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Status Report

SUMMARY OF RESERVOIR CHARACTERISTICS OF SHORELINE BARRIER
RESERVOIRS

By Susan R. Jackson

ABSTRACT

A summary of reservoir characteristics of shoreline barrier reservoirs identifies the degree
of variability in reservoir characteristics in a specific class of reservoirs. This compilation will be
immediately useful to companies operating in shoreline barrier reservoirs as well as address a
longer term question of the degree to which reservoirs deposited in similar depositional
environments have similar reservoir properties, characteristics and scale and type of
heterogeneities.

Analysis of the characteristics of 319 shoreline barrier reservoirs listed in the TORIS data
base was initiated to determine the range and average properties of shoreline barrier reservoirs.
The majority of the shoreline barrier reservoirs listed in TORIS are in Texas (164), followed by
Oklahoma (49), Wyoming (28), and California (26). The dominant age of the barriers is Tertiary
and the dominant subenvironment represented is a strandplain/barrier core subenvironment.
Histograms of permeability, porosity, oil gravity and formation water salinity indicated a high
degree of variability in the reservoir parameters.

A compilation of the maximum facies dimensions reported in 15 references is presented in
table and graphic form to illustrate the geometry and volume differences of the facies within the
barrier island system. The shoreface and foreshore facies, predominant in Bell Creek field, have
volumes over 10 times those of the tidal inlet, flood tidal delta, and tidal channel/creek facies that
produce in the Patrick Draw field.

Future work will include the comparison of the reservoir characteristics identified from the
detailed study of Patrick Draw and Bell Creek fields to those reservoirs reported in the literature to:
(a) define the spectrum of reservoir characteristics found in shoreline barrier deposits, and (b)
assess the degree to which the controls on production found in Patrick Draw and Bell Creek fields
can be generalized to other reservoirs.

INTRODUCTION

A long standing question within the discipline of reservoir characterization has been: to what
degree do reservoirs, deposited in similar depositional environments, have similar reservoir
properties, characteristics, and scale and type of heterogeneities? The importance of the question is
that if similarities can be identified, then the knowledge based on a few reservoirs in the group can
be applied to the development of and production from other reservoirs in the same class. The
difficulty of the question is underscored by the fact that few answers or even attempts to answer
the question have be made. Many geoscientists, appreciating the high degree of variability in the
natural world, believe that each reservoir is unique and only gross similarities exist. Certainly,
some similarities exist, or the classifications based on depositional environments could not be
made. The depositional interpretations made, however, are often of limited confidence level, due
to the high variability of characteristics found in any one depositional system and the lack of unique
diagnostic characteristics that unquestionably identify the deposystem. Even if reservoirs can be



broadly classified as to the depositional environment in which they were formed, the question that
remains is: Are the similarities specific or detailed enough to make them useful in the
characterization and development of those reservoirs deposited in the same depositional
environment?

A discussion group at the Second International Reservoir Characterization Conference (Lake,
et al. 1991) was charged with the task of identifying examples of how information about one
reservoir can be applied to an unstudied but similar reservoir. The matrix of geological and
reservoir properties presented in Fig. 1 resulted from the discussion. In Fig. 1, the rows are
geological characteristics and the columns are reservoir parameters. An "O" was used at the
intersection of rows and columns to indicate that an effect on the reservoir property could be
exerted by the particular geological characteristic and that the effect could, under proper
circumstances, be predicted by observing or sampling an analogous reservoir. To indicate
characteristics not likely to carry from analogous reservoir, an "X" was used. Blank intersections
indicate the geologic characteristic has no generally recognized effect on the reservoir property
being addressed. The number of "O" marks indicate that a large amount of information at various
scales can be obtained from analogous reservoirs and outcrops, given the correct set of
circumstances.

The highest probability of finding transferable characteristics will be found in rocks that were
deposited under analogous processes. In order to identify those deposits, depositional classes will
have to be refined into subtypes of depositional environment classification beyond those typically
used today, such as meso-tidal barrier island or fluvial-dominated deltaic deposit. The subclasses
must also include depositional processes such as sedimentation rates, and the direction and rate of
sea level changes. Regional scale structural and sequence stratigraphic framework have been
shown to be important controls on reservoir heterogeneity (Jackson, et al., 1992) and must be
considered when considering transfer of information from one deposit to another.

