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2.0 GEOLOGY

This section contains an evaluation and review of the subsurface regional geology and local
geology present at the Chemours DeLisle Mississippi Plant site and directly focuses on the

suitability of the injection and containment formations.

2.1 INTRODUCTION

The siting of the injection wells at the Chemours DeLisle Plant meets all the requirements of 40
CFR 146.62. The injection formation is located approximately 7,000 feet beneath the lowermost
aquifer that meets the criteria for being an underground source of drinking water (USDW) as
defined in 40 CFR 144.3 (Figure 2-1). There are no withdrawals of drinking water from the
lowermost USDW.

The wells are sited in an area that is geologically suitable. Suitability has been determined based

upon:

1) an analysis of the region’s structural and stratigraphic geology, hydrogeology,

and seismicity;

2) an analysis of the geology and hydrogeology of the well site, including detailed
information on the stratigraphy, structure and rock properties, aquifer

hydrodynamics, and mineral resources; and,

3) an analysis of the ability to accurately describe the geology of the area based
upon the availability of subsurface data, multiple core samples of the principal

strata, and the availability of accurate models to predict waste fate and transport.

The massive sandstones of the Washita-Fredericksburg provide an effective injection unit in terms
of lateral extent, mineralogical composition, and petrophysical characteristics. The
Washita-Fredericksburg Injection Interval has adequate permeability, porosity, thickness, and area
extent to allow injection of the waste volume generated by the facility. This conclusion is based

on 37 years of experience injecting into this interval.
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The Containment Interval includes the overlying shales of the uppermost Washita-Fredericksburg,
Tuscaloosa, Eutaw, and the chalks and shales of the Selma Chalk (Figure 2-1). The Containment
Interval is laterally extensive and possess attributes required for the effective and direct
confinement of injected waste fluids. The Containment Interval overlies the
Washita-Fredericksburg Injection Interval and is contained with the Injection Zone. The shales of
the Selma/Midway Confining Zone are laterally continuous and free of transecting, transmissive
faults or fractures over an area sufficient to prevent the movement of fluids into a USDW. The
Confining Zone overlies the Injection Zone and contains more than one formation of sufficient
thickness with lithologic and stress characteristics capable of preventing vertical propagation of
fractures. Figure 2-2 presents a “type log” containing subsurface formation depths and thicknesses.
This type log is a well log that was selected as being representative of the of the subsurface at the

Chemours DelLisle Plant site.

In addition, the Confining Zone (top of the Midway Shale at approximately 6,100 feet below
ground level (referenced as “BGL” in the remainder of the document)) is separated from the base
of the lowermost USDW (at approximately 2,750 feet BGL) by many sequences of permeable and
less permeable strata. These strata will provide added layers of protection for the USDW in the
event of fluid movement up an unlocated borehole or transmissive fault. A simplified version of
Figure 2-2, the “type log”, is presented as Figure 2-3. The net effect of interbedded layers is the
retardation of any potential upward fluid movement to such an extent that it would never reach the

USDW, but rather exit laterally into one of the numerous buffer saline aquifers.

The geologic structure, stratigraphy, hydrogeology, and seismicity of the region support the
Chemours DeLisle Plant site as an acceptable location for injection operations. There are no
known usable subsurface mineral resources in the Washita-Fredericksburg within the immediate
area. The geology of the area is described within this section. Geological data was used to
establish accurate inputs for a Sandia Waste Isolation Flow and Transport (SWIFT) numerical
model to predict injection interval pressurization, lateral waste transport, and waste containment

within the Injection Zone.
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2.2 Regional Geology

2.2.1 Historical Regional Geology

The earliest record of sedimentation in the Gulf of Mexico Basin occurred during the Late Triassic
to Early Jurassic when initial phases of tensional rifting resulted in the deposition of non-marine
red beds and deltaic sandstones, conglomerates, siltstones, and shales of the Eagle Mills Formation
(Figure 2-4). During the Middle Jurassic, these sediments were overlain by a thick succession of
anhydrite and salt beds (Werner Anhydrite and Louann Salt). As much as 13,000 feet of Louann
Salt accumulated in the major sub-basins of the Gulf Coast. In the eastern Gulf, regressive
sandstones of the Norphlet Formation subsequently covered the thick evaporate section. Area well
logs show that the Norphlet Sand in the state of Mississippi can exceed 1,000 feet in thickness.
The early Late Jurassic was a period of shallow warm seas, resulting in the deposition of the
Smackover carbonates. It was also at this time that the ancestral Mississippi River drainage system

first established itself as a dominant factor in the basin.

The Late Jurassic period concluded with the deposition of a succession of shallow-water clastics
and interbedded carbonates; also by this time, the Gulf had completed its spreading and achieved
full connection to the Atlantic (Salvador, 1987). Jurassic non-skeletal carbonate sands and mud
accumulated on a ramp-type shelf, while reefal buildups developed on subtle topographic highs
(Baria et al., 1982). A highly terrigenous clastic influx in eastern Louisiana, Mississippi, and the
Florida panhandle deposited the Haynesville Formation, which diminishes and grades westward
into the Gilmer Limestone in East Texas. The Haynesville Formation is overlain by the Cotton
Valley Group of Late Jurassic - Early Cretaceous age. The Cotton Valley Group is prevalent
throughout the Gulf Coast and contains the Knowles Limestone, which is a widely recognized
regional marker bed. During the balance of the Early Cretaceous, a period of shelf stability and
decreased terrigenous sediment influx allowed for the development of extensive sandy carbonates
and carbonates. Early Cretaceous geologic units include the Sligo, Pine Island, Rodessa, and
Mooringsport formations of the Trinity Group. Terrigenous influx increased again toward the end
of the Early Cretaceous, resulting in the deposition of the Paluxy Formation and the Fredericksburg

and Washita groups.

Following a prominent hiatus in deposition, known as the Middle Cretaceous Unconformity,
increasing tectonism in the western United States and northern Mexico accelerated the influx of
clastic sediments to the Gulf of Mexico basin. The resulting Tuscaloosa Massive Sand of the
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Eastern Gulf (time-equivalent to the Woodbine sands of east Texas) effectively shut off the
production of carbonates except in the distal regions of the Florida platform. As the rate of
terrigenous influx exceeded the rate of basin subsidence, significant progradation of sediments

occurred on the continental shelf (Figure 2-5).

The geometry of Cenozoic deposition in the Gulf Coast Basin was primarily controlled by the

interaction of the following factors:

1) Changes in the rate of sediment input and the shifting location(s) of maximum
sedimentation,

2) Changes in the relative position of sea level, resulting in the development of a series
of widespread depositional cycles throughout Cenozoic time,

3) Diapiric intrusion of salt and shale in response to sediment loading, and

4) Flexures and growth faults due to sediment loading and gravitational instability.

Early Tertiary sediments are thickest in the Rio Grande Embayment of south Texas, reflecting the
role of the ancestral Rio Grande River and Nueces River as sediment sources to the Gulf of Mexico.
By Oligocene time, deposition rates increased to the northeast, suggesting the ancestral Colorado,
Brazos, Sabine, and Mississippi rivers were gaining in importance. The Miocene was marked by
an abrupt decrease in the amount of sediment entering the Rio Grande Embayment, with a
coincident increase in the rate of sediment supply in southeast Texas, Louisiana, and Mississippi.
Throughout the Pliocene and Pleistocene, maximum depocenters of sedimentation were controlled

by the Mississippi River and were located offshore of Louisiana and Texas.

