
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 I 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 I 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:

ὶ =
2.25 ὑ Ὄ ὸ
Ὓ 10

ὼ =
4“ ὑ Ὄ ὡ

Ὃ ὄ

2.3 ὗ

r = Radius of endangering influence from injection well (length)

K = Hydraulic conductivity of the injection zone (length/time) = Ὧ

k = formation permeability

” = Density of the fluid in the injection zone

‘ = Viscosity of the fluid in the injection zone

H = Thickness of the injection zone (length)

t = Time of injection (time)

S = Storage coefficient (dimensionless) = ‰ ὅ Ὄ

‰ = Porosity

ὅ  = 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:

Ўὖ = 2522.3 2514.4 = 7.8 ὴίὭ

At the wellbore radius (ὶ = 0.5 Ὢὸ), the pressure profile was assumed to follow the exponential

relationship:

Ўὖ(ὶ) = ὃ Ὡ

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 ὦ = 0.0002316. The resulting superposition calculations

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

To estimate the average reservoir pressure within a radial distance of ὶ < 5,000 Ὢὸ, the pressure

profile was integrated over the region of interest. The average pressure increase was calculated as

Ўὖ =
᷿ ὶ Ўὖ(ὶ)Ὠὶ

᷿ ὶ Ὠὶ
=
᷿ ὶ 7.8 Ὡ( . ) Ὠὶ

᷿ ὶ Ὠὶ
= 3.8 ὴίὭ

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:

ὄ =
2518.6 + (50 5340)(0.486)

(0.433) = 121 Ὢὸ

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 0.433ϳ = 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:

ὔ =
ὺ ὒ
Ὀ

where vr 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:

Ὀ = Ὀ + Ὀ = ‌ ὺ + Ὀ

Here, Dmolecular will be very small for field scale systems. Thus, D can be approximated as:

Ὀ ‌ ὺ

where aL 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:

ὔ =
ὺ ὒ
Ὀ

=
ὺ ὒ
‌ ὺ

=
ὒ
‌

Considering L is approximated as the radial distance of interest, NPe can be approximated as a

function of L and aL only. Assuming aL 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:

Ўὖ(ὶ, ὸ) =
141.2 ή ‘

Ὧ Ὤ
ὖ (ὶ , ὸ )

ὖ (ὶ , ὸ ) =
1
2
ὉὭ

ὶ
4 ὸ

ὶ =
ὶ
ὶ

ὸ =
0.000267 Ὧ ὸ
‰ ‘ ὅ ὶ

Here,

ὉὭ(ὼ) =
ὼ
Ὦ Ὦ!

+ ln(ὼ) + ‎

where ‎ = 0.5772156649

q = Injection rate (volume/time)

‘ = Viscosity of the fluid

k = formation permeability

‰ = Porosity

ὅ  = Total compressibility



A & M Engineering and
Environmental Services, Inc. 14 Mid-Way Environmental Services, Inc.

Stroud, Oklahoma

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 Volume, in bbl, Injected in that Year (Vinj)

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:

Ὧ = 250 md

Ὤ = 300 ft

ὶ = 0.329 ft

‘ = 1 cp

ὅ = 7.3 × 10  psi-1

‰ = 0.14

ή =
ὠ

(1 year) 365 day
1 year

=
ὠ
365

ὸ =
0.000267 Ὧ ὸ
‰ ‘ ὅ ὶ

=
0.000267 (250) ὸ 365 day

1 year
24 hr
1 day

(0.14) (1) (7.3 × 10 ) (0.329) = 5.286 × 10 ὸ

ὶ =
ὶ

0.329

Thus;

Ўὖ(ὶ, ὸ) =
141.2 ή (1)
(250) (300)

1
2
ὉὭ

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

ὶ =
4904
0.329

= 14905.8

Year-1 (end of 2015);

Flow rate (for ὠ = 128,983 bbl):

ή =
ὠ
365

=
128,983

365
= 353.38 bbl/d

ὸ = 1 (for end of 2015):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (1) = 5.286 × 10

ὶ
4 ὸ

=
(14905.8)

4 (5.286 × 10 ) = 0.01051

Ўὖ(4904,1) =
141.2 (353.38) (1)

(250) (300)
1
2
ὉὭ(0.01051) = 1.853 psi

ὸ = 2 (for end of 2016):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (2) = 1.057 × 10

ὶ
4 ὸ

=
(14905.8)

4 (1.057 × 10 ) = 5.255 × 10

Ўὖ(4904,2) =
141.2 (353.38) (1)

(250) (300)
1
2
ὉὭ( 5.255 × 10 ) +

1
2
ὉὭ( 0.01051)

= 0.2302 psi

ὸ = 3 (for end of 2017):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (3) = 1.586 × 10
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ὶ
4 ὸ

=
(14905.8)

4 (1.586 × 10 ) = 3.502 × 10

Ўὖ(4904,3) =
141.2 (353.38) (1)

(250) (300)
1
2
ὉὭ( 3.502 × 10 ) +

1
2
ὉὭ( 5.255 × 10 )

= 0.1348 psi

ὸ = 4 (for end of 2018):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (4) = 2.114 × 10

ὶ
4 ὸ

=
(14905.8)

4 (2.114 × 10 ) = 2.628 × 10

Ўὖ(4904,4) =
141.2 (353.38) (1)

(250) (300)
1
2
ὉὭ( 2.628 × 10 ) +

1
2
ὉὭ( 3.502 × 10 )

= 0.0956 psi

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

Year-2 (end of 2016);

Flow rate (for ὠ = 135,979 bbl):

ή =
ὠ
365

=
135,979

365
= 372.54 bbl/d

ὸ = 1 (for end of 2016):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (1) = 5.286 × 10

ὶ
4 ὸ

=
(14905.8)

4 (5.286 × 10 ) = 0.01051

Ўὖ(4904,1) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ(0.01051) = 1.3945 psi
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ὸ = 2 (for end of 2017):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (2) = 1.057 × 10

ὶ
4 ὸ

=
(14905.8)

4 (1.057 × 10 ) = 5.255 × 10

Ўὖ(4904,2) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 5.255 × 10 ) +

1
2
ὉὭ( 0.01051)

= 0.2412 psi

ὸ = 3 (for end of 2018):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (3) = 1.586 × 10

ὶ
4 ὸ

=
(14905.8)

4 (1.586 × 10 ) = 3.502 × 10

Ўὖ(4904,3) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 3.502 × 10 ) +

1
2
ὉὭ( 5.255 × 10 )

= 0.1416 psi

ὸ = 4 (for end of 2019):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (4) = 2.114 × 10

ὶ
4 ὸ

=
(14905.8)

4 (2.114 × 10 ) = 2.628 × 10

Ўὖ(4904,4) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 2.628 × 10 ) +

1
2
ὉὭ( 3.502 × 10 )

= 0.1006 psi
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Similar calculations are conducted until ὸ = 21 (end of 2036).

Year-3 (end of 2017);

Flow rate (for ὠ = 135,979 bbl):

ή =
ὠ
365

=
143,635

365
= 393.52 bbl/d

ὸ = 1 (for end of 2016):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (1) = 5.286 × 10

ὶ
4 ὸ

=
(14905.8)

4 (5.286 × 10 ) = 0.01051

Ўὖ(4904,1) =
141.2 (393.52) (1)

(250) (300)
1
2
ὉὭ(0.01051) = 1.4730 psi

ὸ = 2 (for end of 2018):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (2) = 1.057 × 10

ὶ
4 ὸ

=
(14905.8)

4 (1.057 × 10 ) = 5.255 × 10

Ўὖ(4904,2) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 5.255 × 10 ) +

1
2
ὉὭ( 0.01051)

= 0.2548 psi

ὸ = 3 (for end of 2019):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (3) = 1.586 × 10

ὶ
4 ὸ

=
(14905.8)

4 (1.586 × 10 ) = 3.502 × 10
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Ўὖ(4904,3) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 3.502 × 10 ) +

1
2
ὉὭ( 5.255 × 10 )

= 0.1495 psi

ὸ = 4 (for end of 2020):

ὸ = 5.286 × 10 ὸ = 5.286 × 10 (4) = 2.114 × 10

ὶ
4 ὸ

=
(14905.8)

4 (2.114 × 10 ) = 2.628 × 10

Ўὖ(4904,4) =
141.2 (372.54) (1)

(250) (300)
1
2
ὉὭ( 2.628 × 10 ) +

1
2
ὉὭ( 3.502 × 10 )

= 0.1062 psi

Similar calculations are conducted until ὸ = 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

for ὸ = 1 (1.47 psi), ὸ = 2 (0.24 psi) and ὸ = 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.



A & M Engineering and
Environmental Services, Inc. 21 Mid-Way Environmental Services, Inc.

Stroud, Oklahoma

Table 3-1 Pressure calculation summary for Row-1 (ὶ = 4904 ft). Units are in psi.
òĲċƖрΝ òĲċƖрΞ òĲċƖрΟ òĲċƖрΠ òĲċƖрΡ òĲċƖрΣ òĲċƖрΤ òĲċƖрΥ òĲċƖрΦ òĲċƖрΝΜ òĲċƖрΝΝ òĲċƖрΝΞ òĲċƖрΝΟ òĲċƖрΝΠ òĲċƖрΝΡ òĲċƖрΝΣ òĲċƖрΝΤ òĲċƖрΝΥ òĲċƖрΝΦ òĲċƖрΞΜ òĲċƖрΞΝ òĲċƖрΞΞ
ΞΜΝΡ ΞΜΝΣ ΞΜΝΤ ΞΜΝΥ ΞΜΝΦ ΞΜΞΜ ΞΜΞΝ ΞΜΞΞ ΞΜΞΟ ΞΜΞΠ ΞΜΞΡ ΞΜΞΣ ΞΜΞΤ ΞΜΞΥ ΞΜΞΦ ΞΜΟΜ ΞΜΟΝ ΞΜΟΞ ΞΜΟΟ ΞΜΟΠ ΞΜΟΡ ΞΜΟΣ

ΞΜΝΡ ΝЮΟΞНыƣӀΝь ΜЮΞΟНыƣӀΞь ΜЮΝΟНыƣӀΟь ΜЮΝΜНыƣӀΠь ΜЮΜΤНыƣӀΠь ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΣ ΝЮΟΦНыƣӀΝь ΜЮΞΠНыƣӀΞь ΜЮΝΠНыƣӀΟь ΜЮΝΜНыƣӀΟь ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΤ ΝЮΠΤНыƣӀΝь ΜЮΞΡНыƣӀΞь ΜЮΝΡНыƣӀΟь ΜЮΝΝ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΥ ΡЮΠΦНыƣӀΝь ΜЮΦΡНыƣӀΞь ΜЮΡΣ ΜЮΠΜ ΜЮΟΝ ΜЮΞΡ ΜЮΞΝ ΜЮΝΥ ΜЮΝΣ ΜЮΝΡ ΜЮΝΟ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ ΜЮΜΤ
ΞΜΝΦ ΟЮΤΞНыƣӀΝь ΜЮΣΠ ΜЮΟΥ ΜЮΞΤ ΜЮΞΝ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ
ΞΜΞΜ ΝЮΟΥ ΜЮΞΠ ΜЮΝΠ ΜЮΝΜ ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΞΝ ΟЮΜΣ ΜЮΡΟ ΜЮΟΝ ΜЮΞΞ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΞ ΝЮΥΡ ΜЮΟΞ ΜЮΝΦ ΜЮΝΟ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ
ΞΜΞΟ ΞЮΡΞ ΜЮΠΠ ΜЮΞΣ ΜЮΝΥ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΠ ΟЮΥΣ ΜЮΣΤ ΜЮΟΦ ΜЮΞΥ ΜЮΞΞ ΜЮΝΥ ΜЮΝΡ ΜЮΝΟ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ
ΞΜΞΡ ΤЮΣΝ ΝЮΟΞ ΜЮΤΤ ΜЮΡΡ ΜЮΠΟ ΜЮΟΡ ΜЮΞΦ ΜЮΞΣ ΜЮΞΟ ΜЮΞΜ ΜЮΝΥ ΜЮΝΤ
ΞΜΞΣ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ ΝЮΡΤ ΝЮΠΞ
ΞΜΞΤ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ ΝЮΡΤ
ΞΜΞΥ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ
ΞΜΞΦ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ
ΞΜΟΜ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ
ΞΜΟΝ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ ΞЮΤΝ
ΞΜΟΞ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ ΟЮΟΞ
ΞΜΟΟ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ ΠЮΞΥ
ΞΜΟΠ ΡΦЮΞΦ ΝΜЮΞΣ ΣЮΜΞ
ΞΜΟΡ ΡΦЮΞΦ ΝΜЮΞΣ
ΞΜΟΣ ΡΦЮΞΦ

