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4.0 AREA OF REVIEW 

4.1 SUMMARY  

To demonstrate non-endangerment to underground sources of drinking water (USDW), the 

owner or operator of a Class I Hazardous waste well must locate, identify, and ascertain the 

condition of all wells (artificial penetrations) that penetrate the Injection Zone or Confining Zone 

within the injection well’s Area of Review.  The Area of Review is defined as not less than a 

fixed 2.0-mile radius around the injection wellbore, unless the Director specifies a larger Area of 

Review.  This extended Area of Review may be based on the calculated Cone of Influence 

[EPA, 1988, 40 CFR 146.63].  The Cone of Influence is that area around the well within which 

increased Injection Zone pressures caused by injection into the injection well could be sufficient 

to drive fluids into an underground source of drinking water (USDW) [EPA, 1988, 40 CFR 

146.61]. In this 2017 Hazardous Waste Disposal Injection Restrictions (HWDIR) Exemption 

Petition Reissuance, the minimum Area of Review is a 2.0-mile radius from the injection wells at 

the Chemours DeLisle Plant. 

The predicted Cone of Influence was calculated (modeled) by using maximum facility injection 

rates through year-end 2050.  Actual injection volumes and injection rates are used through 

year-end 2015, and maximum facility injection rates are used from the beginning of 2016 

through year-end 2050 to provide an overly conservative estimate of pressure buildup and plume 

development within the injection interval.  This conservatively calculated Cone of Influence 

(incremental 254 psi pressure isopleth) at the end of the projected injection period extends 

approximately 23,100 feet from the injection wells.  This places the calculated Cone of Influence 

beyond the minimum 2.0-mile Area of Review boundary, thus resulting in an “Extended Area of 

Review” for this reissuance. 

Five artificial penetrations are present within the 2.0-mile radius Area of Review for the DeLisle 

Plant.  These wells are Monitor Well No. 1 and the 4 injection wells (Injection Well Nos. 2, 3, 4, 

and 5).  Additionally, when drilled, Injection Wells No. 6 and No. 7 will also be located within 

the 2.0-mile radius Area of Review. Construction details for each of the wells are presented in 

Section 5.0.  These artificial penetrations are evaluated according to the criteria outlined in 
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Artificial Penetration Protocol (Appendix 4-1).  Each of the wells are found to meet the 

non-endangerment standard as they are properly constructed (see Section 5).  These wells are 

constantly monitored and annually tested for integrity.   

Based on the conservatively calculated Cone of Influence at year end 2050, there are three 

additional wells located within the 23,100 foot-radius Extended Area of Review.  Of the three 

wells, only one qualifies as an artificial penetration (D-75) as it penetrates through the confining 

zone and the injection zone.  The other wells (D-72 and D-74) do not penetrate either the top of 

the confining zone or the top of the injection zone. Therefore, these two wells (D-72 and D-74) 

are not artificial penetrations and do not need to be evaluated further.   A review of the records 

for Artificial Penetration D-75 shows that it is properly plugged and abandoned to prevent the 

movement of fluid into the borehole and is protective of the overlying USDWs.  Therefore, 

neither corrective action nor a corrective action plan as required in 40 §CFR 144.55 is needed for 

the site. 
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4.2 INTRODUCTION  

The potential for vertical movement through breaches in geologic units is addressed in this 2017 

HWDIR Exemption Petition Reissuance request. Natural breaches, such as faults and fractures 

near the injection site, are addressed in Section 2.0 – Site Geology.  Man-made breaches in the 

form of abandoned boreholes and active wells are addressed in this section. The Area of Review 

evaluation assures that there will be no-migration of effluent and/or formation brine into an 

Underground Source of Drinking Water (USDW) (non-endangerment standard) or migration of 

effluent out of the injection zone (no-migration standard) through an artificial penetration. 

Whenever effluent is injected into a subsurface geologic formation, the pressure within the 

formation will increase. This pressure increase will be greatest at the injection well(s), and will 

decrease with radial distance. Because of the driving force supplied by the increase in formation 

pressure within the injection sand, artificial penetrations within the radius of the effluent plume 

have the potential to convey effluent out of the injection zone, and artificial penetrations within 

the Area of Review have the potential to convey formation brines into a USDW. In an unplugged 

borehole, this driving force is opposed by the flow resistance of the material (drilling mud) 

residing in the borehole. Fluid movement cannot begin until the pressure in the injection zone 

has increased beyond the critical threshold value necessary to overcome the flow resistance of 

the borehole material. As long as the pressure buildup in the injection sand is less than the 

threshold value, the artificial penetration cannot serve as a conduit for effluent or formation 

brines. Therefore, the artificial penetration is safe, and corrective action to plug the well is not 

necessary. 

After injection operations are completed, either temporarily or permanently, the pressure buildup 

within the injection sand will decrease to a value approaching the original formation pressure. 

This occurs rapidly, within a few years of cessation of injection.  Upon pressure stabilization in 

the injection sand, the effluent plume will be in hydrostatic equilibrium with surrounding 

formation brines. Consequently, no driving force capable of conveying effluent or formation 

brines out of the injection zone will be present.  Therefore, even if the resulting effluent plume, 

pushed by natural hydrogeologic or geochemical processes (acting over 10,000 years), 

encounters a mud-filled artificial penetration, the only process available to transport constituents 
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out of the injection zone is molecular diffusion (see Section 4.6). 

An Artificial Penetration Protocol (Appendix 4-1) is used to identify, locate, and evaluate 

artificial penetrations within the Area of Review. A methodology for evaluating the construction 

or plugging of wells within the Area of Review is based on stringent rules for oil, gas, and 

geothermal operations. Wells that are known to have been plugged across the injection interval, 

obviously cannot provide pathways for migration from the injection zone or injection-induced 

movement of fluids into a USDW, and do not require detailed evaluation. Wells that are plugged 

across the lowermost USDW, or at some point between the injection interval and the lowermost 

USDW, cannot serve as pathways for injection-induced movement of fluids into a USDW, but 

are evaluated as potential pathways for migration from the injection zone. Wells not known to 

have been plugged in either manner are further evaluated to determine whether they can serve as 

potential pathways for migration from the injection zone or for injection-induced movement of 

fluids into a USDW. 
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4.3 DETERMINING OF THE AREA OF REVIEW 

Under federal regulations, the Area of Review (pursuant to the non-endangerment standard) for a 

Class I injection well "shall be a 2.0-mile radius around the wellbore" [EPA 40 CFR 146.63, 53 

Fed. Reg. 28149 (July 26, 1988)]. However, "the Director may specify a larger Area of Review 

based on the calculated cone of influence of the well" (emphasis added) [EPA 40 CFR 146.63, 53 

Fed. Reg. 28149 (July 26, 1988)]. In addition, in the preamble to the HWDIR final rule, the EPA 

states: 

“the Agency is now specifying in today's rule, a fixed 2.0-mile minimum Area of 
Review. But in recognition that in some circumstances an Area of Review may be 
greater than two miles, the Director has the discretion to require a larger Area of 
Review. One such reason may be the cone of influence. [EPA 40 CFR 146.63 
(preamble), 53 Fed. Reg. 28135 (July 26, 1988)]” 

The "cone of influence" is defined in the HWDIR final rule as: 

“that area around the well within which increased injection zone pressures caused 
by injection into the hazardous effluent injection well would be sufficient to drive 
fluids into an underground source of drinking water. [EPA 40 CFR 146.61 (b), 53 
Fed. Reg. 28148 (July 26, 1988)]” 

It is apparent from the preamble language (see 53 Fed. Reg. at 28134 Col. 2) that the pressure 

increase of concern in the Area of Review determination is the pressure increment, over the 

preexisting static background conditions, resulting from the regulated (Class I injection) activity. 

The EPA indicated that for the vast majority of Class I well sites, the calculated “cone of 

influence” were expected to be substantially less than the fixed 2.0-mile radius for the Area of 

Review. The "cone of influence" concept was, therefore, developed specifically to preclude 

consideration of extraneous factors not resulting from the injection activity itself. 

In the HWDIR final rule, the EPA states that they: 

“do not believe that a single calculation, or a set of calculations, describes the 
universe of acceptable methods for determining Area of Review. [EPA 40 CFR 
146.63 (preamble), 53 Fed. Reg. 28135 (July 26, 1988)]” 
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In the preamble language, the EPA explicitly recognizes that several different methodologies for 

calculating the "cone of influence" may be developed and, therefore, they do not want to limit 

the "cone of influence" calculation to a single approach for all sites.  

The methodology used for calculating the Cone of Influence at the Chemours DeLisle Plant was 

developed by DuPont.  The basic underlying assumption in this approach is that, in the absence 

of naturally occurring, vertically transmissive conduits (faults and fractures) between the 

Injection Interval and any USDW, as is the case at the DeLisle Plant (Section 2.0), the only 

potential pathway between the Injection Zone and any USDW is through an artificial penetration 

(active or inactive).  In order to pose a potential threat to a USDW (i.e., pressure buildup from 

injection sufficient to drive fluids into a USDW), the pressure increase in the Injection Zone 

would have to be greater than the pressure necessary to displace the material residing within the 

borehole.  This pressure is defined as the “allowable pressure buildup”.  Therefore, the Cone of 

Influence is the area within which Injection Zone pressures are greater than this allowable 

pressure buildup.  The following discussion describes the steps used in conservatively 

calculating the allowable pressure buildup at Chemours DeLisle Plant. 

4.3.1 Allowable Pressure Buildup for the Cone of Influence 

4.3.1.1 Mud Weight 

Barker (1981) was the first to document the development of the basic theoretical equation for 

calculating maximum allowable formation pressure at an abandoned borehole in terms of 

wellbore mud properties.  The equation includes the effects of both weight and gel strength of 

the mud.  Resistance to upward migration based on mud weight alone can be determined by 

examining the records of inactive artificial penetrations for their respective abandonment mud 

weights.   

At the Chemours DeLisle Plant, site-specific drilling records from wells drilled throughout the 

local area support the application of a minimum 9.3 lb/gal mud weight in a wellbore.  This mud 

weight (9.3 lb/gal) is recorded as the minimum mud weight used within the 2.0-mile Area of 

Review and in the offset oil and gas fields west of the Area of Review.  Barker (1981) advocates 
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a similar method of determining the minimum mud weight in the Area of Review based upon 

well data in a particular area.  Consequently, 9.3 lb/gal is used as one of the factors in 

determining allowable pressure buildup at Chemours DeLisle Plant. 

