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Preface

As a company reservoir geologist in the mid-
1980s, | still remember an incident when | jumped at
the opportunity to geologically evaluate one of the
largest oil fields in North America for equity re-
determination. A younger colleague was displaced
from an exploration group and assigned to help me
on this project. He viewed this as a serious, though
hopefully temporary demotion. His first comment to
me was: “l was hired as an explorationist, and not to
sift through oily dirt!” (The reservoir consists of
unconsolidated oil sands). Such was the general
feeling of geologists and geophysicists at the time—
exploration was glamorous and required big,
conceptual thinking, while reservoir description was,
as the name implies, descriptive, mundane, and
perhaps sufficiently numerical that it should be left in
the hands of engineers, particularly since they are
responsible for production from fields discovered by
explorationists.

Fortunately, during the mid-late 1980s, some of
the petroleum giants—such as the late Robert
Sneider—were promoting the methods and
applications of integrated reservoir characterization
through society courses, publications, and sound
business practices. In my own mind, the turning point
from which “reservoir characterization” became
something for geologists to avoid, to becoming a
scientific discipline in its own right, was inauguration
in 1990 of the Archie Conference series, vigorously
pushed by Bob, and ultimately co-sponsored by
American Association of Petroleum Geologists
(AAPG), Society of Exploration Geophysicists
(SEG), Society of Petroleum Engineers (SPE), and
Society of Professional Well Log Analysts (SPWLA).
The 1st Archie Conference and resulting
Proceedings volume were titled The Integration of
Geology, Geophysics, Petrophysics, and
Petroleum Engineering in Reservoir Delineation,
Description, and Management. This conference
was not only an attempt to show the upstream
petroleum community that professionals and their
societies could work together, but to acknowledge
the added value to the petroleum industry of
discipline-integration. This conference provided the
springboard from which the integration of disciplines
in reservoir characterization evolved. Of course, the
end-of-decade downturn in the industry also
prompted professionals to take their skills from the
exploration scale down to the reservoir scale.

Since the 1st Archie Conference, many
additional conferences have been held, proceedings
published, and books and papers written on the topic

of reservoir characterization. Today, the stature and
value of integrated reservoir characterization is well
established and has become the norm in the global
industry’s attempt to produce more hydrocarbons
from existing fields. Company annual operating
budgets now include a substantial component for
exploitation, in addition to increasingly-expensive
exploration. This strategy by companies is important,
if not critical. For example, one recent estimate of
global production predicted a decline of 2-5%/year,
which translates into an additional 10-19MMBOPD
of additional production required by the year 2010
just to stay even. Much of this added production will
have to come from mature or maturing fields,
because they already have infrastructure in place,
and because they typically retain more of their
hydrocarbon supply than they release to producers.
To accomplish this lofty goal, steady improvements
in the ability to extract more hydrocarbons from
existing fields at a reasonable cost are essential,
rather than simply being good business practice.

This 26th Annual GCSSEPM Foundation Bob
F. Perkins Research Conference is a solid
testimonial to how far we have advanced over the
past 15 years in the technologies and practices of
reservoir characterization for improved hydrocarbon
recovery. The Call for Papers on the theme
“Reservoir Characterization: Integrating
Technology and Business Practices” was met
with a wide range of presentations from outcrop
studies to advanced numerical modeling of reservoir
systems. A number of general observations can be
made about the quality of the work being conducted
within industry and academia, as revealed at this
Conference:

+ The majority of studies are now cooperative
amongst the disciplines and clearly demonstrate
the degree of discipline-integration that has
evolved over the past 15 years;

* A variety of workflows have been developed by
individual organizations for dealing with large
datasets and diverse reservoirs, but a general
theme of them all is discipline-, people- and data-
integration;

* A comprehensive, useable characterization in-
volves a major effort in terms of computing power
and people’s time, irrespective of the size of the
reservoir under study;

« There is generally universal acceptance of the
fact that reservoirs are almost always complex
and compartmentalized;




