVER THE ARBUCKLE AT 5,003' WITH 10'CMT. MIT PASSED
ON 11-27-2024. DOFI AFTER PLUGBACK WAS 11-27-2024.

FOR COMMISSION USE ONLY

1153133
Status: ACCEPTED

February 02, 2026 20f2



APPENDIX E

MES-1 2024 AND 2025 PFT REPORT

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



MES-12025 PFT REPORT

Raw Datais not included in this appendix. Raw datais provided to DEQ with
the stand alone PFT Report Submission

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



A & M Enpineering arsd
Envirganmeital Servives, tn,
oz kitiog - Decian - Coentrirtien - Bermediatios

May 23, 2026

Ms. Hillary Young, P.E.

Chief Engineer

Land Protection Division

Oklahoma Department of Environmental Quality
P.O. Box 1677

Oklahoma City, Oklahoma 73101

RE: Annual (2025) Pressure Fall-off Test
Mid-Way Environmental Services, Inc.
Davenport, Oklahoma
Permit Number IW-NH-41001-OP

Dear Ms. Young:

Enclosed please find the results of the 2025 Pressure Fall-off Test (PFT) conducted
at the above reference Mid-Way Environmental Services, Inc. (Mid-Way)
commercial Class | Non-Hazardous injection well. The 2025 PFT was conducted
during the period of October 15, 2025, through October 20, 2025. The PFT was
conducted in accordance with the PFT Plan submitted to the Oklahoma Department
of Environmental Quality (DEQ) in June 2025. The PFT Plan outlined the
procedures to be followed in conducting the test and for procedures to be followed
in gathering static temperature and pressure data to generate and compare the
current pressure gradients with historic data.

The 2025 PFT utilized four (4) 5 kpsi rated gauges; two (2) for surface
measurement recording and two (2) for bottom hole measurement recording. As
DEQ suggested in the October 12, 2020 meeting, Mid-Way chose to use both
surface and bottom hole gauge for 2024 PFT so that a comparison can be done
between surface and bottom hole gauge for the PFT at Mid-Way. Pressure transient
data interpretation and curve matching was performed by a Senior Reservoir
Engineer with Schlumberger. A copy of the Schlumberger Pressure Transient Test
Interpretation Report (Report) is included for review. The bottom hole gauge
Pressure Transient Analysis can be found in Table 3 and Section B of the Report.
The static temperature and pressure readings and gradient calculations are also
included in Appendix 2 of the Report. Attached Table 2 presents a comparison of
the historical formation temperature, pressure, and gradient information.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com



Ms. Hillary Young, P.E.
May 23, 2026
Page -2-

To allow the well to stabilize and reach equilibrium, the injection well had not been
operated for period of approximately 5 days (120 hours) prior to initiating the PFT.
Personnel from Precision Wireline, LLC of Enid, Oklahoma calibrated and connected the
surface recording gauges directly to a port on the injection well and set the bottom hole
gauges at a depth of 5,228 feet. The facility’s horizontally mounted centrifugal pump was
used as the primary pump for injection and the average pumping rate calculated for the
injection period was 200.32 gallons per minute. A total quantity of 580,327 gallons of
water was injected during the test. For the PFT conducted on October 15" through 20" of
2025, the injection (pumping) period was 48 hours 17 minutes, and the monitored recovery
(fall-off) period was 72 hours.

After the 72-hour recovery portion of the test, the bottom hole gauges were used to record
static temperature and pressure readings at every 500 feet interval as the tool was retrieved,
with a final reading at a depth of 100 feet and 0 feet from the surface.

At the completion of the test, the surface and bottom hole gauges were retrieved by
Precision Wireline, LLC personnel and the data recorded during the test was forwarded to
a Senior Reservoir Engineer with Schlumberger for pressure transient data interpretation
and curve matching.

Parameters utilized by Schlumberger in the pressure transient analysis included:

Formation thickness (h) = 300’ Radius of the well (r) = 0.329’
Porosity (@) = 14.0% Q =9,157 Bbl/Day
Water Viscosity (uw) =1 cp Compressibility (Ct) = 3E-6

Type curve matching was utilized by Schlumberger in analysis of the pressure transient
data. Based on “best fit” to type curves, the data recorded during the 2025 PFT best fits a
Radial Composite Reservoir Model, indicating different flow regimes over time. The
model (chosen based on the type curves) is the similar as the one used during the 2024 test
interpretation.

In the Radial Composite Model, the well is at the center of a circular homogeneous zone,
communicating with an infinite homogeneous reservoir. The radius of investigation based
on the 2025 results is calculated to be 3,743 feet.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com
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Calculated formation parameters based on the Radial Composite Model indicate a
permeability (k) of 217 millidarcys (md) with a -4.47 skin factor. According to
Schlumberger analysis and interpretation, this negative skin could be due to acid treatment
or presence of possible linear flow.

The bottom hole pressure at the end of the fall off period was 2,491.563 psi, which is similar
to historic pressures estimated for the well. A Cartesian plot of recorded data (pressure vs.
time) is presented in Figure 1 and 2 of the attached Schlumberger Pressure Transient Test
Interpretation Report. A summary of the bottom hole pressures estimated over the last
several years is presented in the table below:

Table 1: Estimated Bottom Hole Pressure from the Measured Surface Pressure

Calendar Year Estimated Bottom Hole Pressure (psi)
2010 2,495
2015 2,537
2016 2,649
2017 2,574
2018 2,509
2019 1,869
2020 2,672
2021 2,529
2022 2,536.7*
2023 2,529.27*
2024 2,507.59*
2025 2,491.56™

* Bottom hole pressure estimated at depth of 5,340 ft below ground surface
** Bottom hole pressure estimated at depth of 5,228 ft below ground surface

Attached Table 2 presents a comparison of the historical formation pressure, temperature,
and gradient information. The data indicates no apparent changes to bottom-hole pressure
or temperature because of the injection activities. Please note that the pressure reading
recorded near the top of the well head was comparable to the well head pressure observed
on the facility’s continuous recording equipment prior to initiating the static survey.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
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If you have any questions on this matter, or if you need additional information, please do
not hesitate to contact me at 918-665-6575.

Sincerely,
A & M Engineering and Environmental Services, Inc.

Orphius Mohammad, PhD, P.E.
Senior Environmental Engineer

Enclosures: (i) Table 2: Historical Static formation Pressure, Temperature, and
Gradient information

(i) Schlumberger Pressure Transient Analysis Report

(iii)  Precision Wireline Data Summary

(iv)  Raw Pressure Data [Bottom Hole Gauge]

(V) Raw Pressure Data [Surface Gauge]

Cc:  Mr. John Mitsdarfer, DEQ
Ms. Brigette Haley, DEQ
Mr. Tolga Ertugrul, P.E., President, Mid-Way

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com



Table 2:
Historical Static formation Pressure, Temperature, and Gradient information



Bl
FORMATION PRESSURE, TEMPERATURE, AND GRADIENT DATA

May 7, 2010 October 11, 2010 September 14, 2015 September 6, 2016 September 25, 2017 * January 17,2019 * December 9, 2019 ° November 16, 2020 ° November 15, 2021 ° November 14, 2022°° November 13, 2023 November 18, 2024 ° October 20,2025 *
Depth | Pressure | Gradient | Temperat| Pressure | Gradient | Temperat] Pressure | Gradient | Temperat| Pressure | Gradient | Temperat| Pressure | Gradient | Temperat] Pressure | Gradient | Temperat| Pressure | Gradient | Temperat] Pressure | Gradient | Temperat| Pressure | Gradient | Temperat| Pressure | Gradient | Temperat| Pressure | Gradient | Temperat] Pressure | Gradient | Temperat| Pressure | Gradient | Temperat
(ftoge) | (s | (psif) | urecr) ) s | (sif) | urecr) | s | (s [urecr) | (o) | (i) [urecr) ) @s) | (sifg | urecr) | s | (sifg | urecr) | @s) | (psit | ure ) | (s | (sity | urech) | (osi) | (sity | ure¢F) | (s | (sit) | ure¢h) | (ps) | (sift | urech) | (ps) | oify | ureCh) | (psi) | (psiif) | ure CF)
0 1537 - 68.1 16.97 - 6075 | 22590 7566 | 260* - 90 270 - 80* | 217.75% - 214.90 - 552 | 194.64 - 6789 | 19211 - 6636 | 21205 - 5750 | 18467 - 7310 | 14727 - 6536 | 187.78 - 78.19
100 5591 | 0405 | 6875 | 533 | 0363 | 6085 | 28042 | 0545 | 6692 | 29940 | 0394 | 6491 | 31769 | 0477 | 6671 | 26751 | 0498 | 6294 | 26822 | 0533 | 619 | 25489 | 0603 | 6276 | 23629 | 0442 | 6376 | 26725 | 0552 | 6500 | 23302 | 0483 | 6427 | 19558 | 0483 | 6708 | 24380 | 0560 | 67.07
500 | 22856 | 0432 | 7102 | 22452 | 0428 | 621 | 45410 | 0434 | 6987 | 47100 | 0429 | 6749 | 49121 | 0434 | 6948 | 44189 | 0436 | 6429 | 44105 | 0432 | 6421 | 42960 | 0437 | 6515 | 41121 | 0437 | 6596 | 44040 | 0433 | 6717 | 407.09 | 0435 | 6646 | 37223 | 0442 | 6938 | 41858 | 0437 | 69.47
1000 | 44484 | 0433 | 739 | 43938 | 043 | 6453 | 67140 | 0435 | 7218 | 68859 | 0435 | 7076 | 70860 | 0435 | 7259 | 65981 | 0436 | 6821 | 65766 | 0433 | 6766 | 64822 | 0437 | 6877 | 630.18 | 0438 | 6926 | 65640 | 0432 | 7046 | 62435 | 0435 | 6957 | 59247 | 0440 | 7240 | 63626 | 0435 | 7195
1500 | 66102 | 0432 | 7687 | 65629 | 0434 | 676 | 88838 | 0434 | 7713 | 90311 | 0429 | 7515 | 92577 | 0434 | 7679 | 87801 | 0436 | 7167 | 87384 | 0432 | 7156 | 867.30 | 0438 | 7299 | 84854 | 0437 | 7311 | 87315 | 0433 | 7425 | 84160 | 0435 | 7339 | 81233 | 0440 | 7587 | 85703 | 0442 | 7527
2000 | 88514 | 0488 | 8013 | 88434 | 0456 | 7189 | 110601 | 0435 | 8162 | 111903 | 0434 | 8003 | 114270 | 0434 | 8107 | 109619 | 0436 | 757 | 1089.89 | 0432 | 7567 | 108568 | 0437 | 77.93 | 106712 | 0437 | 77.28 | 1088.07 | 0430 | 7832 | 105863 | 0434 | 7735 | 103258 | 0440 | 7968 | 107616 | 0438 | 7931
2500 | 112940 | 0489 | 8459 | 112078 | 0491 | 772 | 132208 | 0432 | 8721 | 133549 | 0431 | 85098 | 136015 | 0435 | 8648 | 131435 | 0436 | 8066 | 130596 | 0432 | 8075 | 130208 | 0435 | 8302 | 128555 | 0437 | 8239 | 130489 | 0434 | 8349 | 127614 | 0435 | 8281 | 125063 | 0440 | 8440 | 129593 | 0440 | 8388
3000 | 137360 | 0488 | 8922 | 137290 | 0486 | 8364 | 153975 | 0435 | 927 | 155158 | 0432 | 9168 | 157688 | 0433 | 9150 | 153255 | 0436 | 8554 | 152243 | 0433 | 8594 | 150022 | 0438 | 8847 | 150403 | 0437 | 8757 | 152331 | 0437 | 8859 | 149360 | 0435 | 87.69 | 147281 | 0440 | 8809 | 151485 | 0433 | 8838
3500 | 161799 | 0489 | 9435 | 161668 | 0488 | 8877 | 175643 | 0433 | 100.16 | 1766.60 | 0430 | 9915 | 179416 | 0435 | 9882 | 175018 | 0435 | 9307 | 1738.75 | 0433 | 0365 | 174034 | 0436 | 9621 | 172246 | 0437 | 9500 | 174019 | 0434 | 0599 | 171098 | 0435 | 9483 | 160295 | 0440 | 9575 | 173398 | 0438 | 9492
4000 | 186232 | 0489 | 10027 | 186057 | 0488 | 07.23 | 197323 | 0434 | 107.28 | 1981.86 | 0430 | 10692 | 201117 | 0434 | 10589 | 196775 | 0435 | 9911 | 195444 | 0431 | 0984 | 105855 | 0436 | 10295 | 194067 | 0436 | 10156 | 195652 | 0433 | 10232 | 102824 | 0435 | 10131 | 191201 | 0440 | 10161 | 195302 | 0438 | 100.67
4500 | 210640 | 0488 | 10626 | 210568 | 049 1045 | 218940 | 0432 | 11381 | 219654 | 0420 | 11374 | 202819 | 0434 | 1123 | 218487 | 0434 | 10604 | 217058 | 0432 | 10654 | 217640 | 0.436 | 10938 | 215822 | 0435 | 10799 | 217278 | 0433 | 10910 | 214505 | 0434 | 107.87 | 213276 | 0440 | 10809 | 217222 | 0438 | 10657
5000 | 235031 | 0488 | 11156 | 234722 | 0483 | 11296 | 240563 | 0432 | 11865 | 241064 | 0428 | 11883 | 244410 | 0432 | 1174 | 240161 | 0433 | 11167 | 238652 | 0432 | 111.00 | 239423 | 0436 | 11457 | 237631 | 0436 | 11338 | 2389.32 | 0433 | 114.16 | 236218 | 0434 | 11203 | 235228 | 0439 | 11317 | 239124 | 0438 | 11115
5,228 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 249156 | 0440 | 97.56
5,340 - - - - - - - - - - - - - - - - - - - - - - - - 250525 | 0438 | 89.12 | 253631 | 0432 | 0422 | 2517.92 | 0458 | 8942 | 250750 | 0457 | 8757
5436 - - - - - - - - - - - - - - - - - - - - - - - - - - - 257740 | 0428 | o157
5500 | 250377 | 0487 | 117.08 | 258917 | 0484 | 11939 | 262664 | 0442 | 117.63 | 2619.99 | 0419 | 12005 | 266405 | 0440 | 11532 | 262450 | 0446 | 9599 | 260337 | 0434 | 9175 | 261230 | 0436 | 9258
5,764 - - - - - - - - - - - - - - - - - - 272018 | 0442 | 10964 - - -
5,800 - - - - - - - - - - - - - - - - - - 273783 | 0418 | 11416
6000 | 283694 | 0486 | 12092 | 283329 | 0488 | 12384 | 286567 | 0478 | 12666 | 2861.98 | 0484 | 12154 | 288522 | 0442 | 11923 | 284473 | 0440 | 11339
6500 | 3.08006 | 0486 | 12405 | 307785 | 0489 | 12562 | 310693 | 0483 | 12891 | 3091.00 | 0458 | 121.04 | 310954 | 0449 | 11845 | 306629 | 0443 | 117.71
6,797 - - - - - - - - - - - - 324135 | 0444 | 12038 - - -
6,800 . = . - = - - - - - - - B - B 310868 | 0441 | 1232
7000 | 332281 | 0486 | 1328 | 331061 | 0484 | 130.8 | 333544 | 0481 | 13413 | 332540 | 0.468 | 13518

*Static surface pressure and temperature obtained from facility operating record
Total depth to top of cement plug =

2 Total depth to top of cement plug =

* Total depth to bridge = 5,764 feet below ground surface
“ Gauge temporarily stuck at depth = 5,238 feet below ground surface

,797 feet below ground surface
804 feet below ground surface
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

Company: A&M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

A & M Engineering and Environmental Services, Inc.

MES#1

Arbuckle Formation
(Open Hole Interval: 5,173 ft. — 6,804 ft)
Open Hole

Pressure Transient Analysis
Fall Off Test

Surface and Bottomhole Pressure Monitoring

Interpreters:
Velerian Lopes: Analysis & Interpretation Hub, Reservoir Lead,
Vlopes@slb.com,
Ashraf Hussein: Analysis & Interpretation Reservoir Lead
AHussein18@slb.com, +1 405 249 7676




Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
- County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

DISCLAIMER

SAVE FOR THAT EXPRESSLY STATED IN THE AGREEMENT, SLB MAKES NO WARRANTIES, EITHEREXPRESS OR IMPLIED,
STATUTORY OR OTHERWISE IN CONNECTION WITH ITS PERFORMANCE OF THE SERVICES OR ANY DELIVERABLES HEREUNDER,
OR THE USE OF THE SERVICES OR DELIVERABLES BY CUSTOMER. SLB DOES NOT GUARANTEE ANY RESULTS. CUSTOMER HAS
FULL RESPONSIBILITY FOR ITS USE OF THE DELIVERABLES AND ANY INTERPRETATIONS, RECOMMENDATIONS AND/OR
DESCRIPTIONS PROVIDED BY SLB HEREUNDER. ALL INTERPRETATIONS, RECOMMENDATIONS AND/OR RESERVOIR
DESCRIPTIONS ARE OPINIONS BASED ON INFERENCES FROM MEASUREMENTS AND EMPIRICAL RELATIONSHIPS AND ON
ASSUMPTIONS, WHICH INFERENCES AND ASSUMPTIONS ARE NOT INFALLIBLE, AND WITH RESPECT TO WHICH COMPETENT
SPECIALISTS MAY DIFFER. IN ADDITION, SUCH INTERPRETATIONS, RECOMMENDATIONS AND/OR RESERVOIR DESCRIPTIONS MAY
INVOLVE THE OPINION AND JUDGMENT OF CUSTOMER AND/OR INFORMATION AND DATA FURNISHED BY CUSTOMER. SLB CANNOT
AND DOES NOT WARRANT THE ACCURACY, CORRECTNESS OR COMPLETENESS OF ANY INTERPRETATION, RECOMMENDATION
AND/OR RESERVOIR DESCRIPTION. UNDER NO CIRCUMSTANCES SHOULD ANY INTERPRETATION, RECOMMENDATION AND/ OR
RESERVOIR DESCRIPTION BE RELIED UPON AS THE SOLE BASIS FOR ANY DRILLING, COMPLETION, WELL TREATMENT,
PRODUCTION OR OTHER FINANCIAL DECISION, OR ANY PROCEDURE INVOLVING ANY RISK TO THE SAFETY OF ANY DRILLING
VENTURE, DRILLING RIG OR ITS CREW OR ANY OTHER INDIVIDUAL. CUSTOMER HAS FULL RESPONSIBILITY FOR ALL SUCH
DECISIONS AND FOR ALL DECISIONS CONCERNING OTHER PROCEDURES RELATING TO THE DRILLING OR PRODUCTION



Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

AO01 « Main results

The pressure recorders were located at the surface to record the Well Head (Tubing) Pressure and at the bottom of
the well at 5,228 ft to assess the near wellbore conditions and obtain reservoir parameters for the Arbuckle formation
over the open hole interval 5,173 ft.-6,804 ft. Downhole pressure gauge data was used to evaluate the formation
permeability, skin factor and formation pressure.

Bottomhole pressure transient data provided reasonable match, as radial flow regime was observed. Spherical flow
regime was clearly observed, indicating flow into wellbore exhibits limited entry behaviour. Vertical well model was
presented here as part of appendix.

The testing procedure consisted of two main events:

* Water Injection: Recorded for ~48 hours. Average surface injection flowrate: 200.32 gal/min (~9,157 STB/D). The
recorded injection pressure prior to shut-in was BHP= 2,985.93 Psig and WHP= 736.03 psig.

* Pressure Fall Off: Recorded for ~ 72 hours. The recorded pressure at the end of shut-in was BHP= 2,491.56 psig and
WHP= ~202.76 psig.

The injection and pressure fall off test procedure consisted of the following events:

Table 1: Events Summary at Bottom Hole and Surface

Real Date Real Time Elapsed Time Pressure Temperature Tag

MM/DD/YY HH:MM:SS Minutes psiG deg. F Number Comment

10/15/25 12:14:03 32.03330 210.923 74.20 14 RIH-0-

10/15/25 12:38:53 56.86670 2527.289 102.79 15 5228' GAUGE SET

10/15/25 12:50:33 68.53330 2525.211 100.83 16 BEGIN INJECTION

10/17/25 13:07:43 2965.70000 2985.931 78.32 17 SHUT-IN BEGIN FALL-OFF

10/20/25 13:05:23 7283.36700 2491.563 97.56 1 POOH static stop @ 5228 feet TVD.

10/20/25 13:12:23 7290.36700 2391.241 111.15 2 POOH static stop @ 5000 feet TVD.

10/20/25 13:17:53 7295.86700 2172.224 106.57 3 POOH static stop @ 4500 feet TVD.

10/20/25 13:24:33 7302.53300 1953.018 100.67 4 POOH static stop @ 4000 feet TVD.

10/20/25 13:30:13 7308.20000 1733.975 94.92 5 POOH static stop @ 3500 feet TVD.

10/20/25 13:36:53 7314.86700 1514.849 88.38 6 POOH static stop @ 3000 feet TVD.

10/20/25 13:43:33 7321.53300 1295.930 83.88 7 POOH static stop @ 2500 feet TVD.

10/20/25 13:48:03 7326.03300 1076.160 79.31 8 POOH static stop @ 2000 feet TVD.

10/20/25 13:55:13 7333.20000 857.026 75.27 9 POOH static stop @ 1500 feet TVD.

10/20/25 14:00:13 7338.20000 636.255 71.95 10 POOH static stop @ 1000 feet TVD.

10/20/25 14:05:53 7343.86700 418.576 69.47 11 POOH static stop @ 500 feet TVD.

10/20/25 14:11:23 7349.36700 243.799 67.07 12 POOH static stop @ 100 feet TVD.