4.3.1.2 Gel Strength 

Drilling mud is largely composed of clays and water. Commonly, bentonite (sodium 

montmorillonite) is added to the drilling mud to obtain viscosity in the slurry, in addition to 

promoting the formation of wall cake (the low-permeability layer of clay lining the borehole). 

Bentonite is hydrophyllic (it readily absorbs water), and its flat platy shape is the primary reason 

it is desired for use in drilling fluids. Clay platelets aggregate (flocculate) in three ways: 1) face-

to-face, 2) edge-to-edge, or 3) edge-to-face, because the platelets are electrically charged. This 

thixotropic or gelling property of a bentonite slurry is what gives drilling mud its gel strength.  

The gel strength and wall cake of bentonite clay mud systems provide an effective barrier against 

both vertical fluid migration within the wellbore, and migration of fluids into overlying 

formations. The following subsections examine various aspects of mud plugs and their ability to 

effectively prevent migration of fluids. 

The permeability of drilling mud in abandoned wells depends on the amount and size of the clay 

particles and other colloidals available in the slurry, as well as the time the mud has been left in 

the hole. Although the permeability of mud in deep boreholes has not been measured directly, 

the permeability of other similar clay mixtures, such as those used in slurry wall construction and 

bentonite grout slurry mixtures used to plug shallow borings, has been measured and quantified. 

Alther (1982), while investigating the use of bentonite for clay caps and slurry wall containment, 

found that a mixture of bentonite and high-permeability soils reduced the coefficient of 

permeability to 10-9 cm/sec. In his laboratory testing, Alther (1982) used a falling head 

permeameter to measure the permeability of a mixture of 8 percent bentonite and 92 percent 

Lake Michigan sand. 

Polk and Gray (1984) investigated the adequacy of mud as a sealing agent in abandoned 

boreholes related to mineral exploration. Their focus was on the ability of a bentonite mud to 



  GKS Project No.: DLC 160183 
Chemours DeLisle 2017 HWDIR Exemption Application 

Originally Submitted – August 4, 2017 
Final Version for Public Comment – September 2018 

  Page 4-8 
 

Section 4 – Area of Review 4-8 Geostock Sandia, LLC 
CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION 
 

form a filter cake with a low enough permeability to ensure that there would not be fluid flow 

between aquifers penetrated during drilling. Polk and Gray (1984) directly measured filter cake 

permeabilities using the cake formed in a standard American Petroleum Institute (API) filter 

press filtration test run for 30 minutes at a differential pressure of 100 psi. The cake that formed 

on the filter paper was then tested with water to determine the cake’s permeability. The cake had 

measured permeabilities ranging from 2 x 10-8 to 8 x 10-9 cm/sec, which are regarded as low 

enough permeability values to prevent fluid flow from one aquifer to another through an open 

borehole. 

Because the EPA defines “low permeability” for soil as 1 x 10-7 cm/sec, the minimum required 

permeability of the 3 feet of compacted clay beneath a landfill or surface impoundment, then it is 

reasonable to believe that the permeability of a column or mud plug (1x10-7 cm/sec or less) is 

more than sufficient to prevent movement of fluids within an “open” unplugged well bore. 

Many models assume that the top of the mud column is at, or very near, ground level for 

boreholes in the Gulf Coast area. This assumption is justified by documentation offered from 

several field examples cited below. 

• In the Nora Schulze wellbore, reentered by K. E. Davis Associates during 1988, the 

top of the mud plug was encountered just below the 12 ft of cement at the top of the 

wellbore.  Additionally, the well was plugged with 10.6 to 11.0 lb/gal mud when 

abandoned in 1959 (Pierce, 1989). Mud samples were taken upon reentry to 

approximately 754 ft. The average mud weight of the recovered samples was 

11.1 lb/gal, and gel strengths of the samples ranged between 217 lb/100 ft2 to greater 

than 320 lb/100 ft2. These values are over an order of magnitude greater than the 

conservative 20 lb/100 ft2 commonly used for modeling purposes (Pierce, 1989). In 

addition, shear strength of the mud samples ranged from 170 lb/100 ft2 to 

7,000 lb/100 ft2, increasing with depth (Pierce, 1989). 

• Subsurface, Inc. (1976) reentered and replugged the Brewster Bartle Drilling 

Company (British American Oil Production Company), University of Texas No. 1B 

(Galveston County, Texas) during 1976, at the request of Amoco and Monsanto. The 
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11,720-ft dry hole was abandoned with casing left in place to 11,200 ft. Cement plugs 

were placed from 11,000 to 11,200 ft, and from 130 to 180 ft, and also near the 

surface. Mud-laden fluid filled the remainder, conforming to Texas Railroad 

Commission plugging and abandonment requirements of 1961. During the reentry 

operation, drilling mud was found immediately below the surface cement plug with 

its properties relatively intact. A drill bit was run on tubing to 960 ft, after the upper 

cement plug was broken through. The well fluid was then circulated out using 

12-lb/gal mud. This confirms that mud properties maintain their plugging capabilities 

and offer major resistance as fluid barriers.AIC (1988), in a study of well reentries 

originally plugged 20 to 30 years ago, found that in the Gulf Coast (Texas) and West 

Texas, most operators reported finding the top of the mud just below the surface plug. 

In the Gulf Coast, mud was generally hard, whereas in West Texas, the mud was soft.  

 

The following comments reflect the condition of the drilling mud and/or borehole fluids 

encountered in the Gulf Coast: 

• mud sets up like cement; 

• mud sets up firm after about five years; 

• mud encountered is hard and firm; and 

• the top of the mud is usually just below the top cement plug 

Even if cement plugs are present in the borehole, it is considered a more conservative approach 

to model a full column of mud because the resistance of the cement plug would be expected to be 

greater than the pressure exerted by the mud column. In addition, the system is closed because it 

is not possible to force significant quantities of mud into a permeable formation because of the 

effect of nearly impermeable residual mud cake that has formed on the formation wall. This mud 

cake acts as a skin or barrier to effectively seal off formations and prevent fluid loss from the 

mud to the formation or loss of fluid from the formation when the well was drilled. 

Most drilling fluids are thixotropic, as they nearly always utilize clay as their colloidal base. 

Thixotropy is the characteristic whereby certain gels evolve to a solid state when allowed to 
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stand undisturbed, but liquefy upon shock disturbance (such as at start-up of the rig’s mud 

pumps).  In drilling fluids, thixotropy is caused by using clay minerals in the size range of 

colloidal particles (<0.00024 mm) as additives. They enhance the formation of the gel phase of 

the mud. This gel phase is desirable because it assists in suspending cuttings released by the 

drilling procedure, producing the required viscosity and mud cake properties.  Gel structures 

build with time as the positive edge of one particle or plate moves toward the negatively-charged 

surface of another; that is, when the platelets are layered (Gray et al., 1980).  This orientation 

significantly reduces the vertical permeability of the mud column because tortuosity is increased.  

Gel strength is a function of: 1) the amount and type of clays in suspension, 2) time, 

3) temperature, and 4) mud additives (chemistry).  The significance of mud gel strength is that it 

increases the pressure that is required prior to the onset of fluid migration in a borehole 

(Figure 4-2). 

The long-term properties of mud can be determined from a theoretical standpoint. Mud weight 

should not vary significantly from that at abandonment because virtually all of the barite 

particles will remain in suspension due to mud gel strength.  Pierce (1989) found that 

gravitational settling of barite or other mud additives has been overestimated.  Even though 

settling of the largest cutting particles may occur, overall, this effect does not diminish mud 

density, or more importantly, affect the plugging and sealing characteristics of a column of mud 

in an abandoned borehole.  The higher the gel strength of a mud column, the larger the particle 

that can remain in suspension.  This essentially can be shown by analogy to a solid mechanics 

problem where a sphere is suspended in an elastic solid. Only when the maximum shear stress on 

the surface of the particle exceeds the gel strength of the mud will the particle settle out of the 

mud column.  For barite particles, with a density of 4.2 grams per cubic centimeter (gm/cm3), the 

critical diameter (in centimeters) for settling is approximately equal to the gel strength of the 

mud (in pounds per 100 square-feet (lb/100 feet2)) divided by 100.  For a reasonable worst case 

gel strength of 20 lb/100 feet2, all barite particles smaller than 0.2 cm will remain in suspension. 

In a typical drilling mud, barite particles are generally an order of magnitude less than 0.2 cm in 

diameter (NL Baroid, 1988).  
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The relationship between gel strength and time varies with the mud type, depending on such 

variables as composition, pH, temperature, pressure, solids, and degree of flocculation. There are 

considered to be two types of gel: progressive and fragile. Progressive gels have a fairly low 

initial gel strength just after circulation is discontinued, but the strength consistently increases 

with time. This type of gel is present in “native” type drilling muds with a high solids content 

and is typical of wells drilled in the early part of this century.  Fragile gels generally have a high 

initial gel strength that only increases slightly with time.  This type of gel is only found in 

“treated” muds; i.e., muds with an organic surfactant additive (typically lignites or 

lignosulfonates), which is added to peptize or deflocculate the clay particles. This type of 

inhibited mud is a fairly recent development, with the first thinning agents introduced in the 

1930s (Gray et al., 1980). 

Gel strength generally increases with time because of the electrical attraction of the clay platelets 

in the mud. Though it is difficult to quantify the gel strength of old muds, the gel strength is 

known to significantly increase with time in all cases (Davis, 1986). The time dependence of gel 

strength has been investigated by several authors. Garrison (1939) found that the gel strength of a 

montmorillonite-clay water system (California bentonite) could be empirically correlated with 

time. Although the exact relationship between gel strength and time varies, depending on mud 

composition, the gel strength always increases with time.  Weintritt and Hughes (1965) measured 

the gel strength of field muds containing calcium sulfate and ferrochrome lignosulfonate for 

static periods, up to a day. They found that the data generally follow Garrison's empirical model 

for time periods of up to two hours; however, for longer time periods, Weintritt and Hughes 

(1965) found that the gel strength continues to increase at a rate in excess of what Garrison's 

empirical relationship would have predicted. 

The pressure required to displace borehole mud can be large, and gel strength can be the main 

factor in preventing fluid migration within an abandoned wellbore (Collins, 1986; Collins 1989; 

Johnston and Knape, 1986; and Pearce, 1989b).  Collins further states that in order to properly 

model abandoned boreholes, it is important to use ". . . realistic values for mud and hole 

properties," and that ". . . in most cases the contribution of the gel property (gel strength) to the 
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critical pressure increase required for fluid entry into the well may be more significant than 

previously thought." 