» OQutcrop analogs now provide an important input
component to a characterization; lateral bed con-
tinuity and vertical connectivity in 3D space are
particularly important to quantify;

* Proper characterization requires examination
and study of a reservoir at all scales from the pore
level to the field level; this can be a major chal-
lenge owing to time constraints in many fields and
organizations;

» A variety of depositional processes and environ-
ments, as well as post-depositional burial pro-
cesses, have resulted in a spectrum of reservoir
types through geologic time; it is important that
these different reservoir types be recognized and
characterized at all scales. Generalized deposi-
tional models may exclude local heterogeneities
that affect reservoir performance;

+ 3D and even 4D seismic does not always provide
the desired answer to reservoir performance.
Features which control fluid flow are often be-
neath the resolution of normal seismic reflection
volumes. However, advances continue to be
made in forward and inverse seismic modeling to
improve the information extracted from seismic;

* There are many risks and uncertainties associat-
ed with exploiting a reservoir, but the rewards can
be substantial, though perhaps not as glamorous
as a new exploration discovery;

* No matter how closely-spaced wells are, even in
mature fields, there is still significantly more un-
drilled rock volume between and beyond the
wells than has been drilled within the confines of
the field. Thus, there is always a degree of uncer-
tainty in predicting structural and stratigraphic
features away from a wellbore.

» 3D geological modeling has attained a high level
of sophistication, in terms of the modeling work-
flow, input parameters, and output used to simu-
late reservoir performance and develop a
workable exploitation strategy. Improvements in
3D modeling and reservoir simulation software
and computer horsepower/cost are major contrib-
utors to this improved sophistication in character-
ization and modeling. As demonstrated in some
papers, 3D geocellular and reservoir simulation
models being used today in large fields would not
have been possible just a few years ago.

In an attempt to optimize knowledge transfer
throughout the Conference, the thirty-seven, high-
quality papers for presentation both orally and as
companion posters have been grouped into six
sessions. The first session begins after opening
remarks and a thought-provoking introductory paper

on the relative value of exploration and exploitation.
The sessions, in their agenda order, are as follows.

Session I: Integrated Characterization of
Developing Fields contains eight papers which
describe the delineation and early exploitation
phases of reservoirs in China, U.K. and Norwegian
North Sea, Saudi Arabia-Kuwait neutral zone,
Colombia, Venezuela, Mexico, and Indonesia. A
variety of techniques, workflows and strategies are
presented to resolve a variety of reservoir issues;

Session II: Geophysical Imaging for
Characterization contains five papers dealing with
seismic imaging and one paper dealing with
borehole imaging. All papers combined present
advanced processing and imaging procedures, and
demonstrate the direction in which geophysical
imaging continues to advance.

Session llI: Integrated Characterization of
Mature Fields contains five papers ranging from full-
field modeling of the giant Prudhoe Bay Field to
characterization of smaller gas-condensate
reservoirs on the Texas gulf coast. Since there is not
a universal definition of a ‘mature field’, | have single-
handedly applied an ‘age-since-discovery’ factor in
categorizing the fields for inclusion into this session.

Session IV: Outcrops and Modern
Environments as Analogs for Characterizing
Reservoirs contains six papers on both clastic and
carbonate outcrops and sediments. This session
demonstrates the level to which geoscientists
working in surface environments have reached in
their use of a variety of techniques to quantify
stratigraphic properties for application to subsurface
reservoirs. “Seeing is believing” is the key principle

behind surface characterization, because
subsurface techniques cannot image all of the
potentially-important  heterogeneities within a
reservoir.

Session V: Modeling for reservoir

development and assessment of uncertainty and
risk contains nine papers which collectively
demonstrate the high level of efficiency and
cooperation that have been achieved in the quest for
quantitative 3D geological models for reservoir
performance simulation and exploitation
management. Papers include the application of
integrated datasets/people, geostatistics, upscaling,
history matching, and sedimentary process-
response modeling, with emphasis on quantitative
3D geological models. The variety of approaches
being utilized in this model-building endeavor are
both informative and thought-provoking. Comparing
the current state of 3D geological modeling with
efforts of just a few years ago makes one wonder




what will be the next incremental and/or quantum
advancement in modeling, and how far the science
can excel.

