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Abstract

Technical assessment and remodeling of existing data indicates that the Richton salt dome,
located in southeastern Mississippi, appears to be a suitable site for expansion of the U.S. Strate-
gic Petroleum Reserve. The maximum area of salt is approximately 7 square miles, at a subsur-
face elevation of about —2000 ft, near the top of the salt stock. Approximately 5.8 square miles of
this appears suitable for cavern development, because of restrictions imposed by modeled shallow
salt overhang along several sides of the dome. The detailed geometry of the overhang currently is
only poorly understood. However, the large areal extent of the Richton salt mass suggests that sig-

nificant design flexibility exists for a 160-million-barrel storage facility consisting of 16 ten-mil-
lion-barrel caverns.

The dome itself is prominently elongated from northwest to southeast. The salt stock appears
to consist of two major spine features, separated by a likely boundary shear zone trending from
southwest to northeast. the dome decreases in areal extent with depth, because of salt flanks that

appear to dip inward at 70-80 degrees. Caprock is present at depths as shallow as 274 ft, and the
shallowest salt is documented at —425 ft.

A large number of existing two-dimensional seismic profiles have been acquired crossing, and
in the vicinity of, the Richton salt dome. At least selected seismic profiles should be acquired,
examined, potentially reprocessed, and interpreted in an effort to understand the limitations

imposed by the apparent salt overhang, should the Richton site be selected for actual expansion of
the Reserve.
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INTRODUCTION

The Richton salt dome is one of five salt
domes that have been identified as possible
candidates for an expansion site for the United
States Strategic Petroleum Reserve (SPR). The
SPR currently consists of underground storage
sites with a total capacity of 727 million bar-
rels of crude oil, at four locations along the
Gulf Coast of Texas and Louisiana. Locations
of the four operating SPR sites are indicated in
figure 1.

The Energy Policy Act of 2005 (P.L. 109-
58) directs the U.S. Department of Energy
(DOE) to investigate options for expanding the
Reserve by nearly one-half, to its Congression-
ally authorized capacity of one billion barrels.
Although some of this expansion will be
accommodated by the construction of addi-
tional storage capacity at one or more of the
existing SPR sites, the magnitude of the
required expansion dictates that at least one
new site be developed.

The Energy Policy Act instructs the Secre-
tary of Energy first to consider locating poten-
tial expansion sites at salt domes that were
studied previously for this purpose during ear-
lier planning for expansion, prior to consider-
ing other salt domes (DOE, 1991a, 1991b).
The Richton dome, located in eastern Missis-
sippi (fig. 1), has been studied previously for
SPR purposes, and it is again under consider-
ation.

The dome is located approximately 18
miles east of Hattiesburg and 3 miles north-
west of the town of Richton (Law Engineering,
1982; Swann, 1989, Karges, 1975). The Rich-
ton dome has been described as the largest
(Karges, 1975), or second largest (Swann,
1989), and the shallowest salt dome in Missis-
sippi. The dome measures roughly seven
square miles in area at an elevation of —2000
ft. Wells have encountered the shallowest
caprock and salt at depths of 274 and 425 ft
respectively.

Richton Salt Dome

. Worthy &04
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] Baton Rouge
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B Houston 'w o
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Louisiana; “e Jackson

Figure 1. Index map showing location of the four existing facilities of the U.S. Strategic Petroleum Reserve
along the Gulf Coast of Texas and Louisiana, plus the location of the Richton dome in eastern Mississippi.
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GEOLOGY OF THE RICHTON SALT DOME

Background

The Richton salt dome is located within the
eastern part of the Mississippi Salt Basin,
which extends from northeastern Louisiana
through Mississippi to southwestern Alabama.
The dome was discovered in 1944 during
extensive, but unsuccessful, exploration for
sulphur deposits (Karges, 1975). Following
identification of salt, a minimal (?) amount of
investigation directed toward the potential
development of the salt resource was con-
ducted. A number of unsuccessful petroleum
wells have also been drilled along the flanks of
the dome (Law Engiineering, 1982), although
no commercial hydrocarbon production has
resulted.

During the late 1970s and early 1980s, the
Richton dome was investigated for possible
use as a high-level radioactive-waste reposi-
tory. This effort was part of the National Waste
Terminal Storage (NWTS) project (MDEQ),
1993), which was later terminated.

In other storage-related activities, the Stra-
tegic Petroleum Reserve program considered
the Richton salt dome as a candidate for poten-
tial expansion of the Reserve in the early
1990s (DOE, 19914a; 1991b). Actual expansion
of the reserve was then deferred by change of
policy. Thieling and Moody (1997) report that
at least one unidentified operator has investi-
gated the Richton dome for commercial gas
storage caverns.

Previous Investigations

The early sulphur-exploration efforts were
conducted by Exploro Corporation. This oper-
ator, and its successor, Minsearch Corp.,
drilled some 33 wells over the top of the salt
dome. Only eight of these holes are known to
have reached salt, as most holes were termi-
nated within the caprock unit (Thieling and
Moody, 1997).

8 Geology of the Richton Salt Dome

Hydrocarbon exploration efforts have been
intensive in the general area around the Rich-
ton salt dome. Many seismic surveys (dis-
cussed below) have been shot in this region,
but the oil & gas effort has been unsuccessful
in the immediate vicinity of the dome. Despite
this failure, Karges (1975) reports that heavy
asphaltic oil (possibly degraded lighter 0il?) in
Lower Cretaceous rocks was identified
beneath salt overhang (probably in the Shell
Oil Masonite 23-7 No. 1 well).

The NWTS radioactive-waste-storage
project drilled a large number of holes at Rich-
ton. Some 35 shallow (<500 ft, mostly ~100 ft)
borings, and seven deep wells (>500 ft) were
drilled as part of this effort. Only one of the
deeper wells actually encountered salt.

Many of the results from the NWTS
project were contained in informal reports to
the project sponsor. Although some of this
information appears to have been published in
more-formal project reports by Battelle
Memorial Institute, these data appear now to
be unavailable. Certain selected data from
these studies are repeated in the summary atlas
of Thieling and Moody (1997). Investigation
of the Richton by the SPR program during the
1990s consisted only of reviewing previously
published work (Neal and Magorian, 1991).
Expansion at this time was later deferred, and
no actual exploration of the dome resulted
from this effort.

One of the first comprehensive published
interpretations of the Richton salt dome is that
by Karges (1975). This structure-contour map
is based upon only well control. In 1982, Law
Engineering Testing Co. (1982) presented a
different interpretation of the Richton salt
exhibiting an elongated northern limb, at a
depth of approximately —2000 ft. This inter-
pretation is reported to have been strongly
influenced by some 480 gravity measurements
(BCM, 1985).
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The Richton dome was reinterpreted in
1984 using seismic reflection data (Earth
Technology Corp, “Ertec”, 1984). A subse-
quent interpretation by Ertec (Ertec, 1985 is
reported (BCM, 1985) to be based on an addi-
tional 4092 gravity stations, as reported in
Thieling and Moody, 1997). This latter inter-
pretation suggested that the previously inter-
preted “northern limb at —2000 ft” is actually a
salt ridge, underlying the dome at depths of
10,000 to 13,000 ft.

The 1985 Ertec reference is a “topical
report”, detailing the gravity study and its
results. It is cited in Thieling and Moody
(1997). However all efforts to locate this
unpublished report and its data have been
unsuccessful.