10/20/25 14:18:23 7356.36700 187.748 78.19 13 POOH static stop @ 0 feet TVD.
Table 2 Injection and pressure fall off test events. Upper Table: Downhole event, and Lower Table: Surface Events

Real Date Real Time Elapsed Time Pressure Temperature Tag

MM/DD/YY HH:MM:SS Minutes psiG deg. F Number Comment

10/15/25 12:07:52 21.86670 65.852 0.00 1 OPEN WELLHEAD SURFACE GAUGES

10/15/25 12:50:22 64.36670 217.446 0.00 2 INJECTION PUMP START

10/17/25 13:07:32 2961.53300 736.027 0.00 3 INJECTION STOP BEGIN SHUT-IN

10/20/25 13:05:02 7279.03300 202.757 0.00 4 END FALL-OFF TEST
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Reservoir: Arbuckle Formation

Company: A & M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma

Well: MES#1- Water Injector

PN

F50592: Bottom hole pressure Top - gauge 50592
F50133: Bottom hole pressure Bottom - gauge 50133
F50766: Surface pressure WHP — gauge 50766

F50794: Surface pressure WHP — gauge 50794
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Figure 1: Cartesian Plot for Injection flow rate and Pressure Falloff for gauges #50592 and #50133 @ 5,228 ft and
wellhead gauges #50766 and #50794
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Figure 2: Pressure data for gauges considered for PTA analysis. Gauge #50592 @ 5,228 ft




Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.

Pressure Transient Analysis

A<

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Well: MES#1- Water Injector
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Figure 3: Temperature readings for gauge wellhead (50766-orange, 50794-aqua) and bottom (560592 and 50133 in green and blue
colour).

The water fluid properties were estimated based on the reported field water sp. gravity (~1.008 g/cc) and down hole
pressure & temperature conditions. The bottomhole and surface pressure data quality is compared in Figure 4,
indicating noisy surface pressure data, which reflects in the fall off pressure derivatives presented in Figure 5.
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Figure 4: Bottom hole and surface pressure gauges data quality

Along with bad data quality of surface pressure gauge, fall off analysis of this gauge present two wellbore dynamics
effects:

-small noise at early times in the surface pressure gauge. However, it does not have an important impact in the analysis.

-spikes in the derivative late times which look associated to temperature variations. This phenomenon is mainly
affecting the surface pressure gauges as presented in Figure 5.
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‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector
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Figure 5: Early and late time pressure transient wellbore dynamics effect

The results described below show the estimation of kh and skin by the log-log, Semilog and test history match. The
complete injection flow rate history was considered as per Table 1 (flow rate of 200.32 PM or ~9,157 STB/D).
The main PTA results are summarized below:

Pressure Fall Off: Recorded for ~72 hours. The recorded pressure at the end of shut-in was BHP= 2,491.56 psig and
WHP= ~202.76 psig.

The pressure and temperature gradients performed after the fall off period from 5,228 ft to well head are presented in
Appendix 1 and the respective mean gradient values are presented in the Table 3, below.




Pressure Transient Analysis

Pressure Fall Off Test, October 2025

A<

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Company: A & M Engineering and Environmental Services, Inc.

Well: MES#1- Water Injector

Table 3: PTA model result table

PTA Reservoir Model Results Downhole Gauges

Fall Off test duration, hrs 72
Estimated BHP Injection Pressure before shut-in, psig 2,985.93
Estimated BHP Pressure after 72 hours of shut-in, psig 2,491.56
Permeability- Thickness, k*h 65,198 md-ft
Permeability, k (assuming net pay of 300 ft) 217.33 md
Total Skin, S -4.47
Investigation Radius, Rinv 3,743 ft
Reservoir Pressure, P* [Horner Plot] @ 5,228 ft. 2,460.00 psig
Injectivity Index (Il) 12.89 STB/D/psi
Storage, C, bbl/psi 0.519695
Pressure gradient between 0 and 5,228 ft 0.438 psi/ft
Temperature gradient between 0 and 5,228 ft 0.010 °F / ft

“*  BHC: Bottom hole conditions




Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

B01 - Interpretation with downhole pressure gauge data (Gauge 50592)

The diagnostic Log-Log plot for the Falloff pressure transient test recorded with downhole gauges is presented in Figure
6. The pressure falloff derivative plot was used for early and middle times flow regime identification, the log-log scale
shows three main flow regimes:

e At early times, Wellbore Storage (WBS) effects were observed until about 0.02 hr. Changing wellbore storage
was applied. The obtained wellbore storage from the time match was 0.52 bbl/psi with delta t of 0.02 hr. The
wellbore-dominated time is considered small for this type of test for a well which has been shut-in at the
bottomhole.

e Pressure drop caused by near-wellbore damage was observed to be very short interval. The estimated total skin
value was S= -4.47. This negative skin could be due to acid treatment or presence of possible linear flow.

o Possible Infinite Acting Radial Flow (IARF) was observed between 59 and 68 hrs. The formation properties, such
as average drainage area pressure and permeability were estimated from this flow regime. Permeability-
Thickness, k*h = 65,198.00 md-ft. Considering an effective injection thickness of 300 ft (from previous report
dated on Nov 2023, Nov 2024 and Jun 2025) an effective horizontal permeability is estimated in the order
of 217 md. Average drainage area pressure is estimated as 2,460psig and the fall off test investigation radius
is 3,743 ft.

e The water injectivity Index is computed as 12.89 STB/D/psi.

Graphical analyses are presented in Figures 6, 7 and 8, including field data and history match analytical model.

Loglog plot
- % Fall-Off #1
7 O Fall-Off #1 Bourdet derivative
100~ = Model Fall-Off #1
_ 3 = Model Fall-Off #1 Bourdet derivative
é_ i
g Z
=
i
£ 105
= 7
@ 7
5 ]
Z 4
E -
1=
|| T I|I|||Ii T IIIII|IEI T |I|IIII|E T I||||I|i T IIII||Ii T IIIII|I:|
E-4 1E-3 0.01 0.1 1 10 100
Time [hr]

Figure 6: Log-Log Plot and PTA Model for pressure falloff with downhole gauge 50592 (Vertical, Radial Composite, Infinite)



Pressure Transient Analysis Pressure Fall Off Test, October 2025

A<k

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Semilog plot @ [
: " X £ y
1: X Fall-Off #1
2990_:0 — Model Fall-Off #1
7 Fall-Off #1 Semilog line '
2800 71 T start 59.1529 hr
I Tend 67.8362 hr
= 1| Slope -214.791 psi
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e - -
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2 2700 5 Pat1hrraw 2911.19 ps?g
= 7 Pend of radial 248224 psig
1 P Match 0.00536006 1/psia
1 kh 6549.82 md.ft
1 k 21.8327 md
2600 7 ' p 244209 psig
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1 apskin -926.966 psi
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Figure 7: Semi log Diagnostic Plot and model for Pressure Falloff with downhole gauge 50592
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Figure 8: Top plot: Test bottomhole pressure data (green colour) and history match model (red colour), gauge 50592. Bottom plot:

injection rate (gal/min).
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Radial composite model is used for this fall off analysis: It is used to represent a reservoir with distinct zones of varying
properties, often separated by a discontinuity. This model is particularly useful for simulating reservoirs where there
have been changes in fluid properties, formation characteristics, or where stimulation or flooding operations have
occurred.

Figure 9. Radial Composite inner & outer compartments (left) with pressure profile (right)

Below table shows description of different parameters for Radial composite model.

Permeability Fissure permeability
Composite radius Distance from the well to the interface
T (%),
Mobility ratio Ratio of inner zone to outer zone mobility: M= (kf“}ﬂ
K. outer
Diffusivi i : H : b e [— (k‘{‘puct)innar
iffusivity ratio Ratio of inner zone to outer zone diffusimty: D= W
pue outer

With the radial composite reservoir, the apparent mobility and diffusivity will move from the inner values (compartment
1) to the outer values (compartment 2), the final mobility will be that or compartment 2.

11



Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

B02 - Comparison of Log-Log plot with downhole pressure gauge data for Jun 2025 & Oct 2025

As seen in figure below, IARF flow regime stabilization levels are quite different than Jun 2025 data. Some
changes in radial composite model is observed.

Loglog plot
100
10
ER
g .
= H
o :
£ 15 i
o 7] :
W - :
5 1 o
E i » (MES-1_Oct2025 - top Gauge) Fall-Off #1
O (MES-1_0ct2025 - top Gauge) Fall-Off #1 Bourdet derivative
014 — [MES-1_0ct2025 - top Gauge) Model Fall-Off #1 -
3 = (MES-1_0ct2025 - top Gauge) Model Fall-Off #1 Bourdet derivative
: > (MES-1_Falloff_Jun2025_Final - Analysis 3_1cp) Fall-Off #1
8 O (MES-1_Falloff_Jun2025_Final - Analysis 3_1cp) Fall-Off #1 Bourdet derivative
1 = (MES-1_Falloff_Jun2025_Final - Analysis 3_1cp) Model Fall-Off #1
001 = (MES-1_Falloff_Jun2025_Final - Analysis 3_1cp) Model Fall-Off #1 Bourdet derivative

Figure 10: Comparison of Log-Log plot with downhole pressure gauge data for Jun 2025(black colour) & Oct 2025 (blue colour)
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘Slb Company: A & M Engineering and Environmental Services, Inc.
- County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

CO01 » Summary of PTA Inputs - Pressure Fall Off on Oct 2025
Analysis summary

Name Falloff
Reference well MES#1
PVT ref. phase Water
PVT phases Water
Active prod. Injection
Open Hole Interval 5,173 — 6,804 ft
Active press. datum BHP @ 5,228 ft
Analysis type Standard
Model description
Active model Analytical
Wellbore Constant
Well Vertical
Reservoir Radial Composite
Boundary Infinite
Other wells incl.? No
Rate dep. skin? No Data
Time dep. skin? No Data (no SRT)
Test parameters
rw 3.948in
h 300 ft
Rock compressibility 3.00E-06 psi™
® 0.14
Top reservoir depth 5173 ft
Fluid Model
Phase Water
B 1.0 B/STB
J 1.26 cp
ct 5.24500E-6 psi™
Sw 1
Cw 2.88162E-6 psi™
co 0 psi™
cg O psi*
PVT model Water
Tref 98 °F
Pref 2,492 psig
Water gravity 1.008 sp. gr.
Salinity 10,000 ppm
Bw Spivey
pw Internal

[\ Constant




Pressure Transient Analysis Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.

A<

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Well: MES#1- Water Injector

C02 - Comparison of PTA Results - Pressure Fall Off on Oct 2025,Jun 2025, Nov 2024 and Nov 2023
Main Results

Oct-25 Jun-25 2024 2023
Transmissibility, kh/p 51, 744.5 md.ft/cp 69,000.00 md.ft/cp 76,210.30 md.ft/cp 79,330.10 md.ft/cp
Permeability, k 217.33 230 254.03 md 264.43 md
Mobility, k/y 172.482 230 254.03 md/cp 264.43 md/cp
Total skin -4.47 -3.37 19.76 16.59
Initial Pressure, Pi 2460 2500 2,518.63 psia 2,529.72 psia
Wellbore Storage, C 0.519695 bbl/psi 0.178278 bbl/psi 0.220537 bbl/psi 0.256143 bbl/psi
Model - Well & wellbore
Wellbore model Constant Changing fair Changing fair Changing hegeman
Final wellbore storage 0.519695 bbl/psi 0.0776277 bbl/psi 1.26061 bbl/psi 0.61368 bbl/psi
Clinitial)/C[final] NA 2.29657 0.174945 0.417389
Dt changing storage NA 0.601702 hr 0.0856841 hr 0.0822642 hr
Well type Vertical Vertical Vertical Vertical
Skin -4.47 -3.37 19.76 16.59
Diagnostic
Wellbore storage Constant Constant Constant Constant
Well Finite radius Finite radius Finite radius Finite radius
Reservoir Radial composite Radial composite Homogeneous Homogeneous
Boundary Infinite Infinite Infinite Infinite
Reference rate 200.32 gpm (9,157 STB/D) 268 gpm (9,189 STB/D) 6,548.57 STB/D 6,000.00 STB/D
Extraction start time 0 hr 0 hr 0 hr 0 hr
P @ dt=0 2974.59 psig 2,935.28 psig 2,873.09 psia 2,808.31 psia
Model - Reservoir & boundary
Reservoir type Radial Composite Radial Composite Homogeneous Homogeneous
Boundary type Infinite Infinite Infinite Infinite
Initial pressure 2,460.00 psig 2,500.00 psig 2,518.63 psia 2,529.72 psia
Transmissivity 65,198.0 md.ft/cp 69,000.0 md.ft/cp 76,210.30 md.ft 79,330.10 md.ft
Permeability 217.33 md 230 md 254.03 md 264.43 md
Thickness 300 ft 300 ft 300 ft 300 ft
Porosity 0.14 0.14 0.14 0.14
Composite Radius 205.104 ft 232.502 ft
Mobility Ratio 6.61 5.8
Diffusivity Ratio 0.047 0.12
Outer Permeability 32.86 md 39.65 md
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Appendix 1:

Static Pressure and Temperature
Gradients

15



A<

Pressure Transient Analysis

Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Appendix 1: Static Pressure and Temperature Gradients

Static Pressure Gradient — Pulling Out of Hole*

Static Gradient - Pulling Out Of Hole
F(50133)(10-20-25)(1).DAT
Pressure - vs - Depth
(o]
Pressure (psiG) . .
: T = Press. Gradient ~ 0.438psi/ft
1.0K
2.0K
3.0K
FE
9
= 4.0K
S
a
0]
0 5.0K
6.0K
0.00 500.00 1000.00 1500.00 2000.00 2500.00
Pressure (psiG)
Pressure & Temperature Gradient Table
Static Survey - Pulling Out Of The Hole
Real Date Real Time Elapsed Time WLM TVD Pressure Gradient Temperature Gradient
MM/DD/YY HH:MM:SS Minutes feet feet (psiG) (psiG/feet) (deg. F) (deg. F/feet)
10/20/25 14:18:23 7356.36667 0 0 187.748 .5605 78.185 -.1112
10/20/25 14:11:23 7349.36667 0 100 243.799 4369 67.066 .0060
10/20/25 14:05:53 7343.86667 0 500 418.576 4354 69.472 .0050
10/20/25 14:00:13 7338.20000 0 1000 636.255 4415 71.948 .0066
10/20/25 13:55:13 7333.20000 0 1500 857.026 4383 75.269 .0081
10/20/25 13:48:03 7326.03333 0 2000 1076.160 4395 79.308 .0092
10/20/25 13:43:33 7321.53333 0 2500 1295.930 4378 83.884 .0090
10/20/25 13:36:53 7314.86667 0 3000 1514.849 4383 88.375 .0131
10/20/25 13:30:13 7308.20000 0 3500 1733.975 4381 94.915 .0115
10/20/25 13:24:33 7302.53333 0 4000 1953.018 4384 100.668 .0118
10/20/25 13:17:53 7295.86667 0 4500 2172.224 4380 106.572 .0091
10/20/25 13:12:23 7290.36667 0 5000 2391.241 4400 111.146 -.0596
10/20/25 13:05:23 7283.36667 0 5228 2491.563 97.559

* After LQC data acquired from Precision Wireline
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

A<

Well: MES#1- Water Injector

Pressure /| Temperature Records for Gradient Analysis*
(Gauge 50133 on 15/10/2025)

Pressure / Temperature vs. Elapsed Time
F(50133)(10-20-25)(1).DAT
Pressure (psiG) Temperature (°F)
17
3000.00 g
—
15 1
2500.00 2
3
e | (I 4
2000.00 — e
L :
|- \-“‘\ / 5
© 1500.00 ™ f 17
g L e 4
g 1000.00 9
§ 10
& 500.00 11
j 14 FB
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 6000.0 7000.0
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50.00

(do) @2umesadwa]

Pressure & Temperature records from bottom hole gauges 50133. Pressure: blue color and Temperature: red color.

* After LQC data acquired from Precision Wireline

Static Temperature Gradient — Pulling Out of Hole*

Pressure / Temperature vs. Elapsed Time
F(50133)(10-20-25)(1).DAT

Pressure (psiG)

Temperature (°F)
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2500.00
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—_
o
3
100.00 §
S
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90.00 @
2
|
80.00
70.00
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* After LQC data acquired from Precision Wireline
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Appendix 2

MES #1 Well Construction
Revision 9-23-2020
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Pressure Transient Analysis Pressure Fall Off Test, October 2025

‘slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Appendix 2: MES # 1 Well Construction Revision Diagram (9-23-2020)

2 7/8° VALVE

4" VALVE

WELLHEAD

ANNULUS VALVE

Q' _(GROUND ELEVATION 8745 FEED 17 1/2° SURFACE HOLE

T0 350°

UNDERGROUND
20 BASE OF SATE DRINKING WATER

Vanoss Group

350" 13 3/8°, 484
SURFACE CASING
SET AT 350'
CEMENT TO SURFACE

|

Ada Fm. §

Vamoosa Fm.

PENNSYLVANIAN

20000 5173 8 5/8" 324 J-55

Ochelato Group|EE , 7:1 'S’Eﬂ?rﬁt;?;;msmc
CEMENTED TO SURFACE
2 STAGES

- 5155.25' 4 1/2° — 13.54 J-5
: DUOLINE LINED INJECTION
" TUBING (8 RD LTC)

.
g
Q

ANNULUS FILLED WITH
- FLUID CONTAINING CORROSION
" AND BIOLOGICAL INHIBITOR

o e e

12 1/4" DRILL HOLE TO 5173

ORDOVICIAN‘ F

NICKEL COATED PACKER
(ASI=X RETRIEVABLE)
SET AT 5054" WITH 2 JOINTS
TAL-PPE (5150 FT.)

T OPEN HOLE 7 7/8°
TO TOTAL DEPTH
5764 FiLL MATERIAL

CEMENT PLUG

6804° 70 TOTAL DEPTH
1.0. 7013 QLOC)
T.D. 7040° (DRILLER)

6000’
Arbuckle Gr. B

CAMBRIAN

L
Lo

.

WELL CONSTRUCTION SCHEMATIC OF
A & M Engineering and MID-WAY ENVIRONMENTAL SERVICES, INC.

M Environmental Services, Inc. - INJECTION WELL MES gi
Consulting - Design - Canstruction - Remediation AS SHOWN 9/2‘/2020 1

TAT T™F 1 -006

: * Collar locator logs in June and November 2020 show the top of packer to be at 5138’ and the EOT at 5234". Note from
Precision Wireline report on Nov 11, 2021.
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MID-WAY ENVIRONMENTAL SERVICES INC.

BOTTOM HOLE PRESSURE

MES #1

10/15/2025 TO 10/20/2025

PRECISION WIRELINE



PRECISION WIRELINE

2402 S MONROE

ENID OK 73701

Phone: 580-233-0033 Fax:

Company Information
Company Name: MID-WAY ENVIRONMENTAL SERVICES INC.

Division:

Representative: ~ ORPHIUS MOHAMMAD

Address: 10010 E. 16TH ST

Address:

Address:

City: TULSA State: OK Zip: 74128-4813  Country:

Phone Number:  918-665-6575

Fax Number:

E-mail Address: mailto:omohammad@aandmengineering.com
Note 1:

Note 2:

Note 3:

Well Information

Well Name: MES #1

Well Location:

Field and Pool:

Status (Oil, Water, Gas, Injection): INJECTION

Perforation Intervals: 5173-6804' OPEN-HOLE
MPP Intervals:

Casing Size: 8-5/8" 32
Tubing Size: 4-1/2" 13.5# J-55
Plug Back Total Depth:  6804'
Total Depth: 7013'

Test Information
Type Of Test: BOTTOM HOLE PRESSURE
Date Of Test: 10/15/2025

Start Date / Time: Begin: 10/15/2025 / 09:00AM
End: 10/20/2025 / 03:00PM
Duration: 120 HOURS

Gauge Depth: 5228’

Gauge Position BOTTOM

Surface Casing Pressure:

Surface Tubing Pressure:
Maximum Downhole Pressure:
Maximum Downhole Temperature:

Data Filename: F(50133)(10-20-25)(1).DAT
Job Number:
Reported By: RICK PORRAS

United States

—rnECISION
\WIRELiiiE——

Page 2 of 12
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Gauge Information
Serial Number: 50133

Model Number: HT-1250

Gauge Manufacturer:  Micro-Smart Systems, Inc.
Pressure Range:

Battery Type Used: 4251560400

Calibration Filename:  G(50133)(10-13-25).CAL

Gauge Setup Parameters

Gauge Power-up Date / Time:  10/15/25 11:42:01
Test Type Setting: 10 SEC SAMPLE

Test Duration Setting: MAX

Service Company Information
Company Name: PRECISION WIRELINE

Division:

Representative:  RICK PORRAS

Address: 2402 S MONROE

Address:

Address:

City: ENID State: OK  Zip Code: 73701 Country: United States
Phone Number:  580-233-0033

Fax Number:

E-mail Address:  pwllc@swbell.net

Note 1: WL TAG DEPTH=5238" TEMPORARILY STUCK
Note 2:

Note 3: CORRELATED TO GL

Page 3 of 12
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Filename:

Power Up Date:
Power Up Time:

Real Date
MM/DD/YY
10/15/25
10/15/25
10/15/25
10/17/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25

F(50133)(10-20-25)(1).DAT

10/15/25

11:42:01

Real Time
HH:MM:SS
12:14:03
12:38:53
12:50:33
13:07:43
13:05:23
13:12:23
13:17:53
13:24:33
13:30:13
13:36:53
13:43:33
13:48:03
13:55:13
14:00:13
14:05:53
14:11:23
14:18:23

Elapsed Time
Minutes
32.03330
56.86670
68.53330
2965.70000
7283.36700
7290.36700
7295.86700
7302.53300
7308.20000
7314.86700
7321.53300
7326.03300
7333.20000
7338.20000
7343.86700
7349.36700
7356.36700

Event Summary

Pressure
psiG

210.923
2527.289
2525.211
2985.931
2491.563
2391.241
2172.224
1953.018
1733.975
1514.849
1295.930
1076.160
857.026
636.255
418.576
243.799
187.748

Temperature
deg. F
74.20
102.79
100.83
78.32
97.56
111.15
106.57
100.67
94.92
88.38
83.88
79.31
75.27
71.95
69.47
67.07
78.19

Tag
Number
14
15
16

WCoONOU A WN R G

N S o
w N = O

—rnnECISION
\WIRELiiiE——

Comment
RIH-0 -
5228' GAUGE SET
BEGIN INJECTION
SHUT-IN BEGIN FALL-OFF
POOH static stop @ 5228 feet TVD.
POOH static stop @ 5000 feet TVD.
POOH static stop @ 4500 feet TVD.
POOH static stop @ 4000 feet TVD.
POOH static stop @ 3500 feet TVD.
POOH static stop @ 3000 feet TVD.
POOH static stop @ 2500 feet TVD.
POOH static stop @ 2000 feet TVD.
POOH static stop @ 1500 feet TVD.
POOH static stop @ 1000 feet TVD.
POOH static stop @ 500 feet TVD.
POOH static stop @ 100 feet TVD.
POOH static stop @ 0 feet TVD.