2.2.2 Regional Surface Geology

The regional surface geology of Mississippi is depicted in Figure 2-6. Regional structure and
isopach maps, prepared for this permit renewal, are listed below, with their corresponding
appendix number. The mapped area extends approximately 26 miles in an east-west direction and
30 miles in a north-south direction. These maps are presented herein on a Tobin digital oil and
gas base map (Appendix 2-1). Geostock Sandia, LLC, prepared current updates and revisions to
the maps. Electric log data and correlation data from offset petroleum exploration wells that
penetrate the injection/confining zones and the site injection wells are annotated on the base,
isopach and structure maps. Table 2-1 presents an Index of Geologic Maps that are referenced

within this section.
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An index base map showing the location of two regional cross-sections is included in
Appendix 2-2. The two regional cross-sections oriented approximately north-south and west-east
are included as Appendices 2-3 and 2-4. The north-south cross-section A-A’ (Appendix 2-3)
illustrates the southerly regional dip, while the west-east cross-section B-B’ (Appendix 2-4)
illustrates the strike of the strata and the structuring onto Waveland Field west of the plant. The
Confining Zone, Injection Zone, and Injection Interval are labeled on both geologic cross-sections
(Appendices 2-3 and 2-4).

2.2.3 Structure

The Chemours DeLisle Plant is located within the Mississippi Embayment of the Central Gulf
Coast Basin, approximately midway between the Mississippi Salt Dome Basin and the South
Louisiana Salt Dome Basin (Figure 2-7). The area is structurally stable and unfaulted. Regional
dip is to the south-southwest (Figure 2-8). Here, the Late Cretaceous clastic section and major
Tertiary progradational wedges were less affected by growth faulting than the equivalent downdip

expanded sedimentary sections located offshore beyond the Cretaceous shelf edge.

Structure maps of all of the formations illustrate regional southerly dip (Appendices 2-5 through

2-11). Formation dip rates for the region and the plant site are summarized in Table 2-2.

Isopach maps of the deeper formations indicate the following thicknesses for the regional area,
with the following values for Washita-Fredericksburg Sand net sand thickness (Appendices 2-12—
2-18). Table 2-3 summarizes the thicknesses of formations below the top of the Confining Zone at
the Chemours DeLisle Plant site.

2.2.3.1 Faulting

There are no known or suspected faults near the DeLisle Plant. The closest identified fault is
located in Ansley Field, approximately 16 miles southwest of the plant site (DuPont, 1974).
Subsurface well control indicates that this fault has limited lateral extent and a throw of less than
100 feet. The Baton Rouge fault system is a major regional tectonic feature that marks the
Cretaceous shelf margin. At its closest point, the Baton Rouge fault system is located 25 miles
south of the plant site (DuPont, 1974). This fault system strikes east-west and trends along the
north edge of Lake Pontchartrain, Louisiana, eastward through the Chandeleur Sound into the Gulf
of Mexico (Figure 2-7).
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Chemours DeLisle 2017 HWDIR Exemption Petition Reissuance Application Page 2-5



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 2-6

Evaluation of geophysical well logs, geologic structure maps, and cross-sections from the
surrounding area provides substantial evidence that no faulting exists near the plant site.
Furthermore, gravity data indicate that no salt diapirs occur in the area between the Mississippi
Salt Dome Basin (Figure 2-8) and the South Louisiana Salt Dome Basin (DuPont, 1974).

2.2.4 Data Documenting Lack of Faulting

Additional evidence for the absence of faulting is offered by evaluation of a north-south seismic
line shot by Union Oil. Union Oil Line 627-2 is a north-south line that passes through the DeLisle
Plant and is located immediately west of the injection field (Appendix 2-19). This data must be
considered BUSINESS CONFIDENTIAL, and is to be stored under LOCK AND KEY. This

seismic line should be viewed only by individuals on a need-to-know basis as cleared through

Chemours. The license agreement also prohibits unauthorized reproduction of the seismic line as

per terms of the license.

The interpreted/annotated version of Union Oil seismic line 672-2 shows the location of Plant Well
No. 4, along with the approximate tops of the Confining Zone, Injection Zone, and Injection
Interval. The inset location map orients Seismic Line 672-2 as a north-south transect near the
western boundary of the Chemours DeLisle Plant and Well No. 4. Included with this display are
a Time-Depth Curve and a Synthetic Seismogram Section (Appendix 2-20: this appendix is also
BUSINESS CONFIDENTIAL) that are constructed from the sonic/acoustic log of Well No. 4.
These data were used to identify the time-depths of both formation tops and regulatory units on
Seismic Line 672-2.

Along the entire seven-mile length of Seismic Line 627-2 lateral continuity is clearly indicated for
all strata from the top of the Confining Zone through the Injection Zone, indicating no evidence of

faulting in the area.

In summary, the subsurface geologic data gives no indication that transmissive faults or fractures
are present within the defined Injection Zone; and that lateral continuity of the Injection and
Confining Zones exists. As there is a thick confining interval isolating the Injection Zone from

the base of the lowermost USDW and no known breached formations exist.
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2.2.5 Seismicity

Evaluations have been performed to determine the possible effects of natural and induced seismic
events on (1) the integrity of well construction materials; and, (2) the integrity of both the Injection
and Confining Zones beneath the DeLisle Plant. A review of “The National Earthquake
Information Center” (http://earthquake.usgs.gov/contactus/golden/neic.php) indicates that the
DelLisle area has a low potential for seismic activity (see Figure 2-9, and Appendices 2-21 through
2-27). David J. Leeds, a certified geophysicist and engineering geologist, conducted a regional
evaluation for the site (Appendix 2-21). Leeds (1989) identified seismogenic sources, modeled a
“design earthquake,” and discussed the effects of the “design” earthquake on the Injection and

Confining Zones.

In an additional study performed by DuPont, the probability of induced seismicity was evaluated
using the very conservative “zero-cohesion Mohr-Coulomb failure criterion” recommended by the
U.S. Geological Survey (Wesson and Nicholson, 1987). This study is discussed below
(Section 2.2.3.2, Induced Seismicity).

The natural seismicity by the Leads’ study and the DuPont “zero-cohesion Mohr-Coulomb failure
criterion” study of the potential to cause induced seismicity, both indicate that seismicity is not a

significant issue at the DeLisle site.

2.2.5.1 Natural Seismicity

Seismically, the Gulf Coastal Plain is one of the least active regions of North America (Figure 2-9).
This area of Mississippi and adjacent states has either a zero rating or the very lowest rating for
seismicity. The regional epicenter map (Appendix 2-22) shows all regional seismic events (events
plotted) in the National Geophysical Data Center files as of 2017. A more detailed version shows
historically recorded earthquakes in the Gulf Coast region from 1790 to present (Appendix 2-23).
The oldest earthquake plotted was an event in western Florida during 1780, which exhibited an
Intensity VI (Table 2-4, Modified Mercalli Intensity Scale) and was located approximately 125
miles east of the DeLisle Plant. Destructive earthquake ground motion has not been experienced
in the DeLisle area in 200+ years of recorded earthquakes (Leeds, 1989).