Werner (1986a, 1986b) has conducted
detailed studies of the Richton dome caprock,
apparently using data from the early sulphur-
exploration wells. These results and his
description of the caprock unit are discussed
below, in the section dealing with the Richton
caprock.

Data

Data to support this technical assessment
of the Richton salt dome were acquired from a
variety of sources. A compilation of data, pub-
lished by the Mississippi Department of Envi-
ronmental Quality (Thieling & Moody, 1997),
tabulates the 53 known shallow salt domes in
Mississippi, and it references the data avail-
able for each dome at the time of publication.

Specifically, the information from Thieling
and Moody describes the exploration and drill-
ing history of the Richton salt dome, much of
which is presented in the preceding section.
This drilling history includes the original sul-
phur-exploration holes, oil and gas exploration
wells through 1997, and the additional wells
(deeper) and shallow borings drilled as part of
the NWTS project. These authors present the

SAND-2007-0463

then-most-current structure maps showing the
dome geometry.

In addition to the data contained in Thiel-
ing and Moody, a database of oil industry
exploration wells was acquired from Tobin
International, a commercial vendor of well-
location data (www.tobin.com). Additional
information for these and other wells was
obtained from the interactive website main-
tained by the State of Mississippi Oil & Gas
Board (www.ogb.state.ms.us). The spatial
locations of the various wells are presented in
figure 2. A larger scale map, showing this
same information, is included as plate 1, which
is included in the pocket of this report.

Geophysical well logs, oil-industry scout
tickets and completion cards were obtained
from commercial oil-industry sources and log
libraries. Also included are formation descrip-
tion reports found in Werner [1986(a)], which
were compiled from well reports filed with the
Mississippi State Oil & Gas board. All of these
sources of information were used to generate a
list of depths associated with the top of the salt
and top of the caprock. Thsee data are pre-
sented in the appendix, table A-1.

A total of 116 documented wells have been
drilled within the Richton salt dome region.
Sandia was able to acquire 46 electric/induc-
tion well logs and/or scout and completion
cards from oil-industry sources. Out of the 46
available records, 26 wells document penetrat-
ing caprock, while 12 wells encountered salt.

A large number of two-dimensional seis-
mic lines, of a variety of ages, were identified
in the vicinity of the Richton salt dome by a
broker of seismic data for the petroleum indus-
try, on behalf of Sandia National Laboratories.
A map, reproduced from a screen-capture
image from a geophysical workstation and
showing the approximate locations of these
seismic profiles, is presented in figure 3.

Geology of the Richton Salt Dome 9
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Many of the lines indicated in figure 3 are
located at some distance from the known out-
line of the Richton dome, and thus they are of
limited interest to the SPR program. Sandia
examined the data-acquisition and quality-con-
trol records for the lines which cross the area
of interest. A summary of the more relevant
information derived from this preliminary
investigation of the highest-quality lines is pre-
sented in table 1. The entries in table are
arranged in order of decreasing data quality.

The geophysical data set identified forms a
potentially valuable resource, should the Rich-
ton site be selected for detailed site character-
ization. Additional 2-D seismic lines, other
than those listed in table 1, may need to be
acquired in order to form a reasonable inter-
pretation grid. Time constraints did not allow
the licensing or other use of any of these seis-
mic lines for the current geologic study.

Caprock

Werner (1986a, 1986Db) has identified that
caprock at the Richton salt dome comprises
both anhydritic and limestone facies. In gen-
eral, the caprock consists of an upper layer of
limestone, which is 0-68 ft thick, and an
underlying layer of anhydrite, which varies
from 5-131 ft in thickness.

The anhydrite directly overlies salt, and
this material represents an accumulation of
anhydritic (and other) insoluble impurities
from within the salt stock, formed as salt is
continually dissolved and removed at the base
of ground water. Caprock limestone is gener-
ally interpreted as a diagenetic alteration prod-
uct derived ultimately from the anhydrite, with
or without the presence of an intervening gyp-
sum interval. No extensive gypsum facies
could be identified consistently at Richton.
However, gypsum veins are reported within
the central area of the caprock (Werner,
1986D).

12 Geology of the Richton Salt Dome

Werner concluded that upward movement
of the underlying salt dome, during the Oli-
gocene, resulted in slight arching of the
caprock. The caprock presumably was
exposed, allowing erosion of both the then-
overlying sediments and portions of the
caprock. The limestone facies of the caprock is
reported to be thin or absent locally, over pre-
sumed structural highs. Exposure of the near-
salt environment on the sea floor may have led
to degradation of oil in underlying reservoir
rocks, possibly producing the “heavy asphal-
tic” oil reported by Karges (1975). Fracturing
of brittle caprock appears related to this move-
ment and erosion of the caprock, with later
precipitation of gypsum within open spaces
(Werner, 1986b). Lost circulation zones have
been encountered within the caprock by sev-
eral of the sulphur exploration drill holes, indi-
cating that significant open-space fractures or
cavities are still present at the site (Werner
1986a).

It is possible to map both limestone and
anhydritic caprock at the Richton site. Struc-
ture contours on top of caprock for both facies
are presented in figures 4 and 5. Larger-scale
versions of these structure-contour maps are
included in the pocket of this report as plates 2
and 3. The caprock was mapped using only
well control; data came principally from scout
tickets. The interpretations shown in figures 4
and 5 are similar to maps that were produced
in 1986 by Werner (1986a) for Earth Technol-
ogy Corporation (“Ertec”).

Both maps are comparable, and they indi-
cate that the Richton dome is elongate and
trends northwesterly. On both the eastern and
western sides of the dome, the contour lines
pinch inwards, towards the center of the dome,
decreasing the areal extent of the caprock. The
southeastern portion of the dome tapers
slightly into a rounded nose, whereas the
northwestern portion of the dome is more
squared-off and blocky in form. The shallow-
est caprock is centered in the north-central

SAND-2007-0463
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Table 1: Listing of selected seismic lines in the vicinity of the Richton salt dome
[Energy source is dynamite for all surveys, except Line 70-174-101, for which the source is unknown. Costs per line mile are approximate, as of 2006. Leaders (--) indicate information
that is missing, not known, or not applicable]

Line Data Set Acquisition Group Shot Miles CO.SU Quality Reprocess
Identification Owner ID Date Area Fold Interval Interval Available mile Assessment Date
(ft) (ft) (%)