Page 5 of 12
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BOTTOM HOLE PLOTS (Gauge #50133) Start=10/15/2025 11:42:01

Pressure / Temperature vs. Elapsed Time
F(50133)(10-20-25)(1).DAT

Pressure (psiG) Temperature (°F)
! 17
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©'1500.00 S - T ﬁ
I F P~ Y 80.00
~— I 8
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Pressure vs. Elapsed Time
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File Name:

Real Date
MM/DD/YY
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25
10/20/25

F(50133)(10-20-25)(1).DAT

Real Time
HH:MM:SS
14:18:23
14:11:23
14:05:53
14:00:13
13:55:13
13:48:03
13:43:33
13:36:53
13:30:13
13:24:33
13:17:53
13:12:23
13:05:23

—rnnECISION

Static Survey - Pulling Out Of The Hole

Elapsed Time
Minutes
7356.36667
7349.36667
7343.86667
7338.20000
7333.20000
7326.03333
7321.53333
7314.86667
7308.20000
7302.53333
7295.86667
7290.36667
7283.36667

WLM
feet
0

OO O0OO0OO0O0O0OO0OO0OOoOOoOOo

feet

100
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5228

Pressure
(psiG)
187.748
243.799
418.576
636.255
857.026
1076.160
1295.930
1514.849
1733.975
1953.018
2172.224
2391.241
2491.563

Gradient

(psiG/feet)
.5605
.4369
4354
4415
.4383
.4395
4378
.4383
4381
4384
.4380
.4400

Temperature
(deg. F)
78.185
67.066
69.472
71.948
75.269
79.308
83.884
88.375
94.915
100.668
106.572
111.146
97.559

\WIRELiiiE——

Gradient

(deg. F/feet)
-.1112
.0060
.0050
.0066
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-.0596
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GRADIENT PLOTS (Bottom Gauge #50133)
Pressure / Temperature vs. Elapsed Time
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Static Gradient - Pulling Out Of Hole
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Filename:
Power Up Date:
Power Up Time:

Real Date
MM/DD/YY
10/15/25
10/15/25
10/17/25
10/20/25

F(50766)(10-20-25)(1).DAT

10/15/25
11:46:00
Event Summary
Real Time Elapsed Time Pressure Temperature
HH:MM:SS Minutes psiG deg. F
12:07:52 21.86670 65.852 0.00
12:50:22 64.36670 217.446 0.00
13:07:32 2961.53300 736.027 0.00
13:05:02 7279.03300 202.757 0.00

Tag
Number
1

2
3
4

—rnnECISION
\WIRELiiiE——

Comment
OPEN WELLHEAD SURFACE GAUGES
INJECTION PUMP START
INJECTION STOP BEGIN SHUT-IN
END FALL-OFF TEST
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SURFACE DATA (Gauge #50766) Start=10/15/2025 11:46:00

Pressure vs. Elapsed Time
F(50766)(10-20-25)(1).DAT
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MES-12024 PFT REPORT

Raw Datais not included in this appendix. Raw datais provided to DEQ with
the stand alone PFT Report Submission

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



A & M Enpineering arsd
Envirganmeital Servives, tn,
oz kitiog - Decian - Coentrirtien - Bermediatios

February 17, 2025

Ms. Hillary Young, P.E.

Chief Engineer

Land Protection Division

Oklahoma Department of Environmental Quality
P.O. Box 1677

Oklahoma City, Oklahoma 73101

RE: Annual (2024) Pressure Fall-off Test
Mid-Way Environmental Services, Inc.
Davenport, Oklahoma
Permit Number IW-NH-41001-OP

Dear Ms. Young:

Enclosed please find the results of the 2024 Pressure Fall-off Test (PFT) conducted
at the above reference Mid-Way Environmental Services, Inc. (Mid-Way)
commercial Class | Non-Hazardous injection well. The 2024 PFT was conducted
during the period of November 13, 2024, through November 18, 2024. The PFT
was conducted in accordance with the PFT Plan submitted to the Oklahoma
Department of Environmental Quality (DEQ) in November 2024. The PFT Plan
outlined the procedures to be followed in conducting the test and for procedures to
be followed in gathering static temperature and pressure data to generate and
compare the current pressure gradients with historic data.

The 2024 PFT utilized four (4) 5 kpsi rated gauges; two (2) for surface
measurement recording and two (2) for bottom hole measurement recording. As
DEQ suggested in the October 12, 2020 meeting, Mid-Way chose to use both
surface and bottom hole gauge for 2024 PFT so that a comparison can be done
between surface and bottom hole gauge for the PFT at Mid-Way. Pressure transient
data interpretation and curve matching was performed by a Senior Reservoir
Engineer with Schlumberger. A copy of the Schlumberger Pressure Transient Test
Interpretation Report (Report) is included for review. The bottom hole gauge
Pressure Transient Analysis can be found in Table 3 and Section B of the Report.
The static temperature and pressure readings and gradient calculations are also
included in Appendix 2 of the Report. Attached Table 2 presents a comparison of
the historical formation temperature, pressure, and gradient information.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com



Ms. Hillary Young, P.E.
February 17, 2025
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To allow the well to stabilize and reach equilibrium, the injection well had not been
operated for period of approximately 5 days (120 hours) prior to initiating the PFT.
Personnel from Precision Wireline, LLC of Enid, Oklahoma calibrated and connected the
surface recording gauges directly to a port on the injection well and set the bottom hole
gauges at a depth of 5,340 feet. The facility’s horizontally mounted centrifugal pump was
used as the primary pump for injection and the average pumping rate calculated for the
injection period was 191 gallons per minute. A total quantity of 562,120 gallons of water
was injected during the test. For the PFT conducted on November 13" through 18" of
2024, the injection (pumping) period was 49 hours 3 minutes, and the monitored recovery
(fall-off) period was 72 hours.

After the 72-hour recovery portion of the test, the bottom hole gauges were used to record
static temperature and pressure readings at every 500 feet interval as the tool was retrieved,
with a final reading at a depth of 100 feet and 0 feet from the surface.

At the completion of the test, the surface and bottom hole gauges were retrieved by
Precision Wireline, LLC personnel and the data recorded during the test was forwarded to
a Senior Reservoir Engineer with Schlumberger for pressure transient data interpretation
and curve matching.

Parameters utilized by Schlumberger in the pressure transient analysis included:

Formation thickness (h) = 300’ Radius of the well (r) = 0.329’
Porosity (@) = 14.0% Q = 6,549 Bbl/Day
Water Viscosity (uw) =1 cp Compressibility (Ct) = 3E-6

Type curve matching was utilized by Schlumberger in analysis of the pressure transient
data. Based on “best fit” to type curves, the data recorded during the 2024 PFT best fits a
Radial Composite Reservoir Model, indicating different flow regimes over time. The
model (chosen based on the type curves) is the same as the one used during the 2023 test
interpretation.

In the Radial Composite Model, the well is at the center of a circular homogeneous zone,
communicating with an infinite homogeneous reservoir. The radius of investigation based
on the 2023 results is calculated to be 4,269 feet.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com
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Calculated formation parameters based on the Radial Composite Model indicate a
permeability (k) of 254.03 millidarcys (md) with a 19.76 skin factor. The skin value is
similar to last year’s test result (In 2023, the skin value was 16.59).

The bottom hole pressure at the end of the fall off period was 2,507.588 psi, which is similar
to historic pressures estimated for the well. A Cartesian plot of recorded data (pressure vs.
time) is presented in Figure 1 and 2 of the attached Schlumberger Pressure Transient Test
Interpretation Report. A summary of the bottom hole pressures estimated over the last
several years is presented in the table below:

Table 1: Estimated Bottom Hole Pressure from the Measured Surface Pressure

Calendar Year Estimated Bottom Hole Pressure (psi)
2010 2,495
2015 2,537
2016 2,649
2017 2,574
2018 2,509
2019 1,869
2020 2,672
2021 2,529
2022 2,536.7*
2023 2,529.27*
2024 2507.59*

*Bottom hole pressure estimated at depth of 5,340 below ground surface

In Figure 5 of the attached Report, spikes in the derivative late times are associated with
temperature variations.

Attached Table 2 presents a comparison of the historical formation pressure, temperature,
and gradient information. The data indicates no apparent changes to bottom-hole pressure
or temperature because of the injection activities. Please note that the pressure reading
recorded near the top of the well head was comparable to the well head pressure observed
on the facility’s continuous recording equipment prior to initiating the static survey.

If you have any questions on this matter, or if you need additional information, please do
not hesitate to contact me at 918-665-6575.

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com
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February 17, 2025
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Sincerely,
A & M Engineering and Environmental Services, Inc.

Orphius Mohammad, PhD, P.E.
Senior Environmental Engineer

Enclosures: (i) Table 2: Historical Static formation Pressure, Temperature, and
Gradient information

(i) Schlumberger Pressure Transient Analysis Report

(iii)  Precision Wireline Data Summary

(iv)  Raw Pressure Data [Bottom Hole Gauge]

(V) Raw Pressure Data [Surface Gauge]

Cc:  Mr. John Mitsdarfer, DEQ
Ms. Brigette Haley, DEQ
Mr. Tolga Ertugrul, P.E., President, Mid-Way

10010 East 16th Street - Tulsa, Oklahoma, 74128 - (918) 665-6575
www.aandmengineering.com



Table 2:
Historical Static formation Pressure, Temperature, and Gradient information



TABLE 2
FORMATION PRESSURE, TEMPERATURE, AND GRADIENT DATA

*Total depth to top of cement plug = 6,797 feet below ground surface
: cement plug =
* Total depth to bridge = 5,764 feet below ground surface

May?7, 2010 October 11, 2010 ‘September 14,2015 September 6, 2016 ‘September 25,2017 * January 17,2019 % December 9, 2019 November 16,2020 November 15, 2021 November 14,2022 November 13,2023 November 18,2024 *
Depth | pressure | Gradient |Tempera pressure | Gradient |Tempera| Pressure | Gradient | Temperaf pressure | Gradient | Temperal pressure | Gradient |Tempera| pressure | Gradient |Tempera] pressure | Gradient Temperal pressure | Gradient |Temperature| Pressure | Gradient | Temperat | Pressure | Gradient | Temperat | pressure | Gradient | Temperat | Pressure | Gradient | Temperat
togs) | psi) | (s |wreCR)| psi) | sy [wreeR)| sy | sy JwreCP) @s) | psimy JwreCP| s | @sim) |wrecR)] es) | @i |wrecn| @s) | @sim (wee] es) | esim [ | Gs) | @sim | weer) | es) | sim) [urecr) | es) | @i | uecn | es) | esim | urech)
T | - | w1 | wwr | - 5% o0 g F B I T Taw |- | s | e |- Gm | wem | - | eom | s | - | w0 | e | - | 7w [ war | - | ew
w5 | w5 | w3 | owm Z0a | osis 29940 | o34 | essl | sires | oamr | eort | zerst | oase | et 72 | o5m | o9 | #em | oo | o | 2629 | o4 | earo | zoras | oss2 | esoo | 7m0z | oam | eazr | iwses | o | eroe
w2 | 7o | sz | oam | 5.1 Y] 47100 | 0420 | o740 | asner | 0asa | eods | aaieo | 0as | 6azo | aar05 | oaz | o4z | azos0 | oasr | 515 | aitz1 | oaw | 5% | adoa0 | oam | ey 00 | o4z | eoao | 32z | oase | osm
@ | 79 | 0 ] a0 | o G50 | 0435 | 7076 | 708e0 | oass | 72s0 G766 | 0433 | 6766 | o622 | 04 | Gerr | o1 | 04 | 6oz | esodo | oas | 7046 | o235 | oasm | eost | soaer | a0 | 1240
a2 56 58 043 o311 | o420 | 7515 | oasr7 | os | 7679 G360 | 04 | 7is6 | s | 04w | 7209 | sesa | 04w | 7am | erads | oawm | 7az5 | eateo | oasm | 73 | eiem | om0 | e
I a6t 169 | 1106 0435 111093 | o043 | s003 | w1270 | osm | eror 108089 | o432 | 7oe7 | loeses | odsr | 77es | 106712 | oasr | 7rizs | woseor | 04w | 7m3 | iosees | oase | 7735 | 0sess | oado | 7ese
89 129 72 | 12206 | oas | w721 | 1sasao | oaan | w596 | 130015 | 04% | seds 3059 | 043 | eors | 1a0206 | 0ass | saoz | 1zsss | oasr | e | 10489 | 04s4 | sadv | 127oda | 0ass | sest | 12szes | oado | eado
I 72 153075 | oas | se7 | 1seise | o4z | ores | 1s7oes | 043 | oise 152243 | 0433 | esos | 1sz20 | oase | eear | tsoa0s | oasr | ersr | 1seast | 04w | eeso | uasaeo | oass | ereo | wrzer | oado | esse
89| o435 | 1616 71 | irsea |04 | 10016 | 176660 | 040 | 9915 | 17oato | 0ass | ese 73075 | 0433 | 9365 | 174034 | 0as | 9621 | 172246 | oasr | o600 | 174019 | 04s4 | 0599 | 17100 | 0ass | oass | o205 | oado | b5
469 650, to7323 | 04w | tons | 106166 | 0430 | 10692 | 201117 | oas | iosee 195444 | 0431 | ooes | 1osess | 04s | 10205 | tod0e7 | o4 | lowss | 1osese | 043 | 1023 | 1oreos | 043 | 10151 | to1zer | oss0 | toner
I 10565 | 0 045 | ateoa0 | oase | 11aen | o654 | 049 | itara | zoze1o | oam | 1123 21705 | o043 | 10654 | 217640 | 0as | 10036 | 215672 | oass | 10790 | 21727 | 043 | 10010 | 214506 | 0asa | 10767 | 215276 | oado | 10606
4 | 1 30722 T 2a0563 | o043 | 1165 | 241064 | oazs | 11s3 | oaeads | osx | wra 652 | odm | 100 | 29425 | o4z | masr | zamear | oas | wase 32 | oam | 1t 18 | o4 | wzes 049 | a7
g - g - g - g - = - g g g - 252575 | 0a | sot2 | zsoeal | oaw | o4z | 25172 | oase | eoaz | zs0rs | oast | rst
- - - - - - - - - - = - - = - g = g - = — | 240 [ oam [ aisr
odg7_| 11708 | zseer 119% | ooes | omz | 1re | 7w | o | 12005 | 206405 | oo | sz 20337 | oas | oirs | zerea0 | oasm | 2w
B - - = - - = - - = - - = g Zi018 | stz | 10064 | - = -
= g - = g - = g g = g g = - 77378 | oate | _1iats
Odss_| 17002 | zm%a20 | oaw | 17304 | zeeser | oare | 12066 | zeotes | odse | t2ise | oesszz | oamz | ez
0486 _| 12406 | 307785 | odss | 12562 | ai0683 | oass | 12891 | a00120 | oase | 12104 | 510954 | oasy | 1imds
= - - = - g = - - g 4135 | oam | 1203 | - = -
= - - = - - = g - g - = | sioees | owr | 12
0486 | 1320 | 3aioe1 | odse | 1a0e | swswr | oer | 1313 | swsao | odee | 1




SCHLUMBERGER PRESSURE TRANSIENT ANALYSIS REPORT



W

Digital Subsurface Solutions
Analysis & Interpretation Services

Pressure [Fransient Analysis (PTA)

Company : A & M Engineering and Environmental Services, Inc.
Reservoir : Arbuckle Formation

Well : MES#1

JOB : Pressure Transient Analysis Fall Off Test

Job date : 13" to 18" November 2024

Report date  : 4" February 2025

PTE : Saunil Rajput, Ramy Ahmed

Job reference : DS-2024-26423

sk

Other company, product, and service names are the properties of their respective owners.
Copyright © Schlumberger 2009, All rights reserved. 09-DC-0047-C




A<

Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation Well: MES#1

A & M Engineering and Environmental
Services, Inc.

MES#1

Arbuckle Formation
(Open Hole Interval: 5,173 ft. — 6,804 ft)
Open Hole

Pressure Transient Analysis
Fall Off Test

Surface and Bottomhole Pressure Monitoring

Interpreters:

Ramy Ahmed: Reservoir Engineering Team Leader
Saunil Rajput: Senior Reservoir Engineer
rahmed7@slb.com
+1 713 689 1219




Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

‘Slb Company: A & M Engineering and Environmental Services, Inc.
- County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1
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Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

‘Slb Company: A & M Engineering and Environmental Services, Inc.
- County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1

DISCLAIMER

SAVE FOR THAT EXPRESSLY STATED IN THE AGREEMENT, SLB MAKES NO WARRANTIES, EITHEREXPRESS OR IMPLIED,
STATUTORY OR OTHERWISE IN CONNECTION WITH ITS PERFORMANCE OF THE SERVICES OR ANY DELIVERABLES HEREUNDER,
OR THE USE OF THE SERVICES OR DELIVERABLES BY CUSTOMER. SLB DOES NOT GUARANTEE ANY RESULTS. CUSTOMER HAS
FULL RESPONSIBILITY FOR ITS USE OF THE DELIVERABLES AND ANY INTERPRETATIONS, RECOMMENDATIONS AND/OR
DESCRIPTIONS PROVIDED BY SLB HEREUNDER. ALL INTERPRETATIONS, RECOMMENDATIONS AND/OR RESERVOIR
DESCRIPTIONS ARE OPINIONS BASED ON INFERENCES FROM MEASUREMENTS AND EMPIRICAL RELATIONSHIPS AND ON
ASSUMPTIONS, WHICH INFERENCES AND ASSUMPTIONS ARE NOT INFALLIBLE, AND WITH RESPECT TO WHICH COMPETENT
SPECIALISTS MAY DIFFER. IN ADDITION, SUCH INTERPRETATIONS, RECOMMENDATIONS AND/OR RESERVOIR DESCRIPTIONS MAY
INVOLVE THE OPINION AND JUDGMENT OF CUSTOMER AND/OR INFORMATION AND DATA FURNISHED BY CUSTOMER. SLB CANNOT
AND DOES NOT WARRANT THE ACCURACY, CORRECTNESS OR COMPLETENESS OF ANY INTERPRETATION, RECOMMENDATION
AND/OR RESERVOIR DESCRIPTION. UNDER NO CIRCUMSTANCES SHOULD ANY INTERPRETATION, RECOMMENDATION AND/ OR
RESERVOIR DESCRIPTION BE RELIED UPON AS THE SOLE BASIS FOR ANY DRILLING, COMPLETION, WELL TREATMENT,
PRODUCTION OR OTHER FINANCIAL DECISION, OR ANY PROCEDURE INVOLVING ANY RISK TO THE SAFETY OF ANY DRILLING
VENTURE, DRILLING RIG OR ITS CREW OR ANY OTHER INDIVIDUAL. CUSTOMER HAS FULL RESPONSIBILITY FOR ALL SUCH
DECISIONS AND FOR ALL DECISIONS CONCERNING OTHER PROCEDURES RELATING TO THE DRILLING OR PRODUCTION



Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

‘Slb Company: A & M Engineering and Environmental Services, Inc.
- County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1

AO01 « Main results

The pressure recorders were located at the surface to record the Well Head (Tubing) Pressure and at the bottom of
the well at 5,340 ft to assess the near wellbore conditions and obtain reservoir parameters for the Arbuckle formation
over the open hole interval 5,173 ft.-6,804 ft. These two pressure records were used to evaluate the formation
permeability, skin factor and formation pressure.

It is also part of this analysis to compare the formation evaluation results from each pressure record, surface, and
bottom hole. It is well known that surface pressure records are affected by wellbore friction during the injection phase
and storage during the shut-in phase. Surface pressure gauges data was observed to be noisy. Wellhead pressures
were transformed to bottomhole conditions for pressure transient analysis. It is observed that due to noise, radial flow
regime is not clearly observed for WHP transform data. Due to this, a perfect match is not obtained with the data, it
seems to be the best possible outcome with the current data. Bottomhole pressure transient data provided more
reasonable match, as radial flow regime was observed. Also, spherical flow regime was clearly observed, indicating
flow into wellbore exhibits limited entry behaviour. Vertical well limited entry model was presented here as part of
appendix.

The testing procedure consisted of two main events:
* Water Injection: Recorded for ~48 hours (Average surface injection flowrate: 191 gal/min.
(~6,549 bbl/d). The recorded injection pressure prior to shut-in was BHP= 2,873.09 Psia and WHP= 587.5 psia.

* Pressure Fall Off: Recorded for ~ 71 hours. The recorded injection pressure at the end of shut-in was BHP= 2,522.28
psia and WHP= ~165.1 psia.

