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March 2, 1998

Mr. William B. Hathaway

Director - Water Quality Protection Division
Environmental Protection Agency

1445 Ross Avenue

Dallas, Texas 75202-2733

Re: Endangerment of Texas Ground Water
from Texas Railroad Commission Approved
Salt Water Disposal/Water Injection Well Projects

Dear Mr. Hathaway,

This letter and associated documents are being sent to you to express my opinion that the
TexasRailroad Commission is not adhering to their EPA approved (April 23,1982) program for Class
Il injection wells. Evenif I'm wrong and the Commission is legally adhering to the EPA program, |
still believe the fresh water sands of Texas are endangered by the current Commission program for
Class |1 injection wells. Thefollowing pages of thisletter containsthe reasons why | believe the Texas
Railroad Commission is endangering Texasfresh water sands.

Thefresh water sands of Texas are endangered and are possibly being polluted by salt water
disposal and water injection well operations. The potential for pollution results from fluid migration
from an authorized injection zone to the fresh water sand through improperly plugged wells.
Typically, an improperly plugged well for an injection project is a well that was plugged with mud
ladenfluid. It waslegal to plug certain types of wellsin Texaswith mud ladenfluid prior to January 1,
1967. Texas Railroad Commission literature indicates there are approximately 53,000 salt water
disposal/water injection wells permitted by the Texas Railroad Commission (TRRC). The first
injection permit wasissued in 1938. Many of these injection projects are in reservoirs that have been
penetrated by wells plugged with mud ladenfluid.

The salt water disposal and water injection well application process at the TRRC Environmental
Services Department has several problemsand/or deficiencies. Most of the problems relate to the 1/4
mile Area of Review (AOR) study required by Texas Statewide Rules 9 and 46. The AOR study is
used to identify improperly plugged wells. When improperly plugged wells are identified, pressure
front calculations are commonly submitted to show no dangerous levels of pressure will result from
the proposed injection operations. Some of the TRRC injection application and regulation problems
areasfollows.

a. Improperly plugged wells (and/or wells plugged with mud) are not being identified by
injection applicants and the TRRC within 1/4 mile Area of Review studies.

b. Pressure front calculations are being submitted with applications and accepted by the TRRC
which are scientifically incorrect.

c. Pressure front calculations are being submitted with applications by individuals not qualified
to perform such calculations. This act is the non-licensed practice of engineering and is a
violation of the Texas Engineering Practice Act.

d. Injection projects are being submitted by non-engineers and approved by the TRRC that
would be in violation of the Texas Engineering Practice Act if submitted by a licensed
engineer. These injection projects would be violations in that they endanger public health,
safety and property.
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e. Improperly plugged wells, located outside the 1/4 mile Area of Review (AOR), may be
potential conduitsfor fluid migration to fresh water sands. Evaluating improperly plugged
wells that lie only in the 1/4 mile AOR circle will miss improperly plugged wells located
within reservoir boundariesthat are outside the 1/4 mile AOR circle.

f. Sat water disposal and water injection projects are being approved and operated with
injection rates and pressures that exceed formation parting pressures. Exceeding formation
parting pressures creates uncontrolled fluid movement which also endangers fresh water
sands.

0. TRRC processing of injection applications do not accurately account for improperly plugged
wells that may penetrate sloping reservoirs.

h. A culture of dishonesty has developed among individuals applying for injection permitsin
that thereis atendency not to identify improperly plugged wells.

Details concerning only three problem areas are addressed by this letter. Not all of the
aforementioned problems and issues are discussed in this document because a panel of experts,
subsequent to this|etter, would likely do a more thorough job. This letter is organized according to
thefollowing three problem areas.

1) Scientifically incorrect pressure front calculations,
2) Non-qualified individuals submitting pressure front calculations, and
3) Vague and ambiguous TRRC definition for animproperly plugged well.

Theremaining pages will briefly describethe three problems areas.

1.0 Scientifically Incorrect PressureFront Calculations

To the best of the author's knowledge, the TRRC Environmental Services Department has
been universally distributing and accepting pressure front calculations based on the infinite acting
pressure transient equation for all reservoirs since 1991. The TRRC has not adopted or accepted the
use of a more correct, pseudo steady state equation for pressure front calculations. Universal use of
theinfinite acting pressure transient equation for pressure front calculations is scientifically incorrect.
Two reasons use of TRRC pressure front calculation programisincorrect are:

1) itis applied to thewrong type of reservoir, or
2) itis applied during the wrong flow period.