FIN-APOLLO-105 Bering Seismic LP Fina Oct-94 Apollo 55 83 330 12.4 $1,600 Excellent Jun-95
7007-RN-4 Milestone Seismic Il LP | Chevron Dec-86 Richton 30 83 165 7.7 $1,300 Very Good -
7007-RN-5 Milestone Seismic Il LP | Chevron Dec-86 Richton 30 83 165 7.9 $1,300 Very Good -
B-RICHTON-1 BeauCoup Seismic Il LP | Burlington Jun-78 Richton 12 330 660 3.9 $1,200 Fair --
B-RICHTON-2 BeauCoup Seismic Il LP | Burlington Jul-78 Richton 12 330 660 3.9 $1,200 Fair --
UNO-GLAZIER-1 BeauCoup Seismic LP Unocal Jan-76 Glazier, W 12 330 660 11.8 $1,200 Fair --
UNO-NRICHTN-10 | BeauCoup Seismic LP Unocal Apr-75 N.Richton 12 330 660 4.2 $1,300 Fair --
4069-1 Milestone Seismic Il LP | Texaco-NO Sep-73 Hattiesburg 12 330 330 17.3 $1,200 Fair Minus --
70-174-100 Milestone Seismic LP Shell Jan-70 - 6 300 600 4.0 $1,200 Fair Minus -
70-174-101 Milestone Seismic LP Shell Jan-70 -- -- -- -- 14.1 ? Fair Minus --
70-174-152 Milestone Seismic LP Shell Jan-70 SG22 24 300 300 8.1 $1,300 Fair Minus --
68-379-7 Milestone Seismic LP Shell Jan-68 Hattiesburg 12 300 600 10.4 $1,200 Fair Minus --
JMK-69 BeauCoup Seismic LP Amoco Jan-65 Richton 4 420 1680 15.5 $1,000 Poor --
JMK-70 BeauCoup Seismic LP Amoco Jan-65 Richton 4 420 1680 14.3 $1,000 Poor Jun-01
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region of the dome, and was encountered at an
elevation of —274 ft. The anhydrite unit under-
lies the limestone and represents the thicker of
the two caprock units. Well control is distrib-
uted rather uniformly across the caprock.

The structure contour maps shown as
plates 2 and 3 (figs. 4 and 5) have been digi-
tized and converted to a three-dimensional
computer model using the methodology from
Rautman and Stein (2003). A top view of the
Richton salt dome, showing the modeled struc-
ture on the top of limestone caprock is pre-
sented as figure 6(a). A corresponding map
view of the model for the deeper anhydrite is
shown in figure 6(b). The surfaces in both fig-
ures are colored by their subsea elevation. The
deeper flanks of the salt stock itself are repre-
sented by the grey surface. Modeling of the
salt stock, itself, is discussed in the next sec-
tion of this report.

Perspective visualizations of this three-
dimensional model of the caprock are pre-
sented in figures 7 and 8. The views shown in
figure 7 are from the southwest, at a moderate
angle of inclination. Figure 8 is a similar view
of the two units from the southeast. Overall,
the geometric configurations of the top-of-
limestone and top-of-anhydrite surfaces are
rather similar. The principal differences
between the two parts of each illustration are
the elevations of the two surfaces.

All three illustrations, figures 6 through 8,
show a clear geographic subdivision of the
caprock units: a northwestern segment and a
southeastern segment. These segments are sep-
arated by a likely boundary shear zone repre-
sented by the strongly reentrant structure
contours on two sides of the dome. Segmenta-
tion affects both the limestone and anhydritic
facies. The use of color-coded elevation values
and perspective views enhances visualization
of the two subdivisions.

16 Geology of the Richton Salt Dome

The nature of the observed segmentation of
the caprock suggests that the overall Richton
salt mass comprises two major spines, or spine
complexes, within the underlying salt stock.
Salt spines typically are associated with differ-
ential salt movement, accommodated along
structural discontinuities known as boundary
shear zones. Possible additional segmentation
of the northwestern portion of the Richton is
indicated by additional mapped reentrant con-
tours on the northernmost flank. Evidence for
this latter segmentation is relatively weak,
however, given the available well control. That
both models of the individual caprock facies
display approximately the same structure sup-
ports the theory that differential movement of
individual salt spines occurred in the underly-
ing salt mass.

An isopach map, showing the thickness of
the caprock unit, is presented as figure 9. This
thickness map was generated from the 3-D
computer model, using data from both the top-
of-salt (discussed in a following section) and
top-of-limestone surfaces. Elevations of the
deeper (salt) surface were subtracted at corre-
sponding grid nodes within the geologic mod-
eling program, from the elevations of the
shallower surface. The resulting map of the
differences represent the (positive) thicknesses
of the interval at each node.

Examination of figure 9 suggests that the
interpretation of the caprock thickness, com-
puted in this manner, is reasonable and gener-
ally honors the interpretation of the structure
maps. The entire caprock, including both lime-
stone and anhydrite facies, is typically
between 50 and 200 ft thick. The caprock
appears to thicken somewhat towards the edge
of salt. This is particularly true for the southern
segment of the caprock. This is much less true
for the northern segment, for which the central
part of the caprock is generally the thickest.
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Figure 6. Map views of the three-dimensional computer model of the Richton salt dome, showing
geometry of (a) the caprock limestone and (b) the caprock anhydrite. Color scale represents elevation
below sea level.
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Figure 7. Perspective views of the 3-D model of the Richton salt dome from the southwest, showing the
structure of (a) the caprock limestone and (b) the caprock anhydrite. Elevations of the caprock surfaces
are color coded. Deeper grey surface represents underlying salt.
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are color coded. Deeper grey surface represents underlying salt.
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Figure 9. Map view showing the total thickness of caprock for the Richton salt dome.

Thicknesses are color coded.

The observed outward-thickening trend
may be explained by Werner (1986b) who
described the caprock in detail (discussion on
page 9). Werner infers upward movement and
arching of the caprock during Oligocene time.
He suggests that the limestone was exposed at
the surface (including submarine exposure on
the sea floor), where structural highs were
locally eroded and thinned. Such at or near-
surface exposure may also explain the pres-
ence of degraded (?) hydrocarbons (“heavy oil,
page 8ff) beneath salt overhang at the Richton
site.

A wholly separate distinct thickness anom-
aly is mapped locally in the eastern midsection

20 Geology of the Richton Salt Dome

of the Richton caprock. Isopach lines here
indicate that the caprock thickens locally to as
much as 500 ft (shown by the orange and red).
However, this interpretation is based upon
only one salt intercept in a critical location.
The interpreted contours on top of the caprock
were drawn inward, in this general location, to
honor the underlying salt geometry. Without
additional control points, it is possible that the
caprock contours should pinch-in more tightly,
towards the center of the dome in this region.
A more steeply descending top of caprock in
this area would produce a markedly thinner
total caprock interval, when paired with the
underlying, steeply plunging salt flank.
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Salt

Structure contours drawn on the top of salt
are presented in figure 10. A larger-scale struc-
ture-contour map, equivalent to figure 10,
accompanies this report as plate 4. The top of
salt at the Richton dome was mapped using
both direct and indirect well control (see
below).

Regionally, the Richton salt dome has been
interpreted as a shallow diapiric feature
located along a deeper salt ridge [Ertec, 1984;
Ertec, 1985, in Thieling and Moody, 1997).
The geometry of the shallow dome is elongate;
the axis of elongation trends northwesterly,
parallel to the inferred deeper salt ridge. The
shallow dome broadens towards the northwest
and tapers towards the southeast. A two-part
subdivision of the salt stock is similar to that
observed for the caprock.

The shallowest salt point, at an elevation of
425 ft, subsea, is located in the approximate
center of the northern portion of the dome.
Below —2000-ft elevations, the dome flanks
appear to dip at ~70- to 80-degree angles
inward, toward the center of the salt. The
higher-elevation contour lines on the east and
west sides of the dome draw-in towards the
center of the salt, again suggesting that the
dome is comprised of two major spine com-
plexes. Contour lines to the far north gently
reenter towards the center of the northwestern
segment of the dome. This pattern suggests, as
well, the possible presence (?) of two addi-
tional smaller, and less well developed, salt
spines in this northern region.