The injection and pressure fall off test procedure consisted of the following events:

Table 1: Events Summary at Bottom Hole and Surface

Real Date Real Time Elapsed Time Pressure Temperature Tag

MM/DD/YY HH:MM:SS Minutes psiG deg. F Number Comment
11/13/24 10:54:02 26.86670 157.724 70.43 14 RIH -0-
11/13/24 11:17:02 49.86670 2512.254 86.35 15 5340' GAUGE SET
11/13/24 11:30:12 63.03330 2511.677 86.22 16 BEGIN INJECTION
11/15/24 11:30:12 2943.03300 2858.412 71.01 17 SHUT-IN BEGIN FALL-OFF
11/18/24 10:19:32 7192.36700 2507.588 87.57 1 POOH static stop @ 5340 feet TVD.
11/18/24 10:28:32 7201.36700 2352.281 113.17 2 POOH static stop @ 5000 feet TVD.
11/18/24 10:37:42 7210.53300 2132.756 108.09 3 POOH static stop @ 4500 feet TVD.
11/18/24 10:44:22 7217.20000 1912.913 101.61 4 POOH static stop @ 4000 feet TVD.
11/18/24 10:52:22 7225.20000 1692.948 95.75 5 POOH static stop @ 3500 feet TVD.
11/18/24 10:58:12 7231.03300 1472.809 88.99 6 POOH static stop @ 3000 feet TVD.
11/18/24 11:04:02 7236.86700 1252.629 84.40 7 POOH static stop @ 2500 feet TVD.
11/18/24 11:10:02 7242.86700 1032.575 79.68 8 POOH static stop @ 2000 feet TVD.
11/18/24 11:15:42 7248.53300 812.332 75.87 9 POOH static stop @ 1500 feet TVD.
11/18/24 11:21:42 7254.53300 592.465 72.40 10 POOH static stop @ 1000 feet TVD.
11/18/24 11:28:52 7261.70000 372.225 69.38 11 POOH static stop @ 500 feet TVD.
11/18/24 11:35:52 7268.70000 195.581 67.08 12 POOH static stop @ 100 feet TVD.
11/18/24 11:41:22 7274.20000 147.270 65.36 13 POOH static stop @ 0 feet TVD.

Table 2 Injection and pressure fall off test events. Upper Table: Downhole event, and Lower Table: Surface Events

Real Date Real Time Elapsed Time Pressure Temperature Tag

MM/DD/YY HH:MM:SS Minutes psiG deg. F Number Comment

11/13/24 10:47:42 25.53330 151.644 68.65 1 OPEN WELLHEAD SURFACE GAUGE
11/13/24 11:30:12 68.03330 157.686 67.73 2 INJECTION PUMP START

11/15/24 11:29:15 2947.08300 572.824 75.84 3 INJECTION STOP BEGIN SHUT-IN
11/18/24 10:03:55 7181.75000 150.460 62.58 4 END FALL-OFF TEST
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A & M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1

1. F50766: Bottom hole pressure Top - gauge 50766
2. F50781: Bottom hole pressure Bottom - gauge 50781
3. F50794: Surface pressure WHP — gauge 50794
BE
E — Injection - 3 points
-1000
-2000 E
E% -sooo_é
= :';r 4000
-5000
5000 3
= Injection, Durs
15007: H > BHP_TOP GAUGE #50‘755 -43901 pni;ns ¥
X BHP_BOTTOM GAUGE #50781 - 43901 points
4 # WHP_SURFACE GAUGE#50794 - 43780 points
2000
2% w0 ]
i3
a3 ]
= 1000 7
R | \
e
01 -
I 14-11[2024 ' I ‘ ' 15-1‘\'—2024 ‘ ‘ ' I 15-11[2024 ' ' ‘ ' 17-1‘\'—2024 ‘ I 13-11[2024 ‘ I
Figure 1: Cartesian Plot for Injection flow rate and Pressure Falloff for gauges #50766 and 50781 @ 5,340 ft and and
well head gauge #50794 (WHP: orange color, BHP: blue color, Injection rate: Brown color)
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Figure 2: Pressure data for gauges considered for PTA analysis. Gauges #50766(bottom @ 5,340 ft in green color and 50794 at

well head in orange color)




Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

‘Slb Company: A & M Engineering and Environmental Services, Inc.
| County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1
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Figure 3: Temperature readings for gauge wellhead (50794 in orange color) and bottom (50766 and 50781 in green and blue color).

The water fluid properties were estimated based on the reported field water sp. gravity (~1.005 g/cc) and down hole
pressure & temperature conditions. The bottomhole and surface pressure data quality is compared in Figure 4,
indicating noisy surface pressure data, which reflects in the fall off pressure derivatives presented in Figure 5.
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Figure 4: Bottom hole and surface pressure gauges data quality
Along with bad data quality of surface pressure gauge, fall off analysis of this gauge present two wellbore dynamics
effects:
-small noise at early times in the surface pressure gauge. However, it does not have an important impact in the analysis.

-spikes in the derivative late times which look associated to temperature variations. This phenomenon is mainly
affecting the surface pressure gauges as presented in Figure 5. Yet an attempt is made to transform wellhead pressures
to bottomhole and interpret the data, which should be considered low confidence (Appendix 1).
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County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Company: A&M Engineering and Environmental Services, Inc.

Well: MES#1- Water Injector

Figure 5: Early and late time pressure transient wellbore dynamics effect

Wellhead Gauge Temperature
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The results described below show the estimation of kh and skin by the log-log, Semilog and test history match. The
complete injection flow rate history was considered as per Table 1 (flow rate of 191GPM or 6,549 STB/D).

The main PTA results are summarized below:

Pressure Fall Off: Recorded for ~71 hours. The recorded pressure at the end of shut-in was BHP= 2,522.28 psia and

WHP= ~165.1 psia, Figure 2.

The pressure and temperature gradients performed after the fall off period from 5,340 ft to well head are presented in
Appendix 2 and the respective mean gradient values are presented in the Table 3, below.

Table 3: PTA model result table

PTA Reservoir Model Results Downhole Gauges

Fall Off test duration, hrs 71
Estimated BHP Injection Pressure before shut-in, Psia 2,873.09
Estimated BHP Pressure after 71 hours of shut-in, Psi 2,522.28
Permeability- Thickness, k*h 76,210.3 md-ft
Permeability, k (assuming net pay of 300 ft) 254.03 md
Total Skin, S 19.8
Investigation Radius, Rinv 4,269 ft
Reservoir Pressure, P* [Horner Plot] @ 5,340 ft. 2518.63 psia
Injectivity Index (I1) 18.5 STB/D/psi
Changing Storage, Cf, bbl/psi 1.26061
Pressure gradient between 0 and 5,340 ft 0.442 psilft
Temperature gradient between 0 and 5,340 ft 0.010 °F / ft

“* BHC: Bottom hole conditions




Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

‘Slb Company: A&M Engineering and Environmental Services, Inc.
-

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

B01 - Interpretation with downhole pressure gauge data (Gauge 50766)

The diagnostic Log-Log plot for the Falloff pressure transient test recorded with downhole gauges is presented in Figure
6. The pressure falloff derivative plot was used for early and middle times flow regime identification, the log-log scale
shows three main flow regimes:

e At early times, Wellbore Storage (WBS) effects were observed until about 0.45 hr. Changing wellbore storage
was applied. The obtained WBS coefficient C from the time match was 1.261 bbl/psi with delta t of 0.08568 hr.
The wellbore-dominated time is considered small for this type of test for a well which has been shut-in at the
bottomhole.

e Pressure drop caused by near-wellbore damage was observed between 0.45 and 4 hrs. The estimated total skin
value was S= 19.8. High skin value signifies poor connection between the well and reservoir, which could be
due to insufficient or plugged perforations, some mud invasion, partial penetration etc.

e Possible Infinite Acting Radial Flow (IARF) was observed between 46.0 and 57.6 hrs. The formation properties,
such as average drainage area pressure and permeability were estimated from this flow regime. Permeability-
Thickness, k*h = 76,210.30 md-ft. Considering an effective injection thickness of 300 ft (from previous report
dated on Nov 2023) an effective horizontal permeability is estimated in the order of 254.03 md. Average
drainage area pressure is estimated as 2,518.63 psi and the fall off test investigation radius is 4,269 ft.

e The water injectivity Index is computed as 18.5 STB/D/psi.

Graphical analyses are presented in Figures 7, 8 and 9, including field data and history match analytical model.
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Figure 6: Log-Log Plot and PTA Model for pressure falloff with downhole gauge 50766(Vertical Homogeneous Infinite)
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Well: MES#1- Water Injector
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Figure 7: Semi log Diagnostic Plot and model for Pressure Falloff with downhole gauge 50766
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Figure 8: Top plot: Test bottomhole pressure data (blue color) and history match model (red), gauge 50766. Bottom plot: injection

rate (STB/D).
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‘Slb Company: A&M Engineering and Environmental Services, Inc.
-

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

B02 - Spherical flow identification on Log-Log plot with downhole pressure gauge data (Gauge 50766)

As seen in figure below, Spherical flow regime was identified clearly on the log-log derivative curve. This
indicating that there might be limited entry flow into the wellbore compared to formation thickness. This may
be due to plugged (or partially) perforations.
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Figure 9: Flow regimes identification on Log-Log plot with downhole pressure gauge data (Gauge 50766)
B03 « Comparison of Log-Log plot with downhole pressure gauge data for 2023 & 2024

As seen in figure below, IARF flow regime stabilization levels are closer to 2023 data. Permeability-thickness
derived from IARF stabilization levels. Slightly higher skin values were observed which could be due to
plugged perforations or partial penetration or incompatibility between injected fluid and formation causing
extra pressure drop near wellbore.
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Figure 10: Comparison of Log-Log plot with downhole pressure gauge data for 2023 (orange colour) & 2024 (lime colour)
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation

Well: MES#1- Water Injector

C01 » Summary of PTA Inputs - Pressure Fall Off on Nov. 2024

Analysis summary

Name Falloff
Reference well MES#1
PVT ref. phase Water

PVT phases Water
Active prod. Injection
Open Hole Interval 5,173 — 6,804 ft
Active press. datum BHP @ 5,340 ft
Analysis type Standard
Model description
Active model Analytical

Wellbore Changing fair
Well Vertical
Reservoir Homogeneous
Boundary Infinite
Other wells incl.? No
Rate dep. skin? No Data

Time dep. skin?

No Data (no SRT)

Test parameters

rw 3.948in
h 300 ft
Rock compressibility 3.00E-06 psi™t
[©) 0.14
Top reservoir depth 5,173 ft
Fluid Model
Phase Water
B 1.01332 B/STB
Y lcp
ct 5.92092E-6 psi™*
Sw 1
Cw 1.19E-5 psi?
co 0 psit
cg O psi?
PVT model Water
Tref 110 °F
Pref 1,800 psia
Water gravity 1.005 sp. gr.
Salinity 6,394 ppm
Bw Spivey
pw Internal
W Constant

11



Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation

Well: MES#1- Water Injector

C02 » Comparison of PTA Results - Pressure Fall Off on Nov. 2024 and Nov. 2023
Main Results
2024 2023
Transmissibility, kh/p 76,210.30 md.ft/cp 79,330.10 md.ft/cp
Permeability, k 254.03 md 264.43 md

Mobility, k/u 254.03 md/cp 264.43 md/cp
Total skin 19.76 16.59

Initial Pressure, Pi 2,518.63 psia 2,529.72 psia

0.256143 bbl/psi

Wellbore Storage, C

0.220537 bbl/psi

Model - Well & wellbore

Wellbore model

Changing fair

Changing hegeman

0.61368 bbl/psi

Final wellbore storage 1.26061 bbl/psi
Clinitial)/C[final] 0.174945 0.417389
Dt changing storage 0.0856841 hr 0.0822642 hr
Well type Vertical Vertical
Skin 19.76 16.59
Diagnostic
Wellbore storage Constant Constant
Well Finite radius Finite radius
Reservoir Homogeneous Homogeneous
Boundary Infinite Infinite
Reference rate 6,548.57 STB/D 6,000.00 STB/D
Extraction start time 0 hr 0
P @ dt=0 2,873.09 psia 2,808.31 psia
Model - Reservoir & boundary
Reservoir type Homogeneous Homogeneous
Boundary type Infinite Infinite
Initial pressure 2,518.63 psia 2,529.72 psia
Transmissivity 76,210.30 md.ft 79,330.10 md.ft
Permeability 254.03 md 264.43 md
Thickness 300 ft 300 ft
Porosity 0.14 0.14
Falloff Semi log line
Time start 46.0166 hr 16.4583 hr
Time end 57.8193 hr 29.1416 hr
Slope -14.2831 psi -13.0820 psi
Intercept 2,519.15 psia 2,529.47 psia
P at 1 hour 2,543.29 psia 2,551.38 psia
P at 1 hour raw 2,708.49 psia 2,602.95 psia
P end of radial 2,522.90 psia 2,534.87 psia
0.0880057 1/psia

Pressure Match

0.0806054 1/psia

75,554.50 md.ft

Transmissivity 75,528.10 md.ft
Permeability 251.76 md 251.85 md
P star 2,519.15 psia 2,529.47 psia
Skin 19.43 15.39
AP Skin 241.08 psi 174.98
Radius of investigation 4,269 ft 3,000 ft
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Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.

- County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation Well: MES#1- Water Injector
Appendix 1:
Wellhead pressure Transform Fall-
off Analysis.
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Reservoir: Arbuckle Formation

Company: A&M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma

Well: MES#1- Water Injector

Appendix 1: Wellhead pressure Transform Fall-off Analysis.

Interpretation with wellhead pressure gauge converted to bottomhole gauge data (Gauge 50794)

The diagnostic Log-Log plot for the Falloff pressure transient test recorded with downhole gauges is presented in Figure
11. The pressure falloff derivative plot was used for early and middle times flow regime identification, the log-log scale
shows three main flow regimes:

At early times, Wellbore Storage (WBS) effects were observed until about 0.52 hr. Changing wellbore storage was
applied. The obtained WBS coefficient C from the time match was 1.1976 bbl/psi with delta t of 0.0056 hr.

Pressure drop caused by near-wellbore damage was observed between 0.52 and 4.5 hrs. The estimated total skin value
was S= 20.

Infinite Acting Radial Flow (IARF) was not clearly observed for the fall off data. The best possible match was still
attempted with the data and results were presented below in figure 11.

Graphical analyses are presented in Figures 12 and 13, including field data and history match analytical model.
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Figure 11: Log-Log Plot and PTA Model for pressure falloff with wellhead pressure gauge 50794 Transform (Vertical Homogeneous
Infinite)
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Figure 12. Semi-log Diagnostic Plot and model for Pressure Falloff with downhole gauge 50794.
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Pressure Fall Off Test Nov. 2024

‘Slb Company: A&M Engineering and Environmental Services, Inc.
-

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Well: MES#1- Water Injector
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Figure 13. Test bottomhole pressure data (red color) and history match model (black), gauge 50794 (Wellhead gauge data
Transform). Bottom plot: injection rate (STB/D).
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Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Appendix 2:

Static Pressure and Temperature
Gradients
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.
County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation

Well: MES#1- Water Injector

Appendix 2: Static Pressure and Temperature Gradients

Static Pressure Gradient — Pulling Out of Hole*

Static Gradient - Pulling Out Of Hole
F(50766)(11-18-24)(1).DAT
Pressure - vs - Depth
Prasqure (BRI5) Press. Gradient ~ 0.442psi/ft
—_ 4403
1.0K
2.0K
3.0K
B
9] .4397
= 4.0K
e 4391
% .4568
A 5.0K
6.0K
500.00 1000.00 1500.00 2000.00 2500.00
Pressure (psiG)
Pressure & Temperature Gradient Table
Real Date Real Time Elapsed Time WLM TVD Pressure Gradient Temperature Gradient
MM/DD/YY HH:MM:SS Minutes feet feet (psiG) (psiG/feet) (deg. F) (deg. F/feet)
11/18/24 11:41:22 7274.20000 0 0 147.270 4831 65.356 .0173
11/18/24 11:35:52 7268.70000 0 100 195.581 4416 67.081 .0057
11/18/24 11:28:52 7261.70000 0 500 372.225 4405 69.376 .0060
11/18/24 11:21:42 7254.53333 0 1000 592.465 4397 72.401 .0069
11/18/24 11:15:42 7248.53333 0 1500 812.332 4405 75.872 .0076
11/18/24 11:10:02 7242.86667 0 2000 1032.575 4401 79.676 .0095
11/18/24 11:04:02 7236.86667 0 2500 1252.629 4404 84.404 .0092
11/18/24 10:58:12 7231.03333 0 3000 1472.809 .4403 88.991 .0135
11/18/24 10:52:22 7225.20000 0 3500 1692.948 4399 95.748 .0117
11/18/24 10:44:22 7217.20000 0 4000 1912.913 4397 101.613 .0130
11/18/24 10:37:42 7210.53333 0 4500 2132.756 4391 108.093 .0101
11/18/24 10:28:32 7201.36667 0 5000 2352.281 4568 113.165 -.0753
11/18/24 10:19:32 7192.36667 0 5340 2507.588 87.573

* After LQC data acquired from Precision Wireline
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

‘Slb Company: A&M Engineering and Environmental Services, Inc.
-

County, State: Lincoln, Oklahoma

Reservoir: Arbuckle Formation Well: MES#1- Water Injector

Pressure / Temperature Records for Gradient Analysis*
(Gauge 50766 on 11/08/2024)

Pressure / Temperature vs. Elapsed Time
F(50766)(11-18-24)(1).DAT
Pressure (psiG) Temperature (°F)
3000.00 17
= L
15 1
2500.00 f 2
3
2000.00 e
I 5
©1500.00 \ P e el >
g i \_ ¥ 7
R ‘ “_—_\“—\\W/__‘_d___—#r 8
£ 1000.00 ﬁg
& 10
¢
£ 500.00 11
14 i3
0.0 1000.0  2000.0  3000.0  4000.0  5000.0  6000.0  7000.0
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90.00

80.00

70.00

60.00

50.00

(4o0) @2amesadwa]

Pressure & Temperature records from bottom hole gauges 50766. Pressure: blue color and Temperature: red color.

* After LQC data acquired from Precision Wireline
Static Temperature Gradient — Pulling Out of Hole*
Pressure / Temperature vs. Elapsed Time
F(50766)(11-18-24)(1).DAT
Pressure (psiG) Temperature (°F)
3000.00 e 110.00
—

2500.00
2000.00
1500.00

1000.00

Pressure (psiG)

500.00

7190.0

7200.0 7210.0 7220.0 7230.0 7240.0 7250.0 7260.0 7270.0
Time (Minutes)

7280.0

100.00

90.00

80.00

70.00

60.00

50.00

(40) 2amesadwa)

* After LQC data acquired from Precision Wireline
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Pressure Transient Analysis Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.

- County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation Well: MES#1- Water Injector
Appendix 3

MES #1 Well Construction
Revision 9-23-2020
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Pressure Transient Analysis

Pressure Fall Off Test Nov. 2024

Company: A&M Engineering and Environmental Services, Inc.

County, State: Lincoln, Oklahoma
Reservoir: Arbuckle Formation

Well: MES#1- Water Injector

Appendix 3: MES # 1 Well Construction Revision Diagram (9-23-2020)
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Precision Wireline report on Nov 11, 2021.
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PRECISION WIRELINE

2402 S MONROE

ENID OK 73701

Phone: 580-233-0033 Fax:

Company Information
Company Name: MID-WAY ENVIRONMENTAL SERVICES INC.