ÉƨƓĲƖƓŸƚŔƣŔŸŰ ΝЮΟΞ ΝЮΣΞ ΝЮΥΠ ΡЮΦΥ ΠЮΦΦ ΞЮΥΟ ΠЮΞΤ ΟЮΞΣ ΟЮΥΡ ΡЮΞΦ ΦЮΟΠ ΣΝЮΥΤ ΤΝЮΟΠ ΤΣЮΦΥ ΥΝЮΜΞ ΥΠЮΝΥ ΥΣЮΤΤ ΥΥЮΦΥ ΦΜЮΥΦ ΦΞЮΡΥ ΦΠЮΝΜ ΦΡЮΠΥ
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Table 3-2 Pressure calculation summary for Row-1 (ὶ = 10 ft), which represents wellbore wall. Units are in psi.
òĲċƖрΝ òĲċƖрΞ òĲċƖрΟ òĲċƖрΠ òĲċƖрΡ òĲċƖрΣ òĲċƖрΤ òĲċƖрΥ òĲċƖрΦ òĲċƖрΝΜ òĲċƖрΝΝ òĲċƖрΝΞ òĲċƖрΝΟ òĲċƖрΝΠ òĲċƖрΝΡ òĲċƖрΝΣ òĲċƖрΝΤ òĲċƖрΝΥ òĲċƖрΝΦ òĲċƖрΞΜ òĲċƖрΞΝ òĲċƖрΞΞ
ΞΜΝΡ ΞΜΝΣ ΞΜΝΤ ΞΜΝΥ ΞΜΝΦ ΞΜΞΜ ΞΜΞΝ ΞΜΞΞ ΞΜΞΟ ΞΜΞΠ ΞΜΞΡ ΞΜΞΣ ΞΜΞΤ ΞΜΞΥ ΞΜΞΦ ΞΜΟΜ ΞΜΟΝ ΞΜΟΞ ΞΜΟΟ ΞΜΟΠ ΞΜΟΡ ΞΜΟΣ

ΞΜΝΡ ΡЮΠΠНыƣӀΝь ΜЮΞΟНыƣӀΞь ΜЮΝΟНыƣӀΟь ΜЮΝΜНыƣӀΠь ΜЮΜΤНыƣӀΠь ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΣ ΡЮΤΠНыƣӀΝь ΜЮΞΠНыƣӀΞь ΜЮΝΠНыƣӀΟь ΜЮΝΜНыƣӀΟь ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΤ ΣЮΜΣНыƣӀΝь ΜЮΞΣНыƣӀΞь ΜЮΝΡНыƣӀΟь ΜЮΝΝ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΥ ΞΞЮΡΤНыƣӀΝь ΜЮΦΣНыƣӀΞь ΜЮΡΣ ΜЮΠΜ ΜЮΟΝ ΜЮΞΡ ΜЮΞΝ ΜЮΝΥ ΜЮΝΣ ΜЮΝΡ ΜЮΝΟ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ ΜЮΜΤ
ΞΜΝΦ ΝΡЮΞΦНыƣӀΝь ΜЮΣΡ ΜЮΟΥ ΜЮΞΤ ΜЮΞΝ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ
ΞΜΞΜ ΡЮΣΦ ΜЮΞΠ ΜЮΝΠ ΜЮΝΜ ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΞΝ ΝΞЮΡΥ ΜЮΡΟ ΜЮΟΝ ΜЮΞΞ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΞ ΤЮΣΞ ΜЮΟΞ ΜЮΝΦ ΜЮΝΟ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ
ΞΜΞΟ ΝΜЮΟΡ ΜЮΠΠ ΜЮΞΣ ΜЮΝΥ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΠ ΝΡЮΥΦ ΜЮΣΤ ΜЮΟΦ ΜЮΞΥ ΜЮΞΞ ΜЮΝΥ ΜЮΝΡ ΜЮΝΟ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ
ΞΜΞΡ ΟΝЮΟΜ ΝЮΟΟ ΜЮΤΥ ΜЮΡΡ ΜЮΠΟ ΜЮΟΡ ΜЮΞΦ ΜЮΞΣ ΜЮΞΟ ΜЮΞΜ ΜЮΝΥ ΜЮΝΤ
ΞΜΞΣ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ ΝЮΡΤ ΝЮΠΞ
ΞΜΞΤ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ ΝЮΡΤ
ΞΜΞΥ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ
ΞΜΞΦ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ
ΞΜΟΜ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ ΞЮΟΜ
ΞΜΟΝ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ ΞЮΤΞ
ΞΜΟΞ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ ΟЮΟΟ
ΞΜΟΟ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ ΠЮΞΦ
ΞΜΟΠ ΞΠΟЮΥΦ ΝΜЮΟΠ ΣЮΜΡ
ΞΜΟΡ ΞΠΟЮΥΦ ΝΜЮΟΠ
ΞΜΟΣ ΞΠΟЮΥΦ

ÉƨƓĲƖƓŸƚŔƣŔŸŰ ΡЮΠΠ ΡЮΦΤ ΣЮΠΠ ΞΟЮΜΤ ΝΣЮΡΥ ΤЮΝΡ ΝΟЮΥΜ ΦЮΜΠ ΝΝЮΣΦ ΝΤЮΟΞ ΟΟЮΜΠ ΞΠΣЮΠΤ ΞΡΣЮΜΞ ΞΣΝЮΣΥ ΞΣΡЮΤΟ ΞΣΥЮΦΜ ΞΤΝЮΡΜ ΞΤΟЮΤΜ ΞΤΡЮΣΞ ΞΤΤЮΟΞ ΞΤΥЮΥΠ ΞΥΜЮΞΝ



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

Stroud, Oklahoma

Table 3-3 Pressure calculation summary for Row-1 (ὶ = 2,640 ft = 0.5 mile). Units are in psi.
òĲċƖрΝ òĲċƖрΞ òĲċƖрΟ òĲċƖрΠ òĲċƖрΡ òĲċƖрΣ òĲċƖрΤ òĲċƖрΥ òĲċƖрΦ òĲċƖрΝΜ òĲċƖрΝΝ òĲċƖрΝΞ òĲċƖрΝΟ òĲċƖрΝΠ òĲċƖрΝΡ òĲċƖрΝΣ òĲċƖрΝΤ òĲċƖрΝΥ òĲċƖрΝΦ òĲċƖрΞΜ òĲċƖрΞΝ òĲċƖрΞΞ
ΞΜΝΡ ΞΜΝΣ ΞΜΝΤ ΞΜΝΥ ΞΜΝΦ ΞΜΞΜ ΞΜΞΝ ΞΜΞΞ ΞΜΞΟ ΞΜΞΠ ΞΜΞΡ ΞΜΞΣ ΞΜΞΤ ΞΜΞΥ ΞΜΞΦ ΞΜΟΜ ΞΜΟΝ ΞΜΟΞ ΞΜΟΟ ΞΜΟΠ ΞΜΟΡ ΞΜΟΣ

ΞΜΝΡ ΝЮΤΟНыƣӀΝь ΜЮΞΟНыƣӀΞь ΜЮΝΟНыƣӀΟь ΜЮΝΜНыƣӀΠь ΜЮΜΤНыƣӀΠь ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΣ ΝЮΥΟНыƣӀΝь ΜЮΞΠНыƣӀΞь ΜЮΝΠНыƣӀΟь ΜЮΝΜНыƣӀΟь ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΤ ΝЮΦΟНыƣӀΝь ΜЮΞΣНыƣӀΞь ΜЮΝΡНыƣӀΟь ΜЮΝΝ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΥ ΤЮΝΦНыƣӀΝь ΜЮΦΣНыƣӀΞь ΜЮΡΣ ΜЮΠΜ ΜЮΟΝ ΜЮΞΡ ΜЮΞΝ ΜЮΝΥ ΜЮΝΣ ΜЮΝΡ ΜЮΝΟ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ ΜЮΜΤ
ΞΜΝΦ ΠЮΥΤНыƣӀΝь ΜЮΣΡ ΜЮΟΥ ΜЮΞΤ ΜЮΞΝ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ
ΞΜΞΜ ΝЮΥΝ ΜЮΞΠ ΜЮΝΠ ΜЮΝΜ ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΞΝ ΠЮΜΝ ΜЮΡΟ ΜЮΟΝ ΜЮΞΞ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΞ ΞЮΠΟ ΜЮΟΞ ΜЮΝΦ ΜЮΝΟ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ
ΞΜΞΟ ΟЮΞΦ ΜЮΠΠ ΜЮΞΣ ΜЮΝΥ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΠ ΡЮΜΣ ΜЮΣΤ ΜЮΟΦ ΜЮΞΥ ΜЮΞΞ ΜЮΝΥ ΜЮΝΡ ΜЮΝΟ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ
ΞΜΞΡ ΦЮΦΤ ΝЮΟΞ ΜЮΤΤ ΜЮΡΡ ΜЮΠΟ ΜЮΟΡ ΜЮΞΦ ΜЮΞΣ ΜЮΞΟ ΜЮΞΜ ΜЮΝΥ ΜЮΝΤ
ΞΜΞΣ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ ΝЮΡΤ ΝЮΠΞ
ΞΜΞΤ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ ΝЮΡΤ
ΞΜΞΥ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ ΝЮΤΣ
ΞΜΞΦ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ ΞЮΟΜ ΝЮΦΦ
ΞΜΟΜ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ ΞЮΟΜ
ΞΜΟΝ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ ΞЮΤΞ
ΞΜΟΞ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ ΟЮΟΞ
ΞΜΟΟ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ ΠЮΞΦ
ΞΜΟΠ ΤΤЮΣΡ ΝΜЮΟΝ ΣЮΜΠ
ΞΜΟΡ ΤΤЮΣΡ ΝΜЮΟΝ
ΞΜΟΣ ΤΤЮΣΡ

ÉƨƓĲƖƓŸƚŔƣŔŸŰ ΝЮΤΟ ΞЮΜΣ ΞЮΟΝ ΤЮΣΥ ΣЮΝΡ ΟЮΞΣ ΡЮΞΞ ΟЮΥΠ ΠЮΣΟ ΣЮΠΦ ΝΝЮΤΜ ΥΜЮΞΟ ΥΦЮΤΡ ΦΡЮΠΝ ΦΦЮΠΣ ΝΜΞЮΣΟ ΝΜΡЮΞΞ ΝΜΤЮΠΟ ΝΜΦЮΟΠ ΝΝΝЮΜΠ ΝΝΞЮΡΣ ΝΝΟЮΦΟ
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Table 3-4 Pressure calculation summary for Row-1 (ὶ = 5,280 ft = 1 mile). Units are in psi.
òĲċƖрΝ òĲċƖрΞ òĲċƖрΟ òĲċƖрΠ òĲċƖрΡ òĲċƖрΣ òĲċƖрΤ òĲċƖрΥ òĲċƖрΦ òĲċƖрΝΜ òĲċƖрΝΝ òĲċƖрΝΞ òĲċƖрΝΟ òĲċƖрΝΠ òĲċƖрΝΡ òĲċƖрΝΣ òĲċƖрΝΤ òĲċƖрΝΥ òĲċƖрΝΦ òĲċƖрΞΜ òĲċƖрΞΝ òĲċƖрΞΞ
ΞΜΝΡ ΞΜΝΣ ΞΜΝΤ ΞΜΝΥ ΞΜΝΦ ΞΜΞΜ ΞΜΞΝ ΞΜΞΞ ΞΜΞΟ ΞΜΞΠ ΞΜΞΡ ΞΜΞΣ ΞΜΞΤ ΞΜΞΥ ΞΜΞΦ ΞΜΟΜ ΞΜΟΝ ΞΜΟΞ ΞΜΟΟ ΞΜΟΠ ΞΜΟΡ ΞΜΟΣ

