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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 DeLisle 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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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 
DeLisle 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 
DeLisle 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  is based on the following 

equation: 

    
Pcrit 

Sv 3 1 

2    (1) 

where, 

Pcrit  = the critical injection zone fluid pressure required to initiate slippage along faults 

and fractures;  

Sv  = the total overburden stress gradient that represents the maximum principal stress in 

the Gulf Coast region; and  

   = 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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• Neglecting the cohesive strength of the sediments; 

• Assuming that a fault or fracture is oriented at the worst possible angle; and 

• 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 Ki (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 po.  Thus, 

    
Ki 

Sv  po
Sv  po




 




     
 
(2) 

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: 

       (3) 

Where, 

 Pcrit is the critical injection zone pressure buildup required to induce seismicity, with: 

    Pcrit  po  Pcrit     (4) 

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

(po) is less than 0.47 psi per foot of depth.  Eaton (1969) provides a plot of the effective overburden 

stress (Sv) as a function of depth for locations along the Gulf Coast.  According to this plot, at 

depths greater than 3,000 feet, (Sv) exceeds 0.88 psi per foot of depth.  Matthews and Kelly (1967) 

provides a plot of the matrix stress ratio (Ki) for tectonically relaxed sediments along the Texas 

Gulf Coast.  This plot indicates that, at all depths greater than 3,000 feet, Ki exceeds a value of 

Pcrit 
3Ki 1

2






Sv  po 
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0.54.  Substituting these values for po, Sv, and Ki into Equation 3, it is found that, at DeLisle, Pcrit 

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:  

 

     𝐹𝐺 =
𝑃𝑜𝑏−𝑃𝑟 

1−𝑒
+ 𝑃𝑟      (5) 

 

where:  

FG = Fracture Gradient, psi/ft  

Pob = Overburden Gradient, 0.9412 psi/ft (Moore, 1974)  

Pr = 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:  

 

    𝐹𝐺 =
𝑃𝑜𝑏−𝑃𝑟 

1−𝑒
+ 𝑃𝑟      (6) 

where:  

FG = Fracture Gradient, psi/ft  

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

Pr = 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 10-5 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 
et al., 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 
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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 (Rt) 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. 
 
Geophysical Well Log 
Recording of a variety of subsurface properties made by lowering detectors into the well. 
 
Groundwater 
Subsurface fresh water, potable water, or water that is or can be potentially used as a drinking 
water supply. 
 
Injection Interval 
The geological formation targeted to receive the injected fluids.  The injection interval is 
contained within the injection zone. 
 
 
Injection Zone 
A geological formation or group of formations (sandstones for example) receiving fluids through 
an injection well.  The injection zone extends from the bottom of the lowermost injection interval 
to the top of the containment interval. 
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Lithology 
The physical character of a rock. 
 
Permeability 
A measure of the resistance to the flow of a fluid through a rock.  If it takes a lot of pressure to 
squeeze fluid through a rock, that rock has low permeability.  Permeability is expressed in units 
called millidarcies. 
 
Porosity 
A measure of the ability of a rock to hold fluid. It is the open space in a rock divided by the total 
rock volume (solid + space or holes).  Porosity is expressed as a percentage of the total rock 
taken up by pore space.  A sandstone may have 10% porosity, meaning that 90% of the rock is 
solid and 10% is open. 
 
 
Sandstone 
A sedimentary rock composed of sand-sized grainer of mineral, rock, or organic material. 
In the subsurface, sandstone often serves as an aquifer for groundwater or as a reservoir for oil 
and natural gas. 
 
Seismicity 
The occurrence or frequency of earthquakes in a region. 
 
Shale 
A fine-grained sedimentary rock that forms from the compaction of silt and clay mineral 
particles that we commonly call “mud.” In the subsurface, black shales contain organic material 
that sometimes breaks down to form natural gas or oil. Other shales can be crushed and mixed 
with water to produce clays. 
 
Strata 
A bed or layer of sedimentary rock this is visually distinguishable from adjacent beds or layers. 
 
Stratigraphy 
The order and relative position of strata and their relationship to the geological time scale. 
 
Structure 
The description and interpretation of deformation in the earth’s crust. 
 
 
Wellbore 
See Borehole 
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Figure 2-3  Composite Electric Log Stratigraphic Column
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Figure 2-3 Composite Electric Log Stratigraphic Column

����������	
���
��������������������� �����������

!	
	��"�	�
�

��	����
�

	���
�

�	����
�

�#$���
��

%	&'����
�

��	���
�

�� ���
��

(�
������
����
�

�$����
��
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Figure 2-4 Regional Mississippi Stratigraphic Column
(from Geologic Society of America Bulletin 116 )
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Figure 2-5 Distribution of Cretaceous and Cenozoic continental Margins in the Northeastern Gulf of Mexico.
(from Jackson and Galloway, 1984)

adapted by: ESSJ Sandia 2/15/07
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Adapted from: Mississippi Geological Survey 1976
9/5/06 ESSJ-Sandia
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Figure 2-6 Surface Geologic Map of Mississippi



Figure 2-7 Tectonic Map of Northern Gulf Coast Region
(Modified from Decker & Associates, Inc., June 1984)

adapted by: ESSJ Sandia 9/12/06
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Adapted from: “Subsurface Cretaceous Strata of Mississippi”, Dora M. Devery 1982
9/13/06 ESSJ-Sandia

Figure 2-8 Tectonic and Subsurface Structural Features of Mississippi
(from Mississippi Bureau of Geology)
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ALABAMA
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US Geological Survey - National Earthquake Information Center

Location of The Chemours DeLisle Plant

Earthquakes

Earthquake in closest proximity to Chemours
Location: 30.662°N 89.248°W(5km depth)
Date & Time: 1975-09-09 ; 11:52:44

Figure 2-9 Earthquake Events Within a 250 km Radius of the Chemours DeLisle Plant
through June 2017



Adapted from: “Petroleum Frontiers - Mississippi Salt Dome Basin” Vol. 13 No. 2 1996
9/13/06 ESSJ-Sandia

Figure 2-10 Detailed Tectonic Setting, Southern Mississippi Salt Basin.
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Adapted from: “Petroleum Geology of the United States”
9/5/06 ESSJ-Sandia

Figure 2-11 Mississippi Index Map of Oil and Gas Fields with County Key.

Chemours DeLisle Plant
Harrison County



Figure 2-12 Washita-Fredericksburg Injection Interval Electric Log Correlation

adapted by: ESSJ Sandia 1/04/07

(Log curves are Spontaneous Potential)
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Adapted from: “Mississippi State Geological Survey”
12/19/06 ESSJ-Sandia

Figure 2-13 Miocene Aquifer System (State of Mississippi)
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Adapted from: Ground Water Atlas of the United States, USGS
9/13/06 ESSJ-Sandia

Figure 2-14 Excerpts from Ground Water Atlas of the United States

(a) Section showing Mississippi Embayment Aquifer System

(b) Middle Claiborne Aquifer Thickness (d) Middle Claiborne Aquifer Regional Groundwater Movement

(e) Middle Claiborne Aquifer Total Dissolved Solids (TDS) Content(c) Sparta Sand Unit of Middle Claiborne Aquifer



Figure 2-15 Monitor Well Locations
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Table 2-1 

Index of Geologic Maps within the DeLisle Petition Reissuance Geology Section 

  

Regulatory Unit Geologic Formation Appendix Numbers 

  Structure Maps Isopach Maps 

Confining Zone Midway Shale 2 - 5 2 – 12 

 Selma Chalk 2 – 6 2 – 13 

Injection Zone Eutaw Shale 2 – 7 2 – 14 

 Upper & Middle Tuscaloosa Massive Sand  2 – 8 2 - 15 

 Lower Tuscaloosa Massive Sand  2 – 9 2 – 16 

 Tuscaloosa Massive Sand 2 – 10 2 – 17 

Injection Interval Washita-Fredericksburg Sand  2 - 11 2 - 18 
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Table 2-2 

Estimated Dip of Formations Below the Top of the Confining Zone at the DeLisle Plant 

 

  

Formation Regional Area 
(ft/mile) 

Near Plant Site 
(ft/mile) 

Midway Shale 33 to 210 110 

Selma Chalk 45 to 180 83 

Eutaw Shale 42 to 132 73 

Upper and Middle Tuscaloosa Massive Sand  45 to 120 72 

Lower Tuscaloosa Massive Sand  42 to 210 60 

Tuscaloosa Massive Sand 33 to 110 72 

Washita-Fredericksburg (injection sand interval) Sand 37 to 132 60 
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Table 2-3 

Thicknesses of Formations Below the Top of the Confining Zone at the DeLisle Plant 

 

 

 

 

  

Formation Lithology Regional Area 
(ft) 

At Site 
Fig 2-2 
(ft) 

Midway Shale 935 to 1,475 1180 

Selma Chalk/Shale 300 to 1,125 840 

Eutaw Shale/Lime 110 to 265 290 

Upper & Middle Tuscaloosa Shale Shale 550 to 800 560 

Lower Tuscaloosa Massive Sand/Shale Sand/Shale 95 to 480 270 

Tuscaloosa Massive Sand Sand 135-360 317 

Upper Washita-Fredericksburg Shale Shale 20 to 190 160 

Washita-Fredericksburg Sand (Injection Interval) Sand/Shale 100 to 240 246 

Lower Washita-Fredericksburg Shale Shale 120 to 240 120 
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Table 2-4 

Modified Mercalli Intensity Scale of 1931 
(Abridged) 

I. Not felt except by a very few under especially favorable circumstances.  (I Rossi-Forel Scale.) 

II. Felt only by a few persons at rest, especially on upper floors of buildings.  Delicately suspended 
objects may swing.  (I to II Rossi-Forel Scale.) 

III. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not 
recognize it as an earthquake.  Standing motorcars may rock slightly.  Vibration like passing of 
truck.  Duration estimated.  (III Rossi-Forel Scale.) 

IV. During the day felt indoors by many, outdoors by few.  At night some awakened.  Dishes, 
windows, doors disturbed; walls make creaking sound.  Sensation like heavy truck striking 
building.  Standing motorcars rocked noticeably.  (IV to V Rossi-Forel Scale.) 

V. Felt by nearly everyone, many awakened.  Some dishes, windows, etc., broken; a few instances of 
cracked plaster; unstable objects over turned.  Disturbances of trees, poles, and other tall objects 
sometimes noticed.  Pendulum clocks may stop.  (V to VI Rossi-Forel Scale.) 

VI. Felt by all, many frightened and run outdoors.  Some heavy furniture moved; a few instances of 
fallen plaster or damaged chimneys.  Damage slight.  (VI to VII Rossi-Forel Scale.) 

VII. Everybody runs outdoors.  Damage negligible in buildings of good design and construction; slight 
to moderate in well-built ordinary structures; considerable in poorly built or badly designed 
structures; some chimneys broken.  Noticed by persons driving motorcars.  (VIII Rossi-Forel 
Scale.) 

VIII. Damage slight in specially designed structures; considerable in ordinary substantial buildings with 
partial collapse; great in poorly build structures.  Panel walls thrown out of frame structures.  Fall 
of chimneys, factory stacks, columns, monuments, walls.  Heavy furniture overturned.  Sand and 
mud ejected in small amounts.  Changes in well water.  Persons driving motorcars disturbed.  
(VIII+ to IX- Rossi-Forel Scale.)   

IX. Damage considerable in specially designed structures; well-designed frame structures thrown out 
of plumb; great in substantial buildings, with partial collapse.  Buildings shifted off foundations.  
Ground cracked conspicuously.  Underground pipes broken.  (IX+ Rossi-Forel Scale.) 

X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed with 
foundations; ground badly cracked.  Rails bent.  Landslides considerable from river banks and 
steep slopes.  Shifted sand and mud.  Water splashed (slopped) over banks.  (X Rossi-Forel Scale.) 

XI. Few, if any, (masonry) structures remain standing.  Bridges destroyed.  Broad fissures in ground.  
Underground pipelines completely out of service.  Earth slumps and land slips in soft ground.  
Rails bent greatly. 

XII. Damage total.  Waves seen on ground surface.  Lines of sight and level distorted.  Objects thrown 
upward into the air. 
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Table 2-5 

Calculated Injection Interval Pressure Increases at the DeLisle Plant 

Note1: These values are retrieved from Section 3.0 of this petition,as seen in Tables 3-13 and 3-1

Formation Formation 

Depth (ft) 

Conservative 

Model Calculated 

Pressure Buildup1 

(psi) 

Seismicity 

Calculated 

Pressure 

Buildup (psi) 

Margin of 

Safety (psi) 

Washita-

Fredericksburg 

9,850 967 1,231 264 

Tuscaloosa Massive 

Sand 

9,455 344 1,182 838 
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Table 2-6 

Upper Washita-Fredericksburg Injection Intervals 

 

    

 

 

 

 *Estimated, to be established by final well log and report 

 

 

 

 

 

 

 

 

 

 

  

 

Well No. Log Depth 
(ft) 

Well No. 2 9,779 - 10,018 

Well No. 3 9,797 - 10,043 

Well No. 4 9,754 – 10,023 

Well No. 5 9,744 - 10,043 

Proposed Well No. 6 9,700 – 10,100* 

Proposed Well No. 7 9,700 – 10,100* 
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Table 2-7 

Geological Data Used for Establishing Porosity, Permeability and Thickness of the Washita Fredericksburg Injection Sand 

Well 

No. 

Core 

No. 

