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Summary

Mis-ties between well depths and prestack depthrated
seismic images are almost universal. Anisotropyhis
most commonly invoked explanation of depthing
discrepancies. However, underlying problems witle th
quality of the seismic interpretation and the weahtrol
can also cause significant mis-tie problems.

In Rojanoet al (2005) we described an iterative approach
to velocity-model building oriented towards theeigitation

of seismic and well data in mature fields. In théper, we
describe an extension to this approach that allmwghe
introduction of geologic consistency in the velgciteld
between wells by means of smoothing the well/seismi
calibration factors for the velocity model. In thisanner,
we retain all the details in the prestack depthratign
tomographic solution. Finally, we show that the it
calibration factors yield a measure of the anigptro
parameter (Thomsen, 1986).

Introduction

The widespread application of prestack depth migmat
(preSDM) has forced interpreters to address mgs-tie
between the seismic depth volume and the well obntr
The most commonly accepted explanation for the
discrepancy has been anisotropy that has not h@escty
incorporated during the migration. Assuming that
anisotropy is the culprit, it may be proposed thiatple
depth adjustments of the interpreted horizons nield ya
structural solution.

Unfortunately, the above is a best-case scenarieravh
there is confidence in the well locations, deviatsurveys,
and horizon tops. Additionally, we assume configeit
the seismic interpretation and correlations. Redidlls
short of these assumptions. Errors in the intemet
database are often a more serious issue to dealtidn
anisotropy. Therefore, before grappling with anmispy, we
must develop a methodology for dealing with intetjme
database errors.

In Rojanoet al (2005) we introduced an iterative approach
to velocity-model building that addressed the peafmtic
nature of integrating seismic and well data in mafields.
We discussed several common sources of databass.err
For well data, incorrect well positioning and deéida
surveys are frequent. Additionally, interpretivéfetiences

in well tops are a source of error.

For seismic data, correlation and interpretatiovetaways
been challenging. lllumination problems are alsmcmn

in older fields due to restricted access. Finallglocity
variations, unresolved by tomographic solutiong;otuce
uncertainty in the process of matching seismic amedl
information. The following section reviews the #tive
approach to velocity-model refinement developectifoe-
migrated volumes. The method is then extended to
preSDM.

Iterative Velocity-model Refinement

For time-migrated volumes, velocity-model buildipggins
with the formation of the initial model. The initinodel is
typically a combination of pre-conditioned migratio
velocities that are calibrated with checkshots dhen
calibrated with well top/seismic horizon ties. Nexhe
initial model is (layer by layer) smoothed over dwithe
nominal well spacing to introduce geologic consisiein
the velocity model. The basic assumption is thébaiges
vary smoothly between wells.

Next begins the iterative approach to model refieein
The smoothed model is recalibrated with the wedstand
depth differences between the two are used to flag
discrepancies in the interpretive database. Duting
iterations, depth differences must be reconcilekis Tis
done by confirming well positions, reviewing webps,
and reevaluating the seismic interpretations. Assiburces

of error are reduced, the smoothing radius is reduo the
nominal well separation.

The application of preSDM has simplified the flowr f
model development. The tomographic solution, catimt
with the well top/seismic horizon ties, now becontles
initial model. We discuss smoothing the initial rebthter.

PreSDM Well Calibration

Well calibration begins with a step that is tied &
fundamental concept in tomography, preservation of
reflector traveltimes. The flow is:

- Vertical depth-to-time conversion of the
tomographic velocities and the seismic depth
cube.

- Selection of regional seismic markers for calilmati
(not necessarily target horizons).

- Verification of horizon correlations (syntheticsdan
VSPs).

- Interpretation of the calibration horizons in time.

- Iterative calibration of the horizons with the well
tops to create the final, refined velocity model.

- Vertical time-to-depth conversion to create the
calibrated depth cube.
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Example

We illustrate the calibration process using a @at@ample

from Arenque Field, offshore Tampico, Mexico (baspm
in Figure 5). The main productive interval corrasge to

Kimmeridgian oolites at approximately 3200 metéefbe

complicating factor, in terms of imaging, is a esriof

overlying Tertiary listric faults that create spédtvelocity

variations on the order of 1 km (Figure 1). Fostfeason,
conventional prestack time migration (preSTM) haitetl

to yield accurate images and viable velocity fidlmtsdepth

conversion.

Previous application of the iterative approachthia depth
conversion of the preSTM volume, resolved mosthe t
database issues. During this process, an impoatdnivas
that the “smoothed” velocity model was used to ririfee
correct position of the well tops on the seismimeti
section. This aspect is discussed in Rojah@l (2005).
During the model-refinement process we determirred t
several wells had incomplete deviation surveys. Gider
(1964) offshore well, used to locate other key syetlad a
depth difference that suggested a positioning eForther
refinement of the well position, using modern natiign,
resulted in moving the well 300 m to the east. ljma
several well tops were found to have simple datayen
errors, one off by 100 m. If the iterative appro&etd not
been employed, the errors above would have becarte p
of the velocity model.