ΞΜΝΡ ΝЮΞΤНыƣӀΝь ΜЮΞΟНыƣӀΞь ΜЮΝΟНыƣӀΟь ΜЮΝΜНыƣӀΠь ΜЮΜΤНыƣӀΠь ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΣ ΝЮΟΠНыƣӀΝь ΜЮΞΠНыƣӀΞь ΜЮΝΠНыƣӀΟь ΜЮΝΜНыƣӀΟь ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΤ ΝЮΠΞНыƣӀΝь ΜЮΞΡНыƣӀΞь ΜЮΝΡНыƣӀΟь ΜЮΝΝ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΥ ΡЮΞΦНыƣӀΝь ΜЮΦΡНыƣӀΞь ΜЮΡΣ ΜЮΠΜ ΜЮΟΝ ΜЮΞΡ ΜЮΞΝ ΜЮΝΥ ΜЮΝΣ ΜЮΝΡ ΜЮΝΟ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ ΜЮΜΤ
ΞΜΝΦ ΟЮΡΥНыƣӀΝь ΜЮΣΠ ΜЮΟΥ ΜЮΞΤ ΜЮΞΝ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ
ΞΜΞΜ ΝЮΟΟ ΜЮΞΠ ΜЮΝΠ ΜЮΝΜ ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΞΝ ΞЮΦΡ ΜЮΡΟ ΜЮΟΝ ΜЮΞΞ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΞ ΝЮΤΦ ΜЮΟΞ ΜЮΝΦ ΜЮΝΟ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ
ΞΜΞΟ ΞЮΠΞ ΜЮΠΟ ΜЮΞΣ ΜЮΝΥ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΠ ΟЮΤΞ ΜЮΣΤ ΜЮΟΦ ΜЮΞΥ ΜЮΞΞ ΜЮΝΥ ΜЮΝΡ ΜЮΝΟ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ
ΞΜΞΡ ΤЮΟΟ ΝЮΟΝ ΜЮΤΤ ΜЮΡΡ ΜЮΠΟ ΜЮΟΡ ΜЮΞΦ ΜЮΞΣ ΜЮΞΟ ΜЮΞΜ ΜЮΝΥ ΜЮΝΤ
ΞΜΞΣ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ ΝЮΡΤ ΝЮΠΞ
ΞΜΞΤ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ ΝЮΡΤ
ΞΜΞΥ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ ΝЮΤΡ
ΞΜΞΦ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ ΝЮΦΦ
ΞΜΟΜ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ ΞЮΞΦ
ΞΜΟΝ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ ΞЮΤΝ
ΞΜΟΞ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ ΟЮΟΞ
ΞΜΟΟ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ ΠЮΞΤ
ΞΜΟΠ ΡΤЮΝΞ ΝΜЮΞΠ ΣЮΜΞ
ΞΜΟΡ ΡΤЮΝΞ ΝΜЮΞΠ
ΞΜΟΣ ΡΤЮΝΞ

ÉƨƓĲƖƓŸƚŔƣŔŸŰ ΝЮΞΤ ΝЮΡΤ ΝЮΤΦ ΡЮΤΥ ΠЮΥΡ ΞЮΤΥ ΠЮΝΣ ΟЮΞΜ ΟЮΤΣ ΡЮΝΡ ΦЮΜΣ ΡΦЮΣΦ ΣΦЮΝΡ ΤΠЮΤΥ ΤΥЮΥΞ ΥΝЮΦΥ ΥΠЮΡΤ ΥΣЮΤΥ ΥΥЮΣΦ ΦΜЮΟΥ ΦΝЮΦΜ ΦΟЮΞΥ
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Table 3-5 Pressure calculation summary for Row-1 (ὶ = 10,560 ft = 2 miles). Units are in psi.
òĲċƖрΝ òĲċƖрΞ òĲċƖрΟ òĲċƖрΠ òĲċƖрΡ òĲċƖрΣ òĲċƖрΤ òĲċƖрΥ òĲċƖрΦ òĲċƖрΝΜ òĲċƖрΝΝ òĲċƖрΝΞ òĲċƖрΝΟ òĲċƖрΝΠ òĲċƖрΝΡ òĲċƖрΝΣ òĲċƖрΝΤ òĲċƖрΝΥ òĲċƖрΝΦ òĲċƖрΞΜ òĲċƖрΞΝ òĲċƖрΞΞ
ΞΜΝΡ ΞΜΝΣ ΞΜΝΤ ΞΜΝΥ ΞΜΝΦ ΞΜΞΜ ΞΜΞΝ ΞΜΞΞ ΞΜΞΟ ΞΜΞΠ ΞΜΞΡ ΞΜΞΣ ΞΜΞΤ ΞΜΞΥ ΞΜΞΦ ΞΜΟΜ ΞΜΟΝ ΞΜΟΞ ΞΜΟΟ ΞΜΟΠ ΞΜΟΡ ΞΜΟΣ

ΞΜΝΡ ΜЮΥΟНыƣӀΝь ΜЮΞΞНыƣӀΞь ΜЮΝΟНыƣӀΟь ΜЮΜΦНыƣӀΠь ΜЮΜΤНыƣӀΠь ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΣ ΜЮΥΤНыƣӀΝь ΜЮΞΟНыƣӀΞь ΜЮΝΠНыƣӀΟь ΜЮΝΜНыƣӀΟь ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΤ ΜЮΦΞНыƣӀΝь ΜЮΞΡНыƣӀΞь ΜЮΝΡНыƣӀΟь ΜЮΝΝ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΝΥ ΟЮΠΞНыƣӀΝь ΜЮΦΞНыƣӀΞь ΜЮΡΡ ΜЮΟΦ ΜЮΟΜ ΜЮΞΡ ΜЮΞΝ ΜЮΝΥ ΜЮΝΣ ΜЮΝΠ ΜЮΝΟ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ ΜЮΜΤ
ΞΜΝΦ ΞЮΟΞНыƣӀΝь ΜЮΣΟ ΜЮΟΤ ΜЮΞΤ ΜЮΞΝ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ
ΞΜΞΜ ΜЮΥΣ ΜЮΞΟ ΜЮΝΠ ΜЮΝΜ ΜЮΜΥ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΟ ΜЮΜΞ ΜЮΜΞ ΜЮΜΞ
ΞΜΞΝ ΝЮΦΝ ΜЮΡΝ ΜЮΟΝ ΜЮΞΞ ΜЮΝΤ ΜЮΝΠ ΜЮΝΞ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΞ ΝЮΝΣ ΜЮΟΝ ΜЮΝΦ ΜЮΝΟ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΠ ΜЮΜΠ ΜЮΜΠ ΜЮΜΟ ΜЮΜΟ
ΞΜΞΟ ΝЮΡΤ ΜЮΠΞ ΜЮΞΡ ΜЮΝΥ ΜЮΝΠ ΜЮΝΝ ΜЮΝΜ ΜЮΜΥ ΜЮΜΤ ΜЮΜΤ ΜЮΜΣ ΜЮΜΡ ΜЮΜΡ ΜЮΜΡ
ΞΜΞΠ ΞЮΠΝ ΜЮΣΡ ΜЮΟΦ ΜЮΞΥ ΜЮΞΝ ΜЮΝΥ ΜЮΝΡ ΜЮΝΟ ΜЮΝΝ ΜЮΝΜ ΜЮΜΦ ΜЮΜΥ ΜЮΜΥ
ΞΜΞΡ ΠЮΤΡ ΝЮΞΥ ΜЮΤΣ ΜЮΡΠ ΜЮΠΞ ΜЮΟΡ ΜЮΞΦ ΜЮΞΡ ΜЮΞΞ ΜЮΞΜ ΜЮΝΥ ΜЮΝΤ
ΞΜΞΣ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ ΞЮΞΥ ΝЮΦΥ ΝЮΤΡ ΝЮΡΣ ΝЮΠΝ
ΞΜΞΤ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ ΞЮΞΥ ΝЮΦΥ ΝЮΤΡ ΝЮΡΣ
ΞΜΞΥ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ ΞЮΞΥ ΝЮΦΥ ΝЮΤΡ
ΞΜΞΦ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ ΞЮΞΥ ΝЮΦΥ
ΞΜΟΜ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ ΞЮΞΥ
ΞΜΟΝ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ ΞЮΣΦ
ΞΜΟΞ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ ΟЮΞΦ
ΞΜΟΟ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ ΠЮΞΟ
ΞΜΟΠ ΟΣЮΦΦ ΦЮΦΤ ΡЮΦΞ
ΞΜΟΡ ΟΣЮΦΦ ΦЮΦΤ
ΞΜΟΣ ΟΣЮΦΦ

ÉƨƓĲƖƓŸƚŔƣŔŸŰ ΜЮΥΟ ΝЮΜΦ ΝЮΞΦ ΟЮΦΜ ΟЮΡΣ ΞЮΞΥ ΟЮΝΜ ΞЮΡΠ ΞЮΥΥ ΟЮΥΞ ΣЮΠΡ ΟΦЮΡΝ ΠΥЮΤΟ ΡΠЮΞΦ ΡΥЮΞΥ ΣΝЮΠΞ ΣΟЮΦΦ ΣΣЮΝΥ ΣΥЮΜΦ ΣΦЮΤΤ ΤΝЮΞΥ ΤΞЮΣΡ
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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/cm3, 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.

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.

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, ὺ:

ὺ =
ὗ

2.448 Ὠ
ὺ in ft/s, injection flow rate,ὗ, in gpm, tubing ID, Ὠ, in inches

Reynolds number:

ὔ =
928 ὺ ” Ὠ

‘

Density, ὶ, in lb/gal, viscosity, ‘, in cp

Critical Reynolds number for the decision of laminar or turbulent flow (simplified approach):

ὔ = 2100

Fanning friction factors for laminar and turbulent flow conditions, respectively:

Ὢ =
16
ὔ

1
Ὢ

= 3.6 log
6.9
ὔ

Frictional pressure loss, Ўὖ , inside the tubing:

Ўὖ =
Ὢ ” ὺ
25.5 Ὠ

ὒ

Ўὖ  in psi, tubing length, ὒ , is in ft

Hydrostatic pressure, ὖ :

ὖ = 0.052 ” ὒ

ὖ  in psi

Pressure loss in the reservoir is estimated by the transient pressure distribution estimation

methodology.

Expected bottomhole pressure, ὖ :

ὖ = Ўὖ + Ὣ ὒ

ὖ  in psi, formation pressure gradient, Ὣ , in psi/ft

Estimated wellhead injection pressure, ὖ :
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ὖ = ὖ ὖ + Ўὖ

ὖ  in psi

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

ὖ = Ὣ ὒ

ὖ  in psi, formation fracture pressure gradient, Ὣ , in psi/ft, depth of the top of the injection

zone, ὒ , in ft

Maximum possible injection pressure at surface, ὖ :

ὖ = ὖ ὖ + Ўὖ

ὖ  in psi

Design factor for injection pressure based on fracture pressure, ὛὊ :

ὛὊ =
ὖ

ὖ

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), ὛὊ :

ὛὊ =
ὖ

ὖ

Design factor for maximum bottomhole pressure, ὛὊ :

ὛὊ =
ὖ

ὖ

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: 1 cp

Formation permeability: 250 md
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Formation porosity: 14%

Formation thickness: 300 ft

Effective wellbore diameter: 21.8 ft

Total compressibility: 5.46x10-6 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:

ὺ =
(11)(42)

2.448 (3.958) = 12 ft/s

Reynolds number:

ὔ =
928 (12) (1.0 × 8.34) (3.958)

(1) = 369,036

Critical Reynolds:

ὔ = 2100

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

Ὢ =
1

3.6 log 6.9
246,024

= 0.00345

Frictional pressure loss inside the tubing:

Ўὖ =
(0.00345) (8.34) (12)

25.5 (3.958)
(5203) = 215.4 psi

Hydrostatic pressure:

ὖ = 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:

ὖ = (251) + (0.472) (5203) = 2707 psi

ὖ = (275) + (0.472) (5203) = 2731 psi
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ὖ = (286) + (0.472) (5203) = 2741 psi

Estimated wellhead injection pressures for 1 year, 5 years and 10 years of injection period:

ὖ = (2707) (2256) + (215) = 666 psi

ὖ = (2731) (2256) + (215) = 690 psi

ὖ = (2741) (2256) + (215) = 700 psi

Maximum allowable bottomhole pressure at top of the injection zone:

ὖ = (0.639) (5175) = 3307 psi

Maximum possible injection pressure at surface:

ὖ = (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:

ὛὊ =
(1265)
(666) = 1.90

ὛὊ =
(1265)
(690) = 1.83

ὛὊ =
(1265)
(700) = 1.81

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:

ὛὊ =
(1260)
(666) = 1.89

ὛὊ =
(1260)
(690) = 1.83

ὛὊ =
(1260)
(700) = 1.80

Design factor for maximum bottomhole pressure for 1 year, 5 years and 10 years of injection

period:



A & M Engineering and
Environmental Services, Inc. 32 Mid-Way Environmental Services, Inc.

