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EXECUTIVE SUMMARY

Advanced reservoir characterization techniques are being applied to selected reservoirs in the

Frlo Fluvial-Deltaic Sandstone (Vicksburg Fault Zone) oil play of South Texas to maximize the

producibllity of resources In this mature oil play. This mature play has already produced nearly

1 billion barrels (Bbbl) of oil, yet still contains about 1.6 Bbbl of unrecovered mobile oil and nearly

the same amount of residual oil resources. More than half of the reservoirs in this deposltlonally

complex play have ah'eady been abandoned, and large volumes of oil may remain unproduced

unless advanced characterization techniques are applied to define untapped, incompletely drained,

and new pool reservoirs as suitable targets for near-term recovery methods. Primary technical

objectives of this project are to develop interwell-scale geological facies models of Frto fluvial-deltaic

reservoirs and combine them with engineering assessments and geophysical evaluations in order to

characterize the Frio fluvial-deltaic reservoir architecture and flow unit boundaries and to determine

the controls that these characteristics exert on the location and volume of unrecovered mobile and

residual o11.These results will lead directly to the identification of specific opportunities to exploit

these heterogeneous reservoirs for incremental recovery by recompletion and strategic lnfill drilling.

Progress achieved during the first year of the contract award consisted of (1) screening fields

within the Frio Fluvial-Deltaic Sandstone play for currently active reservoirs using detailed

production and geologic data bases suitable for detailed characterization studies, (2) developing a

regional stratigraphic model of the productive Frio reservoir sequence, (3) selecting two South Texas

fields for detailed studies, and (4) gathering data and taking inventory, creating digital data bases,

and undertaking initial reservoir studies of each field area.

Reservoir characteristics were screened on a playwide basis, which included the tabulation and

statistical analysis of production and engineering data from 346 reservoirs throughout the Frio

fluvial-deltaic oll play. Evaluation of these reservoir data resulted in the characterization of reservoir

parameters, the frequency distribution for values of individual reservoir attributes, and playwlde

resource estimates.

In addition to the comprehensive survey and evaluation of engineering data, regional geologic

data from the upper Vicksburg through Frio stratigraphlc interval in South Texas were compiled and

reviewed in order to construct a genetic chronostratigraphlc framework for the Frio reservoir

interval within the play. This framework will enable individual reservoir zones to be characterized

according to their stratigraphic context. This, in turn, will provide a fundamental basis for

comparisons of reservoir zones within fields, as well as for the application of specific results of

individual reservoir studies to other reservoirs and fields within the play trend.

Two fields were selected for study: Rlncon field, near the Mexico border In Starr County, and

T-C-B field, in the northern portion of the play trend in Jim Wells County. Project personnel

conducted reviews with operators of both fields to discuss research plans and arrange for access to



information on drilling history, perforation Intervals, formation and reservoir tops, well logs, core

descriptions and analyses, and fluid and pressure test data. Data from over 220 wells have been

collected and inventoried from lease blocks In the portion of Rlncon field selected for study. Similar

data have been gathered for more than 80 wells In T-C.B field. Conventional core from four well_ In

Rlncon field, representing approximately 300 ft in total thickness, has been acquired for detailed

study and analysis. No whole core Is available for study from T-C-B field, although arrangements

have been made for examination of abundant sidewall cores for petrographic analysis.

Preliminary syntheses of reservoir log, core, and production data were undertaken In order to

identify Individual reservoirs with the greatest additional resource potential to target for detailed

reservoir characterization studies. Initial studies of available geologic well data Included the

selection of representative logs for each field to characterize overall deposltlonal style and Illustrate

reservoir zones and assodated production. Core analysis data from both fields were tabulated,

summarized, and evaluated by reservoir to Identify and assess reservoir variability within the field.

Production histories for Individual reservoirs were reconstructed using available completion data.

Summaries of the details of field production history, available geologic and engineering data,

and initial reservoir studies are discussed for both T.C-B and Rlncon field study areas. The fleldwide

stratlgraphlc and structural framework, along with preliminary compilations of production data and

reservoir characteristics for Individual reservoir zones, Is presented for each field. On the basis of

these preliminary Investigations and a general assessment of reserve growth potential of reservoirs

within each field area, reservoir Intervals from Rlncon and T-C-B fields have been targeted for

detailed characterization studies.



ABSTRACT

The Frlo Fluvlal-Deltalc Sandstone (Vicksburg Fault Zone) oli play of South Texas has produced

nearly I Bbbl of oli, yet still contains about 1.6 Bbbl of unrecovered mobile oli and nearly the same

amount of residual oli resources. More than half of the reservoirs In thls deposltlonally complex

play have been abandoned, and large volumes of oli may remain unproduced unless advanced

characterization techniques are applied to define untapped, incompletely drained, and new pool

reservoirs as suitable targets for near-term recovery. Interwell-scale geological fades models of Frlo

fluvlal-deltaic reservoirs will be combined wlth engineering assessments and geophysical

evaluations In order to characterize Frlo fluvlal-ddtalc reservoir architecture and flow unlt

boundaries and to determine the controls that these characteristics exert on the location and

volume of unrecovered mobile and residual oli. These results will help Identify spedfic

opportunities to exploit these heterogeneous reservoirs for Incremental recovery by recompletlon

and strategic Infill drilling.

Progress achieved during the first year of the contract award consisted of screening production

and geologic data bases of fields within the Frlo Fluvial-Deltalc Sandstone play to determine fields

suitable for detailed charadeHzation studies, selecting two South Texas fields for detailed studies,

and performing Initial reservoir studies of each field. Tabulation and statistical analysis of

production and engineering data from 346 reservoirs throughout the Frlo fluvlal-deltaic oli play

were performed In order to characterize average reservoir parameters, generate frequency

distributions Forvalues of individual reservoir attributes, and calculate playwlde resource estimates.

Two fields were selected for study: Rlncon field, near the Mexico border In Starr County, and T-C-B

field, In the 'northern part of the play trend In Jim Wells County. Prolect personnel conducted

reviews with operators of both fields. Data on drilling history, perforation intervals, formation and

reservoir tops, well logs, core descriptions and analyses, limited conventional core, sidewall core

samples, and fluid and pressure tests were acquired from 220 wells In Rlncon field and from more

than 80 wells In T-C-B field.

Preliminary syntheses of reservoir log, core, and production data were undertaken to Identify

Individual reservoirs w_Iththe greatest additional resource potential to target for detailed reservoir

characterization studies. Representative logs for each field were seleded to characterize overall

deposltlonal style and illustrate reservoir zones and associated production. Core analysis data from

both fields were tabulated, summarized, and evaluated by reservoir to Identify and assess reservoir

variability within the field. Production histories for Individual reservoirs were reconstructed using

available completion data. On the basis of these preliminary Investigations and a general assessment

of reserve growth potential of reservoirs within each field area, reservoir Intervals from Rlncon and

T-C-B fields have been targeted for detailed characterization studies.



INTRODUCTION

Summary of Project Objectives

To maximize the producibillty of resources in the Frio Fluvial-Deltaic Sandstone (Vicksburg

Fault Zone) trend of South Texas, we selected two fields in which to apply advanced leservoir

characterization techniques. A mature play that has already produced nearly 1 Bbbl of oil, the Frio

Fluvial-Deltaic Sandstone still contains about 1.6 Bbbl of unrecovered mobile oil and nearly the

same amount of residual oil resources. More than half of the reservoirs in this depositlonaUy

complex play have already been abandoned, and large volumes of oil may remain unproduced

unless advanced characterization techniques are applied to define untapped, incompletely drained,

and new pool reservoirs as suitable targets for near-term recovery methods.

This project will develop interwell-scale geological fades models of F[io fluvial-deltaic

reservoirs from selected fields and combine them with engineering assessments to characterize

reservoir architecture and flow-unit boundaries and to try to determine the controls that these

characteristics exert on the location and volume of unrecovered mobile and residual oli. Results of

these studies should lead directly to the identification of specific opportunities to exploit these

heterogeneous reservoirs for incremental recovery by recompletion and strategic inflll drilling

(Table I).

Table 1. Summary of project objectives.

OBJECTIVE APPROACH

1. Demonstl ate the application of state-of-the-art • Utilize maturelydeveloped fl,avialand deltaic
reservoir characterizationto incremental recovery sandstone reservoirsas a laboratory for
of additionaloil in known fields reservoir characterizationtechniques

2. Integrate geological faciesmodels with • Focuson depositional and diasenetic
petrophysical and engineering data to heterogeneity ratherthan s_ructuralcomplexity
characterize fluvial-deltaic reservoir heterogeneity
and identify controls on the locationand volume
of unrecovered mobile and residual oil

3. Provide examples from selected fields and • CharacterizemajorFrioreservoirsin the
reservoirs to serve as a guide for other fields and VicksburgFaultZone oil play in theTexasGulf
reservoirs Coast Basin

4. Define near-termopportunities for infield s Emphasize practicalfield-oriented
reserveadditions in selected fields by identifyin8 techniquesto screenfor reserve growth
specific targetsforstrategic infill drilling and well potential and develop approachesto direct
recompletion strategictargetingof new infill drilling and

recompletions to overcome reservoir
compartmentalization
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Project Description

]'he pro]ed Is divided Into three major phases (Figure 1). The first phase Includes (1) the

Initial tasks of screening fields within the play to select representative reservoirs that have a large

remaining oll resource and are in danger of premature abandonment (task 1), and (2) performing

initial characterization studies on these selected reservoirs In order to Identify the potential for

untapped, Incompletely drained, and new pool reservoirs (tasks 2-4). The second phase will Involve

advanced characterization of the selected reservoirs in or,Jer to delineate Incremental resource

opportunities. This will Include volumetric assessments of untapped and Incompletely drained oil,

along with an analysis, by reservoir, of specific targets for recompletlon and strategic inflll drilling.

The third and final phase of the project will consist of a series of tasks associated with final project

documentation, technology transfer, and the extrapolation of spedfic results from reservoirs in this

study to other heterogeneous fluvial-deltaic reservoirs within and beyond the Frio play In South Texas.

Summary of Progress

This annual report documents technical work completed during the first year of the contract

award, from October 1992 through October 1993. Work performed during the reporting period

focused on tasks assodated with proled start-up adlviUes and Initial screening of Individual fields

and reservoirs within the Frio Fluvial-Deltaic Sandstone oil play to assess their suitability for

detailed reser_ olr characterization studies (Table 2).

Subtask 1 consisted of Initial screening of publicly available field data on reservoirs within the

Frlo Fluvial-Deltaic Sandstone (Vicksburg Fault Zone) play. Field summaries were compiled using

data from Railroad Commission of Texas hearing files and other public data sources, and these

formed the basis for dedslons to review additional operator data on specific fields. Fields were

screened to identify reservoirs that have a large remaining oil resource, are in danger of premature

abandonment, and have geologic and production data In suffldent quantity and of suitable quality

to fadlltate advanced reservoir characterization studies.

Two fields that met the above criteria were selected for induslon in this study: Ti]erlna-

Canales-Blucher (T-C-B) field, located In the northern portion of the trend In Jim Wells County, and

Rlncon field, located to the south In StarrCounty. Prolect members met with operators of both

fields to review available geologic and production field data, discuss research plans, and collect

geological and engineering field data necessary for reservoir characterization and targeted resource

addition studies (subtasks 2 and 3). Geologic and production data for both fields have been

organized, and initial reservoir characterization studies are currently underway. This first stage of

reservoir evaluation has been focused on developing a detailed stratigraphlc framework of the

productive reservoir Intervals in both fields and assessing the additional resource potential of

individual reservoir units.
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Table 2. Significant accomplishments in Project Year 1: 1992-1993.

I. Selection of two South Texas fields for reservoir characterization studies

2. Reviews with field operators, data gathering and inventory

3. Development of digital log data bases

4. Construction of type logs for fields, establishment of regional cross-section framework

5. Preliminary synthesis of reservoir log, core, and production data

6. Synthesis of reservoir pressure and production data

7. Comparison of production histories by reservoir

8. Synthesis of core analyses data by reservoir
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RESERVOIR HETEROGENEITY AND RESERVE GROWTH POTENTIAL IN

FLUVIAL-DELTAIC SANDSTONES

Stratigraphic Architecture and Scales of Reservoir Heterogeneity

The architecture of sandstones in clastlc reservoirs has a direct impact on hydrocarbon

recovery. Internal features within reservoir sandstone units define the geometry of fluid pathways

that control the efficiency of hydrocarbon migration to the well bore and therefore provide

fundamental constraints on the ultimate volume of conventionally recoverable oil and gas that

remain in the ground when the reservoir is abandoned (Tyler and others, 1992). Understanding the

details of reservoir architecture and its inherent control on fluid migration is critical to efficiently

targeting the remaining recoverable oil resource in maturely developed reservoirs.

The internal geometry of sand bodies and the degree of Interconnectedness, communication,

or compartmentalization between individual reservoir sand bodies are products of the

nonunlformity, or heterogeneity, of a rock reservoir (Alpay, 1972). Reservoir structure can be

exceedingly complex, containing heterogeneitles from scales of kilometers down to scales of less

than 1 millimeter (Lasseter and others, 1986). To facilitate studies of the various types of

heterogeneitles present In rock reservoirs, researchers have arbitrarily divided reservoir

heterogeneity into four different classes, or levels, that relate to different scales of investigation

(Alpay, 1972; Weber, 1986; Tyler, 1988). These levels of heterogeneity range from the megascopic

identification of variations in depositlonal style and sediment stacPJng patterns within an entire

sedimentary basin sequence, to macroscopic and mesoscopic variations described within an

individual deposltional unit, to the microscopic study of pore throat variations between grains in

a single core (Figure 2). The description and characterization of reservoir heterogeneity at each of

these scales require separate methodologies, different data types, and the use of various analytical

tools designed to measure and detect heterogeneity at different levels of resolution (Figure 3)

(Worthington, 1991;Jackson and others, 1993).

Megascoplc studies of reservoir heterogeneity address large-scale relationships between

reservoirs that occur within a play trend or field area (basin scale and field scale) and are controlled

by regional variations in base level that occur in response to changes in eustasy, sediment supply,

subsidence, and climate (Miall, 1988). An understanding of regional-scale variations in reservoir

architecture (for example, connected, laterally amalgamated fluvial channels versus isolated,

vertically stacked fluvial channels) is important in identifying reservoir analogs within a play and

assessing lntrafieid variations in reservoir quality and recovery efficiency.

Intermediate scales of reservoir heterogeneity include variations at the macroscale level of the

genetic sand unit or depositional facies (for example, point-bar versus crevasse splay deposits) and

mesoscale variations within ripple laminae and beds. Microscopic heterogeneity refers to variations

at the scale of grains, pores, and pore throats. These small-scale heterogeneities are responsible for
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variations In capillarity and local fluid-flow pathways that control the nature of oil saturation and

the retention of residual oil in the vicinity of the well bore. This level of heterogeneity Is largely a

function of dlagenetic processes.

Heterogeneity in fluvial sandstones has also been described in terms of a hierarchy of

bounding surfaces of various scales 0dlall, 1988). These range from large-scale sixth-order surfaces

that separate depositional sequences, to fifth- and fourth-order surfaces defining major reservoir

packages and individual channel units at the lnterwell level, tes_ctively, to smaller fourth- through

first-orderbounding surfaces, which are small-scale features recegnlzed at the core level, but their

limited lateral extent (<25 acres) precludes correlation at the interwell level. A st_mmary of the

various scales and nomenclature associated with reservoir heterogeneity Is provided In Table 3.