Formation Sampled Dominant Lithology Depth 

(ft) 

Core Plug Samples Average Air Permeability (md) Average Porosity (%) 

5 7 Washita-

Fredericksburg 

Shale/Silt/Sand 9,606 - 

9,637 

15 0.631 8 

1 17 Washita-

Fredericksburg 

Shale 9652-

9660 

7 0 4.3 

1 18 Washita-

Fredericksburg 

Shale 9660-

9676 

16 0.00 4.53 

5 8 Washita-

Fredericksburg 

Shale 9,667 - 

9,697 

7 0.209 6 

4   Washita-

Fredericksburg 

Sand 9757   1691.0 20.7 

1 19 Washita-

Fredericksburg 

Sand 9767-

9798 

29 191.13 14.52 

4   Washita-

Fredericksburg 

Calc/Sand 9778   61.0 23.4 

4   Washita-

Fredericksburg 

Sand/Ankerite 9779   16.0 12.3 

4   Washita-

Fredericksburg 

Sand 9782   41.0 20.4 

4   Washita-

Fredericksburg 

Sand 9786   810.0 28.7 

4   Washita-

Fredericksburg 

Shale 9789   0.10 5.9 

4   Washita-

Fredericksburg 

WALLCAKE 9790       

4   Washita-

Fredericksburg 

Sand 

 

9794   672.0 27.2 
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Table 2-7 (continued) 

Well 

No. 

Core 

No. 

Formation Sampled Dominant Lithology Depth 

(ft) 

Core Plug 

Samples 

Average Air 

Permeability (md) 

Average Porosity 

(%) 
2   Washita-Fredericksburg 

Shale 

Sand with calcite 

cementation 

9796   <0.01 3.9 

4   Washita-Fredericksburg Calc/Sand 9798   118.0 23.8 

1 20 Washita-Fredericksburg Sand 9798-

9826 

28 418.43 19.38 

2   Washita-Fredericksburg Sand  9800   462 23.4 

4   Washita-Fredericksburg Calc/Sand 9800   84.0 22.9 

2   Washita-Fredericksburg Sand 9802   682 24.1 

4   Washita-Fredericksburg Calc/Sand 9802   312.0 24.2 

4   Washita-Fredericksburg Calc/Sand 9804   525.0 26 

4   Washita-Fredericksburg Calc/Sand 9806   492.0 25.8 

4   Washita-Fredericksburg Calc/Sand 9808   364.0 23.5 

2   Washita-Fredericksburg Sand 9810   460 12.9 

4   Washita-Fredericksburg Sh/Calc/Sand 9810   28.0 20.7 

4   Washita-Fredericksburg Calc/Sand 9812   31.0 22.3 

4   Washita-Fredericksburg Calc/Sand 9814   236.0 24.1 
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Table 2-7 (continued) 

Well 

No. 

Core 

No. 

Formation Sampled Dominant 

Lithology 

Depth (ft) Core Plug 

Samples 

Average Air Permeability 

(md) 

Average Porosity 

(%) 
5 9 Washita-

Fredericksburg 

Sand 9,817 - 

9,849 

31 1024.00 23 

4   Washita-

Fredericksburg 

Shaly/Sand 9820   0.0 13.7 

2   Washita-

Fredericksburg 

Sand 9820   1133 21.8 

3 4 Washita-

Fredericksburg 

Sand/Shale 9822   0.09 9.2 

3 5 Washita-

Fredericksburg 

Sand/Graded 

Bedding 

9826   12 13 

1 21 Washita-

Fredericksburg 

Sand 9829-9851 22 332.77 21.95 

3 6 Washita-

Fredericksburg 

Sand 9838   1087.00 20.3 

4   Washita-

Fredericksburg 

Sand 9842   200.0 21.2 

2   Washita-

Fredericksburg 

Sand 9843   230 18.1 

3 7 Washita-

Fredericksburg 

Sand 9844   2042 22.6 

3 8 Washita-

Fredericksburg 

Sand 9848   2502 22.6 

5 10 Washita-

Fredericksburg 

Sand 9,849 - 

9,907 

58 799 21 

2   Washita-

Fredericksburg 

sand 9850   264 24.1 

2   Washita-

Fredericksburg 

mudstone (shale) 9852   * * 
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Table 2-7 (continued) 

Well 

No. 

Core 

No. 

Formation Sampled Dominant Lithology Depth 

(ft) 

Core Plug 

Samples 

Average Air Permeability 

(md) 

Average Porosity 

(%) 
4   Washita-

Fredericksburg 

Calc/Sand 9854   36.0 22.6 

3 9 Washita-

Fredericksburg 

Sand 9856   1247.00 22.1 

1 22 Washita-

Fredericksburg 

Sand 9857-

9917 

43 370.81 24.31 

3 10 Washita-

Fredericksburg 

Sand 9861   824 22.6 

3   Washita-

Fredericksburg 

Sand/Shale 9866   0.52 7.7 

3   Washita-

Fredericksburg 

Shale 9871   0.01 5.1 

4   Washita-

Fredericksburg 

Shale 9876   0.15 3.8 

4   Washita-

Fredericksburg 

Calc/Sand 9880   18.0 20.3 

4   Washita-

Fredericksburg 

Calc/Sand 9882   15.0 20.1 

4   Washita-

Fredericksburg 

Calc/Sand 9884   34.0 22.6 

3   Washita-

Fredericksburg 

Sand/carbonate 

cement 

9887   90 17 

4   Washita-

Fredericksburg 

Calc/Sand 9892   17.0 21 

4   Washita-

Fredericksburg 

Calc/Sand 9896   31.0 21.7 

2   Washita-

Fredericksburg 

Shale/Sand/Silt 9896   0.02 4.1 
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Table 2-7 (continued) 

Well 

No. 

Core 

No. 

Formation Sampled Dominant 

Lithology 

Depth 

(ft) 

Core Plug 

Samples 

Average Air Permeability 

(md) 

Average Porosity 

(%) 
4   Washita-

Fredericksburg 

Calc/Sand 9898   194.0 23.9 

3   Washita-

Fredericksburg 

Sand 9899   509 19.5 

2 4 Washita-

Fredericksburg 

Shale/Sand  9900-

9955 

47 241.01 19.93 

4   Washita-

Fredericksburg 

Lig/Sand 9900   12.0 18.4 

2   Washita-

Fredericksburg 

Sand 9902   222 21.3 

3   Washita-

Fredericksburg 

Sand 9904   618 20.3 

4   Washita-

Fredericksburg 

Dense Calc/Sand 9906   0.0 9.1 

4   Washita-

Fredericksburg 

Sand 9907   510.0 25.5 

3   Washita-

Fredericksburg 

Sand 9916   391 20.3 

4   Washita-

Fredericksburg 

Sand 9917   200.0 23.3 

2   Washita-

Fredericksburg 

Sand/Shale 9921   1.9 12.7 

2   Washita-

Fredericksburg 

Sand 9928   274 24 

4   Washita-

Fredericksburg 

Sand 9928   571.0 23.8 
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Table 2-7 (continued) 

Well 

No. 

Core No. Formation Sampled Dominant Lithology Depth 

(ft) 

Core Plug Samples Average Air Permeability 

(md) 

Average Porosity 

(%) 
3   Washita-

Fredericksburg 

Sand 9929   419 19.7 

4   Washita-

Fredericksburg 

Calc/Sand 9930   84.0 18.6 

4   Washita-

Fredericksburg 

Calc/Sand 9932   72.0 21.6 

1   Washita-

Fredericksburg 

Sand 9932-

9950 

10 196.17 27.72 

2   Washita-

Fredericksburg 

Sand 9934   * 21.9 

3   Washita-

Fredericksburg 

Sand 9938   400 20.9 

4   Washita-

Fredericksburg 

Sand 9938   558.0 22.1 

4   Washita-

Fredericksburg 

Sand 9940   614.0 22.5 

4   Washita-

Fredericksburg 

Calc/Sand 9942   238.0 21.4 

4   Washita-

Fredericksburg 

Calc/Sand 9948   78.0 20.8 

4   Washita-

Fredericksburg 

Shale 9952   0.0 2.7 

3   Washita-

Fredericksburg 

Sand/Silt/calcite 

cement 

9952   0.01 4.3 

4   Washita-

Fredericksburg 

Calc/Sand 9956   32.0 18.9 
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Table 2-7 (continued) 

Well 

No. 

Core 

No. 

Formation Sampled Dominant Lithology Depth 

(ft) 

Core Plug 

Samples 

Average Air 

Permeability (md) 

Average Porosity 

(%) 
4   Washita-

Fredericksburg 

Calc/Sand 9958   46.0 19.4 

2   Washita-

Fredericksburg 

Sand 9962   449 23 

3   Washita-

Fredericksburg 

Sand/Siderite cement 9962   39 17.7 

4   Washita-

Fredericksburg 

Calc/Sand 9962   71.0 20.2 

4   Washita-

Fredericksburg 

Calc/Sand 9964   63.0 19.7 

4   Washita-

Fredericksburg 

Sand 9968   578.0 23.6 

4   Washita-

Fredericksburg 

Sand 9970   620.0 24.2 

2   Washita-

Fredericksburg 

Sand 9970   324 23.5 

3   Washita-

Fredericksburg 

Sand/Quartz and Siderite 

cement 

9970   35 14.7 

4   Washita-

Fredericksburg 

Calc/Sand 9982   142.0 21.3 

4   Washita-

Fredericksburg 

Sand 9984   117.0 21 

2 5 Washita-

Fredericksburg 

Shale/Sand 9985-

10045 

48 427.28 23.52 

3   Washita-

Fredericksburg 

Sand/quartz and carbonate 

cement 

9992   18 14.1 
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Table 2-7 (continued) 

Well 

No. 

Core 

 No. 

Formation Sampled Dominant 

Lithology 

Depth 

(ft) 

Core Plug 

 Samples 

Average Air  

Permeability (md) 

Average Porosity 

(%) 
3   Washita-

Fredericksburg 

Sand/Laminated 9996   47 17.8 

3   Washita-

Fredericksburg 

Sand/Laminated 10008   0.14 10.4 

3   Washita-

Fredericksburg 

Sand 10016   259 20.2 

3   Washita-

Fredericksburg 

Sand 10023   508 20.4 
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Table 2-8 

Chemours DeLisle Plant 

Injection Well No. 2 

X-Ray Diffraction Analysis Results (in Wt. %) 

Depth 9908A 9908B 9910 9915 9920 9939 10000A 10000B 10025A 10025B 

Quartz 71 71 65 68 62 74 69 70 64 67 

Feldspar 6 6 8 8 7 6 8 8 10 9 

Dolomite 2 2 2 2 5 2 3 3 1 1 

Kaolinite 10 10 12 10 13 10 10 8 10 12 

Illite 4 4 6 4 5 4 4 2 8 6 

Smectite and Mixed Layer Clay 5 5 5 6 6 2 4 7 5 3 

Chlorite 2 2 2 2 2 2 2 2 2 2 

Reference:  Halliburton, 1979, Mineral content of cores from DeLisle Injection Well 2 [0109692]. 
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Table 2-9 

Chemours DeLisle Plant 

Injection Well No. 5 Washita-Fredericksburg 

X-Ray Diffraction Analysis Results (in Wt. %) 

Sample No. 129 - 140 141 - 150 151 - 160 161 - 170 171 - 180 181 - 190 191 - 200 201 - 210 211 - 218 

Depths 9,817-29 9,829-39 9,839-49 9,849-59 9,859-69 9,869-79 9,879-89 9,889-99 9,899-9,907 

Quartz 90 95 93 92 92 91 86 91 82 

Feldspar          

 Plagi
oclase 

7.0 3.5 5.3 6.3 5.4 5.7 9.7 6.8 5.6 

 K-
spar 

1.9 0.6 0.8 1.1 1 0.3 1.6 2.1 1.3 

Calcite 0.1 0 0 0 0 0.1 0 0 7.9 

Dolomite 0 - 1 0 0 - 1 0 - 1 0 - 7 0 - 2 0 - 3 0 - 1 0 - 5 

Siderite 0 0 0 0 0 0.5 0.5 0 0 

Kaolinite 1 1 1 1 1 - 2 1 - 2 1 - 2 1 1 

Illite 1 1 1 1 1 1 - 3 1 1 1 - 3 

Chlorite 0 0 0.1 0.4 0.2 0.1 0.1 0.1 0.3 

Smectite 0 0 0 0 0.1 0.2 0.2 0 0.3 

Reference:  Envirocorp, 1983, Mineral content of cores from DeLisle Injection Well 5--Draft report. 
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Table 2-10 

Chemours DeLisle Injection Well No. 5 

Average Reservoir Properties of Sampled Zones 

Core 
No. 