Division:

Representative: ~ ORPHIUS MOHAMMAD

Address: 10010 E. 16TH ST

Address:

Address:

City: TULSA State: OK Zip: 74128-4813  Country:

Phone Number:  918-665-6575

Fax Number:

E-mail Address: mailto:omohammad@aandmengineering.com
Note 1:

Note 2:

Note 3:

Well Information

Well Name: MES #1

Well Location:

Field and Pool:

Status (Oil, Water, Gas, Injection): INJECTION

Perforation Intervals: 5173-6804'
MPP Intervals:

Casing Size: 8-5/8" 32
Tubing Size: 4-1/2" 13.5# J-55
Plug Back Total Depth:  6804'
Total Depth: 7013'

Test Information
Type Of Test: BOTTOM HOLE PRESSURE
Date Of Test: 11/13/2024

Start Date / Time: Begin: 11/13/2024 / 09:00AM
End: 11/18/2024 / 01:00PM
Duration: 120 HOURS

Gauge Depth: 5340'

Gauge Position TOP

Surface Casing Pressure:

Surface Tubing Pressure:
Maximum Downhole Pressure:
Maximum Downhole Temperature:

Data Filename: F(50766)(11-18-24)(1).DAT
Job Number:
Reported By: RICK PORRAS

United States
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Gauge Information
Serial Number: 50766

Model Number: HT-1250

Gauge Manufacturer:  Micro-Smart Systems, Inc.
Pressure Range:

Battery Type Used: 4241570306

Calibration Filename:  G(50766)(03-15-24).CAL

Gauge Setup Parameters

Gauge Power-up Date / Time:  11/13/24 10:27:10
Test Type Setting: 10 SEC SAMPLE

Test Duration Setting: MAX

Service Company Information
Company Name: PRECISION WIRELINE

Division:

Representative:  RICK PORRAS

Address: 2402 S MONROE

Address:

Address:

City: ENID State: OK  Zip Code: 73701 Country: United States
Phone Number:  580-233-0033

Fax Number:

E-mail Address:  pwllc@swbell.net
Note 1: WL TAG DEPTH= 5360’

Note 2: ENCOUNTERED BRIDGE @ 5334’
Note 3: CORRELATED TO GL
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Filename:

Power Up Date:
Power Up Time:

Real Date
MM/DD/YY
11/13/24
11/13/24
11/13/24
11/15/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24

F(50766)(11-18-24)(1).DAT

11/13/24

10:27:10

Real Time
HH:MM:SS
10:54:02
11:17:02
11:30:12
11:30:12
10:19:32
10:28:32
10:37:42
10:44:22
10:52:22
10:58:12
11:04:02
11:10:02
11:15:42
11:21:42
11:28:52
11:35:52
11:41:22

Elapsed Time
Minutes
26.86670
49.86670
63.03330
2943.03300
7192.36700
7201.36700
7210.53300
7217.20000
7225.20000
7231.03300
7236.86700
7242.86700
7248.53300
7254.53300
7261.70000
7268.70000
7274.20000

Event Summary

Pressure
psiG

157.724
2512.254
2511.677
2858.412
2507.588
2352.281
2132.756
1912.913
1692.948
1472.809
1252.629
1032.575
812.332
592.465
372.225
195.581
147.270

Temperature
deg. F
70.43
86.35
86.22
71.01
87.57
113.17
108.09
101.61
95.75
88.99
84.40
79.68
75.87
72.40
69.38
67.08
65.36

Tag
Number
14
15
16
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Comment
RIH -0-
5340' GAUGE SET
BEGIN INJECTION
SHUT-IN BEGIN FALL-OFF
POOH static stop @ 5340 feet TVD.
POOH static stop @ 5000 feet TVD.
POOH static stop @ 4500 feet TVD.
POOH static stop @ 4000 feet TVD.
POOH static stop @ 3500 feet TVD.
POOH static stop @ 3000 feet TVD.
POOH static stop @ 2500 feet TVD.
POOH static stop @ 2000 feet TVD.
POOH static stop @ 1500 feet TVD.
POOH static stop @ 1000 feet TVD.
POOH static stop @ 500 feet TVD.
POOH static stop @ 100 feet TVD.
POOH static stop @ 0 feet TVD.
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BOTTOM HOLE PLOTS (Gauge #50766) Start=11/13/2024 10:27:10

Pressure / Temperature vs. Elapsed Time
F(50766)(11-18-24)(1).DAT
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File Name:

Real Date
MM/DD/YY
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24
11/18/24

F(50766)(11-18-24)(1).DAT

Real Time
HH:MM:SS
11:41:22
11:35:52
11:28:52
11:21:42
11:15:42
11:10:02
11:04:02
10:58:12
10:52:22
10:44:22
10:37:42
10:28:32
10:19:32

Static Survey - Pulling Out of the Hole

Elapsed Time
Minutes
7274.20000
7268.70000
7261.70000
7254.53333
7248.53333
7242.86667
7236.86667
7231.03333
7225.20000
7217.20000
7210.53333
7201.36667
7192.36667

WLM
feet
0

OO O0OO0OO0O0O0OO0OO0OOoOOoOOo

feet

100
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5340

Pressure
(psiG)
147.270
195.581
372.225
592.465
812.332
1032.575
1252.629
1472.809
1692.948
1912.913
2132.756
2352.281
2507.588

—rnECISION

Gradient

(psiG/feet)
.4831
4416
.4405
.4397
.4405
.4401
4404
.4403
.4399
4397
4391
.4568

Temperature
(deg. F)
65.356
67.081
69.376
72.401
75.872
79.676
84.404
88.991
95.748
101.613
108.093
113.165
87.573

\WIRELiiNiE——

Gradient

(deg. F/feet)
.0173
.0057
.0060
.0069
.0076
.0095
.0092
.0135
.0117
.0130
.0101
-.0753
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Static Gradient - Pulling Out Of Hole
F(50766)(11-18-24)(1).DAT
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SURFACE DATA SECTION
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Filename:
Power Up Date:
Power Up Time:

Real Date
MM/DD/YY
11/13/24
11/13/24
11/15/24
11/18/24
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F(50794)(11-18-24)(1).DAT

11/13/24

10:22:10

Event Summary

Real Time Elapsed Time Pressure Temperature Tag
HH:MM:SS Minutes psiG deg. F Number Comment

10:47:42 25.53330 151.644 68.65 1 OPEN WELLHEAD SURFACE GAUGE
11:30:12 68.03330 157.686 67.73 2 INJECTION PUMP START
11:29:15 2947.08300 572.824 75.84 3 INJECTION STOP BEGIN SHUT-IN
10:03:55 7181.75000 150.460 62.58 4 END FALL-OFF TEST
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SURFACE DATA (Gauge #50794) Start=11/13/2024 10:22:10
Pressure vs. Elapsed Time
F(50794)(11-18-24)(1).DAT
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APPENDIX F

RESPONSE TO NOTICE OF DEFICIENCY LETTER DATED OCTOBER 9, 2013 - RESPONSE TO
DEFICIENCY NUMBER 7

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



DEFICIENCY NUMBER 7

The projected pressure increase from the Mid — Way injection well in the report document
was based on a homogenous infinite acting model calculation. The calculation does not
address any possible reservoir geologic boundaries such as faults or other active injection
wells that may be present. The second fall — off test had a response at late test times
indicating more than a single boundary, which may represent nearby faulting impacts, was
present and that area well data indicated at least two other active injectors are present with
one of them confirmed as disposing into the same formation as the proposed Mid — Way
well. Pressure buildup projections in the permit application should address both the fault
concerns identified on the fall — off test and the impact of other area injectors, as well as any
producers in the same injection zone. Also, please comment on the sufficiency of the detailed
deep reservoir characteristics given the presence of large faults in the regional area and the
evidence of nearby faults in the fall — off tests.

Response:

In order to properly address Deficiency Number 7, this response will provide for a re-
assessment of the second fall-off test; assessment of possible reservoir geologic boundaries; re-
analysis of pressure buildup projections based on possible boundaries; and a discussion
regarding the sufficiency of deep reservoir characteristics.

In this response, Mid-Way has primarily focused on the results of the second pressure fall-off
test conducted in October 2010. Due to placement of the pressure gauges at a depth well
below the injection zone, the first test, conducted in May 2010, did not result in significant
pressure increases/fall-off records to effectively analyze the test as explained in Section 8 of the
MES Construction Completion Report and Application for Operating Permit. Additionally, well
stimulation activities were conducted after the May 2010 test.

In responding to Deficiency Number 7, Mid-Way engaged Dr. Evren Ozbayoglu, an associate
professor at the University of Tulsa - McDougall School of Petroleum Engineering, to provide an
independent third party review of the deficiency comments and also to perform the necessary
modeling and projection calculations based on information collected by A&M Engineering and
other subcontractors such as Schlumberger. It is important to note that all test data utilized in
responding to this deficiency has been provided to the DEQ through previous submittals. Dr.
Ozbayoglu’s analysis is provided as Attachment 2.
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In addition, Mid-Way also requested the services of Schlumberger to perform a re-evaluation of
their previous dual porosity, infinite acting model based Transient Analysis Report.
Schlumberger’s re-evaluation report is provided as Attachment 4.

Dr. Ozbayoglu’s Review

In light of DEQ’s deficiency comments, Dr. Ozbayoglu performed a re-assessment of the second
fall-off test for MES #1 utilizing test data that was previously submitted to DEQ in Appendix Q
of the MES Construction Completion Report and Application for Operating Permit. Dr.
Ozbayoglu’s assessment of the second fall-off test data was consistent with EPA’s analysis
showing a response at late test times that matched a homogenous reservoir type curve having
two perpendicular no-flow boundaries. Dr. Ozbayoglu’s analysis concurs with the possible
presence of two perpendicular no-flow boundaries and he calculates both boundaries to be
approximately 1200 feet from MES #1. Dr. Ozbayoglu’s analysis indicated a high reservoir
permeability of approximately 2000 md, which is also consistent with EPA’s assessment. As a
result, and for purposes of reservoir evaluation and modeling, Dr. Ozbayoglu considered the
reservoir at MES #1 to be a homogeneous system with the presence of two perpendicular no-
flow boundaries when making his hydraulic calculations.

Dr. Ozbayoglu does caution in his report that DEQ’s reference to faulting impacts identified on
the fall-off test requires a clarification. The term “fault” in transient analysis refers to a no-flow
boundary, which may or may not be due to a geologic fault. While faulting is known to occur
regionally throughout Lincoln County, results of evaluation conducted and previously provided
in the MES Construction Completion Report and Application for Operating Permit (and in
response to the Notice of Deficiency Letter dated February 8, 2013), did not identify any known
faults that penetrated the Arbuckle Group in the immediate area of MES #1. There is no
geologic evidence to suggest that the nearby no-flow boundaries indicated by the testing
analysis are due to a geological fault(s). However, because geology is an important factor that
must be considered during the interpretation of pressure fall-off test data, Mid-Way has again
examined the geology and known faulting conditions in the regional area of the MES #1
injection well. The results of the geologic re-examination are included in Attachment 5.

In addition to the perpendicular no-flow boundaries, Dr. Ozbayoglu also considered the
possible impact of nearby injectors as identified in DEQ’s comments. The Twin Cities injector is
situated approximately 0.82 miles from MES #1. Well logs have identified that the Twin Cities
injector also targets the Arbuckle Group for saltwater disposal. The Twin Cities injector has
been in operation for approximately 10 years, injecting up to a maximum average of 13
bbl/min. According to Oklahoma Corporation Commission records, the average injection rate
for the well during a six year period of record was 7.55 bbl/min; with a maximum average rate
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of 12.97 bbl/min injected in 2009. For evaluation purposes, Dr. Ozbayoglu utilized the
maximum injection rate of 13 bbl/min.

To date, no increase in pressure has been observed at MES #1 since 2010 thereby indicating
that either the injector is located on the other side of a possible no-flow boundary and
therefore not impacting MES #1, or that the effect of the injector is very limited due to the high
permeability of the reservoir. Despite the possibility that the Twin Cities injector may not be
hydraulically connected to MES #1, Dr. Ozbayoglu does consider the possible interference of
the injector in his hydraulic calculations.

The second injector identified by DEQ, Wm. T. Tipton #2, is located approximately 0.76 miles
from MES #1; targets the Prue Sand formation at a depth of 3505 to 3517 feet; and is
approximately 1600 feet shallower than the top of the Arbuckle. Oklahoma Corporation
Commission records indicate that, historically, injection into the Wm. T. Tipton #2 was limited
to approximately 200 bbl/year. Injection rates over the last few years have increased to 1825
bbls/year. However, injection into the Prue Sand is not anticipated to have an effect on the
Arbuckle Group. Several shale layers including those of the lower Pennsylvanian strata and the
confining Woodford and Sylvan Shales, isolate the Prue from the top of the Arbuckle.

Dr. Ozbayoglu’s initial hydraulic calculations examined the reservoir fracture pressure and local
pressure buildup scenarios at MES #1. Dr. Ozbayoglu used the following input data in
performing his hydraulic calculations:

Formation pressure gradient (psi/ft) 0.472
Fracture pressure gradient (psi/ft) 0.639
Tubing inner diameter (in) 3.958
Tubing length (ft) 5080
Relative roughness 0
Injected fluid specific gravity 1.2
Plastic viscosity of injected fluid (cp) 1.1
Yield point of injected fluid (Ib/100 ft?) 0
Average formation permeability (md) 2000
Average formation porosity (%) 13.5
Effective formation thickness (ft) 180
Well openhole diameter (in) 7.875
Depth of top of the injection zone (ft) 5080

Dr. Ozbayoglu calculated the theoretical maximum allowable injection rate for MES #1 which
over a 50 year injection period, would not induce fracturing of the reservoir formation. The
theoretical maximum allowable injection rate was calculated to be 35 bbl/min which
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corresponds to a surface injection pressure of 2660 psi and a bottom hole pressure slightly less
than the calculated formation fracture pressure of 3245.8 psi. Mid-Way has requested a
maximum surface injection pressure of 1350 psi, approximately 50% less than the pressure
required to initiate formation fracture. A surface injection pressure of 1350 psi correlates to an
injection rate of 23.4 bbl/min. To illustrate the formation response to injection, Dr. Ozbayoglu
provides pressure calculations for flow rates of 10, 15,20 and 24 bbl/min at continuous
injection periods of 1 day, 1 month, 1 year, 5 years, 10 years, 25 years and 50 years in Table 3 of
his report.

To assess the radial impact of injection at MES #1, Dr. Ozbayoglu performed reservoir pressure
buildup projection calculations at a distance from MES #1 based on a continuous injection rate
of 23.4 bbl/min, which corresponds to the maximum surface injection pressure of 1350 psi
requested by Mid-Way; a homogeneous reservoir model with the presence of two
perpendicular no-flow boundaries; and the nearby Twin Cities injector. The pressure buildup
projections are performed for continuous injection intervals of 10 years, 25 years and 50 years,
as provided in Dr. Ozbayoglu’s report as Figures 4, 5 and 6 respectively. These figures show the
total pressure buildup at MES #1 over 50 years to be approximately 500 psi. It is important to
note that Mid-Way does not anticipate continuous injection at 23.4 bpm. Mid-Way’s Solid
Waste Facility Permit restricts the facility from accepting more than 450 gpm (10.7 bbl/min) of
waste on an annual operating basis and it is anticipated that the average annual injection rate
will likewise approximate 450 gpm.

In addition to pressure buildup projections, Dr. Ozbayoglu performed wastewater front
migration projections based on a homogeneous reservoir model with the presence of two
perpendicular no-flow boundaries and considering the nearby Twin Cities injector. Since
wastewater front migration is directly related to the volume of injectate injected over a period
of time, Dr. Ozbayoglu considered a continuous injection rate of 11 bbl/min (462 gallons per
miunute) to be the maximum operating injection rate for the facility if it were to operate 24-
hours per day and 7 days per week. Also, in this analysis Dr. Ozbayoglu used an effective
injection zone of 300 feet rather than 180 feet indicating that the well stimulation previously
performed resulted in an improvement of the effective injection interval. These input
parameters were adjusted as such to provide a more realistic analysis of wastewater migration
rather than examining worst case and unrealistic scenarios.

Dr. Ozbayoglu’s model output for wastewater front migration is provided in Figures A.1 —A.5 of
his report and show the wastewater front after 10, 20, 30, 40, and 50 years of continuous
injection at 11 bbl/min. The furthest wastewater migration after 50 years of injection is
projected to be approximately one mile from MES #1. Again, it is important to note that this is
still a conservative projection because Mid-Way’s maximum acceptance limit and anticipated
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continuous injection rate of 450 gallons per minute is less than the 11 bbl/min injection rate
that Dr. Ozbayoglu is using in his calculations.

Schlumberger’s Review

At the request of Mid-Way Environmental Services, Inc., Schlumberger performed a re-evaluation of the
data collected during the October 15, 2010 pressure-fall-off test. Personnel conducting the re-
evaluation were reminded of the use of large quantities of fresh water during the injection portion of
the test; the use of acid to stimulate the Arbuckle Group after the May 2010 pressure fall-off testing; the
geology of the site including the hydraulic connection between the Arbuckle Group and the lowermost
sands of the Simpson Group; and a general description of the dolomites and sands of the Arbuckle
Group. In addition, transient analysis performed by EPA and provided to Mid-Way by DEQ and EPA was
provided to Schlumberger for review and consideration.

In the re-evaluation, Schlumberger again supports the dual porosity model, but does not consider the
reservoir to be infinite. Schlumberger states that the pressure derivative in the later time region (after
~35 hours) could be the result of the short injection period or may indicate reservoir boundaries.
However, the dual porosity model is again supported because of the radial flow periods observed.

Discussion with Schlumberger indicated that similar plots to that observed in MES #1 (two periods of
radial flow with a half-slope transition) have been observed in other reservoir systems containing fluids
with distinct viscosities and densities.

Schlumberger’s re-evaluation report is included in Attachment 4.

Conclusions

In assessing the second pressure fall-off test, Dr. Ozbayoglu used a homogeneous reservoir
model with the possible presence of two no-flow boundaries (consistent with EPA’s
assessment) and conducted reservoir evaluation and modeling considering this model.
Schlumberger supported a dual porosity reservoir model with a transition between two radial
flow regimes. As evident by EPA, Dr. Ozbayoglu, and Schlumberger, interpretations are not
always consistent. Different models can be supported and projections can be calculated
accordingly. For example, the observed half-slope observed could be consistent with the
homogeneous reservoir with two no-flow boundaries or, it could be a transition zone in a
composite system which explains the two radial flow regimes observed by Schlumberger.
However, for reservoir calculations and analysis, it is believed that “worst case” scenarios were
utilized and under the proposed operating conditions, anticipated formation pressure buildup
and water front projections are within acceptable limits.
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Mid-Way believes other factors associated with the pressure fall-off test may affect the
interpretation of results. They include the use of large amounts of fresh water in the tests,
which due to density and viscosity differences between the formation fluids and fresh water
may have impacted the overall test results and interpretation.

Injection of fresh water into a salt-water bearing fractured dolomite formation (similar to the
Arbuckle) has been shown to result in convection currents being established within the
formation (Hickey, 1989 included in Attachment 6). Circulation occurs as a result of density
gradients related to salinity variations. The effect of possible convection currents on the results
of the MES #1 short term pressure fall-off test is unknown.

Dr. Ozbayoglu concurred with EPA’s interpretation of a finite homogeneous system model
having two possible perpendicular no-flow boundaries. Since the nearby Twin Cities injector
has been identified as the only injector within the 1-mile well review area to be targeting the
Arbuckle Group for saltwater disposal, Dr. Ozbayoglu also assumed that the Twin Cities injector
impacted MES #1 despite reports that no impact has been observed at MES #1 since drilling of
the MES #1 well in 2010. Based on this model, Dr. Ozbayoglu examined formation response to
injection; assessed formation fracture pressures; and projected reservoir pressure buildup and
wastewater front migration from MES #1.

Dr. Ozbayoglu determined that a surface injection pressure greater than 2660 psi, applied for
50 years on a continuous basis, would be required to initiate fracture of the reservoir
formation. This surface injection pressure correlates to an injection rate of 35 bbl/min and a
bottom hole pressure just below the formation fracture pressure of 3245.8 psi after 50 years.
Based on this assessment, Mid-Way’s requested surface injection pressure of 1350 psi provides
a Safety Factor of 1.97 (based on the pressure ratio of 2660/1350 psi) if the well was to operate
at this maximum pressure on a continuous basis. Pressure buildup projections were based on
the requested maximum surface injection pressure of 1350 psi. The associated continuous flow
rate of 23.4 bbl/min was utilized by Dr. Ozbayoglu to develop pressure buildup projections at
10, 25 and 50 years showing that pressure buildup would not exceed the formation fracture
pressure.

However, despite performing the pressure buildup calculations at 23.4 bbl/min, Mid-Way is
unable to inject at that rate on a continuous basis due to restrictions in the facilities acceptance
capacity. When considering that the total allowable injection volume is limited to the facility’s
total allowable acceptance volume of 450 gallons per minute (10.7 bbl/min), disposal on a
continuous basis results in a safety factor of 2.18 (based on the injection rate ratio of 23.4/10.7
bbl/min) with regard to Dr. Ozbayoglu’s calculations.
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In projecting wastewater front migration, Dr. Ozbayoglu adjusted the effective injection zone
thickness to provide a more realistic analysis. A thickness of 180 ft was initially established as a
minimum effective injection zone thickness based on initial testing of the well in May 2010.
Temperature survey logs indicated a larger interval that was initially accepting injected fresh
water. An improvement to wellbore conditions was identified in the second fall-off test and
was the result of acid stimulation of the well. As a result, Dr. Ozbayoglu justifies the use of a
300 ft effective injection zone thickness and utilizes this value in calculating the wastewater
front migration front. Additionally, since wastewater front calculations are driven by injection
volumes, Dr. Ozbayoglu uses a continuous injection rate of 11 bbl/min to be more consistent
with the facility’s permit limitations. Based on these input values, a homogeneous reservoir
model with two perpendicular no-flow boundaries and the nearby Twin Cities injector, it is
determined that the wastewater front will be approximately one mile away from MES #1 after
50 years of continuous injection.

Schlumberger’s interpretation supported a dual porosity reservoir model with a transition
between two radial flow regimes. The source of this heterogeneity could possibly be the difference
in the viscosity and density of the reservoir fluid and the fresh water which was injected into the
reservoir or the change in the permeability. This scenario better explains the two radial flow regimes.

Summary of Conclusions

Although there are differing professional opinions on the exact reservoir model which can be
applied to MES #1, modeling of anticipated formation pressures increase, pressure distribution
within the formation, and advancement of the injected fluid front under extreme (worst case)
operating conditions indicates the formation is suitable and able to safely accept injected
liguids, without concern for exceedances of formation fracture pressure and the initiation of
fractures. In fact, the Arbuckle Group has historically been used for the safe injection of waste
water generated from oil exploration and production activities.

Considering Mid-Way’s permit limitation based on facility acceptance volume (i.e., 450 gpm
(10.7 bbl/min)) it is anticipated that the average operating injection rate at MES #1 will be
similar. The surface injection pressure corresponding to an injection rate of 450 gpm at MES #1
will be far below the requested maximum surface injection pressure of 1350 psi. As provided in
Table 9-1 of the MES Construction Completion Report and Application for Operating Permit,
Schlumberger’s Injection Rate and Pressure Simulation, based on injection data from the
October 2010 Injection and Pressure Fall-Off Test, indicates that the surface injection pressure
corresponding to an injection rate of 450 gpm (for 24 hours of steady pumping) is anticipated to
be less than 750 psi.
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However, in order to provide for the anticipated short term need to inject at a greater rate (due
to facility down time, well maintenance activities, etc.) Mid-Way requested a maximum surface
injection pressure of 1350 psi. Evaluation indicates that for injection at this maximum pressure
for a 50 year period, the associated rate of injection (23.4 bbl/min) still provides a suitable
margin of safety to ensure formation fracture propagation does not occur.

Analysis has also indicated that there are no nearby surface or deep seated faults in the area
that will be affected by the projected injection operations at MES #1. Based on anticipated
operating conditions, calculated pressure increases and distribution, Mid-Way believes there is
no need to increase the Area of Review beyond the regulatory limits.