Natural seismicity in the Gulf Coastal Plain is attributed primarily to flexure of sediments along
hinge-lines that parallel the coast. This flexure is due to compression and down warping of the

immature Gulf of Mexico basin sediments in response to extreme sediment loading. Structural
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features such as salt domes and growth faults, although capable of storing and releasing some

seismic energy, are weak and ineffective in generating even modest ground motion.

Salt domes are the result of plastic flowage of salt that pierces or ruptures adjacent sedimentary
layers, or causes doming in the overlying sedimentary layers. These sediments have low density,
poor cementation, and low shear strength which results in a low shear moduli. It is doubtful that
a salt dome could develop earthquakes with a magnitude greater than 3.0 on the Richter Scale.
Small earthquakes may be felt locally but are unlikely to propagate damaging ground motions. As
indicated in Section 2.2.1.1, the DeLisle Plant is not located near any salt diapirs as the plant is
situated between the Mississippi Salt Dome Basin (Figure 2-10) and the South Louisiana Salt
Dome Basin (DuPont, 1974).

Growth faults may be responsible for some seismic activity, i.e., several low magnitude events
within about 50 miles of the coast. A 1983 event at Lake Charles was from a depth of 14+ km and
had a Mercalli magnitude of approximately IV (dishes rattling). This depth is located well below
injection depths beneath the DeLisle Plant. Even more distant seismic regions (e.g., New Madrid
Zone in southeastern Missouri) have not developed events great enough to cause damage at the
DelLisle Plant (Leeds, 1989).

By using data from the largest historic event of the province and modeling a “design earthquake”,
the hypothetical modeling results show an event with little damage to engineered structures or
facilities. Ground motion due to seismic activity is attenuated with depth. Thus, no damage to the
well systems would be anticipated. The few historical seismic events in the Gulf Coast area
indicate that there is little chance of an event occurring in the vicinity of DeLisle Plant
(Leeds, 1989).

2.2.5.2 Induced Seismicity

Documented fluid-injection induced earthquakes are quite rare, and are probably caused by
increased pore pressure from injection operations that reduce frictional resistance to failure. This
mechanism has been successful in explaining the best known case of injection-induced seismicity
which occurred at Rocky Mountain Arsenal near Denver, Colorado (Wesson and Nicholson,
1987). Injection at Rocky Mountain Arsenal was directly emplaced into relatively impermeable
crystalline basement rocks with hydrologic properties that were unfavorable to injection
operations.
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Gulf Coast reservoirs that are characterized by high transmissibility and storativity are capable of
receiving fluid at low injection pressures and are not likely to be the site of an induced earthquake
(Wesson and Nicholson, 1987). Injection at DeLisle Plant meets these conditions, because
injection occurs into deep, incompetent (relatively soft, high porosity, moderate to high
permeability) formations over a broad area not subject to natural earthquakes. In addition, each

injection well is operated at comparatively low injection pressures.

The probability of the waste injection process inducing an earthquake is extremely remote in the
Gulf Coast area. Geology and regional tectonic conditions do not provide the high stress
accumulation required for earthquake generation; therefore, there is no apparent risk of inducing

seismic events from subsurface waste disposal at the DeLisle Plant.

The potential for induced seismicity at the Chemours DeLisle Plant can be evaluated using the
very conservative "zero-cohesion Mohr-Coulomb failure criterion," recommended by the U.S.

Geological Survey (Wesson and Nicholson, 1987). This method 1is based on the following

equation:
_ 5. Ga-1)
crit
2 (1
where,
Perit = the critical injection zone fluid pressure required to initiate slippage along faults
and fractures;
Sy = the total overburden stress gradient that represents the maximum principal stress in
the Gulf Coast region; and
o = the ratio of the minimum principal stress (horizontal in the Gulf Coast region) to

the maximum principal stress (overburden stress).

Equation 1 contains a number of conservative assumptions that produce a "worst-case" lower value

for the critical fluid pressure that would induce seismicity by:
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e Neglecting the cohesive strength of the sediments;
e Assuming that a fault or fracture is oriented at the worst possible angle; and

e Assuming a worst-case value of 0.6 for the coefficient of friction of the rock (Wesson and

Nicholson, 1987).

For this evaluation, Equation 1 can be expressed in a more convenient form by introducing the
matrix stress ratio K; (Matthews and Kelly, 1967; Eaton, 1969), defined as the ratio of the
minimum to the maximum "effective" principal stresses. Effective principal stress is equal to

actual principal stress minus fluid pore pressure p,. Thus,

e
S, — D, ()

Substituting Equation 2 into Equation 1 and performing algebraic manipulations results in

Equation 3, which is used to evaluate induced seismicity at the Chemours DeLisle Plant:

(3K —1
AP, = S —
crit K 2 ) ( v p{)) (3)

Where,
AP;; 1s the critical injection zone pressure buildup required to induce seismicity, with:

P = po + APcrit (4)

crit

Section 3.0 - Reservoir Modeling indicates that, at all injection depths, the initial pore pressure

(p,) 1s less than 0.47 psi per foot of depth. Eaton (1969) provides a plot of the effective overburden
stress (S,) as a function of depth for locations along the Gulf Coast. According to this plot, at
depths greater than 3,000 feet, (S,) exceeds 0.88 psi per foot of depth. Matthews and Kelly (1967)
provides a plot of the matrix stress ratio (K;) for tectonically relaxed sediments along the Texas
Gulf Coast. This plot indicates that, at all depths greater than 3,000 feet, K; exceeds a value of
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0.54. Substituting these values for p,, S,, and K into Equation 3, it is found that, at DeLisle, P

is greater than .125 psi per foot of depth, or, 125 psi per 1,000 feet of depth.

The calculated injection interval pressure increases at the DeLisle Plant as derived from historical
modeling performed in the reservoir mechanics section of the permit application are presented in
Table 2-5 and indicates that induced seismicity is unlikely to be a problem at the Chemours DeLisle

site.

2.2.6 Stratigraphy

The following sections describe those formations penetrated by the DeLisle Plant injection wells
and Monitor Well No. 1. Formations below the maximum depth of the injection wells are not
described because they have no bearing on injection operations. The formations penetrated by the
injection wells are described in ascending order beginning with the Washita-Fredericksburg

Group, which contains the sandstone unit presently receiving injected waste (Figures 2-1 and 2-4).

A more detailed description of the Injection Zone beneath the plant can be found in Section 2.3.3

of this permit application.

2.2.6.1 Washita-Fredericksburg Group

Contemporaneous with uplift and erosion in southern Arkansas and northern Louisiana, Washita-
Fredericksburg sands and shale were deposited basinward. Sub-regionally, the basin was
enhanced as a result of salt withdrawal and a tectonic adjustment to the uplift. The basin became
stranded behind the residual high formed by the stacking of Jurassic and Early Cretaceous shelf
edges. As mixed fluvial-deltaic sands and shales entered the basin along the strandline, some
sediment was redistributed farther offshore on the shallow marine platform. Following a
significant unconformity of Middle Cretaceous age, clastic deposition resumed during the early

Late Cretaceous with the deposition of the Tuscaloosa Massive Sand (Chasteen, 1983).

