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ABSTRACT

Basic seismic survey design parameter calculations are generally useful to image flat
layers and slightly dipping surfaces. Howevesrameter decisions for surveys over
complex structures, such as folds, faults, domes, and reefs become more challénging

to complicated wavdield behavior in tlese areas. In this study, another seismic survey
design decision method, acquisition desigia imaging, is presented using the Pierce
Junctionsalt dome as anexample. Pierce Junction is one of the most prolific fields in
Texas. Depthof the top of the salt and its overlying cap rock are about 290 m and 210

m, respectively.

Previous studies2-D seismic, topography, and gravity datare gathered to build 2D

and 3D velocity models afhe Pierce Junctiosalt dome area inthe south of Houston,
Texas. Wo-D seismic data acquired b4llied Geophysical LaboratoriedGl) were
processed and veldtes of the cap rock and neaurface sedimentaereextracted. Also,

2-D gravity datawvere collected with 200 m intervals from an 8 Kong gravity profile in
study area. The gravity dataere processed and modelenh orderto be used in D
velocity moekl. Then, a series of analysesre performed on synthetic seismic data to
determine 2D conventional seismic survey parameters that can be achieved with limited
acquisitionequipment of AGLShot gathersvere modeledwith a finite difference method
usingthe full (two-way) acoustic wave equation. Next, to generate images, Reverse Time
Migration (RTMmethodwasapplied to the synthetic datalhe g@timum parameters of

the 2-D seismic surveguch as maximum offset, group and shot interval, recording time,
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and profile length were obtained by reviewing the quality of the results. Finallyyais
proposed that a 2D seismic survey with 20 m group interval, 40 m shot interval, 3000 m
maximum offset, 4 s recording timand 8 km profile length parameterasas abé to

image the salt dome and surrounding sedimeadequately

The optimum parameters of the-R surveywere modified for a 3D seismic survey.
Survey dimensions and patch definitiorere determined by the help of obtained-R2
survey parameters. Group argthot intervalswere slightly increased to 25 m and 50 m,
respectively. The eceiver and shot line intervalsvere determinedas 250 m An
orthogonal geometry was chosendue to its cost effectiveness and spatial continuity
advantages over the other survega@netries. Eventually, 334imes and 33 crosknes
were uniformly distributed to 8 km by 8 km survey area. Aspect ratio of the patab
kept as 11 with 13 inlines and 13 crosknes. Afterdeterminingthe final 3D survey
parameters, RTM imag&gere obtained based on the-B velocity model. As a result, the
final images including cross sections and depth slices sttivat the salt dome and its
surrounding sedimentwere adequately imaged with the-B surveyusingReverse Time

Migration analysis.
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CHAPTER ONE: INTR@IDION

1.1 Motivation and Scope

A seismic project isomprisedmainlyof data acquisition, processingnd interpretation.

The survey design and acquisition somehow determine the quality of processing and
interpretation. Even the best processing technigeasnotrevealgood results from the

data that have someinsufficienciesin acquisition. Therefore, processing and
interpretation should be considered in survey design and acquisition part of a seismic

study.

The goal of designing seismic survey®ibpaance the cost of the survey and imaging
needs of theinterpreter. Expenses, equipment demands, and time limitations of the
surveys force geophysicistensideringhe survey parameters by taking both econoatjc
logistial, and technical parameters intaaount. A good survey design can be possible by

gathering as much information a®ssible fronthe survey area.

Stone (1994) summarized two important survey objectives that should be kept in mind
while planning a seismic survag (1) Primaryobjectiveto obtain geophysical data that
provide a representation of the subsurface geology that is adequate to meet the
interpretational goalsand(2) Secondaryobjective to acquire the maximum amount of

data within budgeted funds and time available.



Acquisition parameters calculated by general survey design formulas are usually
adequate to image flat layers and slightly dipping surfaces. However, determirgsg th
parameters for complex structures, such as folds, faults, domes, and reefs is more difficult
due to complicated wave field behavior in these areas. Seismic data acquisition
simulations over a model of the study area can provide crucial information for
determining the survey parameters. If the model is constructed obrsrighto the real
structure, it 5 possible to obtain very realistic synthetic seismic dasang seismic
modeling. Therefore, seismic modeling is one of the most economical ways to establish
and test the optimum acquisition parametesd as to getthe best image over the

complex geologal structures.