Some background information is necessary concerning pressure transient theory of reservoirs
before describing why the TRRC Environmental Services Department use of the infinite acting
pressure equation is wrong. Reservoir pressure transients have been characterized in petroleum

engineering literature by thefollowing threeflow periods.1.2.3 & 4

1) Infinite Acting or Transient Period,
2) Late Transient Period, and
3) Semi Steady State or Pseudo Steady State Period and Steady State Period.

All reservoir pressure transientsexperience an infinite acting period. The type of boundaries within a
reservoir determine whether or not late transient, pseudo steady state and steady state flow periods will
develop. Reservoirs that are infinite never experience boundary effects so periods 2) and 3) do not
develop. Reservoirs that have closed boundaries experience late trans ent and pseudo steady state flow
periods. Reservoirs that have constant pressure boundaries experience late transient and steady state
flow periods.
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The infinite acting pressure transient equation (TRRC program) should be used to model
pressure transientsaround awell that does not feel the effect of boundaries. The reservoir boundaries
are infinite, hence an infinite reservoir volume. The average reservoir pressure of an infinite volume
reservoir remainsconstant (or approximately constant). Reservoirs or scenarios that may approximate
these conditions are: very largegroundwater zones and very largeartesian aquifers. The infinite acting
pressure transient equation is also used to model the pressure transients around a well, in a bounded
reservoir, that isin theinfinite acting flow period. The infinite acting pressure transient equation used
and distributed by the TRRC for pressure front calculations is as follows.

—pn . 16260quB 365k t
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Variables and unitsto equation (1) areas follows.
B = fluid formation volume factor (rb/stb),
Ct = total reservoir system compressibility (psi -1),
k = average reservoir permeability (millidarcy, md),
h = average net pay thicknessof reservair (ft),
0 = average reservoir porosity (fraction, dimensionless),
p(r,t) = reservoir pressure at radiusr andtimet (psi),
o] = average reservoir pressure before start of injection or production (psi),
g = average flowrate: (+) for injection and (-) for production (stb/d),
I w = wellbore radius, inside diameter used (ft),

r radial distance or point of interest for pressure calculations (ft),
t = time of injection for pressure calculations (years),

M reservoir fluid viscosity (centipoise, cp),

psi pressure units of pounds per square inch,

stbpd = stock tank barrel per day, and

rb/stb = reservoir barrel / stock tank barrel.

Reservoirs that do not satisfy the boundary criteria of an infinite reservoir are finite in volume.
Most reservoirs associated with salt water disposal, water injection and oil and gas production arefinite
in volume. A reservoir that is finite in volume has no flow at the outer boundaries. No flow
boundaries can be created by geologic processes that seal the boundary, such as those that create a
permeability pinchout, shale or anhydrite caprock, or a sealing fault. No flow boundaries can also be
created by drainage interference from offsettingwells. The suitable pressure transient equations for a
finite volume reservoir arereferred to as semi steady state or pseudo steady stateequations. Boundary
conditions associated with pseudo steady state equations are: finite reservoir boundaries and, the
changein reservoir pressure with respect to change in time is a non-zero constant. A simpler way to
describe the last boundary condition is that finite volume reservoirs tend to behave according to a
material balance using the definition of compressibility. Finite volume reservoirs experience decreases
in pressure when fluid is withdrawn (produced) and increases in pressure when fluid is added
(injected).

Itis the author’s opinion that most of the pressure front calculations submitted to the TRRC
should use pseudo steady state equations because they are for finite volume reservoirs. The pseudo
steady state equation should be applied during the pseudo steady stateflow period. The pseudo steady
stateequation for acylindrical reservoir with closed boundariesis shown as equation (2). The oil field

unit form of equation (2) is derived from equation C-2 of the Matthews, Brons and Hazebroek® paper.
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Variables and unitsto equations(2) and (3) areas follows.
B = fluid formation volume factor (rb/stb),

Ct = total reservoir system compressibility (psi -1),

Kk = average reservoir permeability (millidarcy, md),

h = average net pay thickness of reservair (ft),

() = average reservoir porosity (fraction, dimensionless),

p(r.t) = reservoir pressure at radiusr and timet (psi),

pi = average reservoir pressure before start of injection or production (psi),
q = average flow rate: (+) for injection and (-) for production (stb/d),
re = effective drainage radius (ft),

I w = wellbore radius, inside diameter used (ft),

r = radial distance or point of interest for pressure calculations (ft),
[15) = dimensionless time (dimensionless),

t = time of interest for pressure calculations (hours), and

U = reservoir fluid viscosity (centipoise, cp).

Steady state pressure transient equations are applied to finite volume reservoirs experiencing

constant pressure boundariest. Some reservoirs that may approximate constant pressure boundary
conditions are: an injection pattern within aflood where withdrawal s equal additions; areservoir having
alargegas cap drive mechanism; and, areservoir with alargeaquifer providing pressure support. The
steady state equation should be applied during the steady stateflow period.