Compartmentalization In Fluvial-Deltaic Reservoirs

The scale of heterogeneity that is most critical in controlling fluid flow pathways and is the

key to accessing unrecovered mobile oli remaining In the reservoir Is the Intermediate, Interwell, er

macroscopic scale of heterogeneity. This level of heterogeneity most closely corresponds to the

reservoir flow unlt. Macroscale features include variations in deposltlonal and dlagenetlc facies that

serve to compartmentalize a reservoir. Physical bounding elements that define the permeability

structure of a reservoir and divide it Into separate flow units Include both bedding surfaces as well as

nonpermeable rock types that act as Intrareservolrseals between Individual reservoir compartments

(Tylerand Finley, 1991). The types of permeability barrierspresent and the style and extent of

reservoircompartmentalization that they create aredirectly related to the deposltional system.

LeBlanc (1977) documented many examples of how the distribution, Internal characteristics, and

continuity of sandstone reservoirsare primarily controlled by the original environment of

deposition.

Stratigraphlccompartmentalization that Is inherent in fluvial-deltaic deposltlonal systems is

responsible for the incomplete and inefficient recoveryof available oli and gas resources within a

developing field. Various categories of infield reservoir compartments, in addition to those currently

producing or depleted, are recognized as targets for Incremental recovery in mature fields (Levey

and others, 1992). These include (I) untapped reservoircompartments, (2) incompletely drained

reservoir compartments, and (3) deeperpool targets.Characteristics of these various reservoir targets

have been summarized in Table 4. Untapped and !ncompletely drained reservoir compartments are

the primary targets that can be identified through detailed depositlonal facies analysis and the

identification of Interwell scale heterogeneltles that dls_Idereservoir facies Into separate flow units.

Llthologlc heterogeneity and the presence of uncontacted and incompletely drained reservoir

compartments located between exl_dng well spacing are illustrated in Figure 4. The present level of

development within a field, described by current well spacing and the density of completions

within reservoir zones, can be used as a relative indicator of remaining untapped potential.
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(a) Homogeneous reservoir modal: Laterally continuous sheet sandstone

............ .....................t ...10o

0 2soo_

0 7som

(b) Heterogeneous/ reservoir modal: multiple compartmentsof _acked channel and splay sandstones

Potentialre_omptetion__

_ m

°I
Unit 1

Unit2

3O
!00

Drained reservoir area _ Incompletely drained and/or
undrained reservoir

QAa4U 1o

Figure 4. Schematic geological crosssection contrasting the generalized interpretation of a sandstone
reservoiras a simple, laterally continuous (homogeneous) producing zone (A) with a more detailed
Interpretation of the same sandstone unit as a complex heterogeneous zone consisting of multiple
reservoir compartments (B).In the traditional example of the simple reservoir unit (A),good reservoir
continuity suggests that the reservoircan be completely drained at the current well spacing. The
complex architecture Illustrated In (B)Indicates the presence of fades boundaries within the sandstone
that create multiple compartments, some of which are only partially drained or are completely
untapped at the present well spacing. Modified from Jackson and Ambrose (1989).

In addition to untapped and incompletely drainedreservoir targets, there may be additional

resourcepotential present In deeper pool reservoirs, which may exJstin reservoirzones already

penetrated, but below previously established production. Evaluations of deeper pool targets are

based on a much less dense framework of data; therefore, they often require regional facies analysis

and sequence stratlgraphlc studies of reservoir systems to properly assess their recovery potential.

Recovery Potential of Fluvial-Deltaic Sandstone Reservoirs

Estimatesof oll recovery from reservoirs In fields across the United States average 34 percent

(Tyler, 1988). A recent survey of more than 450 Texas oll reservoirsdocumented a well-defined

trend of declining recovery efficiency with increasing heterogeneity and complexity of reservoir

13



architecture (Galloway and others, 1983). Recoveryefflciendes In elastic reservoirsrange from a

high of nearly 80 percent In the architecturally simple, laterally continuous, wave-dominated delta

and barrler-strandplaln reservoirsof East Texas, to a low of 8 percent in sand-poor, discontinuous

basin-floor turbldlte reservoirs In the Permian Basin (Tyler and others, 1984). Fluvial.deltaic

reservoirsfall between these extremes, with complex channelizatlon and abrupt fades variation in

some fluvial-deltaic reservoirsystems responsible for recovery efflclenctes as low as 20 percent. This

large variation In recovery efficiency Is well Illustrated forTexas oll reservoirs,because populations

of fluvial-deltaic, deltaic, and submarine fan reservoirscontain similar volumes of oll In place but

the deltaic reset, firs account for more than 50 percent of total reservoir production (Tylerand

Finley, 1991).

Lateraland vertical reservoirheterogeneity Is controlled by the deposltlonal processes

responsible for creating the reservoir, and this heterogeneity In turn Is responsible for developing

the reservoir architecture that provides the fundamental control on hydrocarbon recovery efficiency

in a given reservoirunit (Tylerand Finley, 1991). Developing a detailed understanding of the

processes, styles, and scales of heterogeneity that characterize a particular reservoir type can become

a powerful predictive tool In the identification and delineation of additional unrecovered oil and

gas resources. Using this approach, major sandstone types can be classified according to their degree

of vertical and lateral heterogeneity that can be used to predfct recovery efflciencies and the

residency of unrecovered mobile oil In the reservoir (TyleranO Finley, 1991) (Table 5).

Reservoir Characterization within a Sequence Stratlgraphlc Framework

Application of sequence.stratlgraphlc concepts has made Important contributions In many

recent reservoircharacterization studies. These concepts provide a chronostratlgraphlc framework In

reservoir studies that is useful In delineating the structure of reservoirflow units and also provide a

means of transporting results of reservoirstudies to other fields In analogous stratigraphlc settings.

There are several examples of the application of sequence stratigraphy (see, for example, Vail, 1987;

Van Wagoner and others, 1988) In the megascale characterization of reservoirs that takes place

within exploration of frontier and emerging basins, but sequence stratigraphy also Is becoming

Increasingly more common as a tool In the detailed reservoircharacterization of mature fields.

Construction of a reservoir framework at the sequence and parasequence scales provtdes for the

natural packaging of strata Into genetic units that correlate well to petrophyslcally defined units at

the lnterwell scale (Tyler and others, 1992). Definition of llthologic and dlagenetlc reservoir flow-

unit architecture of fluvial.deltaic sandstones within the context of a well-defined sequence.

stratlgraphlc framework can provide a model to predict the distribution and continuity of

permeable zones In other reservoirsdeposited In analogous deposltlonal settings (Table 6).

The development of a detailed regional stratlgraphlc and structural context for a reservoir is

viewed as a critical step in evaluating Its potential for secondary hydr3carbon recovery. Spedfic
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architecturalstyles of reservoirsdeposited In fiuvlal-deltalc environments are a function of varying

rates of sediment supply, subsidence rates, eustatlc sea-level change, and other e.xtrabaslnalfactors

(Mlall, 1988). Different rates of coastal plain a/gradatlon control the stacking geometry and

connectivity of channel sandstones. Laterallystacked and connected channel systems are developed

during slow net aggradatlon, whereas vertically stacked and Isolated channel systems occur during

relatively rapid aggradatlon (KerrandJirllg 1990; Kerrand others, 1992). Previous detailed work on

the regional geology of the Frio deposltional sequence (Galloway and others, 1982, 1986; Galloway,

1989)and severalrecent reservoircharacterizationstudies of Fdogas reservoirs0irlk, 1990; Kerr,1990;

KerrandJlrik, 1990; Levey and others, 1992) provide an excellent context In which to study

individual fades components of oU-bearlngreservoirsIn the Ruvial-Deltalc Sandstone play of
South Texas.

Integrated GeolosJc and Engineering Evaluation of Reservoir Heterogeneity

Advanced recovery approaches influvlal-deltalc reservoirsdepend on characterization that

Integratesgeological facies models with engineering assessments of reservoirbehavior and

production histories, identification and production of incremental mobile oli resoarces depend on

determining which parts of the reservoirhave not been effectively contacted or swept because of

deposltional heterogeneity ;,ridthe resultant reservoircompartmentalization. Assessing the

potential for Incremental reservegrowth in mature fields requiresIdentifying the location and

volume of the remaining resource in the reservoir.

An evaluation of operatordrilling and development history, Including basic data on reservoir

completion and perforation spacing, defines the basic level of field development and is an

Important factor In determining the potential for additional recovery within a field (Figure 5).

Analysisof production trends and compilation of well history Information commonly provide

direct information on the spatial location, productlviW, and volumes of additional reserves.

Variationsin the number of reservoirs per squaremile, the number of completions per reservoirper

square mile, and ratios of cumulative production per completion can provide Important Insights

into areasof the field or reservoirzones with additional potential. In addition, different fields often

employ different definitions of the term "reservoir";in some fields a reservoir refersto individual

sandstone bodies less than 30 feet thick; in other fields, reservoirzones define a much thicker

composite Interval (often >I00 ft) consisting of multiple Isolated sandstone bodies Interbedded with

mudstone (Ambrose and others, 1992). Carefultabulation of reservoirproduction and completion

data Is necessary In order to accuratelycompare reservoirproduction between different fields and,

in some cases, within a single field. These methods were employed as a first step In screening data

from various fields throughout the play and in comparing the levels of production of reservoirs

within a single field.
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FRIOFLUVIAL-DFJ_TAICSANDSTONEPLAYOVERVIEW

LocaUon and Characteristics of Fields within the Play

The FrioFluvial-Deltaic_ndstone (Vicl_burgFaultZone)play(Figure6) Is locatedIn South

Texasandextendsfrom StartCountynortheastwardto Jim WellsandNuecesCounties,Texas

(Gallowayandothers,1983).FieldsIn the playproduceoll from heterogeneousfluvialand deltaic

sandstones of the Ollgocene Frioand upper VicksburgFormations on the eastern, downthrown side

of the VicksburgFault Zone. Oil-bearing traps consist predominantly of shallow rollover anticlines

that formed during later stages of fault movement along the fault zone Oackson and Galloway,

1984; Tylerand Ewin& 1986). Deeper structuresare characterized by syntheUc and antlthetic faults

with large displacements commonly In excess of hundreds of feet. Individual fields within the play

produce from a straUgtaphlc Intervalthat averages2,000 ft In thickness and consists of 20 to 40

separatesandstone reservoirsthat are InterUeddedwith mudstone (Stanley, 1970).

Production ltistory

The Frio Fluvial-Deltaic Sandstone (VicksburgFaultZxme)has produced nearly 1 Bbblof oil

equivalent from 129 reservoirs In fields throughout the play In South Texas (Galloway and others,

1983; Kostersand others, 1989). Total original oll In place estimates, however, are in excess of

4 Bbbl, of which 1.6 Bbbl is classified as tmrecovered mobile o11,and nearly the same amount is

attributedto residual oil resources (Figure 7).

The development status of the play is classifiedas mature to supermature, because most of the

major fields in the play were discovered In the late 1930's and early 1940's (Figure 8a). Reservoir

abandonment rates Increased significantly during the Ume period from 1987 to 1989 (Figure 8b).

The number of producing wells in the play showed a precipitous decline of over SOpercent during a

5-yr period from 1974 to 1978. The play has been experiencing a steady decline In both overall

production and Individualwell flow ratesthroughout the 1980's (Figure 8c). By 1989, over

one-half of the 129 reservoirs lnduded In the play were no longer producing. Annual production

from 376 active wells in 1989 was approximately 1.2 MMbbl.Averagedally production rates from

these wells had declined to 8.9 bbl/d.

011 and natural gas reservoirs produce from thesame stratlgraphlc Interval. Production drive

mechanism IsdomInantly gas-cap expansion. Most fields have largegas caps and have been unitized to

properly develop and maintain pressure In the complex sandstone reservoirs. In many cases,

produced natural gas has been cycled back into some of the reservoirsto maintain production of oil.

Engineering attributes for Frloreservoirsthroughout the play are described In the next section.

The typical reservoiris a dip-oriented fluvial or distrlbutary-channei sandstone draped over a

northeast-trending anticlinal structure. Individual sandstone reservoirsrange from 10 to 50 ft in
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Figure 6. Map of South Texas showing location of fields within the Frlo Fluvial-Deltaic
Sandstone play along the Vicksburg Fault Zone. Fields shown Include those which have
produced more than 1 million barrels (1 MMbbl) of o11.Modified from Galloway and others
(1983) and Kosters and others (1989).
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Figure 7. Distribution of the
location of oil resourceswithin
reservoirs of the Frlo Ruvial-
Deltaic Sandstone play in
South Texas. Nearly 1 billion
barrels (1 Bbbl) have been
recovered In the play, but
nearly two-thirds of the
esUmated original oll In place,
Including more than 1.5 Bbbl
of remaining mobile o11, Datafrom129 Raids
remainsIn the reservoirs. STOOIP- 4,146.1MMSTB oA,m_

thickness and consist of Individual or multiple amalgamated sand bodies. Porosity and permeability

values average25 percent and 430 md, respe_vely, and the averageAPIgravity of produced oll Is 41°.

Reservoirsare Internally compartmentalized by permeability baffles and barrierscaused by mud-

flied channelplugs,by mud drapesand dp-up-clastzoneslocatedbetweenchannel-on-channel

contacts,andby morelaterallyextensivefloodplainmudstonefadeslocatedIn lnterchannelareas.

Regional Geology of the Frto Reservoir Interval

Structural and StraUgraphic Setting

Fields In the Frio Fluvial-Deltaic Sandstone play are located on the downthrown side of the

large Vicksburg Fault Zone, a major down-to-the-coast llstrlc normal growth fault system that

parallels the Gulf coastline for over 100 mi. These faults mainly offset the Vicksburg Formation but

also affect the lower portions of the overlying Fdo Formation.

The play produces from a stratigraphic interval within the Oilgocene Fdo Formation, which

is one of seven major progradational wedges in the lower gulf coastal plain of South Texas that
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Figure8. HistogramsIllustratingtrendsin reservoirdiscovery(A), reservoirabandonment(B),and
declineIn annualproduction(C)In theFrloFluvial-DeltaicSandstoneollplay.O11productionIn the
playhassteadilydeclinedsince1968,andasof 1991,nearly60percentofallproducingreservoirshad
beenabandoned.
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Figure 9. Schematic cross section of the South Texas GulfCoast Basin.Modified from Bebout and others
(1982).

represents the sedimentary record of a major deposltional offlap episode of the northwestern shelf

of the Gulf of Mexico Basin (Figures 9 and 10). Fields in the play occupy a transitional area

between the Norias delta system and the Gueydan fluvial system (Galloway and others, 1982).

The majority of productive oll reservoirsIs found In progradational, fluvial-dominated deltaic

depositional facies within the lower Fdo interval and In aggradatlonal fluvial facies in the middle

Fdo (Figure 11).

Upper Vlckstmrs-Frlo Genetic Stratigraphlc Sequence

The entire productive Frio reservoir interval in this play Is partof a largergenetic depositional

sequence that reflects a seriesof deposltional events that Indude strata from both Vicksburgand

Fdo Formations. These depositional events produce an overall genetic stratigraphicstacking pattern

that consists of episodes of seaward-stepping deltaic progradation, vertically stacked fluvial aggrada-

tion, and landward-stepping retrogradation followed by a transgressiveevent (Figure 12, Table 7).
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Figure 10, Stratigraphlc column of Cenozoic sediments of the South Texas Gulf Coast. The
sedlmentaw succession has been divided Into a series of large-scale deposltional episodes that
represent major periods of progradatlon that occurred throughout the Cenozoic (Galloway,
1989). Reservoirs in the Frio Fluvial-Deltaic Sandstone play are part of a larger Frio-Vlcksburg
genetic sequence.
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A briefsummaw ofthemainstratigraphlccomponentsoftheupperVicksburg-Friodeposltional

sequenceisprovidedheretoplacetheproductiveFrioreservoirsthatarethefocusofthisstudyinto

aregionalstratigraphlcand geneticcontext.