2.2.6.2 Tuscaloosa Formation
In southern Mississippi, the basal Late Cretaceous Tuscaloosa Formation overlies the Washita-
Fredericksburg group. In southwest Mississippi and southeast Louisiana, the lower Tuscaloosa
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Formation is divided into a non-marine facies and an overlying marine facies (Berg and Cook,
1968; Chasteen, 1983; Hearne and Lock, 1985; and, Stancliffe and Adams, 1986; Shirley, 1987).
The non-marine facies is the Tuscaloosa Massive Sand, which is composed of a basal braided

stream deposit and a meander belt point-bar complex.

The Tuscaloosa Massive Sand is composed of stacked massive sandstones with few well-defined
shale breaks. Chert-conglomerate is commonly present at the base of the stacked channel sand
(Chasteen, 1983). The Tuscaloosa Massive Sand sediments are structureless, well-sorted,
micaceous, locally fossiliferous (marine bivalves), calcareous, glauconitic, fine-grained, and
quartz rich. All of these characteristics are indicative of a more marginal marine (more downdip
equivalent) environment of deposition than the lower Tuscaloosa section in southwestern
Mississippi and eastern Louisiana (Mancini et al., 1987). The stacking of channel sandstones with
basal conglomerates is typical of a braided-stream environment. Regional isopach maps of the
braided-stream unit show a sheet-like geometry with thick sand areas corresponding to persistent
drainage patterns where major streams existed (Chasteen, 1983). Overlying the braided-stream

deposits are meander belt point bar and associated facies deposits.

The overlying marine unit is composed of sandstones interbedded with siltstones and shales that
exhibit intense bioturbation. This intense bioturbation suggests deposition in shallow water,
brackish to marine environment. In addition, cores and sample logs commonly record the presence
of oysters as solitary and bedded forms in the shales, which would support a shallow-water marine
origin for the unit (Chasteen, 1983). Sandstones in the marine interval of the Lower Tuscaloosa
Formation are generally thin, exhibit a lenticular nature, and are commonly intensely bioturbated
(Chasteen, 1983).

Continued transgression caused by a major global rise in sea level during the early Late Cretaceous
inundated the marginal marine Tuscaloosa sequence, leading to the deposition of middle marine
shales of the Middle and Upper Tuscaloosa (Vail et al., 1977; Stancliffe and Adams, 1986).
Microfauna analysis of samples from Liberty Field in Amite County, Mississippi, show a vertical
change from a fauna dominated by the agglutinated species Ammobaculites and Trochammina to
one characterized by the calcareous species Heterohelix and Lenticulina (Stancliffe and Adams,
1986). This faunal succession suggests a transition from restricted marine to open marine neritic
conditions for Middle and Upper Tuscaloosa shales (Stancliffe and Adams, 1986). The marine
Tuscaloosa shales along the basin contain a diverse assemblage of macrofossils, including

ammonites, gastropods, inoceramids, other bivalves, and a rich assemblage of planktonic
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foraminifera and calcareous nannofossils typical of Cretaceous open-shelf environments (Mancini
et al., 1987). Fluvial deposition was confined to extreme updip positions in the northern Gulf of
Mexico Basin (Chasteen, 1983).

2.2.6.3 Eutaw Formation

The Eutaw Formation conformably overlies the Upper Tuscaloosa Shale Formation. The Eutaw
Formation and overlying Selma Chalk deposits represent marine shelf deposition and a
continuation of the Late Cretaceous global sea-level rise. The Eutaw Formation consists mainly
of fossiliferous, calcareous claystone grading to micaceous, calcareous, glauconitic, fine-grained

sandstone near the updip marine margin (Mancini et al., 1987).

2.2.6.4 Selma Formation

The Late Cretaceous global rise in sea level reached its maximum extent soon after the end of
Eutaw deposition. Much of the Gulf Coast (including most of Mississippi) was inundated and
remained below sea level through the end of Cretaceous time. The Selma Formation was deposited
in a relatively shallow epicontinental sea and consists of chalk, marl, shale, and minor beds of
sandstones. In west-central Mississippi, reefal limestone was deposited on uplifted shallow
platforms that formed in response to igneous intrusions. The Late Cretaceous sea remained
relatively shallow throughout deposition of the Selma Formation, with sedimentation and

subsidence in near equilibrium.

2.2.6.5 Midway Group

The Paleocene Midway Group sediments were deposited during the first major Tertiary regressive
cycle. Conformably overlying marine Cretaceous sediments is the Clayton Formation. The faunal
succession across the Upper Cretaceous/Tertiary boundary shows a sharp break in both
macro-fauna and micro-fauna types, making it possible to accurately determine the base of the
Tertiary in the Gulf Coast Basin (Rainwater, 1964a). At the beginning of the Tertiary, an
epicontinental sea still covered most of the Mississippi Embayment, with the Clayton Formation
being deposited in an open marine environment. The unit is generally less than 50 feet thick and

is composed of thin marls, marly chalk, or calcareous clays (Rainwater, 1964a).
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As the epicontinental sea became partially restricted in the Mississippi Embayment, the Porters
Creek clay was deposited on the Clayton marl. Fossil evidence, although scarce, indicates a
lagoonal to restricted marine environment for the Porters Creek Formation (Rainwater, 1964b).
The Porters Creek Formation is composed mainly of massively bedded montmorillonitic clay. In

southeastern Mississippi, both the Clayton and Porters Creek Formations are absent.

Open marine circulation was re-established in the Mississippi Embayment during the deposition
of the shallow marine Matthews Landing Formation. The Matthews Landing Formation was
deposited above the Porters Creek clay in a shallow marine environment, and is composed

primarily of fossiliferous, glauconitic shales with minor sandstone beds (Rainwater, 1964a).

A major regression marks the deposition of the late Paleocene Naheola Formation that overlies the
Matthews Landing Formation. Uplift in the sediment source areas of the Rocky Mountains, Plains,
and Appalachian regions supplied an abundance of coarse-grained fluvial sediments for the first
time in the Tertiary. Sedimentation rates along the Gulf Coast exceeded subsidence rates and
produced the first major regressive cycle in the Tertiary. Alluvial environments dominated
throughout most of Naheola time. The Naheola Formation consists of alternating sand, silt, and

shale, with lignite interbeds near the top of the unit (Rainwater, 1964a).

2.2.6.6 Wilcox Group

The lower Eocene Wilcox Group is a thick clastic succession that flanks the margin of the Gulf
Coast Basin. The Wilcox Group is divided into the Nanafalia, Tuscahoma, Bashi, and
Hatchetigbee Formations in Mississippi. The Wilcox Group is characterized by the deposition of
regressive lobate and bird-foot delta complexes along the Gulf Coast, with major fluvial axes
closely corresponding to present-day river patterns (Fisher and McGowen, 1967; Galloway, 1968).
Beach barrier and strand plain facies were deposited between delta lobes (Self et al., 1986). The
Holly Springs Delta System of the Nanafalia Formation comprises most of the lower part of the
Wilcox Group in the north-central Gulf Coast Basin. The broad apex of the Holly Springs delta
system was centered along the axis of the Mississippi River trough. Deposits of prodelta facies of
the restricted shelf system occur basinward of the prograding delta lobes and consist of thick
sequences of lignitic, micaceous, and gray mud. The top of the Lower Wilcox is marked by
regionally transgressive shale, historically called the “Big Shale” in Louisiana and Mississippi
(Rainwater, 1964a; Galloway, 1968).
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The Tuscahoma Formation (middle Wilcox) is composed of non-marine sands and shales similar
to those of the Paleocene Naheola and the early Hatchetigbee formations. The Tuscahoma
Formation is regressive, thereby indicating sedimentation rates greater than either subsidence or

eustatic sea level rise.