ThePierce Junction salt dome is one of the hundreds of salt domes in U.S. Gulf Coast.
Besides oil and gas production, brine production and underground hydrocarbon storage
facilities are established in the field. The brine producing cavam®perated by drilling

the edge of the salt domeddequately inaging the salt dome flanks can reduce the risk

of natural disasters such as sinkholes and hydrocarbon seepagP. #ei2mic studwas
carried out in the Texas Brine Company facility by d\lBeophysical Laboratories (AGL).
New 2D and 3D seismic surveysere alsoproposed since the original2 seismic data

can onlyimage a prtion of the top of the salt.The motivation of this study is to
investigatethe feasibility of additional 2D and 3D seismic surveys for imagitige salt
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The scope of thistudy is to provide a seismic survey design decision method by an
acquisition modeling studysingthe Pierce Junction salt dome a@ras anexample. Two-

D and 3D velocity models of the areaere built as close to the real environmeas
possibleand survey design parametevgere determined by updating the initial survey

parameters with finite difference modeling and Reverse Time NimngRTM) images.

1.2 Structural Framework of U.S. Gulf Coast

The Gulf of Mexico Basin is an elongated structural basin with a length of about 1,500 km.
As shown in Figure 1.1, the offshore part of the basin comprises the Gulf of Mexico which
covers an eea of more than 1,500,000 knfSalvador, 1991). The abyssal pl@B000 m

deep) constitutes 20% of the Gwuhile, the continental shelf (< 180 m deep), continental
slope (1883000m deep), and shallow and intertidal areas (< 20m deep) comprise 20%,

22%.and 38% of the Gulf, respectivélgore, 1992).

The offshore area of the basin is bounded by a low coastal faime north and west.
The low coastal plaiis less than 50 kmvide in eastcentral Mexico and more than 550
kmwidein the central part othe United States Gulf Coastal Plairglirding thestates of
Louisiana, Mississippi, and Arkansas. Gulfward limits of the shallow pafs Bforida

and Yucatan platformaere formed along the Florida and Campeche escarpments where

the floor of the Gulbbf Mexico rises steeply to the east and south.

The limits of the Gulf of Mexico Basin are defined by existence of the structural features

(Figure 1.2)The suthern and eastern limits of the basin are estimatede theYucatan
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and Florida carbonate platrms, respectivelyThe bot of the Chiapas massthe Sierra
Madre Oriental of Mexico, and the eastern edge of the Coahuila platffmrms the
wedern limit of the basin.The rorthern limit of the basin corresporsto a series of
structural features These featuresfrom west to eastare the basinward flanks of the
Marathon uplift, the Ouachita orogenic belt, the Ouachita Mountains, the Central
Mississippi deformed belt, and treouthernreaches of the Appalachian Mountains. The
limit between Appalaclain Mountains andhe eastern limit of the basin is arbitrargince

no apparent structural feature separating the shores of the Atlantic Ocean and Atlantic

Coastal Plain is observed (Salvador, 1991).
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Figure 1.1 ocation and structurairhits of Gulf oMexico Basin (wdified after Salvador, 1991)
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Figure 1.2 Secondorder structural features within Gulf of Mexico Basin: 1, Macuspana basin; 2,

Villahermosa uplift; 3, Comalcalco basin; 4, Isthmus Saline basin; 5, Veracruz basin; 6, Cordoba

platform; 7, Sata Ana massif; 8, Tuxpan platform; 9, Tagiaantla basin; 10, ValleSan Luis

Potosi platform; 11, Magiscatzin basin; 12, Tamaulipas arch; 13, Burgos basin; 14, Sabinas basin;

15, Coahuila platform; 16, ElI Burro uplift; 17, PeydRe&smchos arches; 1&io Grande

embayment; 19, San Marcos arch; 20, East Texas basin; 21, Sabine uplift; 22, North Louisiana salt

basin; 23, Monroe uplift; 24, Desha basin; 25, La Salle arch; 26, Mississippi salt basin; 27, Jackson

dome; 28, Central Mississippi deformed beélf), Black Warrior basin; 30, Wiggins uplift; 31,

Apalachicola embayment; 32, Ocala uplift; 33, Southeast Georgia embayment; 34, Middle Ground

arch; 35, Southern platform; 36, Tampa embayment; 37, Saaeamath; 38, South Florida basin

(modified after Salador, 1991)



TheCenozoic tectonic history of the basin is dominated by sddtted deformation in the

Gulf of Mexico Basinward and landward dipping normal faults, contractional folds and
different types of salt structures are the major elements of th#-selated deformation

(Figure 1.3). Eight river systems draining into the northern Gulf of Mexico khsin,
Norma, Rio Grande, Carriso, Corsar, Houston, Red River, and Central and Eastern
branches of the Mississippi River, loaded the sediment in thstabaone, along with
continental shelf and slope (Konyukhov, 2008). Salt flow activity began with the
differential loading and glidinghe major elements of the driving force of salt flow. A
variety of complex structures eve formed by deformation causelly the salt flow.A

block diagram illustrating schematic shapes of salt structures is shown in Figure 1.4.