26



APPENDIX G

ANALYSISON
HYDRAULICS DURING INJECTION PROCESS AND PRESSURE DISTRIBUTION
WITHIN THE FORMATION

BY
EVREN M. OzBAYOGLU
DECEMBER 2013

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



- Report -

Mid-Way MES #1

Analysis on
Hydraulics during Injection Process, and

Pressure Distribution within the Formation

Prepared by

Evren M. Ozbayoglu, PhD

December, 2013



Table of Content

(0] o [=Tot {1V PSRNt 4
Y g =T Te =4 =T o] o 1V 5
] 1100 = VPSP UPTTOPPTPPPTO 6
2. Pressure Distribution during INjECtioN ProCESS......c.uviiiiiiii ittt 6
2.1 INJECEION PrOCESS......cccoeeieieiei ettt bttt et e ta e aeaeeeaeaeseseeeasaeeees 6
2.2 Hydraulic Calculations Inside Tubing and FOrmMatioN............ccccccuueeeeeeiiciviieeeeeeeeccciieeeeeeeeeeeens 8
2.3 Pressure Distribution Within the FOrmMatioNn .............cccceuuveiiiiiiiiieiniiiee et ssiieeessieeessiaeee e 12
2.4 Permeability and SKin FACTOr ANGIYSIS ...........uueeeeeeieecciieeie ettt e eeectaee e e e e e starae e e e e e e 16
2.5 Advancement of the Front End of the Injected FIUid ........ccceeiviiiiiiiiiii e, 19
APPENDIX = A Lo oieeeite ettt ettt et e st e st e s te e e st te e s bt e e s bt e e sh b e e s abae s beeeaa b e e sa b e e et e e ebteesabeesabeeebaeeatteesabee teenabeens 24
ANswers t0 “NOtICe Of DEFICIENCY” ......uei et e et e e e are e e e eabree e eneeas 24
L] ol T=T ooV Lo T SRR USPPR 24
B L] ol T=T ooV Lo T T SRR USPPR 24
B L] {TolT=T s LoV o T TSRS UUUR U UPPPRt 24
D= ol =T o Tor VAN o SRR 25
D= ol =T o Tor VAN o - TS 26
APPENDIX = B .ot itieeeiee ettt esite e sttt e st e stee e steeess e e saeeesaeeesaaeesnteesaseeessseesnseeanteeeneeeenteeenneeeteeeanteeenbee eennseeans 28
Theory for Hydraulics of INJECLION PrOCESS .......vviiiiiieiiiiieee ettt et e e e e e e sabraeeeee s 28
230 o To 1Y YA T WO ol U1 =Yl T T USSP 28
B.1.1 L (VT [ a1 o T=e] (o T | VPR UPPRRN 28
B.1.2 FIOW REQUIMIE ....coeeeeeeeeeee ettt e e ettt e e e e st e e e e e e s aaabeae e e e e e sesnnsstaeeeeeeessnnsaneeeesesnnnnenns 29
B.1.3 Determination of the Laminar/Turbulent Boundary for a Newtonian Fluid ....................... 30
B.1.4 Critical Reynolds Number for Bingham PIlastic FIUIdS ............ccccueeviieeeeiiieeeniieeeeeciee e 31
B.1.5 |4 (ot 1 (o] I o (o) Ko ] SO PPPP PRI 32
B.1.6 HYAPOSTATIC PrESSUIE ...cooeevveeeeieeeeeieeeeetee e e sttee e e stee e s atee e e sataaeesabaeeesastaeessnsaaeeennseeesansens 34
B.2  FIOW IN RESEIVOIN...ciiiiiiiiiiiiiiee sttt e ettt e ettt e e sttt e s sttt e st e e e sbbae e s s bbaeesaabbeeesabaaeesasseeesaasseeesas 34
B.2.1 Permeability and SKin FACtOr ANGIYSIS ..........uueeeeeoeecciiiiee e ecccteeee e eeeccreee e e sarre e e e e 35
B.3 Approximate Estimation of the Front End of the Injected FIUid .............cccoueveeeeeiciineeeneeennnnns 40
S U] =Y 7= o ol Y PSR 41
F o o o T USRS 42
CURRICULUM VITAE ...ttt etteesitecee ettt s vt e sttt e e e e e tteesateesateessteeasaeesaseesnsaeansasesssessasessnsesenssessnsesanseeanes 42



Figures

Figure —1 Mid-Way MES-#1 — SChematiCc VIEW ....ccccuiiiieiee ettt e e e e e e 7
Figure —2 Injection free body diagrami...........eeei i e e e e r e e e e e e anraae s 8
Figure —4 Pressure distribution within the formation after 10 years of injection of Mid-Way MES #1 for
23.4 BbI/MIN INJECHION FATE ittt ettt et e e e ete e e et e e e tae e eteeeetaeesateeeateeeteeeesreesareean 13
Figure —5 Pressure distribution within the formation after 25 years of injection of Mid-Way MES-#1
fOr 23.4 bbl/MiN INJECTION FALE....cccuiiiieeciee ettt ettt e e be e s be e e beeeetbeesabeesabeeenbeeenaseeeanas 14
Figure—6 Pressure distribution within the formation after 50 years of injection of Mid-Way MES-#1
TOr 23.4 BB/ MiN INJECHION FALE.....ccvve ettt ettt ere et e et e e et eeteeeeteeeeseeeeaseeenreseseeennreeeanes 15
Figure—7 The diagnostic plot corresponding to the fall off period of the October 2010 test. .............. 17
Figure —8 Bottomhole pressure fall off versus Horner time during fall off test corresponding to the
(=T =Y I8 Lo NV =Y~ o o SRS 18
Figure —A.1 Injection fluid saturation after 10 years of injection with a flow rate of 11 bbl/min.....20
Figure —A.2 Injection fluid saturation after 20 years of injection with a flow rate of 11 bbl/min.....21
Figure —A.3 Injection fluid saturation after 30 years of injection with a flow rate of 11 bbl/min. ....21
Figure—A.4 Injection fluid saturation after 40 years of injection with a flow rate of 11 bbl/min. ... 22
Figure —A.5 Injection fluid saturation after 50 years of injection with a flow rate of 11 bbl/min.....22
Figure —B.1  Rheogram for Bingham Plastic fluids (HWU, 2007) .......ccoecvueeiiiiieeeiiieee e scveee e eciveee e 29
Figure —B.2  Flow regimes (HWU, 2007) ....ccocuiieiiiiiie ettt et e e e e tae e e ite e e e svaee s eeabae e s enaeeeennnees 30
Figure —B.3  Hedstrom number versus critical Reynolds number (Bourgoyne et al, 1998).................... 32
Figure —B4  No-flow boundary systems (Stewart, 2011) ......ccceeveciieiiiiiee e 38
Figure —B5  Pressure derivative response for different fault systems (Stewart, 2011)........ccccceeeuvneenn. 40
Tables

Table—1 Input data used for the hydraulic calculations ...........c.uveeiiiicciiiee e 9
Table—2  Frictional pressure losses and hydrostatic pressure calculations inside the tubing............... 10
Table—3  Estimation of bottomhole pressure and injection pressure at the surface........c.cccoceeeenneen.. 11



Objective

This report is prepared as a third party opinion on the performance and behavior of the Mid-
Way Environmental Services, Inc. (Mid-Way) injection well (MES #1) based on a 50 year
injection period into an interval of approximately 5080ft — 5260 ft in the Arbuckle Formation.
Based on the pressure fall-off test considered, formation in consideration fits to a
homogeneous formation with the presence of perpendicular no-flow boundaries.

This report includes surface and bottomhole pressure calculations considering the hydraulics
inside the tubing string as well as flow within the formation; and pressure distribution within
the formation considering the no-flow boundaries as well as the interference of another nearby
injection well, Twin Cities.
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Report
Mid-Way MES #1

Analysis on
Formation / Fracture Pressures,
Hydraulics during Injection Process, and
Tubular Stability

1. Summary
Mid-Way MES #1 is located within Section 9-14N-5E in Lincoln County, Oklahoma. Based on the

information obtained from the pressure distribution in this field, maximum injection rates, maximum

injection pressures at the surface and corresponding bottomhole pressures are estimated. Also,
considering a “transition” period, pressure distribution in the formation was calculated as a function of
time assuming continuous injection at the maximum injection rate.

Formation is considered to be a homogeneous system with the presence of two perpendicular no-flow
boundaries. Also, there exists an interfering nearby injection well, Twin Cities, which is about 0.8 miles
away from Mid-Way MES #1, continuously injecting with a flow rate of 13 bbl/min for 10 years.

2. Pressure Distribution during Injection Process
Estimation of the required injection pressures at the surface, bottomhole pressures, and the pressure

distribution in the formations due to the injection process require estimation of hydrostatic pressure
distribution and frictional pressure losses inside the tubing during the injection process, and the
pressure drop occurring as the injection fluid flows though the porous media in the horizontal plane.

2.1 Injection Process
A schematic of Mid-Way MES #1 is presented below (Fig.1). The well is vertical with a total depth of

7040 ft. The open hole size is 7% in. A 8°/% in. J-55 32 Ib/ft casing is set at 5173 ft, and cemented up to
the surface. An injection tubing of 4*2 in. J-55 12.75 Ib/ft LTC is installed to a depth of 5203 ft, with a
packer at 5115.5 ft.
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Figure —1 Mid-Way MES-#1 — Schematic View

A 10.0 ppg (sp.gr.=1.2) fluid with an average plastic viscosity of 1.1cp (kinematic viscosity = 1.17E-5
ft?/s) with no yield stress is assumed to be injected from the surface into the Arbuckle formation starting
at depth of 5,080 ft. Previous injection tests conducted in Mid-Way MES #1 indicated that the injected
fluid goes into the formations at approximate depths of 5080 — 5260 ft, therefore the effective injection
interval is assumed to be approximately 180 ft.

A schematic of the injection process and the calculation methodology of the pressure distribution,
considering hydrostatic pressure, frictional losses, and flow in porous media are presented below (Fig.2).
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Figure —2 Injection free body diagram

2.2  Hydraulic Calculations Inside Tubing and Formation
Calculation procedure is as follows:

1. Formation pressure is determined using the formation pressure gradient and depth.
Frictional pressure losses and hydrostatic pressure inside the tubing are calculated.

3. Pressure change in porous media is determined using the transient radial flow equation with the
help of superposition approach considering no-flow boundaries as well as interfering nearby
injection well.

4. Bottomhole pressure is estimated using formation pressure and pressure change in porous media
(upper limit is the fracture pressure).



5. Injection pressure is determined using bottomhole pressure, hydrostatic pressure inside the tubing,
and frictional pressure losses inside the tubing.

During the injection process, the formation is not allowed to be fractured. Therefore, there exists a
maximum injection rate that generates a bottomhole pressure theoretically equal to the fracture
resistance of the formation. Using this constraint, the maximum injection rate can be determined.
Calculations are conducted using the following input data (Table-1):

Table—-1 Input data used for the hydraulic calculations
Formation pressure gradient (psi/ft) 0.472
Fracture pressure gradient (psi/ft) 0.639
Tubing inner diameter (in) 3.958
Tubing length (ft) 5080
Relative roughness 0
Injected fluid specific gravity 1.2
Plastic viscosity of injected fluid (cp) 1.1
Yield point of injected fluid (Ib/100 ft?) 0
Average formation permeability (md) 2000
Average formation porosity (%) 13.5
Effective formation thickness (ft) 180
Well openhole diameter (in) 7.875
Depth of top of the injection zone (ft) 5080

Using the equations provided in Appendix-B for hydrostatic pressure (Equation-B.16), frictional pressure
loss (Equation-B.11), pressure behavior using the superposition principle in time (Equation-B.38),
bottomhole pressures and required surface pressures for the injection process for different injection
rates are calculated.

Table-2 provides the information about the frictional pressure losses and hydrostatic pressures for a
specific injection flow rate.

Table-3 presents the results for the pressure change expected in the formation due to the injection
process as a function of time, injection pressure at the surface and related bottomhole pressure, and the
comparison of this pressure with the maximum allowable bottomhole pressure (which is equal to the
fracture pressure).



Table—2 Frictional pressure losses and hydrostatic pressure calculations inside the tubing
- velocity . ... frictional . .
injection . effective critical i frictional hydrostatic
rate |n5|.de viscosity Reynolds | Hedstrom Reynolds Flo.w friction pressur-'e loss pressure loss pressure
(bbl/min) tubing (cp) number number number Regime | factor grac.llent (psi) (psi)
(ft/s) (psi/ft)
2 2.2 1.1 73197.2 0 2100 Turbulent | 0.00476 0.002 11.8 2707.7
4 4.4 1.1 146394.5 0 2100 Turbulent | 0.00412 0.008 40.8 2707.7
6 6.6 1.1 219591.7 0 2100 Turbulent | 0.00381 0.016 84.8 2707.7
8 8.8 1.1 292788.9 0 2100 Turbulent | 0.00360 0.027 142.7 2707.7
10 11.0 1.1 365986.2 0 2100 Turbulent | 0.00346 0.041 213.9 2707.7
12 13.1 1.1 439183.4 0 2100 Turbulent | 0.00334 0.057 298.0 2707.7
14 15.3 1.1 512380.6 0 2100 Turbulent | 0.00325 0.076 394.5 2707.7
16 17.5 1.1 585577.9 0 2100 Turbulent | 0.00318 0.097 503.2 2707.7
18 19.7 1.1 658775.1 0 2100 Turbulent | 0.00311 0.120 623.8 2707.7
20 21.9 1.1 731972.3 0 2100 Turbulent | 0.00306 0.145 756.2 2707.7
22 24.1 1.1 805169.6 0 2100 Turbulent | 0.00301 0.173 900.1 2707.7
24 26.3 1.1 878366.8 0 2100 Turbulent | 0.00296 0.203 1055.4 2707.7
26 28.5 1.1 951564.0 0 2100 Turbulent | 0.00292 0.235 1221.9 2707.7
28 30.7 1.1 1024761.3 0 2100 Turbulent | 0.00288 0.269 1399.6 2707.7
30 32.9 1.1 1097958.5 0 2100 Turbulent | 0.00285 0.305 1588.2 2707.7
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Table—-3 Estimation of bottomhole pressure and injection pressure at the surface
increase estimated maximum maximum

injection | injection in the expected surface allowable possible Inj.P. | Bot.P.

rate duration | formation bottomhole injection bottomhole | injection | design | design

(bbl/min) (hr) pressure press-u re pressure pressure pressure | factor | factor

(psi) (psi) (psi) (psi) (psi)

10 24 193.6 2592.0 98.2 3245.8 945.6 9.63 1.25
10 720 2334 2689.9 196.1 3245.8 985.4 5.03 1.21
10 8760 265.0 2721.5 227.7 3245.8 1017.0 4.47 1.19
10 43800 289.4 2745.9 252.1 3245.8 1041.4 4.13 1.18
10 87600 302.4 2758.9 265.0 3245.8 1054.4 3.98 1.18
10 219000 322.3 2778.8 285.0 3245.8 1074.3 3.77 1.17
10 438000 339.2 2795.7 301.9 3245.8 1091.2 3.61 1.16
15 24 229.1 2627.5 367.1 3245.8 1214.5 3.31 1.24
15 720 288.8 2745.3 484.9 3245.8 1274.2 2.63 1.18
15 8760 335.5 2792.0 531.6 3245.8 1320.9 2.48 1.16
15 43800 369.7 2826.2 565.7 3245.8 1355.1 2.40 1.15
15 87600 386.8 2843.3 582.9 3245.8 1372.2 2.35 1.14
15 219000 412.3 2868.8 608.4 3245.8 1397.7 2.30 1.13
15 438000 4334 2889.9 629.5 3245.8 1418.8 2.25 1.12
20 24 264.6 2663.0 711.5 3245.8 1558.9 2.19 1.22
20 720 344.1 2800.6 849.1 3245.8 1638.4 1.93 1.16
20 8760 406.0 2862.5 910.9 3245.8 1700.3 1.87 1.13
20 43800 449.9 2906.4 954.8 3245.8 1744.2 1.83 1.12
20 87600 471.2 2927.7 976.2 3245.8 1765.5 1.81 1.11
20 219000 502.3 2958.8 1007.2 3245.8 1796.5 1.78 1.10
20 438000 527.6 2984.1 1032.5 3245.8 1821.8 1.76 1.09
24 24 293.0 2691.4 1039.1 3245.8 1886.5 1.82 1.21
24 720 388.4 2844.9 1192.6 3245.8 1981.9 1.66 1.14
24 8760 462.4 2918.9 1266.5 3245.8 2055.9 1.62 1.11
24 43800 514.1 2970.6 1318.2 3245.8 2107.6 1.60 1.09
24 87600 538.8 2995.3 1342.9 3245.8 2132.3 1.59 1.08
24 219000 574.2 3030.7 1378.4 3245.8 2167.7 1.57 1.07
24 438000 602.9 3059.4 1407.1 3245.8 2196.4 1.56 1.06

In Table-3, calculations have been conducted for an injection period of 1 day, 1 week, 1 month, 1 year, 5

years, 10 years, 25 years, and 50 years. The “maximum possible injection pressure” is the maximum

surface pressure that will be observed as a limitation considering the fracture pressure of the formation,

including the hydraulics within the tubing as well as the pressure required to achieve flow within the

formation. It is equal to the maximum allowable bottomhole pressure minus the hydrostatic pressure

plus friction losses plus the anticipated increase in the formation pressure. “Increase in the formation
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pressure” is calculated by applying the superposition principle considering the no flow boundaries at the
formation as well as the potential interfering well injecting into the same formation, as an open form of
Eg. B.41. “Injection pressure tolerance” is the difference between the maximum possible injection
pressure for the given conditions and calculated injection pressure. The last two columns are the design
factors for injection pressure and bottomhole pressure. They are calculated as the maximum possible
injection pressure divided by the calculated injection pressure, and fracture pressure divided by
calculated bottomhole pressure, respectively. In both columns, values greater than 1.0 indicate safe
operation conditions. All the calculations related with the pressure in the formation consider no-flow
boundaries as well as the potential interference of the nearby injection well.

As observed from Table-3, for an injection flow rate of 20 bbl/min, it is observed that there is no fracture
initiation at the vicinity of the wellbore, even after 50 years of continuous injection. For an injection rate
of20 bbl/min, the expected surface injection pressure is 1033 psi and the expected bottomhole pressure
is 2984 psi after 50-years of continuous injection period.

Additionally, the maximum, allowable theoretical injection rate has been calculated for an injection
period of 50 years and is 35 bbl/min. This injection rate is the maximum possible injection rate that will
not cause any fractures after 50 years of injection. The corresponding surface injection pressure for this
injection rate is 2660 psi, which is almost two times greater than Mid-Way’s requested allowable surface
injection pressure of 1350 psi If 1350 psi of surface injection pressure is considered as the limitation, the
maximum injection rate is about 23.4 bbl/min, which satisfies this condition, even for an injection period
of 50 years. For this injection rate, after 50 years, the fracture pressure at the bottomhole is not
reached.

2.3 Pressure Distribution within the Formation
Analysis of the fall-off test conducted in October 2010 (details are presented in section 2.4) indicates

that the reservoir is likely a high permeable homogeneous reservoir with the presence of two
perpendicular no-flow boundaries. Both of the boundaries appear to be approximately 1200 ft from
MES #1 which is consistent with the injection fall-off analysis conducted by EPA Region 6. Also, there
exists a nearby injection well which is actively injecting into the same formation for 10 years with an
injection rate of 13 bbl/min. Based on the data, the permeability is around 2000 md, which is the value
used during the analysis.

The pressure distribution within the formation considering the no-flow boundaries and the nearby
injection well is determined up to 8000 ft from each no-flow boundary for an injection rate of 23.4
bbl/min of Mid-Way MES #1 after 10 years, 25 years and 50 years, as presented in figures 4 to 6.

12



Intersection of no flow boundaries

(point 0,0)
(ft) distance from boundary-2
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400 6800 7200 7600 8000

0] 2854.5 2853.8 2851.4 2846.4 2839.5 2832.1 2824.7 2817.7 2811.2 2804.9 2799.0 2793.4 2788.0 2782.9 2778.0 2773.2 2768.7 2764.3 2764.0 2755.9 2752.0
400] 2855.1 2856.2 2855.2 2848.8 2840.2 2831.9 2824.3 2817.2 2810.7 2804.5 2798.7 2793.1 2787.8 2782.6 2777.7 2773.0 2768.4 2764.0 2759.8 2755.8 2751.8
800] 2854.8 2859.7 2867.6 2852.6 2840.2 2831.0 2823.2 2816.2 2809.8 2803.8 2798.0 2792.5 2787.3 2782.2 2777.3 2772.6 2768.0 2763.7 2759\5 2755.4 2751.5
1200 2851.3 2856.3 2864.4" 2849.6 2837.6 2828.7 2821.3 2814.7 2808.5 2802.7 2797.1 2791.8 2786.6 2781.5 2776.7 2772.0 2767.5 2763.1 2759/0 2754.9 2751.0
1600] 2844.6 2846.0 2845.5 2839.9 2832.3 2825.2 2818.7 2812.7 2807.0 2801.5 2796.1 2790.8 2785.7 2780.7 2775.9 2771.2 2766.7 2762.4 2758.8 2754.3 2750.4
2000] 2836.8 2836.5 2835.0| 2831.3 2826.3 2820.9 2815.6 2810.4 2805.2 2800.1 2794.9 2789.7 2784.7 2779.7 2774.9 2770.3 2765.9 2761.6 2757.5 2753.5 2749.7
2400] 2829.1 2828.4 2826.8| 2824.1 2820.6 2816.5 2812.3 2808.0 2803.5 2798.7 2793.7 2788.6 2783.5 2778.6 2773.8 2769.2 2764.8 2760.5 2756.5 2752.6 2748.8
2800] 2822.0 2821.2 2819.8| 2817.8 2815.2 2812.3 2809.1 2805.8 2802.0 2797.6 2792.6 2787.4 2782.3 2777.3 2772.5 2767.9 2763.5 2759.3 2755.3 2751.5 2747.8
3200] 2815.3 2814.7 2813.6|2812.1 2810.2 2808.2 2806.2 2804.0 2801.2 2797.1 2791.7 2786.2 2780.8 2775.7 2770.9 2766.4 2762.1 2758.0 2754.0| 2750.3 2746.6
3600] 2809.1 2808.6 2807.7 |2806.6 2805.4 2804.2 2803.2 2802.8 2802.2 2797.8 2791.0 2784.7 2779.0 2773.9 2769.1 2764.7 2760.5 2756.4 2752.6|2748.9 2745.3
4000] 2803.2 2802.8 2802.2 |2801.4 2800.5 2799.8 2799.7 2800.9 2807.9 *R§799.6 2789.4 2782.5 2776.8 2771.7 2767.1 2762.7 2758.6 2754.7 2751.0\2747.4 2743.9
4400] 2797.6 2797.3 2796.8 |2796.2 2795.5 2795.0 2795.0 2795.8 2797.3 2785.5 2779.3 2773.9 2769.1 2764.7 2760.5 2756.6 2752.8 2749.2 \2745.7 2742.4
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Figure—4 Pressure distribution within the formation after 10 years of injection of Mid-Way MES #1 for 23.4 bbl/min injection rate
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Pressure distribution within the formation after 25 years of injection of Mid-Way MES-#1 for 23.4 bbl/min injection rate
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In figures 4 to 6, the first column represents the relative distance from the horizontal no flow boundary
(named as boundary-2) in feet while the first row represents the relative distance from the vertical no
flow boundary (named as boundary-1) in feet. The intersection of these boundaries (perpendicular) are
assumed to be at point 0,0 which is on the left top. The numbers presented in the colored section are
the pressures. The color scale indicates the relative magnitude of these pressures, such that red
represents higher pressures, and green represents lower pressures. The pressure values presented in
these figures are calculated by applying the superposition principle, using Eq. B.41.