Stroud, Oklahoma

ὛὊ =
(3307)
(2707) = 1.22

ὛὊ =
(3307)
(2731) = 1.21

ὛὊ =
(3307)
(2741) = 1.21

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

„ Ϸ = (0.65)(0.979)(5175) = 3293 ὴίὭ

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:

ὛὊ =
(3293)
(2707) = 1.22

ὛὊ =
(3293)
(2731) = 1.21

ὛὊ =
(3393)
(2741) = 1.20

Considering Okla. Admin. Code § 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

ὖ . / = (0.65)(5175) = 3,364 ὴίὭ

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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ὛὊ =
(3364)
(2707) = 1.24

ὛὊ =
(3364)
(2731) = 1.23

ὛὊ =
(3364)
(2741) = 1.23

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

fŰŢĲĦƣŔŸŰ
ÅċƣĲ

ыĤĤũоůŔŰь

éĲũŸĦŔƣǃ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыŉƣоƚь

éŔƚĦŸƚŔƣǃ
ыĦƓь

ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

9ƖŔƣŔĦċũ
ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

[ċŰŰŔŰŊ
[ƖŔĦƣŔŸŰ
[ċĦƣŸƖ

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ

]ƖċĬŔĲŰƣ
ыƓƚŔоŉƣь

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыƓƚŔь

cǃĬƖŸƚƣċƣŔĦ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ŸƖůċƣŔŸŰ
ÂĲƖůĲċĤŔũŔƣǃ

ыůĬь

fŰŢĲĦƣŔŸŰ
ÑŔůĲ
ыǃĲċƖь

7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
~ŔŰƨƚ

ÅĲƚĲƖƻŸŔƖ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EǂƓĲĦƣĲĬ
7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EƚƣŔůċƣĲĬ
ìĲũũőĲċĬ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ƖċĦƣƨƖĲ
ÂƖĲƚƚƨƖĲНċƣ
9ċƚŔŰŊ

ÉőŸĲНыƓƚŔь

~ċǂŔůƨů
ÂŸƚƚŔĤũĲ
ÉƨƖŉċĦĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ
[ċĦƣŸƖ
ыŉŸƖ

ÂхŉƖċĦь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ

[ċĦƣŸƖНыŉŸƖ
ÂхŔŰŢхůċǂ
ÑċĤũĲрΡь

7ŸƣƣŸůőŸũĲ
ÂƖĲƚƚƨƖĲ

?ĲƚŔŊŰН[ċĦƣŸƖ
ыÂхŉƖċĦоÂхĤőь

§ťũċЮН ĬůŔŰЮН9ŸĬĲНѾ
ΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
uŰŸƽŰНыΜЮΦΤΦ

ƓƚŔоŉƣьЯНӃΣΡӖНŸŉНŔƣНċƣ
ŔŰŢĲĦƣŔŸŰНǍŸŰĲ

ыΡΝΤΡНŉƣьНӀНΟΞΦΟНƓƚŔЯ
?ĲƚŔŊŰН[ċĦƣŸƖ

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
ŰŸƣНťŰŸƽŰЯНӃΜЮΣΡ
ƓƚŔоŉƣЯН?ĲƚŔŊŰ

[ċĦƣŸƖ

Ν ΞΡΝ ΞΤΜΤ ΤΤΜ ΟΟΜΤ ΝΟΣΦ ΝЮΤΥ ΝЮΤΡ ΝЮΞΞ ΝЮΞΞ ΝЮΞΠ
Ρ ΞΤΡ ΞΤΟΝ ΤΦΠ ΟΟΜΤ ΝΟΣΦ ΝЮΤΞ ΝЮΤΜ ΝЮΞΝ ΝЮΞΝ ΝЮΞΟ
ΝΜ ΞΥΣ ΞΤΠΝ ΥΜΠ ΟΟΜΤ ΝΟΣΦ ΝЮΤΜ ΝЮΣΥ ΝЮΞΝ ΝЮΞΜ ΝЮΞΟ
Ν ΟΣΥ ΞΥΞΠ ΦΜΟ ΟΟΜΤ ΝΟΥΣ ΝЮΡΠ ΝЮΡΜ ΝЮΝΤ ΝЮΝΤ ΝЮΝΦ
Ρ ΠΜΠ ΞΥΣΜ ΦΟΦ ΟΟΜΤ ΝΟΥΣ ΝЮΠΥ ΝЮΠΠ ΝЮΝΣ ΝЮΝΡ ΝЮΝΥ
ΝΜ ΠΝΦ ΞΥΤΡ ΦΡΠ ΟΟΜΤ ΝΟΥΣ ΝЮΠΡ ΝЮΠΝ ΝЮΝΡ ΝЮΝΡ ΝЮΝΤ
Ν ΟΝΜ ΞΤΣΣ ΥΞΦ ΟΟΜΤ ΝΟΣΦ ΝЮΣΡ ΝЮΣΟ ΝЮΞΜ ΝЮΝΦ ΝЮΞΞ
Ρ ΟΠΜ ΞΤΦΣ ΥΡΦ ΟΟΜΤ ΝΟΣΦ ΝЮΣΜ ΝЮΡΤ ΝЮΝΥ ΝЮΝΥ ΝЮΞΜ
ΝΜ ΟΡΟ ΞΥΜΦ ΥΤΝ ΟΟΜΤ ΝΟΣΦ ΝЮΡΤ ΝЮΡΡ ΝЮΝΥ ΝЮΝΤ ΝЮΞΜ
Ν ΠΡΟ ΞΦΜΦ ΦΥΥ ΟΟΜΤ ΝΟΥΣ ΝЮΠΜ ΝЮΟΤ ΝЮΝΠ ΝЮΝΟ ΝЮΝΣ
Ρ ΠΦΥ ΞΦΡΠ ΝΜΟΟ ΟΟΜΤ ΝΟΥΣ ΝЮΟΠ ΝЮΟΝ ΝЮΝΞ ΝЮΝΝ ΝЮΝΠ
ΝΜ ΡΝΥ ΞΦΤΠ ΝΜΡΟ ΟΟΜΤ ΝΟΥΣ ΝЮΟΞ ΝЮΞΥ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
Ν ΠΞΦ ΞΥΥΡ ΝΞΥΦ ΟΟΜΤ ΝΤΝΝ ΝЮΟΟ ΝЮΜΡ ΝЮΝΡ ΝЮΝΠ ΝЮΝΤ
Ρ ΠΤΜ ΞΦΞΣ ΝΟΟΜ ΟΟΜΤ ΝΤΝΝ ΝЮΞΦ ΝЮΜΝ ΝЮΝΟ ΝЮΝΟ ΝЮΝΡ
ΝΜ ΠΥΥ ΞΦΠΠ ΝΟΠΥ ΟΟΜΤ ΝΤΝΝ ΝЮΞΤ ΝЮΜΜ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
Ν ΡΟΜ ΞΦΥΣ ΝΞΤΠ ΟΟΜΤ ΝΡΦΡ ΝЮΞΡ ΝЮΜΣ ΝЮΝΝ ΝЮΝΜ ΝЮΝΟ
Ρ ΡΥΞ ΟΜΟΤ ΝΟΞΣ ΟΟΜΤ ΝΡΦΡ ΝЮΞΜ ΝЮΜΞ ΝЮΜΦ ΝЮΜΥ ΝЮΝΝ
ΝΜ ΣΜΠ ΟΜΣΜ ΝΟΠΥ ΟΟΜΤ ΝΡΦΡ ΝЮΝΥ ΝЮΜΜ ΝЮΜΥ ΝЮΜΥ ΝЮΝΜ
Ν ΠΦΝ ΞΦΠΤ ΝΞΥΞ ΟΟΜΤ ΝΣΠΝ ΝЮΞΥ ΝЮΜΡ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
Ρ ΡΟΦ ΞΦΦΡ ΝΟΞΦ ΟΟΜΤ ΝΣΠΝ ΝЮΞΟ ΝЮΜΞ ΝЮΝΜ ΝЮΝΜ ΝЮΝΞ
ΝΜ ΡΣΜ ΟΜΝΡ ΝΟΡΜ ΟΟΜΤ ΝΣΠΝ ΝЮΞΞ ΝЮΜΜ ΝЮΝΜ ΝЮΜΦ ΝЮΝΞ
Ν ΡΦΝ ΟΜΠΤ ΝΞΣΠ ΟΟΜΤ ΝΡΞΠ ΝЮΞΝ ΝЮΜΤ ΝЮΜΦ ΝЮΜΥ ΝЮΝΜ
Ρ ΣΡΜ ΟΝΜΣ ΝΟΞΟ ΟΟΜΤ ΝΡΞΠ ΝЮΝΡ ΝЮΜΞ ΝЮΜΣ ΝЮΜΣ ΝЮΜΥ
ΝΜ ΣΤΡ ΟΝΟΝ ΝΟΠΥ ΟΟΜΤ ΝΡΞΠ ΝЮΝΟ ΝЮΜΜ ΝЮΜΣ ΝЮΜΡ ΝЮΜΤ

ΜЮΜΦΞ ΠΤΥЮΞ ΞΝΠΟЮΣ ΞΜΜ

ΜЮΜΜΟΡΥ ΜЮΜΣΦ ΟΣΜЮΤ ΞΝΠΟЮΣ ΞΜΜ

ΜЮΜΜΟΞΝ

ΝΠЮΟΡ ΝΡЮΤ ΝЮΡ ΟΜΠΦΜΞЮΝ ΞΝΜΜ

ΝΤЮΠΡ ΝΦЮΝ Ν ΡΡΣΝΡΠЮΝ ΞΝΜΜ

ΜЮΜΜΟΡΝ ΜЮΜΣΟ ΠΟΞЮΜ ΞΝΠΟЮΣ ΞΡΜΝΡЮΥΡ ΝΤЮΠ ΝЮΡ ΟΟΣΤΤΟЮΠ ΞΝΜΜ

ΜЮΜΜΟΝΣ ΜЮΝΜΡ ΡΠΤЮΥ ΞΝΠΟЮΣ ΞΡΜΝΥЮΥ ΞΜЮΣ Ν ΡΦΦΝΥΜЮΠ ΞΝΜΜ

ΜЮΜΜΟΤΣ ΜЮΜΠΟ ΞΞΞЮΦ ΞΝΠΟЮΣ ΞΜΜΝΝ ΝΞЮΜ ΝЮΡ ΞΟΟΤΞΞЮΥ ΞΝΜΜ

ΜЮΜΠΟ ΞΞΞЮΦ ΞΝΠΟЮΣ ΞΡΜ

ΝΝ ΝΞЮΜ Ν ΟΡΜΡΥΠЮΟ ΞΝΜΜ ΜЮΜΜΟΠΥ ΜЮΜΠΜ ΞΜΣЮΡ ΞΝΠΟЮΣ ΞΜΜ

ΜЮΜΠΜ ΞΜΣЮΡ ΞΝΠΟЮΣ ΞΡΜ

ΝΝ ΝΞЮΜ ΝЮΡ ΞΟΟΤΞΞЮΥ ΞΝΜΜ ΜЮΜΜΟΤΣ

ΝΝ ΝΞЮΜ Ν ΟΡΜΡΥΠЮΟ ΞΝΜΜ ΜЮΜΜΟΠΥ
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Table 3-7 Specific gravity = 1.0

fŰŢĲĦƣŔŸŰ
ÅċƣĲ

ыĤĤũоůŔŰь

éĲũŸĦŔƣǃ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыŉƣоƚь

éŔƚĦŸƚŔƣǃ
ыĦƓь

ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

9ƖŔƣŔĦċũ
ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

[ċŰŰŔŰŊ
[ƖŔĦƣŔŸŰ
[ċĦƣŸƖ

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ

]ƖċĬŔĲŰƣ
ыƓƚŔоŉƣь

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыƓƚŔь

cǃĬƖŸƚƣċƣŔĦ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ŸƖůċƣŔŸŰ
ÂĲƖůĲċĤŔũŔƣǃ

ыůĬь

fŰŢĲĦƣŔŸŰ
ÑŔůĲ
ыǃĲċƖь

7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
~ŔŰƨƚ

ÅĲƚĲƖƻŸŔƖ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EǂƓĲĦƣĲĬ
7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EƚƣŔůċƣĲĬ
ìĲũũőĲċĬ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ƖċĦƣƨƖĲ
ÂƖĲƚƚƨƖĲНċƣ
9ċƚŔŰŊ

ÉőŸĲНыƓƚŔь

~ċǂŔůƨů
ÂŸƚƚŔĤũĲ
ÉƨƖŉċĦĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ
[ċĦƣŸƖ
ыŉŸƖ

ÂхŉƖċĦь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ

[ċĦƣŸƖНыŉŸƖ
ÂхŔŰŢхůċǂ
ÑċĤũĲрΡь

7ŸƣƣŸůőŸũĲ
ÂƖĲƚƚƨƖĲ

?ĲƚŔŊŰН[ċĦƣŸƖ
ыÂхŉƖċĦоÂхĤőь

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
uŰŸƽŰНыΜЮΦΤΦ

ƓƚŔоŉƣьЯНӃΣΡӖНŸŉНŔƣ
ċƣНŔŰŢĲĦƣŔŸŰНǍŸŰĲ
ыΡΝΤΡНŉƣьНӀНΟΞΦΟ
ƓƚŔЯН?ĲƚŔŊŰН[ċĦƣŸƖ

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
ŰŸƣНťŰŸƽŰЯНӃΜЮΣΡ
ƓƚŔоŉƣЯН?ĲƚŔŊŰ