For the purpose of calculating the pressure due to gel at Chemours DeLisle Plant, a conservative 

gel strength value of 20 lb/100 feet2 is used.  Grey and Darley (in Collins, 1986) determined that 

20 lb/100 feet2 is the lowest possible gel strength that could occur.  Studies indicate that with 

time the gel strength of drilling mud may be more than an order of magnitude higher 

(Pierce, 1989). 

Pressure due to gel strength for an open borehole is more conservative than for a cased borehole, 

and is calculated by the following formula (Davis, 1986): 

 Pg
0.00333 G h

d


 
 

Where: 

Pg = pressure due to gel strength (psi) 

G = gel strength (lb/100 feet2) 

d = borehole diameter (inches) 

h = the shallowest depth within the 2.0-mile radius Area of Review of the top of the 

Washita-Fredericksburg injection interval, for the DeLisle Plant this is 9,520 

feet) 

And 0.00333 is the conversion factor such that Pg is in psi: 

 psi44
14.325

9,520200.00333Pg 


  

The identical formula is used to calculate the pressure due to gel strength in the Tuscaloosa 

Massive Sand:   
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        Pg
0.00333 G h

d


 
 

 

Where: 

Pg = pressure due to gel strength (psi) 

G = gel strength (lb/100 feet2) 

d = borehole diameter (inches) 

h = the shallowest depth within the 2.0-mile radius Area of Review of the top of the 

injection interval, for the DeLisle Plant this is 9,150 feet) 

And 0.00333 is the conversion factor such that Pg is in psi:  

 

psi 43 
14.325

9,150 x 20 x 0.00333Pg   

 
 

Collins and Kortum (1989) found that nonuniformities in hole diameter (borehole rugosity) may 

increase the pressure necessary to break the strength of the gel in a borehole by a factor of three 

to five over gel strength alone.  This would add a significant margin of safety (132 to 220 psi) to 

the Cone of Influence and abandoned well modeling calculations. 

 

4.3.1.3 Calculating the Allowable Pressure Buildup 

The initial step in calculating the allowable pressure buildup (Cone of Influence) for the injection 

sands at the DeLisle Plant is to determine the original formation pressure gradient.  The original 

formation pressure gradient of an injection sand is calculated by dividing the initial formation 

pressure by the depth at which the pressure was recorded.  At the Chemours DeLisle Plant, the 

original formation pressure gradient for the Washita-Fredericksburg injection interval is 
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determined to be 0.462 psi/foot and the Tuscaloosa Massive Sand is determined to be 0.459 

psi/foot (see Section 3.0). 

Within the calculation, it is conservative to select the minimum below ground depth to the top of 

the Washita-Fredericksburg Injection Interval in the specified 2-mile radius Area of Review.  

The shallowest depth to the top of the Washita-Fredericksburg Injection Interval occurs along the 

north-northwest perimeter of the Area of Review (see Appendix 2-11 - Top of Washita-

Fredericksburg Sand (Injection Interval) Structure Map).  The depth to the top of the Washita-

Fredericksburg Injection Interval is approximately 9,520 feet below ground level.  The maximum 

pressure buildup is then calculated by subtracting the original formation pressure from a 

conservative 9.3 lb/gal mud column pressure, as demonstrated by the following: 

0.052 x 9.3 lb/gal = 0.484 psi/foot (mud column gradient, modified from Barker, 1981; 0.052 

is a conversion factor) 

0.484 psi/foot x 9,520 feet = 4,608 psi (9,520 feet to the shallowest injection interval within the 

AOR x 0.484 psi/foot exerted by the mud column) 

0.462 psi/foot x 9,520 feet = 4,398 psi (original formation pressure gradient x depth to the 

shallowest top of the injection interval within the AOR) 

4,608 psi – 4,398 psi + 44 psi = 254 psi (mud column pressure minus original formation pressure, + 

pressure due to gel strength = allowable pressure buildup) 

 

Therefore, an incremental pressure of 254 psi over the original pressure is the calculated 

allowable formation pressure buildup in the Washita-Fredericksburg injection interval sand prior 

to the onset of possible fluid movement in an artificial penetration. 

The shallowest depth to the top of the Tuscaloosa Massive Sand occurs along the north-

northwest perimeter of the Area of Review (see Appendix 2-10 - Top of Tuscaloosa Massive 

Sand Structure Map).  The depth to the top of the Tuscaloosa Massive Sand is approximately 

9,150 feet below ground level.  The maximum pressure buildup is then calculated by subtracting 
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the original formation pressure from a conservative 9.3 lb/gal mud column pressure, as 

demonstrated by the following: 

0.052 x 9.3 lb/gal = 0.484 psi/foot (mud column gradient, modified from Barker, 1981; 0.052 

is a conversion factor) 

0.484 psi/foot x 9,150 feet = 4,429 psi (9,150 feet is the shallowest Tuscaloosa Massive Sand 

depth within the AOR x 0.484 psi/foot exerted by the mud 

column) 

0.459 psi/foot x 9,150 feet = 4,200 psi (original formation pressure gradient x depth to the 

shallowest top of the Tuscaloosa Massive Sand within the 

AOR) 

4,433 psi – 4,204 psi + 43 psi = 272 psi (mud column pressure minus original formation pressure, + 

pressure due to gel strength = allowable pressure buildup) 

 

Therefore, an incremental pressure of approximately 272 psi over the original pressure is the 

calculated allowable formation pressure buildup in the Tuscaloosa Massive Sand prior to the 

onset of possible fluid movement in an artificial penetration. 

4.3.2 Determination of Cone of Influence 

The conservative Cone of Influence calculation for this petition application is based on the 

worst-case scenario of 2,200 gallons per minute (gpm) maximum facility injection rate from the 

beginning of 2016 through year-end 2050.  The Cone of Influence during the injection period 

extends approximately 23,100 feet from the injection wells (see Section 3.0).  The Extended 

Search area is shown on the map included in Figure 4-1.  
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4.4 ARTIFICIAL PENETRATIONS IN THE EXTENDED AREA OF REVIEW 

4.4.1 Record Search 

A record search was initially conducted by Geosource, Incorporated in 1995 for wells drilled 

within a six-mile radius of the DeLisle injection wells (Appendix 4-2).  A records check and 

update search was conducted by Geostock Sandia, LLC in preparation of this 2017 HWDIR 

Exemption Petition renewal application for the DeLisle Plant.  This updated search was 

performed using the Mississippi Oil and Gas Board GIS (http://gis.ogb.state.ms.us/MSOGBOnline/) site 

and a search though records maintained by IHS Energy.  An annual search is conducted by the 

DeLisle Plant through the Mississippi Oil and Gas Board, to satisfy requirements of the MDEQ 

UIC Permit MSI1001 Part 1 Section D Paragraph 4.  All known artificial penetrations located in 

the 23,100 foot-radius Extended Area of Review have been identified through these searches.  

Information for all wells is presented in Table 4-1 and records for the wells are contained in 

Appendix 4-2.  These searches focused on well records maintained on file with federal, state, and 

county agencies, and private log libraries.   

Within the fixed 2.0-mile radius Area of Review, the only wells that penetrate the Injection Zone 

and/or the Confining Zone are the DeLisle Injection Well Nos. 2, 3, 4, and 5, and Monitor Well 

No. 1.  Information on the DeLisle Plant wells and well schematics are contained in Section 5.0.  

Wells located outside of the 2.0-mile radius Area of Review but within the year-end 2050 Cone 

of Influence (Extended Area of Review) are also included on Table 4-1.  Well data and 

schematics for these wells are included in Appendix 4-2. 

4.4.2 Rock Type 

The geologic strata above the Confining Zone consists of Tertiary deltaic sandstones and marine 

shales.  Tertiary Gulf Coast shales are known to exhibit viscoelastic deformational behavior that 

causes natural fractures to close rapidly under the action of in situ compressive stresses 

(Aumman, 1966; Neuzil, 1986; Bowden and Curran, 1984; Collins, 1986). Evidence of this 

includes rapid borehole closure often encountered while drilling and running casing in oil and 

gas wells (Johnston and Knape, 1986; Clark et al., 1987).  Furthermore, old abandoned boreholes 

have been observed to heal across shale sections to the extent that reentering them requires 

http://gis.ogb.state.ms.us/MSOGBOnline/
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drilling a new hole (Clark et al., 1987). Borehole closure by caving sands and swelling shales 

common in the Gulf Coast region is prevalent in the area, because of the unconsolidated nature 

of the shallow sedimentary section (Johnston and Greene, 1979; Davis, 1986; Johnston and 

Knape, 1986; Warner, 1988; Agency Information Consultants, 1987c). Therefore, discounting 

borehole closure results in a very conservative approach and adds a significant degree of safety 

in the criteria used to evaluate artificial penetrations. 

Davis (1986) summarized the ability of shales to absorb water, a process that commonly results 

in desiccation and ultimate borehole blockage. Water wetting of shales causes instability, 

resulting primarily from overburden pressure, pore pressure, or tectonic stress. The hydration of 

the shales causes the platy nature of shale to become unstable and tend to flow in a plastic 

manner. Natural borehole closure mechanisms and shale “sloughing” can be directly attributable 

to adsorption of water by shale formations. As shales are buried with depth, more water is 

squeezed out of the platy sheets by overburden pressures, and the force present is equal to the 

matrix stress. As the formation is drilled, compacting force is relieved on the borehole face by 

the drill bit. Consequently, hydration force equal to the degree of relief develops. For example, in 

a normally pressured Gulf Coast shale at 10,000 feet deep, the shale hydration force in normal 

pore pressure is expected to be in excess of 5,000 psi. 

4.4.3 Confining Zone and Injection Zone Penetration 

All identified artificial penetrations (Monitor Well No. 1 and Injection Well Nos. 2, 3, 4, and 5) 

within the 2.0-mile radius Area of Review were drilled to a depth sufficient to penetrate the 

permitted Confining Zone and Injection Zone (8,000 feet). 

Based on the conservatively calculated Cone of Influence at year-end 2050, there are an 

additional six wells located within this Extended Area of Review (see Figure 4-1).  Well Nos. 

