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Abstract

The Gulf of Mexico Shelf is a mature oil and gasypnce that has been producing hydrocarbons sheedrly
1950's. Technology advances during the last fiveades have led to the identification of new exgloraprospects
on deep structures, subtle traps, and direct detecf hydrocarbons via seismic amplitude anomadieg AVO
(amplitude vs. offset) studies. There are good dppdies remaining in old fields that require amat “step
change” in technology application.

Seismic inversion is the process of determiningpifgsical characteristics of rocks and fluids whietve produced
the seismic record. Inversion attempts to remoeesffects of the seismic wavelet and thereforbésapposite of
forward modeling. Inversion is a dataset that éikshe wells in an area and also honors all tliensie data.

Multi-disciplined asset teams benefit from advanseidmic technologies by using an integrated racp@rty
based solution to maximize results in exploratigell planning, drilling, production, and reservaianagement.
The key to success in to understand the rockstaitls to interpret and define lithology, porosiiiyids, pore
pressure and reservoir quality; providing seisnaitadn a geologically meaningful and multi-disaialiy useable
format.

Conventionally seismic inversion produces P velo&t velocity and density. Log analysis, also areision
process, starts with velocity and density, as aglbther measurements, and finishes with litholpgyosity and
fluids. The relatively new science of Seismic Pelrgsics bridges the gap between these two workflopwstarting
with seismic data and resulting with 3D seismicuwés of lithology, porosity and fluids. An old fielvas
purchased with intent of applying new technologyhia search of bypassed opportunities. This casky still
document the results of the work.

Introduction

For decades, the rudimentary process by which getfodetermine optimal oil and gas drilling locat for
exploration companies has remained intact.

Exploration companies have come to expect that méttye wells they drill will come up empty, degpit
preliminary research indications to the contraryt 8ie evolution of seismic petrophysics, combingtth new
proprietary technologies, provides geologists amglreeers with dynamic, 3-dimensional models ofghbsurface
environment that more accurately reveal the reseproperties and the likely locations of gas dr oi

The integration of well logs with seismic data ligllenging because they are presented in diffatemains. Well
logs are displayed in units of microseconds/ft,gmgapi, ohm-m, etc., while seismic is displayeterms of
reflectivity. When inversions are carried out td peismic into a more log-similar domain, acoustipedance is
often chosen. This seems somewhat odd since vgaldtiimately are inverted to lithology, porositydafluids.
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Why then take the seismic data to the starting leglidomain and not to the final point? All of theeasurements
have one thing in common: the rocks. So ideallpfthe measurements should be placed into thedoniain -
that is lithology, porosity and fluids. Then thepess can be thought in terms of rock-based irtiegra

The presented process will first describe how sieistata can be inverted into the lithology, ponpsind fluid
domains in a similar way that well log analysisimducted. The results then are integrated witiwglélog
analysis in terms of rocks.

Not only are these new techniques helpful in exglon, but they also are useful in field developtrard locating
bypassed pay. This paper compares a conventiotegpretation approach to that of rock-based iratiagn.
Following that, a Fairways case study is presetaéliustrate the advantage of integrating datdatrock level.

The Old Way

Conventional seismic interpretation is conductedaiyng well logs and applying their results to maynthetics.
Then horizons are followed on the seismic from w@ilell, but the results hardly provide a completetrait of
the underground rock structure and actual locaifamatural gas.

