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Objective

A previously idle portion of the Midway-Sunset field, the ARCO Western Energy Pru
Fee property, is being brought back into commercial production through tight integration
of geologic characterization, geostatistical modeling, reservoir simulation, and petroleum
engineering.  This property, shut-in over a decade ago as economically marginal using
conventional cyclic steaming methods, has a 200-300 foot thick oil column in the
Monarch Sand.  However, the sand lacks effective steam barriers and has a thick water-
saturation zone above the oil-water contact.  These factors require an innovative approach
to steam flood production design that will balance optimal total oil production against
economically viable steam-oil ratios and production rates.  The methods used in the Class
III demonstration are accessible to most operators in the Midway-Sunset field and could
be used to revitalize properties with declining production of heavy oils throughout the
region.

The 40 ac Pru Fee property is located in the super-giant Midway-Sunset field and
produces from the late Miocene Monarch Sand, part of the Monterey Formation.  The
Midway-Sunset field was discovered prior to 1890. Cumulative production from the field
through 1995 was 2.3 billion barrels of oil and 563 billion cubic feet of gas, with
remaining reserves estimated to exceed 450 MMBO.  The average daily field production
in 1995 was 163,400 barrels of oil.  In the Pru Fee property, now held by ARCO Western
Energy, cyclic steaming was used to produce 13° API oil.  However, the previous



operator was unable to develop profitably this marginal portion of the Midway-Sunset
field using standard enhanced oil recovery technologies and chose rather to leave more
than 3.0 MMBO of oil in the ground that otherwise might have been produced from the
40 ac property. Only 927 MBO had been produced from the property when it was shut-in
in 1987.  This is less than 10% of the original oil-in-place, which is insignificant
compared to typical heavy oil recoveries in the Midway-Sunset field of 40 to 70%. The
objective of the demonstration project is to encourage a similar incremental increase in
production in all other marginal properties in the Midway-Sunset and adjacent fields in
the southern San Joaquin Basin.

In January 1997 the project entered its second and main phase with the purpose of
demonstrating whether steamflood can be a more effective mode of production of the
heavy, viscous oils from the Monarch Sand reservoir than the more conventional cyclic
steaming.  The objective is not just to produce the pilot site within the Pru Fee property
south of Taft (Figure 1), but to test which production parameters optimize total oil
recovery at economically acceptable rates of production and production costs.

Stratigraphic Characterization

General Statement
The Midway-Sunset field produces oil from multiple reservoirs that range in age from
Oligocene to Pleistocene.  However, most of the production is from the Upper Miocene
sand reservoirs (Hall and Link, 1990).  Production at the ARCO Western Energy (AWE)
Pru Fee property is from the Upper Miocene Monarch sand.  At the 8 ac Pru pilot
demonstration site, in the center of the Pru Fee property (Fig. 1), the average depth to the
Monarch sand is 1,099 feet (Table 1).

The stratigraphic nomenclature applied to this part of the Midway-Sunset field is a
combination of formal units (which are recognized at the surface and in the subsurface)
and informal units, which are mostly identified in the subsurface.  The stratigraphic
nomenclature of Foss and Blaisdell (1968), Reid (1990), Nilsen (1996), and Sturm (1996)
has been adopted in for this project as it most closely reflects that used by the petroleum
industry.

The Monarch sand is one of several sand lenses within the Belridge Diatomite Member of
the Monterey Formation (Fig. 2).  It overlies the informal Republic, Williams, and
Leutholtz sands (in descending order) of the Antelope Shale. The Reef Ridge Shale
overlies the Monarch in other portions of the Midway-Sunset field.  However, a regional
Pliocene unconformity, referred to as the sub-Etchegoin unconformity (Sturm, 1996),
truncates the Reef Ridge Shale and the top of the Belridge Diatomite Member at the Pru
site.  Here the Pliocene Etchegoin Formation rests with a low angle unconformity on the
Monarch sand and an overlying Belridge Diatomite Member mudstone unit.  The base of
the Monarch Sand lens has not been penetrated at the Pru site.  Its total thickness and
relationship to underlying mudstones in the Belridge Diatomite Member are not known.
However, the Monarch Sand is known to be at least 320 ft thick at the TO-2 well.







Stratigraphic Modeling of the Monarch Sand
The Monarch Sand at the Pru pilot site has been characterized using petrophysical logs
from the 18 new wells drilled in January-March, 1997 and petrophysical logs, core
descriptions, and petrophysical data from 3 older wells (Pru 101, Pru TO-1, and Pru 533)
(Fig. 1). The two wells in the Pru property with nearly continuous core through the
Monarch Sand, Pru 101 and  Pru 533, provided the basis for calibrating log response with
lithology and petrophysical properties (Fig. 3) and for testing the validity of log-based
bed-scale stratigraphic correlation.

The Monarch Sand is relatively homogeneous and is dominated by thin-bedded,
poorly to very poorly sorted, medium- to coarse-grained sandstone. Characteristically,
medium-grained sand, coarse-grained sand, granule sand, and pebble sand form graded
beds and sand-on-sand bed successions one to several ft in thickness.  The sand packages
periodically are punctuated by diatomaceous mudstone and muddy bioturbated fine-
grained sand.  Cobble-size clasts (granite, gneiss and schist) up to 18 in diameter are
observed in core and noted in logs by a high gamma spikes associated with abnormally
low log porosity values.  The overall lithological characteristics of the Monarch Sand are
those of a proximal turbidite as described by Bouma (1962), Mutti and Ricci-Lucchi
(1972; 1975), Walker and Mutti (1973), and Bouma et al. (1985).  The stacking patterns,
coarsening upward grain size, and a general coarse-grained nature of the highly graded
beds can be interpreted as a progradational turbidite sequence (Walker, 1981).  Refer to
the 1995-96 annual report for a detailed description by Creties Jenkins of the Pru 101
core and lithofacies within the Monarch Sand.