< 'Nouisiana Mississippi
i,

30°r

~~ basinward dipping normal faults|
~— landward dipping normal faults
— contractional folds

® salt structures

= shelf edge 262
QO" 88

Figure 1.3Structural elements and salt structures that cause-satiteddeformation in theGulf

of Mexico (nodified after Konyukhov, 2008).
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Figure 1.4 Salt structures displaying the evolution of salt tector{itedified after Jackson and
Talbot, 1986)

The Gulf of Mexico can be structurally divided into three major provinces; the northern
progradational margin, the eastern teonate margin and the western compressional
margin(Figure 1.5)The northern progradational margin is the best known part of Gulf of
Mexico, since there are extensive oil and gas exploration well data and publications about
the area.The northern progradational margin texds from northeastern Mexico to
Alabama and can be subdivided intthe interior zone (Mesozoic structures) aritie
coastalzone (Cenozoic structures). fne interior zone, depositional and activiectonic
basins and uplifts, and salt diapirism affectéet early mixed clasticarbonate shelf
margin of Late Jurassic and Early Cretaceous age. This zone is alsiheafledior salt

diapir province. In theoastalzone, a thick wedge of Upper Cretaceous and Cenozoic

coarse clastic sediments, owarlgthe Mesozoic strata, have prograd#ét shelf margin
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hundreds kilometers seawardeneratingt I N2 ¢ (0 K T | dzffodming thetdasiab Y &
and offshore salt diapir provinceBheFlorida and Yucatacarbonateplatformscoverthe
large-scale and pody known basins and uplifts in the eastern coastal carbonate margins.
The western compressional margin covers the area filoensthmus of Tehuantepec to
northeastern Mexico. Laramide (Lat€retaceoussocene) folding and thrusting
dominated the carbonate margim ithe area (Ewing, 1991Additional discussion witie

limited to the northern progradational marginas itis the main focus of this study.

The interior zoneof the northern progradational margigovers a broad complex of
embaymentswhichextendsfrom the San Marcoarch eastward to Alabama. The zorse
divided into basin and embayment provinces liye Sabine and Monroe upliftsThe
Sabineuplift, located in the center of the embayment, splits the embayment into the East
Texas to thavest, and North Losgiana and Mississippi salt basins to the east. Also,
Mississippi embayment is separated from the southern basinshbyMonroe uplift
(Ewing, 1991). Important structural featurestire interior zoneare, from east to west,

the Rio Grande embayment, ®aVlarcosarch, East Texas basin, Sabin uplift, North

Louisiana salt basin, Monroe uplift, Desha baaird Mississippi salt basin.
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Figure 1.5Index map showing major structural elements gumdvinces explaineth this chapter.
Blue line is the boundaryetween interior and coastal zone of northern progradational margin.

Description of thestructural featureshas given in Figure 1.2 @dified after Ewing, 1991).

TheRio Grande, East Texas, Northern LouisislississippiEast CentraDe Soto Canyon,
TexasLouisiana Slope, Perdido, South Louisiana Shelf, and West Elaltidame basins
are the ten major saltcontrolled provinces of the interior and coastal zones of the

northern progradational margin (Halbouty, 196The difference between styles of



occurrence of salt and/or spatial clustering characterizes these salt diapir provinces.
Ewing (1991) states that the salt in diapir provinces may have been deposited in the

Jurassic.

The study area, Pierce Junction salt dpméocated irthe Houston embagent which is
situated in the South Louisiana Shelf diapir province (Figure Hid)ston embayment
includesabout 60 salt diapirs and a few salt pillowse suthernand wesernboundaries
of the province do notontain distinctsalt structures. On thetber hand, the province
mergeswith the South Louisiana province to the ea$he East Texas basin &so

connected to the province with a small line of diapirs on tleethwest (Ewing, 1991).
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Figure 1.6Salt diapir provinces of the norhn progradatonal margin Red square indicates the

study area (mdified after Ewing, 1991)
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1.3Fundamentals of Salt Dome Geology

1.3.1Salt Dome Formation

Sedimentary loading after tectonic stability of the Gulf of Mexico caused the development
of the salt basins and salbme basins predominantly ithe Gulf Coast region of North
America (Halbouty, 1967). Deformati@mausedby gravity acting orthe weak base of
abnormally pressured shales and/or salt resulted in two main fosakflow structues

and listriecnormal fauts. Sediments that overlie or load the salt create pressure gradient
that provides salt flow. Many types of salt structusevere developed by movement of

the salt from areas of higher pressure toward areas of lower pressure because of

differential loadingof the overlaying or loading sediments (Nelson, 1991).