D-72, D-74, and D-100 do not penetrate the Confining Zone and are, therefore, not artificial 

penetrations.  The remaining three wells (D-4, D-9, and D-75) are artificial penetrations as they 

penetrate the Injection Zone.  
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4.4.4 Evaluation of Wells 

Wells are evaluated against the non-endangerment standard in accordance with the Artificial 

Penetration Protocol (Appendix 4-1).  A well is properly plugged for non-endangerment if it was 

fully plugged across its diameter somewhere between the Injection Interval and lowermost 

USDW.  In other cases, the theoretical possibility exists that fluid (formation brine or effluent) 

might move out of the injection zone and into a USDW, because of pressure increases resulting 

from injection operations. Once injection operations are completed, this risk is eliminated as 

formation pressures decrease back towards background.  

Within the fixed 2.0-mile radius Area of Review, the only wells that penetrate the Injection Zone 

and/or the Confining Zone are the DeLisle Injection Well Nos. 2, 3, 4, and 5, and Monitor Well 

No. 1.  Once drilled, DeLisle Injection Well No. 6 will also penetrate the Injection Zone and/or 

the Confining Zone.  Information on the DeLisle Plant wells and well schematics are contained 

in Section 5.0.  The injection wells and the monitor well casings were all cemented to surface 

upon installation.  These injection wells are continuously monitored and are tested annually.  

These tests show that the injecate is contained within the Injection Zone.  Therefore, these wells 

do not need further evaluation.  The plugging program shows that the injection well(s) will be 

safe upon abandonment. 

In the Extended Area of Review, Well Nos. D-72 and D-74 do not penetrate either the Confining 

Zone or the Injection Zone.  Therefore, these two wells are not artificial penetrations and do not 

require further evaluation.  The remaining well (D-75) is an artificial penetration as it penetrates 

both the Confining Zone and the Injection Zone.  As an Artificial Penetration, this well is 

evaluated against the non-endangerment standard in accordance with the Artificial Penetration 

Protocol (Appendix 4-2).   

Artificial Penetration D-75 is properly plugged with cement plug(s) between the Injection Zone 

top and the base of the lowermost USDW.  Upon abandonment, a cement plug was placed in and 

out of the surface casing in the well, with surface casing set below the base of the lowermost 

USDW.  Therefore, USDWs are protected and this well is safe as currently abandoned. 
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The well evaluation determined that no inter-formational fluid flow will occur in any of the 

artificial penetrations in the Extended Area of Review. 
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4.5 MODELING ARTIFICIAL PENETATIONS FOR NON-ENDANGERMENT 

Improperly constructed/abandoned wells may require a model evaluation pursuant to the 
non-endangerment criteria outlined in the Artificial Penetration Protocol (Appendix 4-1) because 
either: 

1. there are no cement plugs placed in the borehole above the uppermost injection 

interval; 

2. the wells penetrate the Injection Interval and are potentially in pressure 

communication with the effluent wells; 

3. the annular space of the outermost casing string across the injection interval is not 

cemented across the interval; or 

4. the outermost casing string across the injection interval has not been perforated 

and squeeze-cemented, effectively sealing the annular space to potential vertical 

fluid movement. 

 

A review of the records for the artificial penetrations shows that all wells within the 23,100-foot 

radius of the Extended Area of Review are safe as currently abandoned, with the exception of 

Map ID No. D-4.  In Map ID No. D-4, the surface casing was set to a depth of 1,993 feet.  A 

review of the open hole well log (Appendix 4-2) shows the presence of resistive water-bearing 

sands just below the base of the surface casing string.  The base of the lowermost USDW is 

placed at a depth of 2,865 feet on the open hole well log.  During abandonment, the lowermost 

cement plug was placed from 2,510 to 2,570 feet in the open hole and a shallower plug was set 

from 1,935 to 1,985 feet, in and out of the surface casing.  Although the majority of USDWs are 

protected, the interval between the base of the deepest cement plug (2,570 feet) and the base of 

the lowermost USDW (2,865 feet) is potentially exposed in the open borehole.  Therefore, this 

well is a potential problem well when evaluated against the Artificial Penetration Protocol 

(Appendix 4-1).  

A two-step screening process, has been performed on Map ID No. D-4.  In the event that a new 

well was drilled in the Extended Area of Review, the evaluation methodology would follow a 

similar process:   
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1. Total depth of penetration; and 

2. Comparison of allowable pressure buildup at the well versus modeled pressure buildup. 

A well requiring further review would be evaluated to see if it penetrates either the confining 
zone or the injection zone.  Wells that do not penetrate the confining zone do not need further 
evaluation and they cannot be potential conduits for fluid movement.  Additionally, the well 
would be screened to determine if it penetrates either the proposed Tuscaloosa Injection Interval 
or the Washita-Fredericksburg Injection Interval.  If the well penetrates the confining zone, it 
would be an “Artificial Penetration”.  The second component of the depth of the penetration 
evaluates whether the well penetrates the injection interval(s) or any sand that could be in 
communication with the injection interval(s).  Wells that do not penetrate the injection interval(s) 
or any sand in communication with the injection interval(s) are safe as currently abandoned as it 
cannot be a conduit for interformational fluid flow. 

Map ID No. D-4 penetrates the Lower Cretaceous Unconformity that separates the Tuscaloosa 
Formation from the deeper Washita-Fredericksburg Group.  However, the well only penetrates 
the first 40 feet of the upper Washita-Fredericksburg shale and is, therefore, about 70 feet short 
of penetrating the uppermost sand lobe in the Washita-Fredericksburg Injection Interval.  
Therefore, the well is not in communication with any of the active injection interval sands.  This 
well is safe as currently abandoned as it cannot be a conduit for interformational fluid flow.   

As an increased level of assurance, however, Map ID No. D-4 is also screened as if it were in 
communication with the Washita-Fredericksburg Injection Interval sandstones.  The well is 
modeled by first comparing the predicted pressure increase from the DuPont Multilayer Pressure 
Model (Section 3.0) with the conservatively calculated allowable pressure buildup (static column 
pressure plus minimum gel strength) at the well, using well-specific information (mud weight, 
borehole diameter, sand depth, etc.).  The relevant wellbore parameters are shown on Table 4-2. 
In cases where information is not available, conservative assumptions are made in the model 
calculations based on nearby drilling practices.  The assumptions are summarized below: 

• For purposes of calculating the pressure from the gel, in cases where the borehole 

diameter (bit size) across the Wastita-Fredericksburg Injection Interval is unknown, the 

bit size plus one inch is used.  
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• The contribution of flow resistance due to cement plugs being present in the wellbore and 

in the surface casing is completely discounted. 

• The contribution of flow resistance due to borehole rugosity of the open wellbore is 

completely discounted. 

• For purposes of calculating the pressure from the gel, a very conservative ultimate gel 

strength of 20 lb/100 feet2 is used. This is conservative as studies and well reentries 

indicate that with time, the long-term gel strength of mud is at least an order of 

magnitude higher (Pierce, 1989). 

The calculations used in the model screening analysis are presented below. 

Static fluid column pressure is calculated using the equation: 

Ps  =  0.052 x M x h 

where: 

 Ps = pressure of static mud column (psi) 

 h = depth to the injection reservoir (feet) 

 M = fluid weight (lb/gal) 

The constant 0.052 converts mud weight in pounds per gallon to a pressure gradient value in psi 
per foot of depth. To be overly conservative, a fallback of 50 feet in the height of the mud 
column was assumed for the calculation of the static fluid column pressure. 

In an artificial penetration filled with a column of drilling mud, the gel strength of the mud must 
also be considered. In this case, for upward fluid movement to begin, original formation pressure 
(Pf) plus the pressure due to injection (Pi) must be greater than the static fluid column pressure 
(Ps) plus the gel strength of the mud (Pg). As previously described, this relationship is based on a 
simple balance of forces (Davis, 1986): 

Pf + Pi > Ps + Pg 
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where: 

 Pf = original formation pressure (psi) 

 Pi = formation pressure increase due to injection (psi) 

 Ps = static fluid column pressure (psi) 

 Pg = gel strength pressure (psi) 

Therefore, pressure increase due to injection must be greater than static fluid column pressure 
minus original formation pressure: 

Pi > Ps + Pg - Pf 

The pressure due to gel strength (G) in an open borehole can be calculated from the following 
equation 

Pg =
0.00333 x G x h

d  

where: 

 Pg = pressure due to gel strength (psi) 

 G = gel strength (lb/100 feet2) 

 d = borehole diameter (in.)  

 h = depth to the injection reservoir (feet) 

The conversion factor is 0.00333, such that Pg is in psi. 

For a hypothetical open borehole, the added resistance due to gel strength for a mud with a very 
conservative ultimate gel strength of 20 lb/100 feet2 in a 10-in. borehole is approximately 6.7 psi 
for every 1,000 feet of depth. 
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As the above calculations show, gel strength provides a significant additional resistance to fluid 
movement caused by injection. Additional conservatism is added by discounting borehole 
rugosity, which can increase the contribution in pressure from gel strength by a factor of three to 
five (Collins and Kortum, 1989).  

Screening Calculation for the Washita-Fredericksburg Injection Interval: 

If Map ID No. D-4 had been drilled deeper in depth, the top of the Washita-Fredericksburg 
Injection Interval is estimated to occur at a below ground depth of approximately 10,062 feet.  
The abandonment records show that this well was plugged and abandoned with 10.8 lb/gal 
drilling mud set between the cement plugs in the well.  In order to be conservative in the 
screening computation, a fallback of 50 feet in the height of the static mud column is 
considered in performing the screening calculation of the static mud column pressure.  
Additionally, any additional resistance provided by the cement plugs set in the well are 
completely discounted.  Therefore, the well is modeled as if it were a mud filled borehole 
with the mud column extending within 50 feet of the surface.  The computation of the 
resistance due to the static mud column becomes: 

Ps = 0.052 x (h-50 feet) x M 

or: 

Ps = 0.052psi/feet x (10,062 feet - 50 feet) x 10.8 lbs/gal 

Ps = 5,623 psi 

The incremental allowable static column pressure buildup is equal to the static fluid column 
pressure of 5,623 psi minus the original formation pressure at the top of the Washita-
Fredericksburg Injection Interval.  The original formation pressure at the top of the Washita-
Fredericksburg Injection Interval is calculated from the original formation pressure gradient. 
The reference original pressure at the reference depth for the Washita-Fredericksburg Sand is 
4,555 psi at 9,850 feet, for a gradient of 0.464 psi/foot of depth.  The original formation 
pressure is: 

Pf = 0.4624 psi/feet x 10,062 feet 

Pf = 4,653 psi 
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Therefore, the incremental pressure increase is equal to: 

PA = Ps – Pf 

where: 

 PA = incremental allowable pressure of static mud column (psi) 

 Ps = static column pressure (psi) 

 Pf = original formation (psi) 

or: 

PA = 5,623 psi – 4,653 psi 

PA = 970 psi 

Additionally, in an artificial penetration that is filled with a column of standard drilling mud, 
the gel strength of the mud must also be considered.  