Formation Sampled Dominant 
Lithology 

Depth 
(ft) 

Core Plug 
Samples 

Average Air 
Permeability (md) 

Average Porosity 
(%) 

1 Midway Shale 6,912 - 6,942 18 2.45 16 

2 Selma Chalk 7,679 - 7,711 31 0.084 8 

3 Eutaw Shale 8,311 - 8,340 10 0.766 7 

4 Tuscaloosa (Upper/Middle) Shale 8,785 - 8,815 -- -- -- 

5 Tuscaloosa (Lower)  9,100 - 9,132 14 65.5 17 

6 Tuscaloosa (Massive) Sand 9,386 - 9,418 32 2,100.0 24 

7 Washita-Fredericksburg Shale/Silt/Sand 9,606 - 9,637 15 0.631 8 

8 Washita-Fredericksburg Shale 9,667 - 9,697 7 0.209 6 

9 Washita-Fredericksburg Sand 9,817 - 9,849 31 1,024.0 23 

10 Washita-Fredericksburg Sand 9,849 - 9,907 58 799.0 21 

Note:  Data obtained from Envirocorp Analysis Report, May 1983. 
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Table 2-11 

Geologic Column and Hydrologic Characteristics of Aquifers in Mississippi (after Gandl, 1982) 

Era System Series Group Formation Lithology Thickness 
(ft) 

Water Bearing 
Characteristics 

Transmissivity 
(ft2/d) 

Specific 
Conductance 

(gal/min/ft) 

Hydraulic 
Conductivity 

(ft/d) 

Mineral 
Potential 

Type 

Mineral 
Potential 
Location 

Cenozoic Quaternary Holocene  Mississippi River 
Valley Alluvium 

Silty clay, sand, 
gravel 

50 – 200 Mississippi River 
Valley alluvial 

aquifer 

13,000 – 79,000 10 - 168 170 – 190 Sand and gravel Throughout 
outcrop area 

  Pleistocene  Loess Silt -- Not an aquifer -- -- -- -- -- 

    Terrace Deposits 
(includes coastal 

deposits) 

Sand, gravel silt 
and clay 

-- Minor aquifers -- -- -- -- -- 

 Tertiary Pliocene  Citronelle Fm Clay, sand and 
gravel 

0 – 100 Citronelle aquifers 4,000 – 13,000 6.2 - 66 82 - 200 gravel Throughout 
outcrop area 

    Graham Ferry 
Fm 

Clay and sand 0 – 100 Local aquifer      

  Miocene  Pascagoula Fm Sand and clay   13,000 Up to 30 95 Minor amounts 
of lignite 

Scattered 
throughout 

    Hattiesburg FM Sand and clay 0 – 5000 Miocene aquifer 
system 

     

    Catahoula SS Sand and clay        

    Paynes 
Hammock Sand 

Sandy marl, clay 
and silty 
limestone 

20 Not an aquifer -- -- -- -- -- 

    Chickasawhay 
Ls 

Impure 
limestone, marl 

and clay 

30 Not an aquifer -- -- -- -- -- 

  Oligocene Vicksburg Bucatunna Fm clay -- Confining unit -- -- -- -- -- 

    Byram Fm Clay, marl, 
limestone and 

sand 

       

    Glendon Fm         

    Marinna Fm Silty limestone 100 - 250 Oligocene aquifer 
system 

120 - 3300 1.5 - 12 3 - 60 Glauconite and 
bentonite 

Outcrop area 

    Mint Spring Fm Sandy marl        

    Forest Hill Fm Clay and marl in 
extreme east 

       

    Red Bluff Fm Sand and clay 
elsewhere 
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Table 2-12 

Chemours DeLisle Plant  

Freshwater Sand Depths in Harrison County, Mississippi  

(Data from Water Well 1 & Monitor Well No. 1 Electric Log)  

Major Sand Unit Monitor Well 1 Log Depths 
(feet) 

Aquifer 1 1 640 – 980 

Aquifer 2 1 1,530 – 1,580 

Aquifer 3 1 1,640 – 1,790 

Aquifer 4 1 1,885 – 1,990 

Aquifer 5 1 2,010 – 2,060 

Aquifer 6 1 2,300 – 2,345 

Aquifer 7 2,370 – 2,480 

Brackish Transition Aquifer 8 2,500 – 2,750 

Base of Lowermost USDW – 2,750 

1. A.C. Barlow 1/28/74 Memo 
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Table 2-13 

Chemours DeLisle Plant 

Chemical Quality of Water from Miocene Aquifers 

Parameter Maximum Minimum Median 

Bicarbonate 37.0 155.0 480.0 

Dissolved solids 67.0 195.0 1,030.0 

Hardness (as CaCO3) 0.0 5.0 80.0 

pH (standard units) 6.4 7.7 9.0 

Calcium 0.0 1.1 21.0 

Chloride 2.0 4.6 432.0 

Fluoride 0.0 0.2 1.1 

Iron 0.0 0.08 2.9 

Magnesium 0.0 0.3 6.7 

Nitrate 0.0 0.1 2.7 

Potassium 0.2 0.9 14.0 

Silica 12.0 31.0 61.0 

Sodium 5.2 66.0 391.0 

Sulfate 0.0 8.6 13.0 

 
  Constituents and hardness in milligrams per liter. 
  Values calculated from 99 analyses.   
  From:  Newcombe, 1975. 
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Table 2-14 

Chemours DeLisle Plant 

Freshwater Aquifer Characteristics 

Age Depth 
(feet) 

Thickness 
(feet) 

TDS 
(mg/L) 

Miocene 640 - 980 340 187 

Miocene 1,530 - 1,580 50 N/A 

Miocene 1,640 - 1,790 150 214 

Miocene 1,885 - 1,990 105 N/A 

Miocene 2,010 - 2,060 50 N/A 

Miocene 2,300 - 2,345 45 N/A 

   N/A = Not Analyzed 

   From:  Clark, 1986
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Table 2-15 
Analytical Results of DeLisle Monitoring Well Water Samples 

Analytical Results of DeLisle Plant Water Well #1 (USGS ID N104) Samples 2013-2016 
Latitude 30.3834; Longitude -89.3088; Township 8S, Range 13W, Section 5; Screen Base Depth 1,755 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

1Q2016 42.2 275 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.78 492 

4Q2015 44.0 271 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.66 1240 

3Q2015 45.2 245 <0.0020 <0.005 <0.010 0.072 <0.001 <0.050 8.73 463 

1Q2015 50.9 285 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.20 482 

4Q2014 48.7 248 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.83 483 

3Q2014 45.8 260 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.89 474 

2Q2014 49.1 391 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.73 474 

1Q2014 45.5 274 <0.0020 <0.005 <0.010 0.053 <0.001 <0.050 8.23 472 

4Q2013 50.0 271 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.71 478 

3Q2013 47.4 265 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.34 479 

2Q2013 50.8 261 <0.0020 <0.003 <0.005 <0.025 <0.025 <0.025 8.27 483 

1Q2013 48.8 320 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.33 480 
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Table 2-15 (Continued) 
Analytical Results of DeLisle Plant Water Well #2 (USGS ID N291) Samples 2013-2016 

Latitude 30.3831; Longitude -89.3055; Township 8S, Range 13W, Section 4; Screen Base Depth 1,760 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

1Q2016 54.2 286 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.60 514 

4Q2015 53.8 292 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.53 983 

3Q2015 60.7 285 <0.0020 <0.005 <0.010 0.072 <0.001 <0.050 8.67 505 

1Q2015 57.7 288 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.20 506 

4Q2014 109 270 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.81 512 

3Q2014 58.0 319 <0.0020 <0.005 <0.010 0.098 <0.050 <0.050 8.67 505 

2Q2014 60.4 286 <0.0020 <0.005 <0.010 0.143 <0.050 <0.050 8.63 518 

1Q2014 58.2 275 <0.0020 <0.005 <0.010 0.120 <0.001 <0.050 8.15 508 

4Q2013 61.3 287 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.64 508 

3Q2013 59.6 289 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.18 510 

2Q2013 62.1 276 <0.0020 <0.003 <0.005 0.027 <0.025 <0.025 8.23 513 

1Q2013 60.2 296 <0.0020 <0.005 <0.010 <0.050 <0.050 <0.050 8.09 518 
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Table 2-15 (Continued) 
Analytical Results of DeLisle Elementary Well (USGS ID N286) Samples 2013-2015 

Latitude 30.3775; Longitude -89.2685; Township 8S, Range 13W, Section 8; Screen Base Depth 557 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 19.0 311 <0.0020 <0.001 <0.001 <0.025 <0.001 <0.001 8.85 536 

2Q2014 21.6 318 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.005 8.79 521 

2Q2013 20.7 304 <0.0020 <0.005 <0.010 <0.050 <0.001 <0.050 8.75 530 

 
Analytical Results City of Pass Christian Well at North and Market Streets (USGS ID N327) Samples 2013-2015 

Longitude 30.3256; Longitude -89.2517; Township 8S, Range 13WSection 25; Screen Base Depth 852 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 42.6 362 <0.0020 <0.001 <0.001 <0.025 <0.001 <0.001 9.01 663 

2Q2014 47.4 368 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.89 641 

2Q2013 47.0 361 <0.0020 <0.005 <0.001 0.263 0.010 <0.050 8.97 651 
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Table 2-15 (Continued) 

Analytical Results of City of Pass Christian Bayview Avenue (Fire Department) Well (USGS ID O006) Samples 2013-2015 
Latitude 30.3267; Longitude -89.2222; Township 8S, Range 13W, Section 19; Screen Base Depth 891 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 32.6 360 <0.0020 <0.001 <0.001 0.030 <0.001 <0.001 8.97 641 

2Q2014 34.6 352 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.94 622 

2Q2013 34.3 349 <0.0020 <0.005 <0.001 <0.050 0.002 <0.050 8.99 632 

 
Analytical Results City of Diamondhead North Well #3 (USGS ID N470) Samples 2013-2015 

Latitude 30.3794; Longitude -89.3202; Township 8S, Range 14W, Section 35; Screen Base Depth 720 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 70.8 294 <0.0020 <0.001 <0.001 0.251 0.003 <0.001 8.14 555 

2Q2014 4.96 186 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.50 298 

2Q2013 5.32 191 <0.0020 <0.005 <0.001 <0.050 0.003 <0.050 8.66 306 
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Table 2-15 (Continued) 
Analytical Results of City of Bay St. Louis Harry Street Well (USGS ID K377) Samples 2013-2015 

Latitude 30.3248; Longitude -89.3414, Township 8S, Range 14W, Section 41; Screen Base Depth 1,062 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 59.5 401 <0.0020 <0.001 <0.001 <0.025 <0.001 <0.001 8.93 734 

2Q2014 58.2 396 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.54 711 

2Q2013 51.2 384 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.91 724 

 
Analytical Results City of Bay St. Louis St. Charles Street Well (USGS ID K004) Samples 2013-2015 

Latitude 30.3017; Longitude -89.3369, Township 8S, Range 13W, Section 30; Screen Base Depth 1,210 ft 

Quarterly 
Report 

Chlorides, 
mg/l 

Total 
Dissolved 

Solids, 
mg/l 

Total 
Mercury, 

mg/l 

Total 
Cadmium, 

mg/l 

Total 
Chromium, 

mg/l 

Total 
Iron, 
mg/l 

Total 
Lead, 
mg/l 

Total 
Vanadium, 

mg/l 
pH, 
s.u. 

Specific 
Conductance, 
micro-seimen 

2Q2015 34.3 393 <0.0020 <0.001 <0.001 <0.025 <0.001 <0.001 8.93 734 

2Q2014 36.7 413 <0.0020 <0.005 <0.001 <0.050 <0.001 <0.050 8.85 708 

2Q2013 46.8 346 <0.0020 <0.005 <0.001 <0.050 0.003 <0.050 8.23 702 
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Table 2-16 

Chemours DeLisle Plant 

Chemical Analysis of Water, Production Well No. 4 

Constituent Value Units 

Arsenic < 0.001 mg/L 

Calcium 6.1 mg/L 

Chloride 138.0 mg/L 

Copper < 0.05 mg/L 

Cyanide 0.53 mg/L 

Fluoride 0.23 mg/L 

Iron 0.1 mg/L 

Magnesium 1.0 mg/L 

Manganese < 0.05 mg/L 

N-Nitrate-aqueous 0.846 mg/L 

Phenols (color. aq.) < 0.10 mg/L 

Potassium 1.9 mg/L 

Silica 8.9 mg/L 

Sodium 204.0 mg/L 

Sulfate (aqueous) 0.017 mg/L 

Zinc < 0.02 mg/L 

Alkalinity (bicarbonate) 150.0 mg/L 

Alkalinity (carbonate) 40.0 mg/L 

Hardness 18.0 mg/L 

Specific conductance 702.0 µmhos/cm 

Total dissolved solids 436.0 mg/L 

Total suspended solids 1.0 mg/L 

pH 8.6 units 

Specific gravity 1.0 mg/L 

   Date Sampled:  January 10, 1990 
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Table 2-17 

Chemours DeLisle Plant 

Formation Fluid Analysis Waste Disposal Well No. 5 

Tuscaloosa Massive Sand 

 

 

 

 

Constituent Concentration Units 

Barium 4.3 ppm 

Bromide 546.0 mg/L 

Cadmium 0.007 ppm 

Carbonate 199.0 mg/L 

Chloride 71,750.0 mg/L 

Cyanide < 0.1 mg/L 

Fluoride 0.42 mg/L 

Nitrate < 0.1 mg/L 

Phosphate (total) < 0.05 mg/L 

Strontium 4.5 ppm 

Sulfate 131.0 mg/L 

Sulfite < 10.0 mg/L 

Specific gravity 1.085 g/cc 

Total dissolved solids 105,000.0 mg/L 

Total suspended solids 1,608.0 mg/L 
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Table 2-18 

Chemours DeLisle Plant Sidetrack Injection Wells Reservoir Fluid Sampling Results 
 

 

   Injection Well No. 2 Sidetrack No. 1    Injection Well No. 3 Sidetrack No. 1   Injection Well No. 4 Sidetrack No. 1  

Constituents  WF-1                 
11-23-95 

WF-2               
11-23-95 

WF-3               
11-23-95 

WF-4                
11-23-95 

Tusc. 
Massive           
01-15-99 

WF-1                  
01-15-99 

WF-2                 
01-15-99 

WF-3                 
01-15-99 

WF-1                  
06-28-95 

WF-2                 
06-28-95 

WF-3                 
06-28-95 

WF-4                 
06-28-95 

Depth units 9560' 9902' 9966' 9806' 9496' 9848' 9916' 9996' 9792' 9879' 9946' 9807' 

Total Organic Carbon (mg/l) 400.0 <10 40.0 <10 157.00 104.00 59.00 194.00 128.0 48.4 99.9 123.0 
Aluminum (mg/l) 19.0 7,170.0 45.9 3,770.0 2.31 804.00 133.00 5.95 6,036.0 4,988.0 4,462.0 2,890.0 
Antimony (mg/l) -- -- -- -- -- -- -- -- <0.25 <0.25 <0.25 <0.25 
Arsenic (mg/l) <0.01 <0.01 <0.1 <0.01 <0.007 0.086 0.184 <0.07 0.625 <0.125 0.69 <0.125 
Barium (mg/l) 8.18 4.08 45.00 55.10 23.2 8.4 22.3 15.0 11.60 51.30 16.20 20.30 

Beryllium (mg/l) <0.02 <0.02 <0.02 <0.02 <0.001 0.085 0.078 <0.001 1.90 3.04 1.26 0.89 
Boron (mg/l) 23.5 <0.5 316 <0.5 19.6 95.9 50.1 27.8 -- -- -- -- 