[ċĦƣŸƖ

Ν ΞΡΝ ΞΤΜΤ ΣΣΣ ΟΟΜΤ ΝΞΣΡ ΝЮΦΜ ΝЮΥΦ ΝЮΞΞ ΝЮΞΞ ΝЮΞΠ
Ρ ΞΤΡ ΞΤΟΝ ΣΦΜ ΟΟΜΤ ΝΞΣΡ ΝЮΥΟ ΝЮΥΟ ΝЮΞΝ ΝЮΞΝ ΝЮΞΟ
ΝΜ ΞΥΣ ΞΤΠΝ ΤΜΜ ΟΟΜΤ ΝΞΣΡ ΝЮΥΝ ΝЮΥΜ ΝЮΞΝ ΝЮΞΜ ΝЮΞΟ
Ν ΟΣΥ ΞΥΞΠ ΤΦΦ ΟΟΜΤ ΝΞΥΞ ΝЮΣΜ ΝЮΡΥ ΝЮΝΤ ΝЮΝΤ ΝЮΝΦ
Ρ ΠΜΠ ΞΥΣΜ ΥΟΡ ΟΟΜΤ ΝΞΥΞ ΝЮΡΠ ΝЮΡΝ ΝЮΝΣ ΝЮΝΡ ΝЮΝΥ
ΝΜ ΠΝΦ ΞΥΤΡ ΥΡΝ ΟΟΜΤ ΝΞΥΞ ΝЮΡΝ ΝЮΠΥ ΝЮΝΡ ΝЮΝΡ ΝЮΝΤ
Ν ΟΝΜ ΞΤΣΣ ΤΞΡ ΟΟΜΤ ΝΞΣΡ ΝЮΤΡ ΝЮΤΠ ΝЮΞΜ ΝЮΝΦ ΝЮΞΞ
Ρ ΟΠΜ ΞΤΦΣ ΤΡΡ ΟΟΜΤ ΝΞΣΡ ΝЮΣΥ ΝЮΣΤ ΝЮΝΥ ΝЮΝΥ ΝЮΞΜ
ΝΜ ΟΡΟ ΞΥΜΦ ΤΣΤ ΟΟΜΤ ΝΞΣΡ ΝЮΣΡ ΝЮΣΠ ΝЮΝΥ ΝЮΝΤ ΝЮΞΜ
Ν ΠΡΟ ΞΦΜΦ ΥΥΡ ΟΟΜΤ ΝΞΥΞ ΝЮΠΡ ΝЮΠΞ ΝЮΝΠ ΝЮΝΟ ΝЮΝΣ
Ρ ΠΦΥ ΞΦΡΠ ΦΟΜ ΟΟΜΤ ΝΞΥΞ ΝЮΟΥ ΝЮΟΡ ΝЮΝΞ ΝЮΝΝ ΝЮΝΠ
ΝΜ ΡΝΥ ΞΦΤΠ ΦΠΦ ΟΟΜΤ ΝΞΥΞ ΝЮΟΡ ΝЮΟΟ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
Ν ΠΞΦ ΞΥΥΡ ΝΞΜΜ ΟΟΜΤ ΝΣΞΞ ΝЮΟΡ ΝЮΜΡ ΝЮΝΡ ΝЮΝΠ ΝЮΝΤ
Ρ ΠΤΜ ΞΦΞΣ ΝΞΠΝ ΟΟΜΤ ΝΣΞΞ ΝЮΟΝ ΝЮΜΞ ΝЮΝΟ ΝЮΝΟ ΝЮΝΡ
ΝΜ ΠΥΥ ΞΦΠΠ ΝΞΡΦ ΟΟΜΤ ΝΣΞΞ ΝЮΞΦ ΝЮΜΜ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
Ν ΡΟΜ ΞΦΥΣ ΝΝΥΝ ΟΟΜΤ ΝΡΜΞ ΝЮΞΤ ΝЮΜΤ ΝЮΝΝ ΝЮΝΜ ΝЮΝΟ
Ρ ΡΥΞ ΟΜΟΥ ΝΞΟΟ ΟΟΜΤ ΝΡΜΞ ΝЮΞΞ ΝЮΜΞ ΝЮΜΦ ΝЮΜΥ ΝЮΝΝ
ΝΜ ΣΜΡ ΟΜΣΝ ΝΞΡΣ ΟΟΜΤ ΝΡΜΞ ΝЮΞΜ ΝЮΜΜ ΝЮΜΥ ΝЮΜΥ ΝЮΝΜ
Ν ΠΦΞ ΞΦΠΥ ΝΝΦΞ ΟΟΜΤ ΝΡΡΜ ΝЮΟΜ ΝЮΜΣ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
Ρ ΡΠΜ ΞΦΦΣ ΝΞΠΜ ΟΟΜΤ ΝΡΡΜ ΝЮΞΡ ΝЮΜΞ ΝЮΝΜ ΝЮΝΜ ΝЮΝΞ
ΝΜ ΡΣΝ ΟΜΝΣ ΝΞΣΜ ΟΟΜΤ ΝΡΡΜ ΝЮΞΟ ΝЮΜΜ ΝЮΝΜ ΝЮΜΦ ΝЮΝΞ
Ν ΡΦΡ ΟΜΡΝ ΝΝΤΡ ΟΟΜΤ ΝΠΟΜ ΝЮΞΞ ΝЮΜΤ ΝЮΜΥ ΝЮΜΥ ΝЮΝΜ
Ρ ΣΡΠ ΟΝΝΜ ΝΞΟΠ ΟΟΜΤ ΝΠΟΜ ΝЮΝΣ ΝЮΜΞ ΝЮΜΣ ΝЮΜΣ ΝЮΜΥ
ΝΜ ΣΥΜ ΟΝΟΡ ΝΞΡΦ ΟΟΜΤ ΝΠΟΜ ΝЮΝΠ ΝЮΜΜ ΝЮΜΡ ΝЮΜΡ ΝЮΜΤ

ΜЮΜΦΣ ΡΜΜЮΟ ΞΞΡΣЮΠ ΞΜΜ

ΜЮΜΜΟΡΠ ΜЮΜΤΟ ΟΥΜЮΠ ΞΞΡΣЮΠ ΞΜΜ

ΜЮΜΜΟΝΥ

ΝΠЮΠΠ ΝΡЮΥ ΝЮΡ ΟΞΞΦΣΞЮΡ ΞΝΜΜ

ΝΤЮΠΥ ΝΦЮΝ Ν ΡΥΣΠΟΝЮΥ ΞΝΜΜ

ΜЮΜΜΟΠΥ ΜЮΜΥΤ ΠΡΝЮΡ ΞΞΡΣЮΠ ΞΡΜΝΡЮΥΤ ΝΤЮΠ ΝЮΡ ΟΡΠΦΠΡЮΣ ΞΝΜΜ

ΜЮΜΜΟΝΠ ΜЮΝΝΜ ΡΤΝЮΠ ΞΞΡΣЮΠ ΞΡΜΝΥЮΥ ΞΜЮΣ Ν ΣΟΜΤΝΣЮΞ ΞΝΜΜ

ΜЮΜΜΟΤΞ ΜЮΜΠΡ ΞΟΞЮΟ ΞΞΡΣЮΠ ΞΜΜΝΝ ΝΞЮΜ ΝЮΡ ΞΠΣΜΞΠ ΞΝΜΜ

ΜЮΜΠΡ ΞΟΞЮΟ ΞΞΡΣЮΠ ΞΡΜ

ΝΝ ΝΞЮΜ Ν ΟΣΦΜΟΣЮΝ ΞΝΜΜ ΜЮΜΜΟΠΡ ΜЮΜΠΝ ΞΝΡЮΠ ΞΞΡΣЮΠ ΞΜΜ

ΜЮΜΠΝ ΞΝΡЮΠ ΞΞΡΣЮΠ ΞΡΜ

ΝΝ ΝΞЮΜ ΝЮΡ ΞΠΣΜΞΠ ΞΝΜΜ ΜЮΜΜΟΤΞ

ΝΝ ΝΞЮΜ Ν ΟΣΦΜΟΣЮΝ ΞΝΜΜ ΜЮΜΜΟΠΡ



A & M Engineering and
Environmental Services, Inc. 36 Mid-Way Environmental Services, Inc.

Stroud, Oklahoma

Table 3-8  Specific gravity = 1.05

fŰŢĲĦƣŔŸŰ
ÅċƣĲ

ыĤĤũоůŔŰь

éĲũŸĦŔƣǃ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыŉƣоƚь

éŔƚĦŸƚŔƣǃ
ыĦƓь

ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

9ƖŔƣŔĦċũ
ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

[ċŰŰŔŰŊ
[ƖŔĦƣŔŸŰ
[ċĦƣŸƖ

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ

]ƖċĬŔĲŰƣ
ыƓƚŔоŉƣь

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыƓƚŔь

cǃĬƖŸƚƣċƣŔĦ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ŸƖůċƣŔŸŰ
ÂĲƖůĲċĤŔũŔƣǃ

ыůĬь

fŰŢĲĦƣŔŸŰ
ÑŔůĲ
ыǃĲċƖь

7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
~ŔŰƨƚ

ÅĲƚĲƖƻŸŔƖ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EǂƓĲĦƣĲĬ
7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EƚƣŔůċƣĲĬ
ìĲũũőĲċĬ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ƖċĦƣƨƖĲ
ÂƖĲƚƚƨƖĲНċƣ
9ċƚŔŰŊ

ÉőŸĲНыƓƚŔь

~ċǂŔůƨů
ÂŸƚƚŔĤũĲ
ÉƨƖŉċĦĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ
[ċĦƣŸƖ
ыŉŸƖ

ÂхŉƖċĦь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ

[ċĦƣŸƖНыŉŸƖ
ÂхŔŰŢхůċǂ
ÑċĤũĲрΡь

7ŸƣƣŸůőŸũĲ
ÂƖĲƚƚƨƖĲ

?ĲƚŔŊŰН[ċĦƣŸƖ
ыÂхŉƖċĦоÂхĤőь

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
uŰŸƽŰНыΜЮΦΤΦ

ƓƚŔоŉƣьЯНӃΣΡӖНŸŉНŔƣ
ċƣНŔŰŢĲĦƣŔŸŰНǍŸŰĲ
ыΡΝΤΡНŉƣьНӀНΟΞΦΟ
ƓƚŔЯН?ĲƚŔŊŰН[ċĦƣŸƖ

§ťũċЮН ĬůŔŰЮН9ŸĬĲНѾ
ΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
ŰŸƣНťŰŸƽŰЯНӃΜЮΣΡ