A group of minerals, including both nonradioactive evaporites (halite, anhydrite, gypsum,
and trona) and radiactive evaporites (sylvite, carnallite, langbeinite, polyhalite, and
kainite),is grouped under the term salt. However, this term is used for halite since the
salt contains 90998% of this mineral (Kupfer, 1989; Halbouty, 1979). siieeificgravity

of rock salt is usually greater thahe specific gravity of halite (2.164) because of
impurities dispersed through the salt. Anhydrite is the most common mineral, which
affects the purity of the salt. Hence, average density of the rock saftéa assume®.2

g/cc calculated by a salt structure composed of 95% halite and %5 anhydrite. Composition

and specific gravity of evaporate minerals are shown in Table 1.1.

11



Table 1.1 Composition and specifgravity of evaporate mineralsr@m Carmichel, 1984)

Mineral Composition Specific Gravity

Nonradioactive Evaporites

Halite NaCl 2.164
Anhydrite Ca®, 2.960
Gypsum CaS®2H0 2.320
Trona Na;(CQ)(HCQ)-2HO 2.120

Radioactive Evaporites

Sylvite KCL 1.984
Carnallite KMgd:-6HO 1.610
Langbeinite KoMg2(SQ)s 2.830
Polyhalite KoMgCa(SQ)s-2HO0 2.780
Kalinite MgSQ-KCI-3kD 2.130

Salt flow is pesible where the driving forcewerwhelmthe resisting forces. Major driving

force of salt flow is differential loading. On the other hawoggerburdenstrength and
boundary friction within the salt layer amonsidered beinghe principle resisting forces
(Hudec and Jackson, 2007). The depth of salt burial, geometry of the salt body, geologic
setting, and thermal conditions of the salt determine the type of loading which can be in
three ways gravitational loading, displacement loading, and thermal loading
Combination of the weight athe rocks overlying the salt and gravitational body force
within the salt yields the gravitational loading. If the flanks of a salt lamdghifted from

their original position during a regional shortening or extension, auses the
displacement loadinglhermal loading is a result of deformation in volume of the salt due

to changes in temperaturéHudec and Jackson, 2007).

12



Even though differential loading can be simulateding variety of densities and
geometries, it will ke beneficial to be illustrated by the condition in which a simple
structure is preserdd on the top of the salt beneath a fldying surface. The salt flow
direction and the pointait which equilibrium is reached is related to the density of the salt
and the overlying sediments. Nelson (1991) explained the salt flow mechanism for this
model with three casesediments in this interval are (bj the same density as the salt

(2) less dense than the satir (3) denser than the salt (Figure 1.7)

In the firstcase, there is no pressure difference within the salt if the salt and sediment

densities are equal; therefore, salt flow cannot be observed in this case. (Figure 1.7a).

In the second casehe density of sediments surrounding local salt high is less tifan

salt density and the pressure beneath the salt is higher than the pressure beneath
adjacent sediments ahe same depth.This pressure difference forces the salt to move
from local high to salt bed environme(figure 1.7h)Consequently, thealthigh will be
suppressdin amplitude and some cddions are observed in the overlying sedimélttis

case is generallghservedwhere shallow salt sheets are developed.

In the third casethe density of local salt high is smaller thtdrat of adjacent sedimets
whichproducesapressure differenceausinghe salt flow from the salt bed into the local
salt high. As a result tifie upward movement of the salt through the local salt high, high
amplitude salt diapirs dominantly seen in Gulf of Mexico basin regre developed

(Figure 1.7¢)

13
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which localize the dome, the thickness of mothelt $ayer, the strength or viscosity of

overlying rocks, and the strength or viscosity of the salt are the significant factors that
determine the final form of a salt dome. Formation of a piercement salt dome can be
illustrated in six stages (Figure 1.8).4 LYy AGA I f adl 3S 2F F2NXI GA
deposition of adequate sediments over the salt to produce a pressure difference on the

salt bed. (2) While initial upward movement of the salt begins when the sufficient
pressure difference is occurresediment accumulation still continues. (3) In stage 3, salt
piercement through the overburden begins and overlying rocks are carried upward by the

salt. Also, drop in the peripheral sink cuaif$ the salt supply flowing towards the dome.