The computer program used by the TRRC for pressure front calculations was developed using
the BASIC programming language and is for use in MS-DOS/Windows type personal computers.
The program is based on the infinite acting pressure transient equation. The pressure front
calculations used by the TRRC area“quick & dirty” approximation to determine if dangerous levels
of reservoir pressures will develop in an improperly plugged borehole. This method assumes radial
drainage geometry around an injection well and can be referred to as a cylindrical, tank model
evaluation.

More complex methods should be used when complicated drainage geometries exist and a
more accurate evaluation of reservoir pressures are required. Some of the more complex petroleum
engineering methods are the use of the superposition principle, streamline reservoir simulation and
finite difference, numerical reservoir simulation. The “quick & dirty” method of pressure front
calculations has an advantage over more sophisticated methodsin that it requires less time. The more
sophisticated engineering methods may require 10 to 500 times more engineering time to set up than
the “quick & dirty” method. The short time requirement of the “quick & dirty” method makes it
ideal for TRRC examiner use in developing a“go” or “no-go” decisionon granting an injection well
permit.
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2.0 Non-qualified Individuals Submitting PressureFront Calculations

Individuals without the scientific training, education and experience are submitting pressure
front calculations to the TRRC Environmental Services Department with salt water disposal/ water
injection applications (Form W-14 and Form H-1). It is the author’'s opinion that the TRRC rarely
reviews the pressure front calculations for the correct application of scientific principles and for correct
calculations. The author has the opinion that the TRRC approves injection applications containing
pressure front calculations whether they are correct or incorrect. Asmentioned in the previous section,
the TRRC' s universal use of theinfinite acting pressure transient equation is scientifically incorrect for
most reservoirs being considered for salt water disposal and water injection operations.

The issue concerning qualifications of individuals submitting pressure front calculations
involves the practice of engineering. Pressure front calculations are common to petroleum/reservoir
engineering. The calculation methods may involve the specialties of pressure transient analysis,
reservoir engineering and numerical reservoir simulation. These engineering methods are taught at
several universities with accredited petroleum engineering departments.  Petroleum engineering
departments are located at: UT Austin, Texas A & M, Texas Tech, Texas A & M (Kingsville),
University of Houston, Oklahoma University, University of Tulsa, Colorado School of Mines,
Stanford, USC, Penn State, Louisiana State University, and the University of Missoui (Rolla). Other
petroleum engineering programs exist which are not mentioned in this list. In Texas, the practice of
engineering without alicense, aiding and abetting in the non-licensed practice of engineering, and the
incompetent practice of engineering are violations of the Texas Engineering Practice Act. Violations of
the Texas Engineering Practice Act are a Class A misdemeanor. As of 1997, the possible penalties
associated with a Class A misdemeanor in Texasare: imprisonment for one year; and/or, a fine of not
more than $4,000.

An example of how the TRRC Environmental Services Department assists non-engineers in
the practice of engineering can be seen through their assistance in pressure front calculations for an
injection application. Themanner in which thisactis doneisillustrated by thefollowing five steps.

1) Injection applicant informs and questions TRRC Environmental Services examiner
concerning the need for pressure front cal culations via telephone, fax or mail.

2) TRRC examiner requests input data from applicant for TRRC computer based pressure
front calculations.

3) Injection applicant sends the input datato the TRRC examiner viamail, fax or telephone.

4) TRRC examiner runs the TRRC Pressure Front Program, then mails or faxes the output to
theinjection applicant.

5) Applicant mails a copy of the pressure front program output with other required documents
for theinjection well application to the TRRC Environmental Services Department.

Pages 6 and 7 of this letter are copies of documents where the TRRC assisted a geologist in
submitting pressure front calculations with an injection well application. These documents were
copied directly from the injection well permit file in the Central Records Department of the Texas
Railroad Commission. The two pages were scanned and reduced to fit in this document. Page 6 is
where Geologist eeee seeeee faxes the input datato TRRC Geologist ee** Fuller. Page 7 is the TRRC
Pressure Front Program Output sent from TRRC Geologist eee Fuller to Geologist seee eseeee for
filing with the application. Page 7 is aso the pressure front calculations used to show that injection
operationsinto the sesseseesee \Wel| No. 6 will not develop adverse reservoir pressures in an improperly
plugged well located 1200 feet away. Theimproperly plugged well isthe eeses eesee \Wel| No. 2 (SCS).
The esecsessese \\/el| NO. 6 injection project is located approximately 5 to 8 miles north-northwest of
eseesces i the Cooke County Regular Field, Texas Raillroad Commission District 9.
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PRESSURE FRONT CALCULATIONS FOR:
LEASE, WELL# 6 Cooke COUNTY

EQUATION FOR INFINITE UNBOUNDED RESERVOIR (FROM MATTHEWS AND RUSSELL, 1967) :

162.60%Q*U%B E*T
P(R,T) = PI 4 -----e------ * LOG  --mm-v--me---
K*H 70.4%P*U*CHR*R
DATA FROM APPLICATION:
PERMEABILITY {K}: 100 MD POROSITY (P): 18 %
VOLUME {(Q): 200 BBL CURRENT BHP (PI): 140 PSI
EFF. THICKNESS (H): 10 FT. TOP OF INg. ZONE: 16JJl] FT.