At the estimated depth of 10,062 feet for Map ID No. D-4, assuming an effective borehole 
diameter of 9-1/2-inches (actual bit diameter of 8-1/2 inches and using a 1-inch washout in 
the borehole), and a 50 foot fallback of the mud column from the surface, the added 
incremental resistance due to gel strength for a mud with a very conservative ultimate gel 
strength of 20 lb/100 feet2 is:  

 
50.9

50062,102000333.0 


xxPg  

Pg = 70 psi 

The allowable incremental pressure buildup at Map ID No. D-4 is equal to the incremental 
static column pressure buildup (PS) plus the added incremental resistance due to gel strength 
(Pg), or: 

PAllow = Ps + Pg 
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PAllow = 970 psi + 70 psi 

PAllow = 1,040 psi 

 

Therefore, the minimum incremental allowable pressure buildup required, prior to potential 
initiation of fluid movement in Map ID No. D-4 is calculated to be 1,040 psi for the 
Washita-Fredericksburg Injection Interval. 

Screening Calculation for the Tuscaloosa Massive Sand: 

Map ID No. D-4 was drilled deep enough to completely penetrate the Tuscaloosa Massive 
Sand Injection Interval.  The top of the injection interval occurs at a below ground depth of 
9,672 feet.  The abandonment records show that the well was abandoned with 10.8 lb/gal 
mud.  In order to be conservative in the computation, a fallback of 50 feet in the height of the 
static mud column is assumed for the calculation of the static mud column pressure.  
Additionally, any additional resistance provided by the cement plugs in the well are 
completely discounted.  Therefore, the well is modeled as if it were a mud filled borehole 
with the mud column extending within 50 feet of the surface.  The computation of the 
resistance due to the static mud column becomes:  

Ps = 0.052 x (h-50 feet) x M 

or: 

Ps = 0.052 psi/feet x (9,672 feet - 50 feet) x 10.8 lbs/gal 

Ps = 5,404 psi 

The incremental allowable static column pressure buildup is equal to the static fluid column 
pressure of 5,404 psi minus the original formation pressure at the top of the Tuscaloosa 
Massive Sand Injection Interval, which is calculated from the original formation pressure 
gradient.  The estimated original formation pressure used in the model is approximately 
4,340 psig at a depth of 9,455 feet below ground level, or a formation pressure gradient of 
0.459 psig/ft.  The original formation pressure is: 

Pf = 0.459 psi/ft x 9,672 feet 
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Pf = 4,439 psi 

Therefore, the incremental pressure increase is equal to: 

PA = Ps – Pf 

where: 

 PA = incremental allowable pressure of static mud column (psi) 

 Ps = static column pressure (psi) 

 Pf = original formation (psi) 

or: 

PA = 5,404 psi – 4,439 psi 

PA = 965 psi 

Additionally, in an artificial penetration filled with a column of drilling mud, the gel strength 
of the mud must also be considered.  

At the estimated depth for Map ID No. D-4 (9,672 feet), assuming an effective borehole 
diameter of 9-1/2-inches (actual bit diameter of 8-1/2 inches and a 1-inch washout), and a 50 
foot fallback of the mud column from the surface, the added incremental resistance due to gel 
strength for a mud with a very conservative ultimate gel strength of 20 lb/100 feet2 is:  

 
50.9

50672,92000333.0 


xxPg  

Pg = 67 psi 

Therefore, the allowable incremental pressure buildup at Map ID No. D-4 is equal to the 
incremental static column pressure buildup (PS) plus the added incremental resistance due to 
gel strength (Pg), or: 

PAllow = Ps + Pg 
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PAllow = 965 psi + 67 psi 

PAllow = 1,032 psi 

 

The minimum incremental allowable pressure buildup required, prior to potential initiation of 
fluid movement in Map ID No. D-4 is calculated to be 1,032 psi for the Tuscaloosa Massive 
Sand Injection Interval. 

The calculated allowable pressures due to the static mud column in Map ID No. D-4 exceed 
the modeled pressure increases by a factor of four (Section 3.0).  Therefore, even if the well 
was in direct pressure communication with the Washita-Fredericksburg Injection Interval and 
the Tuscaloosa Massive Sand Injection Interval, it is safe as currently abandoned. 
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4.6 NO-MIGRATION DEMONSTRATION--MOLECULAR DIFFUSION 

If, over the 10,000-year time frame, a contaminant plume in the injection reservoir encounters 

preexisting boreholes, then any of these, which are open to the injection reservoir (or in 

communication with the injection reservoir), could provide a path for upward fluid movement.  

For the situation where the effluent stream is less dense than the borehole fluid, vertical 

movement of effluent could potentially occur by buoyancy or molecular diffusion. 

Long-term plume simulations show that the modeled low-density and high density plumes may 

emerge from the 2.0-mile radius Area of Review and the Extended Area of Review (Figure 4-1).  

Low density plumes in the Washita-Fredericksburg Injection Interval and in the Tuscaloosa 

Injection Interval emerge from the Extended Area of Review to the northwest of the facility 

(Figure 4-1), extending out approximately 35,000 feet to the northwest of the injection wells.  In 

addition to the injection wells and the monitor well, the low-density plumes may impact three 

artificial penetrations to the north-northwest of the facility (D-72, D-74, and D-75).  Of these 

wells, only D-75 penetrates the Washita-Fredericksburg Injection Interval and in the Tuscaloosa 

Injection Interval.  The other two wells do not penetrate the confining zone and cannot come into 

contact with the plume materials.  High density plumes in the Washita-Fredericksburg Injection 

Interval and in the Tuscaloosa Injection Interval emerge from the Extended Area of Review to 

the southeast of the facility (Figure 4-1), extending out approximately 96,000 feet to the 

southeast of the injection wells.  Two down-structure wells (D-4 and D-101) may come into 

contact with the dense plumes over the long term. Wells that are deep enough to penetrate the 

Washita-Fredericksburg Injection Interval and the Tuscaloosa Injection Interval, but are not 

properly plugged, with regards to no-migration, are screened as outlined in the Artificial 

Penetration Protocol (Appendix 4-1). 

Since all of the wells within the long-term plume tracks have been evaluated and have been 

determined to be mud-laden at the time they were plugged, the potential for effluent to buoyantly 

rise through a mud-filled artificial penetration is minimal in the vicinity of the Chemours DeLisle 

Plant. The only process by which this could potentially occur is for the effluent to enter the 

borehole and displace the drilling mud, creating a situation where a lower-density fluid column 

(effluent) is present within the wellbore. However, this cannot occur in a mud-filled borehole 
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because the hydrostatic head of the mud column is always greater than the injection interval 

pressure.  In this situation, effluent and/or formation fluid cannot even begin to enter a borehole; 

therefore, buoyancy-driven vertical flow of the effluent cannot occur. Factors that help prevent 

effluent from entering a mud-filled borehole are: 

• Low-permeability, drilling-derived filter cake will be present along a mud-filled open 

borehole, providing a physical barrier and seal to fluids entering or exiting the 

borehole. 

• Drilling muds are specifically designed so that the clay platelets and other 

components in the mud will not exit an open borehole into a formation, thus there is 

no process by which the mud would leave the borehole and be replaced by effluent 

fluid. 

• Even if some mud that was in the proximity to the effluent plume were to leave the 

borehole by some process, the overbalanced mud column would immediately force 

new mud downward to replace it. 

• Most of the wells in the long-term plume track are either cased or have cement and/or 

mud plugs in them, creating a closed system, and fluid entry into the wellbore would 

be prevented by the mechanical barrier of the well casing/cement, or by the inability 

of effluent fluid to "elevate" a cement plug in order to create space for the effluent 

fluid to enter the borehole. 

• Natural wellbore, or borehole closure and sloughing processes will seal off any open 

boreholes to fluid flow. 

• The gel strength and static fluid column pressure of the mud in an open mud-filled 

borehole will resist any influx of fluids from outside the borehole. 

• In an open borehole, in cases where the pressure is highest due to elevated injection 

pressures, effluent will not enter the borehole. The downward force of the mud 

column will, in all cases, exceed the upward driving forces caused by injection. 

• Buoyancy is a vertical force, with a minimal horizontal component due to the gently 

dipping beds in the vicinity of the Chemours DeLisle Plant. Unless the lighter density 

effluent could be emplaced into the borehole, there will be no significant driving 

vertical force exerted on the borehole mud column. 
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The net effect of the above factors is that a significant effluent-fluid-induced density contrast 

cannot occur in a mud-filled borehole, and thus, the creation of a buoyant fluid column pressure 

in a wellbore will not occur. 

The above discussion describes a series of factors that would prevent effluent or formation fluid 

from entering a wellbore and creating a buoyancy situation. The only other process whereby the 

effluent or formation fluid could enter a borehole would be on a molecular level with molecules 

of formation fluid or effluent constituents being substituted for molecules of borehole fluid. 

However, this would not result in a significant change in the resultant borehole fluid density. 

A static mud-filled borehole (using conventional mud systems) contains a colloidal suspension of 

microscopic-sized clay, barite, and other particles in water, which has been set up to form a gel. 

Clay particles in this structure are immobilized mechanically by electrostatic forces. Specifically, 

the positively charged edges of the clay platelets align with the negatively charged flat surfaces 

of the adjacent platelets. It is the electrostatic attraction of the clay particles that gives the mud its 

gel strength and also prevents the clay and other particles from settling out in the mud. Clay 

particles cannot diffuse out of the borehole because their dimensions are much greater than those 

of molecules. The ability of drilling mud to carry particles in suspension, even when static, is a 

key property of mud. Without sufficient gel strength, mud would not be able to effectively 

remove excess solids, and the solids would drop to the bottom of the borehole. Since the density 

of mud is primarily a function of the suspended particles, immobilization of these particles by 

electrostatic forces prevents any potential loss in mud column density resulting from interaction 

between the effluent and the mud. 

Water is a component of both drilling mud and the injected effluent fluid. Since water is a polar 

molecule, it will interact electrostatically with clay particles in the mud by hydrogen bonding. 