Session VI: Improvements in reservoir
characterization and well planning is the closing
session. It contains three informative papers
summarizing recent, specific advances in aspects of
well planning and characterization that may not be
familiar with the majority of attendees and readers.

The planning committee for this Conference is
confident that its goals have been met. New ideas,
workflows, and methodologies are provided which
can not only be used daily in the workplace, but
equally important, which can provide the foundation
for the next generation of advances in the science of
reservoir characterization. Some of the thoughts for
future work that | came away with after organizing
and reading each contribution are the need for:

» advances in computing power so that less up-
scaling is required for simulation;

+ continued progression of geophysical imaging
technology in order to capture important “sub-
seismic scale” features;

» continuation of 3D quantitative outcrop character-
ization for geologic modeling;

+ significantly more integration of high-resolution
biostratigraphy and geochemistry into the reser-
voir characterization workflow;

» continuation of the phenomenal growth and abili-
ties of quantitative 3D static and dynamic geolog-
ical modeling;

* improved realization by company management
that completion of a proper characterization re-
quires more time than is often allotted (i.e. the in-
dustry-wide’ 80% rule’ may not be sufficient when
reservoir performance is controlled by hard-to-
pinpoint heterogeneities);

* a better understanding of ‘what really matters’ in
reservoir characterization.

The only minor disappointment was the
relatively small number of papers that included
discussion of the business side of reservoir
characterization, as was requested by the title of the
Conference. However, technical people are what
they are, and the technical advances in the science
of reservoir characterization that are presented at
this Conference bode well for the future, as more
focus is placed upon enhanced hydrocarbon
recovery from existing reservoirs.

Finally, | and the organizing committee would
like to take this opportunity to thank all of the
contributors to this Conference who took time away
from their busy work schedules to prepare papers.
We also thank Carol Drayton for her layout and
editing expertise, Andrew Slatt for re-drafting a
number of graphics that required touchup for this
Proceedings volume, Gail Bergan for formatting and
completing the Proceedings volume, and Norm
Rosen, as Executive Director of GCSSEPM, for his
monumental effort at guiding this Conference to
success. Reviews of first draft papers were
completed by organizing committee members.
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A Closer Look at Field Reserve Growth:
Science, Engineering, or Just Money?

Grace, John D.
Earth Science Associates

Abstract

The growth in estimated ultimate recovery
(EUR) of oil and gas fields over the course of their
development has been recognized as a significant con-
tributor to hydrocarbon supply, both in the United
States and abroad. Data on changes in EUR have been
examined for oil and gas fields discovered on the mod-
ern shelf of the Gulf of Mexico, in order to empirically
determine the possible causes of these changes.

Using a semilog regression model of EUR as a
function of years since discovery, from 1975 through
2002, roughly half of fields in the study area grew and
the balance either shrank or remained statistically
unchanged. Fields that grew were typically large dis-
coveries to start and the volumes by which they grew
were log normally distributed. The fields making the
largest contributions to aggregate growth typically had
at least 20 reservoirs over at least 5,000 feet of charged
section, which was deposited in generally prograda-
tional environments at sediment accumulation rates
between 500 and 2,500 feet per million years.

The principal mechanism of field growth in the
study area was through the discovery of new reser-
voirs. In the fields having the largest growth, these
discoveries occurred in cycles based on stratigraphic
interval. Within each cycle, the largest reservoirs were
discovered early and the size of reservoir discoveries
declined exponentially. Up to four major stratigraphi-
cally based cycles were observed; generally, but not

always, each subsequent cycle added a smaller volume
to EUR than those that preceded it.