Anyone looking at a simple stack may ask: “Wherthe gas?” “Where is the sand?” “Where is theeshal
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Gas is trapped in three different places in thise. (Figure 1) Two are bright spots (AVO Class 3 Gas Anomalies)
and one is a dim spot (AVO Class 1 Gas Anomalyigtgrspots and dim spots occur because the stapkowpss
emphasizes Class 3 anomalies, which have flatct@&sing amplitude with offset distance, and suggee Class 1
anomalies, that dim with offset.
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Figure 1
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Gas sometimes makes the stack bright, sometimesagithsometimes does not do anything at all. Thaetause
seismic stacks respond to lithology, porosities| #uids. As an analog, well logs also responchese same
factors.
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Reviewed separately, a neutron log or a densityMogld not accurately identify sands, shales orzgaes.
(Figure?) By overlapping the density log and the neutrayslm compatible scales on the same track, piefces o
information come together to fill in the puzzle. @fhthe two log curves cross over, gas is indicaten the two
log curves are separate, shale is likely preseheithe two log curves are on top of each othed san be found.
And the porosity is the average of the two — whdriown as crossplot porosity.

A crossplot can also be developed by putting theéroa points on the x-axis and the density poimshe y-axis,
resulting in a blob of data. The meaning of thebhtorevealed by referencing a chart book. Theltrésshale, sand,
gas and porosity.

By taking a simple petrophysical workflow, it isgsible to crossplot a neutron log and a densitytdazplculate
lithology, porosities, and fluidgFigure 3)
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In geophysics, putting a near offset stack and affaet stack next to each other might give a bfrttow one is
changing relative to the other, but you cannotagedmplete picture with just two logs, much lesghwivo seismic
sections.

The New Way

An advanced seismic analysis technique combinelslegenalysis concepts with pre-stack seismic tata
determine volume based lithology, porosity, aniifiuBy extracting lithologic measurements from skésmic data
before stacking or averaging, the result is a morirate rock-based description of the subsurface.

In petrophysical analysis, the neutron and dersitpbination allows for the separation of lithologyyd fluids from
porosity. This works because neutron and dens@yratependent from each other and both resporithtddgy,
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porosities, and fluids.

A similar technique can be applied to the seismi@pdhowever, two independent seismic sectionsbeilheeded
instead of one. That problem can be solved by uaM@ (amplitude variation with offset), a technojothat has
existed since the mid 1980’s.

The acquisition of seismic data results in the damgmf each surface point at many different angldse variation
of amplitude with offset can thus be analyzed, ltegpin zero offset (P) and AVO gradient (G) seas, two
independent seismic measuremegrgure 4)Conventionally, all the gathers are added up oramgeax to create the
full offset stack resulting in just one measuremaititich would be similar to adding the neutron toghe density
log.

Anpitude
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Figure 4

These two sections provide the equivalent of twt lvgs in the logging world. A crossplot is createy putting P
on the X-axis and G on the Y-axis and plottingtladl points. The resulting crossplot blob is eqgleénato that
created by the neutron and density logs so a tloalt is needed to understand the blob in termghafibgy,
porosities, and fluids.

To create this chart book, a lot of modeling wagiieed. Conventional seismic modeling is condudtgdising the
well logs to make synthetics then changing the \eei to sand the synthetics change. However dibes not help
because the relationship between well logs anchsyies is not what is of interest. Rather, whatdsired is the
relationship between rocks and synthetics/seismic.

Log analysis is about the relationship between bgbrocks. Seismic models relate logs to seishfierefore, the
math already exists to relate rocks to synthetgssic. Studying how rocks influence seismic resaethat seismic
is telling us about rocks.

In modeling, lithology derived from the well logsuised to create the synthetic seismic gathertheAthology
changes, the modeled seismic gathers also chahgeallows for the creation of thousands of modetsponses of
different rocks. From these responses, gathersragded, then P and G sections are created, theliyfall rock
responses are plotted into P/G crossplot spgigere 5)
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The location that a given shale/sand interfacetpwith plot depends on the properties of the sandl shale. After
studying many models it becomes evident that, aséimd becomes cleaner, the point plots furthen fhe origin.
Add gas to the sand, and the distance increaggmigrally a southwesterly direction. Change thegityr, and the
direction changes. In other words, porosity ac@rirorthogonal way to lithology and fluids. Thissimilar to what

happens with a neutron/density log crossplot.