TheupperVicksburgFormationrepresentstheinitialprogradationalphaseofthelarger

Vicksburg-Frlogeneticstratigraphicinterval(ColemanandGalloway,1991;Xue andGalloway,

199I).UpperVicksburgsedimentsconsistofthickprogradational(seaward.stepplng)deltaic

sandstonedeposits(Han,198i;Han andScott,198I)thatoccurinpackages50toIS0ftthickand

areseparatedbyS0-toISO.ft.thickintervalsofmudstone.TheVicksburgFormationinSouthTexas

hasbeenstronglyaffectedbymovementalongfaultsassociatedwiththedevelopmentofthe

VicksburgFaultZone(Coleman,1990;ColemanandGalloway,1991).Reservoircompartmental.

IzatloninthesestructurallycomplexreservoirsoftheupperVicksburgiscontrolledtoa verylarge

degreebyfaults,andstratigraphlccorrelationsnecessarytodocumentdeposltionaianddiagenetlc

heterogeneity are very difficult.

The contact between upper Vicksburgstrata and sediments of the lower Frlo Is recognized as

an unconformity throughout the lower Gulf Coast. Evidence for the unconformable nature of the

contacthasbeendocumentedInseveralfieldstudies;ItIsoftenrecognizableon seismicsections,by

deflectionson dlpmeterdata,andbypronouncedchangesinresistivityanddensitylogresponses

observedonwelllogs(Gallowayandothers,1982).inadditiontollthology,theIndexforamlnlfer

Textular_warrenlhasbeenusedtodistinguishtheupperVicksburgfromtheoverlyingFrlo

Formation(BeboutandAgagu,1975;Beboutandothers,1978).InSouthTexas,lowermost

sandstonesoftheFrlohavebeenobservedtocontainTextularlawarrenl,butforthemostpart,the

nonmarinenatureofthebulkoftheFriosequenceprecludestheexclusiveuseofforaminiferaIn

dlfferentiatln8theFriosection.

InsouthernmostareasofthePdoGrandeEmbaymentinStarrCounty,geneticsequence

analysissuggeststhatlowerFriodepositionwasinitiatedbyanaggradatlonalepisodeof

sedimentationthatfollowedaprogradationalphaserepresentedbyupperVicksburgdeposP,lon

(ColemanandGalloway,1991).Farthertothenorth,ina positionalongthecentralaxisofthe

embayment,regionalwell.logcorrelationssuggestthatupperVicksburgsedimentsmay reflecta

periodofretrogradationandasubsequentveryshortperiodoftransgression.Inthisarea,thebase

ofthelowerFrlorepresentsamaximum floodingsurface,whichisthenfollowedbytheonsetof

anotherprogradatlonalphaseofsedimentation.Examinationofwelllogsalongacrosssectlonin

thenorthernmostareaoftheRioGrandeEmbaymentIndicatesthattheprogradatlonaleventspans

bothupperVlcksburgandlowerFriosections,butthebaseofthelowerFrlomarksachangetoa

slowerrateofprogradatlon(ColemanandGalloway,1991).Additionalstratigraphlcanalysis

focusedwithinselectedareasacrosstheFrloFluvial-DeltaicSandstoneplaytrendwillberequiredto

resolvethesedifferencesInsedimentaccumulationdynamicsthatmarkthetransitionbetween

VicksburgandFriostrata.
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LowerFrlo deposition caused the development of a thick sequence of laterally continuous

strandplaln sandstone reservoirsand Interbedded coastal plain mudstones and inner shelf

mudstones in the central Gulf Coast, but Itwas a relatively short-lived event In the vicinity of fields

in the Frio Fluvial-Deltaic Sandstone play in South Texas (Galloway and others, 1982). The location

of the shelf edge at the beginning of lower Frio deposition was approximately coincident with the

eastern extent of the present.day location of the VicksburgFault Zone (Galloway and others, 1982).

Deltaic sediments progradedrapidly out over the preexisting unstable shelf margin during early Frio

time, and by the beginning of middle Frlodeposition, the shelf edge had extended seaward to the

location of the present.day Frio Fault Zone. As a result, most deposition of Frio sediments In fields

along the VicksburgFault Zone consisted of a prolonged aggradational phase of deposition of

nonmarine middle and upper Frlo sediments of the Gueydan fluvial system.

The contact between middle and upper Frlo stratain sediments present In fields along the

VicksburgFault Zone Is not obvious. Upper Frio sedimentation Is characterized for the most part as

i representing a retrogradatlonal phase of sedimentation that is a precursorto a regional marine

transgre_lve event that marks the end of the Vlcksburg-.Friogenetic deposlt/onal sequence

(Galloway and others, 1982). This event occurs at the base of the Miocene and is represented by

deposit/on of the marine Anahuac shale (Figure10). The upper Frio section deposited In fields along

the Vicksburg Fault Zone Is well landwardof this transgresslonal episode, however, and the location

of this maximum flooding surface that serves as the deposit/onal sequence boundary must be

extrapolated into the updip, purely nonmarine Frlosection. The base-level rise that accompanies

retrogradat/onal sedimentation and shoreline retreatfavors the accumulation of substantial shore

zone and coastal plain deposits (Galloway and others, 1986). Th!s in turn favors the preservation of

channel.fill sandstones in the updlp portions of the fluvial system. Sandy channel-fill facies that

characterize upper Frlo sediments in Seellgson field, located in the northern part of the Vicksburg

Fault Zone trend, are locally observed to truncate middle Frio strata (Ambrose and Others,1992).

Lower Frio Reservoirs

Reservoirfacies of the lower Frio consist predominantly of delta.plain dlstrlbutary-channel and

delta-front channel.mouth.bar sandstones. Delta-flank strandplaln and barrier-islandsandstones are

also present as reservoirs,but their development in the Prlo section deposited along the Vicksburg

Fault Zone is limited. Distrlbutarychannels deposited within delta-plain facies are distributed as

elongate, dip-parallel belts 0ackson and Ambrose, 1989). Individual, upward.fining channel sand

packages range from S to 20 ft in thickness, but commonly stack and produce amalgamated units

that have vertical thicknesses of 20 to 60 ft and are I to 3 ml wide (Nanz, 1954). In more fluvial-

dominated settings, such as In the Frio of South Texas, sand.body continuity Is commonly poor,

t_ecausedlstrlbutary channel-fill sandstones are flanked laterallyby sand-poor lnterdeltaic facies.
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Delta.frontfaciesconsistof channel-mouth.barreservoirsandstonesthat areInterbeddedwith

prodeltamudstoneandslltstone.Individualupward-coarseningchannel.mouth.bardepositsare

generallylessthan 50 fl thick in theupdlpregionsof the deltasystem,whereasIn deeperdistal

settingstheystackto producerepetitivecyclesthat arecommonlyseveralhundredfeetthick

(Gallowayandothers,1982).

NonreservolrfadesIn the lowerFrloconsistmainlyof prodeltamudstones,whichgradeulxllp

Into delta.frontsands,interdlstrlbutaryanddelta.plainmudstones,andmuddyabandoned

channel.fillfades.Theselow.permeabilitymudfadeslocallyencaseandthereforecompartmental-

Izeor IsolateIndividualreservoirsands.ReservoircompartmentsIn Isolated,narrowdlstrlbutary.

channelsandstonesencasedIn low.permeabilitymudstonefadesandIn channel-mouth.bar

sandstonesthat pinchout Into finergraineddelta-frontfaciesaretheprimary targetsforadditional

oll recoveryIn lowerFrlosandstonesof theNorlasdeltasystem.

Middle and Upper Frio Reservoirs

Reservoirfadesof the middleand upperFrloconsistof channel.filland point-barsandstones

(Figure13). Nonreservolrfades,whichcommonly separatereservoirunits,Includeleveeslltstones

andfloodplainmudstones.Channel.filldepositsexistmainly asdip-elongatebeltsof sandstonethat

attain individualthicknessesrangingfrom 10 to 30 ft, butthey arecommonlystackedInto

compositeunitsasthickas100ft. Most Individualchannel-flUbeltsare1,000to 2,000 ft widebut

commonlycoalesceInto combinedwidthsof morethan i ml (Gallowayandothers,1982).Low.

permeabilitysubfadeswithin thechannel fill areresponsiblefor thedevelopmentof multiple

reservoircompartmentsthat representa significantopportunity foradditionalrecoverywithin

channel.fillreservoirfacies.

Crevassesplaydepositsthat flankchannel.fillfadesandpinch out Into floodplainmudstones

andslltstonesareanadditionalImportant reservoirfacies.The limitedarealextentof splaydeposits

andtheir lateralseparationfrom channel-fillreservoirfaciesby low.permeabilityfaciesmakethem

potentialtargetsforadditionalrecoveryof compartmentalizedreserves.

SCREENINGOF FIELD AND RESERVOIRDATA

Overview

Frlofluvial-deltaicsandstonesin fieldsalongthe VicksburgFaultZonein SouthTexasare

prolificoll andgasreservoirs.To maintainproductionandreservoirdatastatistics,fieldswithin the

FrloFluvial-DeltaicSandstoneplayhavebeenclassifiedasbelongingto the oll play,to thegasplay,

or to both theoll andgasplaysin thosefieldsthat haveproducedabundantoll andgas.O11andgas
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I

reservoirsIn fields throughout the play consistof sandstoneunitsthat overlapgeologically.A

reservoirInterval that producesmainlyoll In onefieldmay bestratlgraphicallycorrelativewith a

prolificgas.produdngIntervalIn an adjacentfield.In otherwords,much of thedataavailablefrom

oll andgasreservoirgroupsmay representtwo subsetsof a singlelargepopulationof reservoirs.

Becauseof the extensiveamountof dataavailableforgasreservoirsfrom fieldsIn theFrloFluvial-

DeltaicSandstoneplaytrendcomparedwith the amountavailableforoll reservoirs(282 gas

reservoirs,64 oll reservoirs),datawerecollectedandanalyzedforboth oll andgasreservoirgroups.

Statisticalanalysiswasusedto characterizereservoirattributesfrom botholl andgasreservoirsfrom

the FrioFluvlal-l_JtalcSandstoneplayandto testIf datafrom the two groupsrepresentstatistically

differentpopulations.If testsrevealdatafrom botholl andgasreservoirsrepresenta single

populationof reservoirs,the larger,moreInclusivedatasetof reservoirattributesfrom combinedoil

andgasreservoirgroupscanthen be usedto bettercharacterizeandpredictreservoircharaderlstlcs

throughoutthe play.
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Descriptiveand centraltendency statisticsweredeterminedforaverageporosity,initialwater

saturation,residualoll saturation,net-paythlcl_ess, and reservoirsize.These parameterswere

analyzedto determinewhat typeof probabilityfunction bestrepresentsthe distributionof data.

Probabilitydistributionsgeneratedforeach of the reservoirattributesprovidea basisfor estimating

attributevaluesforreservoirswith Incompletepetrophyslcaldata.Engineeringattributeswereused

to simulatevolumesandcreateprobabilitydistributionsof originaloll In place,origtnalmobileoll
in place,and residualoll In placeforIndividualoll reservoirs,individualreservoiroll volumesfrom

fieldswithin the playwerethen simulatedtogetherto producea rlsk-adlustedtotalresourceforthe

FrloFluvial-DeltaicSandstoneplay.

Methodology

Dsta Sources

informationused In thisstatisticalevaluationcamefrommultiplesources.Hearingfliesof the
RailroadCommission of Texaswerea malorsourceof data.Flieson unitization,maximumefficient

recovery(MER),field rules,and discoveryprovedparticularlyinformative.Additionalsourcesof

numericaland descriptivedata Includethe following:

1. OIIandgas reservoirfilescompiledby the U.S.Departmentof Ener_ (DOE),Ener87

InformationAgency,DallasFieldOffice.

2. Compilationsof field studiespublishedby variousregionalgeologicalsocieties,the

AmericanAssoclaUonof PetroleumGeologists,and the Sodety of PetroleumEngineersof

the AmericanInstituteof Mining,Metallurgical,andPetroleumEngineers.

3. _bllcatlons of the RailroadCommissionof Texas,includingannualreportsand surveysof

secondaryand enhanced recoveryoperations.

4. Annualreservoirproductiondata andcumulativeproductiondatawereobtained from

Dwight'sEnergydataand supplementedor modified fromRailroadCommissionof Texas

Information.Reservoirlocationdataweremappedby the Bureauof EconomicGeology

(BEG)and supplementedby latitudeand longitude valuesfromDwight'sEnergydata.

5. Dataweresupplementedwith informationprovidedby Individualoperatingcompanies.

Differentsourcescommonlygave differentvaluesforthe sametypeof data. Wheregreat

dlscrepandesexisted,valueswereselectedon the basisof known geologiccriteriaandwithin the

context of the overalldatabase of the play. Datawerewelght_ In favorof recordsthat reflected

greatergeologicaland engineeringresearchefforts.

Data Analysis

Arigorousstatisticalanalys_sof reservoircharacteristicswas performedon threeseparatedata

sets:oll reservoirs,gas reservoirs,and the two groupscombined.Thedata represent346 producing
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reservoirsfrom throughout the play. Descriptive and central tendency statistics were determined for

each of the engineering parametersthat Influence the calculation of oil volume. These parameters

Include average porosity, Initial water saturation, residual oil saturation, net pay, and reservoirsize.

Next, each of the engineering parameters was analyzed to determine what type of probablllW

function best represents the data distribution. All data were treated as nondlscrete, with a total of

18 different functions tested. Three best-fit tests were applied, Including the Chl-square, Kolmogrov-

Smlrnov (KS),and Anderson-Darling(A.D)tests, along with graphicaloutputs of the data. Covarlance

was tested between each combination of parameters,and statisticalFand t testswere applied in order

to identify statisticaldifference or similaritybetween oil and gas reservoirpopulations.

Characteristics of the Individual engineering parameters were used to simulate oil volume.

Stochastic simulations of oil volume provide characteristics of original oil It, place, orlgtnal mobile

oil in place, and residual oil in place. Stochastic simulations produced probability distributions for

each of the oil volume parameters. These probability distributions were then analyzed to determine

which function best describes the particulardistribution.

Oil resources of the entire PrloFluvial-DeltaicSandstone play were risk adjusted to reflect these

volumetric stochastic simulations, and oil volume _obabillty distributions were generated for

individual reservoirs.Attributesfrom reservoirswith Incomplete petrophyslcal data were estimated

using the probability functions. Oilvolumes calculated for single reservoirswere then risk adjusted

by the playwide variability. A risk-adjusted total resource for the Frio Fluvial-Deltaic Sandstone play

was then simulated using combined results from the Individual reservoir volumes.

StaUstlcal CharacterlsUcs of Reservoir Attributes

Reservoirattflbute characteristics analyzed for the determination of hydrocarbon volumes

Included porosity, Initial water saturation, residual oil saturation, net-pay thickness, and reservoir

area. Statistical analysis of variance (ANOVA)and descriptive statistics were followed by fitting

probability functions to the data distributions.

Porosity

Descriptive statistics andANOVAdemonstrate little difference between O11and gas reservoir

porosity characteristics. Comparing averagereservoirporosities for both populations shows little

difference between the two groups. The averagebetween oll and gas reservoirs differs by only

1-percent porosity, and minimum and maximum values differ by only 2-percent porosity (Table 8).