For the calibration of the (isotropic) preSDM voleniwo
horizons were used to tie with the 47 wells. Thstfivas
the Tertiary faulting décollement surface above the
productive intervals. The second was a strong Sizras
reflector centered in the productive zone (Figyre 1

During the well calibration, smoothing the veloestiwas
replaced with an approach that preserved the datiithe
tomographic solution. Instead of smoothing the eitikes,
the multiplicative calibration factors were isoldtend
smoothed separately. The calibration factors agewahll-
top calibrated cube divided by the original tomqdra
velocities. Using the calibration-factor cube, werfprm
the layer-based smoothing without compromising the
details in the tomographic solution. The “smoothed”
velocity model is formed by multiplying the tomoghac
solution by the layer-based smoothed calibrati@tofs. In
this example, the final radius of smoothing was %00
equivalent to the nominal well spacing.

Figure 1 shows the original tomographic solutiord an
Figure 2 shows the calibrated velocity field. Theim
difference between the two is a smoothly-varying
multiplicative factor. In this manner, the detad$ the
tomographic solution are preserved.

Figure 3 (left) shows a histogram of the depthedéhces at
the Jurassic Pimienta level prior to calibratioheTaverage
depth difference is -150 m at approximately 320@epth,
corresponding to approximately 5 percent “anisotfop
more rigorous evaluation of the impact of anisograg
discussed later. Figure 3 (right) shows the defifardnces
for the final model.

Figure 4 is a comparison of the interval velociteEsa
selected well location. The black curve is the V&, red
curve is the tomographic solution, and the blueeus the
calibrated model. The calibrated curve (blue) mgilsir in
detail to the VSP (black). Although not shown, the
time/depth function from the VSP and the calibratestiel
are virtual overlays for the entire stratigraphatuenn.

Figure 5 (left) shows the vertical time structunéerpreted
on the Jurassic Pimienta formation. Figure 5 (Jigihiows
the map after depth conversion with the calibrateldcity
field. The dramatic time/depth reversals indicatee t
complexity of the velocity field. Figure 6 shows anst-
west preSTM section through the center of ArenqgiatdF
The productive zone is indicated with arrows. Daehe
local velocity variations, the image is distortenddacks
resolution. Figure 7 is the preSDM after verticapth-to-
time conversion with the tomographic solution. Altigh
there is a gain difference, the improvement in dptality
compared to the preSTM (Figure 6) is dramatic.
Stratigraphic truncations and possible faulting the
reservoir level are clearly defined. It is worthting that
the same company (WesternGeco) provided the preSTM
and preSDM products. Figure 8 is the same datégur& 7
after time-to-depth conversion with the calibratedocity
field. As with the structure maps, the time/depthiersals
are indicative of why preSTM failed.

Anisotropy measurements
An important aspect of isolating the calibratiomtfas is
the ability to define one of the compressional wave
anisotropic parameters for a VTl medium. From Thems
(1986),
Y
Vamo = o1 +2)7, 1)
where the anisotropy parameteris related to o the
vertical P-wave velocity, and o, the short-spread
moveout velocity that would be measured by isotropi
analysis. In the separation of the calibration det(CF),
we are dividing the velocity field calibrated withe wells,
Vca (Or ¢), by the tomographic solution, t¥mo (Or
Vnwmo). Rewriting Equation1 (1) yields
V1omo= Vca(l + 2 )/2 . (2)
Applying the definition olf the calibration factoyields
1UCF=(1+2)". 3)
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It follows that the calibration cube, assuming loca N ] Calibrated
constant values, may be transformed to the interahle 3 ; Velooities
for . To perform further image enhancement, possessing ' ‘
the cube defined allows for applying anisotropic pré8D

to scan for the anisotropic parameter

Conclusions

We have introduced an iterative approach to vejecit
model refinement that accommodates the problematic
nature of integrating seismic and well data in PES
volumes. An important aspect of this approach & the
details of the tomographic solution are not compseoh
The ability to integrate seismic and well datawldor the
creation of high-confidence reservoir models and tfe
planning of horizontal wells for optimal production

The calibration factors derived from this approabo
yield values for the interval value that may be used for
more advanced imaging techniques.

Figure 2: The final, calibrated interval-velocitydel.
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Figure 5: Arenque Field. Time (left) and calibchtiepth Figure 7: Prestack depth migration (vertical timéyrows
(right) maps for the Jurassic Pimienta formation. indicate the productive zone. Compared to Figure tié
stratigraphic details are better resolved.

Figure 6: Prestack time migration. Arrows indicate Figure 8: Calibrated prestack depth migrationpfde Arrows
the productive zone. indicate the productive zone. Note the time/deptversals
compared to Figure 7.