DISTANCE TO UNPLUGGED WELL {(R): 1200 FT.
BASE OF USABLE QUALITY GROUNDWATER: 670 FT.

ASSUMED DATA:

FORMATION VOL. FACTOR {B)}: 1 COMPRESSTIBILITY (C): .000015 1/PSI
VISCOSITY (U): 1 CE TIME (T): 15 YEARS

__________________________________________________________________

THE FORMATION PRESSURE IN THE UNPLUGGED WELL WILL BE 247 PSI.

THE RADIUS OR ENDANGERMENT FOR THE STATED CONDITIONS IS 1 FT.

A FORMATION PRESSURE OF 769 WILL RAISE OILFIELD BRINE UP TC SURFACE
A FORMATION PRESSURE OF 458 WILL RAISE OILFIELD BRINE UP TC BUQW

A FORMATION PRESSURE OF 817 WILL OVERCOME A COLUMN OF 9.5

2 FORM. PRESSURE OF 258 WILL RESULT FROM A 10% PERMEABILTY CHANGE
CHANGE (PERMEABILTY = 90 MDS)

A FORM. PRESSURE OF 243 WILL RESULT FROM A 5 % POROSITY CHANGE
CHANGE (POROSITY = 13 %)

A FORM. PRESSURE OF 267 PSI. WILL RESULT AFTER 20 YEARS
A& FORM. FRESSURE OF 256 PSI. WILL RESULT AFTER L0 YEARS
A FORM. PRESSURE OF 245 PSI. WILL RESULT AFTER 5 YEARS
2 FORM. PRESSURE OF 231 PST. WILL RESULT APFTER 2 YEARRS
A FORM. PRESSURE OF 220 PSI. WILL RESULT AFTER 1 YEAR




DBV Letter to William B. Hathaway
Endangerment of Texas Ground Water
March 2, 1998

Page 8 of 22

It is the author’s opinion that both the TRRC and Geologist eeee eeseee have committed
violations described by Section 23 of the Texas Engineering Practice Act. A violation of the Act is a
Class A misdemeanor. Thereareviolationsin that geologist Fuller assisted in helping geologist seeeee
submit petroleum engineering calculations. Mr. Fuller’s actions aided and abetted Mr. eeseee in the
unlicensed practice of engineering. Mr. eessee’s gctions are the actual unlicensed practice of
engineering. And, to make matters worse, the wrong petroleum engineering equation was used. The
result has been a permitted injection well, the esessessess \Well NO. 6 (TRRC Lease #eeeee), that
endangersthe fresh water sands. Use of the pseudo steady state pressure transient equation, instead of
theinfinite acting equation, would have been more correct. The injection application indicates the well
isina500 acredrainage areaand is not an infinite reservoir. Pressure depletion dataindicate the field
is composed of severd finite volume reservairs.

A comparison of the predicted reservoir pressures from both the infinite acting and pseudo
steady state pressure transient equations has been made. The TRRC pressure front program output,
on page 7, indicates the lowest level of dangerous reservoir pressure occurs at 458 psi. A reservoir
pressure of 458 psi can raise a column of oilfield brine from the injection zone to the base of the
usable quality water. The TRRC pressure front program output indicates the reservoir will have a
pressure of 247 psi at the eeees seeee \Wel|l No. 2 (SCS) location after 15 years of injection. Therefore,
theinfinite acting pressure equation shows no dangerous pressures after 15 years of injection.

When the same input data used for the infinite acting equation is used in the pseudo steady
state pressure transient equation, the dangerous level of reservoir pressure of 458 psi is reached at the
sseee seeee \\/el| NO. 2 location (1200 feet) after 0.45 years of injection. Table 1 lists the input data
used in the tank model, pressure front calculations. The datais from the Form H-1 and the fax of
input datafrom Geologist eeee seeses fOr the eeesesseses \\/el| NoO. 6 injection application. Table 2 lists
the pressures from both types of equations and the pressure difference for the time period from 0.10
to 0.45 years. Figure 1 is a plot comparing the pressure profiles of the infinite acting and pseudo
steady state equationsafter 0.45 years of injection into the esesseseese \Wel| NO. 6. Table 2 and Figure 1
indicate that the ground water (Antlers artesian aquifer) is in danger of coming into contact with
injection zonefluid after 0.45 years of injection into the seseesesses \Wel| NO. 6.