A secondary source of growth arises through the
combined effects of recognizing an increased volume
of reservoir rock containing reserves and improvement
in recovery factors. The contributions of these mecha-
nisms have been examined through analysis of single-
reservoir fields and growth in fields after their last new
reservoir discovery.

Field growth is tied to the economic conditions
surrounding oil and gas production. From the mid-
1970s through mid-1980s, during a period of rising and
high prices, large increases in oil and gas reserves were
gained through new field discoveries, discovery of new
reservoirs within fields and, to a lesser extent, positive
reservoir volume revisions and increases in recovery
factors. Price collapses in 1986 and again in 1998 are
both reflected in reductions in field growth and actu-
ally declines in aggregate EUR.

Although a short time series, EUR growth
between the beginning of the current price recovery in
1998 and 2002 indicates that supply of new oil and gas
in existing fields is becoming more inelastic. This is
most probably due to two factors: depletion of the
growth potential of old, very large fields; and because
of the progressive decline in the sizes of new field dis-
coveries and the high correlation between size and
growth, as newer finds have smaller growth potential.




Reservoir Characterization of Fluvio-Lacustrine Sandstone Deposition and
the Impact on Field Economics, Daan Field, Songliao Basin, P.R. China
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Abstract

Since 2001, MI Energy - PetroChina partnership
has drilled 400 wells at Daan Field, Songliao Basin,
Jilin Province, Peoples Republic of China (Fig. 1). The
main reservoir objective is the Cretaceous FuYang flu-
vio-lacustrine sandstone. The reservoir has relatively
low porosity (10-18%), low permeability (<1-30mD),
and has dramatic changes in reservoir quality over
short lateral distances (Figs. 2 and 3). Accurately pre-
dicting reservoir distribution is crucial for successful
field development.

FuYang sands were deposited in a half-graben
bounded by the Daan fault to the east. FuYang sands
accumulated in north- or northeast-trending depo-
centers, parallel to the Daan fault. The graben was
inverted during the Tertiary along the Daan fault,
forming the Daan anticline which is the trap for the
field. The FuYang reservoir in the Daan Field area is
subdivided into approximately 25 stratigraphic inter-
vals that may contain reservoir quality sandstones (Fig.
3). Reservoir sandstones are not developed for each
interval at every location in the field.

The FuYang reservoir is distributed in a series of
north- or northeast-trending sand thicks or “Sweet
Spots” that measure about 700m by 3000m and have
total pay thicknesses of 10m to 35m (Fig. 4). Average
permeability X net pay thickness (kk) (Fig. 5) and
hydrocarbon pore volume show similar trends (Fig. 6).
Typical “Sweet Spot” wells have 10 sand zones rang-
ing in thickness from 1m to 10m. Sedimentary facies
are fluvial (e.g., channel bars, crevasse splays) to mar-
ginal lacustrine (e.g., distributary channels, mouth
bars). The top of the FuYang is marked by an abrupt
deepening of the Daan Lake, which corresponds to a
Songliao Basin maximum drowning event and deposi-
tion of the basin's main source rock.

When the MI Energy - PetroChina partnership
began operations in Year 2001 at Daan, 40 wells had
been drilled already in the field, and the model for res-

ervoir distribution was based on a concept of east-west
regional dip and east-west trending reservoir sand bod-
ies (Fig. 7). Early appraisal wells often had
disappointing results and reservoir prediction was
poor. However, a detailed study of reservoir data from
wells in the most densely drilled part of the block, the
Da206 area, revealed north- or northeast-trending res-
ervoirs (Fig. 8). Drilling results and reservoir
prediction improved in Year 2002 when the north- to
northeast-trending reservoir model was incorporated.
Average net pay increased from 12.5m to 19.5m and
average new well production increased by 21%, from
6384 BO to 7737 BO for the first six months of cumu-
lative production (Fig. 9). In Year 2003, new well
production increased by a further 24%, to 9619 BO for
the first six months of cumulative production.