This will tend to immobilize water molecules with the gel structure of the mud and keep them 

from leaving. However, even if the water molecules could diffuse out of the mud, each departing 

molecule would be replaced by a readily available counter-diffusing molecule from the effluent 

fluid. Because the vast majority of the injected effluent is composed of water, the overall result 

would be no net gain or loss of water molecules into or out of the mud in the wellbore. 
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Therefore, the diffusional interaction of water molecules between the effluent fluid and the 

drilling mud would, at worst, result in no net density change for the mud. Therefore, density 

contrasts sufficient to create a driving force in the borehole will not occur. 

In addition, since effluent constituent molecules are typically heavier than water molecules, if 

contaminant molecules in the effluent were to diffuse into the drilling mud, this would produce 

an increase in mud density, not a decrease. However, the amount of potential density increase 

would typically be insignificant, because of the low concentration of the contaminant species in 

the effluent. 

In conclusion, the binding gel structure of drilling mud prevents clay and weighting agents from 

migrating out of the mud. Since these particles cannot leave the mud because of the electrostatic 

bonding forces, the portion of the mud column in contact with the effluent plume cannot become 

more buoyant than the native mud. Water within the mud can interchange with water in the 

effluent fluid; however, this will only occur on a one-for-one basis, resulting in no net density 

change. Although contaminant species within the effluent could minutely diffuse into the mud 

column, no net density change can occur (diffusion of the contaminant species in the effluent 

stream in considered below). Therefore, buoyancy-driven flow of the effluent stream into a 

wellbore cannot occur. Since it can be demonstrated that all of the wells within the 10,000-year 

effluent plume track are mud-filled, the wells are safe with regard to buoyancy. 

The physical characteristics that make drilling muds useful during drilling also make them 

moderately effective barriers against molecular diffusion (though not as effective as geologically 

deposited clays). This is particularly true of a commonly used base for mud, bentonite, which is 

predominantly sodium montmorillonite clay. The platy, electrically charged clay particles 

comprising bentonite attract water, a polar molecule. This causes the clay to swell, thereby 

increasing the borehole fluid viscosity. Of the clays, montmorillonite has the greatest hydration 

potential and effects the greatest viscosity enhancement for a given amount of solids. This 

accounts for its long-standing popularity as an additive. 

A second important property, the gel strength of clay-based drilling muds, comes from the 

tendency of the plate-like clay particles to align so that positively charged edges are adjacent to 
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negatively charged flat surfaces. If the mud is agitated, then the gel breaks down. If, on the other 

hand, the mud sits at rest, then gel strength increases with time, as the additional clay particles 

come into alignment. If the drilling fluid is at rest for some time, high pump pressures are 

sometimes necessary to restore circulation in the borehole, to the extent that the fluid may be 

forced into weak or fractured formations. 

Thus, in the case of a borehole abandoned for some time, it is likely that the mud originally used 

during drilling has set to form a gel with a substantial gel strength. The gel is "a disheveled yet 

interconnected network of parallel clay particles separated by an average distance" 

(Jahnke, 1987). Since gel strength results from a preferential alignment of clay particles, the 

borehole fluid will possess a low Geometric Correction Factor (G) for molecular diffusion. This 

is because G is equal to the reciprocal of the tortuosity factor, which is a measure of the extra 

path length that diffusing molecules must follow in the pores of the mud, and the tortuosity in 

materials with platy structures is generally high. 

Numerical values of quantities related to the G have been measured for specific samples of clays 

by several researchers, and these results are adopted as indicative. Nye (1979) referred to the 

measurements of Cremers (1968) on four clays (a Wyoming bentonite, a montmorillonite, and 

two kaolinites). This work shows that the electrical formation factor, which is related to the G, is 

strongly dependent upon porosity; for Wyoming bentonite, G varies as porosity raised to the 12.6 

power. This means that a 9.0-lb/gal mud, which has a porosity of 95 percent, has a G of 

(0.95)12.6 = 0.52. 

In another study, Jahnke (1987) diffused tritium in montmorillonite clay gels. Neutral tritium 

was used since it is not subject to sorption and thus gives a true measure of the geometric effect 

of tortuosity (Jahnke and Radke, 1987). By fitting the effective diffusion coefficient to the 

experimental data, he determined tortuosity factors from 2.7 to 3.2. The former value was 

associated with a mud of 13.6 weight percent of solids, which corresponds to 9.0-lb/gal mud. 

Since G is the reciprocal of the tortuosity factor, this mud had a G of 0.37. 
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In the DeLisle area, mud weights employed are generally equal to or exceed 9.3 lb/gal.  Heavier 

muds have lower porosities and higher Geometric Correction Factors (G).  Therefore, using 9.0 

lb/gal mud (G = 0.5) is overly conservative. 

In 10,000 years, molecular diffusion of the contaminant constituents injected at the Chemours 

DeLisle Plant will not exceed the values shown in Table 4-3 within a mud-filled borehole. These 

distances are the vertical thicknesses of a conservative mud weight (9.0 lb/gal) required to reduce 

the concentrations of the constituents to less than health-based standard levels. These distances 

are overestimates, because the constituents cannot begin diffusing into the borehole until the 

plume reaches the borehole.  Additionally, the actual borehole fluid in the wells, within the 

10,000-year waste plume track, is always heavier than the modeled 9.0 lb/gal mud (in a 10.2 

lb/gal mud, the diffusion distances would be approximately one-half that shown in Table 4-3). 

Since the distance from the injection interval to the top of the injection zone is greater than the 

very conservative estimate of the maximum 10,000-year diffusion distance for the most mobile 

constituent, there will be no migration of effluent out of the injection zone by the process of 

molecular diffusion. Therefore, no corrective action is necessary for the wells in the long-term 

plume track. 
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TABLE 4-1
DATA TABULATION FOR WELLS WITHIN THE EXTENDED 4.4 MILE RADIUS AREA OF REVIEW

GKS Project No. DLC160183
July 2017

Well Map 
ID #

Artificial 
Penetration 

Y/N Operator Lease and Well #

Ground 
Elevation 

(feet)

Kelly 
Bushing 

Elevation 
(feet)

Well Spud 
Date Status

Date 
Plugged

Well 
Depth 
(feet)

P&A 
Mud Wt. 

(ppg)
Log Mud 
Wt (ppg)

Depth top 
of 

Injection 
Zone

Depth Top of 
Massive 

Tuscaloosa 
Sand 

Injection 
Interval 

(feet)

Depth Top of 
Washita 

Fredericksburg 
Injection Interval 

(feet)

Depth 
Base of 
USDW 
(feet)

Depth of CMT 
Plugs (feet)

Surface 
Casing 

Size 
(inch)

Surface 
Casing 
Depth 
(feet)

Protection 
Casing Size 

(inch)

Protection 
Casing 

Depth (feet)

Protection 
Casing 
Cutoff 
(feet)

Hole 
Size 

(inch)

Properly 
Plugged for 

Non-
Endangerment

Properly 
Plugged for 

No-Migration
D-1 Y Chemours Monitor Well No. 1 3.6 19.6 1/9/1974 Active -- 10,030 -- 11 7,971 9,385 9,745 2,764 -- 11 3/4 3,459 10,015 -- 10 5/8 Yes Yes

D-66 Y Chemours Injection Well No. 2 46 est 5/19/1978 Active -- 10,060 -- 9.7 7,988 9,382 9,800 <3658 -- 13 3/8 3,658
9 5/8

7"-liner
9855
9743 -- 8 3/8 Yes Yes

D-67 Y Chemours Injection Well No. 3 16.58 37.58 12/9/1978 Active -- 10,103 -- 9.4 8,002 9,320 9,769 <3613 -- 13 3/8 3,613
9 5/8

7" -liner
9610
9,735 -- 8 5/8 Yes Yes

D-68 Y Chemours Injection Well No. 4 12.3 33.3 6/21/1982 Active -- 10,040 -- 9.3 7,989 9,347 9,753 <3745 -- 16 3,745
9 5/8

7" -liner
9320
9738 -- 14 3/4 Yes Yes

D-69 Y Chemours Injection Well No. 5 33 64 12/11/1992 Active -- 10,050 -- 9.7 7,996 9,270 9,745 2,750 -- 13 3/8 3,440 9 5/8 9,765 -- 12 1/4 Yes Yes

Wells in Extended 4.4 mile Radius Area of Review

D-4 Y Willis J Hughes State of Mississippi No. 3 19 est 8/9/1956 P&A 11/20/56 9,996 Mud 10.8 8,281 9,719 NDE 2,865

20' on Top
1,935 - 1,985'
2,510 - 2,570' 9 5/8 1,963 -- -- -- 8 1/2 No No

D-9 Y First Mississippi Corp Diamondhead No. 1 11 38 12/29/1977 P&A 04/14/78 14,000 9.6 9.6 7,771 9,158 9,530 2,825 3,730 - 3,967' 9 5/8 3,818 5 13,976 3,970 8 3/4 Yes Yes

D-72 N Bay Gas LLC Board of Education Nv No. 1 91 102 8/7/2004 P&A 08/10/04 4,000 9.9 9.9 NDE NDE NDE 3,046

0 - 50'
358 - 458'

2,946 - 3,046' 8 5/8 410 -- -- -- 7 7/8 NDE NDE

D-74 N Mobile Minerals Corp. Unit 35-3 No. 1 52 62 10/28/2003 P&A 11/02/03 5,020 9.4 9.4 NDE NDE NDE 3,100

5 - 35'
326 - 426'

3,425 - 3,566' 8 5/8 376 -- -- -- 7 7/8 NDE NDE

D-75 Y Land & Nat Resources Dev. Jane Byrne 501 Trust 27-7 No. 1 74.9 106.9 9/27/2001 P&A 1/4/2002 15,258 10 10 7,971 9,368 9,750 <4,000'

0 - 50'
1,500 - 1,600'
3,950 - 4,050' 9 7/8 4,000 -- -- -- 8 3/4 Yes No

D-100 N Bay Gas LLC Jones et al. No. 1 11 22 7/27/2004 P&A 07/30/04 4,250 9.8 9.8 NDE NDE NDE 3,025

0 - 50'
370 - 470'

2,970 - 3,070' 8 5/8 422 -- -- -- 0 NDE NDE

D-101 Y Chevron USA MS87-01-OS # 1 Block 57
MWL

-14 147 12/21/1988 P&A 10/28/1989 23,550 9.7 9,221 10,400 11,250 2,800'