Cadmium (mg/l) <0.01 <0.01 <0.01 <0.01 <0.01 0.030 <0.01 <0.01 <0.25 0.27 <0.25 <0.25 
Chromium (mg/l) 0.10 344.0 1.10 419.0 <0.02 21.200 3.320 <0.02 160.0 90.4 102.0 20.8 

Cobalt (mg/l) 0.34 6.6 1.28 50.5 1.81 1.7 11.9 3.05 8.98 18.2 14.0 12.01 
Copper (mg/l) 5.89 13.5 5.04 97.8 0.019 <0.04 1.490 0.310 <1.50 2.21 4.75 <1.50 

Iron (mg/l) 134 53,500 696 62,100 96.6 27,200 13,800 151 42,550 56,400 38,420 47,680 
Lead (mg/l) 0.14 72.6 0.50 54.1 0.18 80.6 60.9 1.06 59.4 54.2 86.3 75.4 

Manganese (mg/l) 5.3 2,860 24.1 2,800 8.897 1,902 1,066 8.09 1,858 2,029 1,758 2,251 
Mercury (mg/l) <0.005 0.009 <0.005 0.11 <0.0002 <0.0002 <0.0002 <0.0002 0.095 0.02 <0.0002 <0.0002 
Nickel (mg/l) 1.86 58.4 6.31 261 1.25 13 0.95 1.11 24.2 41.6 32.7 13.9 

Selenium (mg/l) <0.05 <0.05 <0.05 <0.05 <0.09 <0.09 <0.09 <0.09 <0.125 <0.125 <0.125 <0.125 
Silver (mg/l) 0.13 <0.02 <0.02 <0.02 0.24 0.35 0.34 0.26 <0.02 <0.02 <0.02 <0.02 

Strontium (mg/l) 495 8.99 520 9.19 346 24.5 18.2 378 18.6 19.8 17.7 16.9 
Thallium (mg/l) <0.02 <0.02 <0.02 <0.02 <0.16 0.046 <0.4 <0.02 <0.25 <0.25 <0.25 <0.25 
Titanium (mg/l) 0.26 0.06 0.08 55.9 <0.02 <0.02 <0.02 <0.4 2.64 3.26 3.13 3.22 
Vanadium (mg/l) 0.12 377 1.06 504 <0.05 7.31 <0.05 <0.05 318 502 142 111 

Zinc (mg/l) 4.26 85.6 5.32 82.3 5.64 95 53.3 7 57 89.6 71.6 65.9 
              

Chloride (mg/l) -- -- -- -- -- -- -- -- 107,000 123,000 120,000 118,000 
Potassium (mg/l) 800 1,420 1,547 547 721 880 1286 702 740 1,230 970 730 
Sodium (mg/l) 50,500 16,900 50,000 15,100 30,740 6,120 6,860 32,620 10,600 7,300 11,700 11,100 

Acidity as CaCO3 (mg/l) 790 153,000 2,200 184,000 282 21,470 11,400 92 *see note *see note *see note *see note 
Hardness (CaCO3) (mg/l) -- -- -- -- -- -- -- -- -- -- -- -- 

Calcium (mg/l) 129,000 1,320 13,500 467 16,630 11,690 7,520 16,900 1,820 4,697 7,486 6,920 
Magnesium (mg/l) 1,140 1,450 1,210 1,380 831 2022 2432 1400 2,764 2,375 1,474 2,462 

Hardness as CaCO3 (mg/l) -- -- -- -- -- -- -- -- 15,927 21,508 24,763 27,418 
Resistivity (ohm-cm) 9.60 11.00 9.50 6.70 6.44 9.65 6.31 6.55 2.31E-03 2.14E-03 1.97E-03 2.15E-03 

Specific Gravity (60/60)  1.110 1.180 1.120 1.190 1.090 1.190 1.190 1.100 1.1667 1.1876 1.1906 1.1806 
Total Dissolved Solids (mg/l) 165,986 246,948 187,898 261,036 130,000 187,000 207,000 140,000 195,000 221,000 202,000 219,000 
Total Suspended Solids (mg/l) 798 871 3045 176 172 90 290 244 427 876 376 374 

Viscosity (cst) 1.00 1.00 1.00 1.00 0.88 1.19 1.26 0.90 1.19 1.29 1.30 1.25 
pH (units) 5.13 2.32 4.32 <0.80 6.130 2.880 5.770 4.060 2.37 2.44 2.18 2.00 
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Appendix 2-3
South - North

Structural Cross Section A-A’

Created by: ESSJ
Geology by: WGK, PWP, DJC
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Appendix 2-7: Top of Eutaw
Structure Map
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Structure Map
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Isopach Map
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DAVID J. LEEDS Ar~D ASSOCiATES 11972 Chalon Road 
Los Angeles, CA 90049 

. Consultants in Engineering Seismo'ogy/Ceology/Geophysks (213) 472-0282 

~.I. $1 Pant ~ ~ ci Co. DJIA 89-154-03 
ii7lg:1.:ne£tr1ng ~1C(: 01v1:l1cn 21 .JUly 1989 

Gl1lt Coast ~.1atal Calsulting 

PO Sex 3269 

~mllllCnt, 'IX 77104 


Re: Seismicity-
Natural a Induced 
ae-1IIIC'lP\t Ncrk::s 
TeIcas 

We takie ~lftl".tS.1N! :In wl::IIL1t1:ing cur repat t en the _Ua1c1ty ot the regial near 
~ Jk:su!Dor.lt Jot'"..o.1c3 ~ the pees1}:)!l!ty of earthquake ,'. ftQP to the J.njeC't1.cln 
p~, ~ the ~tial tor 1z'!dI1cec' 1Ie1sl1c1ty with ... '9' to the c::alt1n.1ng 
~ 1njEct1~'n za'leS" l'he lepurt c:a'1ta1.na the c5eta1l ".aueli sn;:p::4"ts cur 
c:tZlClua~ • 

In our cpinJ.en 1:.be.~ is no hazard ot natural earthquake M ge to the tacil!ty 
(pt"eSUIIt.1na the .1.ns1:allat1aw ocntorm to usual engineering ptect1c:e) or ot ird'JalC'! 
seisr.idc!~ ~ted btJ th6 injectien pt'OC ~ IS • He c5D not believe that there has 
ever b!el destructIve earthquake ground IIIDtial at ~ s1te. 

Wet hclp:J tt~t tl'o...1s l;"C~ -=eu ycur requ..1reIIIents. Pleaoe teel tree to ccntact 
1JS it we ~ r..e ot ~ _1atalce. 

mf~ :J. 'cZ!tS .4U® ASSOCIA1"ES 
CA ~~iMt~ <Uologist ft40 
Ci\ Re¥~ ~ic1st .ap 17 
Co.\ Oerti:!1~1 P..nQ1.:.~1ng Geclog1a't .m 373 
~ ~1!UJd ~t...1cnal Cleolog1st 1e'7. 

APPENDIX 3-4 
SI':ISMICITY REVIEW 
(Current to 200R) 

(Sdof2) 

I 

http:cpinJ.en
http:c:a'1ta1.na
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DAVID 1. LEEDS AND ASSOCIATES 
11972 Chalon Road 

Los Angeles, CA 90049 
Consultants in Engineering Seismology/Geology/Geophysics (213) 472·0282 

D.JLA 89-1$6-03 
J'Uly 18, 1989 

GII_al 

'lh1a l<ep:lrt a:5c2rlll!Uca potential natural ad 1J'Xllced _1s.1c ettec:ta en tnd ot 
fluid ...-te dj!lp'W&l inject1cm tells at tb8 Dll ~t III JW"I1t Ib:ka located 
6AAu,d-tely 5 ailes southeast ot Be-DW"'nt, ~. '11w prjnc1pal el~ta- of I 

the 1'ep:il t a:5c2r the tollow1ng C:Ux::IEUlII: 

A. 	 'ftw natural _~c1ty ot the regial. 

B. 	_ ~1ble '''nege bV earthquak:es to the injec:t.1cn and CXIlf1n1ng 
z:cnes ot the ta:111ty. 

c. 	 on. po.1b1l1ty ot the inject1cn pz\Xu triggm'irlg 
earthquIIkes • 

~ %oepcrt Will: 

1. 	 DII I c:r1be the _~c env1z:UiiEut in ter_ ot the _1sa1c 
h1a'tary of tt. reg1cn. 

2. 	 ~tII a "dIIII~ ~n tor the .m..u-tace and dj..,_ 
1t8 eftecta en the injecticn and centJn1ng ZCI_. 

3. 	 PI: w sit CMe h.1atar1ea of JndIy:ec1 _~c1ty. 

4. 	 a ..... the geolcg1c/_1aD.1c enviraJllll!lnt at other at. tClere 
"",.".., _~c1ty ~ bMn otleerYed with ccn41t.u.. at the 
Il1 Pent I. -nt Nalu. 

8 • 	 Pt! !!Ilt c::cnclualcrw with %II ;eG t to the .tx:Na. 

e. 	 Pn:widlt tm-- eets ot reteze~, CIl Jnctred ae1-.1city, 
ID12 -1mB _1.-clogy, and an '1'aas _1.-llogy. 

http:geolcg1c/_1aD.1c


8.J"....A ~9- :54 -03 

~-'.:.:'/ :5. ~989 


?~ :; 


Location 

~ Du ~r:t ge3uTClCmt Works .!.!i !i1 tuated on t:-.e Texa:; Coastal Pl.3i....l approx.i;natel'l 
28 rule!i ml:md (nor~t) at the Gulf of Mexico and about 5 miles southeast 
of 8eaum:mt. 

General Geology 

'!'he Texas Coastal P13in 3t Jefferson county pre-....ents an erlOrm:n.lS tlliclcness of 
Tertiary sands and shales with overall persistent and continuous subsurface 
geology. This wedge of sed.iments 1s purlC1:U3ted wi th intrusions of .Jurassic salt. 
'n1.ese domal and anticl.1nal areas are fragmented by f3Ul t 1ng; hcw.!ver, there is 
no indication ot current activi t:y. '!'he geology at til.e area is ciescribed in 
det3il in other reports so will not be repeated here. 

Texas Se1saL1city 

Seismic activity at the T~ Coastal Plain is anxmg the lCM!St in the nat jon. 
The major part at the state, except for the Rio Gr~ r.!!t area at Texas, the 
Panhandle, and the eastern T~-okJ.3h.omll border, has had either zero 
coefticients assigned or the very l~t elements ot seismiCity. See Figure 1. 
'I'he-'""...e coefticients are developed through historieal seismicity (the record at 
felt ear~), instI"\lJl1ental seismicity (seiszzcgraph records), and the 
struc~:s..l geologic tr~rk. In a hlghly seisnically active area, the historic 
record can be extended badcward using paleoseism.1city . This is not u.sually an 
option in Tex.a:o. 

Earthqua.kes are measured in terms of: 

Intensitv - effect ot the ground motion on man, his work, and on natural 
features. 'nle measure currently in use (since 1931) is ~ as the 
Modified Merca111 Intensity Scale (~). Setore 1931 til.e quite 
s1m.1lar Rossi-Forel Inten:;i t:y Scale was used. HGwi!ver, observations 
before 1931 have been converted to the ltK[ scale, so there should 
be no contusion. The l+!I shc.lIra'I. in Table I has been updated to ad just 
to current construction practice . Intensity obsernltion:o ~ 
eqlloyed to construct isoseisma.l maps wherein til.e areas at equal 
!il'.3k.ing are contoured. 

Maan.1 tude - instrument3l l1I:asure of an ear~. It!!i t.~ :-esponse at 
a :;peei =ied L."'1!it:'t.!:nen t (sei~3ph) wi til nar:--:.w.1y det ined ~c 
:-esponse. With the magnim.de !icale (!;CC Figure 2) I e3r~~ =~ 
be :neasu...-ed at .3 distance. Se::':;mic st3tions should ~.!.l a.c:..!e-.-e 
~ i:n..i lar de te:m.ir.at.!.ons !'rom t:-..e ~ even t !i ir.ce 3d.j'U!:t:rer.t!i are :nade 
tor distance and mstrumenta.l constants. TI".e magnitude xale ....as 
~.I':!ied by Dr. Cr.arle!; ? ::!'':'c::'ter ar.d frequer.tl·/ car:,!~ :us r.3llle. 

http:frequer.tl
http:magnim.de
http:erlOrm:n.lS


:;..;~ :39-154-03 
:''':'~'I ~5. :989 

P:lqe J 


:{cwe',:er. ':.'"'.ere a:-e :1ClW ~r31 i te!"3 t !cr~ of the :r.agra t"..!.d.e !:c3!e, 
=epenC.!.."1.t; on t.."1.e type of sel~C 1N3Ve ocserved. t.1.e ep:.cent!"3! 
di~tance. and ~.~ral ot.~r factor~. 

:;:~trument31 seiZllX)logy is equally as iqxJrt::mt as the historic :-ecorC., for 
instrument3tion per:n.i ts the measurement and location of se!sm!c eve.o;.ts :nuch 
smaller than t:ho-...e which may be telt. nrus, a catalog 01' seismic eo."e!lts may 
Cont3in events t.~t are instrumentally recorded but not tel t 'rJy:nan. Also, since 
seismic ground motion attenuates with distance and t.~ entire cmmtry is not 
3dequate1y covered by seiSJJDgraphs , many small events are re1 t but not reCorded 
or esc~ 311 detection. 

The epicenter map (Figure 3) ~ all seismic events in the National Geophysical 
Data Center (NGJ:C ) tiles as of JUne 9, 1989 tor the area 01' interest. n,e 
acco~y1ng list (Table II) includes several small events (near Houston Hobby 
Airport) that have not received adequate documentation so are not plotted. 
Table II has been developed fran the NGOO printout, supplemented by data in ~ 
f lles of David J. Leeds and Associates. 'n1e epicenters for events plotted in 
Figure 3 are ide:ntit.fed in Figure 4, wh.1ch is an enlargement from Figure 3 0'1' 
the coastal plain region of South Texas. 5aDe caution I!IlSt be exJercised in the 
use of the plotting 01' Figures 3 and 4 since NGt'C frequently prints mre than 
one location for the same event (trc:m the solutions of d.1fferent investigators) 
as well as overprinting several events at the same locat.1on. Nei ther the 
instrumental nor the histor ieal record can be considered ca%lplete or accurate. 