Since 1991, when the last major SPR
expansion studies were conducted (Neal and
Magorian, 1991), five new wells have been
drilled that directly impact salt dome interpre-
tation. Three of these five wells were drilled
after the compilation of the Thieling and
Moody (1997) summary of Mississippi salt

SAND-2007-0463

dome geology. These five “recent” wells were
drilled directionally, and they almost certainly
were drilled to explore for potential traps
beneath the salt overhangs on at least three
sides of the Richton dome. The total depths of
each of these wells exceed 10,000 ft.

Although previous mapping (e.g., Karges,
1975; Swann, 1989; Ertec, 1985, in Thieling
and Moody, 1997) has also depicted salt over-
hang at Richton dome, the overhang has gener-
ally been shown as extending along only the
northern and western sides of the dome. The
newer well data suggest the presence of very
significant salt overhang around the almost the
entire perimeter of the entire dome. Figure 11
presents three-dimensional visualizations
showing the likely subsurface paths of these
wells. The positions of these wells suggest salt
overhang on at least three sides of the Richton
dome.

Downhole directional surveys are not
available for any of the Richton wells, inten-
tionally deviated or not. Therefore, we have
used the collar and bottomhole locations, and
the reported total depths of the wells to model
what we believe to be a reasonable approxima-
tion of the actual well paths and TVDs (true
vertical depths). An explanation of this model-
ing process, and its required assumptions, is
presented in Appendix B.

Figure 12 represents the top view of the
structure contour map of figure 10, as it has
been converted to a three-dimensional com-
puter model, using the methods of Rautman
and Stein (2003). The salt surface is again col-
ored by its elevation. Two perspective visual-
izations of this same 3-D model of the salt
dome are presented in figure 13. Figure 13(a)
is a view from the southwest, and part (b) of
the same figure is a view from the southeast.
The structural overhang of salt surrounding the
dome is quite striking in these visualizations.

Geology of the Richton Salt Dome 21
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Figure 10. Structure contours for the Richton salt dome, drawn on the top of salt. See plate 4 for full-scale
map. Coordinates are Mississippi state plane values, east zone, NAD27, in feet. Elevation datum is mean
sea level.
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Figure 11. Probable well paths for five deviated oil & gas wells terminating below salt overhang at the
Richton salt dome. View is from azimuth 225°, elevation 40°.

Direct well control (10 well penetrations)
is clustered in the northern portion of the
dome, as indicated in figure 14 by the red-col-
ored symbols. The geometry of the central and
southern regions of the dome were interpreted
primarily using indirect well control (blue
symbols, fig. 14). Indirect well control, in this
case, assumes that the recorded total depth of a
well, in a spatial location generally overlying a
salt dome, represents a close (minimum)
approximation of the top-of-salt elevation. An
additional constraint on the geometry of the
southern spine/spine complex was the need to
be consistent with the interpretation of the
overlying caprock, to the extent possible.

SAND-2007-0463

Caprock geometry, over both parts of the Rich-
ton salt dome, was constrained by direct well
control. Salt overhang was mapped based on
data from five deviated wells; however, only
one of these five wells actually intersected salt.

Figure 15 presents several images that bear
on the issue of salt overhang, based upon the
modeled deviated well paths. Part (a) of figure
15 is simply a map view of the salt model. The
salt margin is partially transparent, and the
three-dimensional representations of the devi-
ated well bores are visible, both outside of and
“inside” of the surface projection of the overall
salt stock. This illustration may be compared
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Figure 12. Top view of a 3-D model of the Richton salt dome, showing structure on the top of salt. Color
elevation scale has been compressed to accentuate the shallow structure.

directly with figure 10, with respect to the well
paths. Part (b) of the figure shows a perspec-
tive view of the partially transparent salt model
from the southwest. In this visualization, the
deviation of the well paths is somewhat more
apparent than in the map view. Particularly, the
perspective view allows some impression of
the angle of inclination of the wells below the
outer margin of the salt.

Part (c) of figure 15 attempts to portray the
magnitude of the salt overhang implied by the
several deviated wells. If we assume that the
purpose of this drilling was to intercept poten-
tial hydrocarbon reservoirs lying beneath over-

24 Geology of the Richton Salt Dome

hanging salt, then either (1) the majority of the
borehole should lie outside of the salt mass,
terminating once salt was encountered, just
inside the salt flank, or (2) the well should
have been drilled mostly through salt, termi-
nating at some distance outside of the salt body
sufficient to disprove the concept that oil
might be trapped against the overhang. Figure
15(c) illustrates both of these situations.

Note the well indicated as “A”. This hole
appears to have been drilled “from the inside
out”, intersecting the salt at shallow depths,
and drilling out of salt at an elevation some-
what below —6000 ft. The hole was then termi-
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Figure 14. Map of the Richton salt dome showing locations of well data, superimposed on a color-coded
structure map of the caprock limestone. Red symbols represent direct well control; blue spheres represent

indirect control points.

nated after a modest distance, indicating that
no commercial hydrocarbons were encoun-
tered below the overhang.

The well indicated as “B” in figure 15(c),
however, was drilled “from the outside in”,
collaring in sediments external to the dome,
drilling into salt (again somewhat below —6000
ft), and apparently terminating shortly thereaf-
ter. Wells “C” and “D” are also outside-in
wells, and the extent of the deviation con-
strains the extent of the salt overhang. In both
of these latter cases, the amount of overhang
appears to be substantial.

26 Geology of the Richton Salt Dome

Note that the mapping and modeling of the
Richton salt stock was completed prior to our
developing the numerical approximation of the
actual deviated well paths in three dimensions.
These deviated well models are very recent,
and were completed after preparation of the
original, informal technical assessment report
for the Richton salt dome (Snider Lord and
others, 2006). The only information available
at that time was the surface projections of the
bottomhole locations (and the total depths)
indicated in figure 10 and on plate 2. The salt
flank has not yet been remodeled in light of the
newer (though only inferred/modeled) infor-
mation. Consequently, figure 15(c) and similar
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Figure 15. Three-dimensional visualizations showing relationship of deviated well paths to the modeled
salt margin of the Richton salt stock. (a) map view showing penetration of deviated well paths into the
surface projection of the salt body. (b) Partially transparent model of the salt stock showing well paths from
deviated wells drilled on the east side of the salt dome. View from azimuth 195°, elevation 60°. (c) Detail of
deviated well paths on the eastern flank of the Richton dome showing likely approximate termination points
of wells at TVD. View from azimuth 75°, elevation 40°. See text for discussion and explanation of arrows.
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perspective views of the salt model suggest
that the extent of salt overhang may be under-
represented in the current model. Potential
implications of possibly more-severe salt over-
hang are discussed in a following section of
this report.

AREA AND VOLUME OF SALT

Numerical geologic models are particu-
larly amenable to extracting reasonably quanti-
tative estimates of the areas and volumes
bounded by various geologic surfaces. Apply-
ing these techniques to the three-dimensional
computer model presented in this report allows
us to extract estimates of the area of salt avail-
able for development at different depths of
interest to the Strategic Petroleum Reserve
program. Similar estimates of the volume of
salt present for different depth intervals are
also possible.