Hence, after thistage formation of the dome will be completed with the amount of the

material within the peripheral sink and salt core. (4) At stage the original material

over the dome is almost eroded. (5) After complete erosion of overlying rocks, the cap

rock isproduced bythe action between the salt and cinlating ground water. (6) Calion

of the upturned beds into the peripheral sink in form of block fault segments shows the

final stage of dome growth (Nettleton, 1934; Halbouty and Hardin, 1956; Halbowgy).19

Categorizing the salt domes by their forms, sizes, and relationships to host sediments is
required to describe the structure better. Salt domes are classifiedtwo ways:

descriptivdy and structurally.

14



Descriptive classifications refer to: (1) def burial of the salt mass below the surface,
(2) form or shape of the salt structurand (3) genetic relationship of salt structure or
group of structures. On the other hand, structural classification include the relationship
of: (1) the upper portiorof the salt to adjacent sediments, (2) the lower portion of the
salt mass to the source bed, (3) the salt stock to structural features in adjacent smdta,

(4) the salt core to numerous typical fault pattern (Halbouty, 1967).

15



Figure 1.7.Model of dfferential loading related to structure on the top of the salt; a) Stable
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interval of the overlying sedimentrodified after Nelson, 1991).
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Figure 1.8 Development stages of shallow piercement salt dome @dified after Nettleton,
1934)
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1.3.2Fault Systems around the Salbihes

Relative uplift of the sediments flanking the diapir yields to faulting activity around
passive piercement salt domes. Theasens of diapir uplift can baccounted to a

combination of salt withdrawal from the source layer, continued rise of the salt plug
relative to the source layerand compaction and subsidence of the sediments

surrounding the salt plug (Nelson, 1991).

The usial fault patterns around passive piercement salt domes are radial and commonly
developed from the salt/sediment interface outward. These faults are larger near the salt
plug and become weaker down the flanks of the structure. Relative uplift produces an
extensional stress around the circular salt plug. Sitiee salt plug is biased to move
parallel to the salt/sediment interface, the faults are developed perpendicular to that

interface in response to the stress (Figure 1.9; Nelson, 1991).

18
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Figure 1.9.Sdhematic structure map of a sedimentary horizon around a typical piercement salt

dome (nodified after Nelson, 1991)

1.3.3. The Cap Rock

Cap rocks can be described as layers of anhydrite, gypsum, and calcite that cover the salt
plugs of passive piercemedbmes (Halbouty, 1979). The cross section of a typical cap
rock is shown in Figure 1.1Dissolutionof the top of the salgenerally by meteoric water

yields the formatbn of the cap rock (Murray, 196Posey and Kyle, 1988). Easily soluble
minerals suchas halite are removed under these conditions. Less soluble minerals than

halite accumulate more along the salt/cap rock interfateough a process called

19



underplating (Kyle et al., 1987). Biogenic calcite and hydrogen sulfide are originated by
bacteriaassociated chemical reactions of anhydrite and hydrocarbons presetfitein
environment (Feely and Kulp, 1957). In a few situations, elemental sulfur ciamrbed

by conversion of hydrogen sulfide. Hence, elemental sulfur can be preserved and

deposited inthe cap rock in commercial quantities (Halbouty, 1979).

Calcium

Anhydrite Zone

Figure 1.10.Cross section of Jefferson Island dome, Iberia Parish, Louisiana showing three
mineralogical zones typical of cap rock on many domes. Accessory minerals such as gypsum and
sulfur, if present, are usually associated with the transition and calcite zones owgthye lower

anhydrite zone. (modified after Halbouty, 1967).
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1.4 Thesis Organization

Thisthesis consists of six chaptefShapter oneintroduces the motivation and scope of
this study, reviews the structural framework of th&ulf GCoast dominated by salt

structures, ancaddresseshe fundamentals of the salt dome geology.

Chapter twodescribes the data and methods used D 2nd 3D velocity model building.
A detailed informatiorabout the Pierce Junction salt dome is presented as a review of
previous studies. Next, a seriesggfophysical data acquired from the area processed and

interpreted to gather more information for accurate velocity models.

Chapter threedescribes the aagjsition modeling steps applied in this study. Velocity
model building procedures are defined. Then, seismic survey design parameters decision
by acquisition modeling is presented. The results and analyzes of the survey designs are

also discussed with RTikhage examples.

Chapter fourdiscusses the products of this study in terms of feasibility, equipment
requirements, and cost of the survey. The problems that can be encountered while
acquiring the data irthe real environment and their solutions are alsisa@lssed in this

chapter.