ƓƚŔоŉƣЯН?ĲƚŔŊŰН[ċĦƣŸƖ

Ν ΞΡΝ ΞΤΜΣ ΡΣΝ ΟΟΜΤ ΝΝΣΝ ΞЮΜΤ ΞЮΜΡ ΝЮΞΞ ΝЮΞΞ ΝЮΞΠ
Ρ ΞΤΡ ΞΤΟΜ ΡΥΡ ΟΟΜΤ ΝΝΣΝ ΝЮΦΥ ΝЮΦΣ ΝЮΞΝ ΝЮΞΝ ΝЮΞΟ
ΝΜ ΞΥΡ ΞΤΠΝ ΡΦΣ ΟΟΜΤ ΝΝΣΝ ΝЮΦΡ ΝЮΦΟ ΝЮΞΝ ΝЮΞΜ ΝЮΞΟ
Ν ΟΣΤ ΞΥΞΟ ΣΦΡ ΟΟΜΤ ΝΝΤΦ ΝЮΣΦ ΝЮΣΡ ΝЮΝΤ ΝЮΝΤ ΝЮΝΦ
Ρ ΠΜΟ ΞΥΡΦ ΤΟΝ ΟΟΜΤ ΝΝΤΦ ΝЮΣΝ ΝЮΡΤ ΝЮΝΣ ΝЮΝΡ ΝЮΝΥ
ΝΜ ΠΝΥ ΞΥΤΠ ΤΠΤ ΟΟΜΤ ΝΝΤΦ ΝЮΡΥ ΝЮΡΠ ΝЮΝΡ ΝЮΝΡ ΝЮΝΤ
Ν ΟΜΦ ΞΤΣΡ ΣΞΜ ΟΟΜΤ ΝΝΣΝ ΝЮΥΤ ΝЮΥΡ ΝЮΞΜ ΝЮΝΦ ΝЮΞΞ
Ρ ΟΟΦ ΞΤΦΡ ΣΡΜ ΟΟΜΤ ΝΝΣΝ ΝЮΤΦ ΝЮΤΤ ΝЮΝΥ ΝЮΝΥ ΝЮΞΜ
ΝΜ ΟΡΞ ΞΥΜΥ ΣΣΟ ΟΟΜΤ ΝΝΣΝ ΝЮΤΡ ΝЮΤΟ ΝЮΝΥ ΝЮΝΤ ΝЮΞΜ
Ν ΠΡΞ ΞΦΜΥ ΤΥΜ ΟΟΜΤ ΝΝΤΦ ΝЮΡΝ ΝЮΠΤ ΝЮΝΠ ΝЮΝΟ ΝЮΝΣ
Ρ ΠΦΤ ΞΦΡΟ ΥΞΡ ΟΟΜΤ ΝΝΤΦ ΝЮΠΟ ΝЮΟΦ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
ΝΜ ΡΝΤ ΞΦΤΞ ΥΠΡ ΟΟΜΤ ΝΝΤΦ ΝЮΟΦ ΝЮΟΣ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
Ν ΠΞΠ ΞΥΤΦ ΝΜΦΝ ΟΟΜΤ ΝΡΝΥ ΝЮΟΦ ΝЮΜΡ ΝЮΝΡ ΝЮΝΠ ΝЮΝΤ
Ρ ΠΣΠ ΞΦΞΜ ΝΝΟΝ ΟΟΜΤ ΝΡΝΥ ΝЮΟΠ ΝЮΜΞ ΝЮΝΟ ΝЮΝΟ ΝЮΝΡ
ΝΜ ΠΥΝ ΞΦΟΤ ΝΝΠΦ ΟΟΜΤ ΝΡΝΥ ΝЮΟΞ ΝЮΜΜ ΝЮΝΟ ΝЮΝΞ ΝЮΝΡ
Ν ΡΞΣ ΞΦΥΞ ΝΜΤΣ ΟΟΜΤ ΝΠΜΜ ΝЮΟΜ ΝЮΜΤ ΝЮΝΝ ΝЮΝΜ ΝЮΝΟ
Ρ ΡΤΥ ΟΜΟΟ ΝΝΞΤ ΟΟΜΤ ΝΠΜΜ ΝЮΞΠ ΝЮΜΞ ΝЮΜΦ ΝЮΜΦ ΝЮΝΝ
ΝΜ ΣΜΜ ΟΜΡΣ ΝΝΠΦ ΟΟΜΤ ΝΠΜΜ ΝЮΞΞ ΝЮΜΜ ΝЮΜΥ ΝЮΜΥ ΝЮΝΜ
Ν ΠΥΣ ΞΦΠΞ ΝΜΥΞ ΟΟΜΤ ΝΠΠΤ ΝЮΟΠ ΝЮΜΣ ΝЮΝΞ ΝЮΝΞ ΝЮΝΠ
Ρ ΡΟΠ ΞΦΥΦ ΝΝΟΜ ΟΟΜΤ ΝΠΠΤ ΝЮΞΥ ΝЮΜΞ ΝЮΝΝ ΝЮΝΜ ΝЮΝΟ
ΝΜ ΡΡΠ ΟΜΝΜ ΝΝΡΜ ΟΟΜΤ ΝΠΠΤ ΝЮΞΣ ΝЮΜΜ ΝЮΝΜ ΝЮΜΦ ΝЮΝΞ
Ν ΡΦΜ ΟΜΠΣ ΝΜΣΣ ΟΟΜΤ ΝΟΞΤ ΝЮΞΠ ΝЮΜΥ ΝЮΜΦ ΝЮΜΥ ΝЮΝΜ
Ρ ΣΠΥ ΟΝΜΠ ΝΝΞΠ ΟΟΜΤ ΝΟΞΤ ΝЮΝΥ ΝЮΜΞ ΝЮΜΤ ΝЮΜΣ ΝЮΜΥ
ΝΜ ΣΤΠ ΟΝΞΦ ΝΝΠΦ ΟΟΜΤ ΝΟΞΤ ΝЮΝΡ ΝЮΜΜ ΝЮΜΣ ΝЮΜΡ ΝЮΜΤ

ΜЮΜΠΟΝ ΞΞΠ ΞΟΣΦ ΞΡΜ

ΝΝ ΝΞЮΜΡ ΝЮΡ ΞΡΥΟΞΡ ΞΝΜΜ ΜЮΜΜΟΣΦ

ΝΝ ΝΞЮΜΡ Ν ΟΥΤΠΥΥ ΞΝΜΜ ΜЮΜΜΟΠΞ

ΜЮΜΠΣΡ ΞΠΞ ΞΟΣΦ ΞΡΜ

ΝΝ ΝΞЮΜΡ Ν ΟΥΤΠΥΥ ΞΝΜΜ ΜЮΜΜΟΠΞ ΜЮΜΠΟΝ ΞΞΠ ΞΟΣΦ ΞΜΜ

ΝΝ ΝΞЮΜΡ ΝЮΡ ΞΡΥΟΞΡ ΞΝΜΜ ΜЮΜΜΟΣΦ ΜЮΜΠΣΡ ΞΠΞ ΞΟΣΦ ΞΜΜ

ΝΥЮΡΡ ΝΦЮΞ Ν ΡΥΤΝΜΞЮΥ ΞΝΜΜ ΜЮΜΜΟΝΤ ΜЮΜΦΣ ΡΥΜЮΡ ΞΟΣΦЮΟ ΞΡΜ

ΝΡЮΤΠ ΝΤЮΞ ΝЮΡ ΟΣΦΣΟΦЮΦ ΞΝΜΜ ΜЮΜΜΟΠΡ ΜЮΜΥΦ ΠΣΞЮΦ ΞΟΣΦЮΟ ΞΡΜ

ΝΤЮΞΤ ΝΥЮΦ Ν ΣΜΥΟΡΡЮΦ ΞΝΜΜ

ΝΠЮΟΝ ΝΡЮΤ ΝЮΡ ΟΟΣΜΡΤЮΤ ΞΝΜΜ

ΜЮΜΦΥ ΡΜΦЮΡ ΞΟΣΦЮΟ ΞΜΜ

ΜЮΜΜΟΡΝ ΜЮΜΤΡ ΟΥΦЮΠ ΞΟΣΦЮΟ ΞΜΜ

ΜЮΜΜΟΝΣ
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Table 3-9  Specific gravity = 1.2

fŰŢĲĦƣŔŸŰ
ÅċƣĲ

ыĤĤũоůŔŰь

éĲũŸĦŔƣǃ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыŉƣоƚь

éŔƚĦŸƚŔƣǃ
ыĦƓь

ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

9ƖŔƣŔĦċũ
ÅĲǃŰŸũĬƚ
 ƨůĤĲƖ

[ċŰŰŔŰŊ
[ƖŔĦƣŔŸŰ
[ċĦƣŸƖ

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ

]ƖċĬŔĲŰƣ
ыƓƚŔоŉƣь

[ƖŔĦƣŔŸŰċũ
ÂƖĲƚƚƨƖĲ
xŸƚƚ
fŰƚŔĬĲ
ÑƨĤŔŰŊ
ыƓƚŔь

cǃĬƖŸƚƣċƣŔĦ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ŸƖůċƣŔŸŰ
ÂĲƖůĲċĤŔũŔƣǃ

ыůĬь

fŰŢĲĦƣŔŸŰ
ÑŔůĲ
ыǃĲċƖь

7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
~ŔŰƨƚ

ÅĲƚĲƖƻŸŔƖ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EǂƓĲĦƣĲĬ
7ŸƣƣŸůőŸũĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

EƚƣŔůċƣĲĬ
ìĲũũőĲċĬ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

[ƖċĦƣƨƖĲ
ÂƖĲƚƚƨƖĲНċƣ
9ċƚŔŰŊ

ÉőŸĲНыƓƚŔь

~ċǂŔůƨů
ÂŸƚƚŔĤũĲ
ÉƨƖŉċĦĲ
fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
ыƓƚŔь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ
[ċĦƣŸƖ
ыŉŸƖ

ÂхŉƖċĦь

fŰŢĲĦƣŔŸŰ
ÂƖĲƚƚƨƖĲ
?ĲƚŔŊŰ

[ċĦƣŸƖНыŉŸƖ
ÂхŔŰŢхůċǂ
ÑċĤũĲрΡь

7ŸƣƣŸůőŸũĲ
ÂƖĲƚƚƨƖĲ

?ĲƚŔŊŰН[ċĦƣŸƖ
ыÂхŉƖċĦоÂхĤőь

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
uŰŸƽŰНыΜЮΦΤΦ

ƓƚŔоŉƣьЯНӃΣΡӖНŸŉНŔƣ
ċƣНŔŰŢĲĦƣŔŸŰНǍŸŰĲ
ыΡΝΤΡНŉƣьНӀНΟΞΦΟ
ƓƚŔЯН?ĲƚŔŊŰН[ċĦƣŸƖ

§ťũċЮН ĬůŔŰЮН9ŸĬĲ
ѾНΞΡΞаΣΡΞрΦрΝ
§ƻĲƖĤƨƖĬĲŰ

ÂƖĲƚƚƨƖĲН]ƖċĬŔĲŰƣ
ŰŸƣНťŰŸƽŰЯНӃΜЮΣΡ
ƓƚŔоŉƣЯН?ĲƚŔŊŰ

[ċĦƣŸƖ

Ν ΞΡΝ ΞΤΜΤ ΞΠΦ ΟΟΜΤ ΥΠΦ ΟЮΠΝ ΟЮΞΦ ΝЮΞΞ ΝЮΞΞ ΝЮΞΠ
Ρ ΞΤΡ ΞΤΟΝ ΞΤΟ ΟΟΜΤ ΥΠΦ ΟЮΝΝ ΟЮΜΜ ΝЮΞΝ ΝЮΞΝ ΝЮΞΟ
ΝΜ ΞΥΣ ΞΤΠΝ ΞΥΠ ΟΟΜΤ ΥΠΦ ΞЮΦΦ ΞЮΥΦ ΝЮΞΝ ΝЮΞΜ ΝЮΞΟ
Ν ΟΣΥ ΞΥΞΠ ΟΥΡ ΟΟΜΤ ΥΣΥ ΞЮΞΡ ΞЮΝΟ ΝЮΝΤ ΝЮΝΤ ΝЮΝΦ
Ρ ΠΜΠ ΞΥΣΜ ΠΞΝ ΟΟΜΤ ΥΣΥ ΞЮΜΣ ΝЮΦΡ ΝЮΝΣ ΝЮΝΡ ΝЮΝΥ
ΝΜ ΠΝΦ ΞΥΤΡ ΠΟΤ ΟΟΜΤ ΥΣΥ ΝЮΦΦ ΝЮΥΥ ΝЮΝΡ ΝЮΝΡ ΝЮΝΤ
Ν ΟΝΜ ΞΤΣΣ ΟΜΥ ΟΟΜΤ ΥΠΦ ΞЮΤΣ ΞЮΣΣ ΝЮΞΜ ΝЮΝΦ ΝЮΞΞ
Ρ ΟΠΜ ΞΤΦΣ ΟΟΥ ΟΟΜΤ ΥΠΦ ΞЮΡΝ ΞЮΠΟ ΝЮΝΥ ΝЮΝΥ ΝЮΞΜ
ΝΜ ΟΡΟ ΞΥΜΦ ΟΡΝ ΟΟΜΤ ΥΠΦ ΞЮΠΞ ΞЮΟΠ ΝЮΝΥ ΝЮΝΤ ΝЮΞΜ
Ν ΠΡΟ ΞΦΜΦ ΠΤΝ ΟΟΜΤ ΥΣΥ ΝЮΥΠ ΝЮΤΠ ΝЮΝΠ ΝЮΝΟ ΝЮΝΣ
Ρ ΠΦΥ ΞΦΡΠ ΡΝΣ ΟΟΜΤ ΥΣΥ ΝЮΣΥ ΝЮΡΦ ΝЮΝΞ ΝЮΝΝ ΝЮΝΠ
ΝΜ ΡΝΥ ΞΦΤΠ ΡΟΡ ΟΟΜΤ ΥΣΥ ΝЮΣΞ ΝЮΡΟ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
Ν ΠΜΥ ΞΥΣΠ ΤΣΝ ΟΟΜΤ ΝΞΜΠ ΝЮΡΥ ΝЮΜΥ ΝЮΝΡ ΝЮΝΡ ΝЮΝΤ
Ρ ΠΠΤ ΞΦΜΟ ΥΜΜ ΟΟΜΤ ΝΞΜΠ ΝЮΡΝ ΝЮΜΟ ΝЮΝΠ ΝЮΝΟ ΝЮΝΣ
ΝΜ ΠΣΠ ΞΦΝΦ ΥΝΤ ΟΟΜΤ ΝΞΜΠ ΝЮΠΤ ΝЮΜΜ ΝЮΝΟ ΝЮΝΟ ΝЮΝΡ
Ν ΡΝΜ ΞΦΣΣ ΤΠΤ ΟΟΜΤ ΝΜΥΤ ΝЮΠΣ ΝЮΝΜ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
Ρ ΡΣΜ ΟΜΝΣ ΤΦΤ ΟΟΜΤ ΝΜΥΤ ΝЮΟΣ ΝЮΜΟ ΝЮΝΜ ΝЮΜΦ ΝЮΝΞ
ΝΜ ΡΥΞ ΟΜΟΥ ΥΝΦ ΟΟΜΤ ΝΜΥΤ ΝЮΟΟ ΝЮΜΜ ΝЮΜΦ ΝЮΜΥ ΝЮΝΝ
Ν ΠΤΜ ΞΦΞΣ ΤΡΟ ΟΟΜΤ ΝΝΟΠ ΝЮΡΜ ΝЮΜΦ ΝЮΝΟ ΝЮΝΟ ΝЮΝΡ
Ρ ΡΝΣ ΞΦΤΞ ΤΦΦ ΟΟΜΤ ΝΝΟΠ ΝЮΠΞ ΝЮΜΟ ΝЮΝΝ ΝЮΝΝ ΝЮΝΟ
ΝΜ ΡΟΣ ΞΦΦΝ ΥΝΦ ΟΟΜΤ ΝΝΟΠ ΝЮΟΦ ΝЮΜΜ ΝЮΝΝ ΝЮΝΜ ΝЮΝΞ
Ν ΡΤΡ ΟΜΟΜ ΤΟΤ ΟΟΜΤ ΝΜΝΟ ΝЮΟΤ ΝЮΝΝ ΝЮΜΦ ΝЮΜΦ ΝЮΝΝ
Ρ ΣΟΞ ΟΜΥΤ ΤΦΠ ΟΟΜΤ ΝΜΝΟ ΝЮΞΥ ΝЮΜΟ ΝЮΜΤ ΝЮΜΤ ΝЮΜΦ
ΝΜ ΣΡΣ ΟΝΝΞ ΥΝΥ ΟΟΜΤ ΝΜΝΟ ΝЮΞΠ ΝЮΜΜ ΝЮΜΣ ΝЮΜΣ ΝЮΜΥ