Although less well studied, the upper Wilcox Group is generally considered to be transgressive
with locally regressive delta lobes deposited during a global rise in sea level. An increase in the
carbonate content and glauconite content in upper Wilcox sediments suggests an increase in marine
conditions compared to lower Wilcox. An examination of Wilcox hydrocarbon producing trends
in Louisiana and Mississippi led Paulson (1972) to conclude that the Wilcox is a transgressive
sequence. During deposition of Bashi sediments, the transgressive sea extended as far north as
central Alabama and Mississippi (Rainwater, 1964a). Deposition of the Wilcox ended with the
regressive Hatchetigbee Formation, which is lithologically similar to other non-marine sections of
the early Tertiary. The sediments of the Hatchetigbee Formation were deposited primarily in
coastal plain environments with deltaic deposition occurring along the marine margin (Rainwater,
1964a).

2.2.6.7 Claiborne/Jackson Group

The Claiborne Group in Mississippi is composed of two transgressive marine sequences
(Tallahatta-Winona formations and the Cook Mountain Formation) and two regressive sequences
(Zilpha-Sparta and Cockfield formations). Along the coastal area, a thin limestone was also
deposited on the shelf under shallow open sea conditions. Small restricted basins were present
when the siliceous Tallahatta claystone was deposited. The overlying Winona and Cook Mountain
limestone and marls were deposited primarily in shallow neritic environments. The overlying
regressive sequences of the Claiborne Group were deposited in alluvial and marginal marine
environments. The slow subsidence rate in southern Mississippi during the regressive cycle
limited the amount of sediment carried by local streams. Consequently, deltas which were built at

the time are generally small.

Immediately overlying the Claiborne Group are transgressive marine deposits of the Jackson
Group (Yazoo Clay). At the beginning of the early Eocene, the marine shoreline transgressed
rapidly over the low-lying coastal plain and covered southern and western Mississippi. In the
Mississippi Salt Dome Basin, where over 500 feet of shale was deposited, subsidence was much

greater than on the carbonate shelf to the south where less than 100 feet of limestone was deposited.
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By the end of middle Eocene time, the shoreline had transgressed to a position similar to present

day.

2.2.6.8 Vicksburg Group

The early Oligocene Vicksburg Group of the Central Gulf Coast Basin is represented by clastic
deposits in western Mississippi, carbonate deposits in northern Florida, and interfingering of both
units across eastern Mississippi and Alabama (Waters and Mancini, 1982). The complexity of the
lithofacies changes in this region has caused problems in establishing geologic ages and correlating
formations (Hazel et al., 1980; Bybell, 1982; Waters and Mancini, 1982). The Vicksburg Group
is divided into the Red Bluff Formation, Marianna Formation, Glendon Formation, Byram
Formation, and Bucatunna Formation. Sediments of the Vicksburg Group were deposited in
marginal marine environments, with clastic sediments grading into carbonate sediments across the
basin. The terrigenous clastic deposits were sourced from older coastal plain sediments and

Appalachian terrains.

2.2.6.8.1 Chickasawhay Formation

The late Oligocene of the Gulf Coast Basin was characterized by a broad regional transgressive
event that deposited the Chickasawhay Limestone in Mississippi and Alabama. During the late
Oligocene, the carbonate province expanded farther to the west than at any other time during the
Tertiary (Rainwater, 1968). To the west, the Chickasawhay Limestone grades into its clastic
equivalent, the Anahuac shale of Louisiana and Texas. The Chickasawhay Limestone was
deposited in shallow to neritic environments and consists of bluish-gray glauconitic marl and beds
of white limestone (Copeland, 1968).

2.2.6.9 Undifferentiated Sand and Shales

2.2.6.9.1 Fleming Group

The Miocene-aged Fleming Group of the Central Gulf Coast was deposited mainly under
regressive conditions following the final Oligocene Chickasawhay transgression. The Fleming
Group in Mississippi is divided in ascending order into the Catahoula Formation, the Hattiesburg

Formation, and the Pascagoula Formation. Terrigenous clastics of the Miocene section were
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derived from the Eocene and Cretaceous terrane of the Mississippi Embayment as well as from

the Appalachian terrane (Rainwater, 1964b).

The Catahoula Formation is characterized by gray and greenish-gray silty clays, and
unconsolidated to indurated, fine- to coarse-grained alluvial sands. Farther basinward, a few
limestone and marl beds are present (Rainwater, 1964b). The exposed Catahoula section is
approximately 300 feet thick, and thickens into the subsurface to 1,000 feet thick near the
Louisiana border. Most of the Miocene sediments of southern Mississippi are referred to as the
Hattiesburg and Pascagoula formations. The marine shoreline was located south of the present-day
Mississippi shoreline during most of the Miocene, although at least two major marine

transgressions are recorded in the late Miocene section (Rainwater, 1964b).

2.2.6.9.2 Graham Ferry Formation

The Pliocene Graham Ferry Formation occurs above the Miocene Pascagoula Formation
(Newcombe, 1975). Sediments of the Graham Ferry Formation are heterogeneous sands and
shales common to deltaic facies deposits. Terrigenous and brackish water deposits predominate,
although in its type locality the Graham Ferry contains numerous marine fossils (Brown et al.,
1944).

2.2.6.9.3 Citronelle Formation

Discomformably overlying the Pliocene Graham Ferry Formation are terrace deposits of the
Pliocene Citronelle Formation. The Citronelle Formation was deposited on broad coalescing flood
plains that occupied a wide belt between the Mississippi River and the Atlantic coast. Heavy

mineral spectra of the unit indicate an Appalachian metamorphic belt source area.

The Citronelle Formation ranges in thickness from a thin veneer to a maximum of 160 feet (Brown
et al.,, 1944). The most common feature of the Citronelle Formation is the strongly oxidized
brick-red sands that form ridge crests at the surface (Brown et al., 1944). Road cuts through the
Citronelle Formation exhibit large-scale fluvial cross-beds in the coarse sands and gravels.
Citronelle sediments are interpreted to be erosional remnants of distributary channel deposits
(Brown et al., 1944).
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2.2.6.10 Pleistocene and Holocene Deposits

Terrace and coastal deposits, loess, and Mississippi River Valley alluvium comprise the most
recent sediments in the area.
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2.2.7 Mineral Resources

Three oil and gas fields (Kiln, Ansley, and Waveland) are located in Hancock County,
approximately 10 to 16 miles west-southwest of the plant site. Kiln Field (now abandoned) and
Ansley Field have produced oil and gas from the Cuevas sand. The Cuevas sand is approximately
700 feet stratigraphically lower than the Washita-Fredericksburg sand that is used for injection at
the DeLisle Plant site. Several hundred feet of non-permeable shale and limestone separate the

Cuevas sand from the injection interval.

Waveland Field, located 16 miles southwest of the plant site, produces gas from the Mooringsport
Formation at a depth of 13,500 feet, which is approximately 3,800 feet stratigraphically below the
injection interval at the DeLisle Plant site. There is no evidence for any possibility of

interconnection between these two sands.

The nearest oil and/or gas production from the Washita-Fredericksburg interval used for injection
at the DeLisle Plant site is found at the Pistol Ridge Field, located 40 miles north of the DeLisle
Plant. Because of the great distance involved, there is no possibility that waste disposal could have
any effect on the Pistol Ridge or any other field (DuPont, 1974).