The degree of analogy depends on the features of interest. Purely depositional features such
as geometries of facies require depositional process similarities, while petrophysical characteristics
must include similarities in depositional and diagenetic processes. Since tectonic processes are
important in controlling both diagenetic processes, illustrated by the relationship of clay content
and distance from fractures found in the pilot area in Bell Creek field (Jackson, et al. 1991), and
depositional processes such as the controls on the location of valley fill deposits in the Muddy
formation (Weimer, et al., 1982), and the thickness of the Almond formation (Van Horn, 1979),
the regional tectonic regime must also be considered.

The greatest probability for similar reservoir characteristics would be found in rocks that
were deposited under similar depositional processes including sedimentation rate and direction and
rate of sea level movement; within the same basins where the geochemical, diagenetic, and tectonic
processes would be similar; and during similar geologic time period within a similar sequence
stratigraphic framework.

TORIS DATABASE INFORMATION

Analysis of the data in the TORIS data base was initiated to determine the range and average
properties of the barrier-island reservoirs listed in the data base. It is important to consider the
source and accuracy of the data when analyzing the contents. For example, the interpretations of
depositional environment are rarely clear cut, are usually contentious, and therefore may include
deposystems other than shoreline barrier systems or mixtures of shoreline barrier systems with
other systems. It is often difficult to distinguish between barrier islands, strandplains and delta
front associated barriers because of their similarity in depositional processes and features, and their
paleogeographic proximity. Further work should include verification, to the extent possible, of the



depositional interpretations listed in the data base and possibly more refined, depositional
subclasses.

Three hundred and nineteen shoreline barrier reservoirs are listed in the TORIS data base. A
list of the reservoirs, fields, formations, age and depositional environment is presented in appendix
A along with the code definitions used. The distribution of reservoirs according to state, geologic
age and subenvironment is shown in Fig. 2. The most of the shoreline barrier reservoirs listed in
TORIS are from Texas (164), followed by Oklahoma (49), Wyoming (28), and California (26).
One hundred sixty-seven of the reservoirs are Tertiary in age, 80 Cretaceous, 32 Pennsylvanian,
and 19 Ordovician. The most common subenvironment represented in the reservoirs, in
descending order, is as follows: strandplain/barrier core (113); strandplain/barrier shoreface (88);
strandplain/undifferentiated (65); strandplain/back barrier (44); strandplain/tidal channels (6);
strandplain/washover fan; and tidal delta (4). Clearly, the data set is dominated by Texas
reservoirs. Whether or not this is truly representative of the geographic distribution of barrier
island reservoirs in the United States is not known.

Selected reservoir properties of the 318 reservoirs are listed in Table 1. A highly variable
nature of the reservoir properties suggests that the data set consists of more than one population
(Figs. 3 and 4). Values for Bell Creek field and Patrick Draw field are indicated to illustrate where
in the spectrum of values for barrier island reservoirs they lie. The majority (mode) of barrier
island reservoirs fields are less than 2,000 acres (Fig. 3a), with well spacing of about 20 acres
(Fig. 3d). Dominant gross and net pay thicknesses are around 20 feet (Fig. 3b-c). A broad
distribution of reservoir depths, ranging from 530 to 11,260 feet (Fig 3e) and a correspondingly
broad range of temperature, ranging from 60° to 260° F (Fig. 3f) are illustrated.

Histograms of permeability, porosity, oil gravity and formation water salinity are presented
in Fig. 4. Multiple peaks in the histograms suggest polymodal distributions, and are most marked
in the histogram of formation water salinity. The strong possibility of multiple populations
indicates the need to determine the basis of grouping for the various populations.

To distinguish the individual population of reservoirs, histograms of permeability of
reservoirs within the same play were constructed (Fig. 5.). A play is a group of reservoirs with
common geologic histories. The degree of variability in permeability is reduced when the various
plays are distinguished. Similar permeability frequency distributions exist for three Texas plays
(Fig. 5a-c), even though the plays are of different ages (Frio, Oligocene; Jackson, Eocene; and
salt-related plays, Cretaceous). Fewer values exist for the other plays, however, modal
permeabilities are generally lower than those found in the gulf coast reservoirs. The wide spread
of values in the Muddy/Newcastle play are probably due in part to the fact that the fluvial and
estuarine deposits of the Muddy Sandstone have erroneously been classified as
strandplain/undifferentiated in the TORIS data base. In subsequent work, non-barrier reservoirs
will be excluded from the data analyzed.