Both oll and gas reservoirs are positively skewed and have positive kurtosis. ANOVAtests calculate

an P value of 3.76, smaller than the 3.91 Fcritical value (Table 8), Indicating no significant

statistical differen_"ebetween the mean porosity values of oll ancl gas reservoirs.
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Table & Statistics for reservoir parameters Krouped by oil, gas, and combined
data sets.

Porosity Initial Residual Net Reservoir
(%) water oil pay area

saturation umration (ft) (acres)
(%) (%)

Oil reservoirs

Count 64 48 29 64 65.00

Minimum 20 18 10 $ 133.00

Maximum 32 54 39_ 146 7,607.00

Range 12 36 29_8 141 7,474.00

Mean 25.33 30..57 26_8 22.81 2,170.89

Standard deviation 2.67 7.36 5_4 25._ 1,890.17

Coefficient of Variation 0.11 02.4 0.22 1.14 0_7

Skewne_ 037 1.35 -0.29 3.17 1.29

Kurtosis 0.38 2.32 2,31 10.99 0.94

Count 282 288 178 89.00

Minimum 19 11.S 4 40_}0

Maximum 30 68 245 26,000_}0

Range 11 565 241 25,960.00

Mean 23.8@ 323.5 24.81 2,8_

Standard deviation 1.40 5.10 30.37 3,38:3.35

Coeffident of Variation 0.06 0.16 1.22 1.2{)

Skewness 0_5 3,37 481 4.15

Kurtosis 637 2¢74 27.45 25.16
iii

Oil and SH combined

Count 346 331 242 154.00

Minimum 19 11_ 4 40.00

Maximum 32 68 245 26,000.00

Range 13 56.5 241 25,960.00

Mean 24.16 3ZOO 24.28 Z549.87

Standard deviation 139 5.50 29.23 2,8_.77

Coefficient of Variation 0_7 0.17 1.20 1.12

Skewness 0.B6 2.63 4.53 4.23

Kurtosis 4.47 16.73 25.16 29.68
iii
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Figure 14. Histogram Illustratingdistributions for values of reservoirporosity from reservoirs
throughout the play.

Average values of reservoirporosity are 25 percent for oil reservoirsand 24 percent for gas

reservoirs.Both sets of reservoirvalues aretightly distributed around the mean. Standard deviation

does not exceed 2.7 and Is less than 2 for the combined population group. Sixty-eight percent of the

reservoirshave values between 22 and 26 percent; at ± 1 standarddeviation, the porosity Is only

8 percent different from the mean. Standarddeviation is highest for oil reservoirs and lowest for gas

reservoirs. Both exhibit about the same range, with gas reservoirsslightly more positively, skewed

(]Figure14). The high positive kurtosisof gas reservoirsalso Indicates the narrow variation In

porosity. This suggests that porosity may not be the largest contributor to hydrocarbon volume

variability.

Porosity In gas reservoirs displays a weak negative covarlant relationship to reservoir depth

(correlation coeffldent of-0.52). Deeper reservoirs tend to have lower porosity. Decrease in porosity

with depth Is an expected phenomenon that reflects Increased compaction and diagenesis. Gas

reservoirshave a wider depth range and generally occur at greater depths than oil reservoirs.

Initial Water Saturation

ANOVAIndicates that there Is no statistically significant difference between mean values of

initial water saturation in oil and gas reservoirs. A difference of Justover 2 percent exists between
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Table 9. Results of ANOVA testing, indicating that most parameter
means between oil and gas reservoirs are not significantly different.

i i i i i i iiiii iii1[ i ii i tl

F statistic Critical F

Porosity 3.76 3.91

Initial water saturation 0.08 3.04

Net Pay 0.42 3_8

Acreage 4.24 3.92

the two means. The ANOVA F statistic Is 0.08, with an F critical value of 3.9 (Table 9),

demonstrating no statistical difference between the means. Therefore, oll and gas reservoirs are

likely to belong to the same populations.

Reservoir Initial water saturation is highly variable for both oii and gas reservoirs. Both the

range and standard deviation demonstrate this high degree of varlablllW. Initial water saturation In

oil reservoirs exhibits a range of 36 percent, varying from 18 to 54 percent. Oil reservoirs have a

standard deviation of 7 around a mean of 31 percent. Therefore at + 1 standard deviation, the water

saturation Is 23 percent different from the mean value. Initial water saturation values in gas

reservoirs show even greater variability. Gas reservoirs have a range of 46 percent, from 11 to

57 percent (Table 8).

Mean values derived from distributions of Initial water saturation are poor predictors of likely

values. O11reservoirs have a mean value of 31 percent, but the median Is Justover 23 percent

(Table 8). This is due to a long tall of higher values (Figure 1S). This characteristic is also true for

gas reservoirs, where the mean Is 32 percent and the median Is Just over 22 percent. For the

combined population of both reservoir groups, 90 percent of the reservoirs have Initial water

saturation values less than the mean. The tall of large values also causes the distributions of oil,

gas, or combined reservoir groupings to be positively skewed.

Residual Off Saturation

Analyzed populations of reservoir residual oil saturations demonstrate moderate variance

and moderate negative skewness, with low and high statistical outllers. One outlier Is found at

10 percent and two outllers are found at 36 and 38 percent. Both groups are disconnected from the

main body, which may be partly clue to the smaller data sample. The mean value for residual oll

saturation Is 27 percent, and the standard deviation Is 6. A value of 1 standard deviation away from

the mean Is therefore 22 percent different from the mean. Fifty percent of the reservoirs have

residual oll saturation values that lie between 24 and 30 percent, a 6-percent range. The distribution

Is slightly negatively skewed because of the 10-percent outlier value (Table 8; Figure 16).
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Figure 17. Histogram illustrating distributions for values of reservoir net pay throughout the play.

In addition to thesecentraltendencycharacteristics,residualollsaturationexhibitsaweak
covadancewithinitialoil saturation.Thecorrelationcoefficienth_tweenresidualoil saturationand

Initial water saturation Is -0.46, indicating this weak negative covadant relationship. AsInitial water

saturation increases,residual oil decreases.This relationship ccuid be becausehigher Initial water

saturations correspond to reservoirsthat are mostly In the oil.water transition zone. The oil that is

In this zone would have lesstendency to be In contact with the rock and would thus be held in

place by surfacetension. Also, becausethe transition zone has low capillary pressurewith respectto

o11,oll would not be forced into small pore throats, thus reducing the residual oil saturation.

Net Pay

Net-pay thicknessesappear to exhibit the sameprobability characteristics for both oli and gas

reservoirs. Oil reservoirs have a mean value of 23 ft, and gas reservoirs have a mean value of 25 ft,

a difference of only 2 ft (Table 8). The Fstatistic is 0.42, whereas the critical F statistic Is 3.88 (Table 9),

demonstrating that no significant difference exists between these two means. Because the means are

very close to the same values and the ANOVA shows no significant difference between means, gas

and oil reservoirs In the Frio Fluvial-Deltaic Sandstone appear to belong to a single population.

Net-pay thicknesses from both oll and gas reservoirs have low variability and are positively

skewed, with a high positive kurtosls (Figure 17). A full 85 percent of both oll and gas reservoirs
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have net-pay values _ ft, and the median and mode are 10 ft. The large rangeand standard

deviation are due to a long tall of a few large reservoirs.Gas reservoirsdemonstrate wider variability.

Net-pay thicknesses In gas reservoirshave a range of 241 ft and a standard deviation of 30. The

range and standard deviation of net pay In oll reservoirsare 141 ft and 26, respectively. One

standard deviation away from the mean represents a 122-percent change (coefficient of variation)

from the mean value for gas reservoirs; for oll reservoirs this difference is 114 percent. Minimum

values are the same, although gas reservoirshave wider variability because of a longer tall on the

high side. This tall creates a larger standard deviation of net-pay values In gas reservoirs,which Is

coincident with the fact that gas reservoirsthat can produce at lower permeability have the

possibility of thicker net pay (Table 8). Skewness and kurtosis are strongly positive for the o11,gas,

and combined reservoir data sets, also Indicating the tight grouping at thin values and the long tall

of few large values.

Thickness of net pay tends to Increase with Increasing area In gas reservoirs. Net pay

demonstrates a weak, positive covarlant relationship with reservoirarea, with a correlation

coefficient of 0.44. Neither oll reservoirs nor the combined group data show this relationship.

Because this poslUve covariant relaUonshlp between net pay and area exists only for gas reservoirs,

the relationship may be due to the greater mobility of gas.

Reservoir Area

Reservoir areavalues display a difference between oll and gas data sets. The mean gas reservoir

size of 2,827 acres is 666 acres largerthan the 2,171-acre mean for oll reservoirs (Table8). ANOVA

demonstrates that the difference between_tl_emeans is statistically significant, with a generated F

statistic value of 4.24, compared with the critical Fvalue of 3.92 (Table 9). The F.test results suggest

that oll and gas reservoir size could be sampled from different populations. The difference between

the oll and gas reservoirs shows up at the tails of the distributions, where there are fewer small gas

reservoirs and more large gas reservoirs (l:lgure 18).

Gas reservoirs tend to have greater variability and be more positively skewed. The range,

standard deviation, and coefficient of variation are larger for gas reservoirsthan for oil reservoirs.

The range for gas reservoirs is 25,960 acres, In contrast to 7,474 acres for oll reservoirs. The

coefficient of variation Indicates that at 1 standard deviation the area of gas reservoirsIs 120 percent

larger, whereas for oil reservoirsthe area Isonly 87 percent larger.Both reservoir sets are positively

skewed, although gas reservoirs are about four times more skewed. O11reservoirsdisplay little

kurtosls, while in contrast gas reservoirs are highly kurtoslc (Table 8). The greatest overall difference

between the two groups is caused by the presence of only a few large gas reservoirs.
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Figure 18. Histogram illustrating distributions for values of reservoirareathroughout the play.

Potential for Reserve Growth In the FHoFluvial.Deltaic Sandstone 011 Play

Reservoirattributes used to simulate volumes and createprobability distributions of original oll

in place, original mobile oll In place, and residual oll in place for Individual reservoirsthroughout

the Frlo Fluv/aI.Deltalc Sandstone play were combined to produce a risk-adjustedtotal resource for

the play. Probability distributions generated for each of these oll volumes suggest a possible range of

estimates for the oll resource remaining in the play as a whole. Apreliminary assessment of the oll

remaining in Incompletely drained and untapped compartments in reservoirsthroughout the play

is based on these probability distributions.

Incompletely Drained O11Resource

A large volume of Incompletely drained oll resides in the FrloFluvial.Deltaic Sandstone play.

Original oll In place ranges from 3.8 BSTBat 95.percent probability to 5.6 BSTBat 5-percent

probability. This probability distribution Is skewed positively (Figure 19). Original volumes of

mobile oll range from 2.5 to 3,6 BSTi3and arealso positively skewed,

The Incompletely drained resource is represented by both the remaining mobile oll and the

residual o11.A minimum of 1,2 BSTBof remaining mobile oil and 1.5 BSTBof residual oll still lies
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Figure19. ProbabilitydistributioncurvesIllustratingthe cumula.
fiveprobabilityof originaloll In place,originalresidualo11,original
mobileoil, and remainingmobileoil for the FrloFluvial-Deltaic
Sandstoneplay.

within thisplay.Maximumvolumesmay beashighas3.5 BSI'Bfor mobileoli and2.3 BSTBfor

residualo11.No precedenthasbeensetin theFriofor enhancedoil recoverythat employsa method

forprodudngresidualoil. However,reservoircharacterization,coupledwith properreservoir

managementtechniques,canrecoveradditionalremainingmobileo11.Thereexistsa 9S-percent

probabilitythat at least1.5 BSTBof remainingmobileoil lieswithin thisplayanda $.percent

probabilitythat asmuchas2.7 BSTBmay still resideIn thesereservoirs(Figure19).This large

volume of remainingmobile o41representsthe upsidepotentialfor the Incompletelydrainedoil
resource.

Untapped O. Resource

Untapped resourcepotenUalwithin the FrloFluvial-DeltaicSandstoneplayasa wholehas

been modeled by combining the probability of original oll In place calculated for an Individual sand

reservoirwith the probability of occurrence of a reservoir sand and the probability of completion of

a reservoirsand. The probability of a given sand's original oll in place was described by the play

probability distribution of original oil In place per acre and the size distribution of an Individual

sand, or reservoir. Original oll In place per acrewas modeled by the Welbull equation, where a = 1.6

and b - 24,500. The areal extent of a reservoir sand was modeled using the distribution of reservoir

sands In Rlncon field. An exponential fit (b value of 651) was found to best model the variability of

the sand area.
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Fl_nre 20. Modeled cumulative probability distribution curve
illustrating potential of untapped oll in reservoirs within the play.

The number of sands within a field was estimated by ldentl_lng both pay zones and sand

occurrences. The range and most likely values for the number of pay zones within a field and the

number of sands within a pay zone were the parameters used to model sand occurrence wlth a

triangular probability distribution. A pay zone was defined as a set of sands confined by thick shales

above and below that extend over the entire field area. The number of pay zones roughly describes

the stacking sequence and vertical facies distribution of reservoir zones within a field area. Using

Rlncon field as an example, the number of pay zones varies from 1 to 1I, wlth S being the most

likely number of occurrences. The number of sand occurrences within a single pay zone Is

Interpreted to reflect lateral facies changes and Internal heterogeneity within a reservoir. In Rlncon

field, the number of sands within a reservoir zone varies from 1 to 7, wlth a most likely value of 4.

The final step In modeling untapped oil potential was to add completion probability Into the

model and generate a distribution of untapped oli potential as a percentage of original oll In place.

Completion probability was modeled as a triangular distribution, where 50 percent was the

minimum number of perforated or tapped sands, 80 percent was the most likely number, and 100

percent was the maximum number of completions. Completion probability was combined

stochastically with the net.pay zone occurrence, sand within a pay zone occurrence, and original oil

In place distributions to generate an estimate of overall probability of untapped oli as a percentage

of original oli In place within a field (Figure 20). At a 90.percent probability, 10 percent of the

original oll In place is untapped, and at a 10.percent probability, 37 percent of the original oll In

place representsthe untapped resource. This distribution Is fairly normally distributed, with a

skewness of only 0.19. The mean percentage of untapped oll represents 23.3 percent of the total

In.place resource. These estimates Imply that nearly one.quarter of the original oll In place in the

Frlo Fluvial.Deltaic Sandstone play may be residing In, as yet, untapped reservoir compartments.
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Table 10. Sereenlns criteria for field 8election.
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SE_ON OF FIELDSFORCHARA_ZATION STUDIES

ScreeningCriteria

Initial screerdng of fieldsand reservoirs In the Frio Fluvial.Deltaic Sandstone (VicksburgFault

Zone)playwasaccomplishedusingpubliclyavailabledatafrom(1)hearingfilesat theRailroad
CommissionofTexas(BRC),(2)theBureauof EconomicGeology(BEG)TexasOIIReservoirsdata
base,(3)commerciallyavailableproductiondatafromDwight'sEnergydataandPetroleum
Information,(4)well.logdatafromBEGandRRCflies,(S)tradeandtechrdcallterature,and
(S)someadditionalprivatedatacontributedbycomparde_DatawerecompliedInthe formof field
summariesforseveralofthelargestfieldswtthlntheFrloFluvial-DeltaicSandstoneplay.

Criteriathatformedthebasisforfield/reservoirselectionwereestablished(Table10).The
fundamentalconsiderationsforthe selectionofFrlofluvial-deltaicreservoirssuitablefordetailed

studyfocusedonboththequality of thefield/reservoirdataandthepotential for Identifying

additionalreserves.Thosefieldspossessingan extensivegeological,petrophyslcal,geophysical,and

productiondatabase,coupledwith the bestpossibilitiesfor Infield reservegrowth,arethe most

attractivecandidatesfor furtherstudy.Infield reservegrowth Isbeinganalyzedbydetermlnln8

currentreservoirrecoveryefficiency.