Table 1: Input Datafor the esseesesese \Well NO. 6 Pressure Front Calculations
(sources. H-1 application and pressure front calculation data)

Input Data Varial eDescription Units Vaiade
Vaiade for Pressure Front Calcu ations Vdue
o] averageresavoir pressurebeforeinjection psi 140
q injectionrate sbw/d 200
V1 injectedfluidviscosity cp 100
B fluidformationvolumefactor rb/stb 100
k averagereservoirpermeability md 100
h average net pay height fedt 10
(0] averagereservoir porosity (fraction) dmeng onless 0.18
G reservar system compressi bility psi-1 L50E-05
r rad d d stanceto improperly pluggedwdll fed 1200
t injectiontime of interes years 15.00
p BrineGrad ent psi/ft 0.465
Prd mudweight inimpraperly plugged well pPg 9.5
BUQW Base of Useble Quality Water fedt 670
TopIn. Zore Top of Injection Zane Depth fedt 1654
Acres Farm H-1estimaed productive reservoir acres aaes 500
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Table2: Comparison Of eesseeesses \\/el| NO. 6 Pressure Front Values at 1,200 feet
for the Infinite Acting and Pseudo Steady State Equations

----------- Well No. 6 Infinite Acting Pseudo Steady State
Time of Injection Reservoir Pressure Reservoir Pressure Pressure
at 1200 feet at 1200 feet Difference

Years Hours (psi) (psi) (psi)
0.10 876 176.6 213.6 37.1
0.15 1314 182.3 248.5 66.2
0.20 1752 186.4 283.3 97.0
0.25 2190 189.5 318.2 128.7
0.30 2628 192.1 353.0 160.9
0.35 3066 194.3 387.9 193.6
0.40 3504 196.2 422.8 226.6
0.45 3942 197.8 457.6* 259.8

* Pressure front has reached the minimum pressure of the dangerous pressure range of 458 to 817 psi.
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Figure 1. Pressure Profile Plots at 0.45 Y ears of Injection into the eseeesseses \\el| NO. 6

Adoption of the pseudo steady state equation into the TRRC method of pressure front
caculation, for finite volume reservoirs, would show that dangerous levels of reservoir pressure will
develop in improperly plugged wells, when theinfinite acting equation does not. As mentioned earlier,
the tank model evaluation used by the TRRC is a “quick & dirty” approximation of projected
reservoir pressures due to injection operations. The TRRC method of pressure front calculations does
not accurately account for the effects of a reservoir that has more than one well producing from and
injecting in to the authorized injection zone. More complex engineering methods for pressure front
calculations should be used when there are more than one well operating within a reservoir boundary.
In the case of the essessesses \Well NoO. 6 pressure front calculations, more complex engineering
methods probably should have been used since more than one well are probably operating in the
authorized injection reservoir. A description of the more complex engineering methods is beyond the
purpose of this document.
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3.0 Vague and Ambiguous TRRC Definition for an Improperly Plugged Well

The TRRC does not have an “ easy to use” or working definition of an “improperly plugged”
well in regardsto the 1/4 mile Area of Review (AOR) required for injection applications. Ambiguous
and vague definitions of an improperly plugged well have been given by the Environmental Services
Department personnel. One such general definition is as follows, “A well is improperly plugged if it
was not plugged according to theregulations in effect at the time of plugging.” The author has been
unable to get the TRRC Environmental Services Department to provide a clear and usable written
definition of an improperly plugged well for AOR purposes.

Other research efforts were made to find a definition of an improperly plugged well. The
Underground Injection Control Reference Manual (June 1995), published by the Texas Railroad
Commission, indicates a properly plugged well prevents the movement of fluid into strata other than
the authorized disposal/injection zone. Reversing this explanation defines an improperly plugged well
to be one that alows movement of fluid into strataother than the authorized disposal/injection zone.

The Texas Natural Resources Code, Title 3, Subchapter C, Section 89.041, specifies how the
TRRC is to determine whether or not a well has been properly plugged. The section, with changes
madeeffective August 29, 1983, is presented below inits entirety.

8 89.041. Determining Proper Plugging

If it comes to the attention of the commission that a well has been abandoned or is not being
operated is causing or is likely to cause pollution of fresh water above or below the ground or if gas or
il is escaping from the well, the commission may determine at a hearing, after duenotice, whether or
not the well was properly plugged as provided in Section 89.011 or Section 89.012.