Chapter fiveaddresseshe limitations of this study

Chapter sixcontains a summary and conclusions of this research.
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CHAPTER TWO: DATA AND METHODS

2.1 Study Area

The Pierce Junction salt dome is located seven miles southwBsivaitown Houston, in
southern Harris County. It is named for its location at the intersection of what was then

the Buffalo Bayou, Brazos and Color&iversand the Houston Tap railroad (Figure 2.1).

29°500
Houslon, * &
. e
West University Place s \ ]
. Pesr Park
Pasadeéna a
29° 400 .’5\’;.1"! HAlstan
7 orSouth Houston
{ 4
Fort Bend
Sugarland
=0 + +
o
Big Creek

Figure 2.1Location of Pierce Junction salt domeuddpolygons represent Gufoast salt domes
(Huffman 2004) in the Houston Metrogitan area within Harris County.
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The dome is classified asshallow piercement salt domeAs a typicalculf Coast salt
dome, it is overlain by a cap rock and the salt sfpgr&eep to overhanging. According to
Beckman and Williamson (1990), the salt and overlying capamekncounterel at a
depth of approximately 2@ m and 207 m, respectively. The dome is almost circular and
the area of the top of the salt iasbout 10 km, although it is about 35.25 kfrat the
deepest part (Beckman and Williamson, 199evation from sedevel differs between

17 and 21m in the area.

The stratigraphic sequence of formationgta Pierce Junction area is illustratedFigure

2.2 based ontype electric log. Each stratigraphic unit from lower Miocene trough the
Jackson contains dihat is mostly accumulated on the flanks of the structure (Glass,
1953). The schematic westast cross section of the field indicates the stratigraphic
convergerme and arching o$ediment bordering the salt. On the eastern flanks of the
dome, in the presence of steeply dipping and overturned beds, the evidence of the
increased structural effects of drag between the salt plug and sediment next to it exists

beneaththe salt overhang (Glass, 199Bigure 2.3).
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AGE 3 \\‘\\5\0 TYPE ELECTRIC| PRODUCING LITHOLOGY
x O?* LOG ZONE
(D ?
w 915 m-
z & Gray to whitish, loose to firm, interbedded sands, sandy silts
L a <. and gray, whitish and yellowish shale and marls.
Q |2 of Est, 30% of
9 5 \)\& total production L
s Beds vary in lime content from 0% to 60%.
L1220 m-< %
ANAHUAC j [ Est. 6% of Discorbis Zone - Whitish to yellow shale with fine orystalline lime
total production Heterostagina Zone - Gray firm shale with white to buff nodular lime
Ll 1525 m--
= Est. 45% of . ) o )
W FRIO total production | Gray to whitish thin bedded shale with interbedded sand and silty sand
&)
@]
o
6' 1830 m Light colored arenaceous slightly lignitic beds, containing varying
Est. 15% of amounts of shale which is rarely pure.
VICKSBURG total production
t Sand content increase downward.
z
8 -2134m-- || Very sparse Light brown, firm, fossiliferous shale, small amount of lignite
5 UNDIFF. production disseminated throughout as fine flakes
<
]
2438 m---f |-
L
=z
3 LIZJ 2743 m
8 QO: Grayish, brown, firm, silty and sandy, fossiliferous shale, and
m silty sands.
Z| YEGUA
] One gas & L . . X
O Cond. Well Small amount of lignite disseminated throughout as fine flakes
3048 m-
3353 m

Figure 2.2Type stratigraphic séion of Pierce Junction field (@dified after Glass, 1953).
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the wellsare shown on Figure 2.4 (Modified after Glass, 1953)



The radial fault pattern formed by normal faults around the dome can be observed on the
contouNJ Y | LJ hetérosiedind2 §S¢ O CAITdzNE HPnOd ¢KNR G A
from 15 m to 90 m. Combation of structural effects of faulting and sedimentary
movements ends up with a very complex structural pattern at the areas adjacent to the
dome. Hence, this complex structure does not provide a reliable structural interpretation

at the boundaries of thealt (Glass, 1953).
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Figure 2.4Contour map of Top Heterostegina zone ardPierce Junction salt dome duatified
after Glass, 1953)