Criteriafor theselectionof specificSouthTexasFrioreservoirs(Table 11) fordetailedstudy

wereestablishedat theonsetof thisproject.Reservoirsfrom fieldswith largeInfield reserve

potentialandsufficientdatato providethemeansfor Identifyingadditionalreservesweredeemed

to be themostsuitablecandidatesfordetailedstudy.Spec/flcconsiderationsIn our fieldselection

processincludedthe (1) sizeof reservoir-producingarea,(2) densityof wellcompletionsin

Individualreservoirs,(3) quality andquantityof existinggeologicandproductiondata,

(4) availabilityof 2-Dor 3-Dseismiccoverage,and(5) currentlevelof drillingactivity. Fieldsthat

containreservoirswith largeproducingareasandnumerouswellboreswith a relativelywide

completionspacingareexcellentcandidatesfor thisprojectbecausethey presentgoodpossibilities
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Table 11. Key criteria for reservoir selection.
" U:JL -_ IIIIIII ........ II11 I I LIII llll[If _L_ J_ ...... II IIIII1[11 II I I I 11111111 ...... _ -- II

KEYCRITEPJA BENEFITS

1.CurrentdrlllinSactivitywithinreservoir opportunitiesfornewdatacoilectlon

2. Largeproducinsares Increasedopportunityforinflllpotential

3. Completionswitha IonSproductionhistory providebasisforhistoricalcomparison,
modelingof production

4. StratilSraphicallycomplexandstructurally morelikelyto containuntapped
simple COlllplrtlnentl; heteroseneltya functionof

depoaltionalanddlasenetlcvariability,not
structure

.... -- I Ill I ......... [11 III I Illll -L--.. I Illllll " I - _ L ............. J I

for the Identificationof bypassedanduntappedreservoircompartments.Fieldswith abundant

high.qualitygeologic,geophysical,andproductiondata,Includingconventionalcoreandcore

analysisdata,modernwell logs,3-D seismiccoverage,andcompletereservoirproductionhistories,

will provide thebestchanceof successfor identifyingadditionalreservepotentialthrough

advancedreservoircharacterizationtechniques.Recentdrilling activity in a field Isan Indicationof

anoperator'scurrentstrategyfor reservoirreexploratlonandadditionalfielddevelopmentand

thereforehighlightsfieldswith thebestpotentialfor near.termImplementationof

recommendationsresultingfrom this project.

Overviewof FieldsScreenedin the FrloFluvial.Deltaic SandstonePlay

Datawerescreenedfrom productiveFrloreservoirsdistributedamongfieldsalongthe entire

playtrendIn SouthTexas(Figure21). Therearecurrently59 produdngreservoirswithin at least

26 fieldsIn theplay. Initial datascreeningwaslimitedto thesubsetof fieldsthat haveproduced

morethan 1 MMSTBfrom the Frloandthat havewellscurrentlyproducingoll fromFrlozones.

Geologic,engineering,andproductiondatafrom 14majorfieldsIn theplay,from Garclafield In

southernStartCountynortheastwardto AguaDulcefield In Jim WellsandNuecesCounties,were

examined(Table 12). Datathat weresummarizedandcomparedbetweenfieldsIncludedthe

numberandsizesof IndividualFrloreservoirs,cumulativepastproduction,thepresentstatusof

Frloproduction,andwhereavailable,completiondensitiesfor IndividualFrloreservoirunits.

Completiondensitiesforseveralof the majorproducingfieldsIn the playweredeterminedfrom

RailroadCommissionof Texasprorationschedulesandareusedasa grossestimateof remaining

reservepotentialIn variousfields.Preliminaryestimatesof potential Infieldreservegrowth were

analyzed by determining current reservoir recovery efflclenctes.
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FI_ 21. Location map of major fields In the FrloFluvial.Deltaic Sandstone oll play that were
considered for detailed reservoircharacterization studies.

Path)halefor Reid Selection

Our screeningcriteriasignificantlyreducedthenumberof oil fields In the FrloFluvial.Deltaic

Sandstone(VicksburgFaultZone)playsuitablefor detailedreservoircharacterizationstudies

(Table12). On thebasisof ourpreliminaryassessmentsof additionalreservegrowthpotentialand

theavailabilityof abundantgeologicandproductiondata,weselectedtwo fieldareasfor inclusion

In thisproject:thewesternportionof theTlJedna.Cana!es-Blucher(T-C.B)field, locatedIn Jim

WellsCountyandoperatedbyMobil, andPJnconfield,locatedIn StairCountyand operatedby
Conoco.
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INITIALRESERVOIRSTUDIESOFSEL_ FIELDS

Introduction

Initlaigeologicaiand engineeringstudieswereundertakenInRlnconand T.C.Bfields.The

objectiveof theseinvestigationswasan Initialevaiuationof the lnterwellreservoirheterogeneityIn
the fieldsasa basisforselectionof Individualreservoirzonesforfurtheranalysisto delineate

stratlgraphicheterogeneitlesin detailand Identifyspecifictargetsforrecoveringadditionalreserves.

Operatorsfromboth fieldshave providedbasemapsand accessto existingcompletion records,

reservoirproductionhistories,and extensivewelldatafiles.Availablewell dataincludeInformation

on drillinghistory,perforationIntervals,formationandreservoirtops, well logs,coredescriptions

and analyses,and fluidand pressuretest data.Datafrom 190wells havebeen collectedand

inventoriedfromleaseblocksIn the portionof PJnconfeld selectedforstudy.Similardatahave

beengatheredfor morethan 80 wellsin T.C-Bfield.Mostwell logsfromboth fieldsareof pre.19S0

vintageand typicallyIncludeonly SPand resistivitycurves.Averylimitednumberof wells 0c'_

than S percent)from the northernstudyareaIn Rlnconfieldhavesonic, density,and porositylogs.

Morecompletelog suitesaxeavailablefor manyof the recentlydrilledwells Inthe T-C-Bfield.

Porosity,sonic, anddlpmeterdataexist forapproximatelylS percentof the wellsIn the T.C.Bstudy

area.None of the log datafrom eitherfieldIsavailableIn digitalformat.

Conventionalcorefromfourwells InP.Jnconfieldhas been loanedforstudyby Conoco.Total

corethicknessis approximately300 ft, which Includessectionsfromfourdifferentreservoir

Intervalsfrom the Frio.DetailedcoredescripUonsand conventionalcoreanalysisdata(ix)roslty,

permeability,and oUand watersaturations)for morethan 100wellsIn Rlnconfieldhavebeen

compiled.Theserepresentmorethan 1,300 Individualcoreanalysesover34 Individualreservoir

Intervalsand approximately4,000 ft of totalcore thickness.No wholecore is availablefromT.C.B

field,but therearelimited coreanalysisdatafromeight of the olderwells In the gelds. Sidewall

coresfromeight additionalwells arealsoaccessiblefor study.Asummaryof avaUabledatafrom

both fields IspresentedInTable 13.

Summariesof the fieldproductionhistoriesand availabledataarepresentedforboth T-C.B

and Rlnconfield areas.The fieldwldestraUgraphlcand structuralframework,alongwithpreliminary

compilationsof productiondataand reservoircharacteristicsfor Individualreservoirzones, Is
presentedforT-C.B field. Amore completeassessmentof the straUgraphyandproductiondatafrom

reservoirsIn RlnconfieldIs providedbecausethese dataweremadeavailableearlierInthe research

year.
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Table 13. Sumnuiry comparison table of Rincon and T-C-B fields.
, J ,,,,,,i i, it I ii t i,i

I_ion RINCON FIELD T-C-B FIELD

Operator Conoco Mobil

Discovery Year 1939 1939(byShell)

Total Acres 20,520 48(X}

Wells 640+ 80

Reservoir Sands 30 18

Sands >1 MMbbl 14 8

Depth Interval 30(}0-6(_ ft 5500-7700ft

Cumulative Oil Prod 65 MMbbl 22.9 MMbbl

Active Completions 25oil, 30Sas I0 oil, 238m

Current Rates 373bopd 300bopd

4576 Md/d 16,000Md/d

Amilable Field Data
5400acres 3500acres

Study Area (northernfield area) (1 lease)

Number of Wells 173 85

Whole Core 300 h core No core

Other On Data Analysesfrom100+_ Umited analym
Additional sidewall cores Sidewallcoresfrom13 wells

I iiii lIII 'HI in II III

Rlncon Field

Location and Structural Setting

Rlncon field is located in eastern Start County, Texas, 120 ml southwest of Corpus Christi and

approximately 20 mi north of the United States-Mexico border (Figure 22). The field is one of

many located within the 240-ml-long Frlo Fluvial-Deltaic Sandstone oil and gas play that is

downthrown and parallel to the large Vicksburg flexure/growth fault. The structural setting at

Rlncon field is similar to those of other fields in this highly prolific play. The general structure in

the shallow Frio section Is characterized by a northeast-trending, downthrown asymmetric rollover

anticline that plunges gently to the northeast and is bounded to the west by the Sam Fordyce-

Vanderbllt Fault, a major growth fault associated with the large Vicksburg Fault Zone system

(Figure 23) (Ashford, 1972). Frio production associated with the shallow structure Is both

stratigraphlcally and structurally controlled. Hydrocarbons are trapped in zones within the roilover
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anticline downdip of the major growth fault and exist in multlstoried and multilateral sandstone

reservoirs that form complex stratigraphlc traps draped over an antldlnal nose.

Below a regional unconformitythat markstheboundarybetweenthe Frloand the Vicksburg

Formations,the fieldstructurebecomesmorecomplexly faultedandfolded.Vicksburg

accumulationsareprimarilycontrolledby upsidefaultclosureson down-to.the.eastfaultingand

secondarilyby stratlgraphlctruncation.Nine majorVicksburgreservoirzoneshaveproducedfrom

multiple fault-separatedtrapsatdepthsof 5,000 to 8,000 ft. Thebulkof oll productionis from the

firstVicksburgsand,whichhasproducednearly35 MMSTBof oll from the westflankof the
structure.

Field Development and Production History

The first well In the Rlnconfield areawasa dryholedrilledbyTranswestemOil CompanyIn

1936.ThefieldwasdiscoveredIn 1939, foUowlngthecompletionof a seismicprogram.The

discoverywell wastheT. B.SlickB-266No. 1well, locatedIn thecenterof the field.The firstoll was

producedfrom shallowFdooblecUvesin theSlickB-528No. 2 well.Conocotook overfield

developmentIn 1940andIs currentlythe prlndpal operatorformostof the Rlnconarea,which

Includesproducingacreagefromthe Boyle,Cameron,Rlncon-Vlcksbur8,North Rlncon,andUrshel

fields,aswell asthe formerlyproductiveDavenportandEastRlnconfields.

The initial phaseof Frlodevelopmentcontinuedthroughthemld-1940's(Figure24). Peak

productionratesoccurredin 1944,when productionaveragedapproximately7,300bbl/d. An

extensiveVicksburgdevelopmentprogramoccurredfrom 1950to 1954,followingdiscoveryof the

firstproductiveVicksburgsandin theextremesouthernpart of the field in 1949.Morethan

65 MMSTBof oll havebeenproducedfrom fluvial.deltaicsandstonereservoirsoverthe combined

Frlo-VicksburgstratlgraphlcInterval.By 1990,productionfrom 38 separateFrioreservoirsyielded

over45 MMSTBof oil. PresentFrioproductionhasdeclinedto averagedaily ratesof 373 STBof oil

and4,576Lid of gas.

Reservoirsin the Frlosectionhaveproducedundera combinednaturalwaterdriveandgas-cap

expansion.Mostof the Frlooil reservoirshadinitial gascaps.Gaswasoften relnJectedinto thegas

capsof manyof the largerreservoirsduringthe earlyyearsof fieldproductionIn orderto maintain

reservoirpressureandextendtheflowing lifeof thewells.WaterfloodswerealsoperfmmedIn

severalof the largerreservoirzones,indudlng the D-Ssand,E-1andE-2sandzones,andG-1 and

G-2 sandzones.SomewellswerecompletedconcurrentlyasdualproducersIn two watedtoodunits.

ProductionrecordsIndicatemostof thesefloodsweresuccessful.
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survey232 (12 wells);survey 606 (15 wells);survey 485 (16 wells);survey 138 (19 wells)
survey221 (23 wells);survey231 (30 wells);survey 266 (32 wells);and survey 486 (40 wells) o_,,_ao

Figure 24. HistogramIllustratingchronology of drilling and development In Rlncon field from 1936 to
1990.

Study Area and Data Base

The entire Rlncon field area covers over 20,000 acres and contains more than 640 wells. A

geographic subset of this large field area has been selected for detailed study. The area of

Investigation will target part of the northern portion of the field (Figure 25). The dec/slon to focus

within this area was based on a combination of factors, Including the density of available well data,

the presence of conventional whole core, extensive core analysis data, and the location of new

production wells In the area. Data from the new wells, Including complete log suites, will be

Incorporated Into the study as they are made available. Reservoirstudies will be limited to

productive sand units within the Frlosection. Deeper Vicksburgreservoirs are characterized by

structural complexity and significantly less well control. Vicksburgreservoirsands do not pros/de

good potential for detailed stratlgraphic correlations and studies of lateral factes heterogeneity and

will not be a focus of this study.
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Figure25. Indexmapshowingdistributionof well andcoredataIn Rinconfieldstudyarea.
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Rlnconfield Is densely drilled and has been extensively cored. Approximately 200 wells have

been drilled in the central Rlncon area, and abundant conventional core analysis data exist for

38 individual reservoirsand Intervals within the Frlosection. Data from approximately 225 wells

have been made available for this study by Conoco. These include well logs and extensive well

h/story information consisting of chronologies of completions, production, and abandonment for

Individual reservoirzones, production and pressure-testdata, extensive wlrellne core data, and

limited reservoir fluid analyses. More than 200 well logs have been Imported Into a digital data base

to fadiltate standard well log analysis, detailed formation evaluation, and three-dlmenslonal

modeIlng efforts of selected reservoirintervals.

The largevolume of conventional core analysisdata and archlved core availablefor study makes

this field an excellent canal/datefordetailed reservoircharacter/zatlonstudies. FIow.unltparameters

and permeability architectureof Indisddualreservoirunits can be directly quantified by both new

measurements and reinterpretationand synthesis of exist/ng subsurfacedata. The quantity of available

core dataalso providesan excellent opportunity to test and apply outcrop.derivedconstraintson flow

units and permeabilitystructurefrom analogous fluvial.deltaicreservoirs.

General Stratigraphlc Framework

RinconfieldIs locatednearthe southwesternedgeof the Rio GrandeEmbayment,anareathat

coversa largepart of southwesternTexasandthat servedasoneof the primarydepocentersforGulf

Coastsedimentationduringthe PaleogeneandNeogene.Thetop of the Frlosequencein the Rincon

areaisat approximately1,800ft. TheFrio Intervalconsistsof 2,500 to 3,000 ft of Interbedded

sandstoneandmudstone.The topof productiveFrioreservoirsIn Rinconfield Isfoundatan

averagedepthof 3,400 ft subsea,andthe total thicknessof theentireFrlo-upperVicksburgreservoir

sequence averages 2,400 ft.