The above law indicates that a properly plugged well is not likely to cause pollution of fresh water
whereas an improperly plugged well is likely to cause pollution of fresh water. In order to use the
above law, an expert such as areservoir engineer would be needed to show that reservoir pressures and
plugged borehole conditions are such that fluid migration from the injection zone to the fresh water
zoneis likely to occur.

An explanation of why mud filled boreholes can become conduits for fluid migration involves
adiscussion of the physicsinsideamud filled borehole. Wells plugged with mud laden fluid tend to
segregate into a section of settled mud at the bottom of the hole and water from the settled mud on top.
The settled mud has plastic characteristics because it has not had the time and overburden to fully
undergo rock lithification processes. Becauseof its plastic characteristics, the horizontal stress exerted
by the borehole materials is equal to the overburden stress of all the materials inside the borehole.
When injection zone pressure is greater than the overburden stress of the materials inside the borehole,
the boreholematerial is squeezed, elongated and compressed. Micro annulus and channel flow paths
develop in the vacated space created by the compression and/or elongation of the borehole material.
Micro annulus and channel flow paths tend to be highly permeable. This type of phenomenon is
dependent on the configuration and characteristics of the borehole material. Sloughing beds and the
bridging of beds may exist. Bridging beds may form efficient barriers to vertical flow; however, the
reduced overburden stress under a bridging bed may increase the possibility of interaquifer flow below
the bridging bed and cause problems elsewhere. Some wells plugged with mud may have bridging
beds while others may not. It is the author’s opinion that there is no way to be certain about the
configuration of boreholematerialsinsideawell plugged with mud without re-entering the well.

Figure 2 is a wellbore diagram that illustrates how the settled mud might exist within the
boreholeof awell plugged with mud. The length of the settled mud is based on the work of an API

committee described by Warner6. The settled mud height is estimated to be approximately 60 percent
of the original fresh mud height and may have a porosity as high as 84 percent. This plugged well
exists in the /4 mile AOR for the seesessesee \Wel| No. 6. It was not identified as an improperly
plugged well in the 1/4 mile AOR for the seeseesesse \Wel| NO. 6 injection application.
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TRRC LeaseNumber L ocation esese
Current L ease NameL ocation esessscesce
Edimated Origina Lease Name eessscscece
Widl No. 1-B
Approximate Distance (ft) From eesseseesee \W[\W No. 6 1,080
I njection/Salt Water Disposal Oper ations Plugging Status Improperly Plugged (See Notes* 1)

Wellbore Diagram isNOT drawn to SCALE.

Base of the Usable Quality Water
BUQW) @ 650 ft.

This well liesin the AOR for the
ssessesesse \WIW #6. The ¥8/95
TNRCC letter requires protection to
670 ft. because

of perceived fresh water bdow 650
(On 9/29/97, TNRCC Geologist, e+*e
esseee carelated the BUQW to be at

683" 0n the eeseeessese WIW No 6

electric log High Rt curve values
for the sseessesess™ WIW #6 indicates

possible
fresh water from 650" to 683")
650'
670
683

Top of Settled
Mud @ 747 ft. >

Mud Filter Cake Radial
Flow Restriction
lining Borehole T~

Estimated Strawn "A" Zone Top
@ 1521 (-470 subsea)
GL reference

Estimated Strawn "B" Zone Top
@ 1644 (-593 subsea)
GL reference

Antlers

Water

Top @
355'

Ground Level edimated @ 1051 ft. (from Ground Level
| Contour Map)

Notes'l: Three records were available and copied for the
mammmmecee \\/ell| NO. 1-B. The eeecececsccccrceccece Company was
the operator for these records. The records are as follows.

1) Notice of Intertion to Drill or Deepen with drilling
pla, Form 1 (received by TRRC on March 13,1941)

2) Notice of Intertion to Plug and Wdl Record, Form

Water
from
Settled
Mud
&
Antlers
(3.78E+8

Darcy)

—a

=)
—
==

2-A (received by TRRC on March 29, 1941)

3) Plugging Record, Farm 4 (received by the TRRC on
March 29,1941).

Well No. 1-B was plugged with heavy mud from bottom to top
of the borehole on March 24, 1941.

=

Calculations for Settled Mud Top:

Length of ST MU COUTN T 00 X 1007 = 1120 ft.
Top of Settled Mud = 1867 - 1120 = 747 feet
Inj. Zone to Mud Top Length = 1644 - 747 = 897 feet

IMPROPERLY PLUGGED WELL
Plugged March 24, 1941

Stravn “A” & "B" Zones have NO CEMENT to prevent the

entry of injected fluids from the oo e—"5yk%y \O G- B
injection.