In general, the sandy lithofacies present within the Monarch Sand alternate at a scale of a
few feet or less and exhibit similar electrical log responses.  This makes it virtually
impossible to reliably distinguish a poorly sorted medium-grain sand from a course-grain
sand.   Only the two extreme lithofacies, diatomaceous mudstone and the pebbly sand,
can be interpreted with any confidence from the logs.  Both of these lithofacies are
characterized by high gamma log values. In addition, they exhibit the two extremes in
density porosity. The mudstone lithofacies consistently is associated with log porosity
values greater than 35 %, whereas pebbly sand lithofacies generally has log porosity
values less than 26 %. In the wells for which core is not available, these two lithofacies
are determined from a combination density porosity and gamma ray logs.  All other
intervals are merely the "sand" lithofacies undivided.  Even though the wells are very
closely spaced and the log suites are comparable, only the mudstone lithofacies could be
correlated with any degree of reliability.  The pebbly sand lithofacies is either too limited
in lateral extent or too variable in log properties to be correlated as discrete layers.  Only
broadly delimited intervals in which this lithofacies was present could be carried through
a few adjacent wells.

The mudstone lithofacies, significant as a potential barrier or baffle to steamflood, was
recognizable less as discrete beds that could be correlated from well to well than as a
dominant lithologic element within a stratigraphic interval of limited areal extent.  Only
one such interval, referred to as the "Middle Marker Unit", exhibited continuity across
nearly the entire pilot site.  The presence of this marker unit, just 5-15 ft in thickness,





provides a basis to divide the Monarch Sand into three stratigraphic elements - an Upper
Sand, the Middle Marker, and a Lower Sand.

Even with the high density of quality log suites from the 20 wells drilled expressly for
this project, it proved impossible to develop a multi-layer stratigraphic model for the
Monarch Sand at this location.  The apparent absence of lateral continuity and limited
variation in log responses between the lithofacies observed in core severely limit high-
resolution stratigraphic modeling of this sand reservoir at this site.

The previous stratigraphic model of the Monarch Sand developed in first phase of the
project, which was based mainly on resistivity curves, has been substantially revised. It is
now clear that the various correlation surfaces developed in that older model are
ungrounded.  Only the "Surface 3" correlation, which corresponds to the base of the
"Middle Marker Unit" in the current model, is valid.  Unfortunately, no further
correlation within the Monarch Sand are possible at the site of the Pru pilot
demonstration.

In the southeastern half of the pilot site, the Monarch Sand is overlain by a diatomaceous
mudstone, presumably the enclosing Belridge Diatomite Member, which is erosionally
beveled and absent beneath the base Etchegoin unconformity towards the northwest.
This mudstone also is delineated on the basis of gamma ray and porosity log response
(Figure 3).  The Etchegoin Formation, however, is easily recognized in resistivity logs, as
is the oil-water contact within the Monarch Sand.

Subsurface Configuration of the Monarch Sand
The four structural cross sections and two structure contour maps presented here depict
the subsurface configuration of the Monarch Sand.  Each cross section (Fig. 4 through
Fig. 7) shows the Etchegoin Formation, the base Etchegoin unconformity, and the
Monarch Sand all dipping southeastward.  The southeastern dip also is clear in the
structure contour maps (Fig. 8 and Fig. 9).  The base Etchegoin unconformity dips
approximately 8o SE, whereas the underlying Monarch Sand dip is slightly steeper, about
16o SW.  The sub-Etchegoin unconformity bevels northwestward across both the
Belridge Diatomite mudstone above the Monarch Sand and higher portions of the "Upper
Sand Unit".

The upper Belridge Diatomite mudstone is identified in wells in the southern and
southeastern part of the part of the pilot site, where it reaches a maximum thickness of 33
ft.   It is absent beneath the base Etchegoin unconformity to the northwest (Fig. 4 through
Fig. 7).  A second mudstone-dominated layer, the "Monarch Marker Unit", is identified
in most wells, except those in the extreme northwest.  This broadly defined muddy unit
thins from a maximum of 22 feet in the southeastern part of the pilot site northwestward
to be cut out by the "Upper Sand Unit" as shown in Fig. 9.  Northwest of the limit of the
"Monarch Marker Unit" the Monarch Sand cannot be divided reliably on the basis of log
interpretation.















The sub-Etchegoin unconformity and upper mudstone are interpreted as steam
barriers and the Monarch marker bed is interpreted as a baffle. Steam should be
effectively contained along the barriers; however, steam will probably migrate in the
updip direction along the base of the Monarch Marker Unit and then upward where this
unit is missing.

The oil-water contact (Fig. 8) was penetrated in all of the 20 wells.  It is generally sub-
planar and horizontal, 20 to 40 feet above sea level as depicted on the cross sections (Fig.
4 through Fig. 7).  This configuration and depth are consistent the oil-water contact
mapped in an earlier phase of the project across a considerably larger area using a
different set of wells.

The gross pay of the Monarch Sand is defined as the oil saturated interval between the
base Etchegoin unconformity and the oil-water contact (OWC) in the northwest and
between the base of the upper Belridge Diatomite mudstone and the OWC in the
southeast.  The gross pay thins southeastward from approximately 300 ft. to just 200 ft
due to the southeastern dip of the reservoir through the OWC and the insertion of the
Belridge Diatomite mudstone above the Monarch Sand.

The stratigraphy and structure of the Monarch reservoir at the pilot site is
consistent regionally with the stratigraphy and structure of the Monarch Sand as
described by Sturm (1996).
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