The Pierce Junction salt dome has an important place in oil and gas production asstory
it is of the earliest oil #lds. The salt dome area was evaluated as barely productive in the
early 1900ssince the poor drilling technology had not been successful on first fifty four
holes. With the developing technology, first production made in 192théysouth Texas
PetroleumCompany owned by Hugh Roy Cullérst, "Taylor" No. Zyaswell completed

with a total depth of 1,072 m. Finally, initial flow of 3,000 barrels of oil per day was
achieved inthe same welkt around 1225 m depthUntilthe 1930s, 19,637,240 barrels
were produced from 86 wellsn the area(Darton, 1933; Glass, 1953). Oil production
reached its final limits in late 1940s witdlevelopment of theVicksburg on the south flank

of the dome. In 1950s, the field had produced 40 million barrels of oil with 107swell
producing 4,300 barrels per day in advance stage of depleliba.btal oil production

until 1979wasrecorded as 80 million barrels (Holzer and Bluntzer, 1984). According to
Railroad Commission of Texas annual repdhs,Pierce Junction salt dome ptoced
111,232 barrelsf oilin 1997. However, the annual production decreased dramatically to
44,375 barrels in 2012. Annual productiontioé Pierce Junction oil field tepicted in
Figure 2.5. Moreover, gas productitvad continued atil 2000 and apprximately 15

million cubic feet (Mcf) @s had beemroduced from the field (Figure 2.6).
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Figure 2.50il Production in Pierce Junction oil field (Railroad Commission of Texas, 2013)
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Figure 2.6Gas Production in Pierce Junction oil field (Railroadrfiesion of Texas, 2013)
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Besides oil productiorthe Pierce Junction salt dome has been used for brine production
and hydrocarbon storage over the last three decades. This field is the first facility where
simultaneous brine production and storage is pded in Texasguerio, 1974Seni et al.,
1984) Materials that do not dissolve salt can be stored in salt caverns securely. Brine
production using controlled solution mining provides potential storage caverns in the salt
dome (Thonas and Gehle, 2000)exasBrine Company operates brine production, cavern
construction and engineering, and management of storage faciiitigtee Pierce Junction

salt dome.

2.2 Total Station Survey

In 2011, total station survey dataere collectedat the boundaries of the satiome for

static correction of seismic data.

Total station is a moderrelectronic/optical surveying instrumenthat allows reading
slope distances from the instrument to a particular poifsttotal stationsimplyconsists

of a tripod,a distancaneasuringdevice anda reflector prism(Figure 2.7).
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Figure 2.7 Element of the total station survey instrument.

A solid-state emitterwithin the total stationgenerates an infrared laser sign@his laser
signal is then reflected by reflector prism back te tmeasuring device. Thastance
between the total station and the reflector prismdalculated byan integratedcomputer

that interprets the modulation pattern of the reflected signdMost of the ptal station
systens can determine the coordinates andeeation of the point using simple
trigonometry and triangulation equations. The data collected from total station survey
are used to generate the topographic map of the surveyed area. Total station darvey

preferred fordetailed studiesue to itsveryhigh accuracy (~1.5mm).

The survey was carried out at every 5 m where the seismic receivers are deployed in the

area (Figure 2.8). Average elevation in the area is about 19 m. Elevation difference
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between beginning and end of the line is very small (al2ometers). The elevation trend

decreases slightly from North to South with a slope of about 2° (Figure 2.9).

W95.42 W95.41 W95.40 W95.39

N29.66

N29.65

Total station line
Estimated salt boundary

N29.64
250 m

Figure 2.8.Map view of total station survey area. Yellow line represents the total station

measurement line and blue line represents théiated salt boundary (Huang, 2012)
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Figure 2.9Elevation of NS line in the center of the salt
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2.3 2D Seismic Data

2.3.1 Seismic Data Acquisition

A 2D seismic survey wasnductedin the central part of the Pierce Junction salt dome

in 2011, for be purpose of imaging the top of the salt on the same line of total station

survey (Figure 2.81L20 vertical receivers were deployed withnteter interval withthe

total length of 595 m. After shooting along the line, the receiver line has moved 360 m to

the end so as to getii 2 G I f

f Sy3aak

2T dpp

Y O

| D[ Q&

aryi

used aghe source. Sweep type was selected as linear sweep from 10 to 120 MHz. Shots

were fired between two receiver stations with 5 m interval. Distance between scamd

receiver lines s remained at 5 m as much as possible. Figure 2.10 represents the

receiver line and shot station configuration of seismic survey at the Pierce Junction area.

Stations H#1 #2 iH3 S o imimimm #H73
I | | HE |
N = ! ' I Pattern
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
Om 5m 10m 365m

Shots S I - S

IL. Pattern

SR =

995 m

Figure 2.10.Shot and receiver configuration of[2 seismic survey. Remhd green triangles

represents the stations of the first pattern, and the stations of the second pattern, respectively.

Red stars show shot locations.
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2.3.2 Seismic Data Processing

TwoD seismic data fronthe Pierce Junctiorsalt dome areawere processedusing
t I NF RAIYQa 90K2a aSAavYAO LINROSaaAy3d az2fiagl
in Figure 2.11.