Table 2 presents estimates of the area of
salt available near the nominal upper and
lower limits of SPR-design caverns. Recall
that the elevation over the general Richton site
area is approximately 200 ft above sea level.
At an elevation of approximately —2000 ft, the
two lobes of the Richton salt dome occupy
approximately 4,376 acres, or roughly 7 square
miles. At an elevation of -5000 ft, the area of
salt decreases to approximately 3,554 acres, or
~5.8 square miles. That the area of available
salt decreases with depth is a direct conse-
quence of the inward-necking of the salt stock
with depth, as shown in figures 13 and 17.

The total volume of salt, from the crest of
the dome beneath the caprock, to an elevation
of some —4500 ft, comprises 625 x 10° cubic
feet, or 17.68 x 10°, cubic meters. The volume
of salt contained within the depth interval
—2500 to —4500 ft, the nominal cavern interval,
is some 346 x 10%cubic feet, equivalent to 9.79
x 10° cubic meters.

Table 2: Estimated Area and volume of the Richton Salt Dome
[Note use of “engineering” style exponential notation (values are even thousands]

Area ft2 x 108 Acres km?

Caprock Limestone, at 600 ft 168 3855 15.6
Caprock Anhydrite at 700 ft 179 4115 16.6
Salt, at 2,000 ft 191 4,376 17.7

Salt, at 3,000 ft 179 4,114 16.6

Salt, at 4,000 ft 167 3,827 15.5

Salt, at 5,000 ft 155 3,554 14.4

Salt, at 6,000 ft 143 3,293 133

Salt, at 7,000 ft 131 3,002 12.2
Volume ft3 x 10° m3 x 10° km?3

Total Salt, 0-2,500 ft 279 x 10° 7.89 x 10° 7.89
Total Salt, 04,500 ft 625 x 10° 17.68 x 10° 17.68
Total Salt, 2,500-4,500 ft 346 x 10° 9.79 x 10° 9.79

DiscussIioN

The Richton salt dome is significantly

elongated and with the long axis trending from
northwest to southeast. Contours drawn on
both the top of salt and on the top of caprock

28 Areaand Volume of Salt

pinch inward approximately half-way along
the long axis of the salt structure. This seg-
mented geometry of both caprock and salt
strongly suggests that the dome consists of salt
underlain by at least two major spine com-
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plexes. Segmentation is clearly indicated in the
interpretation visualized in figure 13. Such
spine complexes are generally inferred to be
separated from one another by boundary shear
zones.

In this case, the principal boundary shear
zone would trend from southwest to northeast
through the narrowed portion of the salt stock,
as indicated in figure 16. The more weakly
developed contour reentrants observed along
the northwestern flank of the dome suggest the
somewhat-dubious presence of an additional
boundary shear zone in this region. The pres-
ence of boundary shear zones can impact cav-
ern design and operation, via both anomalous
salt fabric, as it may promote preferential
leaching, and potentially by more rapid differ-
ential salt movement of the adjacent salt
masses, producing mechanical instability.

The most recent conceptual design for pro-
posed SPR expansion facilities (PBESS, 2005)
indicates siting of the caverns within the north-
western segment of the dome. This location is
indicated in figure 16. The proposed caverns
are shown as centrally located within this lobe
of the overall Richton salt stock. Figure 17
shows an approximation of the three-dimen-
sional positions of caverns within the dome.

The currently proposed site location and
caverns fit well within the modeled mass of
salt, from surface to the bottom depth of the
cavern interval. The caverns would be located
3000-3500 ft from the probable major bound-
ary shear zone dividing the dome into two por-
tions. The possible second boundary shear
zone can be interpreted as trending southeast-
erly, directly through the cavern field (fig. 17).
However, evidence for this structural feature is
significantly weaker than for the first one. If,
in fact, such a second boundary shear zone
truly exists, as revealed by more definitive
additional site characterization, there appears
to be sufficient adequate salt at shallow depths
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to allow relocation of the cavern field, if
appropriate.

The issue of salt overhang may be some-
what more problematic. Five directional wells
have been drilled at the Richton site, three of
these since the previous characterization study
involving the Richton salt dome (Neal and
Magorian, 1991). These data suggest the pres-
ence of an overhang around much, if not all, of
the perimeter of the dome. Modeling images
bearing on the extent of the salt overhang were
presented as figures 11 through 15. The over-
hang, as currently mapped, poses no particular
constraints on the proposed cavern locations.
Figures 16 and 17 show the conceptual caverns
located in the central portion of the salt stock,
well away from our current understanding of
the overhanging flanks.

Despite the current favorable geometric
interpretation, a previous interpretation by
Ertec (1985; reported in Thieling and Moody,
1997) does show severe salt overhang to a
depth of at least 5000 ft on the western flank of
the Richton salt dome. Relevant information
from the Earth Technology Corporation salt
model is presented as figure 18. The location
of this interpretive profile is shown by the inset
map. As prototypical SPR cavern designs
extend nominally from depths of 2500 to 4500
ft, the implication is that sufficient salt might
not underlie the cavern field indicated in figure
16 and 17. Note that this western overhang,
from the Ertec report, is on the opposite side of
the salt stock from that discussed on page 21ff,
which is the overhang as constrained by the
newer, deviated drilling.

A salt overhang of the magnitude indicated
by the reported Ertec study might affect poten-
tial SPR expansion caverns in several ways.
First, the shallow depth shown to the base of
the salt overhang in figure 18 would reduce the
interval of salt underlying new SPR caverns,
thereby possibly limiting the depth extent of
the caverns; see above. Second, the lateral
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Figure 16. Top view of the Richton salt dome and caprock. Proposed SPR expansion caverns are in blue.
Potential boundary shear zones (BSZ) are displayed as black dashed lines.
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Figure 17. A transparent view of the Richton salt dome from the southwest. Proposed cavern locations
within the dome are displayed in red.

30 Discussion SAND-2007-0463



Approximate
Cavern Interval

V.E. 1.0

Figure 18. Profile across the Richton dome from southwest towards the northeast. Taken from figure 131
of Thieling and Moody (1997); adapted from a report by Earth Technology Corporation (Ertec, 1985).
Approximate cavern interval indicated is from 2500 to 4500 ft below the surface.
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extent of overhang, assuming the depth to
underlying sediments is too small, would
restrict the areal extent of the salt dome other-
wise exhibiting an adequate thickness of salt.
Lateral constraints impose restrictions on
design flexibility. Third, even if sufficient salt
were present below the potential caverns, the
creep behavior of that salt might be substan-
tially different from that of the shallower salt,
as influenced by still deeper sedimentary mate-
rial.

The more recent (post 1985, and even post
1997) deviated wells on the eastern flank of
the dome suggest that there may be significant
salt overhang on this part of the dome. If the
overhang on the east is in addition to the Ertec-
inferred overhang on the west, the restriction
of the area and volume of salt suitable for
development of SPR expansion caverns may
become excessively severe, perhaps to the case
of precluding development of the Richton site.
Recall from page 26 that it appears the extent
of salt overhang is under-estimated by the cur-
rent mapping.

The difficulty at this time is that all of the
evidence regarding salt overhang is less than
definitive. We have been unable to obtain
either the 1985 Ertec report or any of the
underlying data. Critical evaluation of the
geometry shown in figure 18 thus is impossi-
ble. Although not expressly so stated in Thiel-
ing and Moody (1997), the interpretation
presented by Earth Technology appears to be
based principally upon gravity data (page
page 8). Gravity is a rather crude tool, how-
ever, for defining subsurface geometry for
close-tolerance engineering applications.