210'-360'
360'-1,260'

1,260'-2,160'
7,910'-8,410'

8,410' - Bridge
16,195'-16,695'
16,695 - Bridge
22,156'-22,562' 20 8,665

13 5/8
10 3/4 -9 5/8

16506
21,400 12 1/4 Yes No
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TABLE 4-2
ARTIFICIAL PENETRATIONS REQUIRING FURTHER EVALUATION

CALCULATION DATA TABLE

GKS Project No: DLC160183
June 2017

Mud Wt. Diameter Massive Tuscaloosa Washita Fredericksburg

Depth Below Mean Depth Below Mean Kelly P&A Log Used in Surface Surface Protection Protection Used in Calculated Allowable Calculated Allowable
Sea Level Sea Level Bushing Ground Well Mud Mud Static Casing Casing Casing Casing Hole Well Gel Strength Buildup Strength Buildup

Lease & Massive Tuscaloosa Washita-Fredericksburg Elevation Elevation Depth Wt. Wt. Calculation Size Depth Size Cutoff Size Calculation do to Gel Pressure do to Gel Pressure
Map ID # Operator Well # Status Injection Interval Injection Interval (feet) (feet) (feet) (ppg) (ppg) (ppg) (inch) (feet) (inches) (feet) (inches) (inches) (psi) (psi) (psi) (psi)

D-4 Willis J Hughes State of Mississippi No. 3 P&A -9,672 -10,062 18 0 10,006 10.8 10.8 10.8 9 5/8 1,963 -- -- 8 1/2 9 1/2 67 964 70 970

* Well does not penetrate the top of the uppermost Washita-Fredericksburg Sand
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TABLE 4-3 
MOLECULAR DIFFUSION TRANSPORT DISTANCES 

Constituent Waste Code Effective Diffusion Coefficient 
in Mud-filled Borehole         

(ft2/day) 

Vertical Diffusion Distance 
Through Mud-filled Borehole 

(ft) 

Arsenic D004 6.43E-03 1,088 

Barium D005 1.84E-03 493 

Cadmium D006 2.16E-03 702 

Chromium D007 6.72E-03 1,081 

Lead D008 3.15E-03 851 

Mercury D009 2.59E-03 771 

Selenium D010 7.04E-03 1,139 

Silver D011 3.15E-03 847 

 See Section 3.0
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FIGURES 



Date Revised: July 2017

Figure 4-1

Location Map of Wells within the 2.0 Mile Radius Area of Review
and the Extended Area of Review

Chemours DeLisle Plant

Extended 4.4 Mile Radius Area of Review



Figure 4-1 Gel Strength Increase Through Time (Adapted from: Gray et al., 1980)

recreated by: (ESSJ) Sandia; 9/13/06
adapted from Gray et al., 1980
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APPENDIX 4-1 

ARTIFICIAL PENETRATION PROTOCOL  

As used in current regulations, the Area of Review (AOR) pertains to the area within which 

the owner or operator of Class I injection wells must identify all artificial penetrations that 

penetration the permitted confining and injection zones. The following is an outline of the 

steps and methodology used to identify and evaluate artificial penetrations in an AOR. 

WELL IDENTIFICATION 

Data Sources 

A specific and consistent methodology was used to identify all artificial penetrations within 

the AOR surrounding each Solutia injection well. Several data sources were utilized to locate 

pertinent information regarding each artificial penetration. Revised or updated base maps, 

such as Cambe Geological Services, Zingery Map Co., Tobin Surveys, United States 

Geological Survey, state regulatory maps, and state highway county maps were utilized to 

initially identify and establish a general background on the wells identified in each AOR. 

State agency files along with state libraries were research by Agency Information Co. (AIC) 

for descriptive well documentation (see Appendix VIII-1 State Forms). Internal documents 

such as old abandoned well studies, well replugging documents, maps reservoir pressure 

studies, and well schematics were gathered from the records of previous permits and 

petitions. Commercial log service companies with regional libraries such as Cambe 

Geological Services, Inc., and A2D, and IHS (Petroleum Information-Dwight's) Energy 

Services, were researched for historical well logs and scout ticket information. Additional 

records and data were also obtained through oil company sources when warranted. Wells 

lacking data after utilizing the primary resources were researched by contacting 

original/current operators, lease owners and consulting geologists familiar with that area. 

Where discrepancies existed among data sources, state form data were considered to be the 

most accurate. 
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Well Type 

Once identified, the artificial penetrations were then subdivided into wells that are 

abandoned and wells that are active. An abandoned well is a well where use has been 

permanently discontinued or is in disrepair such that it cannot be used for its intended 

purpose. These types of wells include dry holes, abandoned production (oil and gas) wells 

and injection wells. An active well is a well that is currently operating that includes 

production and injection (saltwater disposal, enhanced recovery, or other) wells. An active 

well is a well that is currently operating that includes production and/or injection (saltwater 

disposal, enhanced recovery, or other) wells. 

WELL DATA EVALUATION AND CRITERIA 

Well Status 

Each artificial penetration (active/abandoned) was evaluated as to the adequacy of well 

construction and plugging because of the potential for conveying fluid from an injection 

zone into the overlying USDW. Potential problems wells were identified by failure to meet 

the criteria outlined below and were subsequently modeled for potential upward migration 

of fluids in the well bore. 

Confining Zone and Injection Zone Penetration 

Wells that penetrate the permitted confining zone or injection zone constitute a possible 

threat to USDW because of their potential for conveying fluid from the injection zone to an 

overlying USDW. Available geophysical well logs from the artificial penetrations within the 

AOR were correlated to determine which of the wells penetrated the confining zone or 

injection zone. Wells that do not penetrate this interval were considered to be safe from 

vertical fluid flow and not potential avenue or open conduits for fluid migration. 

Injection Interval Penetration 

Also, any well that is not deep enough to penetrate the injection interval, and is not in direct 

pressure or fluid communication within the injection interval is considered not a risk and 

safe to injection operations. 
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Rock Types 

Discussion has previously been given on the qualities of clays/shale in the Gulf Coast for 

confinement of waste by permeation, diffusion, and pressure increase due to injection; that 

discussion will not be repeated here except to mention that modeling calculations typically 

include large safety factors in unconsolidated rock regions. 

Drilling Methods and the Mud Column 

The artificial penetrations were classified by their drilling methods (rotary vs. cable). 

Because boreholes tend to close in unconsolidated rock formations such as the geologically 

young and immature sediments, the sands and hydrated shale of the Gulf Coastal Plain, 

rotary drilling has been the most preferred drilling method. Generally, the drilling mud 

(typically used with rotary methods) is carefully balanced to keep the caving sand and 

sloughing shale from entering the borehole and maintain wellbore stability. Rotary drilled 

dry holes (wells without economically recoverable hydrocarbons) without proper plugging 

records can be assumed to have been left mud-filled as a minimum condition because there 

is no economic reason to recover the drilling mud prior to abandonment (Johnston and 

Knape, 1986). An exception to this is wells drilled with polymer or oil-based muds which 

are economical to extract from the well and recycle; however, the hole after extraction is 

filled with a less expensive bentonite mud. In addition, from examination of mud 

characteristics taken from well logs for artificial penetrations in each AOR, none of the wells 

(with available well logs) lacking plugging records were drilled with these types of mud. 

Mud characteristics (density, viscosity, type and pH) were obtained from geophysical well 

logs, state and operator records. Rotary drilled dry holes with protection and/or production 

casing strings were surveyed for perforations because a well that has been production tested 

by perforating usually has the drilling mud replaced with a water cushion. 

Mud plugs provide an effective barrier to vertical fluid flow in the abandoned well bore as 

documented previously. 

Cable tool drilling is primarily used in consolidated rock formations where the target horizon 

is shallow. However, this drilling method has not been used in unconsolidated formation 

regions for the past 50 years. This type of drilling operation does not use drilling fluids for 

well control; therefore, these types of wells are limited to shallow, low pressure formations 
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in regions where the formations are consolidated or semiconsolidated. Fluid left in the hole 

is typically either water or brine. Cable tool holes are hard to locate because surface casing 

was usually not cemented and was removed after drilling. 

Proper Plugging 

An abandoned well is properly plugged if no upward fluid migration or interformational 

fluid flow occurs as a result of increased reservoir pressure due to injection operations. The 

Texas Railroad Commission, under Statewide Rule 14 (c. 1967), requires all formations 

bearing USDW, oil, gas, or geothermal resources be protected with type specific cement 

plugs and mud-laden fluid. Uncemented areas in the abandoned wellbore must be filled with 

at least 9.5 lb/gal mud. The State of Louisiana has adopted similar requirements. Setting 

depth for cement plugs are dependent upon the specific construction of the well and the 

geological environment. Production or injection wells abandoned with casing left in the hole 

should be plugged across the base of the lowermost USDW, in each casing string and across 

all 'productive horizons'. A productive horizon is defined as any stratum known to contain 

oil, gas, or geothermal resources. 

Wells abandoned with only surface casing should be plugged across the base of the 

lowermost USDW regardless of casing depth. Where insufficient surface casing is set to 

protect all USDW and such strata is exposed to the open wellbore, a cement plug must be 

placed across the exposed strata with an additional cement plug set across the surface casing 

shoe (Texas Railroad Commission, 1986). When sufficient surface casing has been set to 

protect all USDW strata, a cement plug must be set across the surface casing shoe (Texas 

Railroad Commission, 1986). Wells abandoned with protection and/or production casing 

that have been cemented through all USDW strata, all productive horizons must have cement 

plugs inside the casing and centered opposite the base of the deepest USDW stratum (Texas 

Railroad Commission, 1986). For wells abandoned with protection and/or production casing 

set back to surface, the casing must be perforated at the depths required to protect all 

productive horizons and USDW strata with cement placed outside of the casing by squeeze 

cementing (Texas Railroad Commission, 1986). Wells evaluated to be improperly plugged 

by the above criteria were considered as "potential problem wells" and were modeled for 

potential upward migration of fluids. 
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Proper Well Construction 

For the purpose of this study, a properly constructed active or abandoned well is defined as 

a well where the annulus between the borehole and a casing string has been effectively sealed 

by cement across the correlated injection interval(s), thereby preventing potential vertical 

fluid migration. Wells that were drilled into or through the injection interval and abandoned 

with protection and/or production casing left in the hole can pose potential problems. If 

cement was not circulated to a depth above the correlated injection zone, only drilling fluid 

would be present in the annulus. Although the drilling fluid in the annulus would provide 

the same resistance to vertical fluid migration as a mud plug in the wellbore, wells that were 

constructed improperly were also considered as potential problem wells and modeled for 

possible vertical fluid migration. 