More than 50 lndlv/dual productive reservoir sands w/thin the stratlgraphlc Interval from

3,000 to 5,000 ft have been identified and mapped across the field by Conoco. These reservoirs

range In dimension from only a few acres to complex, Interrelatedreservoirsystems that cover the

entire field. Faultdisplacements In the productive FrloIntervalare 8enerally minor, and the malor

cause for reservoir complexity and compartmentalization of hydrocarbons is a result of the

multilateral and multlstacked nature of the Frio reservoir sands. The variability in sandstone

geometries and the complex deposltlonal architecture of these Frloreservoirs provide excellent

potential for identifying additional hydrocarbons that have been Isolated In untapped and

Incompletelydrainedreservoir compartments.

The top of the VicksburgFormaUon,locatedatan averagedepthof 4,600ft, IsIdentifiedby

the presence of a regJonalunconformity surface that Is apparent on seismic sections and by changes

In resistivity and density log character. It can also be correlated on well-log cross sections, The total
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thicknessof the VicksburgIn the Rlnconareaisunknown,but the formationextendsbelowa total

depthof 9,100 ft (>4,000fi thick). Productionfrom Vicksburgsandsoccursovera depthrangefrom

5,000 to 8,000 ft andcomesfrom multiple fault.separatedtraps.UpperVicksburgsandstonesconsist

of 50. to 150-ft.thlckprogradationalpackagestypicallyseparatedby 150. to 300.fl.thlck Intervalsof

mudstone(Humphrey,1986).Thethicknessandoveralllogcharacterof IndividualVicksburgsand

packagesarerelativelyconsistentwithin portionsof the field,butfieldwidecorrelationsare

complicatedby thecomplexfaultingassociatedwith developmentof the VicksburgFaultZone.

Frlo Reservoir Geology,

The stratigraphlcIntervalthat containstheproductiveFdoandupperVicksburgreservoir

sandsforPJnconfield is Illustratedin a representativetype logfroma well locatedIn the middleof

thestudyarea(Figure26). The Fdo reservoirIntervalhasbeendividedinto 11 zonesdesignatedA

through K; thesezonesarefurthersubdividedInto a total of 37 Individualreservoirs.The Frlo--

Vicksburgcontactis takento bethe top of theL seriessands.This contact Is Indicatedby a

distinctivechangein Ilthologyof the formationaswellasby limited paleontologicalevidence.

UpperVicksburgsandstonereservoirsincludeLseriessandsanda thickpackageof stackedsands

referredto asthe first Vicksburgsand.The entireVicksburgseriesIncludesreservoirzonesof the

VicksburgI, II, andIII sands,andeachof thesecontainsseveralsubdivisions.

The productivereservoirIntervalIncludesstratafrom both themiddleand lowerFrlosection.

Middle andlowerFrloreservoirsIn PJnconfieldare locatedin anaggradatlonalto mixed

aggradationalandprogradationalsettingwithin the Gueydanfluvial system(Gallowayandothers,

1982).ReservoirfaciesaredevelopedIn a combinationof broad,dip-elongatefluvialchannel.fill

sandstonecomplexesanda smallernumberof strike.orientedsandstonesthat exhibita bar

geometry.Net-sandstonelsopachmappingof eachof theFdoreservoirsandIntervalsrevealsa

recurringpatternof sandstoneswith dip-elongateandstrike-orientedgeometries.Theprimary

deposltionalpattern Ischaracterizedby dip-elongatechanneldepositionthat reflectssedimentation

dominatedby fluvialaggradatlonanddepositionin channelsystemsflowing alongan axisacross

the low.reliefOllgoceneGulf coastalplaintowardtheshorelinefromnorthwestto southeast.These

periodsof sedimentationappearto bebrieflypunctuatedby shortintervalsin whichstrike-oriented

sandbodiesaredeveloped.Thesephasesprobablyreflectperiodsof decreasedaggradatlon,which

allowsfor minor marinetransgressionandsubsequentreworklngandredistributionof thesand

originallydepositedin dip-elongatechannelsbywaveaction.The developmentof thesestrike-

orientedbardepositsislimited,and IsopachmappingIndicatesthat theyarelaterally

discontinuous.Theydo not form Important oll reservoirs.

All of themajorproductiveoil reservoirzonesIn Rlnconfieldappearto representdepositionin

largedip-elongatefluvialsystems.Thesedip-elongatefluvial sandstonereservoirsoccuras
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reservoir sands.
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Individualnarrowchannel.fillunitsIsolatedverticallyandlaterallybyverylow permeability

overbankfadesandfloodplainmudstonesandaslargechannelcomplexeswith multiplesandlobes

thatcombineInto a slnaJelargecommunicatingreservoir.Thesereservoircomplexescommonly

consistof multiplethin sandunitsthat range in 8rossthicknessbetween50 and 100 ft and possessa
net.sandthicknessof 0 to 40 ft.

Survey of Individual Reservoir Zones

Ac,:omp_ts dur_ Prelect Year1

Studiesof FrloreservoirsIn Rlnconfieldcompletedduringthe firstyearconsistedof a

comprehensivescreeningof available_,ologlcandengineeringdataIn orderto assesswhich

productivesandstonezonesexhibitedthe bestpotentialfor identifyingadditionaloll reserves

throughdetailedcharacterlutlonof reservoirheterolenelty.Initial tasksdesignedto Identify

reservoir,ones thatwould representthebestcandidatesfor detailedstudyIncluded(1) compilation

andcompamon of productiondataby reservoir,(2) synthesisandevaluationof reservoircore

analysisdata,(3) reviewandsynthesisof reservolr.spedflc8eoloaJcdatasuppliedby Conoco,and

(4) establishmentof a straUtpaphiccross._on _d acrossthe fieldstudyarea.Detailsassociated

with the firstthree of thesetasksarepresentedbelow.Detailedstratlsraphlccrosssectionsare

currentlybeingdevelopedand will becompletedearlyIn thesecondprojectyear.

Htstory

The firststepin estlmatln8the potentialforadditionaloll resourcesIn Rlnconfieldconsisted

of a thorouahsurveyof the productionhistoryof thevariousproductivereservoirzones.Data

sourcesfor thiseffort consistedof productiondataavailablefrom publicsources,Includingfiles

from the RailroadCommissionof Texas,Dwlaht'sEneraydata,andPetroleumInformation

Consultants,aswellasextensivewell recordsfrom Conoco,the fieldoperator,informationacquired

from ConocoIncludesdetailedwell historyrecordsanda computerizedproductiondatabasewith

completionsandoll andgasproductionlistedby Individualreservoirzoneforeachwell in the field

(Table 14).

Perforationdatafor Individual reservoirzonesIn 220 wellsweretabulatedto providea

chronolosIcalhistoryof completionsby reservoir.In addition,cumulativeoll and8asproduction

forall oll productivereservoirzoneswascompiledIn orderto providecomparisonsof ol! produced

byreservoirzoneand to Illustratethestratlgraphicdistributionof oil production.ThisInformation

IsprovidedIn Figure27. The hlstoBramof completionsfor Rinconfieldreservoirsillustratesthe

maturestatusof fielddevelopment,becausemorethan 65 percentof all reservoircompletionstook
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Figure 27. Summary of Rincon field production Illustrated by (A) history of reservoir completions,
(8) oil and 8asproduction by reservoir,and (C) stratlsraphlcdistribution of productive reservoirzones.
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placepriorto 1950.TheD, E, andG sandseriesaccountfor 69 percentof all completionsand88

percentof theoil producedIn the fieldareaselectedfor study.ThedramaticdeclineIn o41

productionfrom thesemalor reservoirssince1968(Figure28) Is reflectedIn thesignificantIncrease

in abandonmentsof reservoirzonesthroughoutthe 1970's(Figure29). Asof 1990,therewereonly

27 041wellsremainingIn the fieldthat wereproducingor hadshut.Instatus(Figure 30).

R_ A ttrlbuta

Abundantwlrellnecoredatafrommore than 100wells In the Rlncon fieldstudyareawere

compiled,sortedby reservoir,andevaluatedto developestimatesof reservoirqualityfor the malor

Frloreservoirzones.A summaryof averageporosityandpermeabilityvaluesforeachof the Frlo

reservoirsandsis shownIn Table 1$. Porosityandpermeabilityvaluesfor Individualreservoirsands

werealsogroupedaccordingto reservoirzone(forexample,valuesforFrio E.I, E.2,E-3,andE.4

sandsweregroupedInto the Ereservoirzone)andthen crossplottedto illustratetherangeof

reservoirqualityforeachof theFrloreservoirzones(Figure31). Coredatameasuredfrom sandsIn

dip-elongatefluvialchannelreservoirsexhibit agreaterrangeof valuesthan that of reservoirs

mappedasstrike.elongatebarsands.Thislikelyreflectsthegreaterrangeof deposltionalfacies

presentwithin the fluvially dominatedreservoirzonesandmay alsobepartlyan artifactof slightly

highertexturalmaturityof thereworkedbarsandunits.

Reservolnwith High Potential for Incremental OII Recovery

TheFrloD and Esandseriesarethe two mosthighly prolificreservoirzonesIn Rlnconfield.

Sandstoneswithin thiscombinedIntervalhaveproducedmorethan 22 M]vlbblof o11.The

stratlgraphlccomplexityof thisIntervalof verticallystackedandlaterallycoalescingsandlobes

providesIdealconditionsfor the isolationof oil accumulationsIn multiplereservoircompartments,

manyof whicharenow Incompletelydrainedor completelyuntapped.Significantadditional

reservesmay beIdentified throughintegratedgeologicandengineeringstudiesthat characterizethe

heterogeneityof variousreservoirfades.

TheFrloD sandserieswasdiscoveredIn 1940.Totalfieldproductionfromthe entiresuiteof

D reservoirsandsIs morethan 10 MMbbl of oil and 17Bcfof gas.Within theareaof thisstudy,

D reservoirshaveaccountedfor8.3 MMS'I'Bo11,with morethan 7.5 MMSTBattributedto the D.5

sandzone.Themain productiveIntervalconsistsof four unitscorrelatedasthe D-3, D-4,D.5, and

D.6 sands.Thesesandunitsarecorrelatedasindividualsandsthat combineinto a complex

stratlgraphlcchannelsystemthat coversmorethan 2,000acresIn the northernhalfof the field.

PressureandproductionhistoriesIndicatethat thesesandsform asinglelargecommunicating

reservoir.Datafrom reservoirmapping,logcorrelations,andcoreanalysesIndicatesignificant
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Figure 29. Trends In reservoir abandonment for selected major reservoir zones In Rlncon field.
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Figure30. Mapshowing distributionof active wellsand currentlyproductivereservoirzones within
Rlncon fieldstudy area.
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Table 15. Summary of reservoir characteristics for individual Rincon reservoir sandstones.

'Reservoir DepositionalEnvironment Cored core No.of Sand Porosity Permeability
Pay Zone and Sandstone Geometry Wells Feet Samples Unit

Mean s.d. G mean Median
I| i ii i i J I ii iiii i iiiii i i iii

B zone Series of strike elongate bars 13-1 26.91 4.98 43.2 55.0

II II I1[1111I I I I

"Mid D ..... Several complex channel systems, 40 I000 262 13-I 28.9 1.78 12.4 i2.0
zone M/d-Prio D-3,4_,6 all in commun/cation;

thinly NW-SE trendin 8 channel in the
north D-3 24.6 3.64 24.5 16.0

D-4 24 4.07 46.1 41.5

D.5 26 4.45 36.9 46.0

D.6 zone Eroded _WOrked bar sand trendin8 NS ................. D-6 22.3 3.1 .......5.5 34.0
(strike-elon_/tte)

E zone Extensive channel system; _1 that _nel 56 1438 386 E-1 ....'25.3 3.92 ....9.6 18.0
ands; 2,3,4 E lobes all in communicaticm---I

reservoir----successfully watertlooded E-2 26.0 4.69 20.0 25.0

E-3 29.0 3.18 91.4 107.5

E-4 22.4 5.62 21.1 34.0

F 14k2 Pair of broad channel _plexes trend EW 15 327 - 109 F-1 27.53 4.49 36.1 54.0
zone

F-2 24.18 3.76 8.5 18.0

......G Zone Large NW-SE trending ch_el ands 36 968 210 G-I 27.74 4.57 "77.3 118.0
complex C,-I & G-2 lobes coalesce into 1
mmmunka_in 8 res.; G-3 series of narrow
channels, unsuccessful waterflood/n 8 G.2 27.46 431 25.2 23.0

C,-3 26.89 3.95 23.9 42.5

H zone Series of broad NW-SE trending channels; 20 496 98 H-I 28.87 4.94 80.6 99.0
H-I and H-2 act as 1NW-SE trending res.

j H-3--3bu_lated strat channel sands,
H-4--thin narrow channel sand only in H-2 27.86 4.23 41.6 75.0
southern portion of field

H-3 27.37 5.28 27.3 49.5

H-4 28.49 4.14 276.9 270.

ii

zone Extensive channel system, several discrete 9 70 28' I-1 27 5.28 27.5 52.0
NW-SE trending broad channels

j zone Narrow channel sand NW-SE 7 104 53 J-I 24.15 8.46 114.7 522.5

....K-1 zone Series of Strike-elonsate bar sands 5 35 24 K'I 27.42 3.63 42.4 108.0
K-2 zone Narrow channel EW trending and, faulted K-2 21.73 5.55 9.7 12.0
I III Mill I III IIIII i
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Figure 31. Cross plot of porosity and permeability values measured from wlrellne cores taken in
productive Frloreservoirzones In Rlncon field. Sandzones mapped with a strike-elongate distribution
indicative of deposition in reworkedbars(B-1,F,and K-I reservoirs) exhibit significantly less variability
in porosity and permeability values.
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Figure 32. Log signature and porosity/permeability trends across a cored interval through the prolific
FrtoD and E reservoir Interval in Rlncon field.

heterogeneity within the D reservoir Interval, and permeability barriershave been mapped within

the large D-S sand.

Sands Included In the FrloE sand complex have produced In excess of 15 MMSTBof oil and

31 lk'f of gas since discovery In 1940. Production from this reservoirIntervalIn the areaof the field

chosen for study Is more than 14 MMSTBo11,which representsalmost 95 percent of the total field

production. The E zones are Individually mapped as the E-l, E-2, E-3,and E.4 sands. Stratlgraphlc

correlation and production data Indicate that the E-1 and E-2 sands are often In fluid

communication, as are the E-3 and E-4 sand zones. In some cases, all of the Individual reservoir

sands have been Interpreted to be In communication. The stratlgraphlcrelationships of the

Interrelated reservoirsystems of the Frlo D and E reservoirsare very complex and need to be

documented through the construction of detailed stratlgraphlccross sections. This work Is currently

under way.

Average reservoirparameters for the D and Ereservoir sand zones have been estimated from

extensive core analysis data (Figure 32), Averageporosity values for D-3 through D.6 sands range

from 22 to 26 percent and geometric mean permeability values range from 5 to 37 md permeability.

E sands range from 22-percent porosity and 21-md permeability for the E-4sand to 29-percent
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porosity and 9 l.md permeability for the B-3sand. Crossplots for porosity and permeability values

from cores in the D-3 through D-6 and E-1 through B-4 zones illustrate not only the wide overall

variability of reservoirquality present In this interval but also distinct groupings within certain

reservoir zones (Figure 33). Grouping of core values by individual reservoir subfacies is expected to

reveal controls of specific depositional facies on reservoirquality. This work is also in progress.