The oldest e3.r~h,quake i ..1.cluded in the large!" ;::ot: of epice:lters (F!gu.-e 3) is 
::m 1843 New Orleans Intensity III eart.hqu.ake. The oldest Texas ear~ on 
t.~ :nap is an Intensity IV in 1873. An e3%'l1er unconfirmed 1847 event 1s listed 
near Seguin. A total of 281 seismic events are plotted, some a repetition at 
the same site and some duplicated by contl1cting reports. A smaller are:s, wit.~.in 
a lOO-mile r:3dius ot the Bea1mcnt W:lrks, has only a handful of even~s except 
~or the maximum M=-4. 2 swarm "WI'OXlmately 90 miles north. 

The largest ground motion experienced in this portion of the Gult Coast was in 
":he Lak.e Charles, Louisimla ear~ 01' October 16 1983, approximately ~5 miles 
east ot the D1 Pent Re:mllDC'l"\t W:lrks. While the N3IX: t3bu.lation indicates ~=II!. 
field investigation turned up several repor~s ot lflI=V. (See St~ & A.g/:II!!M, 
1985, in the "ftete%'ellCeS"section). Closest epicenters ~o the Be~t W:lrks are 
the ~966 in5tI"'lllDental location near BeauDa'lt 3nd the 1952 even~ 25 miles e03St 
near Or::m.ge. Their magnitudes were 3.0 3l'ld 3.8, I-e:.pectively. The 1966 Beaumon 
even~ ~ recorded instrumentally bu~ not repor~ed tel t. The 1952 Cr3l"l.ge event 
was :e1t: " Linesman atop a poIe fe1tit quiver. SUi Id.i.ngs swayed .:md w 1.ndaws 
!,3~tled". : united States E.3rthqt.l.::Uces, 1952). Note ti'..at .in all cases :m~ 
wi thin about 200 miles at the Beaumont Works in the 14~ years at record. 
e3l"t.\..~ grocrld IOOtion has been l.!.:nited to t.~ raulL~ of d'!s.r~, doors, 3fld. 
wi~. ':'he ~""vrr, Mb=3.B. 1891 ~ Event 140 m.!.les :lOr"'=~t is :1Ot ::m 
excep~ ion. TI".e Rusk event h3.s been documented as a ~Je:-e t::'U!"..c!e:-!: t:::~ 
(Kil~~ ~~ ~~t~. 1974). 

http:Cr3l"l.ge
http:Or::m.ge
http:wit.~.in
http:eve.o;.ts
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~.ren in ~t::e!" ;arts of Texas, in quite d":'!'fe!"e."'lt geolog':'c,' ~i~c !"'egirnes, 
e.:u-'t~ d.':J:naqe ~ not exceeded the f all of .3. chimrley or tw:J, Th.e Sea 
are.3. is only '.rery slightly .3.ctive, with an intensity ot IV beh"''' the _ ~t 

. tha ...l__ • .....~ norm. Iti s cert.3..ln t u=.tructlve earthquake ground rtX)tion has never \-- ...~. --' 
. Pk- Be UI::1::Il -_rlerlC,""-,,
!n ~= aumont area, 

Se 1:'5ID! y::::s1.1c Sources 

A :.ource mechan.1sm is required tor the devel~t of a model earthquake. It 
is usual to have a kncwl active fault system with a ~, measurable strain or 
stress tield. TI'le mre active regions of the earth have faults with strain 
(~t across the fault without a rupture) developing at a rate up to ~ 
centimeters per year or greater. As a meter or more of str31n develops, stress 
3CC1.lnI.liates; eventually the system releases this stored strain energy in the 
form ot elastic w:sves (1.e., an earthqu.3ke). 

The Texas Gulf Coast has several struc'tUral geological features capable ~ 
storing and releasing sane energy al though all are NecUc or inetfective in term 
of generating even IlX)dest ground rtX)tion. 

The salt structures have developed gravimetrically 'r:Jy the flew of the lower 
density salt through weaker ZOI'leS of the thick sed.1rIr!nts. The salt 15 so plastic 
that ! t tends to tlc:M r::lther than develop large fractures. 'I'he surrcund.1ng 
sed.1ments are badly faul ted by the intrusion and are a 1most as physically 
incompetent as the salt, also having lc:M densities, p:x:lr cementation, and low 
shear strength with :-esu.lting lew shear DX:Idu.li1. It is dcubttul that the salt 
dome 3S a seiSltegelUC source could develop ear~~ with magn.1tudes greater 
than 3.0 and intensity !IfoII=IV. 'nlese events ma:v be locally felt but are unlike1 Y 
to propagate d.amaginq ground rrcticns. Reference to the historical catalog 
presented in Table II shews a relationship between magn.1tude and maximum 
intensity. TI'le events might be perceptible, but the level ot shak1.ng could not 
be called damaginq. 

Growth faults have alsc developed along the Te:x.zss Gulf Coast N'1.1ch rrB'{ be 
~lSible for SCIIIe se1sm.1c activity. Considering the GUlf Coast as a whole, 
a level ot """.2 is ca'lSidered an upper level tor this :;ource in this area. 
The several low IIIIIIgr1.1tude events wi thin about !)O :n.i les of the coast1 ine are 
probably atttibutable to this mechanism. 

The pass ib11 i ty that grcwth taul ts m7!rf be tr iggered 'r:Jy fmll ts in the basement 
is suggested by 5 tevenscn and At:;'lJ!!:W (198!) ) in their discuss ion of the Lake 
Char les Ear~. Oet.3.i l~ ot the event were developed !!"OIJl recordi.nqS c! 
Department 0 t Er".ergf supported aUcroearthquake ne~rks rrcn..1 tor ing geothermal 
~r iments in sou~tern Louisiana. The depths ot 14+ km tor these events 
.:u-e deeper ~'1an have previousl', been reported .311d well below injection d.ep~"'..s. 
Stever1!Xln (Pers. corrm. 1989) ~tated that no events were att:ribut.3.ble to t."1.e 
gect....,er.n;:l..!. ~per3t:or..s lextractl~n ar.d re:"''1.ject'::'cn ot b.':':1e) .' 

http:se1sm.1c
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A body~V; :ro.g:ni ~, Mb , of 4,2 to. 2 appear:> to be a conserv.3.tive ~rk.ir.g 
?OStu.late .. or a de~agn eart..~ at this :..! teo 'The :oource area w:::ruld have to 
be along one of the growth faults , parallel to &..e Coast, and probably near the 
site. 'The event generated by :031 t dome activi ty ~d be ::some..tlat le-....s. 

Design Seismic Ground Motia'l 

The maximum ground motion generated by the design ear't.hq\l3ke on the surface ~d 
be close to an inte:nsi ty ot ~=V. We suggest that this intensi t:y \'«lU.ld equate 
with horizontal surface ~celeration of O.O~g, generally at foundation levels 
at a structure. ntis is the :oame value used as an Operating Basis Eartb:zu,ake 
(aBE) tor certain Gult Coast nuclear power plant electric generating stations. 
The ~irical record equating intensity to acceleration has a wide spread ot 
data, with recordings varying trcm horizontal ~celeration ot O. 02~ to 0 .l~ t~ 
an Intensity V surtace observation. 

aBE is a tenn used by the Nuclear Regulatory camn.ission to detine the design 
level ot a nuclear power reactor at which the t~il1 tv is required to rema..1n 
functional. It is a level ot ground motion that the reactor has a reasonable 
chance ot experiencing at least once per 100 years. Nuclear criteria are based 
primarily on lite ~ety, with economic risk secondary, so are usually considered 
conser'.Jative. The-...e considerations are minimal tor an injection tacilit:y. 

A second, higher level, criterion lc:noNl as the Sate Shutdown EM't.hq\l3ke (SSE), 
!~ u.sed as an ul traconservat i ve maxiJmlm 1eve1 based on the largest potential ot 
the geologic/seismic system. This is the level at which point the reactor 1s 
required to ~ through a sate am orderly shutdown. It:ohculd be noted that t..'1e 
aBE is usually 50% ot the SSE. 

Since vertical motions are usually considered to be from one-halt to t:wo-thirds 
of horizontal ID:Jtion, we can om.1 t their discussion here. 

OUr premise tor a design ear'thquak.e is based on the eqlirical data of normal 
shallow tocus (S20 kDl) ear~ on soft sites. It is a.ssumed that the Gulf 
coastal seisa1c envi.rorllDent, with its release ot eNergy tran le--...s competent 
mater ials than uso.a.l, wcu.ld have longer rise times. Therefore, the spectra ot 
ground motion would be biased to longer periods (lc:wer t'requencies) th.'m u.sua.l, 
with resulting low accelerations, large displacements, and long durations. 

SUbsurtace Ground Motia'l 

St"..lrli~ C'.."e'::' ~:-..e years of t.;"'..e effect of depth on :oeismlc grou."1.d :ooticn !"'.3\."'e 3":''':' 
noted the 3ttent..lation ti'.at 1~ realized with depth. Observatior..s in deep mire!> 
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.JI"'.d. bot'et'.ole::: have cor'!irrrw:d ~his ~.on, In a 1972 pape:-1 t.'1.e ~:-k to that 
date wa:; ~ l::;::ed and st:or.gly indicated a dimi.'1ut.!on at a:rpl': ,:"':-,,,,, W -- de~-"" 
A:; a re3.Z0nable average, it can be ~.uned ~h.3t the grounc :ootions at -~~thl"';'-~ 
3pprcximately one-l".a.lf the surface ;notion or le-~, Some researchers giv-e 
multipliers of as nuch as five, For small lJ¥:ltions, wherein the materials :-ema.1n 
completely el~tic, the ~lificatlon may be as much as ten. 

Ufect at Ground fotltjon 

The effect at ground motion on saturated gr:mul3r soils is buildup in pore water 
pressure. It the water table is near the surface (within ab:Jut Hi to 20 feet), 
it the sands are reasonably well sorted and clean (tree of clay), and if 
accelerations exceed abJut O. 25g, a type of soil tailure kncNl as liquetaction 
can occur. nus causes a loss of shear strength of the soil, ejection at sand 
and water to the surface (sand boils), and collapse at the toundatlcm at 
structures supported bV the soils. In extreme ~, ISlltistory buildings have 
rolled over (Nl1gata, Japan Eart.hquake 1964) ;md buried tanks have t loated to 
the surface. There is settlement and an en::u.ing densitication of the soil. 
Wi tllout the above conditions liquefaction does not occur. 

These conditions (i.e., shallCM saturated sands and high grourd mtion) have been 
duplicated in the laborato?, and procedures developed so that the prediction of 
soil behavior C3n be made. The Beaumont W:lrks site does not meet the 
conditions required for seismic-triggered liquetaction since the predicted 
acceleration levels are only about one-tifth at that required. 

At depth, conditions are even better (i.e., there is less ground motion). ~ile 
pore pI'e""'~e could .increase, the soils are not used as support. Furthermore, 
in the short interval at shaking there is just no time or place for the fluid 
to go. nru.s, it remains 1ncc:lq)I'e""'~ible. 

Another question that DL1ght be asked concerns possible interaction between 
horizon:; due to casing penetration and cementation. Since there is only minor 
differential ~t as the seismic wave passes through the mecUUDl, there should 
be no effect. QUantitatively, there might be several centimeters at d1spl~ement 
over the NlWlength at the seismic wave. 'n1e nonDZll elasticity of the cas1nq 
and tubing shculd accanodate the strain. 

In an extreme case (Kem County, Califomia 1952) where surtace lIl:ltion reached 
O.SOg and there were rDMri m.1le:i at surface rupture, approximately 2~ of the .....ells 
in tl'.e area had !iOIDe surface danIa.ge due to settl~t o~ surt icial soils. '!'his 

1. ~. O . J . . • • on-.. ~rcrrCJ'\..U"'\d a. 1 eI't"\~O J!!:ryv:l rear ~1: ~ • • ,.. oc_. :c:I.J...r1"Qw , ~.1:' 1'Ior 'C.I"l 

-"'-.. .lc.... "'-.lei --=.v.~.J.go.,. and ~lJ.M4Z cClr\~.r....c •• __ . A~ (1.72). 

2 

C)c:)D.-y . fiIl . ••1: • ..1. •• P"red.Jc:'C'.1C11O o~ Petre .... 1:'... Pr.~ 


c.'qu.e~.c~1C1r1 021 a....-.cs. cu...-~ J£Ar~~ a:.y en. cycl10 .~... J.'" 
Bu..1l.cS.1nQ acs.~__rs'_ 13. (.7Ul.y l.IUI:3I I. 
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£art~ may be triggered "::Jy tr.e ~!.'1g of large bodies at surface water 
(c:bm!; and reservoirs) and by the withdrawal or injection at f lu.1ds, The 
wit::.drawal of fluid:; (water, oil) rray result in a decrease of fluid p~...sure and 
compaction at subsurface deposits which could lead to land surface subsidence, 
As a result at this subsidence small shallew ear~ rttI!t'f occur, Rarely does 
fluid extraction result in ~ismic actiVity; the Wi~on Oil Field south at 
r..os Angeles 1s an extreme exception, 

Water tlood.L"1.g ~ hydrotracturing to increase oil recovery, and mining activity 
are also infrequent causes at m.1croearthquak.e act1vity . The injection at tluid 
into the subsurtace TIBY also produce ear~ 'aV 1ncrea:sing tluid pressure 
at depth, These rarely result in seismic activity; h.c:JwI!'ver, a few classic 
examples follow. TIle Roc1cy Mountam Arsenal waste disposal we11 north of Denver, 
ar.d t.~ Rangely Oil Field in western Colorado are to""" well documented cases. 
These ~ injection sites are described below and their characteristics compared 
wi th those of the Beaumont Works in Table III. see ~igures ~ through 11. 