Total Depth = 1867 ft.
(-816 subsea GL ref.)

Figure 2. Borehole Material Configuration of the ssees eesee \\/el| No. 1-B
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It is the author’s opinion that all wells plugged with mud, located within the boundaries of a
reservoir undergoing injection operations, are potential conduitsfor injection zonefluid to migrate into
thefresh water zone. After reviewing severa pre-1967 plugging records at the TRRC, the author has
formed the opinion that pre-1967 wells plugged with mud laden fluid tend to have insufficient or no
cement covering authorized injection zones and the base of the usable quality water. All wells plugged
with mud should be viewed as potential conduits for fluid migration to the fresh water zone unless
thereis evidence of adeguate cement covering both fresh water and authorized injection zones; or, there
is substantial and verifiable evidence that bridging beds inside the boreholewill prevent fluid migration
to fresh water zones.

The question of what is adequate cement coverage for well plugging is probably best addressed
by thelatest plugging regulation, Statewide Rule 14; and the diagrams and plugging procedures of the
TRRC publication, Well Completion And Plugging Procedures Reference Manual (March 1994).
Any decisions to develop “improperly plugged,” “properly plugged,” and “adequate cement
coverage” definitions that deviate from the Statewide Rule 14 plugging standard should probably be
left to acommittee of industry experts, or decided after further research and studies have been made.

The ambiguity concerning the definition of an improperly plugged well has contributed to the
situation where Texas has severa injection projects underway in reservoirs penetrated by wells
plugged with mud. It is aso likely that, at the time of this complaint, injection projects are being
permitted by the TRRC into reservoirs penetrated by wells plugged with mud ladenfluid. The primary
reason for this permitting problemis that applicants and the TRRC tend to not identify wells plugged
with mud laden fluid as being improperly plugged for injection projects.

An example of this problem can be seen in the 1/4 mile Area of Review (AOR) for the
seessssesse \\/el| NO. 6. Figure 3 is a 1/4 mile AOR map for the permitted sesseseesee \Wel| NO. 6
injection well. The author has identified 16 suspected or known improperly plugged wells located
within or just outside the /4 mile AOR circle. The term “suspected” is being used to indicate a
plugged well where specific details concerning the plugging are unknown. The improperly plugged
well locations are indicated by red and blue arrows. In this injection application, only the seees ecese
No. 2 (SCS), indicated by the blue arrow, wasidentified as an improperly plugged well. The sesseseesce
WEell No. 6 and eeeee eeese NO. 2 (SCS) were mentioned in problem 2.0 as theinjection well application
with theincorrect pressure front calculations.
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Figure 3: 1/4 Mile Area of Review Map for the seeessesses (Hessee) \Wel| NO. 6

My efforts to get the Texas Railroad Commission to correct these problems have been
unsuccessful. In my opinion, the TRRC considers these problems to be ruled by politics rather than

science; even though, existing TRRC regulations support a scientific point of view.

It is also my

opinion that the TRRC is allowing injection applicants to receive injection wells that are in violation of
its own regulations and the Safe Drinking Water Act (1974). As of this date, the Texas Railroad
Commission continues to approve salt water disposal and water injection applications that have 1/4
mile areas of review riddled with wells plugged with mud. Asof thisdate, the TRRC also continuesto
approve injection applications with scientifically incorrect pressure front calculations. Asmentioned in
thediscussion of problem 3.0, wells plugged with mud should be considered as improperly plugged
for injection applications unless thereis substantial and verifiable evidence that they do not pose a

threat of becoming afluid migration conduit.

Itis my opinionthat the Texas Railroad Commission does not have adequate regulations or standing
policies in place that will safeguard or prevent dangerous levels of reservoir pressures in already
approved injection projects having defects like that shown in Figure 3. A possible policy that might
dlow safe injection into areas having improperly plugged wells is to restrict wellhead injection
pressures and the average reservoir pressure of the authorized injection zone to levels that would
prevent injected fluid from ever reaching the base of the usable quality water (BUQW). This type of
restriction might be monitored by periodic static fluid level testing of injectors during theyear.
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However, this type of program would still require a more rigorous description of reservoir
geometries and improperly plugged wells than what occursin the current program. A case where this
type of program would not work may occur in sloping reservoirs where down-dip improperly plugged
wells may have injected fluid levels at or above the base of the usable quality water when the tested
injector’ s static water level is not measurable.