TlJedna.Canales-Blucher(T.C-B)Field

Location and StructuralSetting

TheTlJerina-Canales-Blucher(T-C.B)fieldIslocatedin the lowerGulf CoastPlainof South

Texas, approximately 55 ml southwest of Corpus Christi (Figure 34). It covers an areathat Indudes

parts of southern Jim Wells and KlebergCounties. The areaof T-C-Bfield chosen for study consists

of the "Blucher" lease, operated by Mobil Exploration and Produdng U.S. This partof the field,

covering more than 4,800 acres of the western areaof the greaterT-C-Bfield, lies In a structural

saddle between largerollover anticlinal featuresto the northeast and southwest that define

Seeligson and LaGloria fields, respectively. The main trapping mechanism Is the Sam Fordyce Fault,

part of the regional Vicksburggrowth fault system, which runs for several hundred miles parallelto

the coastline and createsthe FrioFluvial-Deltaic Sandstone play trend. Downwarplng Into the

syndeposltional fault plane generated dip reversalsthat In turn formed anticlinal closures that serve

as the main hydrocarbon traps In T-C-Bfield and in many other fields in the VicksburgFault Zone

play (Stanley, 1970).

Shallow oil-bearing structureswithin the Frlo section in T-C-Bfield consist of large, gentle

rollover anticlines that formed during later stages of movement on the Sam Fordyce Fault zone.

Structuredeveloped in the deeper Vicksburgsection Is more complex and is characterized by

muiti_,_csynthetic and antithetic faults with largedisplacements.

Reid Development and Production History

Multiple reservoirsin various portions of the field areahave been discovered and produced by

Sun (now Oryx), Humble (now Exxon), Texaco, and Mobil. Most drilling took place in the 1940%

and Intermittent development continued through the 1980's. T-C-Bfield has produced significant

volumes of oll and gas from both Fdo and Vicksburgfluvial-deltaic reservoirsands a_ldis still under

primary recovery. Cumulative oil production in the greaterT-C-Bfield areafrom Friozones alone is

more than 50 MMSTB.Oil production from major zones dropped precipitously in the mid-1970's,

and the number of produdng wells has been on a steady decline since that time (Figure 35).

The western "Blucher" part of the field was discovered in 1939 by Shell Oil Company with the

Von Blucher No. 1 well. Shell drilled five wells (two o11,two gas, and one dry hole) before selling
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Figure35. TrendsIn annualoll productionandnumberof producingwellsIn majorreservoirswithin
T.C.B field from 1968to 1991.

their leasesto theLaGloriaCorporation.LaGloriadrilled53 wellsfrom 1942to 1967.Mobil

purchasedthe leasesfrom LaGloriaIn 1967andhassincedrilled30 wells.Thefirst 11wellswere

drilledshortlyafterpurchaseof the field In the early1970's.ActivitywasrenewedIn 1985,when

fiveadditionalwellsweredrilledto Includedeeperwildcatzones(7,000to 10,000ft). Interpretation

of an addltlonaiseismicline,acquiredaspartof a largeseismicprogramoverSeellgsonfield in

1986,providedbetterresolutionof themain fault and Indicatedadditionaldeep-seatedfaulting.

This led to themappingof deepersandsandthedrillingof fivenewwells.Followingtheacquisition

of additionalseismiclines,9 morewellsweredrilledfrom 1988to 1991,bringingthe total wells

drilledon Mobll's T.C-Bleasesto 88. Figure36 summarizesthehistoricaldevelopmentactivity for

Mobll's Blucher-arealeases.Asof 1992,therewere29 activecompletionson theBlucherlease

(19 gas,10 o11)In 24 wells,with 12wellsIdle.

Althoughproductionhistoryof theT.C.BfieldstartedIn 1939,actualfleldwideoll production

by reservoirsbefore1950Is not readilyavailablefrom publicsources.L_ase.specificproduction

recordsobtainedfrom LaGloriaCorporationafterMobil purchasedthepropertiesin 1967are

Incomplete,althoughattemptshavebeenmadeto re-createthe earlyproductionhistory.The leases

in T-C-Bfield overlapnearbyfields,andsomeproductionwithin T.C.Bmaybeattributedto La

Gloria,Seellgson,andotherfieldsproducingfrom theprolific21-Breservoirzone.Additionally,

attributingproductionto a specificzonecanbedifficultbecauseof theproliferationof reservoir

zonenames.Morethan 40 zoneshavebeennamedon Mobil leasesalone,with manyof thesebeing

roughstratigraphlcequivalents.
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Figure36. Histogram illustratingchronology of drillin8 and developmentin Mobil leaseswithin
T.C-B field (1938-1991).

Production data available from public sources Indicate that no reservoirhas been drilled at

closer than 40-acre spacing. This largewell spacin8 suggests that Inflll potential at T-C-Bfield may

exceed that of many of the other Frio-producing fields In South Texas.

StudyArea and Data Base

The area of study In T.C-Bfield consists of the 3,500.acre Blucher lease, which covers the

southwest portion of the field (Figure 37). The Blucher lease is the largest of five leases that

compose Mobll's acreage In T-C-Bfield. Additional data from wells In four adjacent leases have also

been made available by Mobil Exploration and Producing U.S.

The primary data set, consisting of more than 65 wells, Includes well logs, sidewall cores,

w/reline and sidewall core analyses, a limited number of structureand net.pay maps,



Figure 37, Index map showing distribution of well and core data In T-C.Bstudy area.

blostratlgraphlc reports, production and pressure data, and reports of petrographic and clay

mineralogystudies.BecauseofMobil'scontinuedactivityinthefield,18ofthewell-logsuitesareof

modernvintage(mld.1980'sandforward)andinclude5 hlgh-resolutlondlpmeter(SI-ID_logsand

1 Formation Mlcroscanner (FMS)data set. Figure37 documents the spatial distribution of the

various types of data and core material available from each well in the study area.
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GeneralSb-atigraphlcFran__work

The representativereservoirintervalfor the Blucherareaof T-C-Bfield is depictedin atype log

for the field shownin Fllpare38. Hydrocarbonproductionisobtainedfrom reservoirsin the

OllgoceneFrloand upperYtcksbur8Formations.ThePrioreservoirinterval in T.C.Bfield comprises
the middleand lowerFrlomembersandconsistsof a seriesof sandstoneunitsthat occuroverthe

depthIntervalfrom 5,500 to 7,600ft and includethe "Maun" through"Lobberecht"sands.The

upperVlcksbur8 reservoirsequencebeginsatthe top of a thick packageof stackedsandsdesignated

asthe "MassiveVicksburg."Thetotal thicknessof theentirePrlo..upperVicksburgreservoir

sequenceIn T-C-Bfieldaverages2,600 ft.

The upperVicksburgFormationconsistsof thick,massive,prosradatlonaldeltaicto shallow

marinesandstones(TaylorandAl.Shaleb,!986). ThereservoirIntervalrangesIn depthfrom

7,600to 1],800 ft, but productionIn the BlucherareaIslimited to theupper400 ft of that Interval.

Vicksburgsandsin T.C.Bfieldarealmostexclusively8asreservoirsandwill not bea focusof this

study.

The lowerFrloFormaUonIsa ),000-ft-thlckintervaldominatedby mudstone,with thin

Interbeddedsandstonesasmuchas30 ft thick. In theadjacentSeeilgsonfield directlyto the

northwestof theT.C.Bfield,the lowerFrlorestswith angularunconformityon the upperVicksburg

(Ambroseand others,1992).The lowestreservoirIntervalIn the lowerFrlo,the Lo_recht, Is

sandierthan the restof the unit andhaspreviouslybeenInterpretedby Mobil asthe only "lower

Prlo" strataIn T-C-Bfield.Correlationsappliedto the T-C-Bfield from Gallowayandothers(1982)

and fromJlrik (]990) havebeenusedto justih/thethickerlowerFriointerval usedIn this report.

The lowerPrlohasbeenInterpretedto containdeltaicsedimentsfrom theNorlasdeltasystem,

basedon a studyof a singlereservoirInterval In theeasternportion of T.C.B field(Relstrofferand

Tyler, 1991).ThesesedimentsIncludestrandplaln,barrierbar,and associatedsandstones

Interbeddedwith lowercoastalplain, bay.fill,and Inner.shelfmuclstones.Well.logpatternsand

paleontologicevidenceof interbeddedIntervalsbarrenof fossilssuggestthat fluvial sedimentsof

the upperdeltaplainarealsopresentIn this Interval.ThisIndicatesthat thepositionof the facies

tractalternatedthroughthe lowerFrloIn thevicinlW of T-C.Bfield from the Norlasdeltaplain to
theGueydanfluvial system.

Middle Frloreservoirsarefound overa 1,200.ft Intervaland canbegroupedInto 100. to

130-ft.thlcksand.proneIntervalslnterbeddedwith sand.poorintervalsof similarthicknesses.This

muchsandiersectionappearsto beIn abruptcontactwith theunderlyln8 lowerFrlo.Preliminary

correlationsbasedon a dip-orientedseismicline suggestthat thebaseof themiddle PrloIs

unconformableand separates8rowth.faultedstratabelowfromless-faultedunitsabove(Figure39).

SimilarobservaUonsweremadeat Seellgsonfieldby ,Ambroseand others(1992).Log patterns,

paleontologicdata,and detailedstudiesof reservoirsIn the middleFrioatadjacentLaGloriaand

Seellgsonfields(Jacksonand Ambrose,1989;Ambroseand others,1992)Indicatethat reservoir
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Figure39.Northwestto southeastgeoselsmlcdipsectionacrossT.C.BfieldIllustratinggeneralstructural
settingof PdoandVicksburgreservoirsections.Thebaseof themiddleFrloFormationIsasignificant
surfaceseparatingstructurallycomplicatedreservoirsbelowfrom lessfaultedreservoirsabove.Seismic
Interpretationprovidedby Mobil ExplorationandProducingU.S.

sandstonesweredepositedIn fluvialsettingsof theGueydansystemand Includechannel.fill,

point.bar,andsplayfadesinterbeddedwith floodplainandoverbankmudstones.

ReservoirGeology

On thebasisof regionalstudieswithin theFrloFormation(KerrandJirlk,1990;Leveyand

others,1992),a studyof the adjacentSeellgsonfield01rlk,1990),andpreliminaryInterpretations

within the studyarea,fluid flowandreservoirdrainageIn themiddle and lowerFrloIntervalsof the
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T-C-B field are thought to be affectedto varying extents by both structural complications and the

architecture of the reservoirsandbodies.LowerFrio reservoirsarepredominantly vertically Isolated

sandstonesof moderate lateral continuity that arefurther compartmentalized by faulting. Middle Frlo

reservoirsInclude both vertically stackedand vertically Isolatedreservoirsof limited lateralextent and

arelessaffectedby faulting. As a result,reservoirstylesIn both the middle and lower Frloof T-C-B field

provide many opportunities for uncontacted and poorly drained reservoircompartments.

Asmentioned previously, structural complications are Interpreted to be more significant In the

lower Frlo reservoirs. Seismicand well-log correlations in the adlacent Seellgsonfield (Ambroseand

others, 1992) Indicate fault throws of up to 200 R. The dip-oriented seismicline through T-C-B

confirms the presenceof significant synthetic and antlthetlc faults below the baseof the middle

Frio. These faults are anticipated to act asbarriersto fluid flow and reservoir drainage. In addition,

the lower Frlo consistsof sandstonesdeposited In a wide variety of settings, from strandplaln to

fluvial environments, resulting in a spectrum of reservoirarchitecture styles and Internal

heterogeneity. Sand bodies arerarely amalgamated, leading to reservoirsthat arevertically Isolated

from adlacent units by mudstones thicker than 10 ft. This leavesInternal heterogeneity as the

primary facies-dependent factor controlling reservoirdrainage. In deltaic faciessuch asstrandplaln

and barrier bar sands,vertical and lateral Internal heterogeneity Is expected to be low, resulting in

more thoroughly drained reservoirs(Tyler and Finley, 1991). However, fluvial faciesIn fine-grained

meander belts typically have high lateral heterogeneity. This Increasedcomplexity creates greater

opportunities for the existence of poorly drained reservoircompartments.

The middle Frlo Interval at T-C-B field appearsto be lessaffected by faulting. Fault throws in

the middle Frlo at S2ellgsonfield are lessthan 30 ft (Ambroseand others, 1992), and the seismic

line through T-C-B shows very mino_"offsets,which occur on a fewer number of faults than cut the

lower Frio. As a result, the primary causeof reservoircompartmentalization Is thought to be

reservoirarchitecture and Internal heterogeneity.

The middle Frio Interval Is composed of sand-pronesectionsas much as 130 ft thick that are

separatedby sand-poor sections 100 to 150 ft thick. Sand-prone sectionsconsist of Individual

channel-fill and splay sandsfrom 10 to 30 ft thick and 500 to 5,000 ft wide, which are amalgamated

vertically and "stacked" laterally. Sandsappear to be laterally continuous but are actually a seriesof

separate,stratlgraphlcally equivalent channel-fill or splay events. Kerr and Jirlk (1990) referred to

this style of fluvial architecture as "laterally stacked" and pointed out that channel-on-channel sand

contacts will be common, Increasing reservoirdrainageefficiency. However, sand-on-sandcontacts

can be baffles to fluid migration. Levey and others (1992) demonstrated that such a contact was

sufficient to compartmentalize a fluvial channel-fill reservoirand would result in an economic lnflll

gascompletion at a 40-acre spacing.

Sand-poorsections within the middle Frio are composedof channel-fill and splay sandstones

as much as 30 ft thick and separatedby more than 5 ft of mudstone. Thesesandsarelaterally
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Isolated In that they are not in contact with stratigraphically equivalent channel fills and are

limited In lateral extent (500 to 5,000 ft In width). KerrandJldk (1990) referredto this as a

"ve_cally stacked" architectural style and Indicated that these more completely sealed reservoirs

have a higher potential for uncontacted or poorly drained compartments. Levey and others (1992)

documented the discovery of such a channel-fill reservoir,which had never been contacted at 320-

acre sparing. Considering that many channels in the middle Frlomay be less than 10000 ft wide,

significant potential exists for discovery of uncontacted reservoirsIn fields such as ToC-Bwith

present well spacings as low as 40 acres.

S_urveyof Individual Reservoirs

Accomp_ during Prolect Year I

Tasks carriedout during the first prolect year at T-C-Bfield Included screening of individual

reservoirIntervals for their potential to contain uncontacted of poorly drained reservoir

compartments. These tasks, consisting of a review and analysis of the geologic and engineering data

available through public sources and the field operator.,Induded (1) compilation of Individual well

histories and cumulative production by zone to Identify significant reservoirs, (2) review of regional

and field stratigraphy,allowing placement of reservoir zones Into a genetic stratigraphic framework,

(3) synthesis of available petrophysical and mineralogic data by reservoir to evaluate gross reservoir

storage and flow capadty and potential for formation damage, and (4) preparation of a stratlgraphic

cross-section grid of the study area to further evaluate the potential for fades and architecture-

induced compartmentalization. Resultsof the first three tasks are presented below. Comtmctlon of

a stratigraphic cross-section grid is In progress and will provide key information by early in the

second project year.

Reservoir Development Hlstmy

Reservoirdevelopment throughout the life of T-C-Bfield was assessed to aid In the screening of

reservoirs for lnfill potential. Insight Into the history of Individual reservoirsat T-C-Bfield Is limited

by Incomplete data regarding well histories and accurate cumulative production information. Of the

88 wells on Mobil leases at T-C-B,well completion histories were available for only 31. Additionally,

gaps in lease production data prior to 1967 exist. As a result, the total number of completions and

the cumulative production per reservoir are not known with certainty. The available data can be

used on a relative basis to compare the activity and productivity of each zone.

Reservoir stratigraphy within T-C-_ field is complex, with oll and gas production from many

vertically and laterally stacked sandstones. More than 40 different zone names exist lust within the

77



Blucherarea.Preliminarycorrelationof thesezonesiscomplete,and theyhavebeengroupedinto

16reservoirintervals using the conceptsof geneticstratigraphy.

Table 16 listsparametersfor eachreservoirinterval that summarizeits production history.