Wil.m1ngta'l Oil Field, ca.l1tom1a. The Wilmington field is a gently 
arched anitcl1nal told plunqing nort:.hwest w!t.h five :r.a.in faults tre.'1ding 
approxi;nately north (Figure ~). The area is underla.1n 'aV sed.:1ments at Holocene 
to Miocene age about 6000 feet thick tha.t overlie pre-Tertiary basement schist. 
~ major producing oil zones r3f'lg'e from a dept.."l 01' about 2500 to 6000 :eet. 

OUr1ng subs1dence , the rocks are subjected to stresses caused by the 
subsidence. These stresses can be relieved by :n.1nor faulting. SUch ~t 
occurred in cl3YStone and sott shale beds between 1500 and 2000 teet below the 
surface (Mayuga, 1968)3. SiX such earthquakes were recorded between December 
1947 and April 1961; these events are shat.ln inF.1gure 6. A ~t of 9 .inches 
'.-,13S observed ala'lQ' one horizon at about 15~O teet after one 01' the earthquakes 
(r~, 197.)·. 'n:Ie ~t damaged the C3S~ 01' sever31 hundred oil well::;. 
A z lew co:nt1nu.1ng , or "creep.1ng", herizontal ~t was evident between the 
periods at the earthquakes because many oil wells were conti.r.u31ly bei.-.g ~ 
a.lor.g ~--pected planes 01' ~t. TI'1ese eart.."'lqu.3k.es were not due to tectonic 
!'3CtOrs. 

3 ~. M. N .. Oeo.logv ....- .oorvw.J~~ o~ ca.ll~a.rn.J.'_ O.Jan<:--Th.­
WI.lm..1~CW'1 0.1.l rt.Jd~ 'P"r*pr1.r\~ o-r _ ~r pr_...-r'\~8d ~o ~r1.C:"'" A.".-.oc.1_1:10T"\ oe 
"~ro~~ Geo~oq~_~., e3r~ Annu&~ Me.~~, Ok~anamA C~~ (1 ••• ,. 

• ~h ~ ~ SOUrce ~n.n.J ___ ~or ~.J~m.J~on O~.l rl_1d, C_.J1~orn.J_. 
~r:-j7'-~C'r..~~"i~~') ~.ll_<:1"" o~ .,,..,. _~......" lOQ1C:_~ 5o<::.1e""V of! Alner.1e_. 'fo 1 . 54 . 
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:-1.1croe3!'t!"qu3ke :ron.!tor!.."1g of tl':e a:-ea ha!; been ac=ompli~ by 
:e!'1.g, et .31, ; !973 t.'"'..rough !985)5, Their :indir.qs in 1973 :;ugge:;t a correlat':'on 
of m.icroe3.!'<:'~ occurrence wi th water f loodi."1.g' .lnd oil pump.i."1.g' "de~i te the 
t.3ct <:."'.at t.."'.e locations of hypocenter::; are Pred.ominantly in.::oide the ~t 
c~lex (below 10,000 feet) and water flooding is pr~ily c3r:'iee. cut at a 
dept!"l bet'nleen 3000 3J1d 5000 feet". They al!:O note (1975) that ";oc,:;t of t..~ 
ea:t..~ in the Los Angele:; basin originate fran a depth far deeper than the 
region where water injection is in operation". 

Rcc:ky foot'Juntain Arsenal, COlor8dc. The Roc'q Mountairi AI-...ena.l 
di!OpOSal well is located northeast of Denver on the gently dipping east flank 
of the Denver-Jule:;burg basin (Figure 7). The di~ well penetrated 11,970 
teet of sed~tary rock and 75 feet of Prec3mbrian gneiss (Evans·). The verf 
competent basement gneiss contains ver'tical fr3C~. Pressure injection tests 
were conducted on the well in Jarruary 1962, :md contam.inated waste was injected 
dur1ng March 1962. 

Evan:; shc:w!d a correlation between the fluid injection 3nd the 1lIxmbe%­
of ear't.~ (Figure 8). Healy et al. (1968)"7 presented evidence to iI¥:licate 
that the seismic activity has a tectonic origin wherein the t'luid injected into 
the basement rock rele3!led stored tectonic strain. The ear~ appear to 
be related to right-slip faulting l.n the basement gneiSS. 

Rangely Oil Field, Colorado. The Rangely Oil Field is a closed 
anticlinal fold in westernmost Colorado (Figure 9; Raleigh, 1972).· A northeast 
trending normal fault with about 50 feet . ot displaceme.:"lt cuts acres:; the 
anticline (Figure 10). Production is fran the Paleozoic Weber sandstone; the 
wells have an average depth of 6700 feet (~, 1970).· The field was 
discovered in 1933, but expansion of operations began during World War II. !n 
December 1957, water flooding by fluid injection was started to recover the 
:naximum aroount of oil from the reservoir . 

., 
-.lv. 3. H .• N. N. ~. D. "1'. arj.__ • __ o. e. _.l.~Qr>. "n- o--.v-r 

Eaa-~~". SG.s~. Va.l. 1.1. No. _.... p.1301-1310 (1 ••• '. ( __ .1_ 
Ka~.ly .~ _.1. "on- o--wv.r Ir.&r~". /IoMn'. r_-c --. ...v.s~~. "1'. 1'\. 
o..~1.", ~~~Clr. MiI::tGw'_ "J.~~ _ Ca •• p 4.2.-.41-(1870l.J 

• _.l.j.Qr> , C .•.•..-....,~ and .1u~cS :tnj..:-..j.c:>r\ " . ~~ ...-....,. 
~ ._at:' ..,-,..:I ~.s~'C'_.J. rJ"IIWIIIJ.scr.~J.~. ~..s.r 1 • • ~r.s.c:...." A.a.-oc:.1_~.1Qr\ a-r 
r. ...rQ~eum oeo.log1..... . Tu.l __ • p.273-27. (lQ721. 
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, ~~n, compared t..h.e :let ~ lu':d injected .:lr'.d t.."..e ::u;r..be:, of e3.!'t..~ 
(F:~e ~':'). Rale:gh :loc, ::.ir:. ':'972) !1Oted that t..~ earti".quakes orig':""".ated ~t 
dept..~ Oe~n 6000 ar.d. 12000 feet (i. e" within or below the L.,jecticr. ;:ane \ 
.:lr'.ci that ,ro::;t of the event~ l".ad a three-d.1me%'l!iional spatial relation:.hi&:l be~ 
earthquakes, 3 &:lre-existL-,g fault, and fluid prec-...sure (Figure 11), Control of 
the earthquakes ha$ been shao.n to be feasible by controlling the injection of 
fluids (Bredehoeft et al, 1974) .10 

Other InjectiarInduced Seismicity 

The Geysers Geothermal Field, ca.litorn1a, has recorded 
microearthquakes in the magni tude range from. 0.5 to :2.7. Their location is 
wi thin the San Andreas Fault System. an active right-lateral shear zone 
3SSOCiated with 3 plate bou:w...-y. '!'he :nec.~ism is not well understood, but 
there has been an injection ot ,condensate along with the production ot steam. 

: 

Sleepy Hollow Oil Field, Soutmestem Nebraska, has :'eCorded a number 
of earthquakes in the m21gnitude range from 0.6 to 2.9 during a period 01' tlu.1'd 
injection although there is a possibility ot tectonic origin. Fluid injection 
has increased pore pressure to probably greater t."lan 50~ ot the overburden 
&:lressure, but ambient stres:; is nearly capable ot generating ear'thquakes and 
there is an historic record 01' seismicity. 

Fenton Hill, New Mexico, ~ tile location ot hydraulic geothermal 
fracturi."1.g experiment ' in crystalline rock. Microearthquakes were generated in 
low permeab i 11ty gr3n.1 t ic roclcs. 

Northeestem Ohio Earthquake ot 31 J~ 1986, has provoked 
discu.ssion o~ the possibility ot the fob=5.0 earthquake having been .1.nduced. 
The most recent publication (February 1988) highlights the historical seism.1ci ty 
0: the area but points out the coincidence 01' injection wells near the epicenter. 
:'he ~ctUa.l pre--...ssure elevation at the wells was no lOOre t.~ 40 bars, and 
probab.ly IlD.l.Ch less. TIle data a...-e not cone1usive . 

Qobles Oil Wield, Soutmestern ~tario, has generated small tre:oors 
with magnitudes trcm 1.0 to 2.0 in a 4-year period start.1.ng in 1980, associated 
'.-Ii th secondary oil recoverl :neth.ods. 

Snipe Lake Oil I'ield, North-centra.l Alberta, t.."..e Mar::h 8, 1970 
e3.!"t..~, ~5, 1, coincided with water injection oper3.t.1ons. 
Induced Se1szl1ci ty at the Dl Pont Bees1lll"'l'lt Worics 

10 ft ..~~f'~. J. 0 .• _. ft. _.l_J.gh • ...--d J. H. tle4.ly. " con~rol of' 
rr.....r~~__ _ ~ ~~y . C::ol.or-.dc " . ~ . • 8u.J 1_-.:.1.1"'1 or ~~ A.JnerJt.:AI"'1 ~.o<:j_'t:.lon 

o~ .... ~r"o.l--'-"" ~lO<;lI.~•• '",0.1 . ee . No , 7. p. 1 ... ,.,::a . (1.740) 
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Si. te geoloc;!c/ !;e!!:l'O.!.og!c ::c:,.c!.! t.!C.":; 3';: t:-.e !;evera.! :.ite:; \...r..ere !;e!!;Ilt!c!<:"1 ~ 
~"1 trigge:-ed by t.!.\!id w!t!.,dr~l or L"1jection are compared wit." ccnc.!.tior.s at 
-=.."le Beaumont Works site in T:!1ble III. As shown, cond'! t.!ons are suttic!ently 
d.1tterent that these effects n.eec:! not be a consideration at the site. For 
example, Wi1minqtcn had 24 feet of ~idence from f lu.!d withdrawal before 
subsurface adjust:ments began to take place. And the Rodcy r-tJuntain Arsenal 
injection was at extremely hlgh pre-.......-ures into fractured, hard rocks. 
FUrtheIm:Jre, Rangely is a closed antlcl.1nal· fold severely fractured. 'r:1y a nea:"­
sur!ace fault. 

In several cases cited the natural stre-~ field (the potential for natural 
eart:hquakes) is a.l.JDo:st unstable, requ.1r1ng only a IJOjerate arti f icially induced 
increase in pre-....sure to trigger a seismic event. On the other hand, injection 
at BeaunK:ll"l.t is at ~tively low pressures (above formation pressure) into 
deep, .!.ncon;:etent (soft, high porosity, gr;mular) formations over a broar::! area 
in an area very 1n.trequently subject to very small natural eart:hquakes. 
Obviously, there is 11ttle parallel between t.~ quoted case historles and ~ 
Beaumont site; stress buildup w:JU..ld be insignificant. 
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COnclusions 

!.. '!'he seismic environment of Gulf Coast:al Texas near t.'1e Seaurront site .!s 
S\.!ch t!"'.at damagi,,'g ear'thquakes are llr'Jc:".cwn. The site has experienced only quite 
~ll earti1quak.es within historic time. The la..-gest historic eart:hquake of the 
provi!"lce is ~I=V. We conclude tr.at a design earti1quak.e should be ~=V, ~~ith 
;).cce.lera'tion at t."'.e surface of O. 05g. SUch an even't w:ru.ld not be darna.gi..~ to 
e:tginee.:-ed st.:'"..lCt:'...:res or facilities. SUbsurface mo'tion ~d be much less, wi'::h 
no dam.a.ge anticipated . 

2. TI".e probability of the injection process triggering an ear~ (induced 
seismicity) 1s extremely :-e:rote. 'The geology a.'1d :'eg'ional tec'tonic conditions 
do not support 'the high strec-...s accumula'tion required tor ear't.~ ge."leration. 

Three tables, eleven figures, and th..-ee lists of references ~lete this report : 

Should there be any questions .about the report, de not hesitate to contact me. 
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CA Certified Engineering Geologist #EG 373 
AlPG Certified Professional Geologist #674 
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TABLE r 
~CD!::::J :~~C.\~~! t~i7!~jS::·f ,' ~,,!-,~=: ~ SCA~ '; ~ ~~]~ 

( Abnd~ed) 

r. 	 ~1 (H!e Ie t.:<cepC' ~y ~ very few under o!,pecLoilly !~v o r~ole 
C L rCum'~~n<:e" (! RO'H-fnel 5<:~le . ) 

It. 	 Fele .Jnly by ~ few pe"o,u U r:eH. e,pe<: ~ ~lly on upper ~laors :Jt 
bu d dlrlJ" Oelic~eely ,u.pended ab je<:eJ tUy 'Wln~ . (I co II 
ROB l- f:Jre 1 S<:~ te . ) 

II!. 	 1'01 Ie quiee noc ice~bly indoors. e'pecl~lly ?n upp«r floors Jf 
buildinqs. buc m~ny people do nOl recogn!.u lC ~s ~n ~ar:hqu~ke. 
Sc~ndlng"C"eorc;ars m~y roclt slljithcly. Vibraeion liu p.using ::If 
c rUc\L 0tJ r.l n on e JC imll ce d . ( n I Ros s i. - fa ce 1 Sc ~ le . ) 

tv. 	 During ehe d.ay telt indoors by many, outdoors by few . At night SOrN! 
~w;akened . Dishes. windows, doors disturbed; walls make cre.akin~ 

,ound . Sens.ac ion llke he~vy tr:uc\( serik!.ng bui.lding . Se.a"d i ng 
motorcars rocked noeice~bly . (IV to V Ra.tsi-Forel Sc.ale . ) 

V. 	 fele b)/ nearly everyone. m.any ~",altened. Sarra dishes, windows, etc., 
broken; .a few inst.ances of crackad pl.a.ter; unstable objects over­
turned. Disturb.ances of crees, pole •• and Other c.ll objects 
so_times noeiced . PendululII cloclu may StOp. (V to VI la•• i· 
fore 1 SC.ille.) 

vt. 	 Felt by .illl, many frighte.,.d .nd run outdoors. 50_ heavy furniture 
moved; .iI fe", inst.nces of faUen pla.ter or d __,ed chilll'--Ys. 0._,. 
slight. (III co IIII !laui-Foral Scale.) 