Cement volume calculations were made on each well that has full protection and/or 

production casing left intact in the well. Only conservative data values were used in the 

calculations. One inch was added to the drilled borehole diameter of the open hole and all 

slurry volumes were calculated using Class H cement with 0% Gel (1.06 ft3/sack)-slurry 

volume. 

Incomplete Records 

By far, most of the data on the artificial penetrations in the AOR were obtained from state 

records. Where public records were missing or virtually non-existent, private record 

searches were conducted to locate pertinent data. 

Many current operators or well owners have ceased operation or have changed names 

making it even more difficult to locate records on abandoned boreholes. Consulting 

geologists or engineers familiar with the area were contacted to help locate some of the 

current operators. Many of these operators did not keep records on older wells that were dry 

holes making it increasingly difficult to document the present status of the well(s). 

A number of oil and gas wells were permitted but have never been drilled. These expired 

permit surface locations sometimes have been erroneously spotted as oil and gas wells on 

certain base maps by cartographer or drafter error. The proposed wells, of course, have no 

construction, plugging or operation records and were verified as being non-existent by the 

state agency responsible for records in that area. Wells that were identified as having been 
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drilled but missing the necessary records to document adequacy of plugging and/or 

construction were labeled potential problem wells and modeled for possible vertical fluid 

migration. 

Corrective Action Plan 

Potential problem well(s) that fail the pressure model are labeled "problem wells" as they 

constitute a potential threat to USDWs. If vertical fluid migration is calculated for any of the 

potential problem wells, then one of the following steps must be taken: 

1. Locate and re-enter the problem well to plug properly; 

2. Decrease the injection rate to reduce pressure (head) driving force; 

3. Recomplete the injection well at a greater depth so that the problem well can tolerate 

a higher pressure without fluid migration; 

4. Recomplete the injection well in an interval deeper than the problem well penetrates; 

5. Increase the density of the injected waste to prevent possible vertical fluid migration; 

6. Drill a monitor well adjacent to the problem well to monitor possible vertical fluid 

migration. 

Other Disposal Operations 

State or Federal agencies responsible for permitting UIC operations will rarely permit Class 

I injection wells in an area where injection (Class I and Class II), in the same zone, is already 

taking place. If injection wells (saltwater disposal, enhanced recovery, or other) were found 

in or near the AOR, a search for operations records and well completion data must be 

obtained for those wells. Injection intervals and volumes injected were researched and 

subsequently modeled to show if significant pressure increase were resulting from additional 

injection source(s). 

Data Organization 

After each data source was reviewed and pertinent data has been extracted and tabulated, 

each identified artificial penetration was given an identification number (map identification 
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number = artificial penetration number). A base location map was built from all available 

state records, and commercial data sources showing each artificial penetration well in its 

identified proper location (see Figure 4-1).  
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ARTIFICIAL PENETRATION #D-4 
 

WILLIS J. HUGHES 
STATE OF MISSISSIPPI NO. 3 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 2304500007  
Map ID No.:  D-4 Status:  P & A 
Operator:  J Willis Hughes Date Plugged:  11/20/56 
Well Name:  State of Mississippi No. 3 Distance from DeLisle Well #5: 24,650’ 
Location:  T8S, R13W, SEC - Well Type: Exploration 
TD:  10,006’  
Date Drilled:  08/09/56  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
9 7/8” Surface Casing set @ 1,993’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  10,006’ 
 
 
 
 
 

Plugged : 11/20/56 
20 feet on top 
 
1,935’ to 1,985’ w/40 sacks 
 
2,510’ to 2,570’ w/40 sacks’ 
 

Lowermost 
USDW 

Injection 
Zone 

Injection 
Zone 
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ARTIFICIAL PENETRATION #D-9  
 

FIRST MISSISSIPPI CORPORATION 
DIAMONDHEAD NO. 1 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 2304520034  
Map ID No.:  D-9 Status:  P & A 
Operator:  First Mississippi Corp. Date Plugged:  04/14/78 
Well Name:  Diamondhead No. 1 Distance from DeLisle Well #5: 24,150’ 
Location:  T8S, R14W, SEC 8 Well Type: Exploration 
TD:  14,000’  
Date Drilled:  12/29/77  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
9 7/8” Surface Casing set @ 3,818’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
5” Production Casing Set at 13,976’ 
        Pulled from 3,970’ 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  14,000’ 
 
 
 
 
 

Plugged : 04/14/78 
 
3,730’ to 3,967’ w/160 sacks 
 

Lowermost 
USDW 

Injection 
Zone 

Injection 
Zone 

CIBP & Cmt @ 13,330 – 13,350’ 
 EZSV Retainer @ 13,463’ 
CIBP & Cmt @ 13,630 – 13,640’ 
CIBP & Cmt @ 13,640 – 13,650’ 
            CIBP @ 13,800’ 
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ARTIFICIAL PENETRATION #D-72  
 

BAY GAS LLC 
BOARD OF EDUCATION N-V NO. 1 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 2304720019000  
Map ID No.:  D-72 Status:  P & A 
Operator:  Bay Gas LLC Date Plugged:  08/10/04 
Well Name:  Board of Education Nv No. 1 Distance from DeLisle Well #5: 21,000’ 
Location:  T7S, R13W, SEC 16 Well Type: Exploration 
TD:  4,000’  
Date Drilled:  08/07/04  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
8 5/8” Surface Casing set @ 410’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  4,000’ 
 
 
 
 
 

Plugged : 08/10/04 
0 to 50’ w/10 sacks 
 
358’ to 458’ w/35 sacks 
 
2,946’ to 3,046’ w/35 sacks’ 
 

Lowermost 
USDW 
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ARTIFICIAL PENETRATION #D-74  
 

MOBILE MINERALS CORPORATION 
UNIT 35-3 NO. 1 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 230452013300  
Map ID No.:  D-74 Status:  P & A 
Operator:  Mobile Minerals Corp. Date Plugged:  11/02/03 
Well Name:  Unit 35-3 No. 1 Distance from DeLisle Well #5: 18,300’ 
Location:  T7S, R14W, SEC 26 Well Type: Exploration 
TD:  5,020’  
Date Drilled:  10/28/03  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
8 5/8” Surface Casing set @ 376’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  5,020’ 
 
 
 
 
 

Plugged : 11/02/03 
5 to 35’ w/10 sacks 
 
326’ to 426’ w/35 sacks 
 
3,425’ to 3,566’ w/55 sacks’ 
 

Lowermost 
USDW 
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ARTIFICIAL PENETRATION #D-75  
 

LAND AND NATURAL RESOURCES DEVELOPMENT 
JAYNE BYRNE 501 TRUST 27-7 NO. 1 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 230472001800  
Map ID No.:  D-75 Status:  P & A 
Operator:  Land & Natural Resources Dev. Date Plugged:  01/04/02 
Well Name:  J Byrne 501 Trust 27-7 No. 1 Distance from DeLisle Well #5: 14,400’ 
Location:  T7S, R13W, SEC 27 Well Type: Exploration 
TD:  15,258’  
Date Drilled:  09/27/01  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
9 7/8” Surface Casing set @ 4,000’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  15,258’ 
 
 
 
 
 

Plugged : 01/04/02 
0 to 50’ w/20 sacks 
 
1,500’ to 1,600’ w/40 sacks 
 
3,950’ to 4,050’ w/40 sacks’ 
 

Lowermost 
USDW 

Injection 
Zone 

Injection 
Interval 
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ARTIFICIAL PENETRATION #D-100  
 

BAY GAS LLC 
JONES ET AL. NO. 1 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 2304520135000  
Map ID No.:  D-100 Status:  P & A 
Operator:  Bay Gas LLC Date Plugged:  07/30/04 
Well Name:  Jones et al. No. 1 Distance from DeLisle Well #5: 27,500’ 
Location:  T7S, R14W, SEC 40 Well Type: Exploration 
TD:  4,250’  
Date Drilled:  07/27/04  
 
                Drawing not to scale 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – July 2016 
Checked by:  
Revised by: 

 
 
 
 
 
 
8 5/8” Surface Casing set @ 422’ 
 
 
 
’ 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Total Depth:  4,250’ 
 
 
 
 
 

Plugged : 07/30/04 
0 to 50’ w/10 sacks 
 
370’ to 470’ w/35 sacks 
 
2,970’ to 3,070 w/35 sacks’ 
 

Lowermost 
USDW 









































 

 

 

 

ARTIFICIAL PENETRATION #D-101  
 

CHEVRON USA 
MS87-0S #1 BLOCK 57 



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR 
CHEMOURS DELISLE PLANT 

 
Plant:  Chemours DeLisle API #: 2304720010 
Map ID No.:  D-101 Status:  P & A 
Operator:  Chevron USA Date Plugged:  10/28/89 
Well Name:  MS87-01-OS #1 Block 57 Distance from DeLisle Well #5: 63,000’ 
Location: 8450’ FNL & 7650 FWL  of MS  
                 Sound Block 57 

Well Type: Exploration 

TD:  23,550’ Drawing not to scale 
Date Drilled:  12/21/88  
 
                 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
       
 
 
 
 
Drawn by: GKS – June 2017 
Checked by: 
Revised by: 

26” Conductor Casing set @ 1,007’ with 
2,100 sx cement 
 
 
 
 
 
 
 
20” Surface Casing set @ 8,665’ with 
11,800 sx cement 
 
 
 
 
 
 
 
 
 
 
 
13 5/8” Protection Casing set @ 16,506’ 
with 9,500 sx cement 
 
 
  
 
 
 
10 ¾” – 9 5/8” Protection Casing set @ 
21,400’ with 4,050 sx cement 
 
 
 
 
 
 
 
TOTAL DEPTH 23,550’ 
 
 
 
 
 
 
 
Total Depth:  23,550’ 
 
 
 
 
 

Plugged: 10/28/89 
 
210’ to 360’ 
360’ to 1,260’ 
1,260’ to 2,160’ 
7,910 to 8,140’ 
Bridge @ 8,140’ 
16,195’ to 16,695’ 
Bridge @ 16,695’ 
 
 
 
 
 

Lowermost 
USDW 

Injection 
Zone 

Injection 
Interval 















































































































































































































































































































































































































































































































Gulf Coast Borehole Closure Test 
Well Orangefield, Texas 
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