The E. I. du Pont de Nemours & Co., 1-Lester Earnest well (later designated as Monitor Well
No. 1) was drilled in 1974 as a stratigraphic test well for purposes of identifying waste disposal
and containment intervals. The well encountered no oil or gas deposits to a depth of 10,030 feet
beneath the DeLisle Plant site. All porous rocks penetrated by the well contained either fresh or
salt water. Analyses of electrical logs, cores, and drill stem test recoveries also proved that no oil
or gas was encountered (DuPont, 1974). The absence of hydrocarbon deposits was again verified

by the drilling of Injection Well No. 5 to the north of the other injection wells.

In addition, there are no other known mineral resources in the vicinity of the DeLisle Plant site
(Figure 2-11). Quaternary coastal sand and silt deposits are exposed at the surface and contain no

known or suspected commercial mineral deposits (DuPont, 1974).
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2.3 LOCAL GEOLOGY

2.3.1 Injection Interval, Injection Zone, and Confining Zone Defined

The injection and confinement system present at the DeLisle Plant is composed of sediments that
range in age from late Early Cretaceous to Paleocene. The Upper Washita-Fredericksburg

Injection Interval sands are presented on Table 2-6.

Although Well Nos. 2, 3, 4, and 5 are not currently permitted to inject wastes into the Tuscaloosa
Massive Sand, the interval is recognized as a back-up disposal interval. Authorization for any
future use of the Tuscaloosa Massive Sand would require approval and a revised permit for Wells

Nos. 2, 3, 4, and 5. (see Section 1.0 for the current permits).

The injection zone is defined as the sedimentary column within which all waste must be contained.
The plant injection wells are permitted to inject waste at a depth below 8,800 feet BGL; therefore,
the top of the Injection Zone beneath the DeLisle Plant is located at a depth of approximately 8,000
feet BGL to include the Containment Interval of the overlying shales of the uppermost Washita-
Fredericksburg, Tuscaloosa, Eutaw, and the chalks and shales of the Selma Chalk. This depth falls
within the Selma Chalk and is located approximately 185 feet above the base of the Selma Chalk
and the top of the Eutaw Formation. The base of the Selma Chalk is located at 8,180 feet BGL.
The base of the Injection Zone is assigned to the base of a sandstone interval of the upper Washita-
Fredericksburg Group, at a depth of 10,100 feet BGL.

The Confining Zone beneath the plant consists of the Midway Group and Selma Formation and is
approximately 1,865 feet thick in the plant site area (Figures 2-1 and 2-3). The top of the Midway
occurs at a depth of approximately 6,140 feet BGL. Additional low permeability shale and
limestone intervals and high permeability saline aquifer sands occur between the top of the
Confining Zone and the base of the lowermost USDW, which is located at a depth of
approximately 2,750 feet BGL (Figure 2-3). These saline aquifers effectively satisfy the regulatory

requirements for a “buffer aquifer,” which provides an additional margin of safety for containment.
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2.3.2 Structure

Structurally, the DeLisle Plant is located within the Mississippi Embayment, approximately
midway between the Wiggins Anticline to the north and the south Louisiana Salt Dome Basin to
the south (Figures 2-5, 2-7, 2-8 and 2-10). The Washita-Fredericksburg Injection Interval dips
south from the Hancock County High across the plant site, then basinward toward the Gulf.

2.3.3 Stratigraphy of the Injection Zone

The petrography of the formations penetrated by Monitor Well No. 1 and the DeLisle Plant Wells
is summarized in Table 2-7. Detailed petrographic analyses are contained in Appendices 2-28
through 2-34.

2.3.3.1 Washita-Fredericksburg

Injection of waste water at the DeLisle Plant occurs directly into sands of the Upper Washita-
Fredericksburg Group (Figures 2-2 and 2-12). A net sand isopach map of the injection interval
shows that the plant site is located along the north-south axis of a thick section of stacked
fluvial-deltaic sands (Appendix 2-18). The net sand thickness of the injection interval sand ranges
from 160 feet to 210 feet in the plant wells. Regional cross-sections show the broad lateral
continuity of both the injection interval sands and the overlying containing shale units (Appendices
2-3 and 2-4). Whole core and sidewall core analyses (see Appendices 2-28 through 2-34 for copies
of all core analyses) show an average porosity of 24 percent and a permeability of 554 millidarcies

(md) (Johnson, 1974a) for the injection interval sand, indicating excellent reservoir properties.

The Washita-Fredericksburg section was conventionally cored for Monitor Well No. 1 (DuPont
Lester Earnest No. 1) in 1974, Well No. 5 in 1993, Well No. 4 in 1995, Well No. 2 in 1996, and
Well No. 4 in 1999. Petrographic examination and X-ray diffraction analyses were performed on

selected samples from the cored section.

The mineralogy of the Washita-Fredericksburg sand was determined by X-ray diffraction tests on

cores from Well Nos. 2 and 5. Results are summarized in Table 2-8 and 2-9, respectively.
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2.3.3.1.1 Fracture Pressure Estimate for the Washita-Fredericksburg Injection Interval

The fracture gradient for the Washita-Fredericksburg injection interval sands can be estimated by

the Eaton method, as described by Moore, 1974:

__ Pob-pPr
- 1-e

FG

+ Pr (%)

where:

FG = Fracture Gradient, psi/ft

Pob = Overburden Gradient, 0.9412 psi/ft (Moore, 1974)
P:= Original Reservoir Pressure Gradient, 0.4624 psi/foot
e = Poisson’s Ratio, 0.4486 (Moore, 1974)

Following Eaton’s Method, the calculated fracture gradient for the Washita-Fredericksburg is
0.852 psi/foot. At the reference pressure depth for the Washita-Fredericksburg Injection Interval
(see Section 3.0), located at a below ground level depth of 9,850 feet, the estimated fracture

pressure is calculated as:
9,850 feet x 0.852 psi/foot = 8,391 psig

2.3.3.2 Tuscaloosa Formation

Sands and shales of the Tuscaloosa Formation overlie the Washita-Fredericksburg section. The
Tuscaloosa Massive Sand represent possible future backup waste injection intervals for the
DeLisle Plant. Additionally, the thick Tuscaloosa shales serve as additional containment layers
for the Washita-Fredericksburg injection sands. Tuscaloosa Massive Sand were conventionally
cored during drilling of Monitor Well No. 1. The Lower Tuscaloosa section is composed of a

basal non-marine section and an overlying marine section (Hearne and Lock, 1985). The marine
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sands display horizontal, low-angle, inclined, and ripple-drift laminations, and contain up to 10
percent glauconite. The sand is moderately to well-sorted, fine- to very fine-grained, subrounded
to rounded, and subarkosic (Hearne and Lock, 1985). The marine sandstones are interbedded with
intensely burrowed, dark gray siltstones and black laminated shales. The majority of the sands in
the non-marine section appear to be homogeneous and structureless, although traces of faint,
low-angle and high-angle laminations, and ripple-drift laminations are visible (Hearne and Lock,
1985). These sands are moderately to well-sorted, rounded, medium to fine-grained, subarkosic,
and interbedded with black laminated shales (rare), bioturbated shales, and dark burrowed
siltstones (Hearne and Lock, 1985). The Lower Tuscaloosa Massive Sand section in
Appendix 2-16 shows that the plant site is probably located on the margin of a fluvial-deltaic lobe.
Net sand thickness of the Lower Tuscaloosa ranges from 270 feet to 335 feet at the plant.