The evidence for significant salt overhang
on the eastern flank of the Richton salt dome
appears somewhat more firmly grounded, if
only because we have actual data, in-hand,
indicating the maximum lateral extent of the
deviated drilling (plate 1; fig. 11). The true
vertical depths of the deviated wells, however

32 Conclusions and Recommendations

are indirect, being only modeled for this report,
using certain assumptions. Thus the actual
depth affected by the salt overhang on the east-
ern flank of the salt stock is somewhat uncer-
tain.

We note that none of the deviated drilling
identified by our investigation was performed
on the western side of the dome. Although
absence of deviated drilling to the west is not
proof of absence of salt overhang, it does cast
reasonable doubt on the extreme nature of the
Ertec interpretation (fig. 18). Our work does
indicate that the deeper portions of the Richton
salt stock become increasingly narrow, com-
pared with the surface projection of maximum
salt extent. The depths, and inward positions,
to which that overhang extends, however, are
unclear and only poorly estimated at this time.

CONCLUSIONS AND RECOMMENDATIONS

The Richton salt dome extends across a
maximum area of approximately 7 square
miles at an subsurface elevation of —2000 ft,
near the top of the salt stock, of which about
5.8 square miles may be available for cavern
development. The shallowest caprock intercept
is at —274 ft. The shallowest salt is docu-
mented at —425 ft. Richton has been character-
ized as the shallowest and largest (or second
largest) salt dome in Mississippi.

The dome is prominently elongate, rather
than circular in form, and it widens towards
the northwest and tapers towards the southeast.
An overhang surrounds the dome and is
present below —2000 ft elevations. The extent
of salt overhang, both in depth and in lateral
extent, is poorly understood. The salt flanks
appear dip steeply inward, towards the center
of the salt at an approximate angle of 70-80
degrees. The dome decreases in areal extent
with depth. Structure contours on top of both
caprock and salt suggest the presence of at
least one boundary shear zone that could affect
construction and operation of underground
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storage caverns. The dome appears to consist
of two major spine complexes.

The Richton salt dome appears to be a suit-
able site for expansion of the Strategic Petro-
leum Reserve. As modeled using only
reasonably available well control, the dome
appears more than adequate in size for a 160-
million-barrel expansion facility comprising
16 ten-million-barrel caverns. The large over-
all size of the Richton salt stock provides
important design flexibility, even though major
portions of the salt body may be affected by
extensive (?) near-surface salt overhang. Pre-
liminary conceptual design information sug-
gests no insurmountable issues in siting this
number of new caverns.

The acquisition and interpretation of seis-
mic data would be highly desirable to support
additional geologic study of the Richton salt
dome, prior to land acquisition and finalizing
cavern and infrastructure design. The vertical
and lateral extents of salt overhang currently
are only speculative, and subject to conflicting
interpretations. One previously reported, pub-
lished interpretation presents potentially major
problems for the siting and design of under-
ground storage caverns, although this interpre-
tation is largely discounted herein.

Figure 3 indicates that there are a large
number of extant two-dimensional seismic
profiles of potential interest. Table 1 provides a
short list of seismic lines, screened for likely
meaningful utility. Given advances in seismic-
imaging technology since acquisition of the
most recent (1994) known seismic line indi-
cated in table 1, it may be more cost effective
to shoot a new three-dimensional survey over
at least portions of the Richton salt dome.
Three-dimensional resolution of the salt over-
hang would provide a significantly greater
degree of precision in relating this geometry to
the engineering design of potential SPR expan-
sion caverns.
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It will also be necessary to drill a number
of core tests, to full cavern depths and possibly
significantly below, once the geometry issues
related to salt overhang are more fully under-
stood. The usual examination of salt fabric
within the cavern interval, and physical-prop-
erties testing of large-diameter core specimens
for physical properties testing from this inter-
val, are necessary steps in a detailed pre-con-
struction geologic study. In addition, it may be
necessary to study the salt underlying the cav-
ern interval in some detail, if seismic studies
indicate that the cavern interval would be
above a large, laterally extensive overhanging
salt mass. Geomechanical modeling of such a
situation would be required as well, as very
few examples of caverns overlying significant
masses of subsalt sediment are known.
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Appendix A. List of Oil, Gas, and Other Wells
Used to Characterize the Richton Salt Dome
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Table A-1: Locations and tops of caprock and salt for wells identified in the vicinity of the Richton salt dome

[Top of caprock (limestone and anhydrite) and top of salt are elevations; all coordinate values, depths, and elevations are in feet. Short APl numbers are prefixed by state code (23) and
county code (111), and suffixed by sidetrack code (00), except as noted; Easting and Northing are Mississippi state plane coordinates, east zone, NAD27, in feet. Leaders (--) indicate
missing information or not applicable]

Top

Top

Notes  Easting  Northing  Short API Operator Lease Well No. Section D Limestone  Anhydrite Top Salt
490111.6 639215.5 00002 The California Co Wally, V.R. 1 2 13844 -- -- --
468059.9  590521.7 00003 Central Oil Stevens, B. 1 19 7463 - -- -
493200.1 61438.8 00011 Evans, J.P. McClain, F.M. 1 36 8722 - -- -
458690.6  612517.9 00012 Exploration Drilling Carter W E 1 35 400 314 385 --
455014.1  625163.3 00013 Exploration Drilling Masonite Corp. 1 22 856 479 515 603
460769.1  620459.7 00014 Exploration Drilling Masonite Corp. 2 25 1863 517 1634 --
4502975  621199.5 00015 Exploration Drilling Masonite Corp. 3 22 739 417 479 519
457126.5  623676.6 00016 Exploration Drilling Masonite Corp. 4 23 771 -- 516 536
4589315  621858.1 00017 Exploration Drilling Masonite Corp. 5 23 969 649 667 --
456457.8  621328.0 00018 Exploration Drilling Masonite Corp. 6 23 632 317 339 --
4546185  622886.1 00019 Exploration Drilling Masonite Corp. 7 22 735 446 466 518
452482.1  621761.7 00020 Exploration Drilling Masonite Corp. 8 22 765 421 457 527
452168.8  623697.2 00021 Exploration Drilling Masonite Corp. 9 22 740 508 526 532
458401.4  619432.7 00022 Exploration Drilling Masonite Corp. 10 26 713 330 346 --
454650.6  620412.5 00023 Exploration Drilling Ridgway L E 1 27 672 300 322 -
451092.6  615280.6 00024 Exploration Drilling Ridgway L E 2 34 899 561 579 --
456971.8  616493.3 00025 Exploration Drilling Ridgway L 3 26 730 340 386 --
452522.2  619488.9 00026 Exploration Drilling Ridgway L E 5B 27 682 317 345 -
456257.0  618597.5 00027 Exploration Drilling Ridgway L 11B 26 640 274 310 -
446589.3  619468.6 00032 Gulf Stevens B M 1 28 8874 - - -
4700319  591680.3 00034 Central Oil Stevens, B. 19-9 19 - - 6868 6869
496828.8  602187.1 00035 Humble Oil Reasor, G.L. 1 12 8000 - - -