During Year 2004, as field development pace
accelerated dramatically and rig utilization pressure
increased, drill locations were frequently selected on a
grid system basis rather than on a geologic reservoir
prediction basis. As a result, new well production
dropped by 51%, to 4694 BO for the first six months of
cumulative production (Fig. 9). Upon recognizing the
poorer results of the Year 2004 drilling program, a
renewed effort began to select well locations on a sys-
tematic geological basis. A system of quarterly well
location selection meetings was instituted. At the quar-
terly meetings, results of the prior quarter’s drilling
were summarized on reservoir distribution maps of net
pay thickness, hydrocarbon pore volume and k% (aver-
age permeability times net pay thickness), and these
maps were used to select optimal locations for the next
quarter’s drilling program. This systematic approach
resulted in improved drilling results in Year 2005, with
an average new well production increase of 47%, to
6920 BO for the first six months of cumulative produc-
tion (Fig. 9).
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Abstract

Schiehallion is a two billion barrel deepwater
clastic reservoir, situated on the Atlantic margin of the
UKCS, one of the world’s most hostile environments
for hydrocarbon production. The field has been devel-
oped via subsea wells tied back to an FPSO, and is one
of the first developments of its kind anywhere in the
world.

The field may be characterized as high produc-
tivity but low energy and, as a consequence, water
injection is essential to maintaining production. How-
ever, the reservoir is channelized, faulted, and has
varying degrees of connectivity between the compart-
ments, so that a good understanding of these factors is
necessary to optimize the water injection distribution.

Our understanding of the ‘plumbing’, or connec-
tivity between the wells, has evolved and matured over
time, using a wide range of different data types, from

the initial extended well test, through RFT’s, pressure
transient analyses, interference testing, PLT’s, tracer
and geochemical sampling, to bi-annual 4D seismic
surveys using increasingly sophisticated processing
and interpretation.

Much of this understanding has been incorporated
in a 3D model, which uses object modeling and seismic
conditioning to represent the sand distribution. Potential
barriers to flow are identified from seismic coherency
analysis, and the strengths of these barriers have been
used as the main history matching parameters.

A key learning has been that all data needs to be
interpreted with great care, and it is essential to inte-
grate several data types in order to obtain reliable
conclusions. The paper gives examples of data which
has been invaluable, as well as examples where the
data is ambiguous or misleading.
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Abstract

The Ormen Lange gas field, discovered in 1997
(Hydro operated License PL209) in 1000 m (3,281 ft)

water depth and covering an area of ca. 350 km? (217

miz) was further appraised by four wells prior to devel-
opment approval in April, 2004. The partnership,
Hydro (development operator), Norske Shell (produc-
tion operator), Petoro, Statoil, ExxonMobil, and Dong,
had a planned production-start in October, 2007, from
8 of 28 possible production wells in a staged develop-
ment using four subsea templates. The development
faced a number of challenges; rough seabed topogra-
phy, subzero sea bottom temperatures, harsh ocean
conditions and a change of operatorship at production
start-up.

Reservoir characterization of the areally limited,
but intensely faulted turbidite reservoir has formed an
integral part of the work flows. These work flows
address the uncertainty of vertically and horizontally

connected reservoir volumes for productivity at well
targets. Model scenarios have been constructed in a 3D
visualization environment where optimal integration of
a multitude of seismic data volumes, derived attributes,
and geological model concepts has been achieved. The
roughly polygonally distributed faults are not expected
to be sealing; having developed close to sea bed, their
origin rules out cataclasis and cataclasis-enhanced
cementation. The common gas gradient and absence of
measurable depletion during well tests support non-
sealing faults and vertical connectivity. However,
dynamic fault seal uncertainties related to reservoir
heterogeneity and compartmentalization have necessi-
tated risking the relatively simple tank scenario and a
more cautious, stepwise approach for the development
concept. A significant opportunity can be realized if
the gas can be produced profitably using only three
templates.