Net sand thickness of the Tuscaloosa Massive Sand ranges from 240 feet to 285 feet at the plant
(Appendix 2-17). Petrographic examination and partial X-ray diffraction clay studies were
performed on the Tuscaloosa Massive Sand samples from Cores 9. 10 and 13 in Monitor Well
No. 1.

2.3.3.2.1 Fracture Pressure Estimate for Tuscaloosa Massive Sand Injection Interval

The fracture gradient for the Tuscaloosa Massive Sand injection interval sands can be estimated

by the Eaton method, as described by Moore, 1974:

_ Pah—Pr
T o1-e

FG + P (6)

where:

FG = Fracture Gradient, psi/ft

Pob= Overburden Gradient, 0.9389 psi/ft (Moore, 1974)

P:= Original Reservoir Pressure Gradient, 0.4624 psi/foot

e = Poisson’s Ratio, 0.4460 (Moore, 1974)
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Following Eaton’s Method, the calculated fracture gradient for the Tuscaloosa Massive Sand is

0.846 psi/foot. At the reference pressure depth for the Tuscaloosa Massive Sand Injection Interval
(see Section 3.0), located at a below ground level depth of 9,473 feet, the estimated fracture

pressure is calculated as:
9,473 feet x 0.846 psi/foot = 8,014 psig

2.3.3.3 Eutaw Formation

The Eutaw Formation comprises the uppermost portion of the Injection Zone and provides
additional containment to the injection interval. At the plant, the thickness of the Eutaw ranges
from 200 feet to 240 feet (see Appendix 2-10).

2.3.3.4 Basal Selma Shale/Chalk

The basal section of the Selma Shale/Chalk forms the uppermost portion of the Injection Zone.
Near the plant, this basal portion of the Selma Shale/Chalk within the Injection Zone is
approximately 170 feet thick. Geophysical well log data show the chalk to be a tight, low porosity

interval.

2.3.4 Stratigraphy of the Confining Zone

The Confining Zone consists of the upper portion of the Selma Chalk and the Midway Shale,

forming a 1,870-foot thick secondary containment interval to the underlying Injection Zone.

2.3.4.1 Selma Shale/Chalk

The upper portion of the Selma Shale/Chalk forms the lower portion of the Confining Zone. In
the vicinity of the plant site, the Selma Shale/Chalk is approximately 800 feet to 850 feet thick.
Geophysical well log data show the chalk to be a tight, low porosity interval. A whole core from
the middle of the chalk was taken in Well No. 5, within the Confining Zone. The test results
described an average porosity of 8 percent and air permeability of 8.4 x 10~ darcies, which
demonstrates the lack of porosity and permeability development and shows the excellent confining
capabilities of the Selma Shale/Chalk.
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2.3.4.2 Midway Shale

The Midway Shale forms the upper portion of the confining zone. In the vicinity of the plant site,
the Midway Shale is approximately 1,150 feet thick. Geophysical logs show the Midway is
predominantly shale, with thin interbeds of sandstone. A whole core from the lower portion of the
midway shale was taken in Well No. 5. The results described an average porosity of 16 percent,
and air permeability is 2.45 x 10-3 darcys. Average brine permeability from four measurements
from vertical plugs is 3.273 x 10-8 darcys. These test results of extremely low permeability

demonstrate the excellent confining capabilities of the Midway Shale.

Table 2-9 contains a summary of the mineralogic data derived from the 10 whole cores sampled

from Well No. 5. Properties such as porosity and permeability are listed in Table 2-10.

Collectively, the plant data show the excellent secondary confining capability of the confining
zone strata. The extremely low permeability, thickness, and broad extent of the confining zone

are more than adequate to provide containment, should the Injection Zone be breached.

2.4 GROUNDWATER HYDROLOGY

2.4.1 Regional Geology and Hydrology

The DeLisle Plant is located in the Gulf Coast geosyncline which has been slowly subsiding for
millions of years due to the deposition of large quantities of sediments carried by streams and
rivers to the Gulf of Mexico. The major axis of the Gulf Coast Geosyncline is approximately
parallel to the coastline, resulting in an east-southeast strike of the strata. Dip of the beds is
generally south and increases toward the Gulf due to basinward subsidence (Newcombe et al.,
1968). Sedimentary units dip from 30 to 100 feet per mile, with the rate of dip being least near the

surface (Newcombe, 1975).

Except for regional strike and dip, correlation of the near-surface strata over long distances is
extremely difficult. The strata consist of irregular and locally lenticular sediments (Trmal, 1982).
There are no thick, consistently traceable clay beds, and the thickness and extent of the sand beds
are irregular. However, sub-regional “zones” in which sand is dominant can be identified and

traced laterally (Newcombe et al., 1968).
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The strata that contain aquifers are composed of estuarine and deltaic sediments which range in
age from Miocene to Holocene. Formations of importance from the Fleming Group (Miocene)
are the Catahoula, Hattiesburg, and Pascagoula Formations (Rainwater, 1964b); and the Graham
Ferry Formation of Pliocene age (Newcombe, 1975). These formations represent a stratigraphic
thickness of up to 5,000 feet (Brahana and Dalsin, 1977). The boundaries between the Miocene
formations cannot be reliably identified or traced in the subsurface, and the Pliocene Graham Ferry
Formation cannot be easily distinguished from the underlying Miocene units. As a result, all
sediments between the Citronelle Formation (late Pliocene) and the Vicksburg Group (Oligocene)
are commonly considered to comprise the “Miocene aquifer system” (Newcombe, 1975; Brahana
and Dalsin, 1977). Figure 2-4 is a stratigraphic column of Mississippi, and Table 2-11 is a chart

of shallow Mississippi aquifers and their hydrologic characteristics.

The sediments that contain freshwater are composed of clean quartz sand, ranging in grain size
from very fine to very coarse (Newcombe et al., 1968). At any particular location, the amount of
sand in the freshwater section may range from 10 to 70 percent (Newcombe, 1975). Bed thickness
and grain size vary considerably within short distances. Clay beds occur irregularly throughout

the freshwater section (Newcombe et al., 1968).

In Harrison County near the coast, freshwater aquifers occur as deep as 2,500 feet (Newcombe
etal., 1968). The average thickness of the freshwater section in Mississippi is 1,500 feet.
Freshwater sand intervals range in thickness from less than 10 feet to as much as 450 feet. In some
locations there are up to 12 distinct aquifers, and in all areas there are at least three aquifers
(Newcombe, 1975). Table 2-12 lists the depths of 8 freshwater aquifer sands present in the

subsurface of Harrison County, Mississippi.

The Miocene aquifers occur under confined conditions except in areas where the strata crop out.
The confining beds consist of clay or sandy clay. In southern Mississippi, water moves gulf ward
from unconfined aquifers down gradient into confined aquifers. Little is known about the
hydraulic interaction between the various sand layers (Brahana and Dalsin, 1977). Recharge to
the Miocene aquifer system includes (1) precipitation directly on outcrops located of Harrison
County, (2) inter-aquifer movement through the clay and silt beds that separate the sand units, and
(3) infiltration from overlying surficial deposits (Citronelle and younger sediments). The deepest
layers of the Miocene aquifer system contain some salty water, especially in southern Mississippi.