In order to give you abetter picture of the problems described by this letter, | have enclosed a
larger map of the Cooke County Regular Field study areathat contains nine 1/4 mile Areas of Review
(AOR) for nineinjectors. The AOR map contains arrows marking at least 29 suspected or known
improperly plugged wells and the 1/4 mile Area of Review circles for the nineinjectors. This map may
not be perfectly accurate because of difficulty spotting wells and leases from questionable and old,
staterecords. However, it is believed to be the most accurate map available as of the map date (January
20, 1997). Along with the AOR map (Map #9) are: a list of references to this letter; a regiona
contour map of the the base of Cretaceous Rock (Approximate Base of Usable Quality Water); a
cross-section of regional aquifers; a table describing the nine injectors; and, a table describing the 29
suspected or known improperly plugged wells.

One of the reasons | made this study is because | am a consulting petroleum engineer where
one of my business functions is to assist oil and gas operators in filing TRRC applications. My
license as a professional engineer in Texasmakesitillegal for me to fileinjection applications like the
nineinjectors shown on the large map (enclosed Map #9). It is my opinion that an engineer that files
injection applications liketheinjectors on the enclosed map are in violation of the Texas Engineering
Practice Act becausethe injectors endanger public health, safety, and property. It is aso my opinion
that the nine injectors are in violation of state laws requiring Texas fresh water sands to be protected
from pollution. | believe current operating parameters set by TRRC injection permits for the study
area’ s nine injectors endanger the drinking water supply for communities of Muenster, Gainesville,
Whitesboro, Sherman and other down dip areasthat receive drinking water from the Antlers and Twin
Mountains formations. | know of no Texas law that allows the Texas Railroad Commission to
approve injection projectsthat have the problems and defectsdiscussed by this etter.

A letter format, instead of areport format, has been used to convey thisinformation in an effort
to maintain an informal dialogue concerning these problems. Thiswork has been a non-funded effort.
Any additional, non-funded time | spend related to these problemswill be limited. Also, the problems
discussed by thisletter are very politically incorrect issues. They are politically incorrect because so
many individuals have approved injection projects that are operating with these problems. | have had
difficulty finding individuals willing to do the“right thing” concerning these issues.

Please let me know if you have questions concerning the information in this letter. | can be
reached by telephone at (es¢) *s-+ee¢ or by mail at the address listed in theletterhead of pagel. A copy

of my capabilities brochure has been enclosed to give you some idea of my professional credentials
and business functions.

Sincerely,

ORIGINAL SIGNED by David VVoorhis

David B. Voorhis, Ph.D., P.E.
Owner



Additional Documentsreferenced by L etter:

1) References to the superscripted numbersin the letter and attached
geologic figures.

2) Map #9: 500+ Acre Study AreaMap with 9 AOR Circles
(located in the Cooke County Regular Field, Texas)

3) Figure 4: Base of Cretaceous Age Rock Contours for the
Region (Approximate Base of Usable Quality Ground Water)

4) Figure5: Cross-section of Ground Water Aquifersin the
Region

5) Table C.2: Table of General Information on 9 Salt Water
Disposal/Water Injection Wellsin the Study Area

6) Table C.3: Table of 29 Suspected or Known Improperly
Plugged Wellsin the Study Area
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The completion zones are based
upon geologic data and completion
reports on file at the Texas Railroad
Commission (TRRC) prior to the date
of this map. There may be wells
completed in zones that are different
than what is indicated by this map.
Some completion information may be
inaccurate beause some operatorsin
this area have not been diligent about
filing the required forms with the
TRRC concerning their operations.

Symbol Legend

o Drilling Location

©  Cased Well - No Completion
e QilWel

#  Injection or SWD Well

#  Plugged Oil Well

4
urknown AP

A-eee

< Plugged Dry Hole

’ Marker for Suspected or Known
Improperly Plugged Well

Note: The last 5 digits of each well's
Pl number are labeled below
the well number.

Some operators in this study area
have not been diligent about filing
required reports and forms to the

exas Railroad ~ Commission
concerning their operations For this
reason, other produdng and
improperly plugged wells may exist
in this study area which are not
known. Also, some of the map's
plugged oil wells, which are not
marked as improperlyplugged, may
be improperly plugged.

1/4 Mile Area of Review (AOR)
Circles for 8 Injectors or Salt
Water Disposal Wells (SWD's)
around e+ * WIW #6

A-see s s o s Co. Survey
Cooke County, Texas

A-eer

Pl

Cooke County Regular Field
Texas Railroad Commission District 9

Map Scale: 1 inch = 600 feet

Well locations, lease boundaries and
abstract lines are approXmate. Some well
numbers, well locations and lease
boundaries are estimates based on
well/drilling records found in the Central
Records Department of the Texas Railroad
Commission. Abstract lines and other well
numbers and locations are based on the
Texas Railroad Commission's computer
database map.

Prepared by: David Voorhis of
David Voorhis & Associates
Austin, Texas

Date: January 20, 1997
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