Future work will include the analysis of other parameters within the various plays and within
the various facies (Fig. 2b) to determine the natural grouping of reservoir properties. Also, to
determine whether the within-shoreline barrier variability is less than between deposystem
variability, data from barrier island reservoirs will have to be compared with other depositional
systems.

SAND BODY GEOMETRIES

After studying the Muddy Formation in Bell Creek field that produces primarily from
shoreface and foreshore facies, the Almond Formation and Patrick Draw field was selected as a
second reservoir to study because it represented a second type of shoreline barrier system—a



system dominated by tidal processes with production primarily from tidal delta, tidal channel and
tidal inlet facies.

A study of facies volumetrics, dimensions and geometry was initiated because facies are an
important control on compartmentalization and well drainage area. Prior knowledge of facies
dimensions is important for determining the well spacing, patterns and locations. A compilation of
the maximum facies dimensions reported in 15 references is presented in Fig. 6 and Table 2 and
illustrates the geometry and volume differences of the facies within the barrier island system. The
shoreface and foreshore facies predominant in Bell Creek field have volumes over 10 times those
of the tidal inlet, flood tidal delta and tidal channel/creek facies that produce in Patrick Draw field.
In addition to greater volumes, reservoirs composed of shoreface and foreshore facies have much
better reservoir continuity and therefore can be developed with greater well spacing. Reservoirs
composed of tidal inlet, flood tidal delta and tidal channel/creek facies have much less continuity,
and suggests that closer well spacing (or infill drilling in mature reservoirs) or horizontal wells
will be most effective production strategies. Differences in facies continuity between the Muddy
formation and Almond formation are clearly illustrated in outcrop cross-sections. Foreshore and
shoreface facies, along with corresponding permeability profiles can be traced over distances of
over 1.3 miles in outcrop exposures of the Muddy formation (Jackson, et al., 1991), whereas in
outcrop exposures of the Almond formation, correlations of tidal channel and tidal delta facies are
difficult over 1,200 feet.

CONTINUED WORK IN FY93

To address the question of the transferability of characteristics from one deposit to another,
the work planned for FY93 is to survey the literature and other information sources such as the
TORIS data base for reservoir characteristics, heterogeneities, and controls on production common
to shoreline barrier reservoirs. The reservoir characteristics identified from the detailed study of
Patrick Draw and Bell Creek fields will be compared to those reservoirs reported in the literature to:
(a) define the spectrum of reservoir characteristics found in shoreline barrier deposits, and (b)
assess the degree to which the controls on production found in Patrick Draw and Bell Creek can be
generalized to other reservoirs. The characteristics identified will be categorized into depospecific,
play specific, or unique classes to assess the degree of similarity and therefore, the degree to which
information from one reservoir can be used to maximize oil recovery from other reservoirs
deposited in the same depositional environment
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TABLE 2-  Common shapes and dimensions of major tide related facies in Recent and ancient
mesotidal shoreline barrier systems 1

Facies Name Thickness (ft) Width (mi) Length (mi)
and shape

Mesotidal Barrier 12.0 t0 90.0 0.6 to 4.0 2.0to0 12.0
(Shoreface &

Foreshore Facies);

elongated oval,

drumstick

Washover Fan & 0.5 t0 6.0 0.4t 1.6 0.8t 1.8
Terrace;
fan or terrace

Spit Platform; 3.0to 15.0 0.5t03.0 0.3 to 1.0+
accreted cycles

Tidal Inlet; 5.0 to 100.0+ 0.1 to 1.0+ 0.6 to 4.0+
strait or
slightly curved

Tidal Channel & 5.0 to 100.0+ 0.02t0 0.8 1.0 to 3.0+
Tidal Creek;
convergent, sinuous

Flood Tidal Delta; 6.0 to 30.0 0.3t04.0 1.0 to 3.0
lobate fan,

tear-shaped

Ebb Tidal Delta 15.0to 75.0 1.0 t010.0 1.5t0 6.0
& Shoal;
lobate fan, oval

1Data compiled from Bernard et al., 1959; Cuevas et al., 1985; Donselaar, 1984, 1990; Fitzgerald et al., 1984;
Flores, 1978; Hayes and Sexton, 1989; Hoyt and Henry, 1965; Reinson, 1984; Roehler, 1979, 1988;