From figures 4 to 6, it can be seen that the pressure increase within the reservoir never exceeds the
fracture resistance of the formation for all times, such that the maximum pressure calculated after 50
years of injection for 23.4 bbl/min is 2990 psi, and the fracture pressure is estimated to be 3245 psi.
Also, response of the increase in the pressure within the formation away from Mid-Way MES #1 when
compared with the pressure at the bottomhole of Mid-Way MES #1 is very limited such that, the
difference between the pressure at the injection well and 5000 ft away, is about 160 psi or less, and at
7000 ft away, the pressure difference is about 200 psi.

2.4 Permeability and Skin Factor Analysis
Data from the October 2010 injection fall off test was incorporated to form the diagnostic plot of the

test. The bottomhole pressure fall off and its derivative versus time for the fall off period are shown in
Fig.7. The injection flow rate was constant at 8.5 bbl/min for the 29.33 hours of injection period and the
pressure sensor was at 5300 ft during this test. It is assumed that the injected fluid was fresh water. The
total compressibility is assumed to be 7.3E-6 psi’. Reservoir thickness is considered 180 ft, porosity is
considered to be 0.135 and the viscosity of water is considered to be 1 cp.
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Figure -7 The diagnostic plot corresponding to the fall off period of the October 2010 test.

From the analysis of the diagnostic plot shown in Figure 7, we conclude that the data points before one
hour equivalent time to be corresponding to the radial flow region, and the analyzable data
corresponding to the late time of the test show the effect of no-flow boundaries of the reservoir. Right
after the radial flow region, it is clearly observed that there exists no-flow boundaries based on the
analysis of the derivative of delta pressure versus equivalent time. Following the boundary response
region, data is a little scattered, but the best fit is a flat line, which indicates the presence of two
perpendicular no-flow boundaries.

Regarding the possibility of an interfering well, Twin cities, which is about 0.8 miles away from Mid-Way
MES #1, due to the apparent very high permeability within the formation (which is presented below),
the pressure distribution is relatively fast, which prevents localized pressure build-ups. Since the no-flow
boundaries are perpendicular, the non-bounded part of the reservoir acts like an infinite reservoir.
Considering that Twin Cities is injecting into the Arbuckle formation at a similar depth as Mid-Way MES
#1 is planning to inject at, and since there has not been a significant pressure change observed at Mid-
Way MES #1 for the last two years, this indicates two possibilities; either Twin Cities is located on the
other side of the no-flow boundary such that there is no hydraulic connection between these two wells
or, if Twin Cities is an interfering well, the effect of the well is very limited due to high permeability.

Here, we use the Horner method to obtain the permeability of the reservoir. Figures 8a and 8b,
respectively, show the plots of pressure fall off with respect to the Horner time and the log of Horner
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time for the infinite acting radial flow region. These plots indicate the results of the diagnostic plots
which show that the flow for this region is radial. Figure 8b is used to obtain the slope of the pressure
fall off with respect to the Horner time and also the fall off pressure after one hour shut in time for skin

factor computations.
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Figure — 8 Bottomhole pressure fall off versus Horner time during fall off test corresponding to the

radial flow region
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From the regression analysis, we obtain that the equation of the hypothetical straight line which
represents the linear relation between the bottomhole pressure fall off and log of Horner time.
Considering the radial flow region data points, we obtain this equation as:

AP = —5.546 log((t+At)/At)+24.12 (1)

Therefore, slope, m, is estimated as -5.546 psi/log cycle. Using the information provided, and
considering the payzone thickness as 180 ft, k.h is calculated as 358,857.6 md-ft (eqs.B.36 & B.39-
Appendix-B). Thus, permeability, k, can be estimated as 1993.653md.

Using the provided information, skin analysis is also conducted, considering a porosity value of 13.5 %
and APy nyof 15.9013 psi. Skin is calculated to be -4.82, which indicates a stimulation job (eq.B.40-
Appendix-B). Since an acidizing process took place in the payzone, the calculation of a negative skin
makes sense.

2.5 Advancement of the Front End of the Injected Fluid
According to the Mid-Way’s “Construction Completion Report and Operating Permit Application” (Dec.

2010) Section 8 page 77, the first injection test in May 2010 which was conducted before acidizing with
a rate of 6 bpm (tubing size was 27/8in), the surface injection pressure was measured as 1500 psi. The
second injection test in October 2010, which was after the acidizing and using a rate of 8.5 bpm (tubing
size was 41/2in), the surface injection pressure was measured as 510 psi. During both tests the injection
fluid was fresh water. The frictional pressure losses during the first and second injection tests were
calculated as 960 psi and 125 psi, respectively. Since the surface pressure showed the combination of
frictional losses inside the tubings and the losses inside the formation, pressure losses in the formation
for the first test and the second test were determined as 540 psi and 385 psi, respectively.

Under the assumption that the permeabilities and fluid viscosities were constant in both injection
operations, considering the frictional pressure losses inside the tubings and comparing the two cases
using Darcy’s equation for radial flow for an infinite system,

_2mkh AP
CCTTm 2

where Q is the flow rate, k is the permeability, h is the thickness, u is the viscosity, AP is the pressure
drop, r. is the drainage radius, and r, is the wellbore radius, a comparison can be made for both
injection tests, such as

(6) _ (180) (540)¢ (3)
(85) h(385)

where ('is the unit conversion, it is observed that the interval thickness where the injection took place
has improved from 180 ft (before acidizing) to approximately 350 ft (after acidizing). In order to be on
the conservative side, improved thickness is considered to be 300 ft.
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The advancement of the front of the injected fluid in the formation is investigated using an in-house
numerical simulator. To do so, a simulation model of the reservoir is prepared where the MES #1 is
located about 1050 ft from the two no-flow boundaries. The injection rate is set equal to 11 bbl/min and
a constant pressure boundary is considered at the distance of 2300 ft from the well. The 2D simulation
model has 80*80 gridblock where each gridblock is 300*300 ft. From the pressure transient test analysis
of the well MES-#1, the injectivity of the well is calculated as k.h= 358,857.6 md-ft. Injection interval
thickness is considered to be 300 ft, based on the fact that acidizing improved the initial effective
thickness. For a formation thickness of 300 ft, permeability is considered as 1196.2 md. The saturation
profile of the injected fluid is presented in the following figures after 10, 20, 30, 40 and 50 years of
injection, respectively. In these graphs, x and y axes are representing the number of 300 ft * 300 ft
blocks, and the colored scales indicate the saturation levels with 1.0 being 100% saturation. Saturation
levels between 50% and 55% were considered to be the location of the injected fluid front.
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Figure—A.1 Injection fluid saturation after 10 years of injection with a flow rate of 11 bbl/min.
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Figure —A.2 Injection fluid saturation after 20 years of injection with a flow rate of 11 bbl/min.
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Figure —A.3 Injection fluid saturation after 30 years of injection with a flow rate of 11 bbl/min.
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Figure —A.4 Injection fluid saturation after 40 years of injection with a flow rate of 11 bbl/min.
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Figure —A.5 Injection fluid saturation after 50 years of injection with a flow rate of 11 bbl/min.

As seen from the figures, considering a formation thickness of 300 ft, for an injection rate of 11 bbl/min,
after 10 years, the front end is estimated to be 2,100 ft away from Mid-Way MES #1, and after 50 years,
the front end is estimated to be 5,400 ft away from Mid-Way MES #1. Therefore, it is estimated that a



distance of approximately 1.0 miles is reached after 50 years of continuous injection with a rate of 11
bbl/min.
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APPENDIX-A
Answers to “Notice of Deficiency”

The followings are the answers addressing to the deficiencies identified by Oklahoma Department of
Environmental Quality.

Deficiency No: 2

“Mid-Way anticipates that 30% of the injectate will have a specific gravity (SG) of 1.0, 50% will have an
SG of 1.026 and 20% will have an SG of 1.2. Mid-Way further states that due to anticipated mixing of
compatible liquids to be injected, it is expected that the maximum SG of the injectate will be 1.05.
Because the exact nature the waste stream is unknown, Mid-Way should use an SG of 1.2 in its
calculations. Please indicate how using the greater SG impacts fracture pressure considerations.”

In all calculations including hydraulic calculations as well as pressure distribution estimations, a fluid
density of 1.2 is assumed. Fracture pressure is not reached in all cases presented in this report, which
includes Mid-Way’s requested allowable surface injection pressure of 1350 psi.

Deficiency No: 5
“Mid-Way has shown that injected fluid goes into formations at approximate depths of 5080 — 5500

feet; therefore, the top of the injection interval should be taken as 5080 feet.”

Formation top is assumed to be 5080 ft, and formation thickness is taken as 180 ft during most of the
calculations. For front-end determination calculations for the injected fluid in Section 2.5, the thickness
is considered to be 300 ft. It should be pointed out that a formation thickness of 180 ft is likely a worst
case scenario since this thickness was determined prior to the stimulation of the injection zone (i.e. acid
job) that Mid-Way conducted in July 2010.

Deficiency No: 6

“Static Arbuckle reservoir pressure is identified as 200 psi at the surface in the Mid-Way report document
titled "Analysis Reports for Injection Well MES #1." This data indicates that the reservoir is essentially
“artesian”, already capable of flowing at the surface, without considering any additional injection from
the proposed Mid-Way disposal well. Additional injection into the interval would result in an increase in
the "artesian" pressure conditions, providing a potential pathway through area wells not properly
plugged or constructed into underground sources of drinking water (USDW). The current area of review
(AOR) radius of one mile is likely Sufficient to address the infinite radius of pressure influence concern.
Mid-Way should reassess the appropriate size AOR needed to protect the USDW.”

A 200 psi difference is observed due to the fluid density change inside the tubing. Originally, the
formation has a fluid having a specific gravity of approximately 1.1. However, during the injection testing
process, the injected fluid was pure water, i.e., specific gravity is 1.0. Since there is no flow observed at
the surface even though the well is open to atmospheric pressure when the tubing is full of 1.1. sp. gr.
fluid, it is clear that the well is not an “artesian” at all. When the fluid in the tubing is replaced by fresh
water after an injection process and shut in, a pressure of 200 psi is observed at the surface. This
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pressure is due to the change of density of the fluid in the tubing. As the well is allowed to flow, for a
while, flow is observed at the surface, and the fluid flowing out of the well is observed to be fresh water,
which is the fluid used during the injection testing process. Then, the flow stops, although the well is
totally open to atmosphere. This is due to the formation fluid replacing the fresh water inside of the
tubing causing an equilibrium condition to be reached between the hydrostatic pressure of the fluids
inside the tubing and the formation pressure.

Deficiency No: 7

“The projected pressure increase from the Mid-Way injection well in the report document was based on
a homogeneous infinite acting model calculation. The calculation does not address any possible reservoir
geologic boundaries such as faults or other active injection wells that may be present. The second fall-off
test had a response at late test times indicating more than a single boundary, which may represent
nearby faulting impacts, was present and that area well data indicated at least two other active injectors
are present with one of them confirmed as disposing into the same formation as the proposed Mid-Way
well. Pressure buildup projections in the permit application should address both the fault concerns
identified on the fall-off test and the impact of other area injectors, as well as any producers in the same
injection zone. Also, please comment on the sufficiency of the detailed deep reservoir characteristics
given the presence of large faults in the regional area and the evidence of nearby faults in the fall-off
tests.”

After plotting the pressure derivate versus equivalent time, analysis reveals that the formation has no-
flow boundaries. This is because the slope changes (based on the pressure derivative response) after the
radial flow regime. The analyzable data associated with the late time response indicates that the system
seems to be more like a perpendicular no-flow boundary system. Therefore, the formation is considered
to be a homogeneous system with the presence of two perpendicular no-flow boundaries. Also, there
exists a nearby injection well (i.e. Twin Cities) approximately 0.8 mile away from Mid-Way MES-#1 that
is estimated to have been injecting less than average of 13 bbl/min for 10 years. As mentioned on page
18, considering that Twin Cities is injecting into the Arbuckle formation at a similar depth as Mid-Way
MES #1 is planning to inject at, and since there has not been a significant pressure change observed at
Mid-Way MES #1 for the last two years, this indicates two possibilities; either Twin Cities is located on
the other side of the no-flow boundary such that there is no hydraulic connection between these two
wells or, if Twin Cities is an interfering well, the effect of the well is very limited due to high
permeability.. Thus, all of the formation pressure distribution calculations as well as the injection
calculations presented in this report considered the described no-flow boundaries as well as the nearby
injection well. While analyzing the pressure response data, different models can be considered and the
analysis will be performed accordingly. Different set of data can be obtained depending on the selected
model. This is where geology plays an important role. As it pertains to the portion of this question
requesting Mid-Way to address the “fault concerns identified on the fall-off test”, a clarification needs
to be made. When the term “fault” is used in transient analysis it means that there is a no flow
boundary, which may or may not be due to a geologic fault. In the case of Mid-Way MES #1, there is not
any geologic evidence to suggest that the two perpendicular no flow boundaries determined from the
testing analysis are due to a geologic fault(s).
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It should be noted that a formation thickness of 180 ft is likely a worst case scenario since this thickness
was determined prior to the stimulation of the injection zone (i.e. acid job) that Mid-Way conducted in
July 2010. As mentioned in Section 2.5, the thickness is increased to approximately 300 ft during the
front-end calculations.

Based on the pressure distribution analysis, it can be concluded that the pressure increase within the
reservoir never exceeds the fracture resistance of the formation for all times, such that the maximum
pressure calculated after 50 years of injection for 23.4 bbl/min is 2990 psi, and the fracture pressure is
estimated to be 3245 psi. Also, response of the increase in the pressure within the formation away from
Mid-Way MES #1 when compared with the pressure at the bottomhole of Mid-Way MES #1 is very
limited such that, the difference between the pressure at the injection well and 5000 ft away, is about
160 psi or less, and at 7000 ft away, the pressure difference is about 200 psi.

Deficiency No: 8

“The fall-off analyses indicated an unusual reservoir combination of an ultra-high permeability zone (>1
Darcy) and stimulated completion representative of a natural fracture system. When coupled with
possible local boundaries, it results in uncertainty about how far and in what direction any injection
pressure build up would be distributed.”

After considering the formation as a homogeneous formation with the presence of two perpendicular
no-flow boundaries, the average permeability of the formation is determined to be approximately 2000
md. For a dolomite formation, these types of permeability values are common. The permeability value
used for calculations is 2000 md. Since the permeability is very high, pressure transmission is also
expected to be very fast. A formation pressure distribution analysis is conducted for Mid-Way MES #1
injection rate of 23.4 bbl/min for 10, 25 and 50 years of injection period, considering the no-flow
boundaries as well as the interference due to the nearby injection well. It is observed that the fracture
pressure is never reached at any location, even though the distances observed are more than 8000 ft
from each boundary. The worst pressure build-up is observed at the vicinity of Mid-Way MES #1 and at
the interception of the no-flow boundaries, still significantly less than the fracture pressure of the
formation even after 50 years of injection process with a rate of 23.4 bbl/min. Related case study is
presented in Figure 6. The highest pressure after 50 years of injection expected is at the vicinity of Mid-
Way MES #1, which is 2990 psi, and the fracture pressure is estimated to be 3245 psi. This shows that
there is no risk of fracturing the formation, even with injecting 23.4 bbl/min, including the consideration
of no-flow boundaries as well as interfering well.

As mentioned in Section 2.5, according to the Mid-Way’s “Construction Completion Report and
Operating Permit Application” (Dec. 2010) Section 8 page 77, the first injection test in May 2010 which
was conducted before acidizing with a rate of 6 bpm (tubing size was 27/8in), the surface injection
pressure was measured as 1500 psi. The second injection test in October 2010, which was after the
acidizing and using a rate of 8.5 bpm (tubing size was 41/2in), the surface injection pressure was
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measured as 510 psi. During both tests the injection fluid was fresh water. Under the assumption that
the permeabilities and fluid viscosities were constant in both injection operations, considering the
frictional pressure losses inside the tubings and comparing the two cases using Darcy’s equation, it is
observed that the interval thickness where the injection took place has improved from 180 ft (before
acidizing) to approximately 300 ft (after acidizing). Please refer to Section 2.5 for a detailed explanation.
The analysis for determining the front-end of the injected fluid shows that for an injection rate of 11
bbl/min, after 10 years, the front end is estimated to be 2,100 ft away from Mid-Way MES #1, and after
50 years, the front end is estimated to be 5,400 ft away from Mid-Way MES #1. Therefore, it is
estimated that a distance of approximately 1.0 miles is reached after 50 years of continuous injection
with a rate of 11 bbl/min.
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APPENDIX-B
Theory for Hydraulics of Injection Process

This appendix includes the details about the theoretical background on the hydraulics of injection
process through a tubing into a porous media.

B.1 Flow in Circular Pipes
Understanding the hydraulics of flow of a fluid through circular pipes requires a proper rheological

characterization of the fluid and identification of the flow regime.

B.1.1 Fluid Rheology
Most of the fluids are more complex than the Newtonian fluids, expected to respond to an applied

shearing stress by flowing in a manner such that the velocity gradient is strictly proportional to the
applied stress. The shear stress to shear rate relationship of these fluids is not linear and cannot,
therefore, be characterized by a single value, such as the coefficient of viscosity. These fluids are
classified as non-Newtonian fluids. The shear stress of a non-Newtonian fluid is not directly proportional
to shear rate and this is why their relationship cannot be described by a single parameter. It is possible
however to define an apparent viscosity which is the shear stress to shear rate relationship measured at
a given shear rate. The apparent viscosity is the slope of the line between the origin and the shear stress
and shear rate intercept at any given shear rate.

The Bingham fluid is to some extent a limiting or idealized case. It is a fluid for which a finite shearing
stress is required to initiate motion and for which there is a linear relationship between the shearing
stress in excess of the initiating stress and the resulting velocity gradient. Materials that behave like
Bingham Plastics include thickened hydrocarbon greases, certain asphalts and bitumens, some
emulsions and pseudo-homogeneous suspensions of ultra-fine or fine particles in liquids at intermediate
concentrations, water suspensions of clay, fly ash, finely divided minerals, quartz, and paint systems.
Some of the drilling muds fall in this category. The constitutive equation for a Bingham fluid is

=7, +
EEhy T T (B.1)
where7, is the yield stress and 1, is the coefficient of rigidity, so-called plastic viscosity. The yield stress

is obtained by extrapolation to zero velocity gradient and the coefficient of rigidity corresponds with the
slope of the line of the plot of a zvsygraph.
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Figure —B.1 Rheogram for Bingham Plastic fluids (HWU, 2007)

Models which behave according to the Bingham plastic model will not flow until the applied shear
stress, 7, exceeds a certain minimum shear stress value known as the yield point, 7,, but after the yield
point has been exceeded, changes in shear stress are directly proportional to changes in shear rate, with
the constant of proportionality being called the plastic viscosity, . In reality the fluid will flow when the
gel strength of the fluid has been exceeded. The yield point defined in the Bingham model is in fact an
extrapolation of the linear relationship between stress and shear rate at medium to high shear rates and
as such describes the dynamic yield of the fluid. The gel strength represents the shear stress to shear
rate behavior of the fluid at near zero shearing conditions. This model can be used to represent a
Newtonian fluid when the yield strength is equal to zero (z,= 0). In this case the plastic viscosity is equal
to the Newtonian viscosity (HWU, 2007).

B.1.2 Flow Regime
The first published work on fluid flow patterns in pipes and tubes was done by Osborne Reynolds. He

observed the flow patterns of fluids in cylindrical tubes by injecting dye into the moving stream. On the
basis of this type of work it is possible to identify two distinct types of flow pattern.
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Figure —B.2 Flow regimes (HWU, 2007)

B.1.2.1 Laminar Flow:

In this type of flow, layers of fluid move in streamlines or laminae. There is no microscopic or
macroscopic intermixing of the layers. Laminar flow systems are generally represented graphically by
streamlines.

B.1.2.2 Turbulent Flow :
In turbulent flow there is an irregular random movement of fluid in a transversedirection to the main

flow. This irregular, fluctuating motion can be regarded assuperimposed on the mean motion of the
fluid.