- -- 00039 Jett, J.H. Reasor, G.L. 1 4 7815 -- -- --
491435.7  611256.5 00045 Merry, E.T. Masonite Corp. 1 35 7092 - - -
463186.8  613060.5 00048 Minsearch Corp. Backstrom Eliza 1 36 3000 -- - --
460827.0  612108.3 00049 Minsearch Corp. Backstrom Eliza 2 36 722 381 406 --
463478.8  610419.5 00050 Minsearch Corp. Carey Eva 1 1 1312 965 977 --
4618952  614830.9 00051 Minsearch Corp. Cantrell J B 1 36 935 574 580 --
464850.9  610220.7 00052 Minsearch Corp. Carey Eva 2 2000 - -- --
460529.8  608976.2 00053 Minsearch Corp. Carter W E 2 2 682 383 398 -
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Table A-1: Locations and tops of caprock and salt for wells identified in the vicinity of the Richton salt dome (Continued)
[Top of caprock (limestone and anhydrite) and top of salt are elevations; all coordinate values, depths, and elevations are in feet. Short APl numbers are prefixed by state code (23) and
county code (111), and suffixed by sidetrack code (00), except as noted; Easting and Northing are Mississippi state plane coordinates, east zone, NAD27, in feet. Leaders (--) indicate

missing information or not applicable]

Top

Top

Notes  Easting  Northing  Short API Operator Lease Well No. Section D Limestone  Anhydrite Top Salt
463037.0  608303.8 00054 Minsearch Corp. Fishel E C 1 979 -- 654 --
459227.0 610215.8 00055 Minsearch Corp. Pope J M 1 583 -- 362 -
459157.2  606964.0 00056 Minsearch Corp. PopeJ M 2 1591 - 850 -
460393.3  617400.8 00057 Minsearch Corp. Grafton Rich 1 26 872 525 534 --

1,2 460429.1  617358.4 00057 Minsearch Corp. Grafton Rich 1 26 872 525 534 --
450265.3  618051.3 00058 Minsearch Corp. Ridgway L E. 6B 27 765 512 533 538
453879.6  616758.3 00059 Minsearch Corp. Ridgway L E. 7B 27 702 307 375 --

1,2 453846.2 622004.3 00059 Minsearch Corp. Ridgway L E. 7B 27 702 307 375 -
4538475  614156.3 00060 Minsearch Corp. Ridgway L E. 8B 34 779 498 544 551
451480.5  613070.5 00061 Minsearch Corp. Ridgway L E. 9 34 2601 - -- --
456530.0  614011.7 00062 Minsearch Corp. Ridgway L E. 10 35 717 350 387 --
456136.5  609554.4 00063 Minsearch Corp. Ridgway L E. 12 2 873 486 539 --
453855.5 611811.2 00064 Minsearch Corp. SmithJ T 1 34 1050 649 675 -

- -- 00075 Temple and Crow Chancellor Lumber 1 29 8910 - -- --
4740184  588956.1 00077 Union Producing Cooper 1 29 - - 9975 9954
471876.8  590394.7 00082 Union Producing Stevens, B. A-4 20 - - 7253 7680
4457106  618418.8 00085 Donald Oil Donald 1 28 3100 - - -

1,3 455374.9 627519.8 200024 Shell Oil Co. Masonite 1 14 12969 -- -- 12728
458183.0 624273.4 20005 Shell Qil Co. Masonite 23 7 1 23 14930 -- -- 14625
449142.7 625412.3 20006 Shell Qil Co. Masonite 21 1 1 21 14497 -- 14188 14273
4759449  587863.5 20012 Pelto Oil Richton Tile and Timber Co 1 29 12015 -- -- --

5 4461719  635939.5 20033 Union Oil of California Masonite 9 6 1 9 12106 - - --
5,6 - - 20045 Stone & Webster DOE-Smith MRIH-11A 9 6040 - - -
56 -- -- 20046 Stone & Webster DOE-Smith MRIH-11B 9 2565 -- - -
56 -- -- 20047 Stone & Webster DOE-Smith MRIH-11C 9 1620 -- - -
56 -- -- 20048 Stone & Webster DOE-Smith MRIH-11D 9 940 -- -- -

2,56 - - 20049 Stone & Webster DOE-Masonite MRIG-9 26 1275 298 -- 511

2,56 - - 20050 Stone & Webster DOE-Masonite MRIG-10 12 2699 - -- -
446621.6  626176.0 20089 Chevron U.S.A., Inc. Leaf River 1 21 18031 - - -
451690.2 615761.1 20107 Fina Oil & Chemical Ridgeway 1 34 10600 -- -- -
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Table A-1: Locations and tops of caprock and salt for wells identified in the vicinity of the Richton salt dome (Continued)
[Top of caprock (limestone and anhydrite) and top of salt are elevations; all coordinate values, depths, and elevations are in feet. Short APl numbers are prefixed by state code (23) and
county code (111), and suffixed by sidetrack code (00), except as noted; Easting and Northing are Mississippi state plane coordinates, east zone, NAD27, in feet. Leaders (--) indicate

missing information or not applicable]

Notes  Easting  Northing  Short API Operator Lease Well No. Section D Limzyt)one Anr;r;)grite Top Salt
450494.0 615407.6 20109 Fina Oil & Chemical Ridgeway 1 34 14413 -- -- -
1,3 460870.1  615382.8 20111 Fina Oil & Chemical Sellers, E. 36-4 1 36 11571 - - -

1,3,4 460906.4 615628.5 20111 Denbury Resources Sellers, Ernest 36-4 1ST1 36 7050 -- -- 1374

1,3 463282.8  620721.4 20115 Fina Oil & Chemical Leaf River 1 25 10324 - - -
1,3 465464.0 607887.8 20117 Fina Oil & Chemical Fairley 1 1 8647 -- - -
1,3 462046.2 614336.8 20124 Denbury Management Hillman, J.C. 1H 36 8305 -- -- -
464354.5 616252.0 20128 Denbury Management East Apollo 1 25 5990 -- - -
2 - -- -- Stone & Webster DOE-Smith MRIH-11 9 6041 -- -- --
56 - - - Stone & Webster Travis MRIH-11WS - 400 - - -
2,56 - - - DOE Masonite MRIG-201 22 80 - -- --
2,56 - - - DOE Masonite MRIG-202 26 200 - - --
2,5,6 - -- -- DOE Masonite MRIG-203 23 120 -- -- --
2,56 - - - DOE Masonite MRIG-204 22 180 - - -
2,56 - - - DOE Masonite MRIG-205 22 140 - - -
2,56 -- -- -- DOE Masonite MRIG-208 24 75 - - --
2,56 - - - DOE Masonite MRIG-209 23 80 - -- --
2,56 - - - DOE Hillman MRIG-210 36 180 - - -
2,5,6 - - - DOE McCardle MRIG-211 25 142 - - -
2,56 - - - DOE Valentine MRIG-212 35 180 - - -
2,5,6 - - - DOE McLendon MRIG-213 36 100 - - -
2,5,6 - - - DOE Hillman MRIG-215 1 120 - - -
2,5,6 - - - DOE McLendon MRIG-216 1 120 - - --
2,56 - - - DOE Godfrey MRIG-217 11 180 - - -
2,56 - - - DOE Hillman MRIG-219 27 141 - - -
2,5,6 - - - DOE Oliphant MRIG-220 1 120 - -- -
2,56 - - - DOE Oliphant MRIG-222 35 124 - - -
2,56 - - - DOE Oliphant MRIG-223 2 160 - -- -
2,56 - - - DOE Oliphant MRIG-224 3 130 - - -
2,56 - - - DOE Hillman MRIG-226 26 160 - - -
2,56 - - - DOE Hillman MRIG-227 34 140 - - -
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Table A-1: Locations and tops of caprock and salt for wells identified in the vicinity of the Richton salt dome (Continued)
[Top of caprock (limestone and anhydrite) and top of salt are elevations; all coordinate values, depths, and elevations are in feet. Short APl numbers are prefixed by state code (23) and
county code (111), and suffixed by sidetrack code (00), except as noted; Easting and Northing are Mississippi state plane coordinates, east zone, NAD27, in feet. Leaders (--) indicate

missing information or not applicable]