ΜЮΜΠΥ ΞΡΜЮΜ ΞΤΜΤЮΤ ΞΡΜ

ΝΝ ΝΞЮΜ ΝЮΡ ΞΦΡΞΞΥЮΥ ΞΝΜΜ ΜЮΜΜΟΣΜ

ΝΝ ΝΞЮΜ Ν ΠΠΞΥΠΟЮΟ ΞΝΜΜ ΜЮΜΜΟΟΠ

ΜЮΜΡΞ ΞΣΦЮΠ ΞΤΜΤЮΤ ΞΡΜ

ΝΝ ΝΞЮΜ Ν ΠΠΞΥΠΟЮΟ ΞΝΜΜ ΜЮΜΜΟΟΠ ΜЮΜΠΥ ΞΡΜЮΜ ΞΤΜΤЮΤ ΞΜΜ

ΝΝ ΝΞЮΜ ΝЮΡ ΞΦΡΞΞΥЮΥ ΞΝΜΜ ΜЮΜΜΟΣΜ ΜЮΜΡΞ ΞΣΦЮΠ ΞΤΜΤЮΤ ΞΜΜ

ΝΤЮΥΣ ΝΦЮΣ Ν ΤΝΦΜΝΣЮΠ ΞΝΜΜ ΜЮΜΜΟΜΣ ΜЮΝΝΣ ΣΜΠЮΦ ΞΤΜΤЮΤ ΞΡΜ

ΝΡЮΞΤ ΝΣЮΤ ΝЮΡ ΠΜΦΥΟΝЮΟ ΞΝΜΜ ΜЮΜΜΟΟΦ ΜЮΜΦΠ ΠΥΥЮΣ ΞΤΜΤЮΤ ΞΡΜ

ΝΣЮΤ ΝΥЮΟ Ν ΣΤΞΟΝΣЮΣ ΞΝΜΜ

ΝΟЮΦΠ ΝΡЮΟ ΝЮΡ ΟΤΠΝΟΡЮΡ ΞΝΜΜ

ΜЮΝΜΟ ΡΟΡЮΝ ΞΤΜΤЮΤ ΞΜΜ

ΜЮΜΜΟΠΠ ΜЮΜΥΜ ΠΝΠЮΜ ΞΤΜΤЮΤ ΞΜΜ

ΜЮΜΜΟΝΜ
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RESPONSE 3(c):

Surface porosity, ‰ , decline constant, Ὧ, average brine density, ” , formation grain and injection

depth, Ὀ, are considered by using the historic data available as:

‰ = 16.265 %

Ὧ = 0.000177 ft

” = 1.09 sp. gr

” = 2.4 sp. gr

Ὀ = 5200 ft

Overburden pressure, „ , is calculated by:

„ = ” Ὣ Ὀ
” ” Ὣ ‰

Ὧ
[1 Ὡ ]

= 0.052 (2.4)(8.33)(5200)

0.052(2.4 1.09)(8.33)(0.163)
(0.000177) 1 Ὡ ( . ) ( ) = 5092 psi

Overburden pressure gradient, Ὣ , at injection zone estimated:

Ὣ =
(5092)
(5200) = 0.979 psi/ft

Using Biot’s Model, effective matrix stress gradient in vertical direction, Ὣ :

Ὣ = 0.979 0.472 0.5 psi/ft

Formation pressure gradient, Ὣ , from PFT data:

Ὣ = 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 I), 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.



A & M Engineering and
Environmental Services, Inc. 39 Mid-Way Environmental Services, Inc.

Stroud, Oklahoma

Fracture pressure gradient, Ὣ , using Hubbert & Willis method at injection zone:

Ὣ = Ὣ +
Ὣ
3

= (0.472) +
(0.5)

3
= 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 0 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. The secondary 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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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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Figure 4-3: Hall Plot for Mid-Way Class I Injection Well (a) Hall Integral (Primary Vertical Axis) (b) Analytical
Hall Derivative (Primary Vertical Axis) (c) Seismic Activity within 10 miles radius (Secondary Vertical Axis)]
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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).

Dhi = Ŭ1Wi[ln(re/rw) - 0.5 + s*] ……………… (1)

Where,
Ŭ1 : Reservoir Factors

 Ŭ1 = 141.2 B ɛ / (kh) …………... (2)
B : Formation Volume Factor  [Generally 1 for Water]

Parameters, µ, 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
summarized in the following table.

Wi : Cumulative Injection [from daily injection historical data in barrels]
rw : Wellbore radius [0.328 ft]

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

=130722.34

Ὀ = 0.001853 × 2452088.67 × [ln
4269
0.328

0.5 + 19.8]

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Skin S* -4.56 4.98 1.53 24.1 9.82 0.93 5.5 23 16.6 19.8 -4.47
Radial Distance to Pe re 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 76210.3 65198
Reservoir Factors Ŭ1 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 2514.57 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
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Hall Derivative calculation for row, 1/3/2025:

=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 Pe 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:

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.

Ὀ = 0.002166 × 2451422.88 × [ln
3743
0.328

0.5 + ( 4.47)]

2024 2025
S* 19.8 -4.47

Radial Distance to Pe re 4269 3743
Permeable Thickness kh 76210.3 65198

Ŭ1 0.001853 0.002166
Reservoir Pressure Pe 2503.93 2460

5340 5228
Reservoir Pressure @5127 ft Pe 2404 2412

12/30/2024 1/3/2025
Cumulative Volume, Wi (BBLS) 2452088.67 2454122.88

Skin

Reservoir Factors

Depth, ft
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RESPONSE 4(c):

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 ī2.9 to ī5.2) 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 I INJECTION WELLS
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APPENDIX B

SCHLUMBERGER TRANSIENT ANALYSIS REPORT OCTOBER 15, 2010
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PAGE NO. 4 INTERPRETATION PLOTS
CONTINUED

PRESSURE SIMULATION
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APPENDIX C

RESPONSE TO NOTICE OF DEFICIENCY LETTER DATED OCTOBER 9, 2013 - RESPONSE TO
DEFICIENCY NUMBER 6





























October 30, 2013

A & M Engineering
Altay Erturgrul

Dear Altay Erturgrul:

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

FAX (918) 656-6576
TEL: (918) 665-6575

10010 E. 16th St.
Tulsa, OK 74128-4813

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

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

Brian Duzan

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 parameters is available upon request.  If you have any questions 
regarding these tests results, please feel free to call.

Sincerely,

Laboratory Director

CC:
Gavin James

Original 



Project: Mid-Way Environ Srvces 1706-003

CLIENT: A & M Engineering Lab Order: 1310328

10/30/2013

Analytical Report

1310328

Date Reported:

WO#:

(continuous)

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Client Sample ID: MES-1

Lab ID: 1310328-001 Collection Date: 10/25/2013 12:31:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM5.00 mg/L 129.0

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Client Sample ID: MES-2

Lab ID: 1310328-002 Collection Date: 10/25/2013 12:41:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM5.00 mg/L 134.9

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Qualifiers:   

Page 1 of 6

Original 

* Value exceeds Maximum Contaminant Level. C Value is 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

P Second column confirmation exceeds PL Permit Limit

R RPD outside accepted recovery limits RL Reporting Detection Limit



Project: Mid-Way Environ Srvces 1706-003

CLIENT: A & M Engineering Lab Order: 1310328

10/30/2013

Analytical Report

1310328

Date Reported:

WO#:

(continuous)

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Client Sample ID: MES-3

Lab ID: 1310328-003 Collection Date: 10/25/2013 12:46:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM5.00 mg/L 1108

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Client Sample ID: MES-4

Lab ID: 1310328-004 Collection Date: 10/25/2013 12:51:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM50.0 mg/L 10412

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Qualifiers:   

Page 2 of 6

Original 

* Value exceeds Maximum Contaminant Level. C Value is 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

P Second column confirmation exceeds PL Permit Limit

R RPD outside accepted recovery limits RL Reporting Detection Limit



Project: Mid-Way Environ Srvces 1706-003

CLIENT: A & M Engineering Lab Order: 1310328

10/30/2013

Analytical Report

1310328

Date Reported:

WO#:

(continuous)

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Client Sample ID: MES-5

Lab ID: 1310328-005 Collection Date: 10/25/2013 12:56:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM5.00 mg/L 1237

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Client Sample ID: MES-6

Lab ID: 1310328-006 Collection Date: 10/25/2013 2:30:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date AnalyzedDFRL

CHLORIDE IN WATER A4500-CL-E, 1997 Analyst: KP

Chloride 10/30/2013 3:43:00 PM5.00 mg/L 1182

SPECIFIC GRAVITY - N A2710F, 1997 Analyst: KP

Specific Gravity 10/30/2013 2:01:00 PM0.0100 g/cc @ 4°C 11.002

Qualifiers:   

Page 3 of 6

Original 

* Value exceeds Maximum Contaminant Level. C Value is 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

P Second column confirmation exceeds PL Permit Limit

R RPD outside accepted recovery limits RL Reporting Detection Limit



Project: Mid-Way Environ Srvces 1706-003

Client: A & M Engineering

TestNo: A2710F, 1997

30-Oct-13

QC SUMMARY REPORT
1310328WO#:

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Sample ID 1310328-001ADUP

Batch ID: R9344 TestNo: A2710F, 1997 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: g/cc @ 4°C

PQL

Client ID: MES-1

RunNo: 9344

SeqNo: 119654

DUPSampType: TestCode: SP_GR

Specific Gravity 200.0100 1.002 0.009981.00

Qualifiers:   

Page 4 of 6

Original 

* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank C Value is 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

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



Project: Mid-Way Environ Srvces 1706-003

Client: A & M Engineering

TestNo: A4500-Cl-E, 1997

30-Oct-13

QC SUMMARY REPORT
1310328WO#:

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Sample ID MB-R9353

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: PBW

RunNo: 9353

SeqNo: 119686

MBLKSampType: TestCode: CHLOR

Chloride 5.00< 5.00

Sample ID LCS-R9353

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: LCSW

RunNo: 9353

SeqNo: 119687

LCSSampType: TestCode: CHLOR

Chloride 200.0 93.2 80 1205.00 0186

Sample ID 1310328-001AMS

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: MES-1

RunNo: 9353

SeqNo: 119689

MSSampType: TestCode: CHLOR

Chloride 120.0 97.5 5 1785.00 29.05146

Sample ID 1310328-001AMSD

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: MES-1

RunNo: 9353

SeqNo: 119690

MSDSampType: TestCode: CHLOR

Chloride 120.0 94.6 5 178 13.65.00 29.05 146.1 2.41143

Sample ID 1310328-002AMS

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: MES-2

RunNo: 9353

SeqNo: 119692

MSSampType: TestCode: CHLOR

Chloride 120.0 96.9 5 1785.00 34.86151

Qualifiers:   

Page 5 of 6

Original 

* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank C Value is 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

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



Project: Mid-Way Environ Srvces 1706-003

Client: A & M Engineering

TestNo: A4500-Cl-E, 1997

30-Oct-13

QC SUMMARY REPORT
1310328WO#:

Green Country Testing, Inc.