Another interesting case to look at in crossplatcgpis that of laminated sands. The far offseth@Beismic data

see these laminations very differently from bloskynd because these laminated sands are very ldheretbre

less rigid and more shearable than blocky sands.

An important consideration in crossplot space & df thickness. The distance from the origin Wwéhave just like
the classic tuning curve, relating amplitude tekhess. Thickness and tuning do not influence ttrextion, only
the distance from the origin.

After studying thousands of different models anddreds of different data sets, it is easy to figauewhat is

important in crossplot space:

1. Elliptical distance from the origin

The crossplot is elliptical by nature, and itspitial distance from the origin is a function dhblogy, fluids, and
thickness(Figure 6)
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Figure 6

2. Direction
Direction is a function of porosity and whether #aad is blocky or laminated. Together these hdhr ithe
depositional facies. Direction is called AVO typwdds divided into 10 different types form 5 toa$ shown¢Figure
7

Figure 7

The lithology fluid section (elliptical distanceivgs insight into the rock’s lithology contrastjifi contrast, and
thickness. The AVO-type section (direction) prowdesight into the rocks porosity and depositidaales. From
this information it is easy to pinpoint the bestipesition.
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A Real World Case Study

The usefulness of employing rock-based integrataltustrated by this Fairways case study. Fayrsvavas looking
for a tool to help it identify bypassed pay andéretinderstand stratigraphic variability in an fi&dd located
offshore in the Gulf of Mexico. The field was vestyucturally simple, with a lot of stacked pay andch
stratigraphic variability. The main zone of intdress oil sands located above 9,000 feet.

In the case study, this AVO technology was runten3D dataset to obtain lithology, porosities,dsjiand AVO
types. Log analysis was run on approximately 70svire the project. Good petrophysical analysisgbeyond
doing net pay counts. Well logs are subject toreas any dataset is, and therefore these errosslmicorrected.
Things such as borehole washout, fluid invasionsmelling shales account for a large portion oberthat must
be corrected. In a field study such as this, tiggilog data issues become even more difficult. béfifit suites of
logs are run in each of the wells, making some @omnbrmalization process necessary. Most of thesls were
deviated and had only Resistivity and SP curveaserd& were a few straight holes that had sonic déagdlable, and
these few wells were the first to be run throughdmalysis and tied into the seismic and litholo@nce a suitable
tie was made for these wells, one was chosen tsée for the time/depth relationship on the wéii tid not have
sonics. Since the log analysis performed cameitipawrock model, sonics were created from the rooklel in the
wells that did not have them. The time/depth futtinentioned earlier was used as a starting poirthe synthetic
tie. Small adjustments were made to the wellgdepto get the best ties.

After all 70 wells were tied into the lithology/ftlivolume, the volume was checked against the Vietlaccuracy.
All of the wells matched the lithology/fluid voluns® this and the other output volumes were deld/éveFairways
for loading into their interpretation system to ietheir search for bypassed pé&sigure 8)

Figure 8

A total of approximately 500,000 barrels of bypasseserves were located by using this technology.
Unfortunately, the location of the bypassed pay satered and would take too many wells and toohnoost to
develop. In future projects it will be helpful teesthe results of this type of work before decidmbuy fields or in
deciding how much to pay for them. Another mettiwt builds on the technology here is still in depenent, but
has shown promise in lending even more insight tiodevelopment of these older fields.
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Summary

These technologies allow companies to more easdyaacurately find and develop reserves with ttiuds are
useful throughout the lifecycle of a project. Tharrying of petrophysics with geophysics resulta stience we
term seismic petrophysics. The goal is to undedstha petrophysical information that seismic datads to the
table. This starts with a good understanding ofrtiois. Having seismic data in terms of lithologgrosities, and
fluids, not velocities and densities, this informatcan be used by all members of the asset tedmrawide
exploration companies with a more strategic andipeemodel for finding hidden oil and gas reser.oir