Notes  Easting  Northing  Short API Operator Lease Well No. Section D Limzyt)one An;;)grite Top Salt
2,5,6 - - - DOE Ridgeway MRIG-228 33 120 - - -
2,56 -- -- -- DOE Beasley MRIG-229 32 99 -- - -
2,56 -- -- -- DOE Smith MRIG-230 34 159 -- - --
2,56 -- -- -- DOE Masonite MRIG-232 - 120.5 -- - --
2,56 - - - DOE Masonite MRIG-301 14 500 - - -
2,5,6 - -- -- DOE Masonite MRIG-302 23 500 -- -- --
2,56 -- -- -- DOE Hillman MRIG-303 27 491 -- -- --
2,56 -- -- -- DOE Hillman MRIG-304 34 500 -- - --
2,56 - - - DOE McSwain MRIG-305 3 551 - -- -
2,56 - - - DOE Clearman MRIG-306 2 490 - - -
2,56 -- -- -- DOE Hillman MRIG-307 35 533 -- - --
2,56 -- -- -- DOE Hillman MRIG-308 36 500 -- -- --
2,56 -- -- -- DOE Ridgeway MRIG-309 34 360 -- -- -
2,56 -- -- -- DOE Hillman MRIG-310 34 400 -- - --
6 - - - DOE Masonite MRIG-10WS - 402 - - -
6 - - - Humble Stevens 1-A - 1704 - - -
6 - - - Union McLaurin 4-13 - 15030 - - -
6 - -- -- Union Masonite 1 - 14996 -- -- --
6 - -- -- Union Masonite 1 - 14531 - -- --
6 - -- -- Pan American Powe 1 - 2325 - -- --
6 -- -- -- Pan American Powe 1-A - 14199 -- - --
6 - - - Humble Revet 1-A - 2401 - - -
6 - - - Union Masonite 1 - 15306 - - -

o OB W N

Well information from Tobin International; geophysical logs could not be acquired.

Well information from Werner (1986).
Deviated well.

Two-digit suffix to short APl number would be “01” (first sidetracked well).
Well information from Simcox and Wampler (1982).
Well information and data from Thieling and Moody (1997).



Appendix B. Description of Modeling Algorithm for
Approximating Deviated Well Paths
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An Algorithm to Model Deviated Well Paths

Introduction

A brief explanation of the method used to generate figure 11, in the main part of this report, is
appropriate. Downhole directional surveys are not available for any of the Richton wells, inten-
tionally deviated or not. However, the well database described on page 9 (Appendix A) contains
both surface collar locations, and, if the information was available when the database was com-
piled, the bottomhole locations for any directionally drilled wells. Both locations are given in the
original simply as latitude and longitude. These geographic coordinates were converted to state
plane coordinates (easting and northing) for modeling. Application of the Pythagorean Theorem
to the x- and y locations of the collar and bottomhole positions yields a known horizontal offset.

Collar and bottomhole locations are shown on the index map of figure 2 in the main body of
this report (plate 1), as well as on the various structure contour maps. The database also reports
the total (measured) depth (TD) of the wells. However, there is no information regarding the true
vertical depths (TVD) of the deviated wells, nor is there information regarding the actual deviated
well paths. For the five deviated wells at Richton, the paths shown on the maps are simply straight
lines between surface and bottomhole positions. In order to represent these wells in three dimen-
sions for the 3-D computer modeling, we have been forced to model the well deviations using a
simplistic approximation.

Modeling Approach

Each well is assumed to have been drilled vertically to the depth of largest-diameter casing in
the hole (excluding surface casing and conductor pipe). If no information is available regarding
the casing schedule for the well, the well was assumed to have been drilled vertically to an arbi-
trary-but-reasonable depth of 1500 ft. This situation is illustrated graphically by the double verti-
cal lines, indicating casing, in figure B-1, part (a). This drawing also shows the positions of the
well collar, the horizontal position of the bottomhole location, and the computed horizontal offset
distance.

From this casing depth, the reported bottomhole location (actually, the horizontal offset dis-
tance from collar to bottomhole location) and the remaining measured depth of the hole (here,
equal to the TD, or total measured depth, minus the depth to the casing point) were used to com-
pute an “apparent TVD”, apparent deviation angle from vertical, and straight-line, inclined, provi-
sional “well path” using simple trigonometry. Because of the diagonal path length to the offset
bottomhole location, the TVD is necessarily less than the measured depth (length) of the hole
itself. Any topographic effects on the “true” vertical depth are ignored in this modeling.

Using an assumed radius of curvature and an arbitrary angular increment, the downhole well
position is then calculated after a well-bore rotation of two degrees. This is illustrated in the draw-
ing that forms part (b) of figure B-1. The straight-line approximation of the well path “consumed”
by this incremental rotation was subtracted from the remaining, “available”, measured depth.
From this computed bottomhole location, a new apparent TVD, apparent deviation angle, and
straight-line well path to the known bottomhole location were again computed, using the same
algorithm, and the process was repeated [fig. B-1(b)].
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Figure B-1. Schematic illustration of the approach to modeling deviated well paths given only horizontal
locations of collar and the end-of-hole and the total (measured) depth of the well. (a) Initial set-up showing
vertically drilled and cased portion of well and apparent true vertical depth (TVD) to known bottomhole
horizontal offset. (b) Modeling of first rotational increment for the deviated well path, given an angular
rotational increment and a radius of curvature. New apparent TVD is shallower than first estimate of TVD
shown in part (a). Drawing is conceptual and not to scale.

Figure B-2 presents the modeled well path after several of these well-bore rotational incre-
ments. The radius of curvature is held constant, as is the angular-rotational increment. After each

rotational increment, the apparent deviation angle is computed using the remaining horizontal-
offset distance and the remaining measured depth of the the well.

If the deviation angle of the “next” rotational increment is shallower (less than) the apparent
deviation angle computed from the “current”, modeled bottomhole position, actual, final bottom-
hole offset distance, and remaining path length of the well, the iterative process is terminated. The
modeled final well-path segment is then constructed using these last parameters.

The computed offset-depth coordinates of the successive well-segment positions are then con-
verted to true x-y-z coordinates, using the computed azimuth from the well collar to bottomhole

location. The set of x-y-z coordinates are then assembled into borehole format for visualization
using the 3-D geological modeling software.
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Figure B-2. Schematic illustration of the approach to modeling deviated well paths after several rotational
increments. Modeling is terminated when the angle of the “next” hole segment is shallower than the latest

apparent deviation angle that uses up the entire measured depth of the well. Drawing is conceptual and

not to scale.
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