6825 E 38th Street
Tulsa, OK 74145

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

Sample ID 1310328-002AMSD

Batch ID: R9353 TestNo: A4500-Cl-E, 1 Analysis Date: 10/30/2013

Prep Date:

Analyte Result SPK value SPK Ref Val %REC RPD Ref Val %RPDLowLimit HighLimit RPDLimit Qual

Units: mg/L

PQL

Client ID: MES-2

RunNo: 9353

SeqNo: 119693

MSDSampType: TestCode: CHLOR

Chloride 120.0 95.5 5 178 13.65.00 34.86 151.1 1.12149

Qualifiers:   

Page 6 of 6

Original 

* Value exceeds Maximum Contaminant Level. B Analyte detected in the associated Method Blank C Value is 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

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





A & M Engineering and
Environmental Services, Inc.

Mid-Way Environmental Services, Inc.
Stroud, Oklahoma

APPENDIX D

WELL COMPLETION REPORT FOR TWIN CITIES SALTWATER DISPOSAL WELL

OKLAHOMA CORPORATION COMMISSION



OTC Prod. Unit No.: 

Amended

Completion Report

Well Name: TWIN CITIES SWD 1 Purchaser/Measurer: 

First Sales Date: 

Depth Plug Type

5003 CIBP

Amend Reason: PLUGGED BACK ARBUCKLE TO THE WILCOX

API No.: 35081235950001

X Single Zone

Multiple Zone

Commingled

Completion Type

Casing and Cement

Type Size Weight Grade Feet PSI SAX Top of CMT

SURFACE 13 5/8 225 260 SURFACE

PRODUCTION 9 5/8 5060 280 4200

Plug

Depth Brand & Type

4611 ARROW SET 1X

Packer

Type Size Weight Grade Length PSI SAX Top Depth Bottom Depth

There are no Liner records to display.

Liner

Total Depth: 6600

Spud Date: February 27, 2001

Drilling Finished Date: March 19, 2001

1st Prod Date:

Completion Date: April 23, 2001

Recomplete Date: November 27, 2024

Initial Test Data

               Oklahoma Corporation Commission
               Oil & Gas Conservation Division

               Post Office Box 52000
               Oklahoma City, Oklahoma 73152-2000

               Rule 165: 10-3-25
              

Form 1002A

FREEDOM OPERATING COMPANY LLC   24073

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

Location:

Operator:

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

Order No

There are no Location Exception records to display.

Location Exception

Order No

There are no Increased Density records to display.

Increased Density

STRAIGHT HOLEDrill Type:

February 02, 2026 1 of 2



FOR COMMISSION USE ONLY

Status: ACCEPTED

1153133

Test Date Formation Oil 
BL/Day

                

Oil-Gravity
(API)

                

Gas
MCF/Day
                

Gas-Oil Ratio
Cu FT/BBL
                

Water
BBL/Day
                

Pumpin or 
Flowing

                

Initial Shut-
In 

Pressure
                

Choke 
Size

Flow Tubing
Pressure
                

There are no Initial Data records to display.

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.

Other Remarks

Were open hole logs run? No

Date last log run: 

Were unusual drilling circumstances encountered? No

Explanation: 

Formation Name: WILCOX Code: 202WLCX Class: DISP

Order No Unit Size

There are no Spacing Order records to display.

Source Percentage Used Complete Volume 
(Barrels)

Date Of Frac Qualifies For Gross 
Production Tax

There are no Recycled Water records to display.

Spacing Orders

From To

4674 4790

Perforated Intervals

Acid Volumes

There are no Acid Volume records to display.

Fracture Treatments

There are no Fracture Treatments records to display.

Recycled Water

Formation Top

WILCOX 4674

Completion and Test Data by Producing Formation

February 02, 2026 2 of 2



A & M Engineering and
Environmental Services, Inc.

Mid-Way Environmental Services, Inc.
Stroud, Oklahoma

APPENDIX E

MES-1 2024 AND 2025 PFT REPORT



A & M Engineering and
Environmental Services, Inc.

Mid-Way Environmental Services, Inc.
Stroud, Oklahoma

MES-1 2025 PFT REPORT

Raw Data is not included in this appendix.  Raw data is provided to DEQ with
the stand alone PFT Report Submission



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 I 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.



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 15th through 20th 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 (ū) = 14.0%                                      Q = 9,157 Bbl/Day
            Water Viscosity (µw) = 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.



Ms. Hillary Young, P.E.
May 23, 2026
Page -3-

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.



Ms. Hillary Young, P.E.
May 23, 2026
Page -4-

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

(ii) 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





Depth
(ft bgs)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

Pressure
(psi)

Gradient
(psi/ft)

Temperat
ure (°F)

0 15.37 - 68.1 16.97 - 60.75 225.90 75.66 260* - 90 270* - 80* 217.75* - 214.90 - 55.22 194.64 - 67.89 192.11 - 66.36 212.05 - 57.50 184.67 - 73.10 147.27 - 65.36 187.78 - 78.19
100 55.91 0.405 68.75 53.3 0.363 60.85 280.42 0.545 66.92 299.40 0.394 64.91 317.69 0.477 66.71 267.51 0.498 62.94 268.22 0.533 61.9 254.89 0.603 62.76 236.29 0.442 63.76 267.25 0.552 65.00 233.02 0.483 64.27 195.58 0.483 67.08 243.80 0.560 67.07
500 228.56 0.432 71.02 224.52 0.428 62.1 454.10 0.434 69.87 471.00 0.429 67.49 491.21 0.434 69.48 441.89 0.436 64.29 441.05 0.432 64.21 429.60 0.437 65.15 411.21 0.437 65.96 440.40 0.433 67.17 407.09 0.435 66.46 372.23 0.442 69.38 418.58 0.437 69.47

1,000 444.84 0.433 73.9 439.38 0.43 64.53 671.40 0.435 72.18 688.59 0.435 70.76 708.60 0.435 72.59 659.81 0.436 68.21 657.66 0.433 67.66 648.22 0.437 68.77 630.18 0.438 69.26 656.40 0.432 70.46 624.35 0.435 69.57 592.47 0.440 72.40 636.26 0.435 71.95
1,500 661.02 0.432 76.87 656.29 0.434 67.6 888.38 0.434 77.13 903.11 0.429 75.15 925.77 0.434 76.79 878.01 0.436 71.67 873.84 0.432 71.56 867.30 0.438 72.99 848.54 0.437 73.11 873.15 0.433 74.25 841.60 0.435 73.39 812.33 0.440 75.87 857.03 0.442 75.27
2,000 885.14 0.488 80.13 884.34 0.456 71.89 1106.01 0.435 81.62 1119.93 0.434 80.03 1142.70 0.434 81.07 1096.19 0.436 75.7 1089.89 0.432 75.67 1085.68 0.437 77.93 1067.12 0.437 77.28 1088.07 0.430 78.32 1058.63 0.434 77.35 1032.58 0.440 79.68 1076.16 0.438 79.31
2,500 1,129.40 0.489 84.59 1,129.78 0.491 77.2 1322.08 0.432 87.21 1335.49 0.431 85.98 1360.15 0.435 86.48 1314.35 0.436 80.66 1305.96 0.432 80.75 1302.98 0.435 83.02 1285.55 0.437 82.39 1304.89 0.434 83.49 1276.14 0.435 82.81 1252.63 0.440 84.40 1295.93 0.440 83.88
3,000 1,373.60 0.488 89.22 1,372.90 0.486 83.64 1539.75 0.435 92.7 1551.58 0.432 91.68 1576.88 0.433 91.59 1532.55 0.436 85.54 1522.43 0.433 85.94 1522.22 0.438 88.47 1504.03 0.437 87.57 1523.31 0.437 88.59 1493.60 0.435 87.69 1472.81 0.440 88.99 1514.85 0.438 88.38
3,500 1,617.99 0.489 94.35 1,616.68 0.488 88.77 1756.43 0.433 100.16 1766.69 0.430 99.15 1794.16 0.435 98.82 1750.18 0.435 93.07 1738.75 0.433 93.65 1740.34 0.436 96.21 1722.46 0.437 95.00 1740.19 0.434 95.99 1710.98 0.435 94.83 1692.95 0.440 95.75 1733.98 0.438 94.92
4,000 1,862.32 0.489 100.27 1,860.57 0.488 97.23 1973.23 0.434 107.28 1981.86 0.430 106.92 2011.17 0.434 105.89 1967.75 0.435 99.11 1954.44 0.431 99.84 1958.55 0.436 102.95 1940.67 0.436 101.56 1956.52 0.433 102.32 1928.24 0.435 101.31 1912.91 0.440 101.61 1953.02 0.438 100.67
4,500 2,106.40 0.488 106.26 2,105.68 0.49 104.5 2189.40 0.432 113.81 2196.54 0.429 113.74 2228.19 0.434 112.3 2184.87 0.434 106.04 2170.58 0.432 106.54 2176.40 0.436 109.38 2158.22 0.435 107.99 2172.78 0.433 109.10 2145.05 0.434 107.87 2132.76 0.440 108.09 2172.22 0.438 106.57
5,000 2,350.31 0.488 111.56 2,347.22 0.483 112.96 2405.63 0.432 118.65 2410.64 0.428 118.83 2444.19 0.432 117.4 2401.61 0.433 111.67 2386.52 0.432 111.90 2394.23 0.436 114.57 2376.31 0.436 113.38 2389.32 0.433 114.16 2362.18 0.434 112.93 2352.28 0.439 113.17 2391.24 0.438 111.15
5,228 - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - 2491.56 0.440 97.56
5,340 - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - 2525.25 0.438 89.12 2536.31 0.432 94.22 2517.92 0.458 89.42 2507.59 0.457 87.57
5,436 - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - 2577.40 0.428 91.57
5,500 2,593.77 0.487 117.08 2,589.17 0.484 119.39 2626.64 0.442 117.63 2619.99 0.419 120.05 2664.05 0.440 115.32 2624.50 0.446 95.99 2603.37 0.434 91.75 2612.30 0.436 92.58
5,764 - -- - - -- - - -- - - -- - - -- - - -- - 2720.18 0.442 109.64 - -- -
5,800 - -- - - -- - - -- - - -- - - -- - - -- - 2737.83 0.418 114.16
6,000 2,836.94 0.486 120.92 2,833.29 0.488 123.84 2865.67 0.478 126.66 2861.98 0.484 121.54 2885.22 0.442 119.23 2844.73 0.440 113.39
6,500 3,080.06 0.486 124.05 3,077.85 0.489 125.62 3106.93 0.483 128.91 3091.20 0.458 121.04 3109.54 0.449 118.45 3066.29 0.443 117.71
6,797 - -- - - -- - - -- - - -- - 3241.35 0.444 120.38 - -- -
6,800 - -- - - -- - - -- - - -- - - -- - 3198.68 0.441 123.2
7,000 3,322.81 0.486 132.8 3,319.61 0.484 130.8 3335.44 0.481 134.13 3325.40 0.468 135.18

*Static surface pressure and temperature obtained from facility operating record
1 Total depth to top of cement plug = 6,797 feet below ground surface
2 Total depth to top of cement plug = 6,804 feet below ground surface
3 Total depth to bridge = 5,764 feet below ground surface
4 Gauge temporarily  stuck at depth = 5,238 feet below ground surface

October 20, 2025 4

TABLE 2
FORMATION PRESSURE, TEMPERATURE, AND GRADIENT DATA

December 9, 2019 3 November 16, 2020 3 November 15, 2021 3 November 14, 2022 3 November 13, 2023 3 November 18, 2024 3May 7, 2010 October 11, 2010 September 14, 2015 September 6, 2016 September 25, 2017 1 January 17, 2019 2



  

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

Reservoir : Arbuckle Formation

Well  : MES#1

JOB  : Pressure Transient Analysis Fall Off Test 

Job dates : 15th October to 20th October 2025

Report date : 12th November 2025

PTEs  : Velerian Lopes, Ashraf Hussein

Job reference : DS-2025-17021

Pressure Transient Analysis (PTA) 

 

Digital Subsurface Solutions 
Analysis & Interpretation Services 
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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
  

  

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 
OPERATION 
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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
 

 
Figure 3: Temperature readings for gauge wellhead (50766-orange, 50794-aqua) and bottom (50592 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.  

 

 
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.  

Surface pressure gauge data 
 

Bottomhole Pressure gauges data 
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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
  

 

 
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.  
 
 
 

Wellhead Gauge Temperature Variations 
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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
 

 
Figure 7: Semi log Diagnostic Plot and model for Pressure Falloff with downhole gauge 50592 

 
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

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. 
  

 
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. 
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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  
 
 














































































































































































































































































	Cover Page
	Deficiency 1