VII. 	 Everybody runs outdoors. D.na,e nesli,ible in building. of Icod 
de.l.gn and construction ; .tli,ht to lIIodar.te in vell-buile ordin.ry 
structures; con.iderable in poorly buile or b.dly dasi,ned structures; 

en 	 .torne chimneys brokan. Noticed by per.ton. drivinl ~torc.ra . ~ 
!-	 (11111 Ro.ai·For.l Seal•. ) 

g 1: 

VIII. 	 D.ilm~~. slilht in speciaUy designed structures; conSiderable in 
ordinary substanti.l buildinl.t vich ,.rci.l collap.e; gre.t in poorly~ built 	scructure.t. Panel w.UI chrcvn out of fr~1IIS Icructures . Fall< 
of chi.mney.t, faceory .ttack., colulSIIl, menu.... nts. w.ll.t. Heevy 

Z furni.ture ovarturned. S.nd and IIIJd ejeceed in small amountl. Ch.naes 
Q 

1: 	 in .... 11 water . Persons drivinl IIIOtorc.rs di.tcurbed. (11111+ to ' IX­
(loui·Forel Sc.le.)! 

~ 
IX . 	 aama,. con.i.derable in sp41ci.Uy desilned .ttructures; _U-desiST'IIId~ 

fr.il1llS .tcructures thrown OUt of plumb; gre.t in subst.nei.l build!.nl.t,...; 
wi.ch ,.rciel collaple. Buildin,s shifted off found.tions. Ground

9 crackad conlpicuou.ly. Under,round pipe. brokan. (IX+ ..as I i-Fore 1 
> Sed•. )1: 
Q 

x, 	 So~ ~ll-buLlc wooden structure.t destroyed; IIIOlt masonry and fr ..... 
struceure.t dastroy.d vith foundAtionl; Iround b.dly cr.ilckad. R.ail.t 
bent. unds llde. con. ider:"bl. frolll river b.nk.t .nd .tteap slopes . 
Shifted s.nd and mud. Water splashed (slopped) over bank.t. (X aoui­
Fore 1 Sc.le.) 

XI . 'ew. if ~ny. (usonry) Hl'UCeures re~ln standin•. Bridp.t deHroyed . 
Broad fissures in ground. Underlround pi.peline. completely oue of 
,ervice. E"rth slumps "nd l"nd sli.ps in ,ate around. a.Lls bent 

areat ly. 
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XII. 	 D;am.~e tot"l. Waves .een ~n ground .urf~c • . L~n.1 ot Illht Ind 
le 'Jel dLscorced. ObjecC! hrovn upwa4"d lnt:! C:1e ~i:- . 
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la05 02 03 30 . 5 01.1 V 3.0 Baton Rouge, LA 
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In7 12 15 04:30 28.9 80.4 IV 4.2 
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:'.)63 :0 11 03:55 J·LO 'J6 . -' ~ : ( 23 
[063 LO l~ 14 : ~2 34.0 a6" VI :-l.5 
:0tie 10 13 21:1~ 340 'J6 . " ~.3 

:QfiQ 02 02 12 : ~'J .13 . 3 05 . 3 ~ . 8 

!Q6Q 06 !2 15 : 34 :la.33 n.16 rl 1.5 ~ouston Hobby Apt-
1'J6Q 06 13 15:30 ~f-' 38 08.16 lr 1.5 Hou5ton Hobby Apt­
1']70 n 03 31 . 0 'J7 .0 [ I,' 3 . 8 Travi:; Peak 
lQ71 03 14 ~9 : 43 33 . 0 88 . 1 2 . D 
1071 03 15 14:53 32 . 8 88.3 3 . 5 

1071 03 16 02:37 32.8 38.3 3.7 

1'.)71 03 17 05:04 33 . 1 88.1 3.0 

1:)73 01 08 O!l: 11 33.8 00.6 III 3 . 5 ., .,
1073 04 25 14 : 32 33.!l !l0.8 "' ... 
1073 05 25 14;40 33.!l 00.6 IV 2 . 0 

!073 12 25 02:46 2!l.0 !l8 . 0 IV 3.0 F:lshin~ 

33.!l5 !)3 . 00 III 3.8 

1:)74 02 15 22:4D 34.0 03 . 0 V 4.0 
1074 02 15 22:32 

3.0 South Texas1n 4 04 20 23;46 20.0 	 08.0 
!l8 . 0 3.4 South Texas1074 06 24 18:03 	 2!l.0 

2!l.0 08.0 3.0 South TexasID74 08 01 13:33 
!D75 03 01 11:50 33.5 88.0 IV 3.2 

IV 2 . 0 ID75 O!l 00 11:52 30.7 	 8!l.3 
3.11076 10 23 00:40 	 S8.!l 

31 . D6 88.44 V 3.51!l77 05 04 02:00 
!!l77 O!l 12 02:36 33.DS 05.24 2.5 

1 D77 11 04 11:21 33.03 80.17 IV 3.4 
88.25 3 . 1 1D7S 01 OS 11:34 	 32.78 

32 . 04 88 . 6 3.31!l78 06 00 23: 15 
07:34 33 . 07 Dl.!l2 V 3.1ID7S O!l 23 

88.47 V 3.5InS 12 11 02:06 	 31.01 
07.55 V 2.7l!l7!l 07 25 03: 15 	 33.07 

33.00 07.35 I II 2.51!l70 12 00 23: 12 
2.5!!lSO 07 08 01: 34 34.0 07.35 

l!l80 12 05 00:07 33. ()l 07.28 2 . 4 
01. 8 IV1981 02 13 02:15 	 30.0 
01.46 3.010S1 02 18 06:33 	 20.56 

32.142 !l4.3!)!) IV . 3.0 Center1D81 06 00 01:48 
12:36 32.021 05.262 IV 3.2 Jacksonville1081 11 06 

3.0 South Texasl!l82 03 28 23:24 20.840 	 08.465 
3.4 Fashin~08.131 IV1!l83 07 23 1~:24 28.743 

ID83 10 1~ · -ID:40 30.243 03 . 393 III 3.4 

33.183 !)2 . 704 I V 3 . 0 1083 12 O!l 20:52 
2 . ~!OS3 12 10 OD:24 33 . 183 	 02.704 
3.3 PleasantonIV1084 03 03 01 :03 26.852 	 08.461 
3 . 2 Pleasanton08 . 461 IV!!l84 03 03 01: 58 	 28.852 
3 . 0 Pleasanton!>8 . 362 rv1!lB4 08 08 01: 31 20.133 

1')85 O!l 13 15 ; 54 33 . 548 D7.051 V 3 . 3 

1']36 05 12 04: 18 27.700 88 . 727 3.6 

~M[ : Modified Merc:lllL [nte nsity 

• P~CS3 ~ e port--not on map printout 



E.!. DUPONT DE NEMOURS & COMPANY; INC. 

BEAUMONT PLANT WORKS. TEXAS 


Updated Seismicity Table: 1987-1997 

Lat 2r -34" N; Long 88" - 99"W 


(Data obtained from National Geophysical Data Center, US Geological Survey) 


Lat Long 
Date Time N° W· MMJ Mb Locale 

1987 8 11 20 : 31 33 .105 92.889 
1988 12 12 13 : 10 33.109 92.978 
1989 2 5 8 : 37 32.727 92.884 
1989 2 5 8 : 37 33.201 92.778 
1991 7 20 23 : 38 28.908 98.042 IV 
1992 4 7 12 : 10 30.100 96.500 
1992 8 10 1 : 57 29.000 98.500 
1993 4 9 12: 29 28.811 98.124 V 4.1 
1993 5 16 15 : 30 28.810 98.170 IV 
1994 6 10 23 : 34 33.013 92.671 III 
1995 1 4 1 : 46 29.450 96.950 IV 
1996 2 18 11 : 6 33.970 95.450 2.0 
1996 2 18 11 : 6 33.970 95.459 2.1 

1996 3 25 14 : 15 32.131 · 88.671 
1996 3 25 14 : 15 32.131 88.671 
1996 8 11 18 : 17 33.577 90.874 

1996 8 11 18 : 17 33.577 90.874 

1996 8 11 18 : 17 33.580 90.870 

1996 8 11 18 : 17 33 .580 90.870 

1997 1 3 16 : 55 33.940 97.940 

1997 1 9 3:7 33.200 92.600 

1997 3 24 22: 31 27.717 98.054 V 

1997 3 24 22: 31 27.580 98.030 3.9 

1997 5 31 3: 26 33.182 95.966 . 

1997 12 24 18 : 32 33.200 92.750 
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TASLE III 


INIXJCED SEISMICIT'f CCKlARISON 


----------------~--------------L----------------------

Wi~an Oil Field, calitornla 
?:-oduc ing rock S~t:Jr.e 
Wi~~awal/~~jection depth -2500 to -6000 feet 
St:-ucture Anticline; 5 major f3ults cut 

produci.nq ~one 
Are3 Elliptical -3 x 11 mi. 
~:'.duced ~.!.~c.i ty Hori~ontal :oovement along 

::la'l~t:one and sott shale above 
producL~ ~or~, at -1550 teet. 
Shocks ba...-ely felt at surface 

--~-------------------=-------------------------------------------------------
Rocky 	loblntain Arsenal, Colorado 

Injection rock Crystalline 
Injection depth -12,000 teet 
Structure Cyrst3.l1ine basement, h.1gh.lY 

fractured 
Area N/A 
Induced seismicity --12,000 teet and below 

Rangely Oil Pield, Colorado 
Produc1ng rocK ~tone 
Wi thdrawal/ inject ion depth -6100~ !'eet 
Structure Anticline; one major tault cuts 

producing zone:; 

Area Elliptical, -6 x 12 md. 
Induced seismicity In producing ~one to depth of 

--12,000 teet 

DuPa'lt Bemmrnt trklrks, Texas 
I:ljection zones Mio.oakville Fln Olig.Frio FIn 
Rock sands Sands 
Injection depth, tt -,UOO -7400 

Rate, gpn 470 13~ 

Porosity, % 31 27 
Perneabil i ty, Darcys 1.5 1.14 
Structure Structur3l saddle 

::e~ ~ salt domes 

Area 500 acres 
Induced seiSllL1c:1 ty None reported or anticipated 

~JT.J1. \. 89':' 5403. Y'S3 
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~:'e Ma5:1L:ude Scale l~ a r.-.e3.ns of Lr.dL­
cat~ng.~~e 3lze on an ea.:-:hqu.a:.ce or. the 
basis O( lnstrumental records. 

Or. C. F. Rlchter. Seismological Labo­
rata ry. Call!ornia Instltute of Technol­
ogy, developed a magnitude scale which 
is based on the maximum recorded ampli­
tude of a standard seismograph located 
at a distance of lOO km from the source 
of a shallow earthquake. The magnitude 
is de.t:ined by the relationship 

M = log A - log Ao 

In this relationship, A is the recorded 
trace amplitude for a given earthquake 
at a given distance written by a. standard 
instrument, and Ao is the trace ampli­
tude for a particular earthquake selected 
as a standa.rd. The zero of the scale is 
arbitrarily fixed to fit the smallest re­
co rded ea rthquakes. The 130 rgest known 

~ earthquake magnitudes are on the order... 
-< of 8 3/4. This magnitude is the result ofg 

observations and not an arbitrary scaling. 

~ The upper magnitude limit is not known, 
.... but is estimated to be about 9.Z 
< 
~ Empirical relationships between earth­
~ 

quake magnitude and energy release have~ 
~ been developed by several investiga.tors.-> 
Q There is no exact relationship between 

Q
-< earthquake magnitude and energy [or 

large earthquakes, and these empirical 
! relationships should be considered no 

more than approximations. 
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DA VID J. LEEDS AND ASSOCIATES 11972 ChaJon Road 
Los Angeles, CA 90049 

Consultants in Engineering Seismology/GeoJogy/Geophysics (213) 472-0282 

DJLA 87-1.1.54-03 
May 29, 1.998 

E.I. du Pont de Nemours « Co. 
Engineering Service Division 
Gulf Coast Regional Consulting 
PO Box 3269 
Beaumont, TX 77704 

Attention: Mr. James Clark 

Re: Seismicity--
Natural. « Induced 
Beaumont Works 
Texas 

We take pleasure in submitting an update of our report on the 
seismicity of the region near your Beaumont Works, the possibility 
of earthquake damage to the injection process, and the potential 
for induced seismicity with damage to the confining and injection 
zones. The report contains the detail which supports our 
conclusions. 

In our opinion there is no hazard of natural earthquake damage to 
the facility (presuming the installations conform to usual 
engineering practice) or of induced seismicity generated by the 
injection process. We do not believe _that there has ever been 
destructive earthquake ground motion at your site. 

We hope that this report meets your requirements. Please feel free 
to contact us if we can be of further assistance. 