Theseparametersinclude the number of known s_lccessfulcompletions,abandonments,active

completions,cumulative production from 1967 forward,and successfuland unsuccessful

completionsIn the past 10 yr. Asa checkon the relativevaluesof cumulative production, the

number of well yearsof production (thesum of the number of yearseachwell producedfrom a

given reservoir)prior to 1967 is also listed. As expected, zones with high post.1967 production have

a greater history of production prior to 1967, confirming their prolonged Importance as reservoirs.

Zones that do not follow this trend Include the Brooks,Conrad, and Lobberecht, Indicating that

either they were short-lived reservoirsor that post-1967 production data are Incomplete. If the

reservoirs were short-lived, they have not been assessed for bypassed potential through modern

reservoir characterization techniques.

Figure 40 Illustrates the relative Importance of zones on the basis of cumulative production.

It shows a plot of cumulative oll production and the ratio of gas to oll produced by reservoir

Interval (high cumulative gas-to-oil ratios Indicate reservoirs with large gas caps and thin oll rims).

The greatest number of reservoirs lies In the lower Frlo,with Justa few Intervals In the middle Frlo

sectton. O11and gas production Isdominated by the Marie and Maryreservoirs, which are part of

the prolific 21-BInterval. These preliminary data Indicate that the Scott and Kllmar Intervals In the

middle Frio and the Carl, Charles, Conrad, and RichardIn the lower Frloare the other malor

reservoirs.

Reservoirswithin T-C-B field are being abandoned with Increasing frequency. Figure ,11shows

that over 95 percent of reservoircompletions were carried out before 1985, but nearly _0 percent of

all abandonments occurred during that year. These abandonments are due to a perception that

reservoirs have reached economic depletion, which has resulted In a loss of well bores In which to

carry out recompletlons or measure critical reservoirdata.

Active well completions in the Blucher area are listed In Table 16 and their locations are shown

In Figure ,12.The Richard, Marie,Charles, Scott, and gllmar Intervals are the most active current

reservoirs,with more than three completions each. A campaign of recompletlon attempts has

accompanied the renewed drilling activity in the Blucherarea over the past decade. This moderately

successful effort has been most productive In the Scott, Carl, Marie, and RichardIntervals. Success,

especially In the three Intervals within the lower Frlo,may be the result of Increased structural

resolution due to the recent seismic program. Certain zones have yielded disappointing results,

especially the ArgueUezand Lobberecht zones. Assessing the reasons for success and failure In these

recent completions will be Important In selecting reservoirs for detailed study.
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Table 16. Production history of reservoir intervals in T-C-B field.
....................................... ..................

Rmmvu/r Av_ss_ C.mnpi_iom Ahmdonmmb Completion Complmimm Poet-1967Production3
Interval Depth Demlty2 (1983to Present)

(mbsm) (.clcomp) Cm Oil
Total ActiveI To/J Percent Attempt Succem (MMd) (MS13)

t t , t t tt t t , tt , , ,,,.,,, . , ,.H,,H, t t tt t t t .tit

lJrooks 6000 4 0 4 100 1200 1 0 113 3

Scott 6100 8 3 S (t_ 600 4 3 649 120

KJlmar 6200 9 3 6 67 533 2 1 2654 48

Jim Wells 6300 2 0 2 I00 2400 2 1 0 0

Arsudlez 6500 5 0 5 100 960 7 1 71 9

Paifurrias 6650 2 0 2 100 2400 1 0 0 0

Anlonio 6720 4 0 4 I00 1200 3 1 2 0

Carl 6820 10 2 3 30 480 4 2 67i2 31

Charles 6870 18 4 14 78 267 3 0 13.939 29

Marie 7010 29 6 23 79 166 S 3 26,679 16

Mary 7040 11 1 10 91 436 2 0 21,199 520

Conrad 7100 13 2 11 S5 369 0 0 352 22

Richard 71S0 11 7 4 36 436 7 S 10,767 77

Zuls 7180 7 0 7 I00 686 1 0 1252 5

Mule,/ 7220 6 0 6 100 800 0 0 266 23

Lo_t 72,5) S 1 4 80 960 4 0 0 0i i ii i i i

(Reservoir wre,aje completion data and cumulative productionvolumes m,e fromwithin the Blucher lease study area.)

1Active zones include presemly producin_ completions and shut-in zones
2Completiondemites csk'ulated using 48004cre area for the Blucher lease
3pre-1967 by reservoirI='oducliondam is incomplete

Reservoir A ffrtbutes

The present understanding of T-C-B Frio reservoir facies and architecture is based on previous

studies in nearby' fields, combined with a preliminary, assessment of Blucher-area stratigraphy'. Three

reservoirs in adjacent fields have been assessed by previous Bureau of Economic Geology" studies

(Jackson and Ambrose, 1989; Jlrik, 1990) and reservoir architecture and compartmentalization have

been addressed by Kerr and Jlrik (1990) and Levey and others (1992). Within the T-C-B area itself,

structure and net-pay' maps prepared by' Mobil over the Blucher lease are available for three reservoir

units, and an independent study' of the 21-B reservoir interval carried out adjacent to the Blucher

lease in the eastern part of T-C-B field provides information on depositional setting and reservoir

characterization.
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Figure41. Histogramsillustratingtrends In (A) compleUonand (B) abandonmentfor Individual
reservoirzonesIn T-C-Bfield.

Middle FrloreservoirIntervals alternate between sand-prone and sand-poor fluvial sequences.

The setting and architecture of units in this Intervalhave been studied by Jackson and Ambrose

(1989), who examined the Brooks reservoirIn LaGloria field, and by Jlrlk (1990), who assessed

reservoirs equivalent to the Riley and Jim Wells In Seeligson field. A net-pay map supplied by

Mobil showing a dip-elongate sand body provides additional confirmation of the fluvial nature of

these reservoirswithin T-C-Bfield. The lower Frloconsists of thinner Intervals of deltaic sands,
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Figure42. Map of T-C-Bfield stud)"areashowingdistributionof activewellsandcurrentlyproducing
reservoir zones.

possibly alternating with fluvial se01ments, in an overall shalier interval. This interpretation Is based

on work by Relstrofferand Tyler (1991) that identified 21-Breservoirs as deltaic, along with a net-

sand map of the Conrad showing a strike-elongate sand. Abrupt.based, upward-fining SPp_.ttems

and no mention of fossils in paleontology reports regardingthis interval support the Interpretation

of a fluvial deposltlonal setting for these reservoirsandstones.
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Nowhole coreisavailablewithin the studyareato assistin deposltionalfaciesanalysis.Six

wirellnecoresweretakenduringfielddevelopment,but nonehavebeenpreserved.Coreanalysis

dataexistfor 646 samples,splitequallybetweenwirelineandsidewallcores,from a total of
14 wells.Other Informationavailableto assistin characterizationof thesereservoirsincludes

petrographicandday mineraldataof 24 sidewallcoresfrom 7 wells.Knowngeologicand

petrophyslcalcharacteristicsof individualT-C-Breservoirsaresummarizedin Table 17.

Asshownin Table17,averageporositiesforFrioreservoirsaregood,rangingfrom 19 to

25 percent,whereaspermeabilityispoorto g_xl, with geometricmeansof 2 to 77 md andmedians

of 5 to 168 md.Bestpermeabilltiesarelimited to lowerFdoreservoirs.Crossplotsof porosityand

permeabilityforwireilneandsidewallcoresin middleFdo,lowerFrio,Lobberecht,andVicksburg

sands(Figure43) demonstratethe parityof wirelineandsidewalldata.Weconcludethat sidewall

coreanalysisdatawill be accurateenoughto usefor characterizationof T-C-Bfieldreservoirs.Cross

plotsof data in the middleand lowerFriointervals(Figure44), theintervalsmostlikelyto contain

reservoirsto beselectedfor detailedstudy,showverylittle scatterin the middlesequenceandmuch

wider scatterin the lowerinterval.Widerscatterin the lowerFdo ismostlikely the resultof

includingdatafrom a greaternumberof fades,from both fluvial anddeltaicassociations.The

greatestscatterin individuallowerFrioreservoirsoccursin theMarie,Mary, andConradsands,

whichareknownfrom previousstudiesto bedominatedbydeltaicfacies.Furtherevaluationof
thesecoredatawill facilitatethedetailedcharacterizationof Frloreservoirs.

On thebasisof analysesbyvariouslaboratoriesof 24 sidewallcoresfrom 7 wells,reservoir

sandsareshownto havea llthareniteto felclspathlcIltharenitecomposition,with volcanicand

carbonategrainsbeingthe primarydast types.Authlgenlcdaysincludevaryingamountsof

chlorite,llllte, andmoderatelyto highlyexpandableillite-smectite,with lesseramountsof kaolinite

(Figure45). Many of thesedaysaresensitiveto fresh-water-basedfluidsandhydrofluoricacid,as

wellasto finesmigration.Becauserecognitionof potential formationdamagefrom such

interactionsisrelativelyrecent,completionpracticesfrom theearlyfield life may haveresultedIn

lessthan optimalproductiontests.Reservoirswill bereviewedforsituationswhereformation

damagemay havemaskedan otherwiseeconomiccompletion.Furtherexaminationof existing

mineralogicandpetrographicdataandsamplingandadditionalanalysisof sidewallcorematerial

will benecessaryto evaluatethe importanceof diagenesison reservoirquality.More than 1,000

sidewallcoresfrom 15wellsareavailablefromMobil, shouldadditionalsamplingberequired.

Reservoirs with High Potential for Incremental 011 Recovery

Geologic and engineering data from the Blucher area of T-C-Bfield were evaluated to target

reservoirzones possessing the best potential for recovering additional oil reserves through detailed

characterization studies. Reservoirs with high cumulative production and relatively low completion
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density provide the best potential for containing a largeremaining resource and for possessing

undeveloped and untapped reservoir compartments. Facies variability and depositlonal style of

various reservoirzones were taken into consideration to provide an Indication of architectural

complexity and reservoirheterogeneity. Reservoirs in the T-C.Bfield study areabest meeting mese

criteria IncludetheMarie andMary (21.B),Scott,andKllmar sandzones.

The21.Bzone,composedof theMarie andMary sands,Isby far themostproductiveInterval

throughoutthegreaterT-C-Bfieldareaandhasproducedmorethan 50 MMbbl of oli. Of the

40 completionscarriedout In 25 wells,only4 remainopen.PreliminaryInformation,basedon

completions In only 25 wells within the 4,800.acre Blucher lease, suggests that average completion
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spacingmay be as high as 200 acres.Becausethe 2!.B sandsweremost likelydepositedIn a lower

delta.plain to delta.frontsetting, a varietyof deposltlonalfacies,and thus stylesof architecture,can

be expected.

The ScottIntervalhas producedmorethan 120MSTBofoil fromthe Blucherleasesince 1967

and hasa significantproductionhistorypredatingthis time. Field',videproductionhas not been

established,butrelativecumulativevaluesforthe Blucherleasesuggestthat ItIsthe most

sl_lficant of the MiddleFrloreservoirs.CompletiondensityIsverylow, withonly 8 perforationsIn

7 wellboresoverthe 4,800.acrearea.TheScottIntervalprovidesthebestopportunityatT.C.Bfield

to characterizea productive,laterallystackedfluvialInterval.

TheKIImarreservoirhashad low productionsince 1967from the Blucherlease(48 MS_), but

Ithasone of the longestproductionhistories,datingbackto the earlystagesof fielddevelopment.

ThissuggeststhatItIsa significantintervalthathad a high level of earlyactivitybut Isnow In

dangerof abandonmentbecauseof low productionrates.The gllmarsandsareverticallystacked

fluvialbodiesthatprovideexcellentopportunitiesforldentl_ng uncontactedand Incompletely

drainedreservoircompartments.

FUTURERESEARCHPLANS

The primaryobjective of phasei of the studywas to IdentifyfieldsandreservoirsInthe Frlo

Fluvial-DeltaicSandstoneplaywiththe greatestpotentialforuncontactedand Incompletelydrained

reservoircompartments.Reservoirsdemonstratingthe greatestreservegrowth potentialwillbe

targetedfordetailedreservoircharacterizationstudiesIn phaseIIof the prolect.Reservoirdatafrom

throughoutthe FrloFluvial-DeltaicSandstoneplaywerecompliedIn aneffortto characterize

reservoirparametersand generateresourceestimates,andthese formedthe basisforassessingthe

additionaluncontactedand IncompletelydrainedpotentialInthe playasa whole. Quantification

of the additionalresourcepotentialresidingInIncompletelydrainedand untappedcompartments

withinspecific reservoirzones InRlnconandT.C-BfieldsIswell underway.Synthesisof reservoir

log, core,and productiondataIn l_ncon and T.C.BfieldsIs nearingcompletion. Preliminary

stratlgraphlcstudiesand analysisof reservoircoredatahave characterizedoveralldeposltlonalstyle
and reservoirvariabilitywithineach field.ProductiondataIn eachfieldarecurrentlybeing

evaluated.Completiondensityfor Individualreservoirshas been Identifiedand willbe a meansto

targetuntappedreservoirpotential.Volumetricestimatesof producedfluidsand remainingreserves

will be calculatedto Identifyand delineatethe potentialremainingIn Incompletelydrained

reservoircompartments.Uponcompletionof lnlt!alreservoirstudiesIneach of the fields,suitable

reservoirsfromeach fieldwillbe targetedfordetailedcharacterizationand delineationof specific

opportunitiesfor capturingadditionalresources.

PhaseIIstudies,encompassingthe secondyearof the project,will focuson delineationof

IncrementalrecoveryopportunitiesIn Rlnconand T.C.Bfields.Screeningof reservoirsfromeach
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field to determinethebestcandidatesfor recompletlonandInfill potentialwill becompleteby early

in thesecondprojectyear.Selectedreservoirswill then be assessedfrom ageologicstandpointto

identifyr:eservolrarchitectureand internalheterogeneity.Engineeringmethodswill be appliedto

theresultingIdentifiedreservoircompartmentsto quantify remainingoll In placeand thepotential

foreconomicrecoveryof thoseremainingreserves.

Advancedreservoircharacterizationwill consistof analysisof deposltionaianddlagenetlc

heterogeneltieswithin selectedreservoirsand an assessmentof reservoircompartmentalization.

StratlgraphlcstudiesIn both fieldswill involvethe constructionof crosssectionsandmaps

IllustraUngdistributionof net-sandstonethickness,permeabilitythickness,andwatersaturation.

Detailedfaciesmapswill be developedforselectedreservo!rzonesusingIo8and coredata.Results

from thesestudieswill be usedto IdentifyprimaryarchitectureandInternalphysicalheterogeneity

within prospectivereservoirzones.Detailedcorestudiesandpetrophyslcalmeasurementswill be

carriedout on 300 ft of conventionalcorefromRincon field,andpetrographicanalyseswill be

performedon availablesidewallcoremat,,rlalfrom T.C.Bfield.The Integrationof petrographicand

petrophyslcaicoreandlogstudieswith reservoirpressureandproductiondatawill beusedto

identifyindividualreservoirc_partments.

interpretaUonsof lnterwell.scaier_rvolr heterogeneityand of the stylesanddegreeof

compartmentalizationin selectedreservolnmaybe greatlyenhancedby lnco_rating Information

on spatialrelationshipsof sandstonegeometry,continuity, andpermeabilitydistributionavailable

from outcropstudiesof an analogousfluvi_1.deltaicreservoirsystem.Dellver&blesfrom phaseII of

theprojectwill includethe Identificationof specificopportunitiesforrecoveringadditionaloil

reservesfrom untapped,Incompletelydrained,andpossiblynew poolreservoirtargets.
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