Sha Li Ping, 1990; Sneider et al., 1984; Van Horn, 1979, and from NIPER’s field observations

(Szpakiewicz et al., 1986, 1990-91).
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EBB TIDAL DELTA
VOLUME = 2,880,000 ACRE-FEET

Whh = 70

21,120 FT

FLOOD TIDAL DELTA
VOLUME = 230,400 ACRE-FEET

W/h =704

21,120FT

63,360FT 21,120 FT 5,280FT|
SHOREFACE AND FORESHORE TIDAL INLET
VOLUME = 2,764,800 ACRE-FEET VOLUME = 256,000 ACRE-FEET
Wh o =
100 FT
15,580 FT

8,448 FT
9,504 FT 6FT

WASHOVER
VOLUME = 11,059 ACRE-FEET
W/h= 1408

15,840 FT

TIDAL CHANNEL/

TIDAL CREEK
VOLUME = 153,600 ACRE-FEET
Wh =42

SPIT PLATFORM
VOLUME = 28,800 ACRE-FEET
W/h = 1056

SCALE
1007

2MLES

Fig. 6. Dimensions and geometries of barrier island facies. Data from references listed in Table 2.
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1 91 AXN1vd AXNIvd ™HOD| 81T XL
I 91 dNOYH DANASHONIAT YA dNOYD DANASHORNATYA T1H T4dVHD| 81T XL
I 91 LINN ANVS HOYNESLLId LINN ANVS HOYNAS.LLId a1 HOINASLLId| L1z XL
I 791 DINGSLLId DdNdSLLId ddOH MAN| L1T X1
I 91 dNVS TIIH ANVS T1IH 4dOH MAN| LIT XL
I 91 ANVS LLANINE ANVS L1ININA HOVHLYVD| LIT XL
I 91 XL HOVHLAVD| LIT XL
I 91 INIFAOOM WVHLIOM| TIT XL
1 91 d ANIFAOOM A ANIFAOOM ZIN XL 2iT XL
I 91 4 ANIHaOOM 4 ANIHAOOM ZIT XL 21z XL
I 091 ANVS OZRIY VD (NVS OZI44VvD WNDO1S| ¢TIz XL
I 91 TIASNAVIO-4NS TIASHIVID-4NS NVILINO| ZIt XL
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091 HNOLSANVS AVAHLV1d AVAHLV'H JHIATOS LSOT| ¥LE AM
C 091 HNOLSANVS NIMIVA) NIASIY N3dasny ZLYIM| g€ AM
[4 091 (SS NIMYVA) NHASWV NIMdvda AHdUO SSVAD|  1€€ AM
I 091 IV.LNNOW MOUD) ALV MONHD SLLAND AFIYO SSVAD|  0€T AM
I 091 HINOLSANVS AAdniN AJUNA MIVLALIHM| 812 AM
C 191 HNOLSANVS AddNN AINO ODONOD 1 AdUNK ¥dddn JAD0AUNATO HLNOS|  81¢ AM
1 091 HNOLSANVS AddNN AdAN LSVH “UVAANYS] 81T AM
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APPENDIX B. Codes Used in Appendix A.

GEOLOGIC AGE CODE

120 Tertiary

121 Pliocene

122 Miocene

123 Oligocene

124 Eocene

210 Cretaceous

211 Cretaceous/Upper

212 Cretacous/Gulf

213 Cretaceous/Coloradoan
217 Cretaceous/Lower

218 Cretaceous/Comanche
221 Jurassic/Upper

230 Triassic

322 Pennsylvanian/Virgil
323 Pennsylvanian/Missouri
325 - Pennsylvanian/DesMoines
326 Pennsylvanian/Atoka
327 Pennsylvanian/Lower
328 Pennsylvanian/Morrow
331 Mississippian/Upper
332 Mississippian/Chester
341 Devonian/Upper

342 Devonian/Chautauquan
348 Devonian/Ulterian

365 Ordovician/Champlanian
371 Cambrian/Upper

374 Cambrian/Middle

377 Cambrian/Lower

DEPOSITIONAL SYSTEM CODE

160 Strandplain/Undifferentiated

161 Strandplain/Barrier Core

162 Strandplain/Barrier Shoreface

163 Strandplain/Back Barriers

164 Strandplain/Tidal Channels

165 Strandplain/Washover Fan/Tidal Delta
DEGREE OF CONFIDENCE

1 Highest

2 Moderate

3 Lowest
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