Very truly yours, 

vid J. Le~ds 

Registered Geologist CA#940; Registered Geophysicist CA#GP17 
Certified Engr. Geol. CA#EG 373; 
Amer.I~3~.P=of.Geologiscs, Cert. Prof . Geologist #674 



E.I. DUPONT DE NEMOURS & COMPANY, INC 

BEAUMONT PLANT WORKS, TEXAS 


Updated Seismicity Table, 19B7-1997 

Latitude 27" - 34° North; Longitude BBo - 99° West 


Basic data from National Geophysical Data Center, US Geolgocial Survey 

Edited (from additional sources) by David J . Leeds, 199B 


Date Time Lat N° Lng WO MMI Mb Locale 
================================================================================ 
1987 8 11 20:31 33 .105 92.8B9 
1988 12 12 13: 10 33.109 92 .978 
1989 2 5 8:37 32.727 92.B84 
1989 2 5 8:37 33.201 92.778 ?? 
1991 720 23 :38 28.908 98.042 IV 3.6 Falls City, Kames Co. 
1992 4 7 12:10 30.100 96.500 
1992 8 10 1:57 29.000 98.500 
1993 4 9 12:29 28.811 98.124 VI 4.3 Fashing, Atacosa Co. 
1993 5 16 15:30 28 .810 98.170 IV 
1994 6 10 23:34 33.013 92.671 III 
1995 1 4 1:46 29.450 96 .950 IV 
1996 1 18 11 :6 33.970 95.459 2 .1 
1996 325 14:15 32 .131 88.671 
1996 8 11 18:17 33 .577 90.874 
1997 1 3 16:55 33.940 97.940 
1997 1 9 37 33 .200 92 .600 
1997 324 22 :31 27 .717 98.054 V+ 3.8 
1997 5 31 3:26 33.182 95 .968 
1997 1224 18 .32 33 .200 92.750 

• Events are instrumently located . not reported felt, and are tentative. 
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98-154-03 DuPont Beaumont Texas Works May 21, 1998 

Addenda to Bibliography 1989-1998: 

"A compendium of earthquake activity in Texas n 

S. D. Davis, W. D. Pennington, and S. M. Carlson 
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27 printed pages, 219 microfiche. [SDD: USGS Memphis; 

Pennington: Marathon Oi1,Litt1eton CO;SMC: Union Oil, Houston] 


"Felt Reports from the 20 July 1991 Falls City earthquake, Karnes 
Co., Texas" , D. R. Olson, and C. Frohl.ich, Seismological 
Research Letters. 63:4, Oct-Dec 1992, pp 603-604. [Al.l. UTex.] 

"The 9 April ·1993 earthquake in south-central Texas: Was it 
induced by fluid withdrawal.?", S. D. Davis, P. A. 
Nyffennegger, and C. Frohlich", Bulletin of the Seismological 
Society of America, 85:6, Dec. 1995. pp 1888-1895. [Davis: 
USGS, Memphis; Others UTex.] 

"Calibration Studies at TXAR", Ileana Tibu1eac and Eugene Herrin 
Seismological Research Letters. 68:2, Mar-Apr 1997 pp 353-362, 
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"Felt Reports from the Alice, Texas, Earthquake of 24 March 1997" 
Andria Bi1ich, Stephen Clark, Brian Creighton, Cliff Frohlich 
Sesimological Research Letters, March/April 1998 pp 117-122 
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David J. Leeds 
11972 Cha10n Road 
Los Angeles CA 90049 
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MISSISSIPPI DEPARTM ENT OF ENVI RONMENTAL QUALITY

Fact Sheet 1 Revised April 2014

EARTHQUAKES IN MISSISSIPPI
Michael B. E. Bograd

This is a list of earthquakes originating, or with epicenters,
within the State of Mississippi. Given are the date,
location, whether or not it was felt, maximum intensity (in
the Modified Mercalli Intensity scale of I-XII), and
magnitude (a relative measure of the energy released).

September 11, 1853 - Biloxi, felt
March 27, 1923 - Wyatte, Tate Co., intensity IV
November 13, 1927 - Jackson, intensity IV
December 16, 1931 - Batesville-Charleston area, intensity

VI-VII, mag. 4.7, damage in northern Miss., felt
over 65,000 square miles in Miss., Ala., Ark.,
Tenn., and Mo.

June 28, 1941 - Vicksburg, intensity III-IV
February 1, 1955 - Gulfport, intensity V, felt along the

Coast
June 4, 1967 - Greenville, intensity VI, mag. 3.8, felt over

25,000 square miles in Mississippi, Arkansas,
Louisiana, and Tennessee

June 29, 1967 - Greenville, intensity V, mag. 3.4, felt in 3
counties

January 8, 1973 - Sunflower County, not felt, mag. 3.5
May 25, 1973 - Bolivar County, felt
September 9, 1975 - Hancock Co., intensity IV, mag. 2.9
October 23, 1976 - northern Clarke County, not felt,

magnitude 3.0
May 3, 1977 - southeastern Clarke County, intensity V,

magnitude 3.6
November 4, 1977 - Vardaman, Calhoun Co., intensity V,

magnitude 3.4
January 8, 1978 - Kemper County-Alabama border, not

felt, magnitude 3.0
June 9, 1978 - eastern Clarke County, not felt, mag. 3.3
December 10, 1978 - southeastern Clarke County,

intensity V, magnitude 3.5
October 12, 1980 - northwestern Pontotoc County, not felt,

magnitude 2.1
February 15, 1981 - Clarke County, not felt, magnitude 2.4
January 29, 1983 - northeastern Prentiss County, not felt,

magnitude 2.4
February 5, 1983 - northeastern Prentiss County, intensity

V, magnitude 2.9
April 25, 1983 - Tunica County, not felt, magnitude 1.6
May 30, 1983 - western Clarke County, not felt, mag. 2.4
March 23, 1984 - Tishomingo County-Alabama border, not

felt, magnitude 2.0
September 24, 1984 - northwestern Yalobusha County,

felt, magnitude 2.5
May 11, 1986 - northeastern Tunica Co., not felt, mag. 1.6
August 1, 1988 - Quitman County, not felt, magnitude 2.1
August 23, 1989 (2 events) - Pachuta, Clarke County, felt
August 25, 1989 - Pachuta, Clarke County, felt
November 26, 1989 (2 events) - Pachuta, Clarke Co., felt
February 11, 1991 - Clarksdale, Coahoma Co., not felt,

magnitude 2.7

December 11, 1992 (2 events) - Belzoni, Humphreys
County, both felt, first quake was magnitude 2.4

March 25, 1996 (2 events) - Clarke County, felt in Quitman
and much of Clarke County, mag. 3.5; an after-
shock of mag. 2.5 was felt about 30 minutes later

May 13, 1996 - northern Tishomingo Co., not felt, mag. 2.7
August 11, 1996 - southern Bolivar Co., not felt, mag. 3.1
Feb. 24, 1999 - southern Panola County, int. IV, mag. 2.8
January 28, 2000 - Shubuta, Clarke Co., not felt, mag. 2.7
October 10, 2000 - northwestern Lauderdale County, not

felt, magnitude 2.3
January 6, 2002 - near Brooksville, Noxubee County, not

felt, magnitude 2.2
August 11, 2002 - western Panola County, felt, mag. 2.8
October 26, 2002 - northern Bolivar County, felt, mag. 3.1
February 26, 2003 - Courtland, Panola Co., felt
January 20, 2008 - southwestern Yalobusha County, not

felt, magnitude 1.7
May 10, 2008 - Belden, Lee Co., int. IV, magnitude 3.1
June 2, 2008 - near Senatobia, Tate Co., not felt, mag. 2.2
July 27, 2012 - Meridian Station, Lauderdale Co., felt,

magnitude 2.1
July 29, 2012 - Meridian Station, Lauderdale Co., not felt,

magnitude 1.6
October 9, 2012 - Jonestown, Coahoma Co., not felt,

magnitude 2
August 30, 2013 – near Corinth, Alcorn Co., not felt,

magnitude 2.0

EARTHQUAKE RISK
The map indicates that earthquakes have occurred
throughout Mississippi. It is expected that earthquakes of
low magnitude will continue to occur. Many earthquakes in
neighboring (and distant) states have been felt in parts of
Mississippi. However, the greatest risk to Mississippi from
earthquakes is from a strong earthquake in the New
Madrid Seismic Zone, the southern end of which is about
40 miles from the northwest corner of Mississippi. The
great New Madrid earthquake series of 1811-1812
included at least four shocks strong enough to shake
northern Mississippi at damaging intensities and be felt
throughout the state. The 1843 earthquake at the southern
end of the zone shook the northern third of Mississippi
strongly enough to cause damage. People in Mississippi
should take precautions for another strong earthquake on
the New Madrid Seismic Zone.

SOURCES
The listings were compiled from published catalogs of
earthquakes. The more recent, instrumentally recorded
locations were taken from publications of the U.S.
Geological Survey, National Earthquake Information
Center, and the Center for Earthquake Research and
Information at the University of Memphis.
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Appendix 2-25 1990 -2001 Seismicity of Mississippi

Chemours - DeLisle Plant
2016 HWDIR Exemption Petition Reissuance Geostock Sandia , LLC

adapted from: USGS Earthquake Center NEIC (US Earthquake by State)
adapted by: ESSJ Sandia 8/23/06 source from: http://earthquake.usgs.gov/regional/states/mississippi/seismicity.php
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Appendix 2-26 Seismic Hazard Map of Mississippi

Chemours - DeLisle Plant
2016 HWDIR Exemption Petition Reissuance Geostock Sandia, LLC

adapted from: USGS Earthquake Center NEIC (US Earthquake by State Hazard Maps)
adapted by: ESSJ Sandia 9/12/06 source from: http://earthquake.usgs.gov/regional/states/mississippi/hazards.php
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Seismic Hazard Map of Mississippi
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Appendix 2-27
NEIC: Earthquake Search Results for the

State of Mississippi

GSK Project No. DLC160183
September 2016

Date and Time latitude longitude depth magnitude id updated place type
2015‐08‐17T18:00:21.990Z 32.5431 ‐90.1146 5 2.6 us1000330y 2015‐11‐17T00:13:33.040Z 9km N of Madison, Mississippi earthquake
2015‐06‐29T13:23:01.490Z 32.5614 ‐90.0744 5 3.2 us10002mc3 2015‐09‐02T22:37:24.040Z 6km SSW of Canton, Mississippi earthquake
2015‐05‐03T01:08:34.860Z 32.5794 ‐90.1139 5 3 us20002ax8 2015‐07‐09T22:00:07.040Z 8km WSW of Canton, Mississippi earthquake
2015‐05‐03T00:39:23.590Z 32.5571 ‐90.0759 5 3.2 us20002ax0 2015‐07‐09T22:00:06.040Z 7km SSW of Canton, Mississippi earthquake
2008‐05‐10T17:52:50.000Z 34.35 ‐88.83 0.1 3.1 usp000g60x 2015‐01‐28T20:55:44.517Z Mississippi earthquake
2002‐10‐26T20:05:55.930Z 34.029 ‐90.683 5 3.1 usp000bfe9 2014‐11‐07T01:16:49.302Z Mississippi earthquake
2002‐08‐11T23:19:46.990Z 34.337 ‐90.165 5 2.8 usp000b9qv 2014‐11‐07T01:16:15.112Z Mississippi earthquake
1999‐02‐25T02:11:29.290Z 34.104 ‐89.869 5 2.9 usp00093ck 2014‐11‐07T01:07:04.748Z Mississippi earthquake
1996‐08‐11T18:17:49.880Z 33.577 ‐90.874 10 3.1 usp0007neq 2014‐11‐07T01:00:58.362Z Mississippi earthquake
1996‐03‐25T14:15:50.550Z 32.131 ‐88.671 5 3.5 usp0007f9k 2014‐11‐07T01:00:08.533Z Mississippi earthquake
1983‐02‐05T13:08:19.500Z 34.7 ‐88.37 2.6 2.9 usp0001sut 2014‐11‐07T00:32:38.231Z Mississippi earthquake
1978‐12‐11T02:06:48.200Z 31.95 ‐88.484 5 3.5 usp0000xvs 2014‐11‐06T23:21:54.860Z Mississippi earthquake
1978‐06‐09T23:15:19.100Z 32.094 ‐88.58 10 3.3 usp0000uz1 2014‐11‐06T23:21:49.598Z Mississippi earthquake
1977‐11‐04T11:21:07.000Z 33.833 ‐89.276 5 3.4 usp0000rca 2014‐11‐06T23:21:45.077Z Mississippi earthquake
1976‐10‐23T00:40:59.500Z 32.203 ‐88.726 5 3 usp0000k01 2014‐11‐06T23:21:37.825Z Mississippi earthquake
1975‐09‐09T11:52:44.100Z 30.662 ‐89.248 5 2.9 usp0000crj 2014‐11‐06T23:21:31.897Z Mississippi earthquake
1973‐01‐08T09:11:36.800Z 33.777 ‐90.625 7 3.5 usp000002m 2014‐11‐06T23:21:07.452Z Mississippi earthquake

Search Perfromed 2/26/2016
NEIC: Earthquake Search Results
State of Missisippi

Chemours DeLisle Plant
2016 HWDIR Exemption Petition Reissuance Geostock Sandia, LLC



 

 

 

 

 

 

 

 

 

Appendix 2-28 

Location Sample Service, Inc. Petrographic Core Analysis Report  

Monitor Well No. 1 (1974) 

 

 

  



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



SandiaTech
Text Box



 

 

 

 

 

 

 

 

Appendix 2-29 

Location Sample Service, Inc. Petrographic Core Analysis Report 

 Well No. 2 Original Borehole (1979) 
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Appendix 2-30 

Omni Laboratories, Inc. Petrographic Study Final Report  

Well No. 2 Sidetrack #1 (1996) 

 

 

  









































































































































































































































































 

 

 

 

 

 

 

 

Appendix 2-31 

Omni Laboratories, Inc. Petrographic Study Final Report  

Well No. 3 Sidetrack #1 (1999) 

 

 

  





















































































































































































































































































































































































































 

 

 

 

 

 

 

 

Appendix 2-32 

O’Malley Laboratories, Inc. Core Analysis   

Well No. 4 Original Borehole (1982) 

 

 

  







 

 

 

 

 

 

 

 

Appendix 2-33 

Omni Laboratories, Inc. Petrographic Study Final Report  

Well No. 4 Sidetrack #1 (1995) 

 

 

  











































































































































































 

 

 

 

 

 

 

 

Appendix 2-34 

Envirocorp Services and Technology, Inc. Core Analysis Report 

 Well No. 5 (1993) 
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