Figures 2-13 and 2-14 show the configuration of the base and thickness of the Miocene aquifer
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system, respectively. Figure 2-13 shows the configuration of the base of freshwater in the Miocene

aquifer system.

Minor aquifers include the Citronelle Formation, which is composed of quartz sand, chert gravel,
and lenses of clay. The aquifer is only partially saturated and is thus a water table aquifer (Gandl,
1982). Much of the Citronelle sediments have been removed by erosion (Brahana and Dalsin,
1977); as a result, water levels vary from place to place. The shallowest aquifers in southern
Mississippi consist of sand and gravel terrace deposits. These are Pleistocene to Holocene in age
and vary in lateral extent and in saturation thickness (Brahana and Dalsin, 1977). Figure 2-13

shows the outcrop of the Citronelle aquifers and overlying coastal deposits.

The quality of groundwater in southern Mississippi is good, and the water usually requires little or
no treatment (Brahana and Dalsin, 1977). Because of the thickness, areal extent, and permeability
of the Miocene aquifer system, it is the largest potential source of groundwater in Mississippi.
Vast reservoirs of freshwater remain untapped in the deeper aquifers of the system, as only the
upper few hundred feet have been developed (Newcombe, 1975). Miocene aquifers have a large
water-transmitting capacity (hydraulic conductivity) (Brahana and Dalsin, 1977). The water is
generally a soft, sodium bicarbonate type, and is generally uniform throughout the area
(Newcombe, 1975). Table 2-13 provides chemical analyses of water from the important Miocene
aquifers throughout the region, and Table 2-11 lists the hydrologic characteristics of the aquifers.
Water from the Miocene system supplies small domestic wells, large municipal wells, and
industrial wells (Gandl, 1982). Over the years, artesian pressure has been reduced in the Miocene
aquifers as a result of withdrawals (Newcombe et al., 1968). Water levels are declining regionally
at a rate of one to two feet per year, and at greater rates near centers of heavy pumping (Newcombe
et al., 1968).

The Citronelle Formation is drained naturally by streams and springs, and therefore cannot be used
for large industry or municipal demands. However, the Citronelle Formation does supply local
small municipal and industrial users. The overlying alluvial and terrace deposits are used for

domestic and stock supplies (Brahana and Dalsin, 1977).

2.4.2 Local Hydrology

Sediments in St. Louis Bay consist of sandy silts, sandy muds, and sand. Holocene sediments are

10 to 20 feet thick in the plant vicinity (Otvos, 1982). Water from the near-surface is not utilized

Section 2 — Geology Geostock Sandia, LLC
Chemours DeLisle 2017 HWDIR Exemption Petition Reissuance Application Page 2-27



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 2-28

at the DeLisle Plant due to the abundance of freshwater in the deeper aquifers discussed above.
Freshwater (equal to or less than 1,000 parts per million total dissolved solids) occurs to a depth
of approximately 2,300 feet in the immediate plant area (Trmal, 1982). Table 2-14 summarizes
the representative depth, thickness, and total dissolved solids (TDS) of the six main Miocene
aquifer layers at the plant site. The depth to strata that contains water with 10,000 mg/L TDS or
less is approximately 2,750 feet below land surface at the plant site (Clark, 1986).

The base of the lowermost USDW (<10,000 mg/l TDS), determined by detailed log analysis of the
Gulf Coast injection sites, has a formation resistivity (R;) of 2.0 ohm-m on the long-spaced
resistivity tool. The three most productive freshwater sand layers beneath the plant site are
Miocene in age and occur at depths of 640 to 980 feet, 1,640 to 1,790 feet, and 1,870 to 1,990 feet
(Table 2-14). Water production wells for both domestic and municipal supplies in the local area
are developed in the uppermost sand layer (640 to 980 feet). A list of water wells has been
compiled for an area within 2.0 miles of DeLisle Plant and a map showing their locations are

presented in Figure 2-15.

Four water production wells used at the DeLisle Plant are developed in the aquifer that occurs at a
depth of 1,640 to 1,790 feet. This zone was chosen because (1) it is virtually undeveloped, (2) the
water supply is of high quality and has a high specific capacity, and (3) because use of the water
does not affect the shallower zone used for domestic and municipal supplies (Barlow, 1974; Trmal,
1982). Tables 2-15 and 2-16 contain the results of analyses performed on recovery of samples

taken from the completed aquifer from the site and surrounding area water production water wells.

The site’s water production wells have high capacities which range from 1,400 to 2,400 gpm/well,
and are the deepest freshwater supply wells in the area. The site’s production wells also serve as
groundwater monitoring wells, allowing for continuous ambient monitoring of the USDW water

intervals, Injection Interval, and Confining Zone.

Table 2-17 contains the results of a laboratory analysis of formation fluid from the Tuscaloosa
Massive Sand as performed on a sample of fluid obtained from the Plant Well No. 5 during drilling

and completion of the well.

Table 2-7 provides a summary of core sample results used to establish porosity, permeability and
thickness of the Washita-Fredericksburg injection sand.
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Table 2-18 shows additional sample results to characterize reservoir formation fluids in the

Tuscaloosa Massive Sand Massive and Washita-Fredericksburg injection sands.

2.4.3 Chemours Monitoring Program

The current groundwater monitoring plan was developed in 1986, as required by the Mississippi
Underground Injection Control Permit, to monitor the freshwater aquifers above the injection well
disposal zone. The monitoring plan requires taking samples from two on-site monitoring wells
once per calendar quarter, and taking samples from six off-site community water supply wells once
per calendar year. Samples of water from all monitoring wells are analyzed for the following
parameters: pH, total iron, total dissolved solids, temperature, chlorides, conductivity, total iron,
total chromium, total vanadium, total mercury, total cadmium and total lead. Table 2-15 shows
the analytical results of the samples for calendar 2013, 2014, and 2015. There is no evidence of
contamination by the “signature” parameters that Part I Section B Paragraph 1.a of the permit
rightly describes as the “signature” contaminants characteristic of iron chloride waste from the

DeLisle site: iron, chromium, lead, manganese and vanadium.

The draft of permit MSI1001 provided by MDEQ on October 4, 2016 is shown in Appendix 1-1.
This permit reduces the number of off-site wells from six to two wells located hydrologically
“downstream” —to the Southeast—of the injection wells. The permit also makes changes in the
analytes for the monitor well samples. It requires analyzing for the “signature” contaminants that
would signal contamination with iron chloride waste from the DeLisle site: pH, total iron, total

chromium, total vanadium, and total manganese.
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Glossary

Aquifer
A geological formation, group of formations, or part of a formation that is capable of yielding a
significant amount of water to a well or spring.

Borehole
A shaft bored or drilled into the ground either vertically or horizontally.

Confining Zone

A geological formation that is capable of limiting fluid movement above an injection zone. It is
composed of rock layers that are impermeable or distinctly less permeable (shales for example)
than the injection zone beneath it.

Containment Interval
Geological formation(s) capable of limiting fluid movement above the injection interval(s). It
overlies the injection intervals and is contained within the injection zone.

Fault
A surface or zone of rock fracture along which there has been displacement.

Formation
Body of rock forming a separate and identifiable geological unit base on the rock characteristics.

Geophys