Timevariant
Spectral Balancing

via TimeFrequency
Decomposition

Time- Frequency
Domain Noise
Suppression

Data Loading

Timevariant Band
Limited Noise Velocity Analysis
Suppression

Define Geometry &

Binning

Kirchhoff Prestack
Trace Editing Static Correction Time Migration &
Stack

Figure 2.11Processing work flow of Pierce JunctieD Zeismic data.

The collected data first preprocessed usirepigpetry loading, trace editoy and static
correction. A series of noise suppression and filtering methods alemappliedin order

to eliminate low frequency noiseriginated from producing wells and random sources.

First, timevariant bandlimited noise suppression (SUPPRES n&)duwith 320 Hz
frequency band is applied to suppress organized type of raaish as ground roll and air
blast. In this methodhoise and signal components in seismic trace are decomposed using

3-20 Hz Butterworth filter.The roise component of the trace iscaled downthrough
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comparison between noise and signal componeaathave its envelope to match the
specified signal envelope level. The final resuds obtained by summation of original
signal and scaled noise components (Oppenheim and Schafer, 1988s&oand Treitel,

1980; Taner et al., 1979)

Next, timevariant spectral balancing via Tifeequency decomposition (TUNEUP
module)was applied to the data. This method provides replacement of each input trace
with the trace that has broader frequency kdnvhere the envelopes of the input and
output traces are matched. Wavelet transformsing GaboiMorlet waveletsyield the
spectral extension of the trace (Goupillaud et a@84; Morlet et al., 1982; Partgket al.,
1999). The power spectrumof a shot gther before and after timevariant spectral

balancing is shown in Figure 2.12.

Finally, timefrequency domain noise suppression (TFCLEAN modds) used to
eliminate the noise bursts in gathers. This application uses Fast Fourier Transforms to
transform the input gather into timdrequency domain, spliinput gatherinto its
amplitude and phase component, and decompose it to different-lsabds. A noise
threshold, calculated automatically by median of frequency-Babds,was used to scale

the noises whosepectral amplitude value exceeds the threshold within the-bahd.
Subsequentlyunaltered phase informatiowas combined with both scaled and unscaled
amplitude information and transformed to filtered tirrgpace domain by inverse Fourier

Transform. Asa result of sample by sample noise suppression on various frequency
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components, nicely balanced spectras obtained Goupillaud et al., 983; Morlet et al.,

1982; Partyk et al., 1999; Taner et al., 1979).
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Figure 2.12Average power spectrum of shot ¢i@tr No.51 before and after timeariant spectral
balancing. Above, before timeariant spectral balancing, the amplitude decreases with increasing
frequencies. Below, after timeariant spectral balancing, the amplitude stays same high
amplitude value withincreasing frequencies. Blue daléfe represents the amplitude trend with

increasing frequencies.
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In addition to those noise suppression methaaentioned earlier, surfaceonsistent
amplitude balancing, predictive deconvolution, ensemble equalizafe filtering, low
frequency array filteringand surfaceconsistent deconvolution techniquesere also
applied However, as reasonable results could not be observed on shot gathers these

techniques were not used in the final processing flow.

Comparison braw and noise suppresd shot gatherof the 15tand 55" shotsare shown

in Figure 2.13 and Figure 2.14, respectively. Strong ground roll, air, blagtlow
frequency surface consistent noise in raw shot gativere suppressed by the methods
mentioned above. These noise suppression methods increased the resolution and

enhanced the possible reflections.

Root-meansquare (RIS velocity functionwas determinedthrough a detailed velocity
analysis and used in Kirchhoff pgtack time migration (Figure 2.13jinal Kirchhoff pre

stack time migrated and stacked sectsare shown in Figure 2.16.
2.3.3 Seismic Interpretation

Final stack of the data shows a reflector having stacking velocities about 2000 m/s, which

Aad NBlFazylofS G2 0 Sflettion was bisdivedNab 200 BiOtha® NE ® ¢
corresponds to about 290 m depth with 2000 m/s stacking velocity. Another reflector
O2YLJ N GA@Ste oSk 1SN (Kduyd 195G /6 vielociyBvest SOG 2 N

observed at 210 ms that corresponds 205 m depth. Téfectorwad Ay 0§ SNLINS ISR |
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rock and salt depth information from previous studies in the area.
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Figure 2.13Comparison of raw (A) and processed (B) shot gatbkthe ' shot.
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Figure 2.14Comparison of raw (A) and processed (B) shot gathers of thetsh.
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