B.1.3 Determination of the Laminar/Turbulent Boundary for a Newtonian Fluid:

Reynolds showed that when circulating Newtonian fluids through pipes the onset of turbulence was
dependent on the following variables:

» Pipe diameter, D,

Density of fluid, p

Viscosity of fluid, u

YV V V

Average flow velocity, v

He also found that the onset of turbulence occurred when the following combination of these variables
exceeded a value of 2100.
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This is a very significant finding since it means that the onset of turbulence can be predicted for pipes of
any size, and fluids of any density or viscosity, flowing at any rate through the pipe. This grouping of
variables is generally termed a dimensionless group and is known as the Reynolds number. In field units,
this equation is

_928pvD

N,
Re L

(B.2)

where pis the fluid density in ppg, v is the average fluid velocity in ft/s, D is the pipe inner diameter in
in, and u is the viscosity in cp. Average fluid velocity, in field units, can be estimated as

Q

V= e (B.3)

where vis in ft/s, Q is the flow rate in gal/min, and D is in inches (Bourgoyne et al, 1998).

Reynolds found that as he increased the fluid velocity in the tube, the flow pattern changed from
laminar to turbulent at a Reynolds number value of about 2100. However, later investigators have
shown that under certain conditions, i.e., with non-Newtonian fluids and very smooth conduits, laminar
flow can exist at very much higher Reynolds numbers. For Reynolds numbers of between 2,000 and
4,000 the flow is actually in a transition region between laminar flow and fully developed turbulent flow.

For practical purposes, in field units, the mean viscosityto be used in Reynolds number correlation for
Bingham Plastics in pipes is presented below, as a function of plastic viscosity, u,, yield stress, z,, pipe
diameter, D, and average fluid velocity, V .

_ 6.662'y D
M=yt ——
v (B.4)

whereg and g, isin cp, V is in ft/sec, D is in inches, 7, is in 1b/100 ft* (Bourgoyne et al, 1998).
B.1.4 Critical Reynolds Number for Bingham Plastic Fluids

Hanks presented a laminar-turbulence criteria for Bingham Plastic fluids. A dimensionless term, called
Hedstrom number is introduced.

2

pD°t

Ny = 2 :
Hop (B.5)

In field units, Hedstrom number, N, is expressed as
2
3 37100 o D 7,
He — 2

Hp (B.6)
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Hanks pointed out that, there exists a relation between Hedstrom number and critical Reynolds number,
i.e., if Reynolds number is higher, flow is turbulent. The relation in graphical form is as shown in the

figure.
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Figure — B.3 Hedstrom number versus critical Reynolds number (Bourgoyne et al, 1998)

If the calculated Reynolds number using mean viscosity is larger than critical Reynolds number, flow is

turbulent.

B.1.5 Friction Factor
The kinetic energy per volume of a fluid is known to be

Ke Lo
2 (B.7)

It has been observed that, there is a relation between the ratio of the wall shear stress, 7,, and the
kinetic energy of a fluid, K¢, which is a dimensionless quantity, called friction factor. Thus, friction factor

is defined as

32



Tw

27
e
e PV

W

(B.8)
For a circular pipe, the relation between wall shear stress and frictional pressure loss can be derived as

; _APD
" AL 4 (B.9)

Combining this definition with friction factor equation yields

AP 2 f, pV?
AL D (B.10)

This equation is a variation of Darcy-Weisbach equation (frictional pressure drop equation for
Newtonian fluids), and is called Fanning equation (Whittaker, 1985). The friction factor is called the
Fanning friction factor, which is commonly used in fluid mechanics. In field units, this equation is
presented as

AP f; pvz

AL 258D (B.11)

AP _
Eis calculated in psi/ft, 1, is in cp, V is in ft/sec, D is in inches, 7, is in Ib/100 ft>, and p is in ppg
(Bourgoyne et al, 1998).

For Laminar flow, relation between friction factor, f;, and Reynolds Number, Nk, is derived as

] (B.12)

Colebrook equation (modified version of Nikuradze equation) is most widely used empirical correlation
of friction factor for Newtonian fluids and Bingham Plastic fluids for turbulent flow regimes. Colebrook
equation is given as

%:Mog(NRe\/ﬁ)—osgs

(B.13)

An iterative solution is required since f; is present in both sides of the equation. For practical purposes,
an approximation of Colebrook’s equation is presented by Haaland (1983) as

% = —3.6 log (;;}i) (B.14)

Therefore, once the friction factor is determined properly, frictional pressure loss can be calculated.
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B.1.6 Hydrostatic Pressure
Hydrostatic pressure is defined as the pressure exerted by the weight of a static fluid column.

Mathematically, it is represented as

oy (B.15)

Where h is the vertical fluid column length, o is the fluid density, and g is the gravitational constant. In

field units, hydrostatic pressure (psi) is defined as

where density is in ppg, and fluid column height is in ft (Bourgoyne et al, 1998).

B.2  Flow in Reservoir

The basic equation for the radial flow of a single phase fluid in a homogeneous porous medium is
derived as

L2 (k0,90) _ ¢ p%

rar(urar _¢C'Dat (8.17)
Here, ¢, C, 1z and k are porosity, total compressibility, fluid viscosity, and permeability, respectively. This
equation is non-linear since the coefficients on both sides are themselves functions of the dependent
variable, the pressure. In order to obtain analytical solutions, it is first necessary to linearize the

equation by expressing it in a form in which the coefficients have a negligible dependence upon the
pressure and can be considered as constants (Dake, 1978).

One of the solutions for this equation is considering “transient flow”. This condition is only applicable for
a relatively short period after some pressure disturbance has been created in the reservoir. In terms of
the radial flow model this disturbance would be typically caused by altering the well's production /
injection rate at r = r,,. In the time for which the transient condition is applicable it is assumed that the
pressure response in the reservoir is not affected by the presence of the outer boundary, thus the
reservoir appears infinite in extent. Unless the reservoir is extremely small, the boundary effects will not
be felt and the reservoir is, mathematically, infinite. Here, both the pressure and pressure derivative,
with respect to time, are themselves functions of both position and time.

After linearization, and re-arranging the terms, radial flow equation can be written as

li(ra_”) — $Ceuop (B.18)

ror ar k ot
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Here, ¢, C, and k are assumed to be constant. Boundary conditions assuming a constant flow rate are:

P=Prat t =0, forallr (B.19)
P =Prat r = oo, forallt (B.20)
. 0P _ qu

llmr_)orar—zﬂkhfort>0 (B.21)

If dimensionless terms for time and pressure are introduced, such that

kt

th = (B.22)
and

Po(rp, tp) = 2 (P = ) (8.23)
where

rp = — (B.24)

Substituting these into radial diffusivity equation gives the general diffusivity equation in the
dimensionless form.

Li(r aﬁ) — 9Pp (B.25)

D 6rD b 6rD 6tD

Where the boundary conditions in the dimensionless form are expressed as:

Pp(rp,tp =0) =0 (B.26)
Py(rp = 00,tp) =0 (B.27)
Pr(rp =1,tp) =1 (B.28)

B.2.1 Permeability and Skin Factor Analysis
B.2.1.1 Constant Rate Flow Test
The solution of the above equation in terms of dimensionless variables is

1... 1}
PD(rD' tD) = _EE’.(_E (829)

Where Ei(x)is the exponential integral ofx. Following the above equation, the pressure drop at any
given point in the reservoir and at any given time can be computed by

AP(r,t) = =22 Py (rp, ) (8.30)
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2
Where AP is in psi, g is in bbl/day, pisin cp, kisin md and h is in ft. For:TD < 0.01(pressure drop at
D

wellbore and long production/injection time), the Ei(—x) can be approximated as,
Ei(—x) =In(1.781 x) (B.31)

Hence, for the pressure drop at the wellbore, we obtain,
Pup (tp) =5 (Intp + 0.809) (B.32)

Substituting for the dimensionless variables in the solution equation and some rearrangements, we
obtain the transient flow” solution (in field units) as

5
AP =B, — P = 2P0 E (101 4 logﬁ ~3.23) (B.33)
t'w

P’s are in psi, g is in bbl/min, pwisin cp, kis in md, Cis in " tisin hr, r, is in inches (Dake, 1978).

If the well is stimulated (negative skin) or formation around the wellbore is damaged (positive skin), the
pressure drop at the wellbore follows:

141.2
Pi—Pyp = kth(PD(er:tD) +5) (B.34)

Similarly, the bottomhole pressure of a well for the radial flow of a single phase fluid at transient flow
period in field units can be derived as

162.6 q u

Ppp = P+ ——

k
(logt + log —o—s — 3.23 + 0.87 s) (B.35)
Here, P,, is the bottomhole pressure (psi), P; is the initial formation pressure (psi), g is the flow rate
(bbl/day), wis the fluid viscosity (cp), k is the permeability (md), h is the payzone thickness (ft), ¢ is the
porosity (fraction), C is the compressibility (psi™), r., is the wellbore radius (in), and S is the skin factor
(dimensionless).

When transient flow conditions prevail, a plot of Py, versus log t should be linear with slope

m = 162.6qu (B.36)
kh

from which k.h and k can be determined, when the slope is determined for a log cycle. Furthermore,
using the value of Py,at 1° hour taken from the linear trend for a flowing time of one hour and solving
explicitly for S gives (Dake 1978),

§ = 1151 (P 1oL 4 3.23) (B.37)

¢ uce
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B.2.1.2 Pressure Buildup Test
Assume that a well has injected with a constant flow rate into an infinite acting reservoir for t hours, and

then shut-in. The relation between the pressure behavior and time can be derived from the
superposition principle (in time):

1412q p

AP(r,At) = ==

[Pp(rp, tp(tp + At)) — Pp(rp, tp(At))] (B.38)

Substituting for dimensionless pressure, we obtain,

162.6 q 1 (10 t+At)

Pys = wr t Xh AL (B.39)

. . . At ,
Where P, is the shut-in pressure at the bottomhole. Therefore, if P,,s versus loth—tt is plotted, the slope

will be equal to eq.B.36. Therefore, the permeability can be calculated (Dake, 1978).

The skin from build-up test can be computed using the following equation:

_ Pws@ hr)y—Pwy _ k
S = 1.151( " log o + 3.23) (B.40)

B.2.1.3 Reservoir with no-flow boundaries
To develop the transient pressure analysis for reservoirs with no-flow boundaries, the superposition

principle in space is implemented. For these systems, usually the no-flow boundary is replaced with one
or a set of imaginary wells which are identical to the well under consideration. In the below figure, a set
of no-flow boundaries are shown. For each case, the combination of image wells is represented for
modeling the system.

Case | is a well with the distance L from a no-flow boundary. In this case the no-flow boundary will be
represented by 1 image well with equal distance 2L from the active well. Case Il shows an active well
with distance L from two parallel no-flow boundaries. In this case the two no-flow boundaries will be
represented with a set of image wells in both sides of the no-flow boundaries with distances 2L, 4L, ...
from the active well. Case Ill shows the active well and a set of perpendicular no-flow boundaries. In this
case three image wells are required. Case IV pertains to a U-shaped fault (no-flow boundary) system and
case V shows a set of two intersecting no-flow boundaries with a 45 degrees angle between them.
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Figure — B4 No-flow boundary systems (Stewart, 2011)

According the superposition principle, the pressure drop at each point in the reservoir at a given time is
equal to the summation of pressure drops from both the active well and its corresponding image wells.

1412qp

AP(r,t) = T

[Pp(rpo, tp) + Z?:'am Pp(rpis tp)] (B.41)

Where Pp(1p, tp)the dimensionless pressure-drop corresponding to the active well and Pp(rp;, tp)
corresponds to the dimensionless pressure drop corresponding to the image well i. n_im is the number
of image wells. Using the above equation, one can compute the bottomhole pressure at the active well
for case | (one no-flow boundary at distance L from the active well) as:

162.6 q 1

_ 2
.6 70.6 q ﬂEi( 948¢ u Cr(2L) )

Pon = P+ kh Kt

(logt + logm —3.23+0.87 s) + (B.42)

B.2.1.4 Flow region determination using diagnostic plot for pressure transient analysis
The diagnostic plot is a log-log plot of bottomhole pressure of the well and its log-derivative with respect

to time versus time. The diagnostic plot is used to diagnose the type of the flow region (infant acting
reservoir, boundary, etc) during a transient well test. The data corresponding to different flow regions
are selected and then analyzed properly to estimate the reservoir properties as well as possible
boundaries for the reservoir. The pressure derivative is defined as:

dAP _ dA
A= =P
dAt  dlnAt

(B.43)
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Where AP and At, respectively, are the pressure drop (or build up) and the time interval of the test.
Based on what we discussed before, for the transient flow region, we have,

_ _ __706qu kt
AP =B, — Py = =2 (ln (948 ¢>uctrw2) + 0.809) (B.44)
Therefore,
wr _ 17084k (8.45)
dt t kh
Or
2P o4k (8.46)

dt kh

This shows that the value of the derivative is constant, i.e., in the diagnostic plot of pressure derivative
with respect to time, the slope of the curve corresponding to the infinite acting flow region is zero. For a
well inside a reservoir, the reservoir acts as an infinite reservoir until the pressure disturbance reaches
the outer boundaries of the reservoir. Diagnostic plot can also be used to determine the type of
boundary of the reservoir. For example, for a semi-infinite reservoir (the no-flow boundary of case )
from Equation B.41, one can determine that once the pressure disturbance reaches the no-flow
boundary, the slope of the derivative curves increases and becomes zero again while the new value of
the derivative approximately is double its value corresponding to the infinite acting region. The
schematic of the pressure derivative behavior for a reservoir with different type of flow boundaries are
shown in below figure.
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B.3  Approximate Estimation of the Front End of the Injected Fluid

Assuming a perfect radial flow in the formations, a piston-type flow with no fingering, no flow in z or 4
direction, and ignoring any heterogeneity and anisotropy within the formations, a volume balance can
be established between the injected fluid and the fluid flowing within the reservoir.

gt =mrPhd —mwr,2h ¢ (B.47)

Here, r¢is the front end of the injected fluid. Since 7;,, < 7%, solving the above equation yields

_ qt
r= 7o (B.486)
In field units,

— qt
7 = 0.00196 /nh > (B.49)

Where r¢is in miles, g is in bbl/min, tisin hr, his in ft.

The above equation is for a well in infinite reservoir. For a case that the active well is surrounded with
two perpendicular faults, with a reasonable assumption we can modify the above equation to obtain the
location of the front. To do so, we neglect the volume of the reservoir which is located between the two
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no-flow boundaries and the well. Therefore, the area which the front advances through would be % of
the area in the case of an infinite reservoir. From this assumption, we can estimate the location of the
front by

qt=7r2h¢ (B.50)

Hence

_ at
rr = 0.00784 /EW (B.51)

Where ryis in miles, g is in bbl/min, tisin hr, his in ft.
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Log- Log Plot (Flow Regime Identification)
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Possible first radial flow or initial dual porosity behavior (valley) mask by wellbore dynamics(unloading effects)
From 1 to 16 hours the pressure derivative shows a half unit slope
Radial flow regime from 23 hrs to 38 hours.

the pressure derivative slope increases implying boundaries effects after 38 hours and until the end of the shut-in time.
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Log-Log plot: p-p@dt=0 and derivative [psi] vs dt [hr]

The pressure derivative shows an half slope (possible linear flow) from 1 to ~16 hours. If the well intersect a
fracture- either a natural fracture or a fracture induced during well stimulation- flow will be from the fracture (s)
to the well, and the fractures will be recharge from the matrix. A time period of linear flow may occur when
the pressure support is primarily along a fracture or fractures connected to the well. If the fracture connected
to awell are of limited extent, the flow response will progress, after a period of time to a radial flow behavior.
In some Natural Fracture Reservoirs a pressure transient test may show both fracture-dominated response or
a matrix-dominated response, which could be consider as a dual porosity system.
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The pressure derivative at the late time region (after 38 hrs. of shut-in) might be affected by the short
injection time. The pressure derivative calculation corrects the pressure scale to account for the details of
the well injection history. If no sufficient flow history, this will result in an “apparent” or “artificial” late-time
trend in the pressure derivative that could be misinterpreted as reservoir boundaries. It is advisable to
validate this pressure behavior with the geological model to validate the reservoir boundaries.
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Conclusions

The flow regime between 23 and ~34 hours is assumed to be radial flow regime, under this assumption the linear flow
behavior (half slope-between 0.6 and 7.8 hrs) could be related to : 1) a fracture-dominated response 2) well located in a
channel or 3) a radial composite model.

The assumptions for a radial composite reservoir are: The well is at the center of a circular homogeneous zone,
communicating with an infinite homogeneous reservoir. The inner and outer zones have different reservoir and/or fluid
characteristics. There is no pressure loss at the interface between the two zones.

Behavior
— Parameters
= | _—{M=D=10 A . .
Z] T ri - The distance from the well to the interface.
F\\é Pressure mateh M - Mobility ratio, (k/mu inner zone/k/mu outer zone)
\, hDes D - Diffusivity ratio, (k/phi.mu.ct inner/k/phi.mu.ct outer)
———M=D=0.1

At early time a homogeneous response corresponding to the inner zone may be seen. After a transition, the reservoir shows
a second homogeneous behavior, corresponding to the outer zone. The pressure derivative may show two stabilizations.
The time of transition between the two homogeneous regimes is a function of riD and k/phi.mu.ct for the inner zone. The
ratio of the constant derivative levels is equal to the mobility ratio, the shape of the transition between the two homogeneous
behaviors is governed by the ratio M/D. For this case the injected fluid was fresh water and the reservoir water being
displaced has a highly saline water (120,000 to 140,000 ppm chlorides), this scenario possible caused a two zones with
different mobilities within the reservoir.
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Conclusions

The pressure derivative on the late time region (after the possible second radial flow) might indicate reservoir boundaries.
The dual porosity model presented by Schlumberger in 2010 is supported because it has the right location for the radial flow
period .The report presented by Schlumberger team in 2010 the reservoir was treated as infinite reservoir, for this review the
reservoir will be treated as a faulty reservoir and no infinite considering the increase in the pressure derivative after ~35
hours.

It is not advisable to locate the radial flow regime prior to 1 hour and state the increase in the pressure derivative following
the half unit slope is attributable to parallel or faulty reservoir. This scenario should be analyzed with caution. Two main flow
regimens happen after 24 hours: 1) the long period of radial flow from 24 hours to 34 hours and 2) another increase in the
pressure derivative after 35 hours. These flow regimes are not affected by wellbore dynamics to be ignored. In a multiple
reservoir boundaries system, it is not expected to see a second radial flow period, what we expect to see is the pressure
derivative increasing as is observed after 35 hours for this case.
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APPENDIX |

MES’ RESPONSE TO NOD LETTER DATED MAY 19, 2025

TABLE 8

A SUMMARY OF THE BOTTOMHOLE PRESSURES MEASURED AT THE END OF SHUT-IN PERIOD,
RECORDED DURING ANNUAL PFTs

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



DEFICIENCY NO 8

In Section 1.6.2.1 of the Application, the well integrity tests listed include the annual PFT

required by 40 C.F.R. 146.13(d) and the five-year mechanical integrity test required by 40

C.F.R. 146.13(b)(3). Please add a summary of the results and conclusions of those tests. Also,

please add a section that includes the results of the most recent and previous PFTs (e.g., a

table of surface and bottom hole pressures, permeability, skin, and radius of influence) to
show any changes in well conditions. OAC 252:652-7-1(4).

RESPONSE:

PRESSURE FALL OFF TEST (PFT)

The results from the PFT are summarized in the following table.

Table 8: Historical PFT Summary

Double Porosity Reservior Radial Composite Reservoir
Depth of Bottom Hole V:ulrlf:ced Bottom Bottom Hol

Shut-In |Avg. Flow eptho Pressure at elihea Hole . . Radius of otiom 'oe . . Radius of
Year . Bottom Hole Pressure . Permeability Skin L Reservior | Permeability Skin -

Period Rate End of Shut- . Reservior Investigation Investigation

Measurement During Pressure
In B Pressure
Injection

hours gpm ft psia psia psia md ft psia md ft
2015 72 175 5300 2537 2558 1140 -4.56 n/a 2558 1800 -2.91 n/a
2016 72 200 5300 2542 2568 620 4.98 7980 2571 877 9.98 9490
2017 72 185.85 5300 2574 2524 129 1.53 n/a
2018 72 355 5300 2509 656 2505 663 24.3 9640
2019 82 204.8 5300 2500 490 2517 445 9.82 8380
2020 71 218 5650 2672 600.1 2664 126 0.93 3200
2021 72 200 5340 2525 533.03 2532.7 166 5.5 3400
2022 72 202 5340 2577.4 518.97 2536.7 399 23 5760
2023 72 175 5340 2532.92 540.93 2529.27 264.43 16.6 3000
2024 71 191 5340 2522.28 587.5 2518.63 254.03 19.8 4269
2025 71 200 5228 2506.26 750.73 2474.7 217.33 -4.47 3743

m A & M Engineering and 20 Mid-Way Environmental Services, Inc.
Environmental Services, Inc.

Stroud, Oklahoma



APPENDIX J

TABLE 5

EXISTING MES-1 UIC PERMIT - MAXIMUM ALLOWABLE INJECTION PRESSURES
FOR VARIOUS SPECIFIC GRAVITIES OF INJECTATE

m A & M Engineering and Mid-Way Environmental Services, Inc.
Environmental Services, Inc. Stroud, Oklahoma



Table 5: Existing MES-1 UIC Permit — Maximum Allowable Injection Pressures for Various
Specific Gravities of Injectate

Specific Gravity MaximumI;AIIowable Injection
ressure

Corrected to 60° Fahrenheit (psig)
0.95 1370
0.96 1348
0.97 1326
0.98 1304
0.99 1282
1.00 1260
1.01 1238
1.02 1216
1.03 1194
1.04 1172
1.05 1150
1.06 1128
1.07 1106
1.08 1084
1.09 1062
1.10 1040
1.11 1018
1.12 996
1.13 974
1.14 952
1.15 930
1.16 908
1.17 886
1.18 864
1.19 